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APPLICATION OF LACTIC ACID BACTERIA FOR OBTAINING SOURDOUGH IN
BREAD PRODUCTION

doi:10.53729/MV-AS.2023.04.01

Abstract

Lactic acid bacteria have become widespread due to their active use in sourdoughs for bread
production. The data presented in the review highlight the fact that sourdough is an important component
of the primary microflora of bakery products. The choice of lactic acid bacteria directly depends not only
on their effectiveness in combating the causative agent of potato bread disease, but also on other properties.
Parameters such as sensory properties, acid accumulation, and antifungal activity are also the main criteria
when choosing starter microorganisms.

Keywords: lactic acid bacteria, bread starter, quality, safety.

Bread is one of the oldest functional foods, the effects of which on health have been studied
in many scientific works [1].

For centuries, bread has been the staple food of the world's population. It is a baked product
made from dough that has gone through a process of kneading, shaping, fermenting and baking.
The quality of bread made from different types of flour, its safety from a microbiological point of
view and nutritional value are the main problems of the food industry [2,3].

Fungal contamination during bread production is a cause for concern as it can reduce the
shelf life of the product, leading to economic losses and consumer dissatisfaction. Fungal spores
arise mainly from raw materials and the air of enterprises. The main alternative to combat them is
the use of preservatives; however, this method may lose effectiveness due to the resistance of some
fungal strains to approved preservatives. In contrast, the use of commercial disinfectants to reduce
environmental pollution, and more recently biopreservation, may provide an alternative to control
the microbial load in baked goods, slowing down fungal spoilage and therefore extending the shelf
life of bread [4].

To solve all the above-mentioned problems, the selection and use of new strains of lactic
acid bacteria and yeast with the desired biotechnological properties is a promising area of research,
since it allows optimizing the breeding and production cycles of sourdough preparation, as well as
ensuring stable quality of products and their resistance to microbial spoilage [5].

The quality of some yeast sourdough baked goods is not always consistent unless a well-
diluted sourdough starter is used to ferment the dough. Among the different types of starter cultures
used, traditional sourdough has attracted the interest of researchers, mainly due to its high
microbial diversity, especially regarding lactic acid bacteria [6]. The microbial diversity of
sourdough is mainly determined by the following factors:

1. sourdough is obtained as a result of spontaneous multi-stage fermentation;

2. sourdough is grown using flour, the nutrient content of which may vary between batches
and cultures, and which is naturally contaminated with microorganisms;
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3. sourdough corresponds to special technological parameters that vary depending on
historical and cultural conditions and the type of baked goods.

In the population dynamics leading from flour to mature sourdough, lactic acid bacteria
(some species of Lactobacillus sp., Leuconostoc sp. and Weissella sp.) and yeasts (mainly
Saccharomyces cerevisiae and Candida sp.) displace other microbial groups contaminating the
flour and interact with each other at different levels [7]. Environmental parameters that
qualitatively and quantitatively influence the dominant microbiota of a sourdough can be divided
into specific process parameters (e.g., percentage of sourdough used as inoculum, fermentation
time, and temperature) and parameters that are not fully controlled (e.g., chemical, enzymatic and
microbiological composition of flour). Although there are reports that some sourdough cultures
contain a stable dominant microbiota, the stability of the sourdough ecosystem over time remains
controversial. Indeed, the maintenance of associations of species and strains typical of this
sourdough may be hampered by several factors: metabolic adaptation to the stressful conditions of
the sourdough, nutritional and antagonistic interactions between microorganisms, internal
resistance of microorganisms and the existence of a stable domestic microbiota [8].

Lactic acid bacteria play an important role in food, agricultural and clinical practice. There
is a general consensus that there is a main group consisting of four genera: Lactobacillus,
Leuconostocus, Pediococcus, and Streptococcus. Recent taxonomic revisions have proposed
several new genera, and the remaining group now includes the following: Aerococcus,
Alloiococcus, Carnobacterium, Dolosigranulum, Enterococcus, Globicatella, Lactococcus,
Oenococcus, Tetragenococcus, Vagococcus, and Weissella. Their importance stems mainly from
their safe metabolic activity when grown in food products, using available sugar to produce organic
acids and other metabolites. Their frequent occurrence in foods along with their long-term use
contributes to their natural recognition as GRAS (generally recognized as safe) for human
consumption [9].

Lactic acid bacteria have a wide range of benefits, including not only making bread safer,
more valuable, and more sustainable but also solving problems associated with improving product
quality. Table 1 shows the most commonly used types and main properties of lactic acid bacteria
in the baking industry.

Table 1 — Main species of lactic acid bacteria in bread production

No Lactic acid bacteria Properties Ccplnka
1 | Pediococcus acidilactici Increase Acid Resistance [10]
5 Limosilactobacillus fermentum Active antagonist of Bacillus subtilis, the [11]

causative agent of potato bread disease
The main role in the process of acid accumulation

3 | Lactiplantibacillus plantarum in the production of wheat and rye starter [12]
Lacticaseibacillus casel, Improving the taste and aroma of the product

4 | Lacticaseibacillus paracasei and P g the . product, [13]

. . . against moulding, bread disease potato disease

Levilactobacillus brevis

5 Lactobacillus delbrucckii and Increase shelf life by lowering pH, [14]
Lactobacillus acidophilus improves bread texture

6 Lentilactobacillus buchneri and Increased antifungal properties of bread [15]

Lentilactobacillus diolivorans

Sourdough production is an ancient method of fermenting cereal flour to make baked goods.
Flour fermentation processes for the production of sourdough are usually carried out by
heterogeneous communities of lactic acid bacteria and yeasts [16].

The making of sourdough bread is considered a typical example of an old and traditional
fermentation process. This is the first method of producing bread using natural sourdough, dating
back thousands of years, which unknowingly used endogenous lactic acid bacteria and/or yeast,
since these microorganisms were present in the raw material until commercial yeast became
commercially available. First brewer's yeast, starting in the Middle Ages, and then baker's yeast,
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starting in the 19th century was used for sourdough. To produce sourdough, a mixture of grain
flour (fractions) and water is prepared, which either ferments spontaneously and then undergoes a
reverse process in the case of traditional sourdoughs, or is fermented in one stage over several
hours for several days in the case of industrial sourdoughs. The resulting starter cultures are used
as functional bread dough ingredients for the production of yeast-leavened bread or to replace
baker's yeast in the production of traditional sourdough bread. Currently, the use of sourdough
starters as a source of flavor, nutrition and health ingredients in bread baking is becoming
increasingly popular [17].

According to the results of recent studies to improve the quality of bread and extend the shelf
life of the finished product, lactic acid bacteria not only meet these requirements, but also
significantly improve the viscoelasticity, texture characteristics, extensibility and water-holding
capacity of the sourdough, and enrich the aroma with volatile compounds [18,19].

In general, in many studies, strains of lactic acid bacteria have demonstrated antibacterial
activity against bacteria that cause bread spoilage, making them potential biocontrol agents in
bread production [20-22].

The goal of many works is to identify the most effective way to combat the causative agent
of potato bread disease. Based on the research results, it can be concluded that the addition of a
mixture of organic acids and LAB to the product recipe contributed to the improvement of the
physicochemical parameters of the products, while the development time of potato disease was
delayed by up to 120 hours [23].

To increase the microbiological stability of gluten-free bakery products, the St. Petersburg
Branch of the Federal State Scientific Institution Research Institute of Chemical Chemistry has
studied the possibility of using a fermented semi-finished product containing pure cultures of lactic
acid bacteria in their production. The selection of lactic acid bacteria strains from the collection is
based on the study of their antagonistic activity against pathogens of potato bread disease [24].

Lactic acid bacteria produce antibacterial substances, which include bacteriocins, fungicidal
substances, organic acids, hydrogen peroxide, pyrrolidone-5-carboxylic acid, diacetyl and
reuterin. The antagonistic activity of LAB may be due not only to the presence of bacteriocins, but
also to the production of organic acids (lactic, acetic) and low pH. Antagonistic activity depends
on the species and strain characteristics of the producer strain and the indicator strain. The use of
sourdoughs with targeted cultivation of LAB, producing bacteriocins and other antimicrobial
substances, can be an effective biological way to combat microbial spoilage of bread and a good
alternative to chemical preservatives [25].

Borowska et al investigated the use of homofermentative lactic acid bacteria to produce low
FODMAP (fermentable oligo-di-monosaccharides and polyols) whole grain breads that are
recommended for people with irritable bowel syndrome. Three homofermentative strains,
Lactiplantibacillus plantarum FST1.7, Lacticaseibacillus paracasei R3 and Pediococcus
pentosaceus RYEL106, were selected for sourdough fermentation, resulting in low FODMAP
breads [26].

Conclusion

As can be seen from the presented review, there are many species of lactic acid bacteria used
to produce bread starters. In addition to their use as pure technological strains in the food industry,
given the antimicrobial, antifungal and microbiome-modulating properties of these
microorganisms, they can be used as important components in improving the biological value of
food products.
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HAH OHIIPICIHJE CYTKBIIIKBLIIbI BAKTEPHSIJIAPBIH ALIBITKBI AJTY
YIITH KOJJIAHY

Tyidin

CYTKBIMIKBUIIEI ~ OakTepHsUIaphl  HaHFa  apHAJFaH  amIBITKBUIAPABI  alyldarsl  OelceHmi
KOJITAHBUTYBIHBIH apKacblHaa KeH Tapaiabl. lllomyna ychIHBUIFaH HOepeKTep HaH alIbITKBICHI HaH
OHIMIEpiHIH OacTanmkel MHUKpOQJIOpacklHa KIPETiH MaHBI3ABl KOMIIOHEHT €KCHIH KOpCETei.
CYTKBIIIKBUIIB  OaKTepHsUIapblH TaHJAAy OJIApJIbIH HAHHBIH KapTONl aypybIHBIH KO3IBIPFBIIIBIMEH
KypecyJeri THIMIUIITiHE FaHa eMec, COHbIMEH KaTap 0acka KacHeTTepiHe e TiKeJed OaiIaHbICTBI.
OpraHonenTrka, KbpIIIKBUIABIH JKHHAIYBl JKOHE CaHBIpayKylaKTapFa Kapchl OEJCEHAUTIK CHSKTHI
KOPCETKIITep AallbITKbIFa apHAIFaH MHUKPOOPraHM3MIEp/Ai TaHJAyJarbl HEeTi3ri Talantapbl OOJbII
TaOBLUIABL.

KiaTTi co3aep: CYTKBIIIKBUIIB OaKTEpUsIIap, HAH AIIBITKBICHI, cana, Kayilci3mik.
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MNPUMEHEHUE MOJIOYHOKHUCJBIX BAKTEPUM 151 TOJTYUYEHHUSA 3AKBACOK
B ITPOU3BOJCTBE XJIEGA

doi:10.53729/MV-AS.2023.04.01

AHHOTaNUSA

Mono4yHOoKHCTbIe OakTepuu MONYYHIM IIUPOKOE paclpocTpaHeHue Onarofapsi aKTHBHOMY
NPUMEHEHUIO B 3aKBacKax JJIsl MPOM3BOJCTBa xJyieba. [IpencraBnennsie B 0030pe AaHHBIE TOAYEPKUBAIOT
TOT (haKT, 9YTO XJIeOHAs 3aKBACKa SBISACTCS BAYKHOM COCTaBIIAIONICH, BXOAAIICH B IEPBHYHYIO MUKPOQIIOPY
X71€000yI0UHBIX MPOIYKTOB. BHIOOp MOJIOYHOKHCIBIX OaKTEpHil HANPSMYIO 3aBHCHT HE TOJIBKO OT HX
3¢ dexTHBHOCTU B OOpBOE C BO3OYyAUTENEM KapTOeabHOi O0e3HH Xneda, HO M OT Apyrux cBoicTB. Takue
HapaMeTphl Kak OPraHOJICIITHKA, KACIOTOHAKOIIEHHE M TPOTHBOTPHOKOBas aKTUBHOCTH TAK)KE SIBIISTFOTCS
OCHOBHBIMH KPUTEPHUSMH IPH BEIOOPE 3aKBACOYHBIX MUKPOOPTaHU3MOB.

KuroueBble c10Ba: MOJIOYHOKHCIBIE OaKTEPHH, 3aKBacKa Jyis Xjie0a, KadecTBO, 0€30MacHOCTb.

Xneb — oAWH W3 HaUCTapeWmux (YHKIUOHAJIBHBIX MPOMYKTOB IMUTAaHUS, BO3JICHCTBHE
KOTOPOT'O Ha 3[J0POBbE UCCIICIOBAHO BO MHOTMX HAayuHBIX padoTax [1].

Ha npotskennn BekoB XxJied ObUT OCHOBHBIM IPOAYKTOM MHUTAHMs HAaceIeHUs MUpa. ITO
xJe000ymouHoe H37eNne, TMPUTOTOBICHHOE W3 TecTa, MPOMISANIero TMpoIece 3ameca,
dbopmoBaHus, OpokeHHs U Bhineyku. KauecTBo Xxjeba, MPUTOTOBIEHHOTO M3 Pa3HbIX COPTOB
MYKH, €ro 0e30MacHOCTh C TOYKU 3PEHHUS MHUKPOOMOJIOTUH U MUILEBAs EHHOCTb SBISIOTHCA
OCHOBHBIMH MPOOJIEMaMH MTUIIEBOI MPOMBIIIUIEHHOCTH [2,3].

3apakeHue TpuOaMu TPH MPOU3BOJCTBE Xjeba SBISIETCS MOBOJIOM Ui OECIOKOWCTBA,
MOCKOJIBKY MOXET COKpPaTUTh CPOK TOJHOCTU MPOAYKTA, YTO MPUBEAET K SKOHOMUYECKUM
HOTEPSIM M HEJOBOJBCTBY noTpedbureneid. Cropsl rpuO0B NPOHUKAIOT B TECTO MPEUMYIIIECTBEHHO
W3 CBIPhSl M BO3Ayxa mpennpustuii. OCHOBHON aJlbTEepHATUBOU JUIsi OOPHOBI C HUMH SIBJISIETCS
UCIIOJIb30BaHUE KOHCEPBAHTOB; OJHAKO 3TOT METOJ MOXET NOTepATh 3(P(PEKTUBHOCTh H3-32
YCTOHYMBOCTH HEKOTOPBIX IITAMMOB TPHUOOB K pa3pelIeHHBIM KOHcepBaHTaM. Hamportus,
UCIIOJIb30BaHNE KOMMEpPUYECKUX AC3UHOUIUPYIOUINX CPEACTB JUIsl CHIDKEHUS 3arps3HEeHus
OKpYXKAroIIel Cpebl, a B MOCIEIHEe BpeMsi M OMOKOHCEpBAIMs, MOTYT CTaTh aJbTePHATHBOU
KOHTPOJIIO MHUKPOOHOHN HAarpy3kd B XJ€OOOYJIOYHBIX H3JEIHUAX, 3aMEJISAs MOpUYy TPUOKaMH H,
CIIeIOBATEINILHO, MPOJICBast CPOK XpaHEeHus xyeba [4].

Jlis pemieHus: BceX BBILIEYIOMSHYTHIX MPoOsieM mo00p U NPUMEHEHHE HOBBIX IITaMMOB
MOJIOYHOKUCIIBIX OaKTepHil W JpOAOKEH ¢ HYKHBIMH OHOTEXHOJIOTUYECKUMH CBOHCTBAMHU
ABIIIETCS ~ TMEpPCHEKTUBHBIM  HAMpaBICHUEM  HMCCIEIOBAHUSA,  IOCKOJIbKY  IO3BOJISIET
ONTHUMH3UPOBATH PA3BOIOYHBIN U IPOU3BOACTBECHHBIN ITUKIIBI IPUTOTOBICHUS 3aKBACKH, a TAKIKE
o0ecreunTh CTabMITBPHOE KAYECTBO M3ACIHI U MX YCTOMYMBOCTh K MUKPOOHOI mopue [5].

KauecTBO HEKOTOPBIX HPONKKEBBIX XJIEOOOYIOUYHBIX H3MEIMA Ha 3aKBacKe HE BCeraa
CTaOUIIbHO, eclu JUIsl OpO’KEeHHUs TecTa HE MCIOJIb3yeTCs XOPOIIo pa3Be/ieHHas 3akBacka. Cpenu
Pa3TUYHBIX THUIIOB KCIOJIb3YEMbIX 3aKBACOUHBIX KYIbTYp WHTEPEC HCCIEeNOBATENCH MPUBICKIA
TpaAWIIMOHHAS 3aKBAacKa, IJIABHBIM 00pa3oM H3-3a €€ OOJIBIIOro MHUKPOOHOTO pa3zHooOpasws,
0COOCHHO B OTHOILICHUU MOJIOYHOKHCIBIX OakTepuid [6]. MukpoOHOe pazHOOOpas3ue 3aKBacKu B
OCHOBHOM OO0YCIIOBJICHO CIIEAYIOIIMMHU (haKTOpaMU:

1. 3akBacka TONMy4aeTcsl B peE3yJbTaTe CaMOINPOHW3BOJBHONH MHOTOCTYIEHYATOM
dbepmeHTaINY;
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2. 3aKBacKa BBIPAIIMBACTCS C UCTIOIB30BAHUEM MYKH, COJICPKAHHUE MUTATEIHHBIX BEIICCTB
B KOTOPOM MOKET BapbUpPOBATh B 3aBUCUMOCTH OT MAPTHH U KYJIBTYPhI U KOTOPasi €CTECTBEHHBIM
00pa3oMm 3arpsi3HeHa MUKPOOPTraHU3MaMH;

3. 3aKBacKa COOTBETCTBYET CHEIHATbHBIM TEXHOJOTUYECKUM IapaMeTpaM, KOTOpbIe
BapbUPYIOT B 3aBUCUMOCTH OT HCTOPHUYECKUX M KYJIBTYPHBIX YCIOBUN U BUA BBITICUKH.

B nunamuke mnomynsuuid, BeIyHMIMX OT MYKH K 3pelol 3aKBacke, MOJOYHOKHUCIbIE
Oaktepuun (Hekotopbie Buabl Lactobacillus sp., Leuconostoc sp. u Weissella sp.) n apoxxu
(rmaBHBIM OOpaszom Saccharomyces cerevisiae u Candida sp.) BBITCCHSIOT Ipyrue MUKPOOHBIE
TPy, 3arpsi3HIIOINIME MYKY, U B3aUMOJICHCTBYIOT JPYr C JPYrOM Ha pa3HbIX YPOBHSX [7].
[TapameTpbl OKpy>Karoliel cpenpl, KOTOpblE KAaueCTBEHHO U KOJUYECTBEHHO BIMSIOT Ha
JOMUHUPYIOLIYI0 MUKPOOHOTY 3aKBACKH, MOKHO Pa3eNIUTh Ha KOHKPETHBIC TEXHOJIOTUYCCKHE
napaMeTpbl (HampuMmep, NPOIEHTHOE COJep)KaHue 3aKBacKd, HCIOJIb3yeMOH B KauecTBe
WHOKYJISITa, BpeMs (EepMEHTAllMd M TEeMIIepaTypa) M MapaMeTpbl, KOTOPHIE HE TMOIHOCTHIO
KOHTPOJIMPYIOTCS (HallpuMep, XUMHUECKU, (hepMEHTAaTUBHBIA U MUKPOOMOJIOTHYECKUI COCTaB
MYKH). XOTSI UMEIOTCSI COOOIICHHUSI O TOM, YTO HEKOTOPHIE 3aKBACOUHBIC KYJIBTYpPHI COAEpIKAT
CTaOWIbHYIO JOMUHHUPYIOIIYI0O MUKPOOHOTY, CTaOMIBHOCTh SKOCHCTEMBI 3aKBAaCKU C TEUEHHEM
BPEMEHHM OCTAETCS CIOPHOM. J[€MCTBUTEIBHO, COXPAHEHUIO ACCOLMALMN BUJIOB U IITaMMOB,
TUMIWYHBIX ISl 3TOW 3aKBACKH, MOTYT IpPEMSITCTBOBaTh HECKOJIBKO (PAKTOPOB: MeTaboauuecKas
aJanTaius K CTPeCCOBBIM yCIIOBHSIM 3aKBACKH, MTUIIECBHIE U AHTATOHUCTHYECKHE B3aUMOICHCTBUS
MEXJTy MUKPOOPraHU3MaMH, BHYTPEHHSAS PE3UCTEHTHOCTh MUKPOOPTaHU3MOB U CYIIECTBOBAHUE
CTaOWIIbHOM JoMalHeit MUKpoOUOTHI [8].

Monounokuciaeie  Oaktepun  (MKB)  wrpator  BakHy0  poidb B TIHIICBOM,
CeNIbCKOXO03SHCTBEHHOM U KIIMHUYECKOH mpakTuke. [lo o0memMy MHEHHUIO, CYIIeCTBYET OCHOBHAs
rpynna, cocTosast u3 YeThIpex POJIOB: 1akmobaxkmepuu, JIEKOHOCMOK,
neouoKOKK U cmpenmoxkokk. HeaBHUE TaKCOHOMUYECKUE MTEPECMOTPHI MIPEATIOKUIN HECKOIBKO
HOBBIX POJIOB, a OCTaBHIasCs TIpymma Temeps BKiaowaet: Aerococcus, Alloiococcus,
Carnobacterium, Dolosigranulum, Enterococcus, Globicatella, Lactococcus, Oenococcus,
Tetragenococcus, Vagococcus u Weissella. Ix BakHOCTh CBsi3aHa TJIaBHBIM 00pa3oM € HX
0e30macHOi MeTaboNMYecKOl aKTUBHOCTHIO TPHU BHIPANIMBAHUU B IHINEBHIX MPOJIYKTaX,
UCIIONB3YIONINX JOCTYIHBIN caxap A TNPOU3BOACTBA OPraHMYECKUX KHCIOT U JIPYIHX
MeTabonmuToB. MIX dYacroe MOSBICHHE B MHUIIEBBIX MPOAYKTaX HAPSIy C UX JUIUTEITHHBIM
WCITOJIb30BAaHUEM CIIOCOOCTBYET HMX ecTecTBeHHOMY mnpu3HaHuio GRAS (oOmenpu3HaHHBIM
0e30MacHbIM) 1151 IOTpeOJIeHUs yestoBekoM [9].

Ta6JII/ILIa 1 — OcHOBHEIC BHU bl MOJIOYHOKHCJIIBIX 6aKTepI/Iﬁ B IMPOU3BOJACTBC xaeba

No MoI0YHOKHUCITBIE OaKTEPHH CgoiicTBa Ccputka
1 | Pediococcus acidilactici IToBbIIIEHNE YCTOWIMBOCTH K KUCTION Cpejie [10]
AxtuBHbII antaronuct Bacillus subtilis —

2 Limosilactobacillus fermentum B030yauTeNs KapTodenbpHo Oone3Hn xineba [11]

OcHoBHas POJIb B IMPOIECCE KUCIOTOHAKOIIIICHUA

3 | Lactiplantibacillus plantarum [12]
OpH IPOU3BOJICTBE MIICHUYHBIX U PHKAHBIX 3aKBACOK
Lacticaseibacillus casei, VYiydmienue BKyca U apoMaTa MpoAyKTa, IPOTUB
4 | Lacticaseibacillus paracasei n IIeCHEBEHNs, 3a001eBanus X1eba KapTodeapHOi [13]
Levilactobacillus brevis 00JIe3HBI0
. . VBeNnueHHE CPOKa XPAHCHHS ITyTeM CHIDKeHus pH,
Lactobacillus delbrucckii u P P Y P
5 yIIydIIaeT TeKCTypy xJjieda [14]

Lactobacillus acidophilus

Lentilactobacillus buchneri u N
6 . . C IToBbIIeHIE IPOTUBOTPUOKOBBIX CBOMCTB XJIeba [15]
Lentilactobacillus diolivorans
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MKB uMeroT mmpokuidl CHeKTp MPEeUMYINECTB, BKJIIOYAs HE TOJIBKO Oosee Oe3omacHoe,
OoJiee IIEHHOE M YCTOWYMBOE MPUTOTOBIICHHE XJieOa, HO W pelieHue MmpobiieM, CBSI3aHHBIX C
MOBBIIIICHHEM KadecTBa NpoAykTa. B Tabmuie 1 mOpUBEACHBI YacTO HCIOJIb3yeMbie B
XJ1e00TeKapHOI MPOMBIIIEHHOCTH BU/Ibl U OCHOBHBIE CBOICTBA MOJIOYHOKHCIIBIX OaKTEpU.

[Ipou3BoACTBO 3aKBaCKM — JPEBHUH CMOCOO (epMEHTAMUd MYKH U3 3J1aKOB JUIS
U3rOTOBJICHUS XJ1e000ynouHbIXx u3nenuid. Ilpomeccsl gepMeHTanmm MyKH JUisi IPOU3BOJICTBA
3aKBacKM OOBIYHO OCYIIECTBISIOTCS T€TEPOreHHBIMU COOOIIECTBAMHI MOJIOYHOKHUCIIBIX OaKTepuii
u poxokeit [16].

WsrotoBnenue xneba Ha 3aKBaCKe CYHTACTCS TUMUYHBIM TPUMEPOM CTaporo u
TPaAUITMOHHOTO Tporiecca epMeHTAIN. DTO NMEPBBIM CIIOCO0 MPOU3BOACTBA XJIeha C TTOMOIIBIO
€CTeCTBEHHOM 3aKBAaCKH, IOSBUBIIMKACSA THICAYM JIET Has3ad, B KOTOPOM OeccO3HATEIbHO
HCITOJIH30BAIUCH YHAOTE€HHBIE MOJIouHOKHCIbIe OakTepun (MKDB) u/umm 1posxiku, TOCKOJIBKY 3TH
MUKPOOPTaHU3MBI TPUCYTCTBOBAIU B CHIPhE 1O TEX IOpP, IMOKa KOMMEPUYECKHE IPOXOKH HE
MOSIBIIIMCH B npojiaxke. CHavasa MuBHbBIE JPOXOKU, HAUMHAS C CPEIHEBEKOBBS, a 3aTeM MEKapCKue
IpOXOKH, HaumHas ¢ 19 Beka HCMONb30BANUCH JUIS 3aKBAacKu. J[sl pOM3BOJCTBA 3aKBACKU
TOTOBST CMECh 3C€pHOBOM MyKH ((paknuil) W BOJBI, KOTopas Jub0 cOpaxuBaercs
CaMONPOM3BOJIFHO W Jajiee MoJBepraercs OOpaTHOMY MpOLECCY B CiIydae TpPaIUIIMOHHBIX
3aKBacoOK, TUOO cOpaxMBaEeTCs B OJIMH ATAll B TEYEHUE HECKOJIBKHUX YacOB I HECKOJIbKO JHEU B
Clly4ae TMPOMBIIUICHHBIX 3aKBacoK. [lomydeHHBIE 3aKBAaCKM HCIONB3YIOTCS B KAauyeCTBE
(GyHKIIMOHAJIBHBIX HHIPEAUEHTOB XJIEOHOTO TeCTa JIJIsl TPOU3BOJICTBA APOXKKEBOTO XJie0a WiTH 171
3aMEHBI TICKApPCKUX JPOXOKEeW MpH TMPOW3BOJACTBE TPATUIIMOHHOTO XJjieba Ha 3akBacke. B
HACTOSIIEe BPEeMs HUCIIOJIb30BAHHE 3aKBACOK B KAYECTBE MCTOYHHMKA BKYCOBBIX, MUTATENbHBIX U
MOJIC3HBIX IS 3[I0POBbs MHTPEANCHTOB MPHU BBIMICUKE XJieOa CTAaHOBUTCS BCe OoJiee MOMyIsIpHBIM
[17].

[To pe3ynpTaTam mocieaHNX UCCIAEAOBAHUH, 10 YIYYIISHUIO KauecTBa XJie0a 1 POJICHUIO
CpPOKa XpaHEHHS TOTOBOTO NMPOJAYKTa, MOJOYHOKHUCIIbIE OaKTepHUH HE TOJBKO COOTBETCTBYIOT
JaHHBIM TPEOOBAaHUSAM, HO TAaK)K€ 3HAYUTENHHO YIyUIIAIOT BA3KOYIPYrOCTh, XapaKTEPUCTUKU
TEKCTYpbI, PaCTSLDKUMOCTh U BOJIOYJEPKUBAIOIIYIO CIIOCOOHOCTH 3aKBacKH, 00OTralaiT apoMar
JCTY4YUMH coenuHeHusMu, [18,19].

B nenom, Bo MHOrHX paboTax, MITaMMbl MOJIOYHOKHUCIIBIX OaKTepHil MPOAEeMOHCTPUPOBATIN
aHTUOAKTEpUATHHYIO aKTHBHOCTh MPOTUB OaKTEepHil, BRI3BIBAIOIINUX TOPUY XJie0a, 9TO AENMAeT X
MOTEHIMATLHBIMU areHTaMH OHOKOHTPOJIS TIPH MPOU3BOACTBE Xeba [20-22].

Lenpto MHOTHX paboT sBISETCS BBIsABIEHUE Hanbosee 3¢ heKTHBHOrO crocoda 00pbOBI ¢
Bo3OyauTeneM kaprodenbHoi 6one3Hu xmebda. [lo pesynprataM McciieIOBaHUM MOXKHO JI€TIaTh
BBIBOJIbI, UTO BHECEHME B pELENTypy H3AeIud cMmecu U3 opraHudeckux kuciaor u MKDB
CIOCOOCTBOBAJIO YIYYIIEHUIO (PU3UKO-XUMHUYECKUX IOKa3aTenaeil u3fenuil, mpu 3TOM BpeMs
pa3BUTHS KapTOheIbHON 00Je3HU 3a1epKuBaioch 10 120 gacos [23].

JI71s1 TIOBBIIEHUST MUKPOOHOJIOTHYECKON YCTOMUYMBOCTH OE3TIIIOTEHOBBIX XJI€O00YTOUHBIX
uznenuii B Cankr-llerepOyprekuii @umman ®enepansuoro I'ocynapcTBeHHOr0o ABTOHOMHOTO
Hayunoro  VYupexnenus  «Hayuno-UccnenoBatenbckuit ~ MucTtuTtyr — XnebomekapHoi
[IpoMbIIIIEHHOCTH»  M3Yy4€HAa BO3MOXHOCTh  WCIONB30BaHUS TpPH HMX  MPOU3BOJCTBE
3aKBallleHHOTo TnoiydalOpukara, coaepKamero B CBOEM COCTaBE UHCThIE KYJIbTYpPbI
MOJIOUHOKHUCIBIX OaKTepuii. BEIOOp MITaMMOB MOJIOUHOKUCIIBIX OAKTEPHid U3 KOJUTEKITUH OCHOBaH
HA M3YYEHUU MX aHTarOHUCTHYECKON aKTHBHOCTH B OTHOIIEHMM BO30yauTeseil kaprodeabHOu
Oonesnu xneda [24].

MonouHoKuCIbIE OaKTEpUU MPOAYLUPYIOT aHTHOAKTEpUaIbHbIE BEIIECTBA, K KOTOPHIM
OTHOCSITCS. OaKTEpUONMHBI, (YHTHIMIHBIC BEIIECTBA, OPraHUYECKHUE KHCIOTHI, IMEPOKCH]
BOJIOPO/ia, MUPPOIINI0H-D-KapOOKCHIbHAs KUCIO0Ta, AUALETUI U peyTepuH. AHTarOHUCTUYECKast
aktuBHOCTE MKB MoOkeT ObITh 00ycnoBieHa He TOJBKO MPUCYTCTBUEM OAaKTEPUOIMHOB, HO U
MPONYKIIMEH OPraHUYECKUX KHCIOT (MOJIOYHOM, YKCYCHOM) W HHM3KMM 3HaueHuem pH.
AHTaroHMCTUYECKasl aKTUBHOCTh 3aBUCUT OT BHJIOBBIX U IITAMMOBBIX OCOOCHHOCTEH mITaMMa-
OpOAylEeHTa W MHJIMKATOpPHOrO ITamma. llpuMeHeHue 3aKkBacoK ¢  HalpaBiICHHBIM
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kynbTuBupoBanueM MKDB, mpoayuupyoomux OaKTepHOUMHBI W JPyrHe aHTUMHKPOOHBIC
BEIIECTBA, MOXKET OBITh 3PPEKTHBHBIM OMOJIOTHYECKUM CITOCOOOM OOPHOBI ¢ MUKPOOHOM TTOpUeit
xJie0a U XOpollei aJbTePHATHBON XMMUYCCKUM KOHCepBaHTaM [25].

BbopoBcka u np. vccienoBaiu HMCMONIb30BaHHE TOMO(DEPMEHTATUBHBIX MOJIOYHOKHCIIBIX
OakTepuil I MPOU3BOJICTBA IIEIBHO3EPHOBOTO Xxyeba ¢ HM3KUM conepxanueM FODMAP
(cOpakuBaeMble OJIUTO-AU-MOHOCAXapUIbl M TMOJHUOJIbI), KOTOPHIE PEKOMEHIYETCS JIOASIM C
CHUHJIPOMOM pa3apakeHHOTro KumeyHuka. Tpu roMo()epMEHTATUBHBIX mTamMma,
Lactiplantibacillus plantarum FSTL1.7, Lacticaseibacillus paracasei R3 wu Pediococcus
pentosaceus RYE106, Obimi oTOOpaHbl A (epMEHTAUU 3aKBAaCKH, B Pe3yibTaTe 4yero ObLI
noJy4eH xjed ¢ Hu3kuM coxaep:kanreMm FODMAP [26].

3akiaoueHue

Kak BugHo wu3 mpencraBieHHOro o0030pa, cymecTByer MHOxecTBo BugoB MKb
MPUMEHEHSEMBIX JIJIsl TIOJyYeHUsI XJICOHBIX 3aKkBacoK. [loMuMO WX TpPUMEHEHUS B KayecTBE
YUCTBIX TCXHOJIOI'NMYCCKUX IITAMMOB B HHHIGBOﬁ HpOMBIH_UIeHHOCTI/I, y‘-II/ITBIBaSI aHTI/IMI/IKpOGHBIe,
MPOTHUBOTPUOKOBBIE U MUKPOOHOM-MOJYJIUPYIOIINE CBOMCTBA 3THX MHUKPOOPTAaHM3MOB, OHU
MOFyT GBITB HCIIOJIB30BAHBI B KAYCCTBEC BAXXHBIX COCTABJIAOIINX B y.]IyLIH_IeHI/II/I 6I/IOJIOFI/I‘ICCKOI>'I
[IEHHOCTH TTUIIEBBIX MMPOTYKTOB.
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Abstract

The grape (Vitis vinifera) is one of the most important fruit plant species with a wide distribution
throughout the world. Commercial grape varieties are susceptible to significant exposure to a variety of
pathogenic microorganisms that can cause disease in plants both pre-harvest and post-harvest. These
diseases significantly affect the production, processing and export of grapes, as well as their quality.
Potential threats include bacteria, fungi, oomycetes and viruses, which have different life cycles, infection
mechanisms and survival strategies. The interaction between grapes and pathogens involves cycles of
resistance and susceptibility, the study of which allows us to identify resistance traits inherent in natural
resources and use them in the breeding process to ensure sustainable agriculture. This review summarizes
the main diseases affecting Vitis vinifera, including their causative agents. A comprehensive analysis of the
infection strategies employed by different types of pathogens is also carried out, considering the plant
response to infection in both resistant and susceptible scenarios. In addition, new methods used to assess
the condition of grapes under conditions of biotic stress are discussed, as well as scientifically based
procedures that are necessary to combat plant diseases and protect the crop from them.

Keywords: grape, pathogenic microorganisms, infection mechanism, resistance, plant protection.

Grapes are one of the most valuable fruit crops in the world [1]. These varieties are
extensively cultivated for both fresh consumption and processing purposes. The majority of grapes
produced worldwide are used to make wine, as well as other processed products such as jams,
jellies and juices [2]. Grapes belong to the Vitaceae family, which includes more than 17 genera
and more than 1000 species native to North America, Asia and Europe [3-5].

In the field of viticulture, the choice of grape variety not only influences the quality and
quantity of the harvest but also plays a crucial role in determining the feasibility and economic
viability of cultivating crops in specific regions. Issues of scientific organization of the raw
material base of viticulture and winemaking in Kazakhstan occupy a leading place in solving the
problems of further development of viticulture. The development of industrial viticulture in
Kazakhstan began in the late 50s of the last century, and by the mid-80s the area of vineyards was
26,000 hectares, and the total grape harvest reached about 200,000 tons per year [6]. As outlined
in the "Program for the Restoration and Development of Viticulture in Kazakhstan™ for the period
2001-2020, the total grape cultivation area was below 9.5 thousand hectares. According to official
information from the Almaty region statistics department, there are currently vineyard fields in
various cities of the region, including Aksu, Balkhash, Taraz, Zharkent, Kapchagay, Sarkand,
Talgar, Taldykorgan, and Tekeli [6].

Economically valuable varieties for cultivation in Kazakhstan are: Taifi; Terbash; Bayan
Shirey; Huseyn Ak; Ashgabat intermediate black grapes; Gulja; Hungarian Muscat; black raisins;
Nimrang [6]. According to the National Bureau of Statistics, there was a high intensity of grape
production between 2012 and 2022 (Figure 1).
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Figure 1 — Grape production in the Republic of Kazakhstan 2012-2022 year

During their life cycle, plants are exposed to a variety of pathogens, including bacteria,
viruses, fungi and nematodes. Depending on the characteristics of their life cycle and the strategy
of influencing the plant, pathogenic microorganisms can be classified as necrotrophs, biotrophs
and hemibiotrophs [7]. Necrotrophic pathogens extract nutrients from dead tissue, in the process
releasing lytic enzymes and phytotoxins that promote the destruction of host plant cells. Biotrophic
pathogens, on the contrary, feed on living tissues, developing structures to penetrate the cell and
obtain the products of its metabolism [8-10]. Hemibiotrophic pathogens exhibit both biotrophic
and necrotrophic pathogen traits, starting with the biotrophic infection phase and then moving to
the necrotrophic infection phase, leading to the death of grapes [11].

Diseases: mechanism and symptoms of infection

Infectious diseases are caused by specific fungi, viruses and bacteria. As a rule, they settle
on living tissues and, accumulating in the plant, lead to its death. Pathogens are transferred from
the affected plant to healthy bushes by wind, rain, or untreated tools. Gradually, the infection
accumulates in the soil and fallen leaves and if protective measures are not taken, can destroy the
entire crop. Some of the most important diseases of Vitis vinifera are gray mold, powdery mildew
and downy mildew caused by Botrytis cinerea, Erysiphe necator and Plasmopara viticola,
respectively.

Plant defense mechanisms are strictly regulated by signaling using hormones, predominantly
jasmonic acid and salicylic acid. It is generally accepted that jasmonic acid and ethylene play a
key role in activating defense mechanisms against necrotrophic pathogens, while salicylic acid is
involved in providing protection against biotrophic and hemibiotrophic pathogens. [12]. In
addition, some phospholipids released during plasma membrane degradation can directly stimulate
jasmonic acid biosynthesis [13]. An increase in the concentration of jasmonic acid leads to
activation of the expression of genes responsible for the synthesis of protective enzymes and
molecules. These genes include glucanases, chitinases, protease inhibitors, and enzymes involved
in the biosynthesis of secondary metabolites such as phytoalexins. These components play an
important role in protecting plants from necrotrophic pathogens and helping to maintain their
viability. Salicylic acid, on the other hand, plays an important role in mediating plant defense
responses to biotrophic and hemibiotrophic pathogens. This response involves an increase in
reactive oxygen species and the resulting localized programmed cell death in infected tissues. This
defense mechanism is known as the hypersensitive response and serves to limit the growth of
pathogens by limiting their access to nutrients and water. On the other hand, salicylic acid mediates
the response to biotrophic and hemibiotrophic pathogens by causing an increase in reactive oxygen
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species and consequently localized programmed cell death in the infected tissue [14]. Table 1

provides data on the mechanism and symptoms of infection with the most common grape diseases.

Table 1 — Diseases, mechanism, and symptoms of grape infection with diseases [15]

Grape disease

Mechanism of infection

Symptoms

2

3

Gray rot caused by a fungus
Botrytis cinerea

- the first mechanism involves
direct penetration of the mycelium
through pores or lesions on the
surface of the skin of grape berries;
- the second mechanism, called
early invasion, involves infection
of the berries before their stigmas
and stems ripen.

- a plaque in the form of
mouse-shaped mold covers
the ripening berries, without
affecting the green ones,
which contain many acids;

- the berries become lethargic,
then turn slightly brown and
fall off.

R

Oidium (powdery mildew)

caused by the biotrophic fungus
Erysiphe necator

- attaches to grape tissue cells,
forming the primary germ tube
(haustorium).

- with the help of haustoria, the
fungus extracts the nutrients
necessary for its life cycle from the
cells of the grape.

- first in the form of a dirty-
gray coating of varying
consistency on the upper side
of the leaves, necrosis of the
leaf veins, later oily to the
touch spots appear with a
pronounced smell of rotten
herring;

- the plant gradually becomes
covered with a soft coating of
a characteristic gray-ash
color.

Mildew (downy mildew) csed
by the biotrophic oomycete
Plasmopar

- in the presence of water, mature
sporangia release zoospores that
infect plant tissues;

- zoospores grows through the
intercellular spaces, is surrounded
by leaf veins and penetrates the
grapes.

- yellow, oily, round spots
form on the leaves on the
upper side;

- in humid weather, a white
powdery coating forms on the
underside of the leaf;

- Over time, the
become reddish-brown.

leaves

R 2

X

Bacterial cancer
caused by the biotrophic fungus
Agrobacterium vitis

- penetrates the DNA of cells and
provokes the production of huge
amounts of auxins and cytokinin’s,
which leads to rapid growth of the
tumor;

- over time, the part of the bush
located above the tumor dies
because of tissue conduction
disturbances.

- a growth in the form of a
swelling on perennial wood,
annual vines or roots.
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Pierce's disease

2 3
- vector plants such as | -sudden drying out of a large
Homalodisca coagulate, | part of the leaf blade;

Cicadellidae and Cercopoidea
infect grapes, creating a biofilm
while feeding on xylem sap,
mainly water-conducting tissue.

- biofilm in xylem vessels disrupts
the flow of water and nutrients
through it.

- more severe yellowing,
drying, and falling of leaves
are observed:;

- dwarfism of shoots and
stunted growth of stems, as
well as dehydration of grape
bunches are observed.

gram-negative bacterium
Xylella fastidiosa

The fungus Botrytis cinerea has the ability to exist as a parasite in living green plant tissues,
and as a saprophyte in dead or decaying tissues. This dual ability allows it to be widely distributed
in nature and determines its indiscriminate nature towards various plant species, including grapes
[14]. The problem requires careful monitoring and measures to protect grape crops from this
fungus in order to ensure the quality and safety of the harvest and wine industry products [15, 16].
Powdery mildew of grapes leads to significant losses in production, as it reduces both the yield
and the quality of the fruit. The main negative effect is manifested in a decrease in the sugar content
and acidity in grapes, which affects its characteristics and taste [17].

The Erysiphe necator fungus extracts hexoses, amino acids, vitamins and other nutrients
from grapes while secreting proteins that suppress the plant's defense mechanisms. This interaction
allows the fungus to successfully provide itself with nutrients and complete its life cycle [18, 19].
Resveratrol and its derivatives, such as viniferines, are bioactive compounds that may be involved
in plant defense responses to pathogens. They may have antioxidant and antifungal properties,
making them important components in grape defense mechanisms against powdery mildew.
Increasing the level of resveratrol and viniferins can help increase the resistance of grapevine
varieties to this disease and reduce its negative impact on yield and fruit quality [20].

Infection of grapes with the specific pathogen Agrobacterium vitis usually begins through
plant damage, especially as a result of freezing and/or mechanical wounds, which promotes the
release of phenolic compounds that act as chemoattractants on attached bacteria [21]. These
compounds activate the transcription of genes, the products of which induce the transfer of fungal
DNA into the grape genome [22].

Pierce's disease, caused by the bacterium Xylella fastidiosa, is an economically significant
disease affecting the production of wine, table grapes and raisins [23-25]. Grapes infected with the
bacterium Xylella fastidiosa use physical or chemical barriers after infection, such as tylose.
Tylosis is the proliferation of parenchyma cells through pairs of vascular pits into the lumen of the
tracheal elements. The initiation of tylose formation happens at a pace that is insufficient to control
the proliferation of mobile pathogens like Xylella fastidiosa.

Plant protection from diseases

Detecting grape diseases poses a challenging and resource-demanding endeavor, particularly
when it comes to the third aspect of pinpointing the pathogen and devising dependable strategies
to mitigate or minimize economic losses. However, when it comes to treating grape diseases, some
available approaches are too expensive and/or unsuitable [26]. Since most varieties of Vitis
vinifera are affected by these pathogens, wine and fresh grape production are dependent to varying
degrees on the application of control methods [27]. Various methods are used to protect grapes
from pathogens, including cultural controls such as thinning and culturing, cold treatment (holding
plants at low temperatures to prevent or eradicate pathogens), chemical control using contact and
systemic agents, and biological control. using biopesticides to reduce the use of chemical
pesticides [28].

19



MICROBIOLOGY AND VIROLOGY ISSN 2304-585X Neq (43) 2023 www. imv-journal.kz

Currently, integrated disease management, which includes combined methods to mitigate
the threat from these pathogens and minimize negative environmental and health impacts,
represents a partially effective, cost-effective and sustainable way to address the problems [29].
One of the most commonly used approaches is chemical control, which includes various classes
of chemicals such as copper compounds, sulfur compounds, dithiocarbamates, benzimidazoles,
antibiotics and others [30-32]. Although these chemicals are effective against fungal and bacterial
pathogens, they have little effect on viral diseases. In addition, some of them can be dangerous to
organisms, including viruses that transmit viral diseases. However, this method is not always
effective and may not prevent future infections [33].

Modern methods of controlling grape diseases typically combine various approaches,
including genetic resistance, the use of biological controls and modern monitoring technologies,
to provide optimal protection to the grapevines and reduce the use of chemical fungicides.
Nanomaterials and nanoparticles can be used to develop new formulations of fungicides, which
increases effectiveness and reduces the need for their use [34-36]. Developing grape varieties that
have built-in resistance to certain diseases is one effective method. This reduces the need for
chemical treatment. Scientific research in the field of genetic engineering may lead to the creation
of grape varieties with improved disease resistance [37-39]. Grape growers are increasingly
adopting sustainable cultivation practices that help reduce the risk of disease, such as managing
weeds, attracting beneficial insects, and improving soil structure [40, 41]. Another promising
approach is to use biotechnology, such as creating biologics from plant extracts that contain
pathogen resistance elements. This method could be an effective strategy applicable to agriculture
in the future. Application of biologicals and microorganisms such as microbes, bacteria and fungi
that compete with disease pathogens in soil or plants helps reduce the spread of diseases [42-44].

Conclusion

Modern methods of protecting grapes from diseases integrate various approaches such as
genetic resistance, biological controls and modern technologies to provide optimal protection and
reduce dependence on traditional fungicides. This includes developing genetically resistant grape
varieties that reduce the need for chemical treatments. Biologicals and microorganisms that
compete with soil and plant pathogens reduce the spread of disease. Application of nanotechnology
to create more effective fungicides. Using modern monitoring technologies with sensors and the
Internet of Things network for real-time monitoring of the condition of the vines and the
environment. Environmentally sustainable cropping practices, such as weed control and the
attraction of beneficial organisms, help reduce the risk of disease. Thus, modern methods of
combating grape diseases include advanced technologies and scientific developments.
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Tyiiin

Kyszim (Vitis vinifera) Oykin onemue KeHIHSH TapalfaH €H MaHbI3Ibl JKeMiC eCiMAIKTepiHiH Oipi
OombIn TaOBIaAbl. JKY3iMHIH KOMMEPITUSIIBIK COPTTaphl €TiH JKHMHAYFa KOHE XHHAyIaH KediH ne aypy
TYABIPYBl MYMKIH OpPTYpJl MaTOT€HIIK MHKPOOPTaHU3MIEPTe alTapibIKTail ocep eremi. bynm aypymap
KY3IMI1 eHAIpyre, OHAeYyTe KOHE SKCIOPTTayFa, COHIaii-aK oJap/AbIH calachblHa alTapibIKTai ocep eTei.
blkTrMan el MEKpoOpranusmepre 6akrepusiap, CaHbIpayKyJiakTap, OMHIETTED )KOHE BUPYCTap JKaTabl,
oJapIbIH OMIpIiK UKIIEP], HHOEKIINS MeXaHU3M/IEPi KOHE OMip CYpy CTpaTerusuiapsl apTypii. XKy3iMHIH
NaTOTeH/AI MUKPOOPTaHU3AEpl e3apa OpEeKeTTeCyl TO3IMIUNK MEeH Ce3IMTalAbIK LUKJIJApbIH KaMTHIBL,
onappl 3epTTey TaOUFU pecypcTapra ToH KapChUIBIK OeNTiiepiH aHbIKTayFa )KOHE OJapbl TYPaKThl aybll
HIapyallbUIBIFBIH KAMTaMachl3 €Ty YIIIH ecipy Mpollecinie naifananyra MyMKiHaik Oepemi. by momyna
JKY3IMI'e 9cep eTeTiH Heri3ri aypyJap, COHbBIH ilIiHIE OJapMeH Kypecy *ojaapbl KenrtipiareH. CoHbIMEH
Karap, OMOTHKAIIBIK CTpecC Ke3iHfe JKY3iMHIH JKarlaiblH Oaranay YIIiH KOJJIaHBUIATHIH KaHA QIICTeEp,
COHJIali-aK OCIMJIK aypyJapbIMeH Kypecy >KoHe KOpFay YIIH KaKETTi FEUIBIMMEH HETI3ZIeNTeH CypaKTap
TaJIKBUIAHA B

Kiarri ce3mep: >ky3iM, HaTroreHai MHUKPOOpPTaHU3MIEP, HHQPEKIUS MEXaHW3Mi, TO3IMILIIK,
OCIMJIIKTEp/Ii KOpFay.
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ITATOT'EHHBIE MUKPOOPI'AHU3MbI BUHOI'PAIA: MEXAHUN3M 3APA’KEHUA U
METO/JbI 3ALIIUTHI
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AHHOTALUSA

Bunorpaz (Vitis vinifera) seistercst ogaum 3 Hambojiee BaKHBIX BHIOB ()PYKTOBBIX PACTEHHIA,
MMEIOIIUX IIMPOKOE paclpocTpaHeHue Mo BceMy mupy. KoMmmepueckue copra BUHOTpaaa MOABEPKEHBI
CEpbE3HOMY BO3JEHCTBUIO Pa3HOOOPA3HBIX MATOr€HHBIX MHKPOOPIaHU3MOB, KOTOPBIE CIIOCOOHBI
BBI3BIBATH 3a00JICBAHNS B PACTEHUSIX KaK B IIEPUOJ 0 cOOpa yporKas, TaK ¥ IOCIe HEero. ITH 3a00JIeBaHUS
CYLIECTBEHHO BIMAIOT Ha MPOM3BOACTBO, 00pabOTKY M 3KCIOPT BUHOTPA/a, a TaKKe HA €ro KauecTBo.
Cpenu MOTEHUMATIBHBIX YIpO3 MOKHO BBIIENUTH OaKTEpHH, PUOBI, OOMHLETHl M BHUPYCHI, KOTOpPBIE
XapaKTCPpU3YOTCAd pa3IMYHbBIMU KU3HCHHBIMU HHUKJIaMHU, MEXaHHU3MaMH 3apaXCHUA W CTPATCTrUAMU
BbBDDKUBAHUA. B3aPIMOZIeI7[CTBPIe MCXKAY BHHOIpaaoM M MAaTOTCHaAMH NOAPa3yMEBACT HAJIUMYHUC HHUKIIOB
YCTOMYMBOCTH © BOCIPHUMMYHMBOCTH, HCCIECIOBaHHE KOTOPBIX IIO3BOJISICT BBUIBUTH IPHU3HAKU
YCTOWYMBOCTH, MPUCYIIHE MPUPOTHBIM pecypcaM, W HCIOJb30BaTh WX B MPOIECCE CENIEKIUH C IENbI0
o0ecrieyeHnsl YCTOMYMBOTO CENbCKOTO XO3siicTBa. B maHHOM 0030pe 0000mIat0TCs OCHOBHBIE
3aboneBaHusi, Bo3jeiicTByromme Ha Vitis vinifera, Bxmouas ux Bo3Oyautesneil. Takke MpoBelcH
BCECTOPOHHUH aHAIM3 CTpaTerwii MHPEKIUH, TPUMEHIEMbIX Pa3IMYHBIMU THUTIAMH MTATOTEHOB, C YYETOM
peaKIuy pacTeHHs HA MHPEKINIO B CLIEHAPHSIX KaK YCTOMYMBOCTH, TaK M BOCIpUAMYNBOCTH. Kpome Toro,
paccMaTpUBaIOTCS HOBBIE METOJbI, NMPHMEHSEMbIE JUIS OICHKH COCTOSHUS BHUHOTPalla B YCIOBHSX
OMOTHUYECKHX CTPECCOB, a TAK)KE HAYYHO 0OOCHOBAHHBIE MPOIIEAYPHI, KOTOPHIE HEOOXOIUMBI JUIsI OOPHOBI
¢ OOJNE3HIMH PACTCHUH U 3aIUTHI YPOXKasi OT HUX.

KnwueBble cjoBa: BHHOTpajJ, TMAaTOTCHHbIE MHUKPOOPTraHM3MBI, MEXaHWU3M 3apa)KeHWs,
YCTOMYUBOCTb, 3aLIUTa PACTCHUN.

BuHorpan — omHa W3 caMbIX IEHHBIX IUIOAOBBIX KynbTyp B Mupe [1]. Ero mmpoko
BBIPALIMBAIOT JUIS TOTPEOJICHHS B CBEXKEM M IepepaboTaHHOM BHJie. boibiias yacTs BUHOTpana,
IPOM3BOIMMOIO BO BCEM MHpE, UCIOJIb3YeTCs Ui M3TOTOBJICHMS BHHA, a TAKXKE - B COCTaBE
IpYruxX TepepadaThiBaeMbIX IMPOIYKTOB, TAKMX KaK JDKEMBI, kelde W coku [2]. BuHorpan
NpUHAUISKUT K ceMeicTBy Vitaceae, koropoe BrimovaeT 6osee 17 poxos u 6onee 1000 BumoB
npowuspacraromux B CeBepHoit Amepuke, Asuu u Espore [3-5].

CopT B BUHOTpaIapCcTBE OIpeeNsieT He TOIbKO KaueCTBO M KOJIMUYECTBO ypOxkKasi, HO TaKxkKe
BO3MOXKHOCTh W HKOHOMHYECKYIO A(P(PEKTUBHOCTh BBIPAIIMBAHUSI CEIbCKOXO3SHCTBEHHBIX
KyJIbTYyp B ONpEICNCHHBIX peruoHax. Bompocbl Hay4yHOIl OpraHuzaluu ChIPHEBON 0a3bl
BUHOTpagapcTBa M BHHOnenus KazaxcTaHa 3aHMMArOT BeIyllee MECTO B pEIICHHH 3a7ad
JaNbHEHIIero pa3BUTHS BHUHOTpajgapcTBa. Pa3BUTHE NPOMBIIUIEHHOTO BHHOTPAZapcTBa B
Kazaxcrane Hagasioch B koHIEe S0-X TOJI0OB MPOILIOro BeKa, U K cepeauHe 80-X roJI0B MIomaab
BUHOTPaHUKOB cocTaBisia 26 000 ra, a o0muii ypoxail BuHOrpaga npocturan okoino 200 000
TtoHH B roj [6]. ITo manHbM «[IporpaMMbl BOCCTAHOBJICHHS W Pa3BUTHs BUHOTPAJapCTBa B
Kazaxcrane» na 2001-2020 roas! miomiags BUHOTPAJAHBIX HACAXICHWN cocTaBisuia MeHee 9,5
TeiC. Ta. [lo oduIMaTbHBIM JaHHBIM YIPABICHUS CTATUCTUKM AJIMAaTHHCKOW o0yacTd, B
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HACTOSAIIEE BPEMSI B TOPOAAX PETHOHE UMEETCS 10JI1 BUHOIPAaJHUKOB B ropoaax Akcy, banxau,
Tapas, Kapkenrt, Kanuaraii, Capkana, Tanrap, Tanasikopran, Tekenu [6].

X035MCTBEHHO LIEHHBIMU COpPTaMu il BblpamuBaHus B Kaszaxcrana sBistrorcs: Taiidu
po3oBbiii, TepbOam, basa Illupeir, ['yceitn Ak, BuHOTpan uYepHBIA AmxadaacKuit
npoMexyTounblii, Kynpmka, Myckar BeHrepckuii, ustom 4depHblid, Humpanr [6]. CormacHo
nanHbiM  HarmmonanpHoro Oropo craructuku, B 2012-2022 romax Habmromanack BBICOKas
MHTEHCHBHOCTH ITPOM3BOJICTBA BUHOTPaaa (pHCYHOK 1).
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Pucynok 1 — IIpousBonctso BuHorpana B Pecyonuku Kazaxcran B 2012-2022 rogst

B TeyeHme cBOEro IKM3HEHHOTO LMKJIA PACTEHHUS IIOJBEPTralOTCS  BO3IACHCTBHIO
pa3HooOpa3HbIX MATOICHOB, BKIII0Yas OAKTEPHH, BUPYCHI, TPHObI 1 HEMaToIbl. B 3aBucuMoOCTH OT
0COOCHHOCTEH WX JKU3HEHHOTO NHUKJIA M CTPAaTerMu BO3ICHUCTBHSA HAa pPAcTEHHE, NMAaTOrCHHbBIC
MHUKPOOPTaHU3MBl MOTYT OBITh KJIacCU(UIMPOBAHBI KaK HEKPOTpoQsl, OHOTpPOodB U
reMuduotpodsl [7]. HekpoTpodHbie maToreHsl U3BICKAIOT MUTATEIbHBIE BEIIECTBA U3 MEPTBBIX
TKaHEH, BBIJEISSA B IpoIecce JINTHYECKHE PepMEHTH! U (PUTOTOKCHHBI, KOTOPBIE CIIOCOOCTBYIOT
pa3pylIeHUIO KJIETOK PacTEeHHUs-X03gMHA. buoTpodHble maroreHsl, HAIPOTHUB, MUTAIOTCS 3a CUET
KMBBIX TKaHEH, pa3BUBas CTPYKTYPHI U1l HIPOHUKHOBEHUSI B KJICTKY M IOJy4SHHUS IPOTYKTOB €€
merabonusma [8-10]. I'emuOHoTpOdHBIC MATOrEHBI NPOSIBISIOT KaK YepThl OMOTPO(HBIX, TaK H
HEKpOTPO(HBIX MATOTEHOB, HaUKWHAs C (a3bl OMOTPODHON MHPEKIIMH U 3aTeM MEePexoasT K (asze
HEKPOTpOopHOH MHDEKIUU, MPUBOIAIICH K THOeTH BuHOTpaaa [11].

bone3nn, MexaHu3M B CUMITTOMBI 3apa>KEHHS

WNndexnnonnsie 00JIe3HNM BBI3BIBAIOTCA CHEUU(UUECKUMU TpUOKaMH, BUPYCAMU H
Oakrepusimu. Kak mpaBuiio, OHM TOCENSIOTCSA Ha XKUBBIX TKAHSX M, HAKAIUIMBAsCh B PAaCTCHHH,
npuBoaAT K ero rubenu. C MOpakeHHOTO PACTeHUS BETPOM, NIOXKIEM, HeoOpaboTaHHBIMU
MHCTPYMEHTAMH [IaTOTEHBI MEPEHOCSATCS Ha 310poBble KycThl. IloctemeHHo wH eKIus
HAaKaIUIMBAeTCS B MOYBE M OMABIICH JIMCTBE W, €CIIM HE NMPOBOAWUTH 3AIMUTHBIC MEPBI, MOXKET
YHUYTOXKHTH BeCh yposkail. HekoTopslie 3 Hanbosee BaxHbIX 3aboseBanuii Vitis vinifera - aro
cepas THWIb, MyYHHUCTasi poca M JIOKHash My4YHHCTas poca, BbI3bIBaeMble, Botrytis cinerea,
Erysiphe necator u Plasmopara viticola, coorBeTcTBeHHO.

3amMTHBIE MEXaHU3MBbl PACTEHHUN CTPOTO PETyIUPYIOTCS IMyTEeM Iepeladd CHUTHAJIOB C
UCTIOJIb30BaHNUEM F'OPMOHOB, TPEUMYIIECTBEHHO KaCMOHOBOM KHCIOTHI ¥ CAJTMIIMIIOBOI KHUCIIOTHI.
OOEenpuHATO, YTO JKACMOHOBAs KUCIOTa M STWIEH HIPAIOT KIIOUEBYIO POJb B aKTHBAIMU
3aIIUTHBIX MEXAaHW3MOB IIPOTHB HEKPOTPO(HBIX MATOTCHOB, B TO BPEMs KaK CaJHIMIOBAs
KHCJIOTa y4acTBYeT B 00ECHEUEHUH 3alUThl OT OMOTPO(HBIX U reMHUOHMOTPO(PHBIX MATOI€HOB.
[12]. Kpome Toro, Hekoropsie (OochOIUNHIbI, BLICBOOOKIACMBIC MPH JIeTpaJalliu
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IUIa3MaTHYeCKOM MeMOpaHbl, MOTYT HAaIlpsMYIO CTUMYJIUPOBaThb OMOCHHTE3 KaCMOHOBOMU
kucnotel [13]. VYBenuueHWe KOHIEHTPALUU >KACMOHOBOW KHCJIOTHI TMPHBOAUT K aKTHBALUH
9KCIPECCHH I'€HOB, OTBETCTBEHHBIX 32 CHHTE3 3alIUTHBIX (PepMEHTOB U MoJekyl. K Takum reHam
OTHOCSATCSl TJIOKAaHA3bl, XUTWHA3bl, MHTUOUTOPHI TpPOTea3 W (HEPMEHTHI, y4YaCTBYIOIIHUE B
OMOCHHTE3e¢ BTOPUYHBIX META0OJHTOB, TAKHX KaK (PUTOATEKCHHBI. DTH KOMIOHEHTHI UTPAIOT
BR)XHYIO POJIb B 3aIlUTE PACTCHUN OT HEKPOTPODHBIX MATOTEHOB M CIIOCOOCTBYIOT COXPAHEHHUIO
UX JKu3HecTocoOHOCTH. CanuiuioBas KHCIOTa, C JAPYrOodM CTOPOHBI, UTPAeT BAXKHYIO POJb B
MeUaIliy 3alIMTHOTO OTBETa PACTCHHH Ha OMOTpOodHBIE U TeMUONOTPO(dHBIE MAaTOTeHBI. DTOT
OTBET BKJIIOYAET YBEIMUYEHHE AaKTUBHBIX (POPM KHUCIOpOJA M, B Pe3yjbTaTe JIOKATU30BAHHYIO
3aMpoOrpaMMHPOBAHHYIO THOEIh KIETOK B MH()DUIIMPOBAHHBIX TKAHSAX. DTOT MEXaHW3M 3aIlIUTHI
U3BECTCH KaK THIIEPUYBCTBUTENbHAS PEAKIMS M CIYXHUT JUIsI OFpaHHMYEHHUS POCTa MaTOTCHOB
yTeM OTPaHMYCHHS WX JOCTyNa K THTATeNIbHBIM BemecTBaM W Boje. C Ipyroi CTOPOHBI,
CAJIMIIMIIOBAsl KHUCJIOTa OIOCPEAYeT OTBET Ha OHOTpO(HBIE W TeMHUOMOTPO(HBIE NATOTEHBI,
BBI3BIBAS  YBEIMYCHUE KOJNWYECTBA AaKTHBHBIX (OpM KHCIOpOAa U, CIIEAOBATEIbHO,
JIOKAJIM30BaHHYIO 3allpOrpaMMHUPOBAHHYI0 THOENb KJIETOK B MH(pUIMpoBaHHOH Tkanu [14]: B
tabmuie 1 mpemocTaBieHbl JaHHBIE O MEXaHW3ME M CHMIITOMAax 3apaKeHHs HauOolee
pacnpocTpaHEHHBIME 3a00JI€BaHUSI BUHOTPAJIA.

Tabnuia 1 — Bone3nu, MeXaHu3M ¥ CHMIITOMBI 3apayKeHUsl BUHOTpaja 3aboneBanusamu [15]
boiie3nb BUHOTpajia MexaHu3m 3apaxxeHus CHUMIITOMEBI
1 2 3
- IEPBBIA MEXaHU3M BKJIIOYAET B
ce0s mpsMOe MPOHUKHOBCHHE
MUIENAA dYepe3 TOphl WA
MOBPEXACHNS HA TIOBEPXHOCTH
KO>KU BUHOTPAIHBIX STO;
- BTOpPOU MEXaHU3M,
Ha3bIBaeMblii paHHEW WHBa3UEH,
NpeAnoaaraeT 3apakeHue Aroj
JI0 UX CO3pEBaHUs pbUIbLA U
cTebei.

- HajeT B BHUAC IUICCCHHU
MBIIIEBUIHOTO 1[BETa
TTOKPBIBACT 3PCIOIIUE SITOJIBI,
HE  3aTparuBas  3€JICHEIC,
coJIepKaIme Oounbimoe
KOJIMYECTBO KHCIIOT;

- ATOJIBI CTAHOBSATCS BSUTBIMH,
3aTeM cierka OypeT u
OIaJIaloT.

- BHayaJIC€ B BHIAC TIPA3HO-

- MPUKPCIUIACTCA K KICTKaM o
ceporo HAJICTa pa3Hou

TKaHU BHHOTPAZA c .
.. | KOHCUCTEHIINM Ha BepxXHeU
oOpa3oBaHHEM MEePBUYHOM
o CTOpPOHE JIUCThEB, HEKpO3a
3apOABIIIHON TpyOKH
KHUITOK JHCTa, MO3XKe
(raycropun).

IOABJIAOTCA MACJIIHUCTBIE Ha

- C IIOMOIILI TayCTOPHUH T'puO
= yerop P OIIYTIb TISITHA,

HU3BJICKACT H606XO,Z[I/IMI:IG JJIs

0O ' 2 CBOCTO  KW3HeHHOTO mkra | PACTOHNE  TIOCTCICHIO
UIHyM (MYI%HHCTa’I poca) IHTATCNBHBC  BemecTsa s | MOKPBIBACTCA MATKIM HATeTOM
BBI3BIBACTCS OHOTPO(YHBIM XapaKTEPHOTO cepo-

i KJIETOK BUHOTI'paaa.
rpudxom Erysiphe necator pan [eTIeBHOTO HBETa.

¢

- Ha JIMCTBIX C BEpXHEH
CTOPOHBI 00pa3yroTCs KENTHIS
MAaCJISTHACTBIE OKPYTJIbIE
TSITHA;

- BO BIAXHYI [OToAy Ha
HUKHEHN CTOpPOHE JICTA
oOpasyercs Oejblii MyYHHUCTBIN
HaNIET;

- ¢ TEUCHHEM BPEMEHU JIUCThS
CTaHOBATCS KPacCHO-OypBIMH.

- B IIPUCYTCTBUHU BOIBI 3pEIbIE

CIIOpaHruu BBIACIAIOT

300CIOPLI, KOTOPLBIC 3apakaroT

TKaHU PaCTCHU;

- 300CIIOpBl IPOPACTAET Yepe3

MCKKJIICTOYHBIC MPOCTPAHCTBA,
= OKPYXE€H JKWIKaMMU JIMCTa U

Munasio (J‘IO)KHaH My4YHHUCTast MPOHUKAET B BUHOTPA/I.

poca) BBI3BIBACTCS HOTPOPHBIM

oomuiietoM Plasmopara viticola
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IIpogomkenne Tabnuuesl 1
1 2 3
- BHenpsaercs B JIHK knerok u
MIPOBOIIUPYET BBIPabOTKY
OTPOMHOTO KOJIMYECTBA
ayKCMHOB M IIUTOKWHUHOB, YTO
MIPUBOIUT K OBICTPOMY | - HApOCT B BHJIC OIYXOJH Ha
pa3pacTaHuIO OITyXOJIH; MHOTOJICTHEH JIPeBECUHE,
- CO BpEMEHEM 4YacTh KYyCTa, | OJTHOJICTHEH J103€ WIH KOPHSX.
HAXOJSIIASACS BBIIIE OITYXOJH,

i)

~ e el OTMHpAET B pesynbTaTe
baxTepuanbHbii pak HapyLICHUS] HPOBOIMMOCTH
BBI3bIBACTCS OMOTPOGHBIM TKaHEHA.

- paCTCHUA-ICPECHOCYUKH, TAKHUEC

. - BHE3aITHOC YCbIXaHUC
kak Homalodisca coagulate, . N
. . . OOIBIION YacTH  JIMCTOBOM
Cicadellidae u Cercopoidea
IJTACTUHKU;

3apaKAOT BUHOTPA, CO3/aBas
OMOIUIEHKY BO BpEMs IHTaHHUS
COKOM KCHJIEMBI, B OCHOBHOM,
BOJIOTIPOBO/IALIEH TKAHH.

; - OMOIIJIeHKA B COCY/IaX KCHIIEMBI
Bonesnp [Mupca Hapylmaer [OTOK BOIBI U

o . TaKxke 00€3BOKUBAaHUE
BBI3BIBACTCS IPAMOTPULATENBHON | [1yirareibHBIX BEECTB IO HEI.

OakTepueit I'pO31bE€B BUHOIPaIa.
Xylella fastidiosa

- CWIBHOE  TOXEITCHHE,
BBICBIXaHME W OMaJieHHe
JIUCTHEB;

- KapJMKOBOCTh MOOEroB u
3agepkKa pocra creOined, a

I'pu6 Botrytis cinerea o6mamaeT CHOCOOHOCTBIO CYIIECTBOBATH KaK IAapasuT B KHBBIX
3eJIEHBIX TKaHIX PACTEHUI, a TAK)Ke KaK canpo(uT - B MEPTBBIX WX Pa3NIaraloIIuXxcs TKaHIX. JTa
JBOMCTBEHHAs] CHOCOOHOCTh IMO3BOJIIET €MY LIMPOKO paclpOCTPaHAThCS B TNpUpPOJE U
00yCIIOBIMBAECT €ro Hepa30OpUYMBBHIM XapakTep K pa3MYHBIM BUJAM PACTCHH, BKIIOUas
BuHorpaz [14]. IIpobiema TpeOyeT BHUMATEIBHOTO KOHTPOJIS U MEP IO 3all[MTe€ BUHOTPAIHBIX
KYJBTYp OT 3TOTO Ipuba, 4ToOBl 00ECIEUUTh KAaueCTBO M COXPAHHOCTh ypOXKas W NMPOIYKIIHU
BUHO/EIbYECKOI oTpaciu [15, 16]. Myunucras poca BHHOTpaaa MPUBOAUT K 3HAYUTEILHBIM
MOTEPSIM B MPOU3BOCTBE, TAK KaK CHI)KAET KaK ypOKaHOCTb, TaK U Ka4€CTBO MJ1010B. OCHOBHOM
HEraTUBHBIN A((DEKT NMPOSBISETCS B CHIDKEHUU COACPIKAHMS caxapa W KUCIOTHOCTH B STOJax
BUHOTI'PA/a, 4TO BIIMSCT HA €r0 XapaKTePUCTHUKHU U BKYCOBbIe CBOMCTBa [17].

I'pu6 Erysiphe necator wusBiekaer reKCO3y, aMHHOKHCIIOTHI, BUTAMHUHBI U JIPYrHe
NUTaTeNbHbIE BEIIECTBAa U3 BUHOTPaa, OJHOBPEMEHHO CEKPETUPYs OENKH, KOTOpbIe MOIABISIOT
3aIIMTHBIE MEXaHU3MBl PACTEHUSA. OTO B3aUMOJICHCTBUE TMO3BOJISIET TpHOY yCIEUTHO
obecrieunBarh ceOs MUTATSILHBIMU BEIICCTBAMHU M 3aBEpIIaTh CBOW JKM3HEHHBIN nuki [18, 19].
PecBepaTpout 1 ero mpon3BOAHbBIE, TAKUE KaK BUHU(EPUHBI, SIBISIOTCS OUOIIOTHUECKU aKTUBHBIMU
COCIMHEHUSIMU, KOTOpbIE MOTYT YYacTBOBaTb B OOOPOHMTEIHHOM peaklWd pacTeHHUs Ha
natoreHsl. OHM MOTYT 00JIajaTh AHTUOKCHUIAHTHBIMU M AHTUTPUOKOBBIMU CBOMCTBAMH, YTO
JeJIaeT UX BXKHBIMM KOMIIOHEHTAaMHU B MEXaHM3Max 3alllUThl BUHOTPaJa OT MYYHHUCTOH POCHL.
YBenuueHrne ypOBHS pecBeparpoiia M BUHU(DEPUHOB MOXKET CHOCOOCTBOBATH IMOBBIMICHUIO
YCTOMYMBOCTH COPTOB BHHOTIPAJHOW JIO3bI K JaHHOMY 3a00JIEBAaHMIO W CHIIKEHHUIO €ro
HETaTUBHOTO BO3JICHCTBHS Ha YpoXkai M KauecTBo 10108 [20].

3apakeHre BUHOrpaga creruduueckum Bo3Oyautenem Agrobacterium vitis o06braHO
HAYMHACTCS 4Yepe3 MOBPEKICHHS PACTCHHI, OCOOCHHO B pe3yibTaTe 3aMOpPAXHBAHUS H/WIIN
MEXaHUYECKUX paH, YTO CIOCOOCTBYET BHICBOOOXKIEHHIO (DEHOJIBHBIX COETUHEHHH, KOTOphIE
JCHCTBYIOT KaK XEMOATTPAKTAaHThl Ha NpPUKPEIUICHHbIC Oaktepuu [21]. Dtu coenuHeHwMs
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AKTUBHUPYIOT TPAHCKPHIIINIO T€HOB, MPOAYKTHI KOTOPhIX HHAYHUPYIOT nepeHoc JIHK rpubka B
reHOM BHHOTpaa [22].

bonesnp Ilupca, Be3biBacMmast Oaktepueit Xylella fastidiosa, sBnsiercs skoHOMHYECKH
3HAYMMBIM 3a00JIeBaHHEM, HAHOCSAIIMM YIIEpO MPOW3BOJICTBY BHHA, CTOJOBOTO BHUHOTpAAa U
ustoma [23-25]. Bunorpan, 3apaxennsiii 0akrepueii Xylella fastidiosa, ucnonb3yer dpusnyeckue
WIA XUMHYECKHe Oapbephl Mocie 3apa)KCHUs, TaKUe Kak TWUI03a. Twiio3a mpencTaBisieT coOon
pa3pacTaHue KJIETOK NapeHXUMBbI 4epe3 Mapbl COCYAMCTHIX SIMOK B IMPOCBET AJIEMEHTOB TPaxeu.
WMHummanust THI03bl TPOUCXOJUT CIHMIITKOM MEJIEHHO, YTOOBI OTPaHUYHUTh PACIpPOCTPaHEHHE
MOOWIIbHBIX MaToreHoB, Takux kak Xylella fastidiosa.

3amura pacTeHUl OT 3a00JIEBaHHI

Juarnoctuka 3a0oyieBaHMN BHHOTpaga - 3TO CIOXKHAs W pecypco3aTpaTHas 3ajaua,
0COOEHHO B TPETHEM PACCMOTPEHHH ONPEACICHHUS BO30OYAMTENS W ONPEIEICHUS Halle)KHBIX
CTpaTeruil Ui NpeJoTBPALICHUS WIN COKPAILICHHS SKOHOMHUYECKUX norepb. O1HaKo, Koraa peub
3aXOJMT O JICUCHUH OOJIe3HEH BHHOTPaJa, HEKOTOPBIE JOCTYITHBIC IMOAXObI CIUIIKOM JOPOTH
w/um HenpuronHsl [26]. [ockonbky GonpmHCTBO pasHoBHaHOCTEH Vitis vinifera 3aBucut ot
BO3/ICHCTBUS YIIOMSHYTHIX ITATOT€HOB, MIPOU3BOACTBO BHHA M CBEXKETO BUHOTPAa B Pa3IUIHON
CTENICHM 3aBHCUT OT MPUMEHEHHsI MeToJ0B OophObl [27]. B pamkax 3ammrhl BHHOTpaga OT
NaTOreHHBIX MHUKPOOPTAaHH3MOB HCIIONB3YIOTCS pa3jIMYHbIe METONbI, BKIOYAs KYJIbTYPHBIN
KOHTPOJIb, TAaKOW KaK NPOPEKMBAHWE W BBIPANIUBAHUE KYIBTYPBI, «XOJOJHOE JICUCHHE)
(BBIICP)KKA PACTCHUH TPH HHU3KUX TEMIIEpaTypax Ui TPEAOTBPAIICHUS WM HCKOPCHEHUS
MATOTEHOB), XUMHYECKHA KOHTPOJb C MPHUMEHCHHEM KOHTAKTHBIX M CHCTEMHBIX CPEJNICTB,
OHMOJIOTMYECKHIA KOHTPOJIb C NMPHUMEHEHHEM OWOTECTUIMIOB Ul COKPAICHHS MPUMEHEHHS
XUMHYECKHMX TeCTHIMI0B [28].

B Hacrosimee BpemMsi KOMIUIEKCHOE yIIpaBlieHHE 3a00JICBAaHUSIMU, KOTOPOE BKITIOYAET B ceOS
KOMOMHHPOBAaHHBIC METOJBI CMSTUCHHUS YIPO3bI CO CTOPOHBI TUX MAaTOT€HOB U MUHHUMHU3AIUN
HETaTMBHOTO BO3JICHCTBHUS HA OKPYKAIOIIYIO CPEIY U 3I0POBHE, MPEICTABISET COOOW YaCTUIHO
3¢ (eKTUBHBIN, IKOHOMUYECKH BBITOJIHBIN M YCTOWYUBKIN crioco0 pemreHus mpodiem [29]. Onun
13 HanOoJIee YacTO MCIOJIb3YEMbIX TIOJXO/IOB - 3TO XUMUYECKUH KOHTPOJIb, KOTOPBIH BKIIIOYAET B
ce0st pa3TMyUHbIe KIacChl XUMUYECKHX BEILIECTB, TAKHE KaK COCTUHEHUS ME/IU, COCTMHEHUS CePBl,
TUTHOKapOamMaThl, OCH3UMHIa30Jibl, aHTHONOTHKH W Apyrue [30-32]. XoTs 3T XUMHUYECKHE
BemecTBa 3(pdekTuBHEl B O0opbOe ¢ TpUOKOBBIMH M OaKTEpHATIBHBIMH IATOTCHAMH, OHHU
OKa3bIBAIOT HE3HAUUTEIHLHOE BO3/ICHCTBHE HAa BUPYCHBIC 3a00neBanus [33].

CoBpeMeHHbIE METOABI OOpHOBI € OOJE3HAMHM BHUHOTPaJa OOBIYHO KOMOWHHUPYIOT
pa3iuyHble TOIXO/bI, BKJIOYAs T€HETHYECKYI0 YCTOWYHBOCTH, NMPUMEHEHUE OMOIIOTUYCCKUX
CPEZCTB 3alllUTHl U COBPEMEHHbBIE TEXHOJIOTHH MOHUTOPUHTA, YTOOBI 00ECIIEYUTh ONTHMAIBHYIO
3alIUTy BHUHOTPAIHBIX JI03 W YMEHBIIUTH HCIIOJB30BAaHHE XWMHYECKUX (DYHTHIHIIOB.
Hanomarepuasibl 1 HaHOYACTHUIIBI MOTYT OBITh WCIIOJI30BAaHBI IS Pa3paOOTKH HOBBIX (HopM
byurunugos [34-36]. PaspaboTka cOpTOB BHHOIpaga, KOTOPbIC O0JIAAal0OT BCTPOCHHOMN
YCTOMYUBOCTBIO K OTPENETIEHHBIM OO0JIE3HAM, SIBISCTCS OAHUM M3 3()(PEKTUBHBIX METOJIOB. ITO
MO3BOJISIET CHU3HUTh HEOOXOAMMOCTh B XHMHYECKOH o0Opaborke. HayuHble wncciieoBaHus B
00J1aCTH TeHHON MH)KEHEPUHU MOTYT MPUBECTU K CO3aHUI0 BUHOTPATHBIX COPTOB C YIyUIICHHON
yCTOMYUBOCTRIO K Oosesusm [37-39]. Bunorpamapu Bce wyaiie MpuOEraroT K 3KOJIOTMYCCKH
YCTOMYUBBIM ~ METOAAM  BO3JCTBIBAHUS, KOTOpPBIE CIIOCOOCTBYIOT  CHHKCHHMIO  pHCKa
BO3HUKHOBEHHUSI 0OJI€3HEW, HANpuMep, MPHUBICUYCHUE TIOJC3HBIX HACEKOMBIX M YITYYIICHHE
cTpykTypbl mouBkl [40, 41]. JIpyroii mepcrneKTUBHBINA MOAXO] 3aKIFOYACTCS B MCIIOJIb30BaHUU
OMOTEXHOJIOTHH, HAIPHUMEP, CO3/IaHUU OMOIIPEIapaToB M3 PAaCTUTEIBHBIX 3KCTPAKTOB, KOTOPHIC
coJepKaT 3JEMEHThl YCTOWYMBOCTH MAaTOTEHOB. ODTOT METOA MOXeT cTaTh 3((eKTUBHOU
CTpaTeruel, MpUMEHNUMON B CEIbCKOM XO03siiicTBe B OyaymeM. [IpuMeHenne OuomnpenapaToB u
MHUKPOOPTaHU3MOB, TaKUX KaK MHKpPOObI, OakTepuu M TpuObI, KOTOpbIe KOHKYPHUPYIOT C
natoreHamMu OoJIe3HEH B IMMOYBE WJIM HAa PACTCHUSX, IMOMOTAeT YMEHBIIUTH PACIPOCTPaHCHHE
Oonesueii [42-44].
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3akiaro4eHue

CoBpeMeHHbIE METOJbl 3alllUThl BUHOTpaga OT OOJIE3HEW WHTErpUpYIOT pa3iHyHbIe
NOJIXO/bl, TaKue KaK T'€HEeTHYeCKas YCTOWYMBOCTh, OWOJIOTMUECKHE CpEACTBA 3aIUTHl U
COBPEMEHHBbIE TEXHOJOIMH, C LEeJIbl0 OOEeCHeueHus ONTUMAIbHOM 3aIllUThl U CHIKEHUS
3aBHCUMOCTH OT TPAJAUIMOHHBIX (PYHTUIIUAOB. DTO BKJIIOYAET B ce0sl pa3pabOTKy reHEeTUYECKH
YCTOMYMBBIX COPTOB BUHOTPAJla, YTO YMEHbIIAET HEOOXOAMMOCTh B XMMHUYECKOW 00paboTKe.
buonoruueckue npenaparsl U MUKPOOPraHU3MbI, KOHKYPUPYIOIIME C NATOT€HAMM Ha MOYBE U
pacTeHHUsX, YMEHBIIAIOT pacIpoCTpaHeHue Oosie3Hel. [IlpuMeHeHHe HAHOTEXHOJIOTHH IS
co3nanus Oonee HPPEKTUBHBIX (GYHTUUIUAOB. lcrmonb30BaHUE COBPEMEHHBIX TEXHOJIOTHNA
MOHMTOPHHTA C JaTYMKaMH U ceTbhio VIHTepHeTa Belleil g pealbHOro BpEMEHH KOHTPOJIS 3a
COCTOSTHUEM BUHOTPAIHBIX JIO3 U OKPYXKAIOIIEH Cperoil. DKOJIOTMYECKH YCTOMYMBBIE METOIbI
BO3/IC/IbIBAHUS, Takue Kak Oopbba C COpHAKaMH M MpPHUBJICYEHHE IOJIE3HBIX OPTraHU3MOB,
IIOMOTAIOT CHHU3UTh PUCK BO3HUKHOBEHHUS Oosie3Hell. Takum oOpa3oM, COBpPEMEHHBIE METOJIbI
00pBbOBI ¢ 00JIE3HSIMH BUHOTPA/Ia BKIIOYAIOT MEPEOBBIC TEXHOJIOTHUH M HAYIHBIE Pa3pabOTKHU.

DUHAHCUPOBAHME

Pabora BeIMONIHEHa B paMKax MPOEKTa IPaHTOBOTO (pMHAaHCHpOBaHUsE MUHHCTEPCTBA HAYKH
u BeIcero oopa3oBanus Pecriyonuku Kazaxcran AP19680563 «PaspaboTka Ouomnpenapara ajis
MIOBBIIICHNS YPOKAWHOCTA BUHOTPALAY.

JInteparypa:

1 Azevedo-Nogueira F., Rego C., Gongalves H.M.R., Fortes A.M., Gramaje D., Martins-Lopes P.
The road to molecular identification and detection of fungal grapevine trunk diseases. Frontiers in plant
science, 2022, 13: 960289. (https://doi.org/10.3389/fpls.2022.960289)

2Gramaje D., Urbez-Torres J.R., Sosnowski M.R. Managing Grapevine Trunk Diseases With
Respect to Etiology and Epidemiology: Current Strategies and Future Prospects. Plant disease, 2018,
102(1): 12-39. (https://doi.org/10.1094/PDIS-04-17-0512-FE)

3Muntean M.D., Dragulinescu A.M., Tomoiaga L.L., Comga M., Racoare H.S., Sirbu A.D., Chedea
V. S. Fungal Grapevine Trunk Diseases in Romanian Vineyards in the Context of the International
Situation. Pathogens, 2022, 11(9): 1006. (https://doi.org/10.3390/pathogens11091006)

4Songy A., Fernandez O., Clément C., Larignon P., Fontaine F. Grapevine trunk diseases under
thermal and water stresses. Planta, 2019, 249(6): 1655-1679. (https://doi.org/10.1007/s00425-019-03111-
8)

5Diaz G.A., Reveglia P., Tomoiaga L.L., Chedea V.S. Editorial: Fungal pathogens causing the
grapevine trunk diseases- biology and identification. Frontiers in fungal biology, 2023, 4: 1186166.
(https://doi.org/10.3389/ffunb.2023.1186166)

6 Kulzhanov S.N., Kazybayeva S.Z., Tazhibaev T.S., Azhitaeva L.A. Yessenaliyeva M. Effect of
climatic conditions on the productive and biochemical characteristics of grape varieties grown on sierozem
soil. Eurasian Journal of Soil Science, 2022, 11 (2): 174-183 (https://doi.org/10.18393/ejss.1057156)

7Hernandez M.N., Kc A.N.A Systematic Survey on Prevalence of Grapevine Trunk Disease
Pathogens in Oregon Vineyards. Plant disease, 2023, 107(5): 1355-1364. (https://doi.org/10.1094/PDIS-
05-22-1220-RE)

8Niem J.M., Billones-Baaijens R., Stodart B., Savocchia S. Diversity Profiling of Grapevine
Microbial Endosphere and Antagonistic Potential of Endophytic Pseudomonas Against Grapevine Trunk
Diseases. Frontiers in microbiology, 2022, 11: 477. (https://doi.org/10.3389/fmich.2020.00477)

9Bustamante M.1., Elfar K., Eskalen A. Evaluation of the Antifungal Activity of Endophytic and
Rhizospheric Bacteria against Grapevine Trunk Pathogens. Microorganisms, 2022, 10(10): 2035.
(https://doi.org/10.3390/microorganisms10102035)

10 Mannerucci F., D'’Ambrosio G., Regina N., Schiavone D., Bruno G.L. New Potential Biological
Limiters of the Main Esca-Associated Fungi in Grapevine. Microorganisms, 2023, 11(8): 2099.
(https://doi.org/10.3390/microorganisms11082099)

11 Armijo G., Schlechter R., Agurto M., Mufioz D., Nufiez C., Arce-Johnson P. Grapevine
Pathogenic Microorganisms: Understanding Infection Strategies and Host Response Scenarios. Frontiers
in plant science, 2016, 7: 382. (https://doi.org/10.3389/fpls.2016.00382)

29


https://doi.org/10.3389/fpls.2022.960289

MICROBIOLOGY AND VIROLOGY ISSN 2304-585X Neq (43) 2023 www. imv-journal.kz

12 Pieterse C. M., Leon-Reyes A., Van der Ent S., Van Wees S.C. Networking by small-molecule
hormones in plant immunity. Nature chemical biology, 2009, 5(5): 308-316.
(https://doi.org/10.1038/nchembio.164)

13 Robert-Seilaniantz A., Grant M., Jones, J.D. Hormone crosstalk in plant disease and defense:
more than just jasmonate-salicylate antagonism. Annual review of phytopathology, 2011, 49, 317-343.
(https://doi.org/10.1146/annurev-phyto-073009-114447)

14 Viret O., Keller M., Jaudzems, V.G., Cole, F.M. Botrytis cinerea Infection of Grape Flowers:
Light and Electron Microscopical Studies of Infection Sites. Phytopathology, 2004, 94(8): 850-857.
(https://doi.org/10.1094/PHY TO.2004.94.8.850)

15 Dean R., Van Kan J.A., Pretorius Z.A., Hammond-Kosack K.E., Di Pietro A., Spanu P.D., Rudd
J.J., Dickman M., Kahmann R., Ellis J., Foster G.D. The Top 10 fungal pathogens in molecular plant
pathology. Molecular plant pathology, 2012, 13(4): 414-430. (https://doi.org/10.1111/j.1364-
3703.2011.00783.x)

16 Rolke Y., Liu S., Quidde T., Williamson B., Schouten A., Weltring K.M., Siewers V., Tenberge
K. B., Tudzynski B., Tudzynski P. Functional analysis of H.O,-generating systems in Botrytis cinerea: the
major Cu-Zn-superoxide dismutase (BCSOD1) contributes to virulence on French bean, whereas a glucose
oxidase (BCGOD1) is dispensable. Molecular  plant  pathology, 2004,  5(1):  17-27.
(https://doi.org/10.1111/j.1364-3703.2004.00201.x)

17 Calonnec A., Cartolaro P., Poupot C., Dubourdieu D., Darriet P. (2004). Effects of Uncinula
necator on the yield and quality of grapes (Vitis vinifera) and wine. Plant Pathol. 2004, 53: 434-445.
(https://doi.org/10.1111/j.0032-0862.2004.01016.x)

18 Qiu W., Feechan A., Dry I. Current understanding of grapevine defense mechanisms against the
biotrophic fungus (Erysiphe necator), the causal agent of powdery mildew disease. Horticulture
research, 2015, 2: 15020. (https://doi.org/10.1038/hortres.2015.20)

19 Gadoury D.M., Cadle-Davidson L., Wilcox W.F., Dry I.B., Seem R.C., Milgroom M.G.
Grapevine powdery mildew (Erysiphe necator): a fascinating system for the study of the biology, ecology,
and epidemiology of an obligate biotroph. Molecular plant pathology, 2012, 13(1): 1-16.
(https://doi.org/10.1111/j.1364-3703.2011.00728.x)

20 Dai R., Ge H., Howard S., Qiu W. Transcriptional expression of Stilbene synthase genes are
regulated developmentally and differentially in response to powdery mildew in Norton and Cabernet
Sauvignon grapevine. Plant science: an international journal of experimental plant biology, 2012, 197:
70-76. (https://doi.org/10.1016/j.plantsci.2012.09.004)

21 Burr T.J., Otten L. Crown gall of grape: Biology and Disease Management. Annual review of
phytopathology, 1999, 37: 53-80. (https://doi.org/10.1146/annurev.phyto.37.1.53)

22 Burr T.J., Bazzi C., Sule S., Otten L. Crown Gall of Grape: Biology ofAgrobacterium vitisand
the Development of Disease Control Strategies. Plant Disease, 1998, 82(12): 1288-
1297. (https://doi.org/10.1094/pdis.1998.82.12.1288)

23 Newman K.L., Almeida R.P., Purcell A.H., Lindow S.E. Use of a green, fluorescent strain for
analysis of Xylella fastidiosa colonization of Vitis vinifera. Applied and environmental microbiology, 2003,
69(12): 7319-7327. (https://doi.org/10.1128/AEM.69.12.7319-7327.2003)

24 Roper M.C., Greve L.C., Warren J.G., Labavitch J.M., Kirkpatrick B.C. Xylella fastidiosa
requires polygalacturonase for colonization and pathogenicity in Vitis vinifera grapevines. Molecular
plant-microbe interactions, 2007, 20(4): 411-419. (https://doi.org/10.1094/MPMI-20-4-0411)

25 Sun Q., Rost T.L., Matthews M.A. Pruning-induced tylose development in stems of current-year
shoots of Vitis vinifera (Vitaceae). American journal of botany, 2006, 93(11): 1567-1576.
(https://doi.org/10.3732/ajb.93.11.1567)

26 Kamoun S., Furzer O., Jones J. D., Judelson H.S., Ali G.S. The Top 10 oomycete pathogens in
molecular plant pathology. Molecular plant pathology, 2015, 16(4): 413-434.
(https://doi.org/10.1111/mpp.12190)

27 Lieth J.H., Meyer M.M., Yeo K.H., Kirkpatrick B. C. Modeling cold curing of Pierce's disease in
Vitis vinifera 'Pinot Noir' and 'Cabernet Sauvignon' grapevines in California. Phytopathology, 2011,
101(12): 1492-1500. (https://doi.org/10.1094/PHYTO-08-10-0207)

28 Pedro H., Maheswari U., Urban M., Irvine A. G., Cuzick A., McDowall M. D., Staines D. M.,
Kulesha E., Hammond-Kosack K. E., Kersey P. J. PhytoPath: an integrative resource for plant pathogen
genomics. Nucleic acids research, 2016, 44: 688-693. (https://doi.org/10.1093/nar/gkv1052)

30


https://doi.org/10.1038/nchembio.164
https://doi.org/10.1146/annurev-phyto-073009-114447
https://doi.org/10.1094/PHYTO.2004.94.8.850
https://doi.org/10.1111/j.1364-3703.2011.00783.x
https://doi.org/10.1111/j.1364-3703.2011.00783.x
https://doi.org/10.1111/j.1364-3703.2004.00201.x
https://doi.org/10.1111/j.0032-0862.2004.01016.x
https://doi.org/10.1038/hortres.2015.20
https://doi.org/10.1111/j.1364-3703.2011.00728.x
https://doi.org/10.1016/j.plantsci.2012.09.004
https://doi.org/10.1146/annurev.phyto.37.1.53
https://doi.org/10.1094/pdis.1998.82.12.1288
https://doi.org/10.1128/AEM.69.12.7319-7327.2003
https://doi.org/10.1094/MPMI-20-4-0411
https://doi.org/10.3732/ajb.93.11.1567
https://doi.org/10.1111/mpp.12190
https://doi.org/10.1094/PHYTO-08-10-0207
https://doi.org/10.1093/nar/gkv1052

MICROBIOLOGY AND VIROLOGY ISSN 2304-585X Neq (43) 2023 www. imv-journal.kz

29 Swinnen G., Goossens A., Pauwels L. Lessons from Domestication: Targeting Cis-Regulatory
Elements for Crop  Improvement. Trends in  plant  science, 2016, 21(6): 506-515.
(https://doi.org/10.1016/j.tplants.2016.01.014)

30 Calvo-Garrido C., Vifias I., ElImer P.A., Usall J., Teixidd N. Suppression of Botrytis cinerea on
necrotic grapevine tissues by early-season applications of natural products and biological control
agents. Pest management science, 2014, 70(4): 595-602. (https://doi.org/10.1002/ps.3587)

31 Parafati L., Vitale A., Restuccia C., Cirvilleri G. Biocontrol ability and action mechanism of food-
isolated yeast strains against Botrytis cinerea causing post-harvest bunch rot of table grape. Food
microbiology, 2015, 47, 85-92. (https://doi.org/10.1016/j.fm.2014.11.013)

32 Almeida R.P., Daane K.M., Bell V. A., Blaisdell G.K., Cooper M.L., Herrbach E., Pietersen G.
Ecology, and management of grapevine leafroll disease. Frontiers in microbiology, 2013, 4: 94.
(https://doi.org/10.3389/fmich.2013.00094)

33 Jelly N.S., Schellenbaum P., Walter B., Maillot P. Transient expression of artificial microRNASs
targeting Grapevine fanleaf virus and evidence for RNA silencing in grapevine somatic
embryos. Transgenic research, 2012, 21(6): 1319-1327. (https://doi.org/10.1007/s11248-012-9611-5)

34 Vizitiu D.E., Sardarescu D.I., Fierascu I., Fierascu R.C., Soare L.C., Ungureanu C., Buciumeanu
E.C., Gutal.C., Pandelea L.M. Grapevine Plants Management Using Natural Extracts and Phytosynthesized
Silver Nanoparticles. Materials, 2022, 15(22): 8188. (https://doi.org/10.3390/mal15228188)

35 Michailidu J., Matatkova O., Kolouchova 1., Masak J., Cejkova A. Silver Nanoparticle
Production Mediated by Vitis vinifera Cane Extract: Characterization and Antibacterial Activity
Evaluation. Plants (Basel, Switzerland), 2022, 11(3): 443. (https://doi.org/10.3390/plants11030443)

36 Miskovska A., Rabochova M., Michailidu J., Masak J., Cejkové A., LorinCik J., Mat’atkova O.
Antibiofilm activity of silver nanoparticles biosynthesized using viticultural waste. PloS one, 2022, 17(8):
e0272844. (https://doi.org/10.1371/journal.pone.0272844)

37 Foria S., Monte C., Testolin R., Di Gaspero G., Cipriani G. Pyramidizing resistance genes in
grape: a breeding program for the selection of elite cultivars. Acta Hortic, 2019, 1248: 549-554,
(https://doi.org/10.17660/ActaHortic.2019.1248.73)

38 Salotti 1., Bove F., Ji T., Rossi V. Information on disease resistance patterns of grape varieties
may improve disease = management. Frontiers in  plant science, 2022, 13: 1017658.
(https://doi.org/10.3389/fpls.2022.1017658)

39 Di Gaspero G., Cattonaro F. Application of genomics to grapevine improvement. Australian
Journal of Grape and Wine Research, 2010, 16: 122-130. (https://doi.org/10.1111/}.1755-
0238.2009.00072.x)

40 Giffard B., Winter S., Guidoni S., et al. Vineyard Management and Its Impacts on Soil
Biodiversity, Functions, and Ecosystem Services. Frontiers in Ecology and Evolution, 2022, 10: 850272.
(https://doi.org/10.3389/fev0.2022.850272)

41 Jonas J.L., Wilson G. W.T., White P.M., Joern A. Consumption of mycorrhizal and saprophytic
fungi by Collembola in grassland soils. Soil Biology and Biochemistry, 2007, 39(10): 2594-
2602. (https://doi.org/10.1016/j.s0ilbio.2007.05.004)

42 Zhang H., Godana E. A., Sui Y., Yang Q., Zhang X., Zhao L. Biological control as an alternative
to synthetic fungicides for the management of grey and blue mould diseases of table grapes: a
review. Critical reviews in microbiology, 2020, 46(4): 450-462.
(https://doi.org/10.1080/1040841X.2020.1794793)

43 Rotolo C., De Miccolis Angelini R.M., Dongiovanni C., Pollastro S., Fumarola G., Di Carolo M.,
Perrelli D., Natale P., Faretra F. Use of biocontrol agents and botanicals in integrated management of
Botrytis cinerea in table grape vineyards. Pest management science, 2018, 74(3): 715-725.
(https://doi.org/10.1002/ps.4767)

Esteves M., Lage P., Sousa J., Centeno F., de Fatima Teixeira M., Tenreiro R., Mendes-Ferreira A.
Biocontrol potential of wine yeasts against four grape phytopathogenic fungi disclosed by time-course
monitoring ~ of  inhibitory  activities. Frontiers in  microbiology, 2023, 14,  1146065.
(https://doi.org/10.3389/fmich.2023.1146065)

31


https://doi.org/10.1016/j.tplants.2016.01.014
https://doi.org/10.1002/ps.3587
https://doi.org/10.1016/j.fm.2014.11.013
https://doi.org/10.3389/fmicb.2013.00094
https://doi.org/10.1007/s11248-012-9611-5
https://doi.org/10.3390/ma15228188
https://doi.org/10.3390/plants11030443
https://doi.org/10.1371/journal.pone.0272844
https://doi.org/10.17660/ActaHortic.2019.1248.73
https://doi.org/10.3389/fpls.2022.1017658
https://doi.org/10.1111/j.1755-0238.2009.00072.x
https://doi.org/10.1111/j.1755-0238.2009.00072.x
https://doi.org/10.3389/fevo.2022.850272
https://doi.org/10.1016/j.soilbio.2007.05.004
https://doi.org/10.1080/1040841X.2020.1794793
https://doi.org/10.1002/ps.4767
https://doi.org/10.3389/fmicb.2023.1146065

MICROBIOLOGY AND VIROLOGY ISSN 2304-585X Neq (43) 2023 www. imv-journal.kz

IRSTI: 68.41

A.M. ISIMOV*, G.B. ADMANOVA, A.T. SARZHIGITOVA, N.K. KEMALOVA,
B. BAKYTZHANKYZY
K. Zhubanov Aktobe Regional University, Aktobe, Kazakhstan
*e-mail: knk17@bk.ru

PYTHON AS A TOOL FOR GENOME-SCALE METABOLIC MODEL
RECONSTRUCTION AND ANALYSIS

doi:10.53729/MV-AS.2023.04.03

Abstract

The cost reduction of high-throughput technologies has led to the development of data analysis
methods that deal with the increasing availability of omics datasets. Constraint-based genome-scale
metabolic modeling is an example of such a method. It uses omics data and biochemical networks, a
mechanistic framework to combine omics data, to describe steady-state metabolic flux distributions.
Therefore, a system of mass balance equations is created that can be solved via linear programming. To
date, most software for constraint-based genome-scale modeling has relied on MATLAB, a popular
proprietary programming language. However, Matlab has issues when dealing with the integration of omics
datasets and modeling complex biological processes beyond metabolism. In contrast, Python, an object-
oriented open-source programming language, is a better choice for solving these issues. It has a relatively
easy syntax, offers an extensive community, and allows seamless integration of omics datasets. Owing to
these factors, Python is a good emerging tool for constraint-based genome-scale metabolic modeling. This
review aims to provide an introduction and systematic overview of Python-based tools for constraint-based
genome-scale metabolic modeling. We installed, checked the documentation, and tried to use each tool
described in the review. We grouped each tool into one of the three categories (GEM reconstruction and
maintenance, phenotype simulation, or visualization software) and provided detailed tool and concept
explanations when necessary.

Keywords: constraint-based modeling, genome-scale metabolic model, Python, balance flux
analysis, in silico modeling.

The emergence and subsequent drop in the cost of high-throughput omics technologies have
led to the development of various data analysis methods [1]. The applications of these methods
allowed for the characterization of cells not as separate entities but as a system of interacting
biological components. Constraint-based genome-scale metabolic modeling uses omics data
(primarily genome sequences) and biochemical networks, a mechanistic framework, to combine
omics data and answer relevant biological questions about genotype-phenotype metabolic
relationships [2]. A biochemical network can be seen as a flow network where metabolites flow
inside the network in the same way as liquids pass through a pipe. Thereafter, these biochemical
networks are converted into a mathematical format (called a stoichiometric matrix) for
computational purposes (Figure 1).
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Figure 1 - From biochemical pathways to optimal solution

The stoichiometric matrix represents a structured and systematic knowledge-base of
biochemical transformations inside a specific target organism. It is used to calculate steady-state
flux distributions that satisfy an objective function, a user-defined reaction using linear
optimization. In the stoichiometric matrix S of size m x n, each row of the matrix belongs to one
unique metabolite (for a total of m metabolites), and each column belongs to a separate reaction
(for a total of n reactions) [3]. Each entry in the column is the stoichiometric coefficient of reaction
metabolites. Produced metabolites have positive coefficients, whereas consumed metabolites have
negative coefficients. For each metabolite that does not participate in a reaction, a stoichiometric
coefficient of zero is used. Thus, S is a sparse matrix because the reactions commonly involve a
few metabolites. The flow (flux) which goes through all reactions is shown as vector v of the n
length. Metabolite concentrations are represented as vector x of length of n. The system of mass
balance equations at steady state (dx/dt = 0) is provided below:

Sv=0

The null space of S is any value of v that solves the equation. For any realistic stoichiometric
matrix, the number of unknown variables (reactions) is greater than the number of equations
(metabolites); thus, there is no unique optimization solution present (unconstrained solution
space). Hence, constraints are imposed to decrease the maximum number of possible solutions to
maintain only phenotypically feasible states inside the possible solution space. Optimizing
objective function usually involves finding a single optimal solution on the edge of the possible
solution space (shown as a circular point) [4].

The main constraints are related to the cell genotype, environment, and physico-chemical
laws [2]. Cell genotype constraints are imposed by including reactions that are supported by
genomic evidence. For reactions already included in the model, genetic knockouts can be
constrained by setting the associated reaction bounds to zero. Environmental constraints can be
imposed by constraining the uptake rates of growth-limiting substrates (such as carbon or electron
sources). Physico-chemical laws include a steady-state mass-balance constraint, indicating that the
net production of every metabolite should equal its net consumption rate. In addition, enzymes can
be constrained by their capacities, such as Vmax (reaction maximal velocity). Finally, reaction
reversibility is determined by biochemical characterization of the enzyme or network properties
(such as no free ATP production).

Despite common misconceptions, genome-scale metabolic modeling does not impose
constraints on protein, mMRNA, or metabolite concentrations, nor do detailed kinetic parameters
impose constraints in standard models. The inclusion of additional constraints either further
constrains the solution space or changes the scope from a static state to kinetic modeling, or
metabolism to other cellular processes (such as transcriptional regulation or structural protein
properties) [2]. More advanced constraints include modifying reaction bounds based on gene and
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protein expression data, metabolite concentrations, and kinetic parameters, either by adjusting
reaction bounds or knocking out the reactions [5].

Constraint-based methods rely on linear programming, a mathematical optimization
technique, to solve Sv = 0 equation. Linear programming is used to reduce the mathematical
complexity and computational cost associated with biochemical networks, which tend to have
thousands of metabolites and reactions. Flux balance analysis (FBA) is a popular method based on
the assumption that cells strive to achieve a metabolic objective, usually growth rate maximization
[4]. FBA solves the Sv = 0 equation by imposing constraints on the upper and lower bounds of v
and providing a linear combination of fluxes as an objective function, a user-defined reaction. FBA
determines the flux distribution of a biochemical network that satisfies the objective function. Flux
variability analysis (FVA) is another constraint-based method that considers the maximum and
minimum flux values of each individual reaction inside the network when the objective function
is set to the maximum value [6]. Finally, Markov chain Monte Carlo (MCMC) sampling is a
technique that computes multiple flux distributions to calculate the probability distribution of
every individual flux within the biochemical network. In contrast to previous methods, this method
is unbiased because no assumption of optimal growth is necessary.

Programming languages can be a tool to provide code-based user instructions that are
interpreted and run by the central processing unit [7]. They have been used for various tasks,
including modeling workflows. The COnstraint-Based Reconstruction and Analysis (COBRA)
toolbox, a leading software of constraint-based methods for genome-scale metabolic modeling,
has been implemented in MATLAB, a popular proprietary programming language. However,
owing to technological advancements in high-throughput technologies, the limitations of
MATLAB have become apparent. In addition to proprietary nature, there are issues when dealing
with the integration of omics datasets and in modeling complex biological processes beyond
metabolism. In addition, Python, an object-oriented open-source programming language, is a
better choice to solve these issues [8]. It has a relatively easy syntax, which lowers the threshold
required to learn the language. Furthermore, Python offers extensive community support, which is
partially due to its open-source origin. In summary, these factors have made Python an emerging
tool for genome-scale metabolic modeling [9].

Genome-scale metabolic models (GEMs) have been used for various purposes, including
drug discovery, valuable compound production, enzyme function prediction, pan-reactome
analysis, and multicellular interactions.

In drug discovery, GEMs have been used to study cancer cell metabolic auxotrophies. For
example, GEM was coupled with transcriptomic data to predict knockout phenotypes to find
cytostatic drug targets that block cancer cell growth but do not affect ATP generation and growth
of 'healthy' cells [10]. In another study, potential drug targets for 27 HHC patient-specific models
were created using immunohistochemical proteomic data. Drug targets were selected using the
essential metabolite concept, an idea that the potential lethality of reaction knockout is linked to a
particular metabolite. Finally, the effects of suspected mutated oncometabolites (fumarate
hydratase, succinate dehydrogenase, and isocitrate dehydrogenases) were studied using MCMC
sampling generated flux distributions [11].

GEMs have also been used to study various valuable compounds using metabolic
engineering strategies. A few examples of applications for metabolic engineering include the
production of L-valine, lycopene, lactic acid, and succinic acid using Escherichia coli [12-15].
With the increased genome availability, the number of organisms for which genome-scale
metabolic (GSM), has been reconstructed also increased, moving away from the model to less
studied organisms. Recently, GSM has been applied for the metabolic engineering of
methanotrophs, bacteria that utilize methane as the primary energy and carbon source. One study
reported that putrescine was produced by first expressing linear pathway ornithine decarboxylase
genes and then using GEM to identify gene knockout strategies to improve putrescine titer. In
another study, a similar strategy was used to produce 2,3-butanediol [16].
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GEMs have also been used to predict various enzyme functions. For example, GEM allows
the identification of essential genes that are believed to be unessential in Escherichia coli. These
predictions were made possible due to the presence of previously unidentified reactions that made
a nonessential gene essential for in silico knockout. Among the unessential genes, gltA, argD, and
aspC were selected for further experimental validation because sequence homology analysis
identified high-confidence candidate isozymes. In another example, enzyme promiscuity was
studied by linking knockout studies with GEM [17]. Selected target genes were knocked out,
whereas their replacer genes were not. Thereafter, GEM was used to mechanistically explain the
flux distributions of enzymes encoded by replacer genes. Among target-replacer gene pairs, the
predicted pdxB-thiG gene pair was proven experimentally.

GEMs have also been used to analyze pan-reactome. In one study, hierarchical clustering of
24 species-specific Penicillium GEMs provided information regarding secondary metabolite
biosynthetic pathways that differentiated various metabolic clades. In another study, pan-reactome
and accessory reactome analyses of 410 Salmonella strains were performed [18] . GEM
simulations under different nutrient uptakes helped to identify various capabilities and optimal
growth environments for Salmonella strains.

Finally, GEMs can be used to model interactions between different cells, tissues, and
organisms, including microbiome simulations. For example, GEM was employed to model the
competitive behavior between Geobacter and Rhodoferax, an acetate-oxidizing Fe(ll1)-reducing
bacteria that live in anoxic subsurface environments [19]. The model helped conclude that
Rhodoferax would be the dominant strain provided enough ammonium is present in the medium.
In addition, Geobacter became the dominant strain when high acetate concentrations were added
during in situ bioremediation of uranium-contaminated groundwater. In another example,
CASINO, a CSM-based algorithm, was used to model the effect of diet on the gut microbiome and
its dietary interactions [20]. CASINO was able to predict interactions between the diet-microbiota-
host axis in 45 overweight and obese patients. In addition, the metabolic capacities of microbes in
the lumens of overweight and obese patients were studied. The study indicated a significant change
in short-chain fatty acids and amino acids following changes in dietary habits.

This review aims to provide an introduction and systematic overview of Python-based tools
used for constraint-based genome-scale metabolic modeling. We installed, checked the
documentation, and tried to use each tool described in the review. Based on the primary functions,
we divided each tool into three 3 categories: GEM reconstruction and maintenance, phenotype
simulation, or visualization software.

GEM reconstruction and maintenance

The GEM reconstruction process consists of four main steps: the creation of a draft
reconstruction, conversion into a mathematical model, collection of biological information
regarding the organism of interest, and model refinement based on organism-specific information.
The first two steps are based on the top-bottom approach when the annotated genes of the organism
of interest are used to assign and include corresponding enzymatic reactions into the mathematical
model. These steps can be automated similar to that of genome annotation pipelines. The next two
steps require extensive literature review and specific knowledge regarding the organism of interest
and are performed manually. Therefore, the quality of reconstruction depends on the quality and
amount of organism-specific information [21].

Reconstructed GEM should include information regarding each reaction’s stoichiometry and
directionality, metabolite formulas, substrate and cofactor usage, and intracellular pH.
Furthermore, GEM should include spontaneous and transport reactions to allow in silico growth
rate predictions, biomass constitution and its fractional contribution to overall cellular biomass,
and growth-associated ATP maintenance (GAM). If a biochemical network has missing reactions,
gapfilling, a mixed-integer linear programming method to determine the smallest number of
reactions to fill gaps and produce simulation-ready GEM, is performed. The model refinement step
was performed to verify the draft mathematical model by quantitatively comparing predicted in
silico growth rates with the experimental data in a chemically defined growth medium. Additional
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information regarding the GEM reconstruction process can be found in a published protocol [3].
Good software for GEM reconstruction should allow fast generation of the draft metabolic model,
easy integration of organism-specific data, and organized track of changes during model
refinement (Table 1).

CarveMe is a tool that allows automatic generation of draft and simulation-ready GEMs
from the database of reference models. CarveMe uses BiGG Models as the source database for
metabolic reactions [22]. CarveMe works by reducing the number of reactions in the initial
reference model; therefore, only reactions with some evidence of presence (such as genome
annotation) are left in the model. Subsequently, automatic gap-filling was performed to produce a
simulation-ready-draft GEM. CarveMe only allows prokaryotic GEM reconstruction with the
function of selecting a gram-positive or gram-negative template.

PythonCyc is a Python application program interface to Pathway Tools, a popular
bioinformatics software package for pathway and genome informatics and systems biology [23].
The scope of Pathway tools goes beyond constraint-based modeling; however, its genome-scale
modeling component can be accessed via MetaFlux. MetaFlux uses the Pathway/Genome
Database (PGDB) and MetaCyc databases and the subsequent automatic gap-filling to generate
draft simulation-ready GEMs.

Gsmodutils is another methodology suggested for the continuous management of genome-
scale models, especially for synthetic biotechnology and industrial system applications [24]. The
authors of Gsmodutils claim that the main difference between Gsmodutils and Memote is the
reduced redundancy in the model versions of Gsmodutils, which is achieved using design deltas,
a set of changes that are necessary to convert a wild-type strain to an industrially relevant strain.

Table 1- Detailed description of GEM reconstruction tools

Repository | Docum. Sptd.
Name Function Input Output or or Python
equivalent | equivalent | Ver.
Reconstructi httos://qith
on Of. FASTA file or NCBI !Draft model ub.com/cda hitps:/fcar | 2.7
CarveMe | organism- . in XML - veme.read | and
- id nielmachad "
specific format thedocs.io | 3.6
o/carveme
model
No specific input i .
Model required, but Draft model https://gith | https://pyt 2.7
Python . . . ub.com/eco | honcyc.re
Cyc reconstructio organism _must be in XML cyc/Python | adthedocs and
n available in Pathway | format Cve i 3.5+
Tools database =y —
Test-driven
continuous
integration of https://gith httos://as
.. | data for . Updated ub.com/SB | LiRS:lGS 5 7,
Gsmodutil | . . Draft model in XML . ; modutils.r
industrial model in RCNotting and
S format eadthedoc
systems and XML format | ham/gsmod sio 3.6+
synthetic utils =
biology
applications
Note: Cells with hyphen sign in the table indicate that there was either no information available to fill the
cell or the tool lacks the feature that should be filled in the cell. Python 2.x refers to Python 2, Python 3.x refers to
Python 3, + refers to Python version releases above the number next to which + sign is located

The Cobra toolbox is a set of constraint-based modeling methods for GEM manipulation
(Table 2). It is a popular package for GEM manipulation, which is reported to be used by 60% of
the COBRA research community [2]. COBRApy is a Python implementation of the Cobra toolbox.
COBRApy allows model reconstruction, in silico simulations, and analytical methods. In silico
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simulations were based on a flux-balance analysis. In addition to regular FBA, COBRApy has
parsimonious FBA (pFBA), flux variability analysis (FVA), and loopless FBA. pFBA minimizes
the total flux inside the biochemical network while satisfying the model constraints and solving
the objective function. The underlying assumption is that under growth pressure, there is a
selection procedure for strains that can process the growth substrate in the most rapid and efficient
manner, while using the minimum amount of enzyme. FVA is a computational tool that allows
computation of the lower and upper bounds of individual reaction fluxes within a biochemical
network. This allows us to assess whether an alternative optimal solution for each reaction of
interest exists. Loopless FBA removes thermodynamically infeasible loops, a set of reactions that
lead to unrealistically high flux values and in silico growth rates. Analytical methods include
production envelopes, flux sampling, and medium manipulation. Production envelopes, or
phenotypic phase planes, calculate the trade-off between flux towards in silico growth rate and
desired product, which appears useful in designing metabolic engineering strategies. Flux
sampling allows us to obtain the mean flux values for individual reactions within the biochemical
network. This may allow the comparison of the flux values of individual reactions under different
environmental conditions [8].

PSAMM is another set of constraint-based modeling methods for GEM manipulation.
PSAMM offers the same functionality as COBRApy. In addition, it extends COBRApy’s
functionality by offering version control, which is an automated comparison of model versions
during model reconstruction. Version control is performed by checking model parameters such as
reaction stoichiometry, formula consistency, charge consistency, flux consistency checking, and
gapcheck, and identification of metabolites that cannot carry any flux inside the metabolic
network. PSAMM’s official documentation appears to be more user-friendly than COBRApY’s,
with tutorials describing troubleshooting of common problems. PSAMM exports models that are
interconvertible with COBRApy, thus allowing the integration of these two software [25].

PyFBA is a similar set of constraint-based methods for GEM manipulation. PyFBA has only
basic functions, such as model manipulation, basic FBA analysis, and gapfilling. The
documentation appears to be incomplete, as some links could not be opened when writing this
review. Furthermore, prior installation of the Model SEED database is necessary.

Cameo is a Python library that aims to help in rational strain design for metabolic
engineering purposes. Cameo is a modular framework comprising four main modules:

1) Model simulation and analysis based on FBA,;

2) Prediction of gene knockout strategies using evolutionary OptGene or linear OptKnock
algorithms;

3) Prediction of expression modulation targets, reactions, or genes that can be down- or over-
regulated to satisfy a biological objective such as excretion of the product of interest;

4) Prediction of the shortest possible heterologous metabolic pathways to be introduced.
Heterologous reactions are searched using a universal reaction database model that combines
reactions from different sources (BRENDA, BIGG, RHEA, KEGG) [26-28].

Cameo has detailed documentation that can be used by both experienced and unexperienced
programmers. Developers may use Cameo to customize analysis workflows or develop new
algorithms. Unexperienced programmers may refer to strain design using a high-level interface
[20]. Cameo was built on COBRApy and is compatible with it.

There are also several specific modeling tools that use one or a few constraint-based
methods. These tools can be used if general tools cannot be used or further, if a more detailed
analysis is necessary. In general, specific tools are simpler, and their documentation is easier to
understand.

GAPSLIT is a Python implementation for the random sampling of constraint-based models.
GAPSLIT targets under-sampled regions of the flux solution space, resulting in a more uniform
sampling coverage of models. GAPSLIT can be used to compare GEMs under different
environmental conditions (such as growth on different carbon sources) to obtain mean flux values
for individual reactions.
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FastSL-py is an algorithm for the identification of higher-order synthetic lethals in GEMs.
Higher synthetic lethals are gene or reaction sets that can inhibit the growth rate of an organism
only when all of them are inactivated. This may allow for the identification of unexpected genetic
alterations and combinatorial drug targets.

CoBAMP is a modular framework for network analysis of GEMs. CoBAMP implements
two types of network analysis: elementary flux modes (EFMs) and minimal cut sets (MCSs).
EFMs are minimal, non-decomposable, and have steady-state pathways within the metabolic
network. EFM can be used in metabolic engineering to identify the shortest biochemical pathways
that generate the products of interest. MCSs are concepts related to EFMs [29].

Table 2- Detailed description of static modelling tools

Repository Docum. or Sptd.
Name Function Input Output or Y Python
. equivalent
equivalent Ver.
1 2 3 4 5 6 7
New models can Multiole
Model be built from out u?s are https://gith
reconstructio | scratch, supports oL HHps.igith https://cob
Cobra dels i possible ub.com/ope q
toolbox n, . models In XML, depending on ncobra/cobr fapy.readt t|3x
manipulation | JSON, YAML, researcher’s v hedocs.io
, and analysis | MATLAB, and UrDOSe apy
Pickle formats purp
https://qgith
Model Supports models | Multiple ub.com/zha
reconstructio | YAML outputs are nglab/psam https://psa
(preferred possible m, 2.7 and
PSAMM n, - e mm.readth
. format), XML, depending on https://gith | — = | 3.X
maintenance , edocs.io
: JSON and Excel researcher’s ub.com/zha
and analysis
formats purpose nglab/psam
m-import
Model Multiple
reconstructio outputs are htto://linsal http://linsa
n, gapfilling, | Model in SMBL | possible Q. fHnsal Irob.githu | 2.7 and
PyFBA ; rob.qgithub.i -
and flux- format depending on o/PVEBA/ b.io/PyFB | greater
balance- researcher’s OfEYFBA A
analysis purpose
Supports models Multiole
Metabolic in XML, JSON, out u?s are https://gith
engineering | Pickle formats, Pt Nttps./7gith . 3.X
. possible ub.com/bio | https://ca
Cameo workflows possible to ; : ;
. depending on | sustain/cam | meo.bio
for rational download models ,
. : . researcher’s eo
strain design | from BiGG UFDOSE
Models database | PU"P
. List of s
Model in XML https://gith
Random format, number of randomly ub.com/jen
GAPSPLIT . ' sampled " - 3.X
sampling samples to S senlab/gaps
individual "
generate flUXes plit
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Table 2 continued

1 2 3 4 5 6 7
Efficient
identification . https://gith | https://fast
FastSL- | ¢ synthetic Model in MAT Iai'rsgc(:g?e?ﬁs ub.com/Ra | sl- 3.5and
Py lethal gene format CSV f y manLab/Fa | py.readthe | 3.6
. ormat -
and/or reaction stSL-py docs.io
sets
Pathway
analysis Flux o
CoBAM concepts such Model in XML coefficients in %.iso—ﬁg/%o https://cob
P as elementary format the form of SvstemsU amg.rea_dt 3.X
flux modes Python LM Jcobam hedocs.io
and minimal dictionaries cobamp
cut sets

Note: Cells with hyphen sign in the table indicate that there was either no information available to fill the
cell or the tool lacks the feature that should be filled in the cell. Python 2.x refers to Python 2, Python 3.x refers to
Python 3, + refers to Python version releases above the number next to which + sign is located

Context-specific model generation

Context-specific GEMs can be viewed as the next layer of constraints applied to GEMs, in
addition to regular constraints. These additional constraints usually involve multi-omics data
integration, such as transcriptome-, proteome-, metabolome-, or fluxome-based data. Context-
specific GEMs have been shown to describe better flux distributions in cells and tissues, and
specific conditions such as different stages of cell development [30] (Table 3).

Sshio is a pipeline for the creation of genome-scale models with protein structures (GEM-
PROs). GEM-PROs are an extension of regular GEMs that add protein-related data to GEMs,
converting them into protein-related data knowledge bases. The annotation is performed by
mapping protein IDs from the model to biochemical databases, such as KEGG or UniProt. The
protein-related data should include domain architecture, protein fold family, stoichiometry, or
structural information. Homology modeling is possible for proteins with no available structure.
GEM-PROs can be used in different applications, depending on the researcher’s interest. One
example is to investigate how changes in protein structure may affect cellular metabolism. Ssbio
has detailed documentation with step-by-step tutorials both for GEM-PRO reconstruction and the
use of GEM-PROs that have already been reconstructed. Because GEM-PRO reconstruction
requires the collection of extensive protein data to date, only GEM-PRO for Escherichia coli has
been reconstructed.

Metabolites2Network is a simple Python code that assists in interpreting metabolic profiles
by connecting metabolites to their corresponding metabolic reactions with the GEMs [31].
Metabolites2Network uses the ChEBI-ontology-based method for metabolite mapping, which
allows mapping despite variations in identifier and annotation information between the database
and GEMs. The tool has been used to link lipidomic datasets to Recon2.2, a high-quality human
GEM.

RIPTIDE is a simple tool that creates context-specific bacterial GEMs to study adaptive
evolution, a driving force for microbial interactions, and disease manifestation. To achieve this,
RIPTIDE integrates pFBA with transcriptomic data [4]. The tool correlates the median flux values
with the available data and minimizes the flux through reactions with low transcript abundances.
This allows the identification of energy-efficient biochemical pathways that are active in cells.
RIPTIDE has been used to identify active context-specific pathways in Escherichia coli str. K-12,
without prior knowledge of medium composition. Furthermore, the tool correctly predicted the
growth rates of Escherichia coli str. K-12 derived from clindamycin-treated mouse cecum.

pyTFA is a Python implementation of thermodynamics-based flux analysis. It integrates
quantitative metabolomics data, such as metabolite concentrations and Gibbs free energies, to
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thermodynamically constrain the reaction directionality in GEMs. These thermodynamic
constraints are then combined with FBA into the same mathematical problem. pyTFA models were
built on COBRApy models with three additional layers. The first layer contains information
regarding the concentration of each metabolite in the compartment, ionic strength, pH, and other
properties. The second layer contains metabolites with SeedID to obtain thermodynamic values
from the databases. The third layer contained annotation information about each metabolite. The
tool has been used to constrain both reduced and complete Escherichia coli GEM (iJO1366).

pYTFA has well-written documentation with a simple example script.

Table 3- Detailed description of context-specific model generation tools

- Repository Docum. Sptd.
Name Function Input Output ; or Python
or equivalent .
equivalent | Ver.
Gene/protein https://ssb
Knowledgebase | IDs, protein io.readthe
that connects sequences if GEM-PRO https://github | docs.io;
sshio models with necessary, model in .com/SBRG/ | https://qgit 3.X
protein-related model in XML | XML format | ssbio hub.com/
structural data or MAT SBRG/G
format EMPro
Metabolomic
dataset of
Matching lipids | metabolites
from lipidomics | presentin . .
datasets with model of H;ttc%]; q %
Metabolites | metabolites in interest in metabolites m i 3.4
2Network | metabolic JSONor TSV |. £lexploreime :
networks based | format in TSV or tabolomics2n
on ChEBI (example how JSON format | etwork
ontology to make the
dataset is
provided)
Modified
Flux model in
S . XML format
minimization Model in with reduced _ httos://ait
RIPTIDe | Dasedon | XML format, | ) i hittps://Qithub | b oy
transg:rlptom_lcs transprlptome space which w m'eﬁior i 3.6+
data integration | data in TSV should [riptide _J—tide
for bacterial format . phide
models prov_lde more
precise flux
distribution
Integration of Thermodyna .
quantitative Model in mlcally_- https://github | https://pyt
PyTFA metabolomics XML format constra_lned .COM/EPFL - fa.rea_dthe 35
data model in LCSB/pytfa | docs.io
XML format
Note: Cells with hyphen sign in the table indicate that there was either no information available to fill the
cell or the tool lacks the feature that should be filled in the cell. Python 2.x refers to Python 2, Python 3.x refers to
Python 3, + refer to Python version releases above the number next to which + sign is located

Enzyme-cost included context-specific model generation

The predictive capability of GEM is based on a relatively rough description of biomass
composition, which only considers growth-dependent changes occurring in cellular metabolism.
The energetic constraints imposed by functional macromolecules on biomass composition are
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commonly omitted. However, there is some evidence that at least at the scale of individual
biochemical pathways, enzymes, and other functional macromolecules drain a significant amount
of cellular resources affecting pathway regulation patterns. Therefore, it is expected that the
introduction of enzyme-related biosynthetic costs into the biomass equation would improve the
outcomes of in silico predictions generated by GEMs (Table 4).

There are two conceptually similar yet independent approaches that solve this issue: resource
balance analysis (RBA) and metabolism and macromolecular expression (ME) [32]. The principle
behind these approaches is that enzymes and other functional macromolecules are added as
pseudo-metabolites to biomass composition, and maximum enzyme capacity, which is the product
of enzyme abundance and its turnover number, is also added as an additional constraint on
metabolic flux distribution. Both approaches can be viewed as an extension of regular static steady-
state modeling; however, they cannot be solved using linear optimization algorithms. Due to the
additional constraints and the need for nonlinear approximation, both approaches result in
increased model size and complexity.

RBApy is a Python implementation of the RBA framework. RBA model reconstruction is
complicated; however, RBApy provides detailed documentation. To start model reconstruction,
the Uniprot organism taxon ID should be entered to generate helper files. Inside these helper files,
the following information should be indicated: metabolite compartments, consumed or produced
metabolic biomass precursors, and molecular machinery information such as tRNAs, average
chaperone composition, and ribosome composition. Furthermore, additional cofactor information
(name, subunit structure, and stoichiometry of cofactors per protein) should be provided for each
unambiguous protein. The further calibration of the draft model is performed by the following
steps:

1) Estimation of protein percentage per cellular compartment, which requires proteomic data
for cells at different growth rates.

2) Estimation of the proportion of non-enzymatic proteins (maintenance or housekeeping
proteins) per cellular compartment, which can be estimated from proteomic data for cells at
different growth rates.

3) Estimation of the catalytic rates of enzymes, which requires proteomic and additional
fluxomic data.

If de novo model reconstruction is not possible, RBApy allows the use and modification of
already reconstructed models. To date, RBA models have already been developed for the
following model organisms: wild-type Bacillus subtilis 168, wild-type Escherichia coli K-12, and
engineered CO2-fixing Escherichia coli K-12 strain. Finally, RBApy has embedded integration
with popular visualization software such as Escher and Proteomaps.

COBRAmMe is a COBRApy extension that aims to construct ME models with decreased size
and complexity [33]. ME-models predict optimal macromolecular expression, the amount of
individual proteins, nucleotides, and cofactors required for optimal growth. To achieve this,
COBRAmMe couples individual reaction fluxes to the synthesis of related macromolecules. The
synthesis of macromolecules requires detailed information about transcription, translation, tRNA
charging, and protein complex formation reactions, which require detailed information (such as
name, stoichiometry, RNA type, sequence, and coupled sub-reactions). To date, only E. coli K-12
MG1655 and i1JL1678b strains have been constructed. COBRAmMe does provide detailed
documentation for de novo model reconstruction; however, it should be noted that this protocol
still requires programming experience and the availability of proteomic data.
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Table 4- Detailed description of enzyme-cost included context-specific model generation tools

Repository | Docum. Sptd.
Name Function Input Output or or Python
equivalent | equivalent | Ver.
Annotated
model in XML
format, Uniprot
Creation and organism ID Constraine httos://Svs
simulation of bacterial | requited for d RBA https://sysb Hﬁn?%t 2%
RBAp | RBA models by automatic model in ioinra.githu W_EE aﬁd
y integration download and XML b.io/RBAp W 3%
macromolecular integration of format y e_ﬁhg '
composition of the cell | macromolecular ——
composition
data into the
model
Software framework No specific e )
for generation of ME- | input required, ME models | https://gith | https:/fco 2.7+
COBR . . in JSON or | ub.com/SB | brame.rea
models by integrating | ME model can . . | and
Ame . ; . pickle RG/cobram | dthedocs.i
proteome biosynthetic | be built from format o 0 3.5+
costs scratch = =

Note: Cells with hyphen sign in the table indicate that there was either no information available to fill the cell
or the tool lacks the feature that should be filled in the cell. Python 2.x refers to Python 2, Python 3.x refers to
Python 3, + refers to Python version releases above the number next to which + sign is located

Dynamic modelling

Although genome-scale metabolic modeling can be used to predict steady-state metabolism,
it cannot be used to describe growth under changing extracellular environments, such as batch
culture. In contrast, dynamic modeling frameworks account for transient states when metabolite
concentrations vary over time, and steady states when provided with the initial metabolite
concentration. Dynamic modeling requires additional constraints, making it computationally
complex. It relies on parameterized sets of nonlinear ordinary differential equations (ODEs), which
predict the time trajectories of the selected processes and provide outputs that can be integrated
with experimental data for multiple time points when available. In silico predictions are based on
kinetic rate laws, whereas the final flux values are acquired using equilibrium metabolite
concentrations. As a result, ODEs require input values for kinetic parameters and experimental
metabolite concentrations. Kinetic parameters can be obtained from a literature review or
databases. Two significant databases are BRENDA and SABIO-RK. BRENDA contains manually
and automatically extracted enzyme-specific data from primary scientific literature [16]. SABIO-
RK contains information regarding enzyme-related biochemical reactions and pathways, including
metabolites, cellular locations, and other enzyme-related information. The enzyme-related
information that can be found in databases includes KM (Michaelis constant), IC50 (half maximal
inhibitory concentration), kcat (turnover number), Ki (dissociation constant), specific enzyme
activity, and Vmax (reaction maximal velocity). A potential limitation of dynamic modeling is that
such detailed models exist only for few pathways in model organisms, such as Escherichia coli
and Saccharomyces cerevisiae since their kinetic properties have been well characterized [34].

DMPy is a pipeline for generating a dynamic FBA model without enzyme cost
considerations (Table 5). It uses a biochemical network as an input to look for kinetic rates to
produce a mathematical model. Kinetic rates are searched in online databases such as BRENDA,
eQuilibrator, and SABIO-RK [16]. For rates that are incompatible, incomplete, or unavailable,
parameter balancing is used. Parameter balancing is based on Bayesian parameter estimation and
uses thermodynamic dependencies between different biochemical quantities to provide parameter
approximation from the available kinetic data. It considers changing measurement conditions
(such as temperature and pH) and uses data augmentation with prior distributions to approximate
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kinetic values in realistic ranges. However, approximately 80% of good estimates are required to
accurately perform dynamic modeling. Furthermore, GEMs should be properly annotated. For
metabolites, correct identifiers for Chebi, Inchi, Kegg Compound, and Pubchem substance
identifiers are required, whereas, for reactions, Kegg Reaction, Reactome, Rhea, or Sabio-RK
reaction identifiers are necessary. Finally, DMPy documentation seems technical. The scripts
provided by DMPy appear to be difficult to modify for the users, implying that replications of
script simulations are a more viable option than reconstruction of new dynamic FBA models. To
date, the following DMPy models have been reconstructed: Escherichia coli, Saccharomyces
cerevisiae, and Lactococcus lactis.

DynamicME is a COBRAme extension that uses time-course (fed)batch culture data for
time-course simulations of ME models. The tool has been used to predict time-course Escherichia
coli 1IJL1678b’s substrate utilization hierarchy on a mixed carbon substrate medium (acetate,
galactose, glucose, glycerol, L-lactate, and maltose). This was done by generating an ensemble of
models that utilize different substrates and have rate constants perturbed. Thereafter, models were
analyzed by identifying archetypical time-course metabolite concentration profiles. In addition,
constraints on protein abundance when the current protein abundance depends on abundance from
the growth on previous substrate (protein “inertia”) changed metabolic responses to environmental
fluctuations, such as lowered oxidative phosphorylation and increased substrate-level
phosphorylation. DynamicME’s documentation appears to be incomplete. It has one tutorial that
provides an example of how to use the scripts described in the original publication. The analysis
can be performed by modifying the example scripts, although some programming experience may
be necessary. The tool was implemented in Python 2.7, which is currently out of date.

Table 5- Detailed description of dynamic modelling tools

Repository Dog?m. Sptd.
Name Function Input Output or . Python
. equivalen
equivalent ¢ Ver.
Pipeline for
the generation Model in
of Kinetic XML format Constrained https://qitla
DMPy metabolic organism " | model in XML | b.com/wurs | - 2.7
models by nagr}ne format sb/DMPy
searching for
reaction rates
Dynamic Analysis results
evaluation of suchastime- | poe:giith
. cell ME models | based metgbollte ub.com/SB
DynamicME metabolism in JSON or concentration mi - 2.7
. pickle format | profiles mrdyhami
and protein : cme
expression accorgjlng o
repository script

Note: Cells with hyphen sign in the table indicate that there was either no information available to fill the
cell or the tool lacks the feature that should be filled in the cell

Concluding remarks

This review provides an introduction and systematic overview of Python-based tools for
constraint-based genome-scale metabolic modeling. It also illustrates the extent to which Python
can be used in areas such as GEM reconstruction and maintenance, phenotype simulation, and
visualization. With regard to GEM reconstruction, some popular GEM reconstruction tools such
as ModelSEED or Kbase cannot be accessed via Python. Nevertheless, the development of GEM
maintenance software such as Memote and Gsmodutils can be seen as a significant milestone, as
high-quality GEM reconstruction using Python became possible with the appearance of these

43


https://gitlab.com/wurssb/DMPy
https://gitlab.com/wurssb/DMPy
https://gitlab.com/wurssb/DMPy
https://github.com/SBRG/dynamicme
https://github.com/SBRG/dynamicme
https://github.com/SBRG/dynamicme
https://github.com/SBRG/dynamicme

MICROBIOLOGY AND VIROLOGY ISSN 2304-585X Neq (43) 2023 www. imv-journal.kz

quality control tools. Python-based phenotype simulation tools are extensively used for single-cell
organisms. However, ensemble-level-based GEM modeling is still at an emerging stage. Two
areas in which Python can be used in the future are the microbiome and human disease. In addition,
integration with other modeling approaches besides kinetic modeling, such as transcriptomic
networks, may be explored. Finally, it is worth mentioning that if the required functionality is not
available using Python, available tools written in other programming languages or standalone
software with a graphical interface can be used.
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PYTHON I'EHOM/IBIK MACIITABTAFBI METABOJIMKAJIBIK MOJIEJIBI
KAMTA KYPY 7)KOHE TAJIJIAY KYPAJIBI PETIHJIE

Tyiiin

OTKi3y KaOijleTi JXOFaphl TEXHOJOTHSUIAPIBIH IIBIFBIHAAPBIHBIH TOMEHIECYl OmMmicCs IepeKTep
JKABIHTBIFBIHBIH KOJI )KETIMIUIITIHIH apTYBIH €CKEPETIH ACPEKTEPi Talaay SIICTEpPiH xKacayra okemmi. by
OMICTiH MBICAJIBI-IIIEKTEYJIEpre HETi3AeNTreH TeHOMJIBIK MacIiiTabTarbl MeTaOOMMKaIbIK Monenbaey. On
METa0OIMKAJIBIK aFbIHIAPBIH CTAIMOHAPIBIK TApaTybIH CUIIATTAY YILiH, Omics JepeKTepiH OipiKTipy yIIiH
KOJIAaHBUIATBIH ~ OMOXMMMSUIBIK ~ JKENIUIepAl  MaijanaHaTelH  KypbulbIM.  OchbImaiiima, — ChI3BIKTHIK
Oarmapnamarnay apKbUIbl IIemryre OonaThlH Macca OanaHCBIHBIH TEHACYNEp JKyieci Kypbuiaapl. byrinri
TaH/1a TCHOMBI LIEKTEYTe HETi3[ereH MOAebAey OarapiaMallblK KacaKTaMaChIHBIH KOIIITIT TaHbIMaT
MeHImkTi 0arnapnamaniay tiai MATLAB-ka Herizgenred. Anaiinga, Matlab omics nepekTep KUBIHTBIFBIH
OIpiKTIpy oHE METa0OJM3MHEH ThIC KypAeal OHOJOTHSUIBIK MPOLECTEPIl MOICIBIACY KE3iH[e
KUBIHABIKTapFa Tam 6omnaasl. Kepicinme, Python, o0bekrire 6arpITTanFaH alblK OacTankbl Oaraapiamanay
TLI1 - OYJT MacesIeNiep Il ISy IiH €H )aKChl TaHaaybl. O canbICThIPMaIbl TYPE KapanaibiM CHHTaKCHCKE
ue, KeH KaybIMJACTBIKThI YCHIHAbl JKOHE OMICS JEPEKTEp KUBIHTHIFBIHBIH Y3/IKCI3 WHTETrPalUsChIH
KamTamace3 eredi. Ocwl (akTopnapAbslH apkacelHaa Python miekreynepre HerismenreH T€HOMIBIK
MacITa0Tarsl METa0OIM3MIII MOZEbACYAIH JKaKChl Kypajbl 00BN TaObUIagbl. byl IOy AbIH MaKcaThl-
IICKTEYJIEpre HETi3JC/IIeH IeHOMIBIK MacIiTaOTaFbl METa0OJHUKAIBIK MOJCbACyre apHainraH Python
HETI3IHJeT1 Kypajjapra Kipicie >koHe Kyielni monyabl YebiHy. bi3 6arnapiamMaHbl OpHATTHIK, TEKCEPIIK
JKOHE IIOJTy/Aa CUIMIATTAIFaH 9pOip Kypauasl KOJJaHyFa THIPBICTHIK. bi3 op Kypanasl yII caHaTThIH OipiHe
TONTACTHIPABIK (TEHOMJIBIK METOOOTUTKAIBIK MOJIENB/ICY KOHE TEXHUKAIBIK KbI3MET KOpCeTy, (DeHOTHIITI
MoJieJIbJIcy HeMece OeiiHeney OarmapiiaMaliblK jKacaKTaMachl) JKoHE KaKeT OOJIFaH jKaraaiaa Kypajal MeH
TYXKBIpbIMJIaMaFa erKeh-Ter kel TyciHikTeMe Oep/IiK.

KinTTi ce3nmep: mekreyiepre HerizenreH MoJebaey, TeHOMIBIK MacIITadTarsl MeTabOIHKAaIbIK
Mojiesib, Python, aFbiH OaJlaHCBIH Tallfiay, CUIUKOIAFbl MOJCIIBICY.
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PYTHON KAK HHCTPYMEHT VIS PEKOHCTPYKIIUU U AHAJIM3A
METABOJHUYECKON MOJIEJIA B MACIITABE TEHOMA
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AHHOTALUSA

CHIKEHHE 3aTpaT Ha TEXHOJOTHUH C BBICOKOH MPOIYCKHOMW CITOCOOHOCTHIO TPHUBEIIO K pa3padoTKe
METO/IOB aHajK3a JAaHHBIX, KOTOPBIE YYHTHIBAIOT PACTYLIYI0 JOCTYIMHOCTh HAa0OPOB JAaHHBIX OMICS.
[Ipumepom Takoro meroaa siBIsETCS METaOOIMUECKOE MOJCTUPOBAHNE B MaclITabe reHoMa, OCHOBAaHHOE
Ha orpaHudeHusX. OH UCIONB3yeT JaHHbIE OMICS U OMOXUMHUYECKHE CETH, @ MEXaHUCTHIeCKas CTPyKTypa
UIsT OObeIWHEHHWS [aHHBIX OMICS Ui ONHCAaHWS CTAlMOHAPHBIX pAacIlpeneleHnid MeTaboIndecKnX
noTokoB. TakuM 00pa3om, co3aeTcs cUcTeMa ypaBHEHHH OajaHca Macchl, KOTOpas MOXKET OBbITh penieHa
C TIOMOIIBI0 JTMHEHHOro MporpaMMupoBaHus. Ha ceronusimHuii JieHb OOJILIIMHCTBO MPOTPAMMHBIX
CPEJICTB Ui MOJENIMPOBAaHUS TeHOMa Ha OCHOBE orpaHmueHuil ommpaercs Ha MATLAB, momymnspHbIit
NPONPHUETAPHBINA A3BIK MporpamMmupoBanusd. Oanako y Matlab Bo3HUKaOT mpoOieMbl IPH HHTETPALUU

46


mailto:knk17@bk.ru

MICROBIOLOGY AND VIROLOGY ISSN 2304-585X Neq (43) 2023 www. imv-journal.kz

HabOPOB JaHHBIX OMICS M MOJCTMPOBAHUHU CIIOXHBIX OHOJIOTHYECKHUX TPOIIECCOB, BHIXOIAIIUX 33 PAMKH
merabonu3ma. Hamporus, Python, 00beKTHO-OPUEHTUPOBAHHBIN A3BIK IPOrPAMMHPOBAHUS C OTKPHITHIM
UCXOIHBIM KOJIOM, SIBIISIETCS JYYIIMM BBEIOOPOM Ul pelIeHus 5THX mpobiieM. OH UMEET OTHOCHTEIBLHO
IPOCTOM CHHTAKCHC, Mpeiaract OOMIMPHOE COOOMIECTBO M 00ECICUMBAET OECIIOBHYIO HHTETPAIIUI0
HabOpOB MaHHBIX omics. Bmaromapst stum daktopam, Python sBisieTcs XOpOIIHUM MOSBIISFOIHMMCS
UHCTPYMEHTOM JUIsl MOZEIMPOBAHUS METa0oIM3Ma B Maciitabe reHoMa Ha OCHOBE orpaHudeHuid. Ilens
9TOro 0030pa - MPEACTABHTh BBEJEHUE M CUCTEMATHYECKHI 0030p MHCTPYMEHTOB Ha Oaze Python s
MeTabOoJMYECKOT0 MOJICIMPOBaHKs B MacmiTabe TeHoMa Ha OCHOBE OrpaHW4eHHil. MBI yCTaHOBHJIH,
HPOBEPUII JOKYMEHTAIMIO M TIOIPOOOBAIM UCIIOIb30BaTh KAXKIbIi MHCTPYMEHT, OINMCAHHBIA B 0030pe.
Msl CrpynnupoBail KaxIblii MHCTPYMEHT B OIHY W3 TpPEX KaTeropuii (reHoMHas MeTaboIuuecKas
PEKOHCTPYKIIMSA W TOAJCPKAHWE, MOJAEIUPOBaHHE (EHOTHUIA WM MPOTrpaMMHOE OOecredyeHune s
BU3yaJIU3allMH) W TPUH HEOOXOMUMOCTH TMPEIOCTABMIM MOAPOOHBIE MOSCHEHHS K HMHCTPYMEHTY H
KOHIIETILINN.

KaueBble cj10Ba: MOJCIHPOBAHHE HAa OCHOBE OrpaHMYEHHH, MeTaboinYecKas MOJCIb B
Mmacmrrabe reaoma, Python, ananus Gananca moTokoB, MoaenupoBanue in Silico.

[osiBeHne W mocnenyroniee CHIKEHHE CTOMMOCTH TEXHOJOTMH Omics € BBICOKOM
MIPOITYCKHOU CIIOCOOHOCTHIO MPHUBEIO K pa3padOTKe pa3IudyHBIX METOJOB aHaJM3a JaHHBIX [1].
[IpumeHeHne YTUX METOI0B MO3BOJIMIIO OXaPAKTEPU30BATh KIETKU HE KaK OT/IeIbHBIC OOBEKTHI, a
KaK CHCTEeMY B3aUMOJICHCTBYIOIIUX OHOJOTMYECKUX KOMIIOHEHTOB. Meraboauueckoe
MOJICTTMPOBAHUE B MacIITabe rTeHOMa, OCHOBAaHHOE Ha OTPaHUYCHUSX, UCIIOJIb3YeT JAHHBIE OMics
(B mepByI0 ouepenb MOCIENOBATENbHOCTH FeHOMa) M OMOXUMHUYECKHE CETH, MEXaHUCTHUECKYIO
CTPYKTYpY, i1 OOBEAMHEHUS JAHHBIX OMIiCS W OTBETAa HAa COOTBETCTBYIOIIHE OMOIOTHMYECKUE
BOITPOCHI O META0OJNYECKUX B3aUMOCBSI3SX TeHOTUI-(GeHoTH [2]. BroxuMuueckyio ceTb MOXXKHO
paccMmaTpuBaTh Kak MIPOTOYHYIO CE€Th, B KOTOPOIl METaOOIHUTHI MPOTEKAIOT BHYTPH CETH TaKHM XKe
0o0pazoM, Kak >KHAKOCTH TpoxoasaT 1o Tpyoe. Ilocie 3Toro 3T OMOXMMHYECKHE CETH
npeoOpa3yroTcs B MaTeMaTudeckuii popmar (Ha3pIBaeMbIN CTEXMOMETPUYECKON MAaTpHUIIEeH) AJist
BBIYHMCIIUTEIbHBIX 1eNIel (pUCYHOK 1).

PER /
AN o 0 0o 1 0 0 0 0
] Malate
— Ll -1 0 0 ] 0 ] 1 1]
3
Acatyl-GoA o Fumarats e + o o 0o 0o o0 0
, TCA = :> 4o o 0o 1 0 1 o o :>
Citrate cydc Succinate s
\ J 0 0 0 ] 0 ] 0 -2
Isocitrate  Succinyl-CoA -1 0 0 0 0 0 0 o
E AP AN Reactions
Biochemical pathways Stoichiometric matrix
v vy vy

Possible Optimal
solution space v solution

Unconstrained

solution space Yz

Pucynok 1 - Ot OMOXUMHYECKHX ITyTel K ONTHMATEHOMY PEIICHUIO

47



MICROBIOLOGY AND VIROLOGY ISSN 2304-585X Neq (43) 2023 www. imv-journal.kz

CrexuoMerpuueckas  MaTpulla  TpPEACTaBiseT  cOO0OM  CTPYKTYpUPOBAaHHYIO U
CUCTEeMAaTU3UPOBAaHHYIO 0a3y 3HAHWUN O OMOXUMHUYECKHX MPEBPAIICHHUSIX BHYTPH KOHKPETHOTO
opranu3Ma-mumieHd. OH UCHOJb3yeTcs Ui BBIUMCICHMS] CTAl[MOHAPHBIX pacHpeesieHui
IIOTOKOB, KOTOPBIE YIOBJIETBOPSIOT LEIEBOI (DYHKIIMHU, OTPENEIIEMOM TOIb30BATEIEM PEaKINU
C MCIOJIb30BaHUEM JIMHEMHON ONTUMU3aIMU. B cTexmoMerpruueckoil maTpuie S pa3mMepa m X n
Ka)KIasi CTPOKa MaTPHUIIbI MPUHAIICKHUT OJHOMY YHUKATILHOMY METab0IUTY (B 00IIIEH CI0KHOCTH
m MeTabOoJIUTOB), @ KXKIIA CTOJIOCI] MPUHAICKHUT OTICIBLHON peakiuu (B 001Iel CJI0)KHOCTH N
peakuuit) [3]. Kaxpgas 3amuch B KOJIOHKE TMPEACTABISET COOOM CTEXHOMETPUUECKHIA
kod(urmeHT MeTabouTOB peakiuu. [IpousBeneHHbIE META0OJUTHI UMEIOT TOJIOKHUTEIIbHBIC
KOO(QQHUIMEHTH, B TO BpeMs KaK IOTpeOJeHHbIE METAa0O0NIUThl HMEIOT OTPHIATENIbHBIC
koddunmenTsl. i kaxaoro mMetaboinTa, KOTOPBIM HE Y4acTBYET B PEaKIIMU, UCIIOJIb3YeTCs
HYJIeBOM crexuomerpuueckuii koapduuuent. Takum obOpazom, S mpenacraBiusier coOoi
pa3peKEHHYI0 MaTpUIly, MOCKOJIbKY B PEaKIHsIX OOBIYHO yYacCTBYET HECKOJIBKO METaOOJIUTOB.
[Motok (flux), KOTOPBIN MPOXOAUT Yepe3 BCE pEaklUu, MOKa3aH B BUJIE BEKTOpa V JUIMHBI M.
Konnentpanun mMetabonuToB MpencTaBieHbl B BHIE€ BeKTOpa X JUIMHBI h. CucreMa ypaBHEHUMN
OanaHca Macchl B ycraHoBHBILIEMcs peskume (dx/dt = 0) mpencraBieHa HIDKeE:

Sv=0

HyneBoe mpocTtpancTBo S - 3T0 Jt000€ 3HAYEHHE V, KOTOPOE pelIaeT ypaBHeHue. s
JT000W peaATMCTUYHON CTEXHOMETPUYECKOM MATPHIIbl KOJIMYECTBO HEM3BECTHBIX MEPEMEHHBIX
(peakimii) OoJbIIe, YeM KOJIMYECTBO YpaBHEHUH (METa0OIUTOB); TAKUM 00pa3oM, HE CYIIECTBYET
YHHUKQJIbHOTO ONTHUMH3AI[MOHHOTO pelleHusl (HeorpaHWYeHHOE MPOCTPAHCTBO pEIICHUM).
CrnenoBarenbHO, HAKIAIBIBAIOTCS OTPAaHUYCHHUS JJIs YMEHBIICHHS MaKCHMaJIbHOTO YHCIa
BO3MOXKHBIX pEIICHU, YTOObI MOAACPKUBATh TOIBKO (PEHOTUIUYECKH JTOMYCTUMBIE COCTOSHUS
BHYTPHU TPOCTPAHCTBA BO3MOXKHBIX pemeHui. OnTumuzanus LeneBod (yHKIUH OOBIYHO
BKJIIOYaeT B ce0f HaxoXXJICHHE EIUHCTBEHHOIO0 ONTHUMAJIbHOTO pEUICHUs Ha TpaHHLIEe
IPOCTPAHCTBA BO3MOXKHBIX PEUICHUH (TOKa3aHO B BUJIE KPYIJIOW TOUKN) [4].

OCHOBHBIE OTPAaHUYCHHSI CBSI3aHBI C TEHOTHUIIOM KJIETKH, OKPYXKAIOIIEeH Cpeior U (PU3HUKO-
XUMUYECKUMH 3akoHamH [2]. OrpaHu4eHHs] KJIETOYHOrO TE€HOTHIA HAKJIAJbIBAIOTCS MyTEM
BKJIIOUEHUSI peaKlUi, KOTOpble MOJATBEP)KIAIOTCS T€HOMHBIMU JaHHBIMH. {75 peakuuii, yxe
BKJIIOYCHHBIX B  MOJENb, TEHETUYECKHE HOKAyThl MOXHO OrPaHUYHUTh, YCTAaHOBUB
COOTBETCTBYIOIIME IPAHUILIBI PEAKIIMH PABHBIMU HYIII0. DKOJIOTHYECKHE OTPAHUYEHUS MOT'YT OBITh
HAJIOXKEHBI IyTEM OTrpaHHYEHHs] CKOPOCTH IOTJIOIIEHUS CyOCTpaTOB, OTPaHUYMBAIOIINX POCT
(TakMX Kak MCTOYHHMKHU YTJIEpOJa WM 3JIEKTPOHOB). PUBNKO-XMMHUYECKHE 3aKOHBI BKJIIOYAIOT
OTrpaHMUYEHUE PAaBHOBECHSI MAcChl B CTallMOHAPHOM pEXHMME, YKa3bIBaIOIEE HA TO, YTO YUCTOE
MIPOU3BOJICTBO KAXKIOI0 METa00INTA TOJKHO PABHITHCS €ro YNCTOM HopMe noTpedienus. Kpome
TOro, (pepMEHTHI MOTYT OBITH OrpAaHHYEHBl WX MPOM3BOJUTEIBHOCTHIO, TAKOKW Kak Vmax
(MakcuManbHasE CKOPOCTh peakmnuu). HakoHen, oOpaTUMOCTh PEaKIUU  OMpeaeseTCs
OMOXMMHYECKHUMH XapaKTePUCTUKaMU (epMEHTa WM CETeBBIMHU CBOWCTBAMH (TaKUMH Kak
OTCYTCTBHE 00pa3oBaHus cBOOoaHONH ATD).

HecmoTpss Ha pacnpocTpaHeHHbIE 3a0NyKIeHHSA, MeTaOOIu4ecKoe MOJCTUPOBAaHHE B
MacmTabe TreHoMa HEe HaKJIaIbIBaeT OTpaHWYCHUN Ha KOHIeHTparuu Oenka, MPHK wmm
MeTabONUTOB, a TMOAPOOHBIE KUHETHYECKHE MapaMeTphl HE HAKIAJbIBAIOT OTPAaHHYCHUN Ha
CTaHJapTHbIE MOJETH. BKiloueHue JOMONHUTEIBHBIX OrpaHuueHuil aubo eme Oousblie
OTPaHUYMBACT MPOCTPAHCTBO PEIICHHH, JINOO U3MEHsET 00JacTh MPUMEHEHHUS CO CTATUYECKOTO
COCTOSTHUSI Ha KWHETHMYECKOE MOJENUPOBaHWE, WM METaboJau3M - Ha Jpyrue KJIETOYHbIE
IPOIIECCHl (TaKue KaK PeryJsisius TPaHCKPUIILUN WIK CTPYKTypHBIE CBOiicTBa Oenka) [2]. bomee
CIIOKHBIE OTpPaHMYEHHUS BKIIOYAIOT H3MEHEHHWE TpPaHUIl PEaKIUM Ha OCHOBE JaHHBIX 00
HKCIPECCHH TEHOB U OENKOB, KOHIIEHTPAUNA METa0O0IUTOB U KMHETHYECKUX MapaMeTpoB, JINOO
MyTeM KOPPEKTUPOBKHU TPAHUII PEAKIIMH, TUOO IMyTEM OTKIIOUEHUS peakiuid [5].
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Meroabl, OCHOBaHHBIE Ha OTPAHUYEHUSX, OCHOBAaHbI Ha JIMHEWHOM MpPOTrpaMMUPOBAHUH,
METOJIc MAaTEeMaTHYEeCKOM ONTUMH3AIMU, Ui pemieHus ypaBHeHus Sv = 0. JluHeitHoe
NpOrpaMMHUPOBAaHUE  HUCIIONB3YETCS  JUIsl  CHUDKEHUS  MaTeMaTH4YEeCKOM  CIOXKHOCTH U
BBIUMCIUTENbHBIX 3aTpaT, CBA3AHHBIX C OMOXMMHMYECKHMHU CETSMH, KOTOpbIe, KaK IMpPaBUJIO,
CONlepKaT THICSYM METabONMMTOB M peaknuil. AHanu3 Oananca motokoB (FBA) sBusercs
MOMYJSIPHBIM METOJIOM, OCHOBAHHBIM Ha MPEANOJIONKEHUH, YTO KJIETKH CTPEMSTCS OOCTUYD
MeTabOIMYECKOM 11eTH, 0OBITHO MaKCUMU3aIluK CKOpocTH pocTa [4]. FBA pemaer ypaBHeHue Sv
= (, HaK/IaJpIBasi OrPAaHUYCHUS HA BEPXHIOIO M HUKHIOIO TPAHUIIBI V U oOecrieunBast TMHEHHYIO
KOMOHMHAIIMIO MTOTOKOB B KAa4eCTBE IEeNIeBOM (DYHKIIMU, ONpeesieMOl MOIhb30BaTEeNIeM PEaKIIUH.
FBA onpenenser pacrpeseneHne MOTOKOB OMOXUMHYECKOW CETH, YIOBIETBOPSIONIEE 1IETIEBON
dbyHKIIMH. AHaTN3 U3MEHYMBOCTH MTOTOKA (FVA) - 3TO ere oarH OCHOBAHHBIN Ha OTPAHUYCHUSIX
METOJl, KOTOPbII YyYHUTHIBAET MaKCUMalbHOE M MUHUMAIbHOE 3HAUEHUS MOTOKA ISl KaXKIOu
OTIICTPHOW peaklMyd BHYTPH CETH, KOTJa IeneBas (pYHKIHS yCTaHOBJICHA Ha MaKCHMalbHOE
3HaueHue [6]. Hakonern, BeiOOpka metomom Monte-Kapno ¢ nensto MapkoBa (MCMC) - 3t0
METO/I, KOTOPBIM BBIYHUCISAET MHOXKECTBEHHBIE PACHpPEACNICHUS] TOTOKOB JJIsi BBIYUCICHUS
pacnpeneseHns BEpOSITHOCTEN KaXI10T0 OTJIENBHOTO MTOTOKA B OMOXUMUYECKoM ceTu. B oTnuyne
OT TPEIBITYIIUX METOJOB, 3TOT METOJ SIBISIETCS OECIPUCTPACTHBIM, MOCKOJIBKY HE Tpedyercs
HUKAKHX MPENOI0KEHNH 00 ONTUMAaIbHOM POCTE.

S3bIKM  TPOTpAaMMHUPOBAaHUST MOTYT OBITh HMHCTPYMEHTOM JUIS  TPEIOCTaBIICHUS
MOJIb30BATEIBCKUX MHCTPYKIUI Ha OCHOBE KOJa, KOTOPhIE HHTEPIPETUPYIOTCS U BBIOTHSAIOTCS
HEHTPAIbHBIM TporeccopoM [7]. OHM HCNOIB30BANUCH ISl PA3TUYHBIX 3a7ady, BKJIOYas
MoJleIpoBaHue pabouux mporeccoB. Habop HMHCTPYMEHTOB PEKOHCTPYKLUMH W aHajiu3a Ha
ocHoBe orpannuyenuii (COBRA), Benymiee mporpammHoe oOecrieueHHe Ui OCHOBAHHBIX Ha
OTPaHUYEHUSAX METOJOB METabOJIMYEeCKOro MOJEIUpPOBaHUsS B MacmTtade TeHoMma, Obll
peannzoBan B MATLAB, nonynsipHOM IpONpPHETAPHOM sI3bIKE IporpammupoBanusa. OnHaxo,
Oyaroaps TEXHOJOTUYECKUM JOCTHKEHHUSIM B 0O0JIACTH TEXHOJIOTMM C BBICOKOM MPOMYCKHON
crocoObHOCThIO, orpanHmueHuss MATLAB cranm oueBuaHbiMH. B 1momonHeHwme K
3aMaTeHTOBAHHOMY XapaKTepy CYIIECTBYIOT NMpoOJeMbl, CBsI3aHHBIE C HHTErpaunueil HabopoB
JAHHBIX OMICS U MOJACITUPOBAHUEM CIIOKHBIX OMOJIOTHYECKHUX MPOIECCOB, BHIXOSIINX 32 PAMKHU
Metabonuzma. Kpome Toro, Python, 00beKTHO-OpHEHTUPOBAHHBIN SI3BIK MPOTPAMMHUPOBAHHS C
OTKPBITBIM MCXOIHBIM KOJIOM, SBIISICTCS JIYYIIUM BBIOOPOM JJIsl pelieHus 3Tux npobiem [8]. On
UMEET OTHOCUTEIBHO MPOCTON CHHTAKCHC, YTO CHMKAET MOPOr, HEOOXOIUMBINA I U3yueHUs
sa3pika. Kpome Toro, Python mpeanaraer oOmupHy0 MOAIEPKKY COOOIIECTBA, YTO YACTUYHO
OOBSCHSIETCS €r0 MPOUCXOXKACHUEM C OTKPBITBIM HCXOAHBIM KoJIOoM. TakuM oOpa3om, 3Tu
daxTopsl caenanu Python HOBBIM HHCTPYMEHTOM JUIsI MOJICIIMPOBAHUS MeTa0oIM3Ma B MaciTade
resoma [9].

Mertabonnueckue Moaenu B Macmradbe reHoma (GEMs) ncmonb30BaIUCh IS pa3IUdHbIX
HeNel, BKIIIoYash OTKPBITHE JIEKApCTB, MPOU3BOJICTBO LIEHHBIX COEAMHEHUH, MPOTHO3WPOBAHUE
GbyHKIIMM EepMEHTOB, MTAHPEAKTOMHBIN aHAIN3 U MHOTOKJIETOYHbIE B3aUMO ICHCTBUS.

[Ipu pa3paboTke JeKapcTB JparolleHHbIE KaMHU UCIHOJb30BAIMCH ISl HM3y4EHUS
METa0OJIMUECKUX ayKcoTpoduil pakoBbix Kietok. Hampumep, GEM Obu1 0o0benuHeH ¢
TPAHCKPUIITOMHBIMU JITaHHBIMU JJI MPOTHO3UPOBAHUS (PEHOTUIIOB HOKayTa, 4TOOBl HAWTH
MUIIICHH JJIS1 IUTOCTATUYECKUX TPENapaToB, KOTOPEIE OIIOKUPYIOT POCT PAKOBBIX KIETOK, HO HE
BIUSAIOT Ha BbIpabOTKYy AT® m poct "3mopoBwix" kierok [10]. B apyrom wuccnemoBanuu
MOTCHIMATbHBIC JIeKapCTBeHHBbIe wMmuIineHn ans 27 wmoxaeneit HHC, cnemuduvnbix amis
KOHKPETHOIO TAalMeHTa, OBbUIM CO3JaHbl C HCIHOJb30BaHHEM HMMMYHOTHCTOXUMHUYECKHX
MPOTEOMHBIX JaHHBIX. JIeKapCTBEHHBIE MHUIIIEHU OBLITN BHIOPAHBI C UCIIOJIB30BAHUEM KOHIICTIIIUN
OCHOBHOTO MeTaboIMTa, UJEU O TOM, YTO MOTEHIIHAJIbHAs JETaJbHOCTh MPU HOKAyTe peakluu
CBsi3aHA C KOHKpETHBIM MeTabonutoM. Hakonen, 3¢ ¢eKkTsl mpennojaraeMbiX MYTHPOBABIIMX
OHKOMETa0O0JUTOB ((pymMapaTruaparasbl, CYKIIMHATIACTHAPOTCHA3bl U N30IUTPATIACTHIPOTCHA3HI)
OBLTM M3YYEHBI C HCIIOJIb30BAHUEM paclpeaesieHui moTokoB, reHepupyeMbix MCMC miist ot6opa
mpo0 [11].
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JlparolieHHbIE KaMHU TaK)XK€ WCIOIb30BAINCH I M3y4YEHHUS Pa3INYHBIX I[IEHHBIX
COCIMHCHUH C UCIOJIb30BAaHUEM CTpaTeruii MeTaboImYecKkoi nHxeHepun. Heckonbko mpuMepoB
NPUMEHEHUS METaOOIMYECKON WHKEHEPUU BKIIOYAIOT MPOM3BOACTBO L-BannHa, JHKOMHHA,
MOJIOYHON M SHTapHOW KHCIIOT ¢ ucroiab3oBanreM Escherichia coli [12-15]. C yBennucHuem
JIOCTYITHOCTH T€HOMa YHMCIIO OPTraHM3MOB, JJISI KOTOPBIX ObUI PEKOHCTpyHpOBaH genome-scale
metabolic (GSM), take yBETHYHIOCH, IEPEHIT OT MOJEIH K MEHEE M3yYCHHBIM OpraHU3MaM.
Henasno GSM Obin mpuMeHeH AJs1 METa0OJIMYECKOW HWHXKEHEPHH METaHOTpodoB, OakTepuii,
KOTOpBIE UCIOJB3YIOT METaH B KaYECTBE OCHOBHOI'O MCTOYHUKA SHEPTHH U yriepoja. B ognom
UCCIIEIOBAaHUM COOOIIAIOCh, YTO MYTPECUMH ObUI MOJY4YeH IMyTEeM IEepBOM IKCIPECCUH T€HOB
OPHHUTHHICKapOOKCHUIIa3bl IMHEWHOTO MYTH, a 3aTeM ¢ ucnoyibzoBanueM GEM st onpenenenus
CTpaTernii HOKayTa TE€HOB JUIsl YJIy4lICHUsS TUTpa MyTpecuuHa. B npyrom wuccienoBaHuu
aHaJOTUYHAs CTpaTerus ObLIa UCIIOIb30BaHa JJIs oiydenus 2,3-0yranauona [16].

JlparoiieHHbIe KAMHU TaKKe HCIIOIh30BAIUCH JUIS IPOTHO3UPOBAHUS PA3IMYHbIX (DYHKIINN
dbepmentoB. Hampumep, GEM mno3BomsieT MACHTH(GUIIMPOBATh BaXKHBIE TE€HBI, KOTOpPHIE, KaK
cuuTaeTcs, HecymectBeHHbl ausi Escherichia coli. Dtu mpenckazanus cramy BO3MOKHBIMH
Onmarojgaps HaJUM4MI0O paHee He MICHTU(GULUUPOBAHHBIX peakluid, KOTOpble CHealu
HECYILECTBEHHBII reH HeoOXOAUMBIM U1t HOoKayTa in silico. Cpean HeoOs3aTeNbHBIX TeHOB gltA,
argD u aspC ObLIM BEIOpAHBI JJIS JATbHEHIIICH AKCIIEPUMEHTAILHOM TPOBEPKH, TOCKOJIBKY aHATH3
TOMOJIOTHH TIOCIIEZIOBATEIbHOCTEH BBISBUI H30(DEPMEHTHI-KaHIUAATHI C BBICOKON CTENEHBIO
JIOCTOBEpPHOCTH. B npyroMm npumepe Hepaz0opyMBOCTH (PEPMEHTOB H3ydajach IMyTEM YBSA3KU
uccienoannii Hokayta ¢ GEM [17]. BeiOpaHHbIE TeHBI-MUIIIEHU OBUTH OTKIIFOUEHBI, B TO BpeMs
KakK TeHbl-3aMeHuTelu - HeT. Briociaencrsun GEM OBUI MCIIONB30BaH UISI MEXAHUCTHYECKOTO
OOBSICHEHUS paclpesieieHUsl IIOTOKOB ()epMEHTOB, KOAUPYEMBIX I'eHaMu-3aMeHuTessiMu. Cpenn
nmap TeHOB-3aMCHHTENICW MUIIEHW TpelckazaHHas mapa reHoB pdxB-thiG Owuia mokazana
HKCIIEPUMEHTAIBHO.

JlparolieHHble KaMHU Tak)Ke MCIIONb30BAINCH ISl aHanu3a pan-reactome. B oaHom
WCCIICIOBAaHUN MepapXuyeckas kiacrepusaims 24 Bupocnenuduyabx camonseToB Penicillium
npeaocTaBmwiia MH(OpMAIMIO O TyTIX OHOCHHTE3a BTOPHUYHBIX META0OJHMTOB, KOTOpPHIC
TudepeHMpoBaIl  pa3IuuHble MeTa0oimuueckue Kiaael. B nmpyrom wuccinenoBaHud ObLT
MPOBEJICH MAHPEAKTOMHBI U BCIOMOTaTEIbHBIN peakTOMHBINM aHan3 410 mTaMMOB CaJIbMOHEIT
[18]. MonenupoBanue GEM mnpu pa3nuyHoM NOTpeOJICHWH MUTATEIbHBIX BELIECTB ITOMOTIIO
OTIpEeAeNIUTh PA3INYHbIE BO3MOKHOCTH U ONTHUMAJIbHBIE YCIOBHS POCTA ITAMMOB CalbMOHEIIBI.

Hakonenr, GEMs MOXHO HCIOIB30BaTh AJIi MOJEIUPOBAHMS B3aUMOACUCTBUN MEXKITY
pPa3IUYHBIMU KJIETKaMH, TKAHSAMHM M OpraHM3MaMH, BKJIOYash MOJEIMpPOBaHHME MHUKpoOOHOMA.
Hanpumep, GEM 0bu1 MCHIONB30BaH UIi MOJEIMPOBAHUS KOHKYPEHTHOTO MOBEICHHS MEXKIY
Geobacter u Rhodoferax, 6akrepusimu, OKUCISIONUMHE arietaT U BocctaHaBnuBaronmmu Fe(I1),
KOTOPBIC KUBYT B OSCKUCIOPOTHON MOAMOBEPXHOCTHOU cpene [19]. Monens momorna caenarhb
BBIBOJI 0 TOM, uro Rhodoferax Obur Obl TOMHUHHMPYIOIIMM IITAMMOM TIPH YCIOBUH HATHUHSI
JIOCTaTOYHOTO KOJIMYeCTBa aMMOHUs B cpezne. Kpome toro, Geobacter cranm TOMUHHPYIOIIUM
HITAMMOM, KOTJa MpH OuopeMeAualMM TMOJA3EMHBIX BOJ, 3arps3HEHHBIX YPaHOM, ObLIU
no0aBlieHbl BBICOKHE KOHIIGHTpaluu anerata in situ. B npyrom mpumepe CASINO, anroputwm,
ocHoBaHHBIM HA CSM, ObUT MCTIOB30BaH JJII MOJCIMPOBAHUS BIHMSHUS TUETHI HA MUKPOOHOM
KUIIeYHWKa W ero auernudeckue B3ammonenctBusi [20]. CASINO cmorno mnpenckasaTh
B3aMMOJICICTBHE MEX/Yy OChIO IHETa-MUKPOOHOTA-X0341H Y 45 MalMeHTOB C N30bITOYHBIM BECOM
u oxupeHueMm. Kpome Toro, ObUIM H3y4eHBl META0OJIMUYECKUE CIIOCOOHOCTH MHKPOOOB B
MPOCBETaX IMOJOCTH PTa MAIMEHTOB ¢ M30BITOUYHON Maccoi Tena u oxxkupenuem. MccnenoBanue
MOKA3aJi0 3HAYMUTEIhbHOE W3MEHEHHE COJIEPIKaHUs KOPOTKOLEMOUYCYHBIX JKUPHBIX KHUCIOT U
AMUHOKHCJIOT MOCJI€ U3MEHEHHUS TPUBBIYEK TUTAHMUSL.

Lenb sTOro 0630pa - mpeJCcTaBUTh BBEACHNUE U CUCTEMAaTHYECKUI 0030p HHCTPYMEHTOB Ha
6aze Python, mcrmosnp3yeMbIx a1 METabOJHMYECKOTr0 MOJACIMPOBAHUS B Macintabe reHoMa Ha
OCHOBE OrpaHWuYeHWil. MBbl yCTaHOBWUIIM, TPOBEPUIH JOKYMEHTAIMI0O W TONPOOOBAIN
UCIIONIb30BAaTh KXl MHCTPYMEHT, OMNHMCAHHBI B o0030pe. OCHOBBIBasACh Ha OCHOBHBIX
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(GYHKUIUAX, MBI pa3feNid KaXAbli HMHCTPYMEHT Ha TPH KaTerOPUH: PEKOHCTPYKLUS U
oOcyXMBaHUE JpPArollCHHbIX KaMHEH, MoJeaupoBaHue (EeHOTHNa WIM MPOrpaMMHOE
o0ecrieyeHue s BU3yaTH3aliH.

[Tponecc pekorcTpykuuu GEM COCTOUT U3 YETHIPEX OCHOBHBIX 3TAMOB: CO3IAHUE MTPOEKTA
PEKOHCTPYKIIMHU, TMpeoOpa3oBaHHEe B MATEeMATHYECKYI0 MOJeib, CcOOp OHOIIOTHYECKO
nH(popManuu 00 WHTEPECYIOIIEeM OpraHW3ME W YTOYHEHHUE MOJICIH Ha OCHOBE HMH(OpPMAIIHH,
OTHOCAIICHCS K KOHKPETHOMY opranusMmy. [lepBbie 1Ba 3Tamna OCHOBaHBI Ha MOJAXOE "CBEPXY
BHU3", KOT'/1a aHHOTHUPOBAaHHbIE F€Hbl HHTEPECYIOIIET0 OpraHu3Ma UCIOIb3YIOTCS ISl Ha3HAUCHUS
U BKJIIOYEHHUS COOTBETCTBYIOUIMX (DEPMEHTATHUBHBIX PEAaKLUUH B MaTeMaTHUECKYIO MOJAEb. DTU
1ard MOTYT ObITh aBTOMAaTH3UPOBAaHbI aHAJIOTUYHO KOHBeMepaMm aHHOTalui reHoMa. Crieyronue
71Ba 3Tana TpedyroT o0MIMPHOTro 0030pa JIMTEpaTyphl U CIICLHATBHBIX 3HAHUH 00 HHTEpeCyIoLIeM
OpraHU3Me U BBIMOJIHAIOTCA BPY4HYIO. TakuM 00pa3oM, KaueCTBO PEKOHCTPYKIIMHM 3aBHCHUT OT
Ka4yecTBa M KOJIMYEeCTBAa MH(POPMALINH, CTICHU(PUYHON A1 KOHKPETHOTO opranu3ma [21].

PexonctpyupoBansasii GEM nomkeH Brimo4aTh HHGOPMAIMIO O CTEXHOMETPUH H
HANpaBJICHHOCTH KaXIOW peakiuu, (opmynax MeTabOoIMTOB, MCIOJIB30BAaHUU cyOcTpata U
ko(akTopa, a Takke BHyTpukiaerouHoM pH. Kpome toro, GEM nomxkeH BKIItoUaTh CIOHTaHHBIC
PeaKIMy U peakiiy MepeHoca, No3BOJISIOIINE TPOTHO3UPOBATh CKOPOCTh pocTa in silico, cocTas
O6uomacchl 1 ee (ppaKIMOHHBIN BKJIJ B 0OIIYyI0 OMOMacCy KIETOK, a Takxke mojaepkanue AT,
cBsizanHOE ¢ pocToM (GAM). Eciu B 6MOXMMHUYECKOH CeTH OTCYTCTBYIOT PEaKIIMH, BHITOTHICTCS
3aroJIHeHHE MPOOEJIOB - METOJ] JMHEHHOI0 MPOrPpaMMHUPOBAHUS CO CMEIIAHHBIM LIEJIBIM YHCIOM
JUI ONpEACNCHUs] HaUMEHBIIEro 4YHcia peakuui, 4ToObl 3alOJHUTH MPOOEThl U IMONYyYUTh
rotoBelii K MojenupoBannio GEM. Otan yrouHeHus Mojaenu ObUT BBHITIOJHEH I MPOBEPKH
IPOEKTa MaTeMaTH4YEeCKOH MOJAEIH IyTeM KOJMYECTBEHHOIO CpPaBHEHMS MPOrHO3UPYEMBbIX
CKOpOCTEH pocTa in silico ¢ SKCIeprUMEHTATBHBIMH TAHHBIMU B XUMHUYECKU ONIPEICIICHHON Cpelie
BhIpamuBanus. JlononHuTensHy0 nHpopMaIHio o mporecce pekoHcTpykiun GEM MoxHO HaiiTi
B onyOJauKOBaHHOM mpoTokoiie [3]. Xopolee mporpaMmMHOe oOecriedeHue s PpEKOHCTPYKITUN
GEM 10mKHO TO3BOJNATH OBICTPO TEHEPUPOBATH IMPOEKT METAOOIMYECKOW MOJIENH, JIETKO
UHTETPUPOBATh JaHHbIE, OTHOCSIIMECS K KOHKPETHOMY OpraHM3My, W OpraHM30BaHHO
OTCIIC)KUBATh U3MEHEHHSI BO BpeMsl YyTOuHEHUst Mojienu (Tabnuna 1).

CarveMe - 3TO MHCTPYMEHT, KOTOPBIA IMO3BOJISIET aBTOMAaTUYECKH CO3/1aBaTh 3CKHU3bI U
TOTOBBIE K MOJICJIMPOBAHUIO JAPArolleHHble KaMHU M3 0a3bl JAHHBIX OSTAJOHHBIX MOJENEH.
CarveMe ucnonb3yer moaenu BiGG B kadecTBe MCXOMHOM 0a3bl JaHHBIX JJII METAOOIUYECKUX
peakmuii [22]. CarveMe paGoTaeT 3a CUeT YMEHBIICHHUS KOJUYECTBA PEAKIU B HMCXOIHOM
STAJIOHHOW MOJENH; CIIEJOBATEIbHO, B MOJENIU OCTAIOTCS TOJIBKO PEaKIHMU C HEKOTOPBIMU
NpU3HAKaMU TPUCYTCTBUS (HampuMep, aHHOTalMel reHoma). BriocnencTsum ObIIO BBIMOJIHEHO
ABTOMAaTUYECKOE 3aMOJHEHUE 3a30POB Ui MOJIYYE€HUS FOTOBOTO K MOJIEIMPOBAHHIO YEPHOBOIO
kamHs1. CarveMe 103BOJISIET peKOHCTPYHpoBaTh npokapuorndeckuid ' EMM Tonbko ¢ pyHKImMen
BbIOOpPA IPaMITONIOKUTEIHLHON WIIH TPAMOTPULIATEIbHON MaTPUIIBI.

PythonCyc - sto wuHrepdeiic npukinaaHoir mporpammbl Ha Python k Pathway Tools,
MONYJISIPHOMY MPOrPaMMHOMY TakeTy OnonH(popmaTuku A1 pathway u reHoMHOM HHDOPMATHKH
U cucteMHoi 6uonoruu [23]. O6nacTs NpuMEeHEeHUs: UHCTpyMeHTOB Pathway BBIXOIUT 32 paMKu
MOJICTIMPOBAaHUS HAa OCHOBE OTrPaHWYECHM; OJHAKO K €ro KOMIIOHEHTY MOJEIHMPOBAHUS B
MacmTabe TeHOMa MOXKHO HOJIy4uTh foctyn uepe3 MetaFlux. MetaFlux wucnonb3yer 6asbi
nanubix Pathway/Genome Database (PGDB) u MetaCyc u mocnenyromee aBTOMaTHUECKOE
3aroJiHeHHe MPOoOEesIOB ISl CO3JaHMs TOTOBBIX K MOJenupoBaHuio npoekToB GEMs.

Gsmodutils - aTo eme ogHa METOAOIOTHS, TIPEUTOKEHHAS ISl HEITPEPBIBHOTO YIIPABICHHUS
MOJIENISIMU B MaclITabe reHoMa, OCOOCHHO JJIsi CHHTETHUECKOW OMOTEXHOJOTHH U IPUMEHEHHUS B
MPOMBINIUICHHBIX cucTemax [24]. ABtopsl Gsmodutils yTBep>kKaar0T, 9YTO OCHOBHBIM OTIWYHEM
mexxay Gsmodutils 1 Memote siBisieTcss yMeHbIIEHHasi W30BITOYHOCTh B MOJICJIBHBIX BEPCHSIX
Gsmodutils, koTopast mocturaetcs ¢ momoinsto design deltas, Habopa U3MEHEHUI, HEOOXOUMBIX
JUIs IpeoOpa30BaHus MITAMMA JUKOTO TUIA B IIPOMBIIUIEHHO 3HAYMMBIH [ITaMM.
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Tabmuua 1- [logpoOHoe onricaHue HHCTPYMEHTOB ISl PEKOHCTPYKIMH AParoueHHbIX KaMHen

KyM
. Penosutop Hlokyme Corn.
BrixonHoi . HT. WIN
Nwms OyHKIUA BBon WU U Python
CHUTHaJ SKBHUBAJ
SKBUBAJICHT Ver.
eHT
- daiin FASTA https://gith | https://c
Carve YK AN IIpoekT Momenu B | ub.com/cda | arveme.r | 2.7 u
CHeTMPUIHON JyIs ;
Me uaentudukaro | popmare XML nielmachad | eadthed | 3.6
OpraHu3Ma MOJCITH .
p NCBI o/carveme | 0Cs.i0
Hukakux
KOHKPETHBIX
BXOJIHBIX
JIAHHBIX HE https://gith | https://p
Python | PekoHcTpyKitus tpebyercs, Ho | IIpoexT momenu B | ub.com/eco | ythoncy | 2.7 u
Cyc MOJIENN OpraHu3M ¢dopmare XML cyc/Python | c.readth | 3.5+
IOJKEH OBITH Cyc edocs.io
JIOCTYTICH B
0a3e naHHBIX
Pathway Tools
HenpepsiBHas
WHTETPaIHs
aHHBIX HAa OCHOBE https://gith
. APPSO | https://g
TectupoBanus s | [Ipoekr OOHoBnEHHAS ub.com/SB -
Gsmo - smodutil | 2.7+ u
. TIPOMBIITUICHHBIX MOJIEIN B MOJIEJIb B RCNotting
dutils s.readth | 3.6+
CHCTEM U ¢dopmare XML | dpopmare XML ham/gsmod edocs.io
MPUIOKEHUH utils R
CUHTETUYECKOU
OmoJyIoTHH
IIpumevanne: S4eiiku co 3HaKOM Jeduca B TaOJNHIE YKAa3bIBAIOT HA TO, YTO JUOO HE OBLIO JOCTYITHOM
nHGOPMANUN IS 3aIOJTHCHUS SYCeUKH, MO0 B WHCTPYMEHTE OTCYTCTBYET (DYHKIIMS, KOTOpas IOJDKHA OBITh
3armonHeHa B suerike. Python 2.x otnHocmtes k Python 2, Python 3.x orHocutcs x Python 3, + oTHOCHTCS K
BBITTyCcKaM Bepcuii Python Haj HOMEpOM, pSJIOM ¢ KOTOPHIM PACIOIOXKEH 3HAK +

Cobra toolbox - 310 HabOp METOJOB MOJCIMPOBAHUS HA OCHOBE OrPaHUYEHHUIN IS
MaHUTYJTUPOBAHUS JIPArolieHHBIMA KaMHSMHU. DTO MOMYJSIPHBIA TaKeT ISl MaHUITYTUPOBaHUS
JIparoleHHBIMU KaMHSIMH, KOTOPBIM, KaK cOO0IIaeTcsi, ucrmoiab3yercss 60% ucciienoBaTeIbCKOro
coobmectea COBRA [2]. COBRApYy - 310 Python - peanuzanus Cobra toolbox Ha
a3bike. KoOparnus 1o3BoJsieT PEeKOHCTPYyHpPOBaThb MOJENb, B CHJIMKO MOJEIUPOBAHUE U
aHAJTUTHYECKUE MeToAbl. B cuimko MozenupoBaHue ObUIO OCHOBAaHO Ha aHanM3e OanaHca
noTokoB. B nononaenue k ooeranomy FBA, COBRApy nmeer skonomusiii FBA (pFBA), ananus
u3MeHunBoctu noroka (FVA) um looless FBA. pFBA MuHMMu3upyer oOUIMii MOTOK BHYTPHU
OMOXMMHYECKON CETH, YIOBJIETBOPSS MOJENbHBIM OrPAHUYEHUSM M pellas MOCTaBICHHYIO
3agauy GyHkius [4] . OCHOBHOE IPEATIONI0KEHUE 3aKIII0YAETCSl B TOM, YTO MO/ JaBICHHEM pOCTa
CYIIIECTBYET MpoIieaypa oTOopa mTaMMOB, KOTOPBIE MOTYT IepepadbaTeiBaTh CyOCTpaT AJis pocTa
HanOosee OBICTPBIM U APPEKTUBHBIM CLIOCOOOM MPH UCIOIH30BAHUY MUHUMAJIHLHOTO KOJIMYECTBA
depmenta. FVA - 3T0 BBIYUCIUTENBHBIA HHCTPYMEHT , KOTOPBIH IMO3BOJISIET BEIYUCIISTH HIYKHIOIO
U BEPXHIOIO TPAHUIBI OTJENIBHBIX PEAKLIMOHHBIX MOTOKOB BHYTPH OMOXMMHMYECKOH CETH. DTO
MO3BOJIIET HAM OLIEHUTh, CYIIECTBYET JIM aJbTEPHATUBHOE ONTUMAIBHOE pPEIICHUE I KaXKIon
uHTEpecyoen peakuu. beckonpeBoit FBA ycrpaHseT TepMoJuHaMUUECKH HEOCYIIECTBUMbIE
LUKJIBI, HA0Op peakiuii, KOTOpble MPHUBOIAT K HEpPEalIbHO BBICOKMM 3HAYEHMSIM IOTOKAa U B
CHJIMKO TEMITBI pOCTa. AHATUTUYECKUN METO/IbI BKIIOYAIOT MPOU3BOJCTBEHHBIE 000I0UKH, OTOOD
po0 MOTOKa U MaHUITYIHpoBaHue cpeaoit. [Ipon3BoacTBEHHBIE 000I0YKH, UITH (DEHOTHUITHYECKHE
(a30BbIE TIOCKOCTH, PACCUUTHIBAIOT KOMIIPOMHUCC MEXY ITOTOKOM B CHJIMKO CKOPOCTh POCTa U
JKEJaeMblii TPOAYKT, 4YTO TPEACTaBIsAETCS IOJIE3HBIM IMpH  pa3paboTKe cTpaTeruit
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MeTaboanueckoi nHxenepun. OTéop mpod NOTOKA MO3BOJISET HaM MOJTYYUTh CPEIHUE 3HAYCHUS
MOTOKA I OTHENbHBIX peakiuuil B OMOXMMHUYECKOH ceTH. ITO MOKET MO3BOJIUTH CPAaBHUTH
3HAUEHUS NIOTOKA OTJENBHBIX PEaKLUi MPU PA3IMYHBIX YCIOBUAX OKpYKarolen cpeasl [8].

PSAMM - 370 eme oauH HAOOP METOAOB MOJCIUPOBAHUS HAa OCHOBE OTPAaHUYCHUN IS
MaHUTYJIUPOBAHUS JParolleHHbBIMU KaMHsMUA. PSAMM mnpemaraer Ty xe (yHKIIMOHATBHOCTb,
gyto 1 COBRApy. Kpome Toro, on pacmmpsier ¢pyakuuonaasHocte COBRApy, npemmaras
KOHTPOJIb BEPCUI, KOTOPBIH MpeICTaBIIsIeT cO00M aBTOMAaTUYECKOE CPaBHEHHE BEPCUIl MOJIENIN BO
BpeMsl peKOHCTPYKIMU Mojaenu. KoHTpoib BepcHil BBIMONHAETCS MyTeM MPOBEPKH MapaMETPOB
MOJIENIM, TAKMX KaK CTEXMOMETPHs pPEeakIfH, COTIACOBAHHOCTb (DOPMYIIBI, COTJIACOBAHHOCTH
3apsjia, IpoBepKa COrIaCOBAaHHOCTH MOTOKA M gapcheck, a Takke nuaeHTudukanus MeTadboIuTOB,
KOTOpblE HE  MOTYyT TEepEeHOCUTh  KAaKOH-TMOO  TOTOK  BHYTPU  METa0OIMUYECKOU
cetu. Odpunmansuas nokymentanus PSAMM  npencraBnsercs  Oosiee  ymoOHOW st
noJsib3oBarens, yeM JokymeHtauus COBRApy, ¢ pykoBoacTBaMH, ONUCHIBAIOIIMMH YCTPAHEHUE
pactipoctpaHeHHbIX  mpobseM. PSAMM  skcnoptupyer  MoaenHd,  KOTOPbIE  MOYKHO
KOHBepTHpOoBaTh ¢ nomouibio COBRApy, uTo 103BOIISIET MHTErPUPOBATH 3TH JBa IPOrPAMMHOI0
obecneueHus [25].

PyFBA - 310 aHanoruyHbelii Ha0Op METOMOB, OCHOBAHHBIX HA OTPAHUYCHUSX, IS
MaHUITYJTUPOBaHUS IparolieHHbIMU KaMHsIM. PyFBA umeeT Toibko 6a30Bbie QYHKITNH, TAKHE KaK
MaHMITYJTUPOBaHHE MOJieNblo, 0a30Bblid aHanu3 FBA u 3amonnenue mpo6enos. JlokymeHTanus
MPEeJICTaBIsIeTCS HEMOIHOM, TaK KaK HEKOTOPBIE CCHUIKM HE MOTJIU OBITh OTKPBITHI TPU HAITMCAHUN
sToro o63opa. Kpome Toro, HeoOXoauma mnpeaBapuTeabHas YCTaHOBKA 0a3bl JAHHBIX MCXOIHBIX
JAHHBIX MOJIEJIH.

Cameo - sto Oubmmorexka Python, koropas mnpu3BaHa TNOMOYH B PpaAIMOHAIEHOM
MPOEKTUPOBAHUM ILITAMMOB JJIsl Lieei MeTtabonnyeckoil nHkeHepuu. Cameo - 3To MoayibHas
CTPYKTYpa, COCTOSIILAsl U3 YETHIPEX OCHOBHBIX MOJTyJIEH:

1) MoaenupoBaHue U aHaIu3 MOJIeH Ha ocHOBE FBA;

2) IlporHo3upoBaHHE CTpaTeruii HOKayTa I'€HOB C HCIOJIb30BAaHUEM HBOJIIOLIMOHHBIX
anroputMoB OptGene unu auHEHHBIX anroputMoB OptKnock.

3) Ilpencka3anue MUIIEHENH MOAYISILIMM 3KCIPECCUH, PEAKIIUI WM T€HOB, KOTOPHIE MOTYT
OBITH MOHMKEHBI WM YPE3MEPHO OTPETYIUPOBAHBI JUISl JOCTHKEHUS OUOJIOTMYECKOH 11eH, TaKon
KaK BBIBEJIEHUE MHTEPECYIOLETO IPOAYKTA;

4) IIporao3upoBaHre KpaTUyalIIIuX BO3MOXHBIX T€TEPOJTOTUYHBIX METAOOTUIECKUX MYTEH,
KOTOpbIE JIOJDKHBI OBITh BBEACHBL [IOMCK TeTEpONIOTHYHBIX pPEAKIUN OCYLIECTBISETCA C
HCIIOJIb30BaHNEM YHUBEpCAIbHOM MOieNin 0a3bl JAHHBIX PEaKIIHii, KOTopasi 00beIMHSAET peakluu
u3 pasubix ucrounukoB (BPEHIA, BUI'T, PES, KEIT) [26-28].

Cameo ummeeT moApoOHYIO IOKYMEHTAIMIO, KOTOpas MOKET OBITh HCMOJIb30BaHA Kak
OTIBITHBIMHU, TaK M HEOMBITHBIMU TIpOrpaMMucTamu. Pa3paboTunku MoryT ucnoib3oBath Cameo
JUISL HACTPOMKU paboyuX MPOLECCOB aHAIM3a UM pa3pabOTKU HOBBIX alirOpUTMOB. HeonbiTHBIE
OPOTPAaMMHUCTBl  MOTYT CChUIATbCA Ha Je(QOPMALMOHHBIA JU3aliH C  HCIIOJIb30BaHHEM
BBICOKOYpoBHEBoro nHTep(deiica [20]. Cameo 6b11 moctpoeH Ha COBRApy 1 COBMECTHM C HUM.

CymiecTByeT Takke HECKOJBKO CHELUUAIbHBIX MHCTPYMEHTOB MOJEIMPOBAHUS, KOTOPbHIE
HCIOJIB3YIOT OJWH WM HECKOJIBKO METOJ/I0B, OCHOBAHHBIX Ha OTPAHUYECHHSIX. DTU HHCTPYMEHTHI
MOTYT OBITh MCIIONB30BaHbI, €CIM OOILIME WHCTPYMEHTHl HE MOTYT OBITh MCIOJIb30BAaHBI, WIH
JOTIONTHUTEIBHO, €clii  HeoOxoauMm Oosiee JeTanbHBIM  aHanu3. B 1enoMm, KOHKpeTHbIE
WHCTPYMEHTBI MIPOILIE, @ X JOKYMEHTAIU JIerue Jisi TOHUMAaHHUSL.

GAPSLIT - sto peanuzamus Python mist ciyuaiiHON BBIOOpKH MoOjeNield, OCHOBaHHBIX Ha
orpaanueHussx. GAPSLIT nHamenen Ha o0nacTé ¢ HEAOCTATOYHOW BBIOOPKOH B MPOCTPAHCTBE
pemenuii flux, yTo mpuBOAUT K OoJiee paBHOMEPHOMY OxBaTy mojeneit Beioopkoit. GAPSLIT
MO>XHO HCIIOJb30BATh [IJIi CPAaBHEHUS JParolE€HHbIX KaMHEW B pa3IMYHBIX YCIOBUAX
OKpYKarollen cpebl (HarpuMep, MpH BbIpalllMBaHUHM Ha Pa3HbIX HCTOYHUKAX YIIIepoja), YTOObI
HOJIYYUTh CPETHUE 3HAUECHUS [TOTOKA JUISl OTAEIbHBIX PEAKIIUM.
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FastSL-py - 3T0 anroputm A HACHTU(UKAIIME CHHTETHYECKUX JIETAJIOB BBICIIETO MOPSIKA
B JIparolieHHbIX KaMHsX. boiiee BEICOKHE CHHTETUYECKHE JIETAJIbHBIE HCXO/IbI - 3TO HAOOPHI FEHOB
WIM peaklui, KOTOpbIE MOT'YT MOJABJISATh CKOPOCTh POCTa OpraHu3Ma TOJIBKO TOrJa, KOIrja Bce
OHU MHAKTHBHPOBAHBI. DTO MOKET MO3BOJIUTh UAECHTU(PHUIMPOBATh HEOXKUJAHHBIE T€HETUYECKHE
U3MEHEHUS U KOMOMHATOPHBIE JIEKAPCTBEHHBIEC MUIIICHH.

CoBAMP -

3TO MOJYJbHBIA (QPEWMBOPK Ui CETEBOr0 aHajiu3a JparoleHHbBIX

kamHell. COBAMP peanusyer nBa THIa CETEBOrO aHANIM3a: PEXKHUMBI 3JIEMEHTAPHOIO IOTOKA
(EFMs) u Habopsl MuHUManbHBIX cokpamenuit (MCSs). DOM MUHUMAIBHBI, HE TMOIAIOTCS
Pa3I0KEHUIO0 U UMEIOT CTallMOHApHbIE MYTH BHYTpU MeTabonmuueckoit cetu. EFM Moxer ObITh
UCIOJIb30BaH B META0OIMUYECKOW MH)KEHEPUH Ui ONpEIeNeHHs] KpaTyalinx OMOXMMHUYECKUX
nyTeil, KOTOpble TeHEPUPYIOT HHTepecyomue npoaykTbl. MCSS - 3T0 KOHIENINY , CBSI3aHHBIE C

EFMs [29] .
Tabnuna 2- [TojapobHOe onricaHue HHCTPYMEHTOB CTATUYECKOTO MOJICITUPOBAHUS
N Penosurop Jlokyme | Crtn
BoixomHol . HT. win | .Pyth
Nms DOyHKIUSA Bson WU WIN
CUTHAI 9KBUBAI | 0N
9KBUBAJICHT
eHT Ver.
1 2 3 4 5 6 7
Hosbie Momenn moryT | B 3aBucUMOCTH
Cobra PekoHCTPYKIM | OBITH CO3AHbI C HYJIS, | OT LEIH https://gith | https://c
ST MOJIEITH, MTOJIIEP/KUBAIOTCS uccimenosarens | ub.com/ope | obrapy.r
toolbo 3.X
x MaHMITYJUPOB | MOAETH B popMarax BO3MOXKHO ncobra/cobr | eadthed
anue u aganuz | XML, JSON, YAML, | "Heckonbko apy 0Cs.i0
MATLAB u Pickle pe3yJIbTaTOB
ITonnepxxuBaet B 3aBucumoctu hitps://gith
Pexoncrpykim ub.com/zha i
B MojIeNn B popMaTax OT TIEeJTH nalab/psam https://p
PSAM 0’6cn KUBARH YAML HCCIICI0BATEI —g—p—m httos:// samm.re | 2.7 u
M Y (Ipe AMOYTHTENBHBII BO3MO’KHO M, UPS-9 | o thedo | 3.x
€ ¥ aHaIH3 ithub.com/z x
MO ¢opmart), XML, JSON | HeckoybKo hanalab/osa | SS1°
A u Excel pe3yIbTATOB hanglabipsd
mm-import
PekorcTpykin B 3aBucumoctu
7 MOACIH, oT e : http://lin
PyFB zai%iiiinﬁ Mogens B hopmare UCCIIEIOBATEIS ?;L '/i/:;]rzjst? Ii salrob.qgi ﬁ;ﬂ?
A p SMBL BO3MOYKHO FORGIUD.1 | 4 i/
aHaIu3 o/PyFBA/ e
ananca HECKOJILKO PYFBA
pe3yabTaTOB
MOTOKOB
PaGoune
MPOIIECCHI
Mertabonmmueck | IlommepxkuBaet B 3aBucumoctu
Ol MIDKEHEPUH | MOJENH B popMaTax OT TIeTTH https://qith .
IS XML, JSON, Pickle, uccienosarenrs | ub.com/bio hit S'//(.: 3.X
Cameo —=———— | ameo.bi
palMOHATIBLHOT | BO3MOXKHA 3arpy3ka BO3MOYKHO sustain/cam o
0 MoJieei u3 0a3nl HECKOJIBKO eo =
npoekTupoBaH | naHHbIX BiGG Models | pesynbTaros
ust
nedopmarit
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1 2 3 4 5 6 7
Mogens B popmaTte CHHCOUK https://qgith
. CITy4YaitHo .
GAPS | Cnyyvaiinas XML, KOJHueCcTBO O TOGDANNAIX ub.com/jen | 3%
LIT BBIOOpKa 00pa3uoB s p senlab/gaps '
reHepatm OTJICNBHBIX plit
MIOTOKOB
O dexTuBHas
. https://f
MICHTHOUKANNS Criucok https://qgith I
CHHTETHUYCCKHUX astsl-
FastSL | cMeprenbHbix Mogens B popmaTe | KaraioroB ub.com/Ra readt 35u
MAT T'CHOB B manLab/Fa | DR 13 g
TCHOB W/WJIH (bopmare CSV StSL - hedocs.i
HabOpOB p Sy 0
peaxkuun
Konnenmu
aHaM3a
ThACKTOPHH, Koaddunumentsr | https://gith | https://c
TaKue KaKk .
CoBA S OMOHTADHLE Mogens B popMaTe | MOTOKA B BHIE ub.com/Bio | obamp.r 3%
MP P XML cloBapeit SystemsU | eadthed '
PEXKUMBI IOTOKA -
Python M/cobamp | ocs.io
Y MHHUMAITbHBIE
HaOOpEI
OTpPE3KOB
[Mpumeuanue: Sueliku co 3HaKoM Jeduca B TabaHMIE YKa3blBAaIOT Ha TO, YTO JMOO HE OBUIO JOCTYITHOW
nHopManuy 1y 3anojHEHHs SUYeHKH, JTU00 B MHCTPYMEHTE OTCYTCTBYET (YHKLUS, KOTOpas JOJDKHa ObITh
3arnosiHeHa B siueiike. Python 2.x otHocutes x Python 2, Python 3.x otHocuTcest k Python 3, + oTHOCHTCS K BBIITyCKaM
Bepcuii Python Haj HOMEpoM, psiIoM € KOTOPBIM PacIioyIokKeH 3HaK +

3aBuCsIIME OT KOHTEKCTA JPArolieHHbIe KAMHU MOXHO PacCMaTpUBATh KaK CIIETYIOIIHIA
YpOBEHb OrpaHUYECHUN, NMPUMEHSIEMBIX K JPAroleHHbIM KaMHSM, B JOMOJHEHHE K OOBIYHBIM
OTPAaHWYCHUSM. JTU JIONOJHUTEIbHBIE OrPAaHUYCHUS OOBIYHO CBSI3aHBI C HMHTErpanuen
MHOTOMEpHBIX JAaHHBIX, TaKUX KaK TPAHCKPUITOM-, JaHHbIE, OCHOBaHHbIE Ha MPOTEOMaXx,
MeTaboomMax win QIIIOKcoMax. Bpiio moka3aHo, 4TO KOHTEKCTHO-3aBUCUMBIE T€MMBI OTTHCHIBAIOT
Jydlliee pachpe/eieHne MOTOKOB B KJIETKaX U TKaHSX, a TakKe crelu(uyecKkue ycloBusl, Takue
KaK pa3JIu4Hble CTaUU pa3BUTH KJIEeTOK [30].

Sshio - 310 KOHBeliep I CO3MaHHMS MOJENIEH TEHOMHOro MacmTaba ¢ OCIKOBBIMU
crpykrypamu  (GEM-PROS). GEM-PROs - 3to pacmmpenne oObraHbix GEMS, koTopbie
I00ABIISIIOT JaHHBIE, CBsi3aHHBIC ¢ Oenkamu, B GEMSs, npeoOpa3ys ux B 0a3bl 3HAaHUH, CBA3aHHBIC
c OenkamMu. AHHOTAIUSl BBIMIOJIHAETCS ITYTEM COMOCTABIECHUS HACHTU(UKATOPOB OEIKOB U3
Moaean ¢ Omoxumudeckumu Oazamm maHHbIX, TakumMu kKak KEGG wmmm UniProt. Jlanusie,
CBSI3aHHBIE C OETKOM, JIOJDKHBI BKIIIOUATh APXUTEKTYPY JOMEHA, CEMEHCTBO OCNKOBBIX CKJIAMIOK,
CTEXHOMETPHUIO WM CTPYKTYpHYIO MH(popMaluio. MonennpoBaHiue rOMOJOTHH BO3MOXHO Jist
0€NKOB, y KOTOPBIX OTCYTCTBYET nocTymHas cTpykrypa. GEM-PROs moxHO ucnonb3oBaTh B
Pa3IUYHBIX MPHUIIOKEHUSX, B 3aBUCUMOCTH OT MHTEpecoB HccieaoBarens. OMHUM U3 IPUMEPOB
SIBJISIETCSL ICCIIEIOBAHNE TOTO, KAK M3MEHEHUS B CTPYKType Oelka MOTYT BIMSTHh Ha KJIETOUHBIHA
MeTabonu3M. Ssbio pacmosiaraer moapoOHON JOKYMEHTAIME C MOMIAaroBbIMH PYKOBOJCTBAMHU
Kak 1o pekoHcTpykuuu GEM-PRO, tak u no ucnons3oBanuto GEM-PRO, kotopsie yxe Obuin
pexoHcTpyupoBansbl. [lockonbky mist pekoHcTpykuuun GEM-PRO Ha ceromHsimHuii  JeHb
TpeOyeTcst cOop OOUIMPHBIX JaHHBIX O Oenkax, Toibko GEM-PRO mis Escherichia coli 6bu1
PEKOHCTPYHPOBAH.

Metabolites2Network - sTo mpocroii ko Ha Python , koTopsIii HOMOTraeT HHTEPIPETHPOBATH
MeTabonuueckrue mpoduiu, cBs3bIBasi METa0OJIUTHI C UX COOTBETCTBYIOIIMMHU METa00IMYECKUMU
peakmusimu ¢ GEMs [31]. Metabolites2Network ucnonb3yer meton, ocHoBanHblii Ha ChEBI-
OHTOJIOTUH, Ui OTOOpaKEHUSI META0OIMTOB, KOTOPBHIA MO3BOJSET OTOOpakaTh, HECMOTpPS Ha
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pa3nuuus B MHPOpPMALUK WACHTU(PHUKATOPA U aHHOTAIMK MexXay 06a3o0ii nanHbix 1 GEMs. OtoT
MHCTPYMEHT ObUI MCIIOJIb30BaH JJIsl MPUBSI3KHM JIMIIKMIOMHBIX HAa0OpOB AaHHBIX K Recon2.2,
BBICOKOKAUECTBEHHOMY Y€JIOBEUECKOMY JIPArollecHHOMY KaMHIO.

RIPTIDE - 5T0 mnpocToii HMHCTPYMEHT, KOTOPBIA CO3/Ja€T KOHTEKCTHO-3aBUCHMBIC
OaKkTepHalbHbIC KEMUYXUHBI JUI W3Y4YE€HHUS aJalTUBHOW SBOJIIOLWH, MABIKYIIEH CHIIBI
MHUKPOOHBIX B3aMMOJCUCTBUI © TMposiBIeHUss Oone3nu. Uto6sr mgoctuub 31oro, RIPTIDE
uHTerpupyer pFBA ¢ TpaHCKpuNTOMHBIMM JaHHBIMU [4]. IHCTpyMEHT COOTHOCHUT CpEIHHE
3HAYEHUS OTOKA C UMEIOUIMMHUCS JaHHBIMU 1 MUHUMHU3UPYET MOTOK 33 CYET peaklUid ¢ HU3KUM
COJICpKAHUEM TPAHCKPHUITOB. DTO TMO3BOJsET HISHTU(UIIMPOBaTh 3HEProdddeKkTuBHbIC
OMOXMMHYECKHE IyTH, KOTOpble AaKTHUBHBI B KieTKaX. Puntua OblT  HMCHOJB30BaH AJIs
UJICHTU(UKAIIMA aKTUBHBIX KOHTEKCTHO-3aBUCUMBbIX myted B Escherichia coli yn. K-12, 6e3
IpeBapUTENILHOTO 3HAHUSI cocTaBa cpenbl. Kpome TOro, MHCTpyMEHT MpaBMIIBHO MpelcKa3al
temriel pocta Escherichia coli str. K-12, momy4enHnsiii u3 00padoTaHHON KIMHAAMHUIIMHOM CIICTION
KHILIKYA MBIIIH.

PyTFA - sto Python-peanmnsanusi aHanu3a MOTOKOB Ha OCHOBE TepMoAMHaMUKU. OH
00BeANHSIET KOJIMYECTBEHHBIE JaHHbIE META00JIOMUKH, TaKHE KaK KOHIIEHTPALlUKU METa0O0JIUTOB U
cBoOoHBIE SHEeprun I nbOca, 1715 TEPMOIMHAMUYECKOTO OTpaHHYEHHSI HAIPaBJIEHHOCTH PEAKIIUU
B JIPAarolieHHBIX KaMHSX. 3aT€M 3TU TEPMOJUHAMUYECKHE OrpaHuYeHUsT 00benuHstoTcs ¢ FBA B
OHY M Ty € MaTeMmarthdeckyio 3amauy. Mogenu pyTFA Obumn mocTpoeHBl Ha MOJAEISIX
COBRApy ¢ TpeMmss OOTOJHUTEIBHBIMHU CJOsSMHU. [IepBbIil ClIOM COmEpXUT HHPOPMALHUIO O
KOHIIGHTPAaLlMM KaXJ0T0 MeTaboauTa B KOMIApTMEHTE, HWOHHOM cuie, pH wu apyrux
cBoicTBax. Bropoii cioit comeput MetabonuThl ¢ uaeHTudukatopom SeedID mist momydeHus
TEPMOJIMHAMMYECKUX 3HAYeHMH M3 0a3 maHHBIX. TpeTwil cioil coxep’kajll aHHOTAIMOHHYIO
uH(pOpMaLIMI0O O KaxJIoM MeTabonute. IHCTpyMEHT HCMONb30BaJCAd [JIs OTPaHUYEHUs Kak
CokpaieHHoro, Tak u mosiHoro Escherichia coli GEM (iJO1366). pyTFA wumeer xoporio
HAIMCaHHYIO JJOKYMEHTAIUIO C IPOCTHIM IPUMEPOM CLIEHAPHUSL.

Ta6mmma 3- [TogpoOHOE onvicaHyie HHCTPYMEHTOB T'€HEPAIMHA KOHTEKCTHO-3aBIUCHMBIX MOJICIICH

Brixoanoii Penosutopn JIoKyMeHT. Ui Crra.
Nms DyHKIMSA Bron A U unm Y ) Python
CHTHAI M DKBHBAJIEHT
JKBHBAJICHT Ver.
1 2 3 4 5 6 7

Bbaza 3nanwui, Nnentudukatopsr

Eg;{r;ﬁz};ﬂ ;i::?; /(?:;I;zi’ﬂow hitps://ssbio.re

MOZICIIH €O u 6em?03 JO Mogaens GEM- https://githu | adthedocs.io ;
Sshio c A CTVDHLIMIL HEOBXO I:IMO PRO B popmate | b.com/SBR | https://github. | 3.x

TPYKTYP IO, XML Glssbio COm/SBRG/G

JIAHHBIMU, MOJICIUPYHTE B EMPro

CBS3aHHBIMH C ¢dopmare XML nnn =

Oenkamu MAT

ComnocTaBiieHHE MerabomommEIi

JE——— Ha0Op NaHHBIX O

MeETa00INTaX

HA0OPOB JTaHHBIX ’ Cnucox https://forge
t'\)/cl) ?;[tae JUTIAIOMUKH C EEI;ISYZETBYIOGL;HX B OJI00paHHBIX mia.inra.fr/m
sONet METa00IUTAMH B Vo CIJ)II/I y;OqI)Jg \aTe MerabonuToB B | etexplore/me | - 3.4
work METa00INYECKHX IS OHN I/I’JII/I TSlz/ ¢dopmare TSV tabolomics2

CETAX Ha OCHOBE nim JSON network

OHTOOIUH (npuBeneH mpuMep E—

ChEBI co3aHus Habopa

JIAHHBIX )
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[Ipomomxenne TabauIb! 3

1 2 3 4 5 6 7
Momudunuposa
HHasl MOJIEJIb B
mate XML
MunuMuzanus ?Op N
[TOTOKA HA OCHOBE MCHBIICHHBIM
UHTErpaIiH Mogpens B popmare y s e
RIPTi | nammsix XML: nattbre MIPOCTPaHCTBOM https.//m_thu_ https.//glthub._
DE DAHCKDHITOMIK ch’K HITOMA B perreHus, b.com/mjeni | com/mijenior/ri | 3.6+
Hpmﬂ p (T;opMafe TSV KOTOpOE or/riptide ptide
O0JIKHO
OaKTepHuaIbHBIX A
Mozeneii o0ecIeunTh
0oJiee TOUHOE
pacmpeneneHue
[IOTOKA
nrerpatus TepmoguHamuy
KM https://githu
pyTF | konuyectBeHHBIX | Mopens B hopmaTe ec https://pytfa.re
orpaHHYeHHast b.com/EPFL - 3.5
A JTAHHBIX XML adthedocs.io
eTABOTOMUKH MOJIEJIb B -LCSB/pytfa | —
¢dopmare XML
Ipumeuanue: Suciiku co 3HaKoM aeduca B TaOiUIE yKa3bIBAIOT HA TO, YTO JIMOO HE OBLIO JAOCTYHHOM
nHGOPMANUN IS 3alOJTHCHUS SYCeUKH, MO0 B WHCTPYMEHTE OTCYTCTBYET (DYHKIIMS, KOTOpas IOJDKHA OBITh
3amoiHeHa B sdeiike. Python 2.x orHocurcs k Python 2, Python 3.x otHocutcs x Python 3, + obparutech k
BBITTyCcKaM Bepcuii Python Haj HOMEpOM, psSJIOM ¢ KOTOPHIM PACIOIOXKEH 3HAK +

Co3nanue MOJIeNH ¢ y4eTOM 3aTpaT Ha (PepMEHT B 3aBUCUMOCTH OT KOHTEKCTa

[Ipornosupyromas cnocooHocth GEM ocHOBaHa Ha OTHOCHUTEITHHO MPHOIM3UTEIHHOM
ONKCAaHUM COCTaBa OMOMACCHI, KOTOPOE YYHMTHIBACT TOJBKO 3aBUCSIIUE OT POCTa U3MEHEHMS,
NPOUCXOSIIAE B KJICTOYHOM MeTadoiIu3Me. DHEPreTHUECKHEe OrpaHWYCHUs, HajlaraeMble
(GYHKIMOHATIHHBIMI MAaKpPOMOJIEKYJIaMHU Ha COCTaB OroMacchl, 00bIYHO onyckatoTcsi. OJHaKoO eCcTh
HEKOTOPBIE CBUJICTEIHCTBA TOTO, UTO, IO KpaliHEH Mepe, B MacIITabe OTACTHHBIX OMOXUMHUYECKUX
nyteil, ¢GepMeHTsl U JApyrue (YHKIHMOHAIBHBIE MaKpOMOJEKYJIbl HCTOIIAIOT 3HAYUTEIHLHOE
KOJIMYECTBO  KJICTOYHBIX PpECYpCOB, BIHsS Ha MAaTTEpHBI pEryisuuu  myteld. Takum
o0pa3oM, O)KUJaeTcsl, 4TO BBEACHUE 3aTpaT Ha OMOCHHTE3, CBS3aHHBIX C (EepMEHTaMu, B
ypaBHEHHE OHOMACChl YIYYIIMT pPe3yJlIbTaThl B CHIIMKO MPEACKA3aHUs, CTeHEPUPOBAHHBIC
JparolicHHBIMKU KaMHsMU (Ta0uia 4).

CyIecTBYIOT J1Ba KOHIICTITYaJIbHO CXOXHX , HO HE3aBHCUMBIX MOJIX0/1a, KOTOPBIE PEIIatoT
3Ty mpobnemy: aHanu3 Oamanca pecypcoB (RBA) u meraGonu3sm M MakpOMOJIEKYJspHAas
skcnpeccust (ME) [32]. Ilpunnmmn, nexxamuyii B OCHOBE 3THUX MOJXOJI0B, 3aKIIOYACTCS B TOM, YTO
depMeHTsl U Apyrue  (QYHKIMOHAIBHBIE MAaKpPOMOJEKYJIbl I00aBISIOTCS B  KadyecTBE
MICEBIOMETA00UTOB K COCTaBy OHMOMAcCChl, a MaKCHMaJlbHash €MKOCTh (epMeHTa, KOTopas
SBIISICTCS MPOAYKTOM KoJM4ecTBa (epMEHTa M YHUCla ero o0OpOTOB, TakXke J00aBIISETCS B
Ka4eCTBE JIOTIOTHUTEIEHOTO OTPAaHWYCHHUS Ha paclpeie]ieHne MeTab0IMIeCKOTro TIOTOKA.

RBApyY - sto Python - peamusanus ¢peiimBopka RBA. Pekoncrpykuus mozenn RBA
ciokHa; onHako RBApy mpenmocraBisier moApoOHy:0 —JOKyMeHTanuoo. YToObl  Hayath
PEKOHCTPYKITUIO MOJIENH, HeOOX0AMMO BBeCTH HieHTU(]HKaTop TakcoHa Uniprot organism st
CO3/aHMsI BCTIOMOTATENbHBIX (hailioB. BHyTpU 3THX BCriOMOTraTeNbHBIX (DaiiyioB JOKHA OBITH
yKazaHa cieaywomas uH)opMaiusa: OTAeNCHHS JUIsi MEeTa0OJUTOB, MOTPEOIsIEMbIE WM
MPOU3BEICHHBIE META0OIMYECKHe IMPEAINISCTBEHHUKH OWoMacchl W HHpOpMAIUs O
MOJIEKYJIpHOM MexaHu3me, Takasg kak TPHK, cpenHuii coctaB manepoHOB H COCTaB
pubocom. Kpome Toro, amsi Kakaoro OJHO3HAYHOTO OeiKka [OJDKHA OBITh TMpeocTaBiIeHA
JOTIONTHUTENbHAS HHpopManust o KodakTope (Ha3BaHWE, CTPYKTypa CYOBCAMHHIBI H
CTeXHoMeTpusi KogpakTopoB Ha Oenok). JlanpHelmmas KaluOpoBKa UYEPHOBOW  MOJENH
BBITTOJTHSICTCSI C TIOMOIIBIO CIIEAYIOIINX MIaroB:

1. Ouenka NpOLEHTHOTO cojepXkaHus Oelka Ha KJIETOYHBIA KOMIIAPTMEHT, JUIS 4Yero
TpeOyIOTCSl IPOTEOMHBIEC JAaHHBIE IS KJIETOK C Pa3HOM CKOPOCTHIO POCTA.
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2. Onenka nonu HehepMEHTATUBHBIX OENKOB (MOIICPKUBAIONINX WM XO3SHCTBEHHBIX
0eNIKOB) Ha KJIETOYHbBIN KOMIIAPTMEHT, KOTOpasi MOXET ObITh OLlEHEHA MO0 MIPOTEOMHBIM JaHHBIM
JUISI KIIETOK C Pa3JIMYHBIMU CKOPOCTSIMH POCTA.

3. OreHKa KaTATUTHYECKUX CKOpocTel (pepMEHTOB, Il 4ero TPeOyIOTCS MPOTEOMHBIC U
JOTIOTHUTEIIbHBIC (DTFOKCOMHBIC JTAHHEIE.

Eciu de novo pekoHCTPYKIUST MOJeNIM HEBO3MOXKHa, RBApy 1M03BOJIsIET HCIIOIB30BaTh U
MOIU(HUIMPOBATE YK€ PEKOHCTpyHpOBaHHbIE Moeu. Ha ceroausamumii nens moaenu RBA yxe
pa3paboTaHbl IS CACIYIOIIMX MOJEIBHBIX OpraHu3MoB: aukoro Tuma Bacillus subtilis 168,
mukoro tuna Escherichia coli K-12, u cnpoexktupoBannas ¢ukcanus CO2 Escherichia coli K-
12 nanpspkenune. Hakoner, RBApy mMeer BCTPOGHHYIO HMHTETpAIlMI0O C  TOMYJISIPHBIMH
nporpaMMaM¥ BU3yaJH3aluy , TaKUMU Kak Escher u Proteomaps.

COBRAmMe - sto pacmmpenune COBRApy , menpi0 KOTOPOTO SIBISETCS TMOCTPOEHHUE
mozened ME ¢ yMeHbIIEHHBIM pa3MepoM U clioxHOcTbio [33]. ME-mMonenu npenckasbiBaoT
ONTUMAJIBHYI0O  MAaKpPOMOJEKYJISPHYIO  JKCIPECCHI0, KOJMYECTBO  OTHENIbHBIX  OENKOB,
HYKJICOTHI0B U KO(AKTOPOB, HEOOXOAUMBIX Il OMTUMAIBHOTO pocTta. UToObI 1OCTUYH 3TOTO,
COBRAme coenuHseT OTHOEIbHBIE PEAKIMOHHBIE TMOTOKM C CHHTE30M POJICTBEHHBIX
MakpomoJsiekyid. CHHTe3 MakpoOMOJIEKyl TpeOyeT MoApoOHONW HMH(POpPMALUU O TPAHCKPUIILIHH,
TpaHcnsauuy, 3apsaake TPHK u peakiusax oOpa3zoBaHus O€IKOBBIX KOMIUIEKCOB, KOTOPbIE TPEOYIOT
noipoOHoI nHpopMaIuu (Takoi kKak Ha3zBaHue, crexuomeTpus, Turn PHK, mocnenoBarensHOCTH

U CBSI3aHHBIE CyOpEaKInm).

Tabmuma 4- IlompoOHOe ommcaHWEe DH3UMHONH CTOMMOCTH BKJIIOYAJIO MHCTPYMEHTHI T'e€HEPAIHH
KOHTEKCTHO-3aBHCHUMBIX MOJIeIeit
Penozuropu Cora,
BorxomHoi . p Hokyment. un | Pyth
Nwma OyHKIUA BBox U nuin
CUTHAI Y SKBHBAJICHT on
OKBUBAJICHT
Ver.
AHHOTHpPOBaHHAS
Coznanue u MoeNb B popmate
MonenupoBarn | XML,
e UACHTH(PHUKATOP
OaxtepuanbHbl | opramm3ma Uniprot, | OrpaHndeHH httos://svsbioi
3 A . H :
X Mojenei 3aIIPOIIEHHBIN I | as MOJeb https://sysbio M. H5ysbiot
RBA N - - — | nra.github.io/ | 2.xu
RBA nytem aBTOMAaTU4ECKOM RBA B inra.github.io
py RBApy/usage | 3.x
WHTErpaIn 3arpy3Ku u bopmate [RBA html
MaKpOMOJIEKYJ | HHTETPaluu XML —
SIPHOTO JTAHHBIX O
cocTaBa MaKpPOMOJICKYJISPH
KJIETKH OM COCTaBe B
MOJIEJTh
[IporpammHuas
OCHOBA JIJTst Hukakux
reHepanuu KOHKPETHBIX A
COB | ME-mopeneit BXOJHBIX JTaHHBIX MOJICITHPYIO https://qgithub | https://cobram | 2.7+
RA | myrem He TpeOyeTcs, B opmare .Com/SBRG/ | e.readthedocs. | u
me UHTErpaIin mozenb ME moxker | JSON wmnu cobrame io 3.5+
3arpar Ha OBITH CO3/IaHa C pickle
OnocuHTE3 HYJIS
npoTeoMa

[Mpumeuanue: fueiiku co 3HaKoM neduca B Tabnuie yka3plBalOT Ha TO, YTO JHOO HE OBUIO JOCTYITHOM
uHoOpMaLMK Ul 3alOJHEHMs SYEHKH, MO0 B MHCTPYMEHTE OTCYTCTBYET (YHKIMS, KOTOpas JIOJDKHA OBITh
3amosiHeHa B staeiike. Python 2.x otHocutes x Python 2, Python 3.x oTtHOcHmTcs k Python 3, + otHOCHTCS X
BBIIyCKaM Bepcuil Python Ha HOMEpOM, PSAIOM C KOTOPBIM PACIION0KEH 3HAK +
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XoTs MeTaboIMYecKoe MOJISTUPOBAaHNE B MacIITade TeHOMa MOXKET OBITh HCIIOIH30BAHO
JUISL IPOTHO3UPOBAHMS CTAllHIOHAPHOTO METAa0O0IU3Ma, OHO HE MOKET OBITh MCIHOJIB30BAHO MJIS
ONMCAHUS POCTA B YCIOBUAX U3MEHSAIOLIENCS BHEKJIETOUYHOW CpPEbl, TAKOW KakK IMEPHUOIUYECKOE
KyJIbTUBHpOBaHUe. HampoTuB,  OCHOBBI ~ JMHAMMYECKOTO  MOJEIUPOBAHUS  YUYUTHIBAIOT
NepeXOAHbIE COCTOSHUS, KOT1a KOHIIEHTPALUN METa00IUTOB U3MEHSIOTCS C TEUEHUEM BPEMEHH,
U YCTOMYMBBIE  COCTOSIHMS, Korja  oOecreuMBaeTcs — HadallbHasg  KOHLEHTpaLus
MeTa0oaUTOB. /IluHaMu4Yeckoe MoJenupoBaHue TPeOyeT JONOJHHUTEIbHBIX OTPAaHUYECHUH, UYTO
JIEJIaeT €ro CJOKHBIM B BBIYMCIUTEIBHOM OTHOIIEHMH. OH OCHOBAaH Ha MapaMETPU30BAHHBIX
Habopax HEIMHEWHBIX OOBIKHOBEHHBIX AuddepeHunanbubix  ypaBHenuin (OY), koropsie
MPEJICKAa3bIBAIOT BPEMEHHbIE TPACKTOPUHU BHIOPAHHBIX MPOIIECCOB U MPEIOCTABISAIOT BBHIXOJHBIE
JaHHBIC, KOTOpPbIE MOTYT OBITh WHTETPUPOBAHBI C OKCICPUMEHTAIBHBIMU JaHHBIMH IS
HECKOJIbKUX BPEMEHHBIX TOUEK, KOT/Ia OHU JOCTYIMHbI. B CHIIMKO MPOTHO3bI OCHOBaHBI HA 3aKOHAX
KUHETHYECKOW CKOPOCTH, TOT/Ia KaK KOHEYHbIE 3HAUEHUS MTOTOKA MOJIyYeHBI ¢ HCIIOJIb30BaHHEM
PaBHOBECHBIX KOHIICHTpanuii MeTaboauToB. B pesynbraTe O/1Y TpeOyroT BXOIHBIX 3HAYECHUH JIJIS
KWHETHYECKUX TTapaMeTPOB U SKCIIEPUMEHTAIBHBIX KOHIIEHTpaluii MetabonuToB. Kunernueckue
napaMeTpbl MOTYT OBbITh MOJIY4YeHbl U3 0030pa JIUTEpaTypbl Wi 0a3 JaHHBIX. J[BymMs BaKHBIMU
6azamu gansbix sBsiorcs BRENDA u SABIO-RK. BRENDA conmepXuT BpyuyHylO U
ABTOMATUYECKU H3BJICUYCHHBIE NaHHbIE O CHEHU(PUYHBIX (epMEHTaxX W3 MEPBUYHONW HAyUHOU
muteparypsl [16]. SABIO-RK copepxut nHpopMmamuo o OHOXMMHYECKHX PEAKIUsAX U MYTSX,
CBSA3aHHBIX C (epMEHTaMH, BKJIOYash METa0OJUThL, PACIOJIOKEHHE KJIETOK U APYryro
uHopMalnIo, cBA3aHHYI0 ¢ pepmentamu. MHpopmanus, cBa3aHHas ¢ pepMEeHTaMHu, KOTOPYIO
MOXXHO HaWTH B 0a3zax naHHbIX, BkirodaeT Ku (Koncranta Muxasmuca), IC50 (momoBuHa
MaKCHUMAJIbHOH  MHTUOMPYIOIIEH  KOHIEHTpauuu), Keomxa (HOMEp  00opoTa), Ki (koHCTaHTa
JIUccoIMalum), crenuduueckas akTUBHOCTH (epMeHTa | Vi (MAaKCHUMalIbHAs CKOPOCTH
peaxiun). [ToTeHIMAIBHBIM OrpaHUYCHHEM TUHAMUYECKOTO MOJEIMPOBAHUS SBISETCA TO, YTO
Takue TMOAPOOHbIE MOJEIN CYIIECTBYIOT TOJBKO [UIsi HECKOJIbKMX IyTe B MOJENbHBIX
opranusMax, Takux Kak Escherichia coli u Saccharomyces cerevisiae, mTOCKONbKY HX
KHHETHUYECKUE CBOMCTBA OBLIM XOPOIIIO OXapaKTepU30BaHbI [34].

DMPYy - sT0 KOoHBelep /Uil TeHepaluu AuHaMu4deckoil mogenu FBA 6e3 ydera 3arpar Ha
depmenT. OH HCMONB3yeT OMOXMMHUYECKYIO CETh B KaueCTBE BXOAHBIX JAHHBIX MJISl MOHMCKA
KUHETHYECKUX CKOpPOCTEH IS CO3/1aHUs MaTreMaThdeckod mopenu. Kuneruueckue cKopocTu
UIIyTCsS B OHNaiiH-0a3ax maHHbIX, Takux kak BRENDA, eQuilibrator u SABIO-RK [16]. dus
Tapru(oB, KOTOPbIE HECOBMECTUMBI, HETIOJHBl WIM HEJOCTYIHBI, UCHOJb3yeTcsl OaJaHCHPOBKa
napametrpoB. Ha ceroansmHuii AeHb OBbUTM PEKOHCTPYHMPOBAHBI CIEAYIOUIME MOJIENU
DMPy: Escherichia coli, Saccharomyces cerevisiae u Lactococcus lactis.

DynamicME - sto pacmupenne COBRAme, KOTOpoe HCIOIB3yeT MaKETHHIC TAaHHBIC O
KyneType Bo BpemeHnH (fed) mist mopenupoBanus ME-Moneneit Bo BpeMeHH. DTOT HHCTPYMEHT
ObUT HWCIOJB30BaH I TMPOTHO3MpOBaHHsA Xoma Bpemenu Escherichia coli. Uepapxus
ucnonb3oBaHus cyoctpata iJL1678b Ha cpese co cMemanHbIM YTIepOIHBIM CYOCTpaToM (auerar,
rajlakto3a, IJI0K03a, INIHLEpHH, L-1akTaT u MaiabTo3a). ITO ObUIO CHEeNaHO MyTeM CO3JaHus
aHcaMOIisi Mojenel, KOTOpbIe HCIOJIB3YIOT pPa3lUYHble CyOCTpaThl W HUMEIOT BO3MYIIEHHBIC
KOHCTaHTBl ckopocTu. [locne sTtoro Mozaenu ObUIM MpoaHATM3UPOBAHBI IYTEM BBISABICHUS
ApXETUMTUYHBIX TpodHIIeH KOHLIEHTPAIIMH METa00IUTOB BO BpeMeHU. Kpome Toro, orpanuyeHus
Ha cojiepkaHMe Oeka, Korja TeKylllee coAepkaHue Oellka 3aBUCUT OT KOJMYECTBau M POCTa Ha
npensinymeM cyoctpare (“mHeprus’ Oenka), HM3MEHWIM METaOONIMYECKHUEe peakIuh Ha
OKPY’KaIOIIYIO Cpeay KojiebaHus, TaKhe KaK MOHMKEHHOE OKUCTUTENbHOE (hochopunrpoBanue u
noBbIIIeHHOE  (ochopunrpoBaHue Ha ypoBHe cybOcrpara. Jlokymenrauuss DynamicME
MpeJICTaBIsIeTCs HeMOIHONW. B HeM ecTh 0JJHO pyKOBOJICTBO, B KOTOPOM IPHUBEAEH MPUMEP TOTO,
KaK HCIIOJIb30BaTh CIIEHAPUH, ONMCAHHbIE B OPUTMHAIBHOW IMyOJIMKalMu. AHAIU3 MOXET OBbITh
BBIMIOJIHEH MYTEM H3MEHEHHUs NMPUMEPOB CLIEHAPHUEB, XOTSI MOXET MOTPeOOBaTHCS HEKOTOPHIN
OTIBIT TporpaMMupoBanus. MHcTpymeHT ObuT peanu3oBan Ha Python 2.7, koTopslil B HacTosIICe
BpeMsl ycTaped.
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Joxym
§ Penuo3mop €HT. U Crrr, Pyt
OyHKIUA BBox BrixoaHoi curuan UH 1 m hon Ver.
9KBHBAJICHT | SKBHBa
JICHT
Kongeitep nns
reHepanuu Monens B
DMp | KHHETHIEeCKHX ¢dopmare OrpannueHHast https://qitla
METa0OTMYECKUX XML, MOJIeNb B (hopmMaTe b.com/wurs | - 2.7
MoJIeJIeH ImyTeM Ha3BaHUE XML sb/DMPy
MOMCKa CKOPOCTEH | opraHu3Ma
peaxiuit
PesynbTathl aHanusa,
A Takue Kak npopuiin
Dyna Junamuueckas MOJEJIUPY | KOHLUEHTPAaLuu https://qgith
OLICHKA KJIETOYHOTO | 10 B MeTabOoJIMTOB Ha ub.com/SB | 57
MeTabonmu3Ma u ¢dhopmate OCHOBE BPEMCHU B RG/dynami '
akcrpeccuu 6enmka | JSON wnmn | COOTBETCTBHH CO cme
pickle CIICHApHEM
XpaHWIUINA
IIpumedanne: Sueitkn co 3HakoM aeduica B TabiuWIle yKas3pIBalOT Ha TO, YTO JIMOO HE OBUIO TOCTYITHOM
nHGOPMANUK IS 3allOTHEHUS SYEHKH, MO0 B WHCTPYMEHTE OTCYTCTBYET (DYHKIHS, KOTOpas IOJDKHA OBITh
3al0JIHEHA B siYeiiKe

3akiiroueHue

CraTbsi COIEPKUT BBEIACHUE U CHCTEMAaTHYECKH 0030p MHCTPYMEHTOB Ha ocHOBe Python
JUTSE METa0OJTMUYECKOTO MOJICITMPOBAHSI B MacTabe reHoMa Ha OCHOBE OTPaHUYCHUH. DTO TaKKe
WITIOCTPUPYET CTENeHb, B KOTOpoil Python MoskeT OBITH MCIONB30BaH B TaKUX OOJIACTSX, KaK
PEKOHCTPYKIIMST W OOCIYy)XMBaHUE JPAroleHHBIX KaMHEH, MojaeIupoBaHue (eHOTHUNA W
BU3yanu3anus. UTo Kacaercs peKOHCTPYKLMHU JIParoleHHBIX KaMHEH, HEKOTOphIe MOMYJIsIpHBIC
WHCTPYMEHTHl PEKOHCTPYKIIMHM JparoleHHbIx kamHed, Takue kak ModelSEED wmm Kbase,
HenocTynHbl uepe3 Python. Tem He MeHee, pa3paboTKy NpOrpaMMHOrO OOecredeHus s
00CITy>)KMBaHUS APAaroleHHBIX KaMHEH, Takoro kak Memote u Gsmodutils, MOKHO paccMaTpuBaTh
KaK BaXXHYIO BeXy, IOCKOJIbKY BBICOKOKAYECTBEHHAs! PEKOHCTPYKLUS JIParoleHHBIX KaMHEH ¢
ucnonp3oBanueM Python crama BO3MOXHOW C TIOSBICHHEM JTHX WHCTPYMEHTOB KOHTPOJIS
KadyecTBa. IHCTpyMEHTHI MoJennpoBanus (enorumna Ha ocHoBe Python mmpoko mucnomnb3yrorcs
JUTIS OTHOKJIETOYHBIX OpraHn3MoB. OJTHAKO MOJIEIMPOBAHUE JIPATrOLEHHBIX KaMHEH Ha YpOBHE
aHcaMOJIsl Bce eIlle HaXxOAMTCS Ha CTaJuu cTaHoBleHHs. J[Be obmacTu, B KoTopsix Python moxer
OBITH UCITOJIB30BAH B OYIyIIEeM, 3TO - MUKpPOOHOM U OoJie3HH YesoBeka. Kpome Toro, MoXxeT ObITh
U3ydyeHa HWHTErpauus C JpYTMMH TOJXOJaMH MOJACTHPOBAHUSA, IOMHUMO KHHETHYECKOTO
MOJICITUPOBAHMSI, TAKUMHU KaK TPAHCKPHUIITOMHBIC CeTH. HakoHeI, CTOMT yIOMSIHYTb, YTO €CITU
TpeOyemast (PYHKIIMOHAIBHOCTh HEIOCTYMHa ¢ Tmomomiplo Python, MoxHO wucmonb30BaTh
JOCTYITHBIE MHCTPYMEHTHI, HAITMCAaHHBIE Ha IPYTHX S3bIKaX MPOrPaMMHUPOBAHUS, MIIM aBTOHOMHOE
nporpamMMHoe o0ecrieueHue ¢ rpaguueckum naTepgeiicom.
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Abstract

For a number of objective reasons, the main ones being the steady growth of the world's population,
as well as pronounced changes in climatic conditions that complicate successful agricultural production,
the world is facing a significant shortage of food and feed for farm animals, which indicates the need for
an urgent increase in their production. The optimal solution to the problem of replenishing the deficiency
of food and feed protein, as well as obtaining a number of biologically active substances that have a certain
effect on the disease of farm animals and the possibility of counteracting damaging factors of various
natures, it seems to be possible to increase the capacity of biotechnological production of microorganism
biomass [1, 2] . A generally accepted option for solving these problems is the production of single-cell
protein [3-5] . Unicellular biomass contains a higher percentage of protein (30-80%) compared to soy
(38.6%), fish (17.8%), meat (21.2%) and whole milk (3.28%), it is a source of essential amino acids,
including methionine, threonine and lysine [6] . Microorganisms have attracted attention as a new food
source due to their low carbon footprint, low dependence on land, water and seasonal variations, combined
with a favorable nutritional profile . Potential microbial protein production technologies, their benefits, the
safety and limitations associated with their use, and the prospects for wider large-scale implementation are
currently being critically reviewed [7] . This is also relevant because the traditional agricultural way of
supplying food animals with proteins is not only insufficient, but can also have negative impact on the
environment and therefore should be revised [8] .

Keywords: yeast; probiotics; feed additives; postbiotics.

Yeast as probiotics.

Yeasts are recognized as the best microorganisms in the production of unicellular protein,
superior to bacteria and algae in the ease of obtaining biomass, high protein content (about 50%
of dry biomass) and amino acids, low content of nucleic acids, as well as the ability to grow at
different acidity levels. Their physiological characteristics, such as resistance to bile salts and acids
and the associated ability to survive in the gastrointestinal environment, hydrophobicity of the cell
surface, the ability to autoaggregate, antioxidant activity and B-galactosidase activity made it
possible to consider Yeast ORGANISMS as very effective probiotics invivo [ 9-11] .

The latter is of particular interest due to the spread of antibiotic resistance in the vast majority
of living eukaryotic organisms and the biological threat to human and animal health, which has
led to the need to abandon them as growth promoters and preventive measures in animal
husbandry. Since this measure was fraught with a decrease in growth rates and an increase in
animal mortality as a result of a number of diseases [12, 13], there was an urgent need to develop
an alternative approach to the prevention of infectious diseases and stimulation of animal growth
and health.

In this regard, probiotics or direct-fed microbes have been recognized as increasingly
popular for improving the health of farm animals and increasing their productivity and have shown
great potential for increasing the profitability of livestock farming. Probiotics - microbial cultures,
their extracts, enzyme preparations or combinations thereof - when administered in adequate
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quantities, improve the health of the host by modulating the intestinal microbial environment,
fermentation patterns, nutrient supply and dietary digestibility [14, 15] .

Along with probiotics based on bacterial strains, yeasts, mainly Saccharomyces , are widely
used cerevisiae ( SC) [15, 16] , the beneficial effects of which on animals are largely due to the
fact that they stimulate the development of rumen microorganisms, and also affect general health
and productivity [17, 18] .

From the very beginning of life, the sterile gastrointestinal tract of newborn mammals is
colonized by a variety of microorganisms, which is influenced primarily by inoculation from the
maternal birth canal [19] . the conditions under which the birth process occurs, diet, as well as
prophylactic antimicrobial drugs used in animal husbandry. Numerous studies have established
that the most critical period for calves is the period of their transition from a predominantly dairy
diet to solid feed, which is carried out in a short period of time. According to some data, mortality
from diarrhea during this period reaches 25-87% [20, 21] . Surviving calves show slow growth
and a subsequent decrease in productivity [22, 23] , which is associated not only with metabolic
adaptation, but also with large changes in the microbiota intestines [24] .

The intestinal microbiota already at an early stage of animal development has an important
metabolic significance [25] , it affects energy metabolism [26] and has a major influence on the
maturation of the adaptive and innate immune system [19, 27] , which is reflected in performance
indicators in later life , as well as resistance to various diseases. A number of studies have discussed
the factors that determine the growth of microorganisms colonizing in the rumen, the formation of
commensal microbiota after weaning, as well as the existence of significant links between the early
microbiota, the development of the mucosal immune system and the growth and health of newborn
calves [28, 29] . Given that newborn calves are most susceptible to intestinal diseases, these data
allow us to develop potential strategies for manipulating early microbiota to improve animal health
and performance.

The high mortality rate in calves caused by intestinal infections, coupled with pressure to
reduce the use of antibiotics due to their harmful effects and the growing number of antibiotic-
resistant bacteria, has led to the need to develop alternatives to antibiotics, namely drugs that
improve the intestinal health of newborn calves through manipulation. intestinal microbiota,
primarily enriching it with beneficial microorganisms. Numerous studies have established that the
possibility of manipulating the potential of the microbiota to obtain long-term effects in adult life
occurs immediately after birth, when it is not yet fully formed. By later time periods in cattle, as
well as in humans, it becomes more stable [30, 31] and it is more difficult to influence [29] .
Manipulating the gut microbiota early in life may be an option to improve calf health [29] as it
determines the development of the intestinal epithelium, mucosal layer, immune cell status and
reduces the risk of colonization by pathogens [32] . There is also a relationship between small
intestinal microbiota and immune function, health and growth of calves [33] .

The most widely used yeast as a probiotic is Saccharomyces cerevisiae. The most effective
of them are S. cerevisiae boulardii, rich in various biologically active substances, including those
that have not yet been sufficiently studied, performing many functions: improving production
performance, promoting intestinal development, regulating the balance of intestinal microflora,
increasing immunity and improving the quality of livestock products [34 ] and helping to reduce
nitrogen excretion. S. boulardii has potential probiotic activity due to its ability to produce organic
acids, essential enzymes, vitamins, and other important metabolites such as vanillic acid,
phenylethyl alcohol, and erythromycin. S. boulardii has a wide range of anticarcinogenic,
antibacterial, antiviral and antioxidant activities, and also reduces serum cholesterol levels. They
are used mainly for the preventive treatment of infectious diseases of the gastrointestinal tract and
to stimulate the immune system [35] .

Yeast Saccharomyces boulardii are the most popular commercial probiotic. They are
considered conspecific with budding yeast S. cerevisiae, commonly used in classical foods and
have an almost identical genome sequence. A distinctive feature is the ability to produce at 37° C
an unusually high level of acetic acid, which strongly inhibits the growth of bacteria, which is most
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likely associated with strain-specific mutations within the same species, giving a selective
advantage to this organism both in its ecological niche and in use as a probiotic [36] .

Its phenotypic differences from S. cerevisiae , such as acid and heat resistance, make it a
suitable drug for the intestinal microenvironment and for the relief of symptoms of gastrointestinal
infections [37] .

Supplementation of 0.5% S. cerevisiae to the diet of Simmental beef cattle increased daily
gain by 9.68%, economic benefit by 9.09%, and also reduced feed costs [38] . In addition, S.
cerevisiae can optimize the composition of the microbial environment, improve the rumen
fermentation function, stabilize the rumen pH value, stimulate the metabolism of lactic acid
bacteria, increase the activity of fibrinolytic enzymes in the rumen, and promote the breakdown of
fibrous substances. The S. cerevisiae cell wall may inhibit proliferation. harmful bacteria, thereby
regulating rumen function [39] .

Similar results were obtained in the case of feeding other farm animals and poultry.

Daniela Klein - J 0 bstl et al. (2019) [43] showed that adding a probiotic based on
Saccharomyces cerevisiae to the diet of calves in an amount of 19 g/day over 42 days, starting in
the first two days of life, contributed to an increase in the concentration of metabolites involved in
protecting animals against inflammation, as well as a decrease in fecal pH, which may indicate
increased fermentation in the hindgut. At the same time, the productivity, nutritional status and
health of newly weaned bulls improved. In studies, the effectiveness of yeast supplements was
more evident the longer they were taken.

Live yeast and yeast feed ingredients.

Marketed as live yeast, including viable "active dry yeast" containing approximately 95%
dry matter, the action of which is determined by its function in the reticulo-rumen, where it helps
to increase pH, reduce lactic acid, improve fiber digestion and increase production of protein and
volatile fatty acids, which, in combination with other strategies to control the risk of acidosis,
improves the health of lactating cows [44, 45] and by-products of yeast fermentation, which do
not contain live yeast, but include dead cells, fermentation medium and various fermentation
connections. Weaned calves fed active dried yeast (ADY) demonstrated higher digestibility of
crude protein and neutral detergent fiber, while increases in serum glucose, superoxide dismutase,
immunoglobulins A and M, and interleukin 10 were noted. growth, ruminal fermentation, nutrient
digestibility, antioxidant capacity and immune response [46] . Shown, that the addition of ASD to
the diet of low-fed beef cattle at a dose of 4 g/head per day changes the composition of the
microbiota, bringing it closer to the composition observed in cattle fed a normal diet, and promotes
a similar carcass weight. This is due to the activation of the process of nitrogen utilization and
improved growth rates of animals [47] . In a high concentrate diet, ASD supplementation
improved alpha diversity and relative abundance of rumen bacteria, amino acid and carbohydrate
metabolism, terpenoids and polyketides, lipid metabolism, as well as energy metabolism in rumen
bacteria [48 ] . It was also noted that when ASD is introduced into the diet of dairy goats, it
increases the number of rumen cellulolytic bacteria and the activity of nitrogen utilization enzymes
and immune status [49] .

Among yeast products, their cultures are of particular interest, since they contain, in addition
to yeast organisms, their metabolites formed during certain fermentation processes. Yeast cultures
promote digestion and absorption and enhance metabolic activity [50] . At the same time, the
activity of xylanase, endoglucanase, fibrinoglycogenase and cellulase in the rumen of beef cattle
significantly increases, which indicated that the yeast culture improves the digestibility of
roughage for ruminants by increasing the activity of enzymes in the rumen. It has been shown that
yeast and their derivatives can have a beneficial effect on the growth and health of animals,
especially when they are in unfavorable conditions , as well as during Salmonella infection [51] .
Thus, the addition of chrome yeast can potentially mitigate the negative effects of heat stress in
dairy cows, which may result in increased milk yield and increased milk protein content and
lactation rates improve [52] . Their combination with biologically active peptides, amino acids and
niacin, acting as a “glucose tolerance factor”, plays the role of a physiological activator action of
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insulin to improve carbohydrate metabolism [53] . Selenium yeast plays a unique role in regulating
animal metabolism, improving animal health, and increasing serine content in meat and eggs
compared to non-organic feeding [54] .

However, when yeast is used as a substitute for antibiotics in livestock, results vary
depending on several factors, including the species of yeast, components of the yeast product, feed
ingredients, category of animal, type of symptoms, and differences in rearing conditions [55] .

Numerous yeast additives and yeast feed ingredients are manufactured, sold and used in feed
as sources of nutrients, probiotics, and suppliers of nutraceutical compounds including cell wall
polysaccharides such as B-glucan and mannan, which perform a variety of biological functions:
enhancing immunity, improving antigenicity, stress relief, stimulation of growth and development
[56] .

In recent years, metabolic products secreted by living microorganisms or released after their
lysis, called postbiotics, with anti-inflammatory, immunomodulatory, antiobesity,
antihypertensive, hypocholesterolemic, antiproliferative and antioxidant activity have attracted
attention. The concept of postbiotics, evidence of their health benefits and possible signaling
pathways involved in their protective effect, as well as prospects for use in foods and
pharmaceuticals, are reviewed in J. E. _ Aguilar - Toal 4 et al . [57] . Postbiotics are distinguished
by a clear chemical structure, safety, long shelf life and the content of various signaling molecules.
The exact mechanisms of their action are not fully understood, but the data obtained suggest that
postbiotics can help improve the health of the host by enhancing specific physiological functions.
The health benefits of postbiotics are thought to be due to modification of the intestinal microbiota,
competitive attachment to the mucosa and epithelium, improvement of epithelial barrier function,
and modulation of the immune system [58-60] . Postbiotics, which are mixtures of intermediates
and end products of microbial fermentation, are currently being investigated as non-antibiotic
growth promoters [61].

A striking example of postbiotics that have a comprehensive positive effect is the product of
anaerobic fermentation of Saccharomyces cerevisiae (SCFP) [62] . SCFP is one example of an
effective postbiotic that, when administered to the diet, enriches it with a mixture of metabolites
such as lysed cellular components, amino acids, lipids, volatile fatty acids and B vitamins, which
improve rumen development, feed intake, and the health and growth of test subjects animals [59,
63, 64] examined the effects of a Saccharomyces cerevisiae-based direct-fed microbial preparation
(DFM) on growth performance, whole blood immune gene expression, serum biochemistry, and
plasma metabolome of newly weaned beef steers. This study demonstrated that using a basal diet
supplemented with 19 g of DFM daily over a 42-day supplementation period improved their
performance, nutritional status and health. Analysis of the plasma metabolome revealed an
increase in the concentration of metabolites, 5-methylcytosine and indoleacrylic acid, involved in
protecting animals from inflammation. There was a trend toward lower fecal pH in steers fed this
diet, which may indicate increased hindgut fermentation. The effect of SCFP products on
improving the growth and health of calves can be attributed to their ability to modulate the
microbiota in the gastrointestinal tract. A high-throughput sequencing study of the effects of
SCFPs on microbial communities in each gastrointestinal tract in Holstein calves showed that their
inclusion in the diet increased the diversity of microbial species in the large intestine, rumen and
rectum, and stimulated colonization by fibrolytic bacteria (Lachnospiraceae and
Ruminococcaceae) in the rumen and colon [65] . A study on the effects of SCFP conducted in the
first 56 days of life in Holstein bulls showed an improvement in gastrointestinal morphology,
possibly due to an increase in Butyrivibrio and a decrease in Prevotella in the rumen fluid, leading
to increased butyrate production [64 ] . SCFPs also attenuate the effects of increased ruminal and
peripheral bacterial endotoxin concentrations and inflammation resulting from subacute rumen
acidosis, a metabolic disorder in dairy cows associated with dysbiosis of the rumen and hindgut
microbiota [66].
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Yeast protein preparations, characterized by low production costs while maintaining the
highest food quality standards, can also be used in the food industry to replace conventional food
protein[67].

Conclusion

Modern realities dictate the need to develop new, more environmentally friendly methods
than the use of antibiotics, to maintain a healthy microbiota in the gastrointestinal tract of both
humans and farm animals. One of the most progressive methods in this regard seems to be the use
of probiotic microorganisms. If previously most of the research was focused on probiotic bacteria,
over the past few years more and more attention has been paid to the probiotic properties of yeast
organisms, which are characterized by ease of cultivation, greater efficiency and adaptability to
damaging conditions in the gastrointestinal tract of the host organism. The use of yeast in the form
of probiotic, prebiotic and postbiotic preparations has proven effective both in stimulating the
growth of farm animals and poultry and in preventing the development of intestinal pathogens in
them. A number of authors have shown that, despite the insufficient study of postbiotic yeast
preparations, their already identified properties, such as a clear chemical structure, resistance to
various damaging factors, the possibility of long-term storage, and most importantly, a positive
effect on specific physiological functions of the host organism, put them forward in first place
among biological factors stimulating the growth and development of living organisms. The results
of research by various authors suggest that their use will expand in various areas of the
biotechnology industry.
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MAJI IIAPYAIIBUIBIFBIHIA JKEMIIOMN AINBITKBICHIH JKOHE OJIAPIBIH
TYBIHIBLIAPBIH KOJJAHY IBIH TAIMILTITT

Tyiiin

BipkaTtap 06bexTHBTI cebenTepre OailIaHBICTBI, €H 0ACTBICHI - Kep Iapbl TYPFBIHAAPBIHBIH TYPaKThI
ecyl, COHIai-aKk aybll IIapyallbUIbIFbl ©HMAIPICIH TaOBICTBI KYPri3yli KHBIHAATATHIH KIMMATTBHIK
KargainapAblH aWKbIH e3repyl, oJeMiIe aybUIapyallbUIbIK JKaHyapjapbl YIIIH a3bIK-TYJIK II€H
JKEMIIONITIH aWTapJIBIKTal TaIIIBIIBIFEI Oaiikamaapl, OYIT OapIsIH OHAIPICIH KEACH VIIFAUTy KaKETTIIITIH
KepceTei. A3BIK-TYJIK MEH XEeMIiK aKybI3IbIH KETICIeYIIUIITiH TOATHIPY, COHJIai-aK aybUIIapyabuIbIK
JKaHyapJapblHbIH JeHCAyJbIFEIHA Oenrimi Oip ocep eTeTiH JKOHE OpTYpili TaOWFATTBIH 3USHIBI
(hakTOpJapblHa Kapchl TYPY MYMKIHAITIH KepceTeTiH Oipkarap OHMOJOTHSUIBIK OCJICEHIl 3aTTapiAbl aily
MOCEJIECiHIH OHTAWIbl IIENIiMi MHUKPOOPTaHU3MAECp OMOMAaCCACHIHBIH OMOTEXHOJOTHSIIBIK OHIIPiCiHIH
KyaTTBUIBIFBIH apTThIpy Oouibin Tabbutanpsl[1, 2]. Byn KoWbuFan MiHAETTEpAl STy IiH KalbiFa Oipaeit
TaHBUIFaH HYCKACHI O1p jKacylIajibl aKybI3/ibl OHIIpy Oonbin Ta0dbuIaas! [3-5]. Bip xacymainsr 6nomaccaia
cosimeHn (38,6%), Oanbiknen (17,8%), ermen (21,2%) sxoHe TodbIK cyTrneH (3,28%) caibicThipraHaa
aKybB3IbIH Korapel maitb3bl (30-80%) Oap, onm MaHBI3ABI AMUHKBIIIKBUIIAPBIHBIH, COHBIH IITiHIE
METHOHWH, TPEOHUH >KOHE JIM3UHHIH Ke31 00IbI Tabbutaps! [6]. Mukpoopranu3miep KeMipTeri Ko3iHiH
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TOMEHJIITIHE, JKepre, CyFa TOYCNIUIKTIH TOMEHAINIHE JKOHE KONAWIbl TaMakKTaHy NpoQuIiMeH
OipiKTIpiATeH MayCHIMIBIK aybITKyJIapFa OalIaHBICTHI J)KaHA TaMakK Ke3i peTiHae Hazap aymapabl. Kaszipri
YaKpITTa MHUKPOOTHIK aKybI3[bl OHAIPYIIH OJIE€YeTTI TEXHONOTHSJIApPbl, OHBIH AapTHIKIIBUIBIKTapHI,
Kayilnci3miri »KoHe OHBl KOJAaHyMeH OaiilaHbICTBl LIEKTEyJep JKOHE KEH ayKbIMIBl —EHTi3y
NepCHEeKTUBANAPHI CHIHU TYPFbIIAH KapacTeipbutya [7]. bys connaii-ak e3zekti Macene, ce6ebi a3bIK-TYIIK
aKybI3JIapbIMEH KAMTaMaChI3 €TYJIIH TOCTYPJIl aybUTIIapYaIbIIbIK JKOJIbI )KETKITIKCI3 FaHa eMec, COHBIMEH
KaTap KopIllaraH opTara Tepic acep €Tyl MyMKiH, COHBIKTaH OHbI KaiiTa Kapay Kepek [8].
KiarTi ce3nep: maii, mpobioTHKTEp, Ka3aHABIK KOcajaap, IOCTOMOTHKTED.
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AHHOTALUSA

[To psigy OOBEKTHBHBIX TIPUYHH, OCHOBHBIMU M3 KOTOPBIX SIBIISICTCS HEYKJIOHHBIA POCT HACEICHUS
36eMHOrO IIapa, a TaKkKe SPKO BHIPAKEHHOE H3MEHCHHE KIUMATHYECKUX YCIOBUH, 3aTPYIHSFOIINX
YCIICNIHOE BEJICHUE CEILCKOXO3IHCTBEHHOI'O ITPOWU3BOJICTBA, MHPY TPO3UT CYIIECTBECHHBIH JE(UIHT
MPOAYKTOB THTaHUS W KOPMOB IS CEIIbCKOXO3SHWCTBECHHBIX JKUBOTHBIX, YTO CBHUACTEIBCTBYET O
HEOOXOJUMOCTH CPOYHOTO HapalluBaHWs WX NPOU3BOACTBA. ONTHMAaNIbHBIM pPEIICHUEM MPOOIEMBI
BOCIIOJTHEHUSI JIeQUIIMTa THIICBOIO W KOPMOBOTO O€jKa, a TaKKe MOJYYCHUs psjga OHOIOTHYECKH
aKTHUBHBIX BEIIECTB, MPOSBISIONINX OMPEACICHHOE BO3/ICHCTBUE Ha 37I0POBBE CEIHCKOXO3SHCTBEHHBIX
JKUBOTHBIX M BO3MOXXHOCTH TPOTHBOJCHCTBHS TOBPEXKIAIOMUM (HaKTOpaM pa3IUdHON MPHUPOIBI,
MPEJICTABISCTCA  YBEJIMYEHHE  MOIIHOCTEH  OHMOTEXHOJIOIMYECKOrO0  IMPOM3BOACTBA  OMOMACCHI
Mukpoopraau3moB [1, 2]. OGuienpu3HaHHBIM BapHaHTOM pEIIEHHS IMOCTABIEHHBIX 3a/Jad SBJISIETCS
HPOU3BOJACTBO Oelika OMHOKJIETOUHBIX [3-5]. Bromacca OJHOKJIETOUHBIX COIEPKUT Oojiee BBICOKHI
nporent 6enka (30-80%) mo cpaBHeHuto ¢ coeit (38,6%), pridoit (17,8%), macom (21,2%) u 1eapHBIM
MostokoM (3,28%), sBISETCS MCTOYHUKOM HE3aMEHHMBIX aMHUHOKHCIOT, B TOM YHCIE METHOHHWHA,
TpeOHHHA U Ju3KHa [6]. MUKpOOpPraHU3MBbl MPHUBJIEKIM BHUMAHHE KaK HOBBIA MCTOYHMK IHIIN H3-3a UX
HU3KOTO YTJIEPOTHOTO Ciie/ia, HU3KOM 3aBUCMOCTH OT 3€MJIH, BOJIBI i CE30HHBIX KOJIeOaHUH B COUETAHUN
¢ OnarompusaTHBIM mpoQuIieM TMUTaHWsA. B Hacrosimee BpeMsl KPUTHYECKH PacCMaTpPHBAIOTCS
MOTCHI[UATBHBIC TEXHOJOTHH IPOU3BOJICTBA MHKPOOHOTO O€NKa, ero MpeuMyliecTBa, 0E30MacHOCTh U
OTpaHHWYCHUS, CBS3aHHBIC C €r0 UCIOIB30BAHMEM, a TaKKe IMEPCIeKTHBE 0oJiee IIMPOKOTrO
KpylmHOMacmTabHoro BHempeHus [7]. DTO akTyalpbHO e€Ile W [OTOMY, 4YTO TPaJUIIHOHHBIN
CEIIbCKOXO03SIMCTBEHHBIH Ty Th CHA0KEHUS! MUIIEBBIMU )KHBOTHBIMHU OEJIKAMU HE TOJILKO HEJIOCTATOUYCH, HO
MOJXKET OKa3bIBaTh OTPUIIATEIHHOE BO3JEHCTBHE M HA OKPYXAIOIIYI0 CPEly U IMOTOMY JIOJDKEH OBITh
nepecMoTpeH [8].

Kiawo4eBble cJIoBa: IPOXKIKH, POOHMOTHKH, KOPMOBBIE JOOABKH, TIOCTOMOTHKH.

Jposxku Kak MPOOHOTHKHI

JlyqmumMu MUKpPOOPTaHM3MaMH B TIPOM3BOJICTBE O€lika OHOKJICTOYHBIX IPH3HAHEI
TPOKKH, TIPEBOCXOSAIINE OAKTEPUH U BOJOPOCIIH 110 IPOCTOTE MOIyUEHHUS] OMOMACChI, BHICOKOMY
conepkanuto 6enka (okoso 50% ot cyxoil 6uoMacchl) U aMUHOKHCIIOT, HU3KOMY COJEpPKaHUIO
HYKJICMHOBBIX KHCJIOT, & TAK)XXE M0 CIOCOOHOCTU PACTH MPH PA3IMYHBIX YPOBHSIX KHUCIOTHOCTH.
Hx ¢usznonornyeckre 0COOCHHOCTH, TAKUE KAaK YCTOHYMBOCTD K JKEITYHBIM COJISIM U KUCJIOTaM U
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CBSI3aHHASI C ATHM BO3MOXKHOCTh BBDKHMBAHHS B KEIYJAOYHO-KHUIIEYHOU cpene, TuapoPpoOHOCTh
KJICTOYHOW TOBEPXHOCTH, CHOCOOHOCTh K ayToarperanvd, aHTHOKCHUIAHTHAs aKTUBHOCTh W
AKTUBHOCTH [-TaJIaKTO3MIa3bI MO3BOJIMIIN PACCMAaTPUBATh JIPOMIKEBBIE OpraHU3MbI KaK BEeChMa
s¢dexTurBHBIE MPOOHOTHKY in vivo [9-11].

[Mocnennee mpencraBiasieT OCOOBI MHTEpEC H3-3a PACIHPOCTPAHEHHS YCTOMYMBOCTH K
AQHTHOMOTUKAM Y TIO/ABISIONIETO OOJBITMHCTBA JKUBBIX JYKaPHOTHUECKUX OPIraHU3MOB U
OMOJIOTUYECKON YTPO3bI TS 3710POBBS UENOBEKA M KUBOTHBIX, YTO MPHUBEIO K HEOOXOAMMOCTH
0TKa3a OT HUX B KaYeCTBE CTUMYJISITOPOB POCTa M MPOPMIAKTUICCKUX MEP B )KHBOTHOBO/ICTBE.
[Tockonbky 3Ta Mepa OblIa UpeBaTa CHUKEHHEM MMOKa3aTeleil pocTa U MOBBIIEHUEM CMEPTHOCTH
JKHBOTHBIX B pe3yibTare psga 3aboneBanuii [12, 13] Bo3HMKIA OCTpas HEOOXOIMMOCTH
pa3paboTKMU albTEepHATHBHOTO MOAXOAa K MPOQMIAKTHKE HH(EKIMOHHBIX 3a00JIeBaHUM U
CTHEMYJIMPOBAHHIO POCTA H 3I0POBbBSI JKUBOTHBIX.

B sToMm mmane Bece 601ee MOMYISIPHBIMHE TSI YITYYIIEHUS 37J0POBbS CETbCKOX03SICTBEHHBIX
YKUBOTHBIX W TIOBBIIICHUS WX MPOIYKTUBHOCTH MPHU3HAHBI MPOOHMOTUKU MM MUKPOOBI TIPSIMOTO
KOPMJICHUSI, TPOSBUBIIME OOJBIION TOTEHIMANT [ TOBBIIICHHS  PEHTA0ETHLHOCTU
KHUBOTHOBOCTBA. [IpoOMOTHKH - MEKPOOHBIE KYJIBTYPBI, HX SKCTPAKTHI, PepPMEHTHBIC ITPETIapaThl
WIA WX KOMOWHAIIMU - TIPU MX BBEJCHUU B aJICKBATHBIX KOJMYECTBAX YJIYUIIACTCS COCTOSHHE
3I0POBbSI OpraHM3Ma XO35IMHA, MOIYIHPYS MHKPOOHYIO Ccpely KHUIICYHHKA, XapakTep
(bepMeHTaInH, TOCTYIUICHHE MTUTATEIBHBIX BEIIECTB U YCBOSIEMOCTh panuoHa [14, 15].

Hapsiny ¢ mpoOHOTHKaMH Ha OCHOBE OaKTEPHAJIBHBIX MITAMMOB IIMPOKO HCIIOJB3YIOTCS
JPO’OKH, B OCHOBHOM, Saccharomyces cerevisiae (SC) [15, 16], 61aroTBopHOe BIHSHUAE KOTOPBIX
Ha JKUBOTHBIX BO MHOTOM CBSI3aHO C T€M, YTO OHU CTHUMYJIHPYIOT Pa3BUTHE MUKPOOPTaHU3MOB
pyOlia, a Tak)Ke BO3EHCTBYIOT Ha 00IIIee COCTOSTHUE 3I0POBbS M MTPOAYKTUBHOCTH [17, 18].

C camoro Havasa >KU3HH CTCPWJIBHBIA JKETYIOYHO-KUIICYHBIH TPAKT HOBOPOXKICHHBIX
MJICKOTIMTAIONINX KOJOHU3UPYETCS Pa3HOOOPa3HBIMA MHKPOOPTaHW3MaMH, Ha YTO OKa3bIBaeT
BIIMSHUE, TIPEXKIIC BCEr0, WHOKYJISIMS U3 POJOBBIX myTel marepu [19], ycioBus, mpu KOTOPHIX
OPOMCXOOUT TPOLECC POJOB, [UETa, a TakKe MpPUMEHSeMble B JKUBOTHOBOJICTBE
npopMIaKTHIECKAE TPOTHUBOMHKPOOHBIC Tpenaparbl. MHOTOYHCICHHBIMH HCCIIEIOBAHUSIMUA
YCTaHOBJICHO, YTO HauOoliee KPUTHUYECKUM JUIS TENST SBISACTCS MEPUOJA WX TEepeBoja  OT
NPEUMYIIECTBEHHO MOJIOYHOW IUETHl K IMOJYYSHHIO TBEPAOrO KOpMa, OCYIIECTBISIEMBIN 3a
KOPOTKHH cpok. [lo HEKOTOPHIM JaHHBIM, CMEPTHOCTBH OT JAMAPEU B 3TOT MEPHOA JOXOAUT 10
25- 87% [20, 21]. VY BBDKHBIIMX TEJIAT OTMEYAETCSA 3aMEUICHHBIH POCT M B JalbHEHIIEM
CHIDKEHHUE TPOAYKTUBHOCTH [22, 23], 4TO CBSI3aHO HE TOJIBKO C METaOOJIMICCKOM afanTaiueii, Ho
U ¢ OOJIBIIUMH U3MEHEHUSIMH B MUKPOOHOTE KulleuHuKa [24].

MukpoOroTa KUIIEYHUKA YK€ Ha pAaHHEM JTale Pa3BUTHUS OpPraHU3Ma KUBOTHOTO MMEET
Ba)KHOEC MeTabomueckoe 3HaucHue [25], oHa BO3AEHCTBYeT Ha SHEpreTndyeckuii oomen [26] u
OKa3bIBaeT OOJIBIIIOE BIMSHUE HA CO3PEBAaHUE Q/IAlITUBHON M BPOXKIEHHOW UMMYHHOU CHCTEMBI
[19, 27], uTo oTpaskaeTcst B MOKa3aTeNIAX MPOU3BOAUTEIBHOCTH B JabHEHINCH KU3HHU, a TAKXKE B
YCTOMYMBOCTH K pa3IMYHBIM 3a0051€BaHusAM. B psizie paboT 00cyKaeHbI (PakTOPbI, ONPEACIISIONIIe
POCT MHKpPOOPTaHW3MOB, KOJOHU3UPYIOHMIMXCS B pyoOue, QopMupoBaHHMe KOMMEHCAIBHOM
MUKpPOOHOTHI MOCIIE OTheMa OT TPYIH, a TAK)KE HAIMYNE CYIIECTBEHHBIX CBSI3EH MEXIy paHHEU
MHUKPOOHOTOH, Pa3BUTHEM MMMYHHOH CHCTEMBI CIIM3HCTBIX O0OJIOYEK W POCTOM M 3JI0POBHEM
HOBOpOXJeHHbIX TensaT [28, 29]. C yuerom TOro, 4To HOBOPOXKICHHBIC TENsTa HamOoliee
BOCIIPUMMYHMBBl K KHIICYHBIM 3a00JIeBaHHSIM, OSTH JaHHBIC TO3BOJSIFOT pa3paboTarh
MOTEHIMATbHBIC CTPATETUN JJII MAHUITYJIMPOBAHUS PaHHEH MHUKPOOUOTOMN C IENbI0 YITYJIIeHUS
3[I0POBBS U TIPOTyKTUBHOCTH YKHUBOTHBIX.

BbIcOkasi CMEPTHOCTh TEJIAT, BbI3BaHHAS KHMIICYHBIMH MH(DEKIMSIMHU, a TAKKE JABJICHUE,
HaIpaBJICHHOE Ha COKPAIICHNE MCITOJIb30BaHMS aHTHOMOTHUKOB B CHITY X BPEIHOTO BO3JCHCTBHUS
U PacTylIMM YBEJIMUYCHHEM KOJHUYECTBA YCTOWYMBBIX K HUM OaKkTepHil, TNPHUBEIU K
HEOOXOMMOCTH pa3pabOTKH CPEICTB aIbTEPHATHBHBIX aHTHOMOTHKAM, a UMEHHO IpenapaTos,
yIYYIIAIONIMX 3J0pPOBbE KHINEYHHKA HOBOPOXKIEHHBIX TENAT IyTeM MaHUyIUPOBaHUs
MHUKPOOHOTON KHIICYHHKA, MPEXKIE BCETO OOOTANICHUEM €ro MOJIE3HBIMH MHKPOOPTaHU3MaMH.
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MHOTrOYHCACHHBIMA ~ MCCIICJIOBAHUSMH  YCTAHOBJICHO, YTO BO3MOXKHOCTh  MAaHMITYJISIU
MOTEHIMAJIOM MUKPOOHOTBI JIJIS TOTYYSHHUST TOJITOCPOYHBIX 3(h(HEKTOB BO B3pOCIION KU3HU UMEET
MECTO cpasy MOcCIIe POKICHHS, KOT/1a OHa ele c(hopMUpOBaHa He MOJHOCThIO Ae-koHHa. K Oonee
MIO3/THUM BPEMEHHBIM MEPUOJIaM Yy KPYITHOTO pOraToro CKOTa, TaKke KaK W y JIIOJeH, OHa
cranoBuTcs Oonee cradbuinbHOM [30, 31] u Ha Hee TpynmHee BiuATh [29]. ManumnynupoBaHue
MHUKPOOHOTON KHUIIEYHHKAa B pPAaHHEM BO3PACTe MOXKET CTaTh BAPHAHTOM YIIYUIICHUS 37J0POBbS
TensaT [29], MOCKONBKY OH  OmpenenseT pPa3BUTHE KHUIICYHOTO SIUTENHS, CIIOS CIM3HCTON
00OJIOYKH, COCTOSIHUE WMMMYHHBIX KJIETOK W CHIDKAeT PHCK KOJIOHM3AlUU TaTOTCHHBIMU
MuKpoopranuzMamu [32]. OTMedaercst TakKe B3aMMOCBSI3b MEKIY MUKPOOUOTOM TOHKON KUIIKA
U UIMMYHHO# (DyHKITUEH, 310pOBbeM B pocToM TeiaT [33].

Haubonee mmpoko B KauecTBe NMPOOMOTHKOB HCIIOJIB3YIOTCS APOXOKH Saccharomyces
cerevisiae. Hambosnee neiCTBEHHBIMM W3 HHX TNpu3HaHBl S. cerevisiae boulardii Gorartsie
pa3IMYHBIMU OMOJIOTUYECKHA AKTUBHBIMH BEIICCTBAMH, B TOM WYHCJIE €IIe HE JIOCTaTOYHO
WU3YYCHHBIMH, BBHIMOJHSAIONME MHOXKECTBO (YHKIMH:  YIYYIICHHE MPOU3BOJICTBEHHBIX
nokaszaresiei, COACWUCTBHE pPAa3BUTHUIO KHUIICYHHKA, PETYIMpOBaHME OanaHca KHUIIEYHOU
MHUKPOQIIOPHI, TOBBIIIICHHE UMMYHUTETA W YJIYYIICHHE KauyecTBa MPOIYKIIMHA KUBOTHOBOJCTBA
[34] u cocoOcTBYyOIIME YMEHBIIICHHIO BhIeIeHH a30Ta. S.boulardii o6manaroT noTeHMa bHOM
MpOOMOTHYECKON AaKTUBHOCTBIO OJyilarojapss WX CIIOCOOHOCTH TPOW3BOJIUTH OPTaHUYECKUE
KHCJIOThI, HE3aMEHUMbIC (DEPMEHTBI, BUTAMHHBI M JPYTHe BaKHbIC METAOOJIUTHI, TaKUE Kak
BaHWJIMHOBAS KUCIIOTa, (DEHUIIATHIOBBIH ClIUPT U sputpomunud. S. boulardii o6mamgaet mmpoxkum
CHEKTPOM aHTUKAHIEPOTEHHOM, aHTHOAKTepUAIbHOW, MPOTHBOBUPYCHONW M aHTHOKCHUIAHTHOU
AKTUBHOCTH, a TAK)KE CHIDKAET YPOBEHb XOJIECTEPHUHA B CBIBOPOTKE KpoBH. OHU MCIIONIB3YIOTCS, B
OCHOBHOM, i1 TpOQUIAKTHIECKOro JiedeHus WHMeKnuoHHbIX 3aboneBanmii XKT u mns
CTHMYJIAIIUH KIMMYHHOM cucteMsr [35].

Hpoxoku  Saccharomyces boulardii siBnsitoTcss HambGosiee NOMYISAPHBIM KOMMEPYECKUM
poOroTHKOM. OHH CUATAIOTCS KOHCTICIU(PUYHBIMU C MTOYKYIOIMMUCS IPOXKaMu S. Cerevisiae,
OOBIYHO HCIIOJIb3YEMBIMHU B KJIACCHUYCCKHX MHIIEBBIX MPOAYKTAX, U UMEIOT MOYTH HICHTHYHYIO
MOCJIEIOBATENBHOCTh TeHOMa. OTIMYUTENTPHOH OCOOCHHOCTBIO — SIBIISIETCS  CITOCOOHOCTH
npoxyiupoBate npu +37°C HEOOBYAHO BBICOKHI YpPOBEHb YKCYCHOW KHCIOTBHI, CHIBHO
WHTHOMPYIOMEH pOCT OaKTepuid, YTO CBS3aHO, BEPOSITHEE BCETO, CO IITaMMOCHEIU(DUIHBIMU
MYTalMsIMA BHYTPU OJTHOTO M TOTO JK€ BHIA, JArOIIMMH CEJICKTUBHOE MPEUMYIIECTBO 3TOMY
OpraHU3My Kak B €ro 9KOJOTHYECKOM HHUIIIe, TAK U TIPU IPUMEHEHHUH B KauecTBe mpobuoTHka [36].

Ero ¢enorunuueckue omimumst oT S. Cerevisiae, Takue Kak yCTOWYMBOCTh K KHCIOTE W
MIOBBIIIEHHON TeMIlepaType, MAeTaroT €ro MOAXOMANINM TpenapaToM JUii MHKPOOKPYKCHUS
KUIICYHHUKA U 17151 oOsierdeHust cumntomoB uHdekiuit JKKT [37].

JHobasnenue 0,5% S. cerevisiae B pallioH CHMMEHTAIbCKOTO MSCHOTO CKOTa YBEIUUHBAIIO
THEBHOHN mpupocT Ha 9,68%, sxoHOMUUecKUi 3pdexT - Ha 9,09%, a Taxke CHUXKAJIO 3aTPaThI
kopMa [38]. Kpome Toro, S. cerevisiae MokeT ONTHMHU3MPOBATH COCTAB MHUKPOOHOU CPEJbI,
yAy4YIIATE (QYHKOUIO (QepMeHTauuu pyOma, crabunus3upoBaTh 3HaueHune pH pyOrna,
CTHMYJIUPOBaTh ~ METaOONM3M  MOJIOYHOKHCIIBIX  OakTepui, TMOBBIINIATH  AKTHBHOCTH
¢ubpuHONMUTHYECKIX (EPMEHTOB B pyOIle M CHOCOOCTBOBATH PACHICTUICHHIO BOJIOKHUCTBIX
BemtecTB. Kierounas cTeHka S. Cerevisiaé MokeT WHTHOMpOBATh MPOiH(epanuio BPEIHBIX
OakTepuii, TeM caMbIM perynupys ¢pyHkuuio pyona [39].

AHaQJIOTUYHBIE  pe3y/lbTaThl OBUIM  TIOJTYYEHBI B  Cllydae KOPMIICHHUS  JPYTHX
CEIIbCKOXO3SHCTBCHHBIX JKUBOTHBIX M NTHUIIBI [40-42].

Daniela Klein-Jobstl u ap.(2019) [43] mokasamm, uto go0aBieHHE B PALMOH TEIAT
IpoOHOTHKA HAa OCHOBE Saccharomyces cerevisiae B koiaudectBe 19r/neHp B TeueHue 42 nHEH,
HauWHAs C TIEPBBIX [JBYX JHEH OKU3HH, CIIOCOOCTBOBAJIO YBEIMYCHHUIO  KOHIEHTPAIHU
METa0O0JIUTOB, YIaCTBYIOIIUX B 3alIUTE KUBOTHBIX MPOTUB BOCHAIICHUS, a TAKXKe CHIDKEHUIO pH
B (peKaITUAX, YTO MOXKET YKa3bIBaTh HA YCHIICHHE ()epPMEHTAIINY B 3aTHEH YacTH KumeuHuka. [Tpu
3TOM YJIy4YIlIaJIach MPOJAYKTHBHOCTb, MUIIEBOM CTATyC U 30POBbE TOJBKO YTO OTIYYCHHBIX OT
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rpynu ObrukoB. B nccrnenoBanusx 3¢ heKTHBHOCTD IPOXIKEBBIX 100aBOK Oblia Oojiee 0UueBUIHOM
0 Mepe YBEIMYEHUs MIPOJOKUTENLHOCTU UX MIPHEMa.

JKuiBbIe TPOXKKH U IPOAIKEBBIE KOPMOBBIC HHTPEANCHTHI

Ha pbiHKe npeuiaratoTcsi Kak *KHUBBIE IPOXOKH, B TOM YHCIIE )KU3HECTIOCOOHBIE «aKTHBHbBIE
CyXHe JPOXKH», COAEprKalIne okojo 95% cyxoro BeliecTBa, JeiicTBUE KOTOPBIX OMpeaesseTcs
ux (YHKIHEH B PETHKYJIO-pYyOIle, T/I€ OHU CIIOCOOCTBYIOT TOBBIMICHHIO pH, CHMWXEHHIO
COJIEp’KaHUsI MOJIOYHOM KHCIIOTHI, YITYYIICHUIO MEPEBAPUBAHUS KJICTUYATKH U YBEIMUCHUIO
OPOAYKIMH OeNKa U JIETY4HUX >KMPHBIX KUCJIOT, YTO B COUYETAaHUU C JPYTMMH CTPATETUSIMU 1O
KOHTPOJIIO PUCKA alU103a YITy4IlIaeT COCTOSIHUE 3/I0POBBS JIAKTHPYIOIIUX KOpoB [44, 45], Tak u
noOOYHbIE MPOAYKTHI JPOAOKEBOIO OpOXKEHUs, HE COJAepiKalllue >KUBBIX JAPOXKEH, HO
BKIIIOUAIONUE MEPTBBIE KIIETKH, ()EPMEHTAIMOHHYIO CpPely W pa3IuvHble (hepMEHTAIHOHHBIC
coemuHEHUs.  TenmsATa-oTheMBININ, TMOJydYaBIIUE€ aKTHBHBIE cyxue gpoxxku  (ACI),
JEMOHCTPUPOBAIM OoJiee BBICOKYIO TIEPEBAPUBAEMOCTh CHIPOTO Oelka U HeHTpaabHOU
JNETepreHTHONM KIETYaTKH, MPU STOM B CBHIBOPOTKE KPOBH OBUIO OTMEUYEHO YBEIUYEHHE
COJIep>KaHUsI TTIOKO3bI, CYMIEPOKCHIIUCMYTa3bl, IMMYHOTTIOOYIMHOB A 1 M u uHTepneiikuaa 10.
[Tpu 5TOM OBUIO OTMEUEHO YITYUIICHHE ITOKa3aTene pocTa, pepMEeHTAIMH B PyOIle, YCBOSIEMOCTH
MUTATEbHBIX BEIIECTB, aHTHOKCUIAHTHON CIIOCOOHOCTH U MMMYHHOTO oTBeTa [46]. [TokasaHo,
yto nodasnerre ACJI B paiiioH MsICHOTO CKOTa, MOTY4YaBIIero HU3KUHM YPOBEHb MUTAHUS, B J103€
4r/roN0OBY B JIeHb, MEHSIET COCTaB MHUKpPOOMOTHI, MpUOIMKAs €ro K COCTaBy, OTMEYaeMOMY B
OpraHu3Me CKOTa, MOJYy4yaBIIEr0o HOpPMajbHBIA PALIMOH MHUTAHUSA, U CIIOCOOCTBYET MOTYyYEHHUIO
AQHAJIOTMYHOTO BeCa TYIIH. DTO TPOUCXOIUT U3-33a aKTUBU3AIIUS MpPOIecca YTUIIN3AIUU a30Ta U
yAyYIIeHUsT TOKa3ateneid pocta KUBOTHBIX [47]. Tlpu 1umere ¢ BBICOKHUM COJCpIKAaHHEM
KOHIIeHTpaToB noOasnenne ACJ] yayumano anbga-pazHooOpasue U OTHOCHUTEIBHYIO
YUCJIICHHOCTh OakTepuil pyOIa, MeTaboau3M aMHUHOKHCIOT M YIJIEBOJOB, TEPIICHOUIOB H
MIOJTMKETH/IOB, JIMITUIHBIN 0OMEH, a TaKXKe SHEPreTHIeCKU MeTaboIu3M y OakTepuii pyoma [48].
OtMmeueHo Takxke, yTo pu BBeieHuU ACJI B pallioOH MOJIOYHBIX KO3 YBEJIMUUBAETCS YACIEHHOCTh
pyOIIOBBIX MEJUTFOJIOUTUYECKUX OaKTEePHil U aKTUBHOCTH ()EPMEHTOB HCIIOIH30BAHUS a30Ta H
UMMYHHOTO craryca [49].

Cpenu ApOXIKEBBIX MPOIYKTOB 0COOBI HHTEPEC MPEICTABISIIOT UX KYJIBTYPhI, TOCKOIBKY
OHM COJIepKaT TMOMHUMO JAPOXIKEBBIX OPraHU3MOB U HUX METaOOJNUTHI, 00pa3yloluecs B XoJe
OTIpeIeNIeHHBIX TporeccoB GpepmenTanuu. KynbTypsl 1poxokeil cocoOCTBYIOT MUIIEBAPEHUIO U
BCAChIBAaHHIO, 4 TAKXKEC YCHIMBAIOT MeTaboIMuecKyto akTuBHOCTH [50]. Ilpm sTtomM B pydue
MSICHOTO CKOTa 3HAUUTENbHO YBEIMYUBACTCS AaKTUBHOCTh KCHIJIAHA3BI, DHJIOTIIOKAHA3BI,
(buOpPUHOTIMKOTeHa3bl U 1EeJUTI0Ia3bl, UTO YKA3bIBAJIO HA TO, YTO KYJIbTYypa APOXIKEH yilydilaeTr
YCBOSIEMOCTh IPpyOOTr0 KOpMa KBa4HBIX )KMBOTHBIX 32 CUET MOBBIIICHUS aKTUBHOCTH (hEPMEHTOB
B pyoue. Ilokazano, 4To APOXKU U UX MPOU3BOJHBIE MOTYT OKa3bIBaTh OJIATOTBOPHOE BIIMSHUE
Ha POCT U 37I0POBHE KUBOTHBIX, 0COOCHHO KOT/1a OHM HAaXOJSATCS B HEOIArONMPHUITHBIX YCIOBHSIX,
a Takxke npu cajgbMoHe/utesHoi uHbekiuu [51]. Tak, go0aBieHHE XPOMOBBIX APOIKIKEH
MOTEHIMATHHO MOXET CMSATYUTHh HETaTUBHBIC TMOCIEACTBHS TEIUIOBOTO CTpecca y MOJOYHBIX
KOPOB, B pe3yJIbTaTe Yero MOTYT BO3PacTaTh yJIOH, YBETHUUBACTCA COACpKAHIE MOJIOYHOTO Oerka
U yOydIIalTcs MokasaTenu jaktaiuu [52]. WX coderaHwe C OWOJIOTHYECKH AKTUBHBIMU
NenTHAaMH, aMUHOKHCIOTAaMH U HUAIMHOM, JIEHCTBYIOIIEe KakK «(aKTop TOJEPaHTHOCTU K
TJIFOKO3€», UTPAET POoJib (DU3MOIOTHYECKOTO aKTUBATOpa NEHCTBUS WHCYIWHA JUIS YITYYIICHUS
yrieBoaHoro oomena [53]. CeneHOBBIE APOKKH HIPAIOT YHUKAIBLHYIO POJIb B PEryJIHPOBAHUM
MeTaboIn3Ma KUBOTHBIX, YIYUIICHUN 3JJ0POBhS )KUBOTHBIX U MOBBIIICHUU COJACPKAHUS CEPUHA
B MsICE U SIHIIaX MO CPAaBHEHHUIO C HEOPTaHUYECKUM KopMileHHeM [54].

Opnako, KOTAa APOXKKH UCTIOIB3YIOTCS B KAUEeCTBE 3aMEHUTENS] aHTHOUOTHKOB JJIsI CKOTa,
pe3ynbTaThl BapbUPYIOTCS B 3aBUCUMOCTH OT HECKOJIbKHX (aKTOPOB, BKIIIOYAs BUJ APOXKKEH,
KOMIIOHEHTHI JIPOKKEBOTO IMPOJYKTa, KOPMOBBIC WHTPEIUCHTHI, KATETOPUIO >KUBOTHBIX, THII
CHMITTOMOB M Pa3JIn4usi B YCJIOBUSAX BhIpanuBanus [55].

MHoOro4HCIeHHBIE JPOXOKEBBIE JTOOABKM U JIPOXOKEBBIE KOPMOBBIE HMHTPEIUEHTHI
MIPOU3BOJIATCS, MPOJAIOTCA M HCIONB3YIOTCSI B KOPMaxX B KayeCTBE MCTOYHHUKOB MUTATENbHBIX
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BEIIECTB, NPOOMOTHUKOB, IIOCTABIIMKOB HYTPUIIEBTUYECCKUX COCAMHEHW B TOM YHUCIE
TIOJICaXxapuI0B KJICTOYHOW CTEHKH, TAKUX KaK B-TJIIOKaH U MaHHaH, BBITOTHSIOIINX MHOXKECTBO
OMOJOTHYECKNX (PYHKIIHIA: yCUIICHUE UMMYHHUTETA, YIYUIlIEeHUE aHTUTCHHOCTH, CHSTHE CTpecca,
CTHMYIIAIIUS pOCTa M pa3BuTHs [56].

B mocnemnue ronpl MPUBICKIM BHUMAHHE IMPOIYKTHI METAa0O0IM3Ma, CEKPETHPYEMbIE
KUBBIMH MHUKPOOPTaHM3MaMHU HJTM BBICBOOOXKIa€MBbIE MOCIIE MX JIU3UCA, TIOJTYYHUBIINEC HAa3BaHUE
NOCTOMOTHKOB, obnanaronye POTHBOBOCTIAUTEIBHOM, UMMYHOMOTIYJIUPYIOIIICH,
AHTHUOXKUPUTEITbHOMN, aHTUTUTICPTEH3UBHOM, THUITOXOJIECTEPUHEMHUYECKOMN,aHTUTTPOSIU(hEepaTUBHON
Y aHTUOKCHJAHTHON aKTUBHOCTHIO. KOHIIEMIMS MOCTOMOTHKOB, JOKA3aTEbCTBA MX MOJIB3bI IS
3JI0POBBSI U1 BO3MOXKHBIX CHTHAJIBHBIX MTyTEH, YUACTBYIONIMX B MX 3aIIUTHOM 3 dekTe, a TaKxke
NEPCICKTUBBl TPUMCHEHUS B MHUIICBBIX NPOAYKTax © (apMaleBTHUECKUX Mpernaparax
paccmotpersl B 0030pe J.E. Aguilar-Toalad et al. [57]. ITocTOMOTHKH OTIMYAIOTCS YETKOM
XUMHUYECKON CTPYKTYpO#, 0€30MacHOCThIO, UINTEIBHBIM CPOKOM XpaHEHHs M COJAep)KaHHEeM
pa3IMYHBIX CUTHAJIBHBIX MOJIEKYN. TOYHBIE MEXaHHM3MBI MX JCWCTBUS J0 KOHIIA HE BBISCHEHHI,
OJIHAKO TIONyYCHHBIC JAaHHBIE TO3BOJSIOT MPEINOJNIOKUTh, YTO TMOCTOMOTHUKHA MOTYT
CIOCOOCTBOBaTh  yIAYYIICHUIO 3/I0pOBbSl  XO3fWHA 3a CYET YCHWICHHS KOHKPETHBIX
¢usnonorunueckux ¢pyHkuui. [Ipeamnonaraercs, 4To B OCHOBE MOJIE3HBIX IS 310pOBbs 3 pekToB
MOCTOMOTHKOB JIS)KAT MOIU(PUKAINS MUKPOOHOTHI KHIIIEYHIKA, KOHKYPEHTHOE MMPUKPETUICHUE UX
K CITU3UCTOMN 000JI0UKE U SMUTEINHNIO, YIyUIlIeHHue 6apbepHOi (yHKIINU STUTETHATILHON 000I0UKH
U Monyasius WMMYHHOR cucrembl [58-60]. TTocTOMOTHKH, MpeacTaBisionIre CO00i cMmech
MPOMEKYTOUHBIX M KOHEYHBIX IMPOIYKTOB MHUKPOOHON (epMeHTaIlui, B HACTOSIIEe BpeMs
UCCIICYIOTCS B KAYECTBE HCAHTHOMOTHYCCKUX CTUMYJIATOPOB pocTa [61].

SpkuM TpUMEpPOM TMOCTOMOTHKOB, OKAa3bIBAIOIIMM BCECTOPOHHEE MOJOXKHUTEIHHOE
BO3JICHCTBHE, SIBISETCS MPOAYKT aHa’poOHoM (pepmenTtarumu Saccharomyces cerevisiae (SCFP)
[62]. SCFP sBisiercs omHUM U3 MpUMEPOB 3PPEKTUBHOTO MOCTOMOTHKA, KOTOPBIH MpPU €ro
BBEJICHUU B PAIliOH 000TanaeT ero CMEChi0 METa0OIMTOB, TAKUX KaK JJM3UPOBAHHBIC KJICTOYHBIC
KOMITOHCHTBI, aMUHOKHCIIOTBI, JIMIU/BI, JICTYYHE JKUPHBIC KUCIOTHI M BUTAMUHBI TPyIIbl B,
yIy4IIaloNe pa3BUTHE pyOIla, MOTpedieHHe KOpMa, a TaKXkKe 37J0POBbE M POCT MOAOMBITHBIX
*HUBOTHBIX [59, 63, 64]. MccnenoBanu BiaMsHUE MUKPOOHOJOTHUYECKOTO Tpernapara MpsMOro
KOpMJIeHHsT Ha ocHoBe Saccharomyces cerevisiae (DFM) Ha mokaszareiad pocTa, SKCIIPECCHIO
UMMYHHBIX TE€HOB B IICJIbHOW KPOBH, OMOXMMHIO CBIBOPOTKH M METa0OJIOM IUIa3Mbl BHOBb
OTHATBIX OT TPYIOW MSCHBIX OBIYKOB. OTO HCCIIEOBaHUE TIPOJEMOHCTPUPOBAIO, HYTO
HCIIONIB30BaHMe 0a3zaabHOM queTsl ¢ nobdasienneM 19 r DFM exenHeBHO B TeueHue 42-THEBHOIO
nepuoJia mpuemMa yaydiinio X MPOU3BOJUTEIBHOCTh, COCTOSHIE MUTAHKS M 3/I0POBbE. AHAIN3
MeTaboJIoMa M1a3Mbl BBISIBUJT YBEIMUEHUE B HEM KOHIIEHTPAIUHA METa0O0IUTOB, S-METHUIIIUTO3UHA
U WHJOJICAKPHIIOBOM KHCIIOTBI, YYacTBYIOIIUX B 3alUTE JKABOTHBIX OT BOCHAJICHHS.
Habmoganace Tenaenus k 6osiee HU3KOoMy rokasatento pH ¢dekanuii y ObIYKOB, MOTy4YaBIINX
TaKOW paIMoH, YTO MOXET yKa3bIBaTh Ha yCHWJICHHE (epMeHTaluu B 3aaHel kumke. DPdexT
npoaykToB SCFP Ha ymydiieHue pocta U 3710pOBBS TEJIAT MOKHO OOBSICHUTH UX CITIOCOOHOCTBIO
MOJIYJIMPOBATh MHUKPOOHMOTY B JKEIymO4YHO-KUIIedHOM TpakTe. M3ydenue Bnmusaus SCFP nHa
MUKpOOHBIE cooOmiectBa B Kaxkaom ydactke JKKT ¢ wucnomp3oBaHuMEM  TEXHUKHU
BBICOKOTIPOU3BOMTEIIFHOTO CEKBEHHUPOBAHMUS, MPOBEACHHOE HA TENATaX TOJIITHHCKON ITOPOJIBL,
[I0Ka3aJl0, 4TO UX BKIIIOYEHHE B PAllMOH YBEITMYMBAJIO pa3HOOOpa3ne BUI0OB MUKPOOOB B TOJICTOM
KHAIICYHUKE, a TaKkKe B pyOIle M NPSIMOW KHUINKE, a TaKXKe CTUMYJIHUPOBAIO KOJIOHH3ALHUIO
dubponmutndeckumu Oakrepusimu (Lachnospiraceae u Ruminococcaceae) B pyOlie M TOJICTON
kumike [65]. UccnenoBanue Bausiaus SCFP, mpoBeaenHoe B mepBbie 56 aHEH KH3HH OBIYKOB
TOJIITHHCKON MOPOBI, MoKasaio ynydmenue mopdonorun XXKT, BO3MOKHO, N3-3a yBETHUCHUS
KosimgyectBa Butyrivibrio u ymensmenust cogepskanus Prevotella B pyO1ioBoii sk uaKOCTH, U4TO BEJIO
K yBenudeHHI0 BbipaboTku Oytupara [64]. SCFP ocnaGmsior Takke BIMSHHE YBEIUYCHHOM
KOHIIGHTpAIlUd PYOIIOBOTO M Tnepudepruyeckoro OakTepruaIbHOTO PHIOTOKCHHA W BOCTAJICHHUSI,
BO3HHUKAIOIINX B PE3yJbTaTe MOJOCTPOro pyOILIOBOTO aIi103a — METa0OINUECKOr0 HapyIICHUS y

JOWHBIX KOPOB, CBSI3aHHOT'O C AMCOM030M MHKPOOHOTHI pyOlia U 3aaHei KUKy [66].
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JpoxokeBble  OENKOBBIE TIperaparhl, OTIUYAIOIINECS HU3KUMHU MPOU3BOJCTBEHHBIMU
3aTpaTaMy MpU COOJIOJICHUH BBICOYAMIIMX CTaHIAPTOB KAaueCTBA MUILIEBBIX MPOIYKTOB, MOTYT
OBITh WCIOJIB30BAHBI TAKKE B MUIIEBON MPOMBIIUICHHOCTH ISl 3aMEHBI OOBIYHOTO MHUIIIEBOTO

Oenka [67].

3akiroueHue

CoBpeMeHHBIE peaTnyl TUKTYIOT HE00X0IUMOCTh Pa3pabOTKH HOBBIX, 00JIee SKOIOTUIECCKU
YHUCTBIX, YEM MPUMEHEHHE aHTUOMOTHUKOB, CIOCOOOB MOAJEpKaHUS 30POBOM MHUKpPOOHOTHI B
KEITY0YHO-KUIIIEYHOM TPAKTE, KaK YEIIOBEKa, TaK M CeITbCKOXO3IiCTBEHHBIX KUBOTHBIX. OTHUM
U3 Hauboiee NPOrPEecCHUBHBIX METOJAOB B O3TOM IUUIaHE MPEJCTaBIseTCS MNPUMEHEHUE
MPOOMOTUYECKUX MHKPOOpraHu3MoB. Ecnmu panee Oousblias 4YacTh HCCIEAOBaHUN Oblia
cocpeIoToueHa Ha MPOOMOTHYECKUX OaKTEpHsIX, TO 3a MOCIEIHUE HECKOIBKO JIET Bce OoJiblee
BHUMaHUE YyIENsIeTCs MPOOMOTHYECKUM CBONCTBAM JIPOXKKEBBIX OPTaHM3MOB, OTIMYAIOITUXCS
MPOCTOTON  BBIpamMBaHus, OoJbiieli  3(h(OEKTUBHOCTEIO M MPHUCIIOCOOJICHHOCTHIO K
noBpexaarmuM ycrnoBusM cymectBoBanus B JKKT opranusma-xossuHa. Mcmonb3oBaHue
JIpOACKEN B BUJIE TPOOMOTUYECKUX, TPEOMOTHUECKUX U MOCTOMOTUYECKHX MTPENapaToB J0Ka3ajo
CBOIO 3P (PEKTUBHOCTh, KaK B OTHOIIEHUH CTUMYJIHUPOBAHHS POCTA CEIHCKOXO3SHCTBEHHBIX
JKUBOTHBIX U MTHULBI, TaK U B IPEIOTBPALLICHUH PA3BUTHUS Y HUX KHUIIEYHBIX MMaTOT€HOB. Psgom
aBTOPOB TIOKA3aHO, 4YTO, HECMOTPS Ha HEJAOCTATOYHYIO M3YUYEHHOCTh MOCTOMOTHYECKHIX
JIPOACKEBBIX TpPENapaToB, UX YXKE BBIABICHHbIE CBOMCTBA, TaKHME KaK dYeTKas XHUMHUYECKas
CTPYKTYpa, YCTOWIMBOCTD K pa3IUYHBIM IMOBPEKIAIOIINM (haKTOpaM, BO3MOKHOCTb JJIUTEITHHOTO
XpaHEeHUs, a TJIaBHOE, TIOJIOKUTENBHOE BO3/IEHCTBUE HA KOHKPETHBIE (pr3noaorndeckue GyHKuuu
OpraHW3Ma-XO03s5MHa, BBIIIBUTAIOT WX HA MEPBOE MECTO cpeau Ouonormueckux (akTopoB
CTUMYJISIIUU POCTa U Pa3BUTHS KUBBIX OpPraHu3MOB. Pe3ynbTaThl MccienoBaHUM pa3IMYHbIX
ABTOPOB TMO3BOJISIOT OXHUAATh PACHIUPEHUS HUX UCHOIB30BAaHUS B PA3IUYHBIX 00JaCTIX
OMOTEXHOJIOTHYECKON MPOMBILIUIEHHOCTH.
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Abstract

According to domestic and foreign researchers, gonococcal infection in recent years has been an
urgent problem throughout the world, due to the emergence and spread of strains characterized by multiple
drug resistance to antimicrobial drugs. The review presents the results of studies on the sensitivity of
circulating strains in Kazakhstan and countries of the near and far abroad.

An earlier study of the antibiotic resistance profile of the Kazakh population of Neisseria
gonorrhoeae showed that the least active antibiotic against the studied strains of Neisseria gonorrhoeae
was penicillin (29.7%), the most active was ceftriaxone (0.7% - resistant and 1.3% - moderately resistant
strains). Analysis of the genetic heterogeneity of Kazakh isolates Neisseria gonorrhoeae showed that the
16S-23S ribosomal intergenic spacer of Neisseria gonorrhoeae strains has low intraspecific variability.

Currently, research is ongoing in most countries of the world aimed at studying the ways of spreading
antibiotic-resistant strains of gonococci, and molecular mechanisms for the development of resistance,
which will allow in the near future to determine the localization and nature of mutations leading to the
development of resistance.

Keywords: Neisseria gonorrhoeae, antimicrobials, antibiotic susceptibility, multidrug resistance,
genetic heterogeneity.

Every year, according to the World Health Organization (WHO), there is a high incidence
of gonococcal infection [1].

The fact that gonococcal infections are often young people of childbearing age means that
this is a particularly pressing problem, which further affects fertility. Another important problem
is that the resistance of N.gonorrhoeae strains to antimicrobial drugs, which has been found
regularly in recent decades, is increasing every year [2].

The draft Global Health Sector Strategy on Sexually Transmitted Infections focuses on
Neisseria gonorrhoeae, which requires urgent action due to the growing risk of incurable forms of
the disease [3].

Long-term monitoring of antimicrobial resistance of Neisseria gonorrhoeae has been carried
out by WHO in the Western Pacific Region (WPR) to optimize the treatment of gonococcal
infection with antibiotics since 1992. The Gonococcal Antimicrobial Drugs Surveillance Program
(GASP) has been in operation since 2007 [4] and is currently being implemented in 67 countries
on 5 continents with the support of WHO [5]. The Russian Federation has been implementing a
domestic version of this program recognized by the world community RU-GASP (Russian
gonococcal antimicrobial susceptibility program) since 2002 [6], initiated in the Russian
Federation by the State Scientific Center of Dermatovenerology and Cosmetology of the Ministry
of Health of Russia.

According to observations, the resistance of N.gonorrhoeae to antibiotics is growing
everywhere.

In Kazakhstan, studies were conducted to study the antibiotic resistance of N.gonorrhoeae
strains, which showed that the sensitivity of circulating strains in the region was characterized by
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significant heterogeneity. Temporary changes in the sensitivity of N.gonorrhoeae to antimicrobial
drugs were observed.

Resistance to erythromycin (57%), tetracycline (60%), kanamycin (47%), and the number
of multiple-resistant (56.1-69%) strains of N.gonorrhoeae increased, but sensitivity to penicillin
and its derivatives remained [7]. In this regard, it was necessary to obtain data on the resistance of
gonococci to antimicrobial drugs in the Republic of Kazakhstan in modern conditions. From 2009
to 2011, studies were conducted to study the profile of antibiotic resistance of the causative agent
of gonococcal infection to the main antimicrobial drugs and the genetic heterogeneity of the
Kazakh population of N.gonorrhoeae.

As a result of the study of sensitivity to antimicrobial drugs, it turned out that penicillin was
the lowest active preparation for N.gonorrhoeae strains (the percentage of resistant strains was
about 30%), followed in descending order by tetracycline (about 35% - resistant and more than
47% - moderately resistant) and ciprofloxacin (33% - resistant and more than 41% are moderately
resistant). The most active antibiotic against N.gonorrhoeae was ceftriaxone (up to 1% - resistant
and more than 1.2% - moderately resistant) [8,9]. The analysis of genetic heterogeneity of
Kazakhstani N.gonorrhoeae isolates was carried out, which showed that the 16S-23S ribosomal
intergenic spacer of Neisseria gonorrhoeae strains has low intraspecific variability. Two large
groups of isolates, which include DNA — No. 2,5,8,13,16,18,26,36,37 and the second group No.
1, 4,14,15,29,33, and reference strains from GENEBANK — were identified.

The outcome of the research showed at least four suitable loci (potential VNTR loci in the
Neisseria gonorrhoeae genome) oligonucleotide primers for amplification of these loci were
designed.

A detailed analysis of 98 isolates of N.gonorrhoeae resistant to ciprofloxacin to determine
the presence of changes in the regions of the gyrA and ragS genes that determine resistance to
quinolones and analysis of the melting curves of amplification products for the gyrA and ragS
genes showed that more careful ordering or the use of an additional oligonucleotide is necessary
to determine mutations in the gyrA gene by analyzing the melting curves-samples complementary
to the locus with mutations for the analysis of melting of heteroduplexes.

The spectrum of a change in the ragS gene. Analysis of the melting curves of PCR products
for the ragS gene can be used to determine mutations in this gene. The comparison of samples with
mutations in the gyrA and ragS genes with the previously obtained dendrograms revealed that
samples containing mutations do not form separate clusters on any of the dendrograms, which
means that these mutations have arisen recently [10-13].

Since 2004, following the standards of the World Health Organization, the National Program
of Antimicrobial Surveillance of Gonococci (RU-GASP) has been operating in the Russian
Federation, where the current state for 2015 is presented. It included links between the sensitivity
of N.gonorrhoeae to antibiotics, determinants of primary genetic resistance, and sequence types of
specific strains.

124 strains of N. gonorrhoeae obtained from 9 regions of Russia in that year were tested
using N. gonorrhoeae multi-antigen typing (NG-MAST) — an antimicrobial susceptibility test by
the European Committee for Antimicrobial Susceptibility Testing (EUCAST), criteria and
oligonucleotide microarray for the identification of mutations in the penA, ponA, rpsJ, gyrA and
parC genes responsible for resistance to penicillin G, tetracycline and fluoroguinolones.
Genogroup (G) isolates were evaluated based on their sequence types (ST) porB and tbpB.

In Russia, when analyzed by NG-MAST, there are 58 sequences of N.gonorrhoeae, 35 of
which were described for the first time, showing a diversified population. 807, 1544, 1993, 5714,
9476, and 12531 SCs, for some regions typical of the Russian Federation and several countries of
the former USSR, were represented by 5 or more isolates. The ST 1407 strain, which is widespread
throughout the world, was represented by one strain in the present study. The division into
genogroups facilitated the study of associations between the type of sequence N. gonorrhoeae,
antimicrobial resistance spectra, and content of genetic resistance determinants. Susceptible (G-
807, G-12531) and resistant (G-5714, G-9476) genogroups were previously identified.
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These outcomes led researchers to conclude that resistance or intermediate susceptibility to
previously recommended antimicrobials such as penicillin G (60.5%), ciprofloxacin (41.1%), and
tetracycline (25%) is common in N. gonorrhoeae population. Based on previous results and
modern data, ceftriaxone and spectinomycin must be recommended first of all as an empiric
antimicrobial monotherapy for gonorrhea in Russia [14].

In 2016, researches were conducted to study the regional sensitivity of N. gonorrhoeae
strains in the Central District of St. Petersburg, which showed a higher stage of resistance of
gonococci to penicillin, tetracycline and ciprofloxacin (75.0; 62.5 and 50.0% of resistant strains
respectively), while maintaining the sensitivity of the pathogen to ceftriaxone, cefixime,
pectinomycin and azithromycin (0; 0; 6.3; 6.3 resistant strains, respectively); to ceftriaxone,
cefixime, spectinomycin and azithromycin (0; 0; 6.3; 6.3 resistant strains, respectively). Studies
confirm the need for constant monitoring of antibiotic resistance of the causative agent of
gonococcal infection in each region of the Russian Federation [15].

The sensitivity of 365 N.gonorrhoeae strains isolated in 2015-2016 was studied in 8 regions
of the Russian Federation, the Republic of Tatarstan, and the Chuvash Republic, as a result of
which a high sensitivity of the studied isolates was established to ceftriaxone (100%) and
spectinomycin (98.9%) and in some regions of the Russian Federation - a significant variation in
sensitivity to benzylpenicillin, tetracycline, ciprofloxacin, and azithromycin.

Consequently, the outcome of the research made it possible to establish a pronounced
heterogeneity of N. gonorrhoeae strains circulating in the territory of the Russian Federation. The
information obtained may be used as additions to the federal list of AMPs used in the treatment of
gonococcal infection.

Molecular typing of the above strains showed a significant diversity of the modern Russian
population of N. gonorrhoeae. The most numerous strains identified in most regions were
characterized by sensitivity to all tested AMPs. Multidrug-resistant sequence types were inferior
to them in number and were associated with a certain subject of the Russian Federation [16].

Other research scientists made a valuation of the level of resistance to tetracycline in the
modern population of N. gonorrhoeae in the Russian Federation, where this drug was excluded
from the treatment regimen for gonococcal infections in 2003. All were analyzed for the presence
of genetic markers involved in tetracycline resistance (chromosomal hereditary variations of porB,
rpsJ, and mtrR genes and the tetM gene located on a plasmid) from 2015 to 2017. In one isolate
of N.gonorrhoeae, a defective tetM gene with a deletion of AG at position 1239-1240 was found,
and a new stop codon was introduced, which led to a disruption of TetM protein synthesis and
decreased resistance to tetracycline. Phylogenetic trees set up using the N.gonorrhoeae NG-MAST
and tetM loci were compared. A complex relationship was studied between the N. gonorrhoeae
sequence type and the tetM plasmid type. There was a partial renewal of the sensitivity of
N.gonorrhoeae to tetracycline relative to the proportion of isolates with resistance identified 10
years ago (75%) [17].

Antimicrobial resistance (AMR) and molecular epidemiology of N.gonorrhoeae isolates
cultured in 2012 (n =84) and 2017 (n =72) were studied for the first time to update the Kyrgyz
National Guidelines for the treatment of gonorrhea in Kyrgyzstan. Sequence typing of the
N.gonorrhoeae multiantigen (NG-MAST) was executed.

Gonococcal isolates were defined to 69 sequence types, 52 (75.4%) of which were new. The
high genetic diversity of the populations of gonococci cultivated in Kyrgyzstan in 2012 and 2017
has shown. Ceftriaxone 500-1000 mg in combination with azithromycin 2 g or doxycycline is
suggested as primary empirical therapy, especially if chlamydial infection has not been excluded.
Spectinomycin 2 g may be an alternative treatment and may be given with azithromycin 2 g if
gonorrhea of the pharynx has not been excluded. The use of fluoroquinolones, aminoglycosides,
benzylpenicillin, or tetracyclines for empiric treatment of gonorrhea is not suggested in
Kyrgyzstan. The researchers concluded that it is important to keep up-to-date and strictly follow
national guidelines for treating gonorrhea based on quality-assured AMR data. Expanded and
brought up observation for gonococcal AMR in Kyrgyzstan is very important [18].
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In Belarus, from 2010 to 2013, the prevalence and dynamics of AMR of gonococci, as well
as the molecular and epidemiological characteristics of N.gonorrhoeae strains, were studied.

The consequences of this surveillance were put in place to replace penicillin G with
ceftriaxone (1 g one-time intramuscularly) as the primary empiric treatment for gonorrhea in the
national treatment guidelines in Belarus to strengthen surveillance for gonococcal AMR further,
and to study treatment failure and molecular epidemiological genotypes in Belarus [19].

In China, studies were conducted from 2017 to 2018 to find multidrug-resistant isolates of
N. gonorrhoeae with combined resistance to ceftriaxone and azithromycin, which made it possible
to detect a rare strain with multidrug resistance to the above drugs (GC250) and four strains
(GC185, GC195, GC196 and GC249) with resistance to ceftriaxone and reduced sensitivity to
azithromycin. All strains belonged to NG-STAR ST1143, including the mosaic penA- 60.001,
which is strongly associated with ceftriaxone resistance. Characterization of AMR determinants
and phylogenetic analysis of research showed that these five strains were closely related to the
ceftriaxone-resistant N. gonorrhoeae that are spreading worldwide. FC428, however, with a higher
MIC (Minimum Inhibitory Concentration) for azithromycin. The outcomes achieved showed that
this clone not only initiated clonal expansion in China but also acquired resistance to azithromycin
[20].

In the Western Pacific region, where there is a high occasion of gonorrhea, AMR strains of
N.gonorrhoeae pose a serious threat to human health, thereby causing particular related to
researchers in this region [21]. Since there are no genomic epidemiological studies of this pathogen
in the Philippines, it was defined to put up the Program for the Surveillance and Genomic
Surveillance of Clinical Strains of N. gonorrhoeae, AMR (ARSP), isolated in the Philippines. This
Program has been collecting data on resistant gonorrhea since 1996.

Jamoralin M.C. Jr. et al. [22] sequenced the complete genomes of 21 isolates of N.
gonorrhoeae collected by ARSP in 2013-2014. Multilocus sequence type, multiantigen sequence
type, presence of antimicrobial resistance determinants, and relatedness among isolates were
derived from sequence data. The correspondence between phenotypic and genotypic resistance
was also determined. 10 of 21 isolates were resistant to penicillin, ciprofloxacin, and tetracycline,
mainly due to the presence of S91F heritable variability in the bla TEM gene, gyrA, and tetM gene,
respectively. No one of the isolates was constant to ceftriaxone or cefixime. Concordance between
phenotypic and genotypic impedance in general was 92.38% for 5 antibiotics of 4 classes.
Comparisons with global genomes placed Philippine genomes in the global A sequence and led to
the identification of an international distribution pathway. This is the first genomic research of N.
gonorrhoeae. Isolates collected by ARSP are used to contextualize prospective epidemiological
surveillance. It highlights the importance of genomic surveillance in the Western Pacific and other
endemic regions to understand the spread of drug-resistant gonorrhea worldwide [22].

Jianhe Peng et al. [23] developed a quantitative, scalable proteomics approach to better
understand AMR in N. gonorrhoeae to study a WHO panel with complete closed genome
sequencing of N. gonorrhoeae isolates and well-defined phenotypic and genotypic antimicrobial
drug resistance patterns. Normalized reproducible protein expression profiles were detected in
N.gonorrhoeae reference strains. The strains described by genomics showed similarities however
showed different proteomic profiles. Several proteins from efflux pumps to stress responses, such
as oxidative stress, and toxin/antitoxin systems, have been found to be modified in AMR strains.
LtgE was increased in strains showing chromosomally indirect resistance to penicillin. MacB
(ATP hydrolysis component of the macrolide efflux pump MacA-B) almost doubled in WHO V
(azithromycin MIC > 256 mg/l) and may be associated with azithromycin resistance.

The researchers have invented a reliable method for researching protein expression in
N.gonorrhoeae. Proteome profiles can distinguish amongst genetically similar patches. This study
has detected complex mechanisms in N. gonorrhoeae that may be associated with AMR.

N. gonorrhoeae has several mobile genetic elements (MGEs). MGEs can make an influence
on the pathogenesis and spread of AMR in N.gonorrhoeae [24]. Phylogenetic research specifies
uncertainties about the genetic connection of isolates with identical phenotypes and provides data
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on whether AMR is caused by new mutations and clonal expansion or by isolated introductions by
importation.

Katy Town et al. [25] sequenced 1277 isolates with relevant epidemiological and
antimicrobial susceptibility information compiled from 2013 to 2016 to research the genomic
variation of N.gonorrhoeae in England. Comparing genetic markers and phenotypes for AMR, the
researchers detected 2 N.gonorrhoeae lines with various antimicrobial susceptibility profiles and
3 clusters with elevated MICs for ceftriaxone, different mutations in the penA allele, and various
epidemiological characteristics. These outcomes recommended that N. gonorrhoeae with reduced
antimicrobial susceptibility arises independently and repeatedly in the different reproductive
systems in England through new mutation or recombination occurrence, as well as through
importation. Monitoring and control of N. gonorrhoeae AMR should cover all affected populations
and not concentrate on specific risk groups or positions.

In this scope, the purpose of the research carried out by Miguel Pinto et al. [26], is the
clustering N. gonorrhoeae into genogroups based on WGS information to increase prospective
laboratory surveillance. Especially, it aims to detect the main circulating WGS genogroups in
Europe and set up the relationship between them and AMR.

It enriches the public databases by adding WGS information from Portuguese isolates
spanning fifteen years of follow-up. The genomes of 3791 fully sequenced N. gonorrhoeae isolates
collected across Europe were analyzed using a gene-by-gene approach (ie, using cgMLST).
Analysis of the composition and stability of the cluster made it possible to classify isolates in
compliance with a two-stage hierarchical level of the genogroup, identified by two thresholds of
allelic range, showing the stability of the cluster.

Genogroup clustering is broadly consistent with available N. gonorrhoeae typing methods
(i.,e. MLST (multi-locus sequence typing), NG-MAST (multi-antigen sequence typing of
N.gonorrhoeae) and PubMLST core genome groups) and highlight the dominant genogroups
circulating in Europe and showed that the vast majority of genogroups show a dominant AMPT
profile.

Moreover, the non-static gene-by-gene approach, combined with a more discriminatory
threshold for potential epidemiological association, made it possible for the researchers to compare
information with previous outbreak reports or chains of transmission.

Genogroup assignment allows for a comprehensive analysis of the genetic diversity of N.
gonorrhoeae and observation of WGS-based genogroups existing in Europe while facilitating the
valuation (and ongoing monitoring) of their frequency, geographic distribution, and potential
connection with specific AMR signatures.

This strategy could benefit human health work by prioritizing the genogroups to be
controlled, detecting emerging resistance carriers, and potentially facilitating information sharing
and communication [26].

Tatum D. Mortimer, Yonatan H. Grad [27] register the diffused acquisition of N.
gonorrhoeae resistance to many classes of antibiotics, and the emergence worldwide of lines with
reduced susceptibility to currently suggested treatments. The researchers disputed the contribution
of WGS to understanding N.gonorrhoeae resistance. Genomics has shed light on the evolutionary
origin and area of population structure of N. gonorrhoeae, as well as the extent of horizontal gene
transfer within and among Neisseria species. The WGS also made it possible for more detailed
epidemiological research of the transmission of N. gonorrhoeae between individuals and
populations than previously used typing methods.

N. gonorrhoeae genomics study will complement other laboratory methods to understand
the biology and evolution of the pathogen, upgrade clinical diagnosis and treatment, and inform
human health to limit the impact of antibiotic resistance.

The peptidoglycan composition of Neisseria has been of scientific interest for more than
forty years. Initial studies focused on the mechanisms behind increased antibiotic resistance in N.
gonorrhoeae by identifying differences in peptidoglycan composition between penicillin-
susceptible and resistant strains. The development that cytotoxic peptidoglycan fragments are also
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brought out by Neisseria has increased interest in the composition of peptidoglycan. This method
concerns the purification, enzymatic digestion, and separation of peptidoglycan fragments using
high-performance liquid chromatography (HPLC). It also concerns the preparation of samples so
that they can be accurately detected by mass spectrometry [28].

Azithromycin-insensitive strains of N. gonorrhoeae present a new global public health
threat. From 2015 to 2018 in Argentina, the prevalence of azithromycin-insensitive gonococcal
infections has grown essentially. For consideration of the genomic epidemiology and resistance
mechanisms of these strains, Ricardo Ariel Gianecini et al. [29] researched the outcomes of
sequencing of ninety six insensitive isolates collected in Argentina from 2005 to 20109.
Phylogenomic analysis detected two major clades with limited geographic distribution and
circulating in January 2015 and November 2019. These clades consist of the internationally
distributed multilocus sequence types (ST) 1580 and 9363. ST1580 isolates that had a MIC of 2-
4 pg/mL had mutations in 23S rRNA. Isolates of ST9363 with MICs of 2-4 or >256 pg/mL had
mutations in 23S rRNA, the mtr mosaic locus, or both. Observation of the geographic distribution
and characteristics of these predominant clones will guide human health policy to control the
spread of azithromycin-insensitive N. gonorrhoeae in Argentina.

As mentioned above, Grad Y.H. et al [30] recently found that in 36% of the isolates studied,
the mechanisms associated with azithromycin resistance could not be determined based on current
knowledge. Moreover, researchers have long postulated the existence of a non-transformable
determinant of resistance known as “factor X” that is associated with increased resistance to
penicillin and other antimicrobials, but this mechanism has not been identified [31].

The incidence of N. gonorrhoeae is rapidly growing along with increasing stages of
antibiotic resistance to a wide range of drugs, including first-line drugs. The rise of resistance has
led to fears that incurable gonorrhea will cause serious disease worldwide. Daniel H F Rubin et al.
[32] describe several approaches being taken to slow down and control the spread of resistance.
First, several old drugs have been repurposed and new drugs are being developed that are active
against N. gonorrhoeae. Second, the development of a vaccine, a long-important goal, is moving
forward. Third, new diagnostic methods promise the rapid detection of antibiotic resistance and
the transition from empiric to individualized treatment. Rolling out these new tools to tackle
antibiotic resistance will require careful consideration to ensure optimal care for all patients while
extending the duration of treatment regimens.

Daniel Golparian et al. [33] consider the need for AMR surveillance in N. gonorrhoeae
confirmed by molecular typing, ideally through genome sequencing. The authors identified N.
gonorrhoeae AMR clonal complexes (NG-STAR) and validated their usefulness for gonococcal
AMR surveillance. All NG-STAR and ST alleles available in the public database were analyzed
using PHYLOViZ 2.0 to determine CC according to the closest parent ST with >5 identical alleles
and the parent ST with the most links. The European gonococcal dataset published in 2013
(n=1054), the 2016 WHO reference strain panel (n=14), and N.gonorrhoeae isolates from several
countries with the ceftriaxone resistance determinant penA-60.001 (n=7) were used for
verification.

The researchers decided that CC NG-STAR corresponds to the phylogeny of the gonococcus
genome; allows fast visualization with limited computational requirements; provides a simple,
reproducible, and portable nomenclature (for WGS data and conventional Sanger sequencing); and
predicts AMR lines. Surveillance for phenotypic AMR supplemented by WGS is mandatory and
NG-STAR CCs can effectively support it [33].

Ceftriaxone remains the first-line therapy for patients infected with N. gonorrhoeae in most
cases.

Monica M. Lahra et al. [34] investigated the possible spread of ceftriaxone-resistant
N.gonorrhoeae clone FC428 in Japan following the recent isolation of similar strains in Denmark
(GK124) and Canada (47707). The authors report 2 cases of the FC428 clone in Australia in
heterosexual men traveling from Asia. The researchers' bioinformatic analyses included basic
phylogeny of single nucleotide variations and in silico molecular typing; phylogenetic analysis
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showed a close genetic relationship among all 5 isolates. These results provide additional evidence
for the international transmission of ceftriaxone-resistant N.gonorrhoeae. The authors recommend
raising awareness of the international spread of this drug-resistant strain, strengthening
surveillance, including detection of treatment failures and contacts, and increasing international
data sharing.

Fa-Xing Jiang et al. [35] characterized the AMR and genetic determinants of resistance of
N.gonorrhoeae isolates from Hefei (China), which provided extensive information on the
molecular epidemiology of gonococcal resistance in China. 126 N. gonorrhoeae isolates from a
hospital clinic in Hefei were collected between January 2014 and November 2015. MICs of N.
gonorrhoeae isolates for seven antimicrobials were determined by the agar dilution method. The
isolates were tested for mutations in the penA and mtrR and 23S rRNA genes and genotyped using
N.gonorrhoeae multiantigen sequence typing (NG-MAST).

Thus, N. gonorrhoeae sols from Hefei from 2014 to 2015 showed a high level of AMR
previously suggested for the treatment of gonorrhea, such as penicillin, tetracycline, and
ciprofloxacin. The prevalence of resistance to azithromycin was also high (28.6%). No isolates
were found to be completely resistant to spectinomycin, ceftriaxone, or cefixime; but, in general,
11.1% of the isolates had reduced ESC susceptibility.

Kauser Jabeen et al. [36] conducted a study on the prevalence and trends of gonococcal STIs
and molecular epidemiology of local strains in Karachi, Pakistan, from 2012 to 2014. Gonococcal
isolates (n=100) obtained from urogenital specimens were transferred to the laboratory of the Aga
Khan University. Antimicrobial susceptibility was determined using Etest, molecular
epidemiology was assessed using N. gonorrhoeae multi-antigen typing (NG-MAST). Quality
control was performed using WHO N. gonorrhoeae reference strains C, F, G, K, L, M, N, O, P,
and ATCC 49226.

Sensitivity to spectinomycin, ceftriaxone, and cefixime was 100%, and to azithromycin -
99%.

The authors made conclusions about the circulation in Karachi (Pakistan) in a highly
diversified gonococcal population, 74 NG-MAST STs (62 new STs) with increased resistance to
penicillin G, ciprofloxacin, and tetracycline. The absence of resistance to ceftriaxone was noted,
which makes it possible to recommend it as the drug of choice. However, it is recommended to
increase the dose of ceftriaxone from 125 mg IM to 250 mg IM due to the decrease in the MIC of
ceftriaxone and the occurrence of resistance reported in the region. In addition, due to the high
level of resistance to ciprofloxacin (86%), it is necessary to exclude ciprofloxacin from the
recommended first-line therapy. It is critical to greatly expand the monitoring of gonococcal AMR
to other laboratories and cities in Pakistan.

The development of resistance in N. gonorrhoeae to available first-line antibiotics, including
penicillins, tetracyclines, fluoroguinolones, and cephalosporins, has led to the spread of multidrug-
resistant gonorrhea on a global scale. Advances in high-throughput WGS provide useful tools that
can be used to enhance the detection, treatment, and management of gonococcus, which will
ultimately help in the fight against AMR gonorrhea worldwide.

Jeanine Abrams et al. [37] reviewed the use of WGS N. gonorrhoeae for strain typing,
phylogenomic studies, molecular surveillance, and transmission studies. In their view, the
development of the high-throughput WGS has revolutionized the ability to characterize and
analyze microbial isolates and communities, influencing typing methods, epidemiological
surveillance, genetic relatedness analysis, and transmission studies. The application of WGS tools
to the study of gonococcal AMR isolates has already improved the understanding of the evolution
of AMR in NG and the transmission of resistant strains at local, national, and global scales.

To contribute to the implementation of supranational requirements to monitor and control
the spread of N. gonorrhoeae AMR, the National Institute of Health of Portugal contributed to the
establishment of the National Network of N. gonorrhoeae Collection Laboratories (PTGonoNet).
This study reports on the main trends in N. gonorrhoeae AMR observed from 2003 to 2018. All
isolates described in this study represent an opportunistic current collection of N. gonorrhoeae
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isolates maintained by the National Reference Laboratory for Sexually Transmitted Infections,
National Institute of Health of Portugal, comprising strains isolated from 35 different public and
private laboratories. The molecular type was determined using NG-MAST. AMR data from 2596
isolates distributed in the country show that 87.67% of all N. gonorrhoeae isolates showed reduced
susceptibility to at least one antimicrobial agent. Over the years, a steady decline in sensitivity and
resistance to penicillin, tetracycline, and ciprofloxacin can be observed. However, a decrease in
sensitivity to cephalosporins was not observed until 2018, while for azithromycin it has always
been low. The most common NG-MAST genogroups observed were G1407, G7445, G225, G2,
and G1034 [38].

According to David M Whiley et al. [39], AMR N. gonorrhoeae is a globally recognized
health threat, and new strategies are needed to improve AMR surveillance. The Northern Territory
of Australia is unique in that 2 different first-line treatments are used to treat gonorrhea, primarily
based on geographic location. 1629 N. gonorrhoeae nucleic acid amplification positive clinical
specimens collected from regions where ceftriaxone plus azithromycin or amoxicillin plus
azithromycin are recommended for first-line treatment were tested using 8 N. gonorrhoeae AMR
PCR assays. The results were compared with the data of routine observation based on culture. PCR
data confirmed the absence of resistance to ceftriaxone and a low level of resistance to
azithromycin (0.2%), and that resistance to penicillin was <5% in the areas of amoxicillin and
azithromycin. Ciprofloxacin resistance and penicillinase-producing N.gonorrhoeae were lower
with molecular methods. The authors concluded that molecular detection of N. gonorrhoeae AMR
could increase the evidence base for treatment recommendations, especially in settings where
culture-based surveillance is limited.

Anna Carannante et al. [40] consider it useful to apply molecular epidemiology approaches
to detect emerging, often resistant, gonococcal clones. In this study, 67 N. gonorrhoeae isolates
from different anatomical regions collected over 8 years in Italy were analyzed by WGS. WGS
was performed using the Illumina NextSeq 500 platform. Phylogenetic analysis was based on
single nucleotide core polymorphism (SNP) and multilocus core genome sequence typing
(cgMLST). Sequence typing of N.gonorrhoeae multiantigens (NG-MAST), MLST, and
N.gonorrhoeae for AMR (NG-STAR) was performed in silico using WGS data. Antimicrobial
susceptibility for a panel of four drugs was assessed using the gradient diffusion method. In
general, gonococcal clustering was consistent with NG-MAST, MLST, NG-STAR profiles, and
antimicrobial susceptibility, but not with the site of isolation, HIV status, and sexual orientation
of patients. Phylogenetic analysis revealed nine clades: two of them were predominant and
included gonococci of genogroups G1407 and G2400.

Rapid and comprehensive methods are needed to accurately characterize N. gonorrhoeae
AMR profiles. Chi Zhang, Leshan Xiu, Yamei Li et al. [41] used a method based on multiplex
amplicon sequencing to simultaneously sequence 13 AMR-associated genes in N. gonorrhoeae
directly from clinical specimens.

Nine strains of N.gonorrhoeae were used to develop and validate the method. Eleven urethral
swabs and their corresponding cultured isolates were matched in pairs to determine the accuracy
of the method. To determine the sensitivity of the method, imitation samples were prepared with
various dilutions. Five non-gonococcal Neisseria strains and 24 negative N. gonorrhoeae clinical
specimens were used to assess cross-reactivity. The method was applied to 64 clinical samples to
evaluate its effectiveness.

The authors concluded that using Sanger sequencing as a reference method, sequences
recovered from amplicon sequencing had a baseline accuracy greater than 99.5%, and AMR sites
were correctly identified. The limit of detection (LOD) was below 31 copies/reaction. No
significant cross-reactivity was observed. In addition, target genes were successfully extracted
from 64 clinical specimens, including 9 urine specimens, demonstrating the feasibility of this
method in various specimen types. For clinical samples, results can be obtained within a period
from 7 hours 40 minutes to 10 hours 40 minutes, while for isolates, the processing time was
approximately 2 hours shorter.
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The method is versatile and convenient for non-culture diagnostics with the advantages of
high sensitivity and accuracy.

On the growing concern about the emergence and spread of multidrug-resistant strains N.
gonorrhoeae reported by Ivan Bodoev and others [42]. Researchers believe that to effectively
control antibiotic-resistant bacterial pathogens, it is necessary to develop new antimicrobials and
understand the mechanisms of resistance to existing antibiotics. In this study, the authors found an
unexpected emergence of drug resistance in N. gonorrhoeae caused by amino acid substitutions in
the SurA periplasmic chaperone and the BamA B-stem assembly mechanism component. The
clinical isolate 119.05 with mutations in the corresponding genes along with reduced sensitivity to
penicillin, tetracycline, and azithromycin was studied. Mutant strain NGO5 (surA mut bamA mut
and penA mut) was obtained using the general sensitive clinical isolate n01.08 as a recipient in the
transformation procedure. Comparative proteomic analysis of strains NG05 and n01.08 revealed
a significantly increased level of other chaperones, Skp and FkpA, as well as some transport
proteins. Efflux pump inhibition experiments have shown that desensitization is achieved by efflux
pump activity. The authors suggest that the described mutations in the surA and bamA genes cause
qualitative and quantitative changes in periplasmic chaperones, which, in turn, changes the
function of synthesized cell envelope proteins.

Matthew W. Schmerer et al. [43] presented genomic characterization of Neisseria strains
gonorrhoeae, demonstrating reduced sensitivity to azithromycin from sentinel surveillance
conducted in the United States in 2016. Further Molecular Observation of N. gonorrhoeae isolates
will reveal new mechanisms of sustainability.

The aim of Hongren Wang et al. study [44] was to test the contribution of the N. gonorrhoeae
clone FC428, distributed worldwide, to the emergence of resistance to ceftriaxone in Chengdu in
southwest China in 2018.

The antimicrobial susceptibility of N.gonorrhoeae isolates to six antibiotics was determined
by the agar dilution method. Real-time PCR and WGS analysis were used to identify clone FC428.
Phylogenomic and molecular analyses of AMR have been performed to characterize the
transmission and evolution of related strains.

This study confirmed that four out of 112 N. gonorrhoeae isolates are ceftriaxone-resistant
clone FC428. Phylogenomic analysis showed that they arose as a result of numerous introductions
and subsequent local transmission. The strains have undergone further evolution, characterized by
the accumulation of mutations in resistance genes and/or the acquisition of plasmids encoding
penicillin and tetracycline resistance genes.

The authors report the spread of N. gonorrhoeae FC428 in southwest China and call for
efforts to strengthen gonococcal antimicrobial surveillance to control the further spread of this
successful clone both locally and nationally.

The dynamics of the biology of the gonococcal population are poorly defined due to the lack
of resolution in strain typing methods.

Odile B. Harrison, Ana Cehovin, Jessica Skett et al. [45] evaluated the use of the core
genome to improve understanding of the structure of the gonococcal population compared to
current typing schemes.

In total, 1668 loci were identified, which are the core of the gonococcal genome. They were
organized into a multilocus typing scheme of the main genome sequence (N.gonorrhoeae cg
MLST v1.0). A clustering algorithm using a threshold of 400 allelic differences between isolates
allowed the separation of gonococci into discrete and stable main genome groups, some of which
persisted for several decades. These groups were associated with antimicrobial genotypes and non-
overlapping NG-STAR and NG-MAST sequence types. MLST-ST and were more widely
distributed among major genome groups.

A group of researchers from China [46] conducted a study on ceftriaxone susceptibility
testing and molecular characterization of N. gonorrhoeae isolates.

A total of 128 N. gonorrhoeae isolates were obtained consecutively in Changsha, China
between April 2015 and June 2016. Ceftriaxone MICs were measured by the agar dilution method
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for each isolate. Ceftriaxone resistance determinants including penA, mtrR, porB, and ponA were
amplified by PCR, and the PCR products were sequenced. For genotyping, N.gonorrhoeae
multiantigen sequence typing (NG-MAST) was performed. The results showed that 11% (14/128)
of the isolates had reduced susceptibility or resistance to ceftriaxone. The results of ceftriaxone
susceptibility testing indicated that ceftriaxone could continue to be recommended as a first-line
treatment for gonorrhea in Changsha; however, timely AMR surveillance is important. Non-
mosaic penA alleles with A501V/T, P551S, and porB1b mutations may contribute to ceftriaxone
resistance or decreased N. gonorrhoeae susceptibility in this region, and heterogeneous STs in
these isolates rule out clonal expansion of a particular subtype. The 14 isolates with reduced
susceptibility or resistance were subdivided into 9 STs showing significant diversity.

AMR surveillance for N. gonorrhoeae is essential to monitor the emergence and spread of
AMR strains in local, national, and international populations. This is critical for developing or
refining treatment recommendations. N. gonorrhoeae multi-antigen typing (NG-MAST) is useful
for describing the molecular epidemiology of gonococci at the national and international levels.
Determining the determinants of AMR to beta-lactam drugs is a means of monitoring the
development of resistance.

In Ghana, little is known about the prevalence of gonococcal AMR at present, and the
characterization of gonococcal isolates has not previously been performed.

In a study described by Naiki Atram et al . [47] Gonococcus isolates (n=44) collected from
five health facilities in Ghana between 2012 and 2015 were investigated using AMR testing, NG-
MAST, and penA gene sequencing. High rates of resistance to tetracycline (100%),
benzylpenicillin (90.9%), and ciprofloxacin (81.8%) were revealed. One isolate had a high MIC
of cefixime (0.75 pg/mL). 28 NG-MAST sequence types (ST) were identified, seventeen of which
were new. The high MIC cefixime isolate contained the penA-34 mosaic allele and belonged to
NG-MAST ST1407, a globally widespread multidrug-resistant clone that accounts for the majority
of cefixime resistance in many countries. In conclusion, AMR testing, NG-MAST, and sequencing
of the AMR determinant penA revealed high rates of resistance to tetracycline, benzylpenicillin,
and ciprofloxacin; and a very diverse population of N.gonorrhoeae in Ghana.

According to Xiaolin Qin et al. [48] the prevalence of N. gonorrhoeae infection in China has
increased dramatically since 2015. AMR and molecular mobilization in N. gonorrhoeae are two
important factors behind this growing prevalence. A total of 704 isolates were collected from two
cities in Guangdong. MICs of major antimicrobials were determined and penicillinase-producing
N.gonorrhoeae (PPNG) and tetracycline-resistant N.gonorrhoeae (TRNG) were characterized,
and multi-antigen sequence typing of N.gonorrhoeae (NG-MAST) was performed. High
resistance to penicillin (68.2%), tetracycline (85.7%), and ciprofloxacin (98.2%) was revealed.
Spectinomycin, ceftriaxone, and azithromycin were effective, with susceptibility of 100%, 96.4%,
and 90.7%, respectively. Resistance to penicillin decreased significantly from 78.4% to 73.6% and
azithromycin from 11.9% to 3.7%. The overall prevalence of PPNG, TRNG, and PPNG/TRNG
was 25.4%, 33.1%, and 13.4%, respectively. PPNG decreased significantly from 37.3% to 23.9%,
TRNG from 50.0% to 31.3%, and PPNG/TRNG from 23.5% to 11.7%. However, the share of
African-type PPNG increased significantly (from 18.4% to 64.1%) compared to the decrease in
Asian-type PPNG (from 81.6% to 33.3%), while the share of US-type TRNG increased
significantly (from 0 % to 13.7%) compared to a decrease in Dutch type TRNG (from 100% to
86.3%). A total of 271 sequence types (STs) were identified by NG-MAST from 380 isolates
collected in 2013, 2014, and 2017, with 145 new STs. The African type PPNG is increasing and
replacing the Asian type, and new STs have appeared.

The researchers concluded that gonococcal isolates with new genotypes may contribute to
the growth of the gonorrhea epidemic in this area.

The steady increase in antimicrobial resistance in N. gonorrhoeae requires control of the
spread of resistance mutations.

Researchers from the Russian Federation [49] presented data describing drug resistance
mutations, results of antimicrobial susceptibility tests, and molecular genotypes of 128 modern
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N.gonorrhoeae isolates collected in 9 regions of the Russian Federation. One-third of the N.
gonorrhoeae isolates studied contained multiple drug resistance mutations on the bacterial
chromosome, resulting in a bimodal distribution of mutation profiles and associated patterns of
antimicrobial susceptibility. The spread of multiple resistance can be explained by the vertical
transfer of mutations leading to the clonality of the N.gonorrhoeae population.

N.L. Heath, R.S. Rowlands et al. [50] studied the antimicrobial activity of polyketide
antibiotics against Burkholderia enacyloxin Ila and gladiolin against N. gonorrhoeae and
Ureaplasma spp. Antibiotics were tested against 14 N. gonorrhoeae and 10 Ureaplasma spp,
including multidrug-resistant N. gonorrhoeae, WHO V, WHO, and WHOS isolates, as well as
Ureaplasma resistant to macrolides, tetracycline, and ciprofloxacin. Susceptibility testing for N.
gonorrhoeae was performed by agar dilution, and liquid microdilution and growth kinetics assays
were used for Ureaplasma spp. The authors concluded that the antibiotics enaciloxin 11A and
gladiolin have antimicrobial activity against a number of susceptible and antibiotic-resistant
isolates of N. gonorrhoeae and Ureaplasma.

The significance of this study is that it highlights the potential of a new class of
antimicrobials against pathogens for which a limited number of antibiotics are available. The
development of these compounds requires further study due to the emergence of broadly drug-
resistant strains.

Thus, the presented review testifies to the relevance of this problem and, based on the
foregoing, it can be concluded that ongoing research around the world is aimed at studying the
antibiotic sensitivity of N. gonorrhoeae strains, identifying both strains resistant to AMR drugs
and those with reduced sensitivity, analysis ways of their distribution and study of molecular
mechanisms of development of resistance to AMR drugs. The ongoing studies will make it
possible to determine the localization and nature of mutations that lead to the development of
resistance of N.gonorrhoeae strains to AMR drugs, which will make it possible to increase the
effectiveness of antibiotic therapy for gonococcal infection.
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OCOBEHHOCTHA TEHOMHOM U ®PEHOTUIIMYECKO U3SMEHUYABOCTHU "
YYBCTBUTEJBHOCTHU NEISSERIA GONORRHOEAE K AHTUMHUKPOBHBIM
ITPEITAPATAM

AHHOTALIUA
Ilo nmaHHBIM OTEYECTBEHHBIX W 3apyOC)KHBIX HCCIeAOBaTecH, TOHOKOKKOBAasS WH(MEKITHS B
MOCIICIHUE TOABI MPEJCTABISCT aKTYalIbHYIO MPOOJIEMY BO BCEM MHpPE B CBSA3UM C BO3HUKHOBCHHEM WU
pacrnpocTpaHEHHUEM IITAMMOB, XapaKTEPU3YIOLUIUXCSI MHOKECTBEHHOM JIEKaPCTBEHHOM yCTOWYMBOCTBIO K
aHTUMUKPOOHBIM TMpemaparaMm. B o003ope mpencTaBiieHbl pe3yibTaThl HCCICIOBAHUN IO H3yYEHUIO
YyBCTBUTEIHPHOCTH IUPKYITUPYIOMHUX MTaMMOB B KazaxcTane, cTpaHax OJIMKHETO U TaTbHETO 3apy0eKbsl.
Panee mpoBeneHHOE U3ydeHue NpoG Uit aHTHOMOTUKOPE3UCTEHTHOCTH Ka3aXCTaHCKOHM MOITYJISIIUN
Neisseria gonorrhoeae mokasao, 4To HaMMeHee aKTHBHBIM aHTHOHOTHKOM B OTHOIIEHUH HCCIIE0BAHHBIX
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mramMoB Neisseria gonorrhoeae sipnsiicst neHunmniaH (29,7%), caMbIM akTHBHBIM - nedrpuakcoH (0,7%
- pesucteHTHBIX U 1,3% - yMepeHHO-PEe3UCTEHTHBIX MITaMMOB). AHATN3 T€HETUIECKOH TeTepPOTeHHOCTH
Ka3axCTaHCKMX wu30isaToB Neisseria gonorrhoeae mokasan, uro 16S-23S prHOOCOMHOTO MEXTEHHOTO
crieficepa mrammoB Neisseria gonorrhoeae o0agaeT HU3KOi BHYTPUBHIOBON BapHaOeIbHOCTHIO.

B OonbIIMHCTBE CTpaH MHpa B HACTOSIIEE BPEMs ITPOIOKAFOTCS UCCIICI0OBaHNS, HAIIPABICHHBIC HA
U3y4YeHUe MyTeH pacnpocTpaHeHHs aHTHOMOTHUKOPE3UCTECHTHBIX IITAMMOB TOHOKOKKOB, MOJICKYJISIPHBIX
MEXaHU3MOB PAa3BUTHUS YCTOWYUBOCTH, KOTOPBIE TIO3BOJIAT B CKOPOM OYIYIIIEM OIPEeTUTh JTOKaTH3auH
U XapakTep MyTalui, MPUBOIAIINX K PA3BUTHIO PE3UCTCHTHOCTH.

KiaioueBbie caoBa: Neisseria gonorrhoeae, AHTUMHUKPOOHEIE mpemnaparl,
AHTUOMOTHKOYYBCTBUTEILHOCTD, TIOJUPE3UCTEHTHOCTD, FTeHETHUECKAS TeTEPOTCHHOCTb.
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Tyiiin

OTaHABIK KOHE IIETENIIK 3epTTECYIIUICPAiH aNTyBIHINA, COHFBI JKBUIIAPHl TOHOKOKK YKYKIACHI
MHKpPOOKa KapChl Aopi-AopMEKTepre OipHeIIe Mopire Te3IMIUIIKIICH CUMATTAJaThIH MTaMIapIblH naiiga
0oyBl MEH TapallyblHa OaiilIaHBICTBI OYKLI oJieMie ©3€KTi Macene Oobin Tadbutanbl. by onebu momyna
Kazakctan MemulekeTiHIeri, >XKaKplH >XKOHE allplC IIeTejepAe alHajdbIMAa >KYPreH LITaMMAApIbIH
CE3IMTANIBIFBIH TEKCEPY OOUBIHIITA 3ePTTEYIICPAIH HOTHKEIIEPl YCHIHBIIFAH.

Kazakcranapik Neisseria gonorrhoeae momynsiMsChbIHBIH aHTHOHMOTHKKE TO3IMALTIK OcHiHiHe
OypwiH xyprizinreHn 3eprrey Neisseria gonorrhoeae mrampaapbiHa KaThICTBI €H OCJICEHII aHTHOMOTHK
nedrpuakcon (0,7% - tezimui xoHe 1,3% - opramia Te3zimui mTammaap), OelCeHAINiri eH TeMeH
anTHOMOTHK meHummwIIuH (29,7%) exenin kepcerti. Neisseria gonorrhoeae-HeIH Ka3aKCTaHBIK
W30JIATTAPBIHBIH TeHETHKAIIBIK 9p TEKTUIITH Tajay kacaranma Neisseria gonorrhoeae mraMMaapbIHbIH
pubocomManbIk HHTEPreH/IiK crielicepiniy 16s-23s TOMEH TYPINIJIiK ©3reprilliTiKKe e eKeHIH KOPCETTI.

Kasipri yakpITTa oJIeMHIH KONTEreH eJIEpiHIe TI'OHOKOKKTAp/blH aHTHOMOTHUKKE TO31MIIi
LITaMMAAPBIHBIH Tapally *OJJapblH, TOIIMILTIKTI ZaMBITYIBIH MOJICKYJIAJIBIK MEXaHU3MIEPIH 3epTTEeyre
OaFpITTaNFAH 3epTTEyJiep KalFacyla, Oyn XakblH apaja Te3IMAUTIKTIH JaMyblHAa OKEJIETIH TYKBIM
KyaJIJalThIH ©3TeprillTIKTep/IiH OPHAIACybl MEH CUTIATHIH aHBIKTaYFa MYMKIH/IIK Oepei.

Kiarri ce3mep: Neisseria gonorrhoeae, MukpoOKa Kapchl Aopi-IopMEKTEp, aHTHOMOTHKKE
CEe3IMTaNIBIK, KONITO3IM/IIIIK, TEHETUKANBIK 9p TEKTLIIK.

Kb caiiba Oykin aneme JlyHUEKY31UTIK IeHcaynnbIK cakTay YUbIMBIHBIH (/1Y) nepexrepi
OOMBIHIIIA TOHOKOKK JKYKITaChl aypybIHBIH >KOFaphl TipKeyi Oaiikanans [1].

["OHOKOKKTHI )KYKITaMEH aybIpaThIHIap KoOiHece 0ana Tyy KachIHIaFbI )Kac agaMaap OOJTysl
epeKIe MOH OepeTiH ©3eKTi Macese eKeHiH Oinaipeni, 0y ofaH api GepTHIIBIUTIKKE Kepi dcepiH
turizemi. Tarel Oip MaHBI3ABI MOCeNe, OJI COHFBl OHXXKBULABIKTapJa YHEMI Ke3/IeCeTiH
N.gonorrhoeae mraMaapeIHBIH MHKPOOKAa KapChl J9Pi-IOPMEKTEPre TYPAKTBUIBIFBIHBIH JKbLT
CalbIH apTHIN KeJie )KaTKAHIbIFbI OOJIBIN TaObUIa k! [2].
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JKBIHBICTBIK JKONMEH OepineTiH uHpeKnusap OOMBIHIIA JEHCAYIBIK CaKTay CEKTOPBIHBIH
»kahaHIbIK cTpareruscel sxo0acel N.gonorrhoeae-ra OarbITTanraH, OV aypyablH €MICIMEHTIH
TYPJIEPiHIH 6cy KayliHe OaillaHBICTHI IIYFBUT Mapazapabl KaxeT ereai [3].

N.gonorrhoeae-ra MukpoOKa Kapchl TYPakKTBUIBIKTBI —Y3aK MeEp3iMai  Kajaraiay
JyHuexy3inik aencaynsik cakray yiubiMbiaaa (/1Y) bateic TeiHbIK Myxuthl aiimarsiaga (WPR)
1992 xpimgan Gactanm rOHOKOKK WH(MEKIUSJIAPhIH aHTHOMOTUKTEPMEH e€MEY Il OHTAMIIaHIbIPY
yuIiH kyprizimyne. ['OHOKOKKTBI MUKpOOKa Kapchl Kajaaranay Oarmapiamacel (GASP) 2007
KbUIIAH Oepi xKyMbIC icTeiai [4], »koHe Kazipri yakpiTTa JIJ[¥Y KonmaybiMeH 5 KOHTUHEHTTIH 67
eniHae Jkysere acelpeiiyna [5]. Pecelt @enepauusaceinga Oy OarnapiaMaHbIH XaJlbIKapaibIK
KOFaM/IaCThIK MOWBIHIaraH oTaHaslK Hyckackl RU-GASP (Russian gonococcal antimicrobial
susceptibility programme) 2002 xpinman O6acran >ky3ere achlpbuiyaa [6], 6acTamMambiChl OOIBIT
Peceii ®enepanusacbiablH aymarbiHga MemiekeTTik fFoulbiMu  Peceit  JleHcaynbslK cakTay
MHUHHCTPJITiHIH JlepMaTOBEeHEPOIOTrHs XKOHE KOCMETOJIOTHS OPTaJIbIFbI TAObLIAIBI.

bakpuiay nepekrepi 0oiibiaima N. gonorrhoeae aHTHOHMOTHKTEPIe TOIMILIITT OapJIbIK Kepe
aptein keneni. Kasakcranma N. gonorrhoeae mramaapblHbIH aHTHOMOTHUKTEPre TO3IMAUIITIH
aHBIKTAay OOWBIHINIA 3EpTTEyJIep KYPri3uiai, OyJl aiMakTarbl alHAJIBIMIAFBl ITAMMIAPIBIH
CE3IMTaIBIFBIHBIH  AlTapIBIKTal  TeTepOTreHIUNNIMEH  CHUMNATTalaThlHBIH — KepcerTi.  N.
gonorrhoeae-H MUKpOOKa KapcChl Iperaparrtapra Ce31MTaIbIFbIHBIH YaKbITTHIK ©3repicTepi aHbIK
OaifKanbl.

Oputpomunare (57%), terpauuxiaunre (60%) >xoHe xaHamuuare (47%) Te31MALIITT
apTThl, kem naopire te3imai N.gonorrhoeae mrammaapbiabiH caHbl (56,1-69%) ecti, Oipak
MEHUIWJUTMHTE KOHE OHBIH TYBIHJIBUIApbIHA CE3IMTaABIK cakTaiuasl [7]. Ochiran OalIaHBICTHI
TOHOKOKKTApABIH Ka3ipri ikarmaiina Kazakcran PecmyOnukacelHga MHUKpoOOKa Kapchl
npenaparrapra Te3IMIUIT Typaibl MamiMeTTep any KaxkeT Oomabl. 2009 xpinman 2011 xpiara
JeiiH TOHOKOKK WH(EKIUSCBIHBIH KO3JBIPFBIIIBIHBIH HETI3TT MUKPOOKa Kapchl MperaparTrapra
aHTHOMOTUKTEpre Te3iMaimik mpoduain skoHe N.gonorrhoeae Kaszak MOMYJNIAIUSACHIHBIH
TeHETUKAJIBIK TeTePOreHAUIITIH aHbIKTay OOMBIHIIIA 3epTTeyep Ky pri3iii.

MukpoOKa Kapchl Mperaparrapra ce3iMTalabIKThl 3epTTey HoTrKecinge N.gonorrhoeae
ITaMMJIapbIHA KATHICTBI €H TOMEH OeJCEHII Mpemnapar MEeHUIMUIMH (Te3IMal mTaMMIapIbIH
naiie3bl mamameH 30%), ofaH KeiliH KeMy peTiMeH TeTpaluukiuH (mamamet 35% - tesimai, 47%
-JlaH acTaM - oprara Te3iMIi) koHe nunpoduiokcanut (33% - tesimuai xone 41% -nan acram -
oprama Te3iMai) ekeHi aHbIKTanmasl. N. gonorrhoeae-ra kapcel eH OelceHIi aHTHOMOTHK
nedtpuakcon Oonaer (1%-fa nmeiiin te3iMmmi xoHe 1,2%-maH xoFapel opTama Te3iMmi) [8,9].
Kazakcranapik N. gonorrhoeae wu30/STTapbIHBIH T'€HETHKAIBIK TeTEPOrCHIUTINIHE Tagay
xyprizingi, o1 N. gonorrhoeae mrammaapsiabig 16S-23S prbocoMalnbik reHapalibiK crielcepine
TYP IMIUTIK ©3TEPrilliTiK TOMEH €KEHIH KOPCETTI.

Kypamsiaga JIHK 6ap Ne 2,5,8,13,16,18,26,36,37 sxone exinmii Ton Nel, 4,14,15,29,33 sxone
GENEBANK-Tan anbiaran peepeHTTIK mTaMMIapabl Koca alFaH/ia eKl YIKEH U30JsTTap TOObI
Oemineni. Aranran Tontap T->C 1954 aysicteipy MeH T 1948 npeneuusiHbl akbIpaTalibl.
Hotmwxenep kem aerene Topt Koaiiasl 1okycTsl (N. gonorrhoeae reromsingars: aaeyeTti VNTR
JOKYCTapblH)  aHBIKTaIbl  OHE OCHl  JIOKyCTapabl  aMIumMUKanusiayra  apHajaFaH
OJIMTOHYKJIEOTUATI MpaiimepJiep KacajlbIHbII MIbIFAPbLIAbL.

Yurini Tanpay sverizinme N. gonorrhoeae 98 wmzonstrapbiH poe- xoHe opa-tuntey PIB
cepoBapiapblHA JKAaTaThIH 3€PTTEJETIH TON MITaMMIAPBIHBIH KOIMIILIIT (TOPXUHOIOHIAPFA 11a,
NEHULWUTUHTE KOHE TETPALIMKIMHTE JIE TO31M/Ii OOJIBII IIBIKTHI, SIFHU OJIap MYJIbTHTO31M/I1 OOJIBII
HIBIKTHI.

XWHOJNIOHAApFa TO3IMIIITIKTI aHBIKTAUTBHIH gyrA skoHe paraC TeHIEpiHiH aiMaKTapbIHIA
e3repicrep/iH 0OIyBIH aHBIKTAY YIIiH ITUIpodIIoKcanuH npemnaparbina Te3imai 98 N.gonorrhoeae
U30JIATTaphIH  eDKEeH-Terkeini Tangay skoHe gyrA xoHe paraC reHzaepi YIIIH KYIICHTY
OHIMJIEPiHIH OalKy KHCBIKTapblH Tajjay, OalKy KHCBIKTapblH Tajjay oJiCl apKbUIbl gyrA
TeHIHJEeT1 MyTalusuIapibl aHbIKTAY YIIiH, TeTePOIYIIICKCTEPAiH OaKybIH Talay YIIIH HEFYPIIbIM
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MYKHUAT TOPTIOTEYAl HeMece MyTalusuilapel 0ap JIOKYCTBI TOJBIKTHIPATHIH  KOCBHIMIIA
OJIMTOHYKJIEOTHU/I -ChIHAMAaHBbI MaliJaTaHnyAbl Tajlaml eTell.

parC reningeri e3repictep crektpi. parC reni ymin [ITP enimaepiHiy 0ajiKy KUCBIKTapbIH
Tajnay ocChbl FeHJeri MyTalusaapsl aHbIKTAy YIIH MaiJaJaHbUTybl MyMKiH. gyrA sxoHe parC
TeHJEpiHIH MyTauusuiapsl Oap yiarijepAi OypbIH albIHFAH JCHIPOrpaMMajapMEH CallbICTBIPY
MyTamusIapel 0ap yATiIepaiH ASHApOrpaMMallapAblH CIIKAHCHICHIHIA O6JIeK KiacTepiep/ii
KYpaMaWTBIHBIH KOPCETTI, OYJ1 OyJ1 MyTanusutapAblH *KakblHIa naiiga OonransiH Ounnipemi [10-
13].

2004 sxpiman Oacran JlyHMeXY3UTiK JEHCAyJbIK CaKTay YHBIMBIHBIH CTaHIapTTapblHA
caorikec Peceit @enepaunsceinga 2015 KbUTIBIH aFbIMIIAFbl JKaFJalblH YCHIHATBIH ['OHOKOKKTHI
MUKpOOKa Kapchl YITTHIK Kamaranay Oarmapinamackl (RU-GASP) sxymeic icteitmi. Oran
N.gonorrhoeae = aHTHOMOTHKKE  CE3IMTAIABIK, OacTalmKbl T'€HETHUKAIBIK  TO3IMIITIKTIH
JIETEPMHUHAHTTAPHI JKOHE MITaAMMFa CIeUM(UKAIBIK PETTUIIK TYpJIepl apachlHIaFbl OaitaHbIcTap
Kip/Ii.

Kanmer anranma 2015 sxeutel Peceitnin 9 alimarbiHan anbiarad Oapisirsl N. gonorrhoeae-x
124 mrrammeia N. gonorrhoeae-usl mynstuanturenai tunreyai (NG-MAST) - MukpoOKa Kapcsl
JIOpi-TIOpMEKTepre Ce3IMTANIBIFRIH aHbIKTay jkeHiHAeri Eyponambik komurtetke (EUCAST)
coiikec MHUKpPOOKa KapChl CE3IMTaIbIKThl aHBIKTAY ChIHAFbl, MEHUIWUIHNH G-Fa, TETpaluKIMHIe
XKoHE (TOPXMHOJNIOHAApPFa TO3IMIUTIKKE KayanTel PenA, ponA, rpsl, gyrA xome paeC
TeHEPIH/IET] TYKBIM KyaJTalThIH ©3rePTilITIKTEP/Il aHBIKTAYABIH OJIMTOHYKJICOTHUITIK MUKPOYIHITI
KOHE KPUTEPUUJIEPIH KONAaHy apKbuUibl 3epTTeni. ((G) TeHOTOOBIHBIH H30JSATTAphl OJAp.IbIH
perrimik Typiepi (ST) porB »xone tbpB Herizinme OaramaHb.

Peceitne NG-MAST-nien tasinarania, N.gonorrhoeae-usix 58 pettik Typi 6ap, onapasiH 35-
1 aiFam perT CulaTTalfaH, JAUBEPCUGUIMPICHTCH TMOMYJIANHMACHIH KepceTTi. Peceit
DenepanusCcHIHBIH KeilOip aitmakTapbina sxoHe 0ypbiHFbl KCPO-HbIH OipKaTtap enaepine ToH 807,
1544, 1993, 5714, 9476 xone 12531 CII-b1 6ec HEMECE OJ1aH Ja KOT U30JISITTapbIMEH YChIHBUTFaH
OonareiH. bykin omemae keH Ttapamran ST 1407 mramMMbl OCBl aTaaMBbIl 3epTTeyne Oip ak
IITaMMMEH yCeeIHbLUTFaH. [ ek Tonrapra 6es1y N. gonorrhoeae perTinmik TypiH, MUKpOOKa KapChl
TIOpi-TopMeKTepre TYPAKTBUIBIK CHEKTpIepi KOHE TE€HETUKAJIBIK TO3IMIUTIK
JETEPMUHAHTTAPBIHBIH Ma3MYHBI apachIiHIaFbl OaiJIaHBICTAPABI 3€PTTEY/ll KEHIIACTTI. AJIIBIH
ana cesimran (G-807, G-12531) xone to3imui (G-5714, G-9476) renik TonTap aHBIKTAIFaH.

byn wotmxkenep asropiapra N.gonorrhoeae-HblH MOMYNIANUMSICHIHAA NEHUNWUHH G
(60,5%), munpoduokcauun (41,1%) xone TerpaumkiuH (25%) CUAKTBI OYpBIH YCBHIHBIIFAH
MHUKPOOKA KapChlI I9Pi-TOpMEKTEPre TO3IMIUIIK HEMECe apajibIK Ce31IMTaNIBIK K11 Ke31eCe Il IeTeH
KOPBITBIH/IBIFA KETyre MYMKIHIIK Oep/ii. AJIIBIHFBI XabapiiaManap KoHE aFbIMIaFbl IePEKTepre
Cy#lieHe OTBIpHIN, MMePTPUAKCOH MEH CIEeKTHHOMHIIMHAI Peceiine roHopesra Kapchl OipiHIIi
KaTapaarbl YMIUPUKAIIBIK MUKPOOKA KapChl JKEKe eMJIey peTiHAe YChIHY Kepek [14].

2016 sxbutel  Cankt-IletepOypr KamaceibiH Opranslk  aymganbiHga  N.gonorrhoeae
IITAMJAPBIHBIH aMaKTBIK CE3IMTANABIFBIH 3€pTTEy OOWBIHINA 3epTTeyNiep KYPri3iiai, ojap
TOHOKOKKTAPJIbIH TECHUIWJIJIMHTE, TETPAIMKIMHTE J>KOHE HUMPOGIOKCAIIMHTE TO3IMILUTITIHIH
JKOFapbl JAeHrelin kepcerti (tuicinme 75,0; 62,5 xxone 50,0 % Te3imal ImTamMmaapra COMKec),
KO3JIBIPFBIITHIH  ePTPUAKCOHFA, IePUKCUMIe, CHEKTHHOMMIIMHIE J>KOHE Aa3UTPOMUIIMHIE
Ce3IMTaJIIBIFBIH caKTai oThIpbin (Tuicinme 0; 0; 6,3; 6,3 Te3iMai mTaMmMaap); neQTpHaKCOHFa,
nedurcuMre, CHEKTTHHOMUIIMHTE >KoHe asuTpomunuere (tuicinme 0; 0; 6.3; 6.3 Te3imMmi
mrammaap). 3eprreynep Peceli ®enepauuschlHbIH 9pOip OHIpiHAE TOHOKOKK IKYKIachl
KO3JBIPFBIIIBIHBIH, aHTUOMOTHKKE TO3IMIUTITIHE TYPAaKThl MOHUTOPUHT XKYPri3y KaKETTUIITH
pacraiiasl [15].

2015-2016 xsurmapsl Oeminren 365 N.gonorrhoeae mrtaMMIapbIHBIH Ce3iIMTaIBIFbIHA
Peceit ®enepanusiceinbly 8  eHipiHae, Tarapcran PecnyOnukacbiHma xoHe Yysarn
PecniyOnmkaceiHma 3epTTey JKYpri3iunii, OHBIH OJ 3epTTEYJEPAiH HOTIKECIHIE 3EpTTENreH
usosstTapabiy nedrpuakconra (100%) xone cnekruHomunuHre (98,9%) KoFapbl Ce31MTaIIBIFBI
JkoHe P®-HBIH KekenmereH  oHIpiepiHAe -  OCH3WINEHUIWUIMHTE, TETPAIMKIUHTE,
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UTPO(MIOKCAIIMHTE JKOHE a3UTPOMUIIMHTE Ce3IMTANABIKTHIH alTapIbIKTall ©3repiCKe YIIbIPayhl
AHBIKTAJI/IBL.

Ocwiran opaii, 3eprrey HoTmkenepi Pecelt ®DenepalldschiHBIH ayMmarbIHAa aiHAIBIMIA
xypred N. gonorrhoeae mramMaapbIHBIH alKbIH Op TEKTUTITH aHBIKTayFa MYMKIHIIK Oepii.
AJBIHFAaH JIEPEKTEp TOHOKOKK JKYKMNAChIH eMJACYyAe KOJIAHBUIATHIH MHKPOOKa KapChl
npenaparTapasH GeaepanablK Ti3iMiHE TOJIBIKTRIPYJIAp PETIH/AC Mai1aTanyFa MyMKIHAIK Oepei.

XKorapbina atajgraH IITaMMIapIbliH Mojekynanbik Tuntepi N.gonorrhoeae-n kasipri
3aMaHFbl PECEMITIK MOMYIISAIUSIHBIH alTapibIKTall opTYpJIUIirin kepcerTi. Kenreren alimakrapaa
AHBIKTAIIFAH KOHE €H CaHbI KOl ITaMmMaap O0apIibIK TEKCEPUITeH MUKPOOKA KapcChl Mpenaparrapra
Ce3IMTANIIBIFBIMEH CUTIATTaABL. J[opi-IopMeKKe MyIbTUTO3IM/II CHKBEHC THITEP OJIapAaH CaHbI
JKarbIHaH ToMeH O0oJibl skoHe Peceit MenepanusceiHbly Oenrim 6ip cyObekTiciMeH OalIaHbICThI
Oouel [16].

backa 3eprreymi rameimmap Peceit ®enepammsceineiy N, gonorrhoeae  kasipri
MOMYJISIUSICHIHBIH, TETPAUKIMHTE TO3IMIUIIK ACHTeWiH Oaranmansl, MyHaa Oy mpemapat 2003
JKBUTBI TOHOKOKK JKYKIACBIH EMCY PEKUMIHEH AJIbIHBII TACTAJFaH.

bapaeirer 2015 sxpuiman 2017 >kputFa JEWIHTT KE3€HJE TETPAIMKIMHTE TO31MJIUTIKKE
KaThICATBIH TEHETHKAIBIK MapkepyepliH OomysiHa (porB, rps] sxoHe mtrR rennepinin
XPOMOCOMAJTBIK TYKBIM KyaJaWThIH ©3TeprillTIKTepi KOHE TUIa3MHujiajia opHaackaH tetM reHi)
tangay xacaiaael. N.gonorrhoeae 6ip uzosstteiaga 1239-1240 nosunusiceinna AG aenenuschbl 0ap
akayJssl tetM reHi TaOBLIBL, KaHa TOKTATy KOJOHBI eHTi3111, Oy TetM npoTenHiHIH CUHTE31HIH
OY3bUTYbIHA )KOHE TETPAIIMKIMHTE TO3IMILTIKTIH ToMeHaeyine akenai. N.gonorrhoeae NG-MAST
xKoHe tetM JOKycTaphlH TaiianaHy apKbUIbl CalblHFAH (DUIOTEHETHKAJbIK —arairap
canpicThipbuibl. N. gonorrhoeae Tizoeri Typi MeH tetM Iuia3MuATI TYpl apachlHIa Kypaeli
Oaitnanbic O6aiikanapl. OH KbUT OYpbIH aHBIKTAIFaH TO3IMILTIT 6ap U30aATTapabIH yiecine (75%)
kateicThl N.gONOrrhoeae-H TeTpaNMKIMHTE CE3IMTAIBIFBIHBIH ilIiHApa KaJbIHA KEITCHI
Oaiikamabl [17].

KpIprbei3cTanga roHopestHbl emaey OoibiaIma KeIpFbI3aplH ¥ ITTHIK HYCKAYIBIFBIH KaHAPTY
MaKcaThIH/Ia ajIFall peT MUKPOOKa Kapchl npemnaparrapra te3imaunk (MIIT) sxone 2012 ( n =84)
xone 2017 (n =72) xbuimapel ecipiared N.gonorrhoeae u30MATTapbIHBIH MOJICKYJIAIBIK
snuaemuosorusacel 3eprreimi. N.gonorrhoeae mynstuantureninin (NG-MAST) Ti3GekTimiria
TUNTEY KYPTi3UIIi.

["OHOKOKKTBIH M30JATTapbl 69 CUKBEHC TypJiepiHe >KaTKbI3bULIbI, onapabiH 52-ci (75,4%)
xkaHa Oomabl. Kpipreisctanma 2012 sxome 2017 KpUimgapsl eCIpUIréH TOHOKOKKTAapIbIH
MONYJISIUSIIAPBIHBIH JKOFapbl TEHETUKAIIBIK TeTeporeHaitirin kepcerti. Lleprpuakcon 500-1000
MT 2 T a3UTPOMUIITHMEH HEMECe TOKCUIIUKIMHMEH OipiKTIplIiMIIe, 9Ccipece XITaMHUIMO03bI JKYKIIa
JKOKKa IIbIFapbUIMaFaH jKarjaaia OipiHII KaTapJarbl SMIUPHUKAIBIK €M PETiHJIe YCHIHBLIAIbI.
CrnexktuHOMUIIMH 2 T Oamamanbel eM Oona anafbl >KOHE KYTKBIHIIAKTBIH TOHOPESICHI KOKKA
IIBIFApbIIMaFaH JKaraaiaa 2 r. asSuTpPOMUIIMHMEH Oipre TarailbiHIamysl MyMKiH. KpIpFpI3cTanma
TOHOPESIHBI AMITMPUKAIBIK €MJIeY MaKCaThiHAa (TOPXUHOJIOHIAPBI, aMHUHOTIMKO3UATEP],
OCH3WINEHULWIUIMHI HEMece TeTPalUKINHICPl KOJJaHy YChIHBUIMAAbl. ABTOpiap camachl
kenunenaipuiren MIIT gepextepiHe HeETi3IeNreH TOHOPESHbI eMJieyre apHaifaH YITTHIK
HYCKayJap/pl KaHAPTHII, KaTaH CaKkTay MaHbI3/Abl JEreH KOPBIThIHIbIFa Kenal. Kelprei3cTanna
TOHOKOKKTBIK MUKPOOKa Kapchl MpenapaTTapra Te3IMIUTIKKE KEHEUTUITeH XKoHEe KaKCapThUIFaH
SIUIEMUOJIOTHSIIBIK KalaFaiay sKypri3y/iH menryili MaHbI3bl 6ap [18].

2010-2013 xbunapel benapych eninie TOHOKOKKTapAbIH MUKPOOKa Kapchl penapaTTapra
TO3IMAUTITIHIH Tapalysl MEH JWHAMHKAchl, coHmaii-ak N.gonorrhoeae mrraMMaapbIHBIH
MOJICKYJIATBIK- SMUIEMHOJIOTHUSUTBIK CUTIATTaMaaphl 3ePTTEIIi.

byn snuneMuonorusnablK KaaaranaylIblH HOTHKEJIepl TOHOKOKKTHI MHKPOOKAa Kapchl
npenaparTapra Te3IMAUTITIHE SMUAEMUOIOTHUIBIK OaKbUIayIbl OJJaH 9pi KYIICHTY >KOHE eMHIH
THIMCI3IIrT MeH bemapycTeri MONEKyIalbIK-3IUAEMUOJIOTHSUIBIK T€HOTHITEP/Il 3€PTTEYy YIIIH
Benapycbreri ¥ATTHIK eMey HYCKAYJIBIFbIHIA TOHOPESFa KapChl SMIMPHUKAIIBIK eMISyIiH OipiHIi
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KaTapbIHJAFbl mpenapat perinae neHuuwunH G-ni nedrpuakconmer (1 r 6ip per OyIIIBIKET
iriHe) aaMacThIpy YIIiH makganansutaas [19].

2017-2018 >xpuimapsl KpiTaiina nedTpuakcoHFa XoHE a3UTPOMMLMHIE OipiKTipiIreH
Te3imMaiIiri 6ap kem mopire tesimai N. gonorrhoeae-HblH H30IATTapBIH aHBIKTAy OOMBIHIIIA
3epTTeyiiep KYpriziiai, Oy )KoFaphlia aTajaFaH JAdpi-IopMeKTepre TopiIiK Te31MILIIr OipHemey
6onateiH cupek mrammabl (GC250) xoHe nedTpuakcoHFa TOIMILIIT kKoHE a3UTPOMUIIMHTE
cesimMmTanabirsl ToMenaered TopT mrammabl (GC185, GC195, GC196 xone GC249) anbikTayra
MYMKIHAIK Oepni. bapiwlk mrammuaap, COHBIH immiHAE HePTPUAKCOHFA TO3IMIUTIKIICH THIFHI3
OaitnanpicThl Mo3awKanblK PENA- 60.00lmrammbr NG-STAR ST1143-ra Tuecimi. AMIIT
JIETEPMUHAHTTAPBIHBIH CHUIIATTaMAachl XoHE (DIIIOTCHETHKAIBIK Tajaay Oy Oec mramMMm OYKiT
asiemzie Tapaibin JkaTkaH nedrpuakconra tesiMai N. gonorrhoeae-mMeH ThIFBI3 OallIaHBICTBI
ekeHiH kepcetTi. FC428, 6ipak asurpomuiina yiri xorapbl MUK (MuHHMaN b1 MHTHOUPIEYTIT
KOHIIEHTpAIIUs1). AJBIHFaH HOTIKENEp KopceTKeHael, OyI1 kiioH KpiTaiina KJIOHIBIK YKCIIAHCUSHBI
OacTan KaHa KOWMaii, COHBIMEH KaTap a3UTPOMUIIMHTE TO3IMALTIKKE J1e ue 6osl [20].

[l'oHOpesiMEeH CHIPKATTAHYIIBUIBIK KOFaphl MeJepae TipkenreH batbic THIHBIK MYXUTHI
aiimareiaga  N.gonorrhoeae-n AMIIT mTammapbl XalbIKTBIH JIEHCAYJIBIFBIHA YJIKEH Kayill
TOHJIIpEl, OChIJIANINA OCHI callafarbl 3epTTEYIIIEPl epekie ananaatansl [21]. Oumunnusge
OWI MaTOTeHHIH T€HOMJBIK IMHACMHOJOTHUIBIK 3epTTeyNepi OoJMaraHIbIKTaH, OUINIIUH/E,
MIIT (ARSP), Geninin ansiaran kiuHHKaIBIK N.gonorrhoeae mramMaapbiH OakpuIay JKOHE
TEHOMJIBIK KaJarayiay OarmapiiaMachiH 93ipJiiey Typajbl IMIemiM KaOobuiaauael. byn Oarmapiama
1996 xpinnan Oepi TO3iMI TOHOPEs Typalibl aKIapaTThl KUHAI KEJIEI].

Jamoralin MC Jr. xone Oackamaper [22] 2013-2014 xwsuimapst ARSP sxunaran N.
gonorrhoeae-H 21 M30JATHIHBIH TOJBIK T€HOMIAPBI CEKBEHUPJICAl. MYyJIBTHUIOKYCTBI PETTIIIK
TYpl, KOm aHTHUTeHII peTTUIK Typi, MHKpOOKa Kapchl TIIpemaparrapra Te3IMIUIIKTIH
JIeTEPMUHAHTTAPBIHBIH OOJYBI JKOHE M3O0JIATTAp apachlHIArbl OaillaHBIC PETTUTIK JepEeKTepiHEH
aneiHabl. CoHmai-ak (PEHOTHNTIK JKOHE TEHOTHUITIK TO3IMAUTIK apachlHIAFbl COWKECTIK
anbikTanael. Herizinen bla TEM reninin, coiikecinme gyrA sxone tetM reningeri S91F TykpiM
KyaJalUThIH ©3TeprilTiriHiH OonyplHa OaimaHbicThl 21 u30aaTTHIH 10-BI TIEHUIMIIITUHTE,
UNPO(IOKCAIMHTE JKOHE TETPAUUKIMHIe Te3iMIi Oonasl. M30maTTapAblH  eIIKaiChICHI
nedrpruakconra Hemece repuKkcumre Te3iMa1 00MaIbl. DEHOTUNTIK )KOHE TEHOTUIITIK TO3IMIIIIK
apachIHAaFbl KOHKOPJAHTTBUIBIK TOPT KJacTarbl 0ec aHTHOMOTHUK YIIiH *aimsl 92,38 % Kypaabl.
JKahanapik reHoMaapMeH canbICThIpy DPUIMONUHIAIK TeHOMIapAbl skahaHablk A Ti3OeriHe
OpHAJIACTBIP/IBI JKOHE XaJIBIKAPAJIBIK Tapajly OJIbIH aHbIKTayFa okenai. bysn N.gonorrhoeae-si
aJFallKpl TEHOMIBIK 3epTTey. ARSP ’xuHaraH W30J4TTap MPOCHEKTUBTI SIMHIAEMHOIOTHSIIBIK
KaJaranayapl KOHTEKCTKE KENTipy YIIiH mnaiimanmansuianel. On Oykin omem OoifbIHINA nopire
TO31MJIl TOHOPESHBIH TapaTybIH TYCiHY YIIH THIHBIK MYXUTHIHBIH baTbic Geirinmae xoHe Oacka
SHJIEMUSUIBIK aliMaKTaparbl TeHOMIBIK KaJlarajayablH MaHbI3AbUIBIFBIH KepceTeni [22].

Jianhe Peng sxone Oackamaper [23] N. gonorrhoeae wu30JATTApBIHBIH TOJBIK KaOBIK
TEHOMIBIK PETTLIIT JKOHE KAKChl aHBIKTAIFaH (DEHOTHITIK KOHE T€HOTUMTIK MHUKPOOKA PAaKCHI
npenapaTTapAbiH Te3iMaLTiK yariaepi 6ap JJI¥ manenin 3eprrey yiria N. gonorrhoeae-marb
AMIIT-Ti ’xakchl TYCiHY YLIIH CaHJBIK, MacIITAa0TalaThlH IMPOTEOMHUKA OMICIH d3ipJei.
N.gonorrhoeae »STanoHABIK MITaMMIApbIHAH CTaHIAPTTAIFaH KaWTalaHATBIH  IPOTEHH
OKCIIPECCUSICHIHBIH  Mpoduibaepi  anbiHABL. [ '€HOMUKAaMEH CHNATTAFaH — I[ITaMMAAPIBIH
YKCaCTBIKTaphl 00JIbI, OipaK opTYypi MPOTEOMIBIK Mpoduiabaepai kepceTTi. TOTBIFY cTpecci,
TOKCHH/aHTUTOKCHUH KYHeNepi CHSIKTBI aFblll KETY COPFbUIAPbIHAH CTPECC JKayarTapblHa JeHiHT1
keitbip akybzmap AMIIT mrTammaapeiHaa es3repeTiHi aHbIKTanAbl. LtgE mnenunumimHre
XPOMOCOMAJTBIK-KaHaMa TO3IMIUTIKTI KOPCETETiH ITaMMaapaa xorapbuiaasl. MacB (MacA-B
MaKpOJIHUATI aFbIHIBI CY COPFBICHIHBIH AT® runponusinin 6emiri) AJ1¥-na V (asurpomunma MIC
> 256 Mr/m) exi ece OEpiiK apTThl kKOHE, a3UTPOMUIIMHIE TO3IMALTIKICH OalIaHbICTBI OOTYBI
MYMKIH.
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Artopnap N.gonorrhoeae OenOKTapbIHBIH JKCIPECCHICHIH 3EPTTEYAiH CEHIMII OJiCiH
azipneni. [Iporeom mpodunbaepl TEHETUKAIBIK YKCAC MaKTapbl aXbIpaTa ajnajsl. bys 3epTrey
AMIIT-nen GainansicTel 601yl MyMKiH N. gonorrhoeae-u Kypaesi MexaHu3MIepiH aHBIKTa/IbL.

N. gonorrhoeae OipHemie >KbUDKBIMAIbl TeHETHKANBIK diemeHTTepre (OKID) wme. XKI'D
N.gonorrhoeae-ne AMIIT mnatoreHesiHIme >oHE TapalyblHIA peJ aTKapybl MYMKiH [24].
®duroreHeTUKANIBIK Tanaay Oipaeilt ¢peHoTunTepi 0ap M30JATTAPABIH TC€HETHKAIBIK OalIaHbICHI
TypaJibl eKIYIIThIIBIKKA pyKcaT erefi skoHe AMIIT jkaHa TYKbIM KyallalTBhIH ©3TeprillTiKTep MEH
KJIOHJIBIK SKCIIAHCHUSJ]aH HEMECe CHIPTTAH EHTI3y apKbUIbl OKIIayJIaHFaH WHTPOAYKLMsIIapAaH
TYBIHJAFaHBI TYpaJbl aKIapaT oepe/ii.

Katy Town sxone Oackanmapsl [25] Aurmusaars N.gonorrhoeae reHOMIbIK ©3TeprillTirid
3eprrey ymin 2013-2016 xbpuigap imriHAe >KUHATFAH THICT1 SMTHIEMHUOIOTHUSIIBIK )KOHE MUKPOOKA
KapChl Jopi-IOpMEKTEpre Ce3iMTaIBIK aepektepl 0ap 1277 m30asaTThIH peTiH kacanbl. AMIIT
YIIiH TeHETHKAIbIK MapKepiep MeH (EHOTHNTEpIl CaNbICThIpa OTBHIPHIN, aBTOPJIAp OpPTYpIi
MHUKPOOKa Kapchl ce3iMTaabIK mpoduibaepi 6ap 2 N.gonorrhoeae TuHUSCHIH KoHE 1IeTPHAKCOH
ywin MUK-p1 xorapbutaran 3 kjactepii, penA ajlenbiHAEri OpTYpJi TYKbIM KyaJalTbIH
©3TEePrilTIKTEPIl JKOHE OPTYPJ OSMNHASMHOJOTHSIIBIK CHIATTaMaIapibl aHBIKTaAbl. by
HOTIKEJIEp MUKPOOKa Kapchl ce3iMTaiipirbl ToMeHaereH N. gonorrhoeae AHriusaa ®aHa TYKbIM
KyaJIaliThIH ©3TeprilliTIK HeMece peKOMOMHAIIMS OKUFaIapbl, COHJAN-aK ChIPTTaH OKETy apKbLIbI
OpTYpIIi pEeNPOAYKTHBTI JKENIIepIe TOYyeNci3 koHe OipHelnie per naina 6onraHsiH kepeeremdi. N.
gonorrhoeae AMIIT MoHUTOpHHTINEY oHE OaKbUIay TEK HAKThI Kayill TONTapblHA HEMece
OpBIHJIApFa FaHa eMec, OapIIbIK 3apall MIEKKEH MOMyIISIUsIIAPIbl KAMTYBI KEPEK.

Miguel Pinto >xoHe Oackamapsl [26] KYpri3reH 3epTTEYAiH MaKcaThl, MPOCIEKTHUBTI
3epTXaHANBIK OakpuTayabl kakcapTy yimiH WGS nepekTepiHe HETi3feNreH TeHOrpylnaiapra
6eminren N. gonorrhoeae-uel kiactepiiey OoJbIT TaObUTaABl. ATam aiTKaHma, on Eypomamarsl
Heri3ri aitHaneiMaarel WGS reHorpynnanapbiH aHbIKTayFa skoHe onap MeH AMIIT apacsinaarst
KapbIM-KAaTbIHACTHI OpHATYFa OarbITTaNIFaH.

Caiipin KenreHae, ol 15 KbUIABIK OaKbLUIay bl KAMTUTBIH MOPTYTA U30JISATTaphl OOMBIHIIIA
WGS nepexrepin KOCy apKbUTbI JKaJIIbIFa KOJDKETIMII JEpEeKKOpIapasl OaibiTanbl. bykin Eypoma
OOMBIHIIIA KUHAJIFAH U30JIATTapbIH TOJBIK 3epTTeareH 3791 N. gonorrhoeae-H reHOMbI «ap TeH
caiibra» ofici (srau, cgMLST kemeriMeH) apKbUTbI TaJIIaH Ibl.

Krnacrepin KypaMbl MEH TYPaKTBUIBIFBIH TaJ1ay H30JISTTap bl KIACTEPIIH TYPAKTHIIBIFBIH
KOPCETETIH aJUIeNb/IIK KAIIBIKTBIKTBIH €Ki Ta0aJIbIPHIFBIMEH aHBIKTAJIATBIH €K1 CaThUIbI
UEepaAPXHSUIBIK JACHTeli O0ibIHIIIa reHorpyIa OONBIHINA JKIKTEYre MyMKIHIIIK Oep/Ii.

N. gonorrhoeae renjiik TonTapblH KiacTepiiey THIITEY dAiCTEpiHe KeH COUKeC Kelei (IFHH,
MLST (mynbTrioKycThl pertimikineH tunrey), NG-MAST (N.gonorrhoeae mynbTHAHTHTEHIIIK
perTimik Ti30eriH tuntey) koHe PubMLST (Herisri reHomawlKk TomTapel) xoHe Eypomana
alfHaJIBIM/IA J)KYpreH 0achIM reHOrpyInaiapAbl 06l KepceTe i )KoHe, TeHOrpyInalapabiH 0achiM
kermiiiri 6aceiv AMIIT podunid KepceTeTiHIH KOPCETTi.

CoHBIMEH KaTap, NOTEHIHUANAbl OJIHIEMHUONIOTUSIBIK OaiJlaHBIC YIIIH aHaFYPJIBIM
KEMCITYIITIK IIeriMeH OIPIKTIPUITeH CTAaTUKAIBIK €MEC «dp TeH CalblH» OJiCl aBTOpJapFra
JIepeKTEePi aIJIBIHFBI SMTUIEMUS Typallbl ecerTepMeH HeMece Oepiy Ti30eKTepiMEeH CaJbICTBIPYFa
MYMKIHJTIK Oep/Ii.

N.gonorrhoeae-H reHETHKANIBIK OPTYPJILITIH JKaH-KAKThl Taljayra >xoHe Eypomana
artHanmeiMa )Kypred WGS Heri3iHAeri reH ik TONTapabl aHbIKTayFa MYMKIHIK Oepesi, COHbIMEH
Oipre oJapAbIH KHUUITIH, reorpausuiblK TapalyblH jkoHe HakTel AMIIT konranOamapsiMeH
MOTEHITMAIBI OAJIaHBICHIH OaFanayabl (KOHE Y3/1KCi3 OaKbLIay/Ibl) KEHIIACTEI].

By crparerust OaKplUIaHATBIH TCHAIK TONTapFa 0achIMIBIK Oepy, maiiga 0O0JaThIH TO3IM/II
TachIMaJIaylIbUIApAbl aHBIKTAY JKOHE JEpeKTepl OpTakK MaiijanaHy MeH OalIaHbICTBIPYIbI
KEHUIIETY apKbUTBI IEHCAYJIBIK CaKTay iCiHE MaiIachlH TUTi3yl MYMKiH [26].

Tatum D Mortimer sxone 6ackanapsr [27] N.gonorrhoeae-HbIH aHTHOMOTUKTEPIIH KOIITETCH
KJIaCTapblHA TO3IMJUIITIHIH apTybIH JKOHE Ka3ipri yaKbITTa YCBIHBUIATHBIH €MJICY OIICTepiHe
Ce3IMTAJIIBIFBl TOMEHJIETEH JKeIUIepAiH OyKUT oneMiae maiiga OOoJybIH aTam eTeii. ABTopiap
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N.gonorrhoeae-y Te3iMaLIiria TyciHy yuriH skacaran WGS-H yiecin tankeiaabl. ['enomuka N.
gonorrhoeae-H 3BOIONUSIIBIK IIBIFY TEri MEH MOMYJSAIHSIIBIK KYPbUIbIMBIHA KapBIK TYCIPIi,
coHnaii-ak Neisseria TeHAEPIHIH TYpJACpIHIH IMIHAE >XOHE ©3iHapa TOPU3OHTAIIBI KOIIipy
ayKbIMBIH KopceTTi. WGS conpaii-ak OypbIH KOJIaHBUIFAH THNOTEY oaicTepiHe KaparaHaa N.
gonorrhoeae-HbIH >KeKe amamaap MEH IMOMyISIIUsIAp apachlHaa OepiiyiHe erKeH-TerKeui
SIUIEMUOJIOTHSIIBIK TAJIJIAy JKacayFa MYMKIHIIK Oepi.

N.gonorrhoeae reHomuKachl OOMBIHINA KYHACTIKTI JKYPTi3LIil JKaTKaH 3epTreysiep
MaTOTCHHIH OMOJIOTHUSICHI MEH DBOJIIOIUSCHIH TYCIHYTE, KIIMHUKAAAFbI JUArHO3 KO0 MEH eMIeY i
KaKCapTyFa JKOHE aHTHOMOTHKTEPre TO3IMAUIIKTIH 9CEpiH IMIEKTEY YIIiH KOFaMIIbIK JICHCAYIIBIK
cakTayJlbl aKnapaTTaHAbIpyFa apHaJiFaH 0acKa 3epTXaHAJBIK 9JIICTEP/Il TOIBIKTHIPAIbI.

Neisseria -HbIH NENTUIOTIUKAHIBIK KYPaMbl KbIPBIK JKbUIAH acTaM yaKbIT OOWBI FHUTBIMU
KbI3bIFYIIBUIBIK TYABIP/Ibl. bacTankel 3epTTeyiep NeHUIMIIINHTE ce31MTall )KoHe TO31IM/1 ITaMap
apachIHIarbl TENTHAOTIUKAHIBIK KYpaMmJarbl albIpMAIIbUIBIKTAPbI aHBIKTAy apKbeUibl N.
gonorrhoeae aHTHOMOTHKTEPre TO3IMALIITIHIH apTybl apThIHIAFbl MEXaHU3MICP/l aHBIKTayFa
OarpITTanFad. [IUTOYBITTH IEeNTHAOTIMKAH (hparMeHTTepi e Neisseria apKbUTbl OOTIHETIHIH alry
NEeNTHAOTTTMKAHHBIH KYpaMblHa KbI3bIFYIIBUIBIKTEI apTThIpbL. By o1ic )koFaphl TUIM/I CYHBIKTHI
xpomatorpadpust  (OKTCX) kemeriMeH MeNTUAOTNIHMKAaH  (GParMEHTTEPiH  Ta3apTy[bL,
(dbepMeHTAaTUBTI KOPBITYABI JKoHE Oenyni cunartaiasl. OHJa COHMAN-aK ChIHAMalapJbl Macc-
CIIEKTPOMETPHS apKbLIbI JIdJ aHBIKTayFa OOJIaThIHAAM €Till JaibIHIay CUITaTTanasl [28].

N. gonorrhoeae a3uTpPOMHIIMHIE CE3IMTal €MeC IITaMMIAphl KOFAMBIK CHCAYIBIK
cakrayra jkaHa jkahannbik Kayim Tenmipemi. 2015-2018 >xpurmap apalblFblHIa ApreHTHHaIA
AQ3UTPOMHULIMHIE CEe3IMTajl €MeC TOHOKOKK >KYKHalapblHBIH Tapaiybl alTapibikTail ecti. Ocbl
mITaMMIapIbIH TeHOMJIBIK SITHIEMHOJIOTHUSCHIH XKOHE TO3IMJIUIIK MEXaHU3MICPIH 3epTTey YIIiH
Ricardo Ariel Gianecini sxone 6ackanapsr [29] 2005-2019 xpinmapel ApreHTrHana )KuHaiaraH 96
ce3iMTal eMeC U30JISATTAPABIH CEKBEHHPIICY HOTHXKENEPiH 3epTTeni. DUIOreHOMHUKAIBIK Tauaay
reorpadUsIIbIK Tapalybl mekTenreH skone 2015 sxpurabiy KaHTapsl MeH 2019 sKpUTIBIH Kapamachl
apanbIFbIHA alHaNBIMAA OOJATBHIH 2 HEri3ri TONTHI aHBIKTAAbl. ByJl TomTapra XabIKapallbIK
TapaJFaH MyJbTHIOKYCTHI perTunik Typuepi (ST) 1580 sxone 9363 kipemi. MIK 2-4 Mxr/mu
6onareia ST1580 m3onstrapeinna 23S pPHK-nma TykeiM KyanmalTelH €3reprimtik Oomnubl. 2-4
Hemece >256 mkr/min MIK 6ap ST9363 uzonsarrapeiaga 23S 3PHK, mtr mo3aukanbik jokycra
HEMece CKeyiHJe Ji¢ TYKbIM KyaJalThIH e3reprimTik Ooyiapl. Ocbl 0achIM  KJIOHIAPbIH
reorpausIbIK TapajdyblH >KOHE CHUIIATTaMallapblH aHBIKTay ApPreHTHHaZa a3suTPOMUIMHTE
cesimran emec N.gonorrhoeae-H TapaiybIMEH Kypecy VIINiH KOFaMJBIK IE€HCAYJIBIK CaKTay IbIH
casicaTblH HakTbuTaiabl. JKorapeiga ateurranmaid, Grad YH xone Oackamaper [30] >kakbiHma
3epTTENTeH U30JIATTAPIbIH 36%-/1a a3UTPOMUIIMHTE TO3IMIITIKIICH OaiIaHBICTHI MEXaHU3MIEP 1
Ka3ipri O171iM HET131H/e aHBIKTay MYMKIH eéMecC €KeHIH aHbIKTaibl. COHBIMEH KaTap, 3epTTEYIIiIep
NEHULWUTUHTE XKoHE 0acKka MHUKPOOKa Kapchl 19pi-TopMeKTepre TO3IMIUTIKTIH KOFapbllaybIMEeH
OaitmaHbICTHI «hakTop X» JIeM aTaaThlH TO3IMIUTIKTIH ©3T€pMEUTIH JETEPMUHAHTHI Oap €KEHIH
OypbIHHAH OOJDKaI Kemei, Oipak OyJ1 MeXaHu3M aHbIKTanMassl [31].

N. gonorrhoeae-meH ChIpKATTaHYIIBUIBIK JKHLIITT KEH ayKbIMIbI IdPi-AOPMEKTEpPre, COHbBIH
immiHge OipiHIN  KaTtapaarbl Jopi-IOpPMEKTEepre aHTUOMOTHKTEPre TO3IMAUNK JIeHICHIHIH
JKOFapblIaybIMeH Oipre Te3 ecyzae. Te3IMIUTIKTIH apTybl eMIEIMENTIH TOHOpes OYKiJI onemje
aybIp aypyabl TYIbIpaabl JIeTeH KOpKbIHBIIIKA okeiai. Daniel H F Rubin xone Gackamapsr [32]
TO3IMIUIIKTIH TapaidyblH OasysiaTy oHe Oakpliay YIIiH KaObUIMAHATHIH OipHeIe TocUIaepai
CUTIATTA/IbI.

bipinminen, N. gonorrhoeae-ra kapcel OelICeH I OpeKeT eTeTiH OipKaTap ecki mpemaparrap
©3repTUI/Il JKOHE JKaHa JIopi-AopMEKTep skacairyda. ExiHimiieH, KkenTeH Oepri MaHbI3Ibl MaKcaT —
BaKI[MHA jKacay aJiFa >KbUDKY/a. Y IIHIIICH, KaHa TUarHOCTUKAIBIK 9ICTep aHTUOMOTHKTEPTE
TO3IMIUTIKTI JKBUIJAM aHBIKTAayFa JKOHE AMITMPUKAIBIK €MJICYICH KEKe eMJIIeyre KOIIyre youe
Oepeni. AHTHOMOTUKTEpPre TOIIMIUTIKIICH KYpecy YIIiH OCHI aHa KypaiIapAbl MIbIFApy eMIey
PSKUMJIEPIHIH Y3aKTBIFBIH apTTBIPY Ke3iHAe OapiblK MAlHMEeHTTEpre OHTAMIBI KYTiMII
KaMTaMachl3 €Ty YUIIH MYKHUST Kapayabl Tajam eTel.
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Daniel Golparian xoHe Oackamapel [33] MoJnekynanblK THUNTEY apKblUibl pactanrad N.
gonorrhoeae-ga AMIIT Gakpliay KaXKeTTLTITIH KapaCThIPAbI, €H AYPHICH T€HOM/IbI CEKBEHUPJICY
apkbUIBl pactay. ABTopiaap N. gonorrhoeae AMIIT-ti anbikTay yiuiH kKIoHAbIK Kerenaepai (NG-
STAR) aHbIKTa/IbI 5)kOHE OJIAPABIH TOHOKOKKTHIK AMIIT-bI antmaKagaranay yiriH naiaiblIbFbIH
pactagsl. XKanmsl aepekkopaa 6ap O6apabik NG-STAR xone ST amnensnepi PHYLOViIZ 2.0
KeMeTIMeH >5 Oipelt ayutenbaepi 6ap eH akbiH aHaiablK ST jkoHE eH Ker ciiTeMesiepi 6ap aHaIbIK
ST coiixec CC anpIKTay YIIiH Tanganasl. Texcepy yiniH 2013 5KbUTbl )KapHsslaHFaH TOHOKOKKTap
OoifpIHIIIA eypomaibIK AepekTep kuHarbl (n=1054), 2016 xbutrel JIJI¥ aHBIKTAMAJIBIK IITAMM
taktacel (n=14) >xone N.gonorrhoeae OipHemie enaepAcH HePTPUAKCOHFA TOIMILIIK
netepMuHaHTHI penA-60.001 (n=7) Gap u30aATTap KOJIAHBUIIHI.

ABtopmap CC NG-STAR TOHOKOKK T'€HOMBIHBIH (DUIIOT€HE31HE CoiKec Kenell JAereH
KOPBITBIH/IBIFA KEJIJI1; IEKTEYIIl €CENTEY TalanTapbIMEH KbUIJIaM BU3yalaayFa MYMKIHIIK Oepe/i;
KaparnaibiM, KaiiTa )KaHFBIPTHUIATHIH KOHE MMOPTATUBTI HOMEHKIIaTypaHbl KamTaMacki3 ety (WGS
JepeKTepi koHe komiMri CaHrep CeKBEeHUpIey ojici yiriH); xoHe AMR chI3BIKTapbIiH OOIDKAY.
WGS-nien tonbikThipbural peHotunTik MKT-me1 (YIIIT -Y cTOWYMBOCTS K TPOTUBOMUKPOOHBIM
npenaparaMm) Kamaraiay mMiHaeTTi 6omnbin Tadsuiansl skoHe CC NG-STAR onbl THIMII KOJIIai
anazsel [33].

[ledrpuakcon kem skarmaiima N. gonorrhoeae »KykTelpraH HaykacTap VIOiH OipiHImi
KaTapJarbl emey (emmapa) OoJbli Kaia oepei.

Monica M. Lahra >xone tarsr 6ackanapsl [34] sxakeiana Hanusga (GK124) sxone Kanagama
(47707) yxcac mraMmaap okKlayiaHraHHaH Keifin YKanonusga nedrpuakconra te3imai FC428
N.gonorrhoeae KJIOHBIHBIH BIKTHMaJ Tapaaybl Typallbl 3epTTEY KYpri3ai. ABropiap AsusgaH
casxaTTalThIH rerepocekcyainnsl ep agamaapaa Acrpanusga FC428 kIOHBIHBIH 2 XKarqailbl
OosraHbl Typasbl xabapiaiael. 3epTTeymijaepaiH OunouH(POpPMATHUKANBIK Talaysiapel Oip
HYKJICOTUATI BapUalMsIIApIbIH HET13r1 (PMIIOTeHe31H XKoHe in silico MONeKynaablK TUIITEHAIPYiH
KaMTUbI; (UIOTCeHETUKAIBIK Tajaay OapiblK 5 M30JSATTBIH apachlHIAFbl KAKbIH T€HETUKAJIBIK
TYBICTBIKTBI KepceTTi. Horwkenep uedrpuakconra Ttesimumi N. gonorrhoeae xambIKapasbikK
OepuyiHIH KOCBHIMINIA JONeNaepiH Oepemi. ABTOpiap OCHl Jopire Te3iMJi IITaMMHBIH
XaNbIKApaJIbIK Tapajlybl Typajbl XaOapJapibIKThl apTTHIPYIbl, €MJEy COTCI3IIKTepl MeH
OailaHbpIcTap/Ibl aHBIKTAY bl KOCA aliFaH/ia, KaJaranayabl KYIIEeHTy 1, COHai-aK XalbIKapalbIK
JEPEeKTepMEH aIMacy Ibl KEHEUTY/I1 YChIHATBI.

Fa-Xing Jiang sxome Oackamapsl [35] MKT »xome Xodeit (Keirait) N. gonorrhoeae
U30JIATTapblHA TO3IMAUTIKTIH KOHE TeHETHKAJBIK JeTepPMUHAHTTapblHA cunaTTama OepreH, Oy
KpiTalimarel TOHOKOKKA TO31MIUTIKTIH MOJICKYJAIBIK 3MUACMHOJIOTHICH Typajbl MOJ aKiapar
Oepeni. Xadeitneri aypyxana kinHukacbiHan 126 N. gonorrhoeae wsosstrapbl 2014 KbUTIbIH
KaHTapbl MeH 2015 XbpUIABIH Kapalachl apalbIiFbIHAA KUHANABL M3omgarrap penA sxoHe mtrR
xoHe 23S pPHK rennepingeri TYKbIM KyadalThIH ©3repriluTikke cbiHa b1 skoHe N. gonorrhoeae
(NG-MAST) Ti36erin MyJIbTHaHTHICH/IIK THIITEY apKbLIbl TEHOTUIITEI/I.

Ocpunaiima, 2014-2015 sxeuinapaarer Xegeiineri N. gonorrhoeae n3onsTrapbl FOHOPESHBI
emaey yuriH OypbiH YChiHBUIFAaH AMIIT-H, MbIcanbl TNEHUIWUITMHTE, TETPAIUKIWH IKOHE
UIPO(MIOKCAIIMHTE KOFAphl JCHICHIH KOPCEeTTi, A3UTPOMUIIMHTE TO3IMAUIIKTIH Tapaimybl 1a
sorapbl 0onel (28,6%). CrieKTHHOMUIIMHTE, e TpuakcoHFa HeMece Le(UKCUMIe TOJIbIFBIMEH
TO3IM/Ii U30JISITTAP AHBIKTAIFaH KOK; JeTeHMEH, JKaJIbl anFrana, uonsatrapasH 11,1% - 3 ESC
CE31IMTAIABIFBI TOMEH €KEHIITT aHBIKTAJIIEL.

Kauser Jabeen xone T1.6-men [36] 2012-2014 xbiaap apaneirbigaa Kapaunne (I[Tokicran)
roHOKOKKTbl MKT Tapanmybl MeH TeHAEHUUsIApbIHA KOHE IKEPruTKTI IMITaMMAAPABIH
MOJICKYJIaNbIK 3MUIEMUOIOTUSACHIHA 3EPTTEY JKYPri3iai. YpOreHUTaNbIbl YITUIEpIEH ajJbIHFaH
roHokokk u3ojsaTTapsl (N=100) Ara XaH yHHUBEpPCUTETIHIH 3epTXaHachlHa Oepinai. MukpoOka
Kapchl  Jopi-IopMekTepre cesiMranablk Etest KeMmeriMeH aHBIKTANJbl, MOJIEKYJAJIbIK
snugemuosoruscel N. gonorrhoeae (NG-MAST) MynIbTHaHTHIEHIIK THIOTCHIIPY apKbUIBI
Oaramannel. Camanbl Oakeutay Y C, F, G, K, L, M, N, O xone P xone ATCC 49226 N.
gonorrhoeae aHbIKTaMaJIBIK IITAMIAPBIH KOJAaHy apKbLIbI )KY3€Te aChIPbLIJIBL.
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CriekTHHOMUIIMHTE, IeTpHaKCOHFa JkoHE uedukcumre cesimtanaslk  100%, an
A3UTPOMUIIUHTE CE3IMTAIIBIK 99% Kypasbl.

ABTOpIIap TOHOKOKKTAPBIH JKOFAPBI OpTapanTaHIbIPbUIFaH MOMYISIUACKIHBIH Kapauuaeri
(IToxicran) aifHambiMbl  Typansl, 74 NG-MAST ST (62 xana ST) neaumwuuH G,
UNPO(IOKCAIMH JKOHE TETPALMKIMHIE TO3IMIUTIIT JKOFapbl JEreH KOPBITHIHIBI >KacaJlbl.
[ledptpuakconra Te3IMAUTIKTIH OoJiMaybl OalKanabl, OYJI OHBI TaHAay IMpernapaThl PETiHJE
YCBIHYFa MYMKIHAIK Oepeni. Anaiina, nedrpuakconasin MTK Temenzaeyine jxoHe aiimakra
xabapyaHraH TO3IMAUTIKTIH mTaiiga OoyiyblHa OalaHBICTBI  [EPTPUAKCOHHBIH J03aChIH
OymmbikeTke canyasl 125 mr-man 250 mr-ra jgeidin apTTelpy ycbiHbUIaZbl. COHBIMEH Karap,
UNpoQIOKCAITUHTE TOIMIUTIKTIH KOFaphl JeHreline OaianpicThl (86%) numpodiokcanHIi
YCHIHBUIFAH OIpiHINI KaTapaarbl eMJIEyJeH alblll TacTay Kepek. IlokicraHHBIH Oacka
3epTXaHajapbl MEH KajaJllapblHbIH KAaTbICybIMeH TOHOKOKKTHI MKT MOHUTOpUHTIIH OapbIHILA
KEHEUTY 6T€ MaHbI3/bI.

N.gonorrhoeae-miH ~ MEHUIWUIAHAEP, TETPALMKIUHAEP, (TOPXHHOIOHAAP  JKOHE
nedanocmopuHAepAl Koca aiFaHAa, KoJI KeTiMIal OipiHIN KaTapiarbl aHTUOMOTHKTEpre
TO3IMIUIITIHIH JaMybl KahaHIBIK ayKbIMJIa KOMTETeH Iopire Te3iMJi TOHOPESHBIH TapayblHA
okenai. JKorapsl eHiMai WGS KeTicTIKTepi TOHOKOKKTBHI aHBIKTAy, €MAEY >XKoHe Oackapy
MYMKIHIIKTEepIH KEHEUTY YIIIiH KOJAaHyFa O0JaThIH MMai1aIbl KYpalaapbl YChIHAIBI, OYJT CalbI
KeNreH e OYKiT oJieM OOMBIHIIIA TOHOPEsFa KApChl KYPECKe KOMEKTECEII.

A Jeanine Abrams xoHe OackanmapbsiMeH [37] mTamMmmaapIbl TUTITEHIIPY, (GUIOTEHOMIBIK
3epTTeysiep, MOJEKYJIAIbIK OakbpuIay >KOHE TpaHCMHCCHSUIBIK 3eprreynep ymin WGS N.
gonorrhoeae kommaHy KapacTeIpbUiabl. OnapiablH MiKipiHire, skorapbl eHiMmi WGS azipiey
TUNITEHIPY OAICTEepiHe, AMUACMHONOTHIIBIK KaJaFaiayFa, TeHETUKAIBIK TYBICTBIKTHI Tallayra
JKOHE OepuTyiH 3epTTeyre ocep €Te OTHIPHIN, MUKPOOTHIK H30JIATTAp MEH KaybIMJIaCTBIKTAPIbI
CHMAaTTay XoHe Tanjay KaOinerinae TeHkepic skacanpl. WGS kypangapsin MKT TOHOKOKK
n3oaTTapbiH 3eprreyre Kongany, NG-nme MKT sBomonmsichl oHE KEpPrijiKTi, YITTHIK >KOHE
»kahaHBIK ayKbIMIA TO3IM/II IITaMMIAPIbIH Oepillyi Typajbl TYCIHIKTI )KaKCapTTHI.

N. gonorrhoeae MKT Tapanysin Oakpiiay »KoHE Kajgarajgay OOMBIHIINA KOFAPbl YJITTHIK
TajanTapabl OpbIHAAayFa 63 YIIeCiH Kocy MakcaTbiHaa [lopTyranusHbIH YITTHIK JCHCAYIBIK CAKTay
unctutytel N. gonorrhoeae (PTGonoNet) skuHay 3epTXaHalapbIHBIH YJITTBHIK KCIICIH Kypyra
piknan erti. by 3eprrey 2003 sxpuiman 2018 sxeuira geiiin Oaiikanran N. gonorrhoeae MKT
HET13T1 TeHACHIMUTAphI Typasibl Xabapiaitasl. OChl 3epTTey/Ie CUNaTTaIFaH 0apJIbIK U30JATTap 35
TYpJi MEMJIEKETTIK JKOHE JKEeKe 3epTXaHajapAa OeJiHreH MTaMMAApAbl KaMTHTBHIH
[TopTyranusiHblH YJITTBHIK JACHCAYJBIK CaKTay HHCTUTYTBIHBIH >KbIHBICTBIK >KOJIMEH OepilieTiH
KYKIajgapAblH ¥JITTHIK aHBIKTAMaJIbIK 3epTXaHachkl KojmanTeiH N. gonorrhoeae u3onsaTTapabiH
MIapTTHI-MIATOTEH I aFBIMJIAFbl JKMHAFBl OOJIbITT TaObuTambl. Momnekynanslk Typi NG-MAST
KeMeriMeH aHbIKTanAbl. Enge kxeH Tapanran 2596 wumzonstteiH MKT nepekrepi 6apibix N.
gonorrhoeae wm3onsaTTapbiHbiH 87,67% - Bl KeM JereHne Oip MHUKpPOOKa Kapchl MmpernapaTka
Ce3IMTANABIFBIHBIH TOMEH eKeHAIriH kepcerti. Kemnrteren xpuimap OOMBl MEHUIMIUIMHTE,
TETPAIUKIIMHTE KOHE NUMTPOGIOKCAIIUHTE CE3IMTAIIBIK MeH TO3IMAUTIKTIH TYPAKThl TOMEHICYIH
Oaiikayra Oonazbl. Anaiiaa, nedasocnopunaepre ce3iMTanAbBIKTHIH ToMen eyl 2018 xburra aeiin
OaifkamMasIbl, al a3uTPOMUIIMHTE 01 YHeMI TeMeH O0onael. NG-MAST eH kem TapayiFaH TeHAIK
tontapel G1407, G7445, G225, G2 xone G1034 Gonasr [38].

JeBua David M Whiley sxone 6ackamapsiasiy [39] mikipinme N. gonorrhoeae MKT 6y
JEHCAYIBbIKKA XaJbIKapalblK JeHrele MOWBIHIANFaH Kayinm Oosbin TaObuiaanl skoHe MKT
KaJarajayblH jKakcapTy YILUIH jKaHa CTpaTerusuiap KakeT. ABCTPaJUSHBIH COJTYCTIK ayMarbl
TOHOpEsIHBl ~ eMzey YIIiH OipiHmi  Karapmarbl  (uHMS) 2 Typali  emaey  ofici
KOJIJIaHbUTIAThIHIBIFBIMEH €pEKIICNICHE]I], €H aJlIbIMEH reorpadusuUIbIK OpHaIacyblHa OaliIaHbICTHI.
8 N. gonorrhoeae AMR IITP TanmayelH KoJJaHy apKbUIbI, HE(TPUAKCOH IUTIOC a3HTPOMHLIUH
HEMeCce aMOKCHUIIWJUIMH TUTIOC a3UTPOMUIIMH OIpiHIIN KaTapJarbl eMJiey YIIiH YChbIHbUIFaH, N.
gonorrhoeae HyKJIEUH KbIIIKbUIBIH KYIICHTY ChIHAFBI OH HOTHXKE OepreH, aiMakTap/a KuHaIFaH
1629 xIMHHMKAIBIK TeCcT ChIHAIABL. KoOpekTik oprara eryaiH HOTIKEIepiHe HeTri3eNreH
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KYHJETIKTI Oakpuiay JepekTepiMeH caiblcThlpy kyprizinmi. IITP nmepexrepi mnedrpuakconra
TO3IMIUTIKTIH JKOKTBIFBIH JKOHE a3UTPOMUIIMHTE TO3IMAUTIKTIH ToMeH aeHreiin (0,2%), conmaii-
aK aMOKCHUIIMJUTHH MEH a3UTPOMUIIMH ailMaKTapbIH/A MEHUIIWLUIUHTE TO3IMILTIKTIH <5% eKeHiH
pactazbl. MoieKyaablK 9icTep/Il KOIAaHy Ke3iHae MUnpodIoKcanare KoHe MeHUITUIUIMHA3A
enxiperin N. gonorrhoeae re3imainik kepcerkimrepi ToMeH O6onabl. ABropnap N. gonorrhoeae
MKT-HBI aHBIKTayABIH MOJICKYJAIBIK OJIICTEpl, Oocipece KOPEKTIK opTaFra eryai Kaaaraiay
HIeKTeyJi OOJFaH Kardaija, eMJey YChIHBICTaphl YIIIH AdJenaep 0a3achlH apTThIPYbl MYMKIH
JIeT€H KOPBITHIHIBIFA KNI

Anna Carannante »xoHe T.0. [40] maiina 601aThIH, TOIIMILTIT K11, TOHOKOKKTHI KIIOHAAPIbI
aHBIKTAY YIIIH MOJIEKYJIAJIBIK 3MHUIEMHUOJIOTHS TOCUIACPIH KOJJaHy Maiianbl 1en caHaiasl. by
3eprreyne Wramusga 8 kel imIiHAE OPTYPJI aHATOMUSUIBIK aiMakTapaaH skuHaiuraH 67 N.
gonorrhoeae uzonstrapsl WGS omicimen tanganasl. WGS Illumina NextSeq 500 mnardopmacsix
naiianansin opbiHAAAR. DUIOreHeTHKANBIK Tanfay O0ip HYKJICOTUATI SIpO MOTUMOp(HU3MiHE
(SNP) »xone (kypaeni) Kol JIOKYCThI HeTi3r1 reHoM Ti30erin tunrteyre (cgMLST)nerizgenren. N.
gonorrhoeae (NG-MAST) mynsTHanTureH Tizoerin tunrey xone MLST xone N. gonorrhoeae
tizberin MKT (NG-STAR)-ra tuntey WGS nepekrepin maiigamana oTbeIpeim, in silico -ma
Kyprizingi. TepT nopifeH TypaTblH MaHENbre KaThICTBI MHKPOOKAa Kapchl Jdpi-TopMeEKTepre
Ce3IMTANIIBIK, TpaaueHTTIK Auddy3ust oici apKpUibl OaranaHnbl. JKaambl, TOHOKOKKTapAbIH
knacrepiaenyi NG-MAST, MLST, NG-STAR mnpodunpaepiHe xoHe MHKpPOOKa Kapchl
ce3IMTaNIIbIKKa CoMKec Kenai, Olpak mamueHTTepiH Oemniny opubl, AWUTB jxarmaiibiHa KoHE
KBIHBICTBIK OarmapeiHa emec. DUITOTeHEeTHKANBIK Talgay TOFBI3 JKMHAKTHI (KJIAd) aHBIKTAIBI:
oJIapbIH ekeyi 6aceiM 0oubl skoHe 21407 sxoHe G2400 reHorpynmanapblHbIH TOHOKOKKTAPhIH
KaMTBIJIBI.

N. gonorrhoeae MKT mpodunbaepin ao1 cUMATTay YIOiH KbUIIAM JKOHE JKaH-)KaKThI
omicrep Kaxer. Chi Zhang one Oackamapel [41] N. gonorrhoeae-me Tikenel KIMHHUKAIBIK
yirinepaer MKT-men OGaiinmanwictel 13 reHmi Oip yakbpITTa CEKBEHUPJICY YIIIH aMITUKOH/IBI
MYJIBTUIIIEKCT] CEKBEHUPJICYTEe HETi3/IeNITeH 9ICTI KOJIJaH IbI.

Omicti a3ipiey xoHe Tekcepy yiria N.gonorrhoeae Torei3 mraMMbl KOJAaHBUIABL. OIICTIH
JOIAITIH aHBIKTAY YILIiH OH O1p ypeTpaibbl )KaFbIHABUIAD MEH COFaH COMKeC OCipiITeH H30JIATTap
JKYTTal COMKECTEeHIPIIAl. OJICTIH Ce3IMTAIIBIFBIH aHBIKTAy YIIIH OPTYPJl CYHBUITYJIapMEH
UMUTAIVSUTBIK YITUIep MalbIHOANIbI. AJMacy peakTHBTUIIrNH Oaranay yuriH Neisseria-HbIH Oec
TOHOKOKKTBI emec Inramaapbl skoHe N. gonorrhoeae-ueiH 24 Tepic KIMHHMKAIBIK YIITiIepi
KOJIIaHBUTIBL. By 9f1ic OHBIH THIMILTITIH OaFanay yiiH 64 KIMHUKAIBIK ChIHAMAaFa KOJIaHbLIIbL.

ABtopnap yariumik omic petinae CoHTEp CEKBEHHUpJICY O[ICIH TaijganaHa OTBIPHITI,
AMIUTUKOH/IbI CEKBEHUPJICY apKbUIbl KaIIbIHA KeATipuIreH Tiz0exrep 99,5% - nan acraMmbl HETi3r1
TONmiKKe ue Oonael jkoHe AMR caifTTapbl AYphIC aHBIKTAIIBI JETEH KOPBITHIHIBIFA K.
Amnpikray meri (LOD) 31 kemripmeaen/peakuusiiad TOMeH 0011b1. MaHbBI3IbI KAHTIIBI (TOFBICTIAIBI
(TmepekpecTHBIN) PeakTUBTUIIK OaiiKkaamaasl. COHBIMEH KaTtap, MakcaTThl TeHAep 64 KITMHUKAIBIK
ChIHAMaJlaH, COHBIH iMIiHAe 9 39p YITICIHEH COTTI albIH/IbI, OYJT 9ICTI 9PTYPJIi YIATLIEpAe KOIIaHy
MYMKIHAITIH KepceTTi. Knnaukansik ynriaep yuriH Hotuxenepai 7 carat 40 munyttan 10 carar
40 MHHYTKa JEHiHT1 yaKbIT apallbIFbIHIa amyFa OoNaabl, al HW30JATTap YIIIH OHJEY YaKbIThI
[IaMaMeH 2 caraTKa KbICKa OOJIJIbI.

By onic omOebart sxaHe JKOFaphbl Ce31IMTANIBIK MEH JTNIIIK TYPFBICBIHAH apTHIKIIBIIBIKTAPbI
Oap OecKyIbTypabHBIN TMATHOCTUKA YIIITH BIHFANIIBL.

WBan bonoes, Maiis Manaxosa sxoHe T.0. [42] N. gonorrhoeae mosiute3im i mtaMIapbiHbIH
naiia 601ybl MEH TapadyblHa KaThICTHI aJlaHAayIIbUIBIKTBIH apTYhI TYpalibl alTThL. 3epTTeyLIiIep
AHTUOMOTHUKTEPre TO3IMII OaKTepUSUIBIK KO3IBIPFBIIITAPABI THIMJII OakplIay VIIH >KaHa
MHUKPOOKAa KapChl AOpI-TOpPMEKTEpAl d3ipiiey KoHe Oap aHTUOHMOTHKTEpPre TO3IMILIIK
MeXaHU3MIEPiH TYCiHYy KaXeT jaen caHaiiabl. byn 3eprreyae aBTopiap SUFA mepuIuia3MaiblK
IIanepoHbIHAAFbl KoHE [-cTBojla BamA KypacTelpy MeXaHM3MIiHIH Kypamjaac OeiriHaeri
AMHUHKBIIIKBUIIAPBIH anMacTeipynad TybiHaaran N. gonorrhoeae-ma mopire KyThereH »epicH
TO3IMIUTIKTIH Mai1a 00MybIH aHBIKTAbI. [[eHUIIUITHHTE, TETPAUKIIMHTE KOHE a3UTPOMHUITMHTE
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Ce3IMTAABIFBIHBIH TOMEHIEyIMEH Oipre THICTI TeHAepAeri TYKbIM KyaJalThIH e3reprilTikTepi
6ap 119.05 kmuHUKaANBIK W307ATHl 3epTTenmai. Ng05 NGOS5S (surA mut bamA mut upenA mut)
MYTAHTTHI IITAMMBI TacbIManaay (Tpanchopmanus) nporeaypacsiaaa penunuent perinae n01.08
JKaJIMBl CE3IMTANl KIMHUKAIBIK HM30JIATTHl KOJJaHy apkbuibl aimblHABL. NGOS5S xone n01.08
IITAMMIAPBIHBIH CAJIBICTBIPMAIIBI MPOTEOMIBIK TalAaybl Oacka IIanepoHIapAblH, SKp *KoHe
FKpA, conmaii-ak keiibip TachIMaiaay aKybI3JapbIHbIH A TapiIbIKTal KOFapblIaraHbIH AHBIKTAIbI.
D dmroke (momra) COpFBICHIH TEXKEY IKCIIEPUMEHTTEPI Ce3IMTAIABIKTHIH TOMeH Ieyine 3¢ dimoke
COPFBICHIHBIH O€JICEH T apKbUIBl KOJI JKETKI3iIeTiHiH KepceTTi. ABTopiap SUrA u bamA
TeHJIePIHIeT] CUMTATTaJIFaH TYKbIM KyaJalThIH ©3reprilITIKTep MepHUIIa3MaliblK arnepoHIapabH
camajblK JKOHE CaHJBIK ©3TepICTepiH TYyAbIpaabl, Oyl €3 Ke3eriHJe CHHTE3ICITCH >Kacylia
KaOBIFBIHBIH aKybI3/1apbIHBIH KbI3METIH ©3repTeail e OoKaiabl.

Matthew W. Schmerer xone T.6. [43] 2016 xputel AKII-Ta sxypri3ifireH OaKplIayIbl 1T
OakpUlayblHAaH a3MTPOMHUIIMHTE CE3IMTAIIBIKTBIH TeMeHneyiH kepcerkeH, N. gonorrhoeae
HITAMM/IAPBIHBIH TEHOMBIK CUIIATTaMaChIH YCHIH/BL. 2016 5KbUTbI a3UTPOMUIIMHTE CE31MTAIABIFBI
toMennereH N. gonorrhoeae uzonstrapsiHbH yieci 3,6 % - ¥a neifin eckeHi aiteuiael. 2016
*Kbutbl kuHaIFaH 334 N. gonorrhoeae W30ATTApBIHBIH (DHIOTCHETHKAIBIK Tajaaybl mtr
Mo3auKanblK JOKychl Oap MTK 2-men 16 wMkr/mu-re [ediHri HM30ISTTapAblH  OipTyTac,
reorpadUsUIbIK Op TYPJl CHI3BIFBIH aHBIKTanbl, an MUK>16 Mkr /min /ml u3onsTTapbiHBIH
KOMIILIiri cupek naitna 6omasl xone 23S pPHK TykbpIM KyanalThIH €3reprillTiriH ablil XYpAL.
N. gonorrhoeae wu3zomATTapelH OJaH Opi MOJIEKYNIANbIK Oakplaay TO3IMILTIKTIH jKaHa
MEXaHU3MJICPIiH allajbl.

Hongren Wang >xoHe 6ackanapbIHbIH 3epTTeyiepiHiH makcathl [44] 2018 sxpiabl KpiTali 1piH
OHTYCTIK-0aTbIChIHIaFbl YaH Ty KaslachlHAa e TpHaKCOHFa TO3IMALTIKTIH Naiiaa 60mybiHaa OyKin
anemze tapanrad N. gonorrhoeae FC428 KIIOHBIHBIH YJICCIH TEKCEPY OOJIBI TaOBLIAIbL.

N. gonorrhoeae H30JATTApPBIHBIH alThl AaHTUOMOTUKKE MHUKPOOKA KAapChl CE3IMTaJIBbIFbI
arapjia CyubuITy ofticiMeH anbIKTaabl. FC428 KIIOHBIH aHBIKTAY YIIIIH HAKTHI COJT yaKeITTarbl [ITP
tangaysl xkoHe WGS kongansuiasl. TysicTac mraMaapasiy Oepiilyl MEH 3BOIONMACHIH CUTIATTAY
yurid UPS ¢rtoreHoMapIK KoHe MOJICKYJIAIBIK TaJlIayIaphl KYpri3iiii.

By 3eprrey 112 N. gonorrhoeae uzonsrrapsiabig TopTeyi nedrpuakconra Tezimai FC428
KJIOHBI €KeHIH pactajpl. OUIOreHOMIBIK TajlAay OJapAblH KONTEereH UHTPOAYKIMIIapIaH jKoHe
KeHiHHEH JKepriliKTi OepiyIeH TybIHAaFaHbIH KopceTTi. [LITamaap Te31MaiIiK reHaepinie TYKbIM
KyaJalThIH ©3TePrilITIKTEPAIH )KHHAKTATYbIMEH KOHE/HEMece MICHUITUIUIMH MEH TeTPAIUKITHHTE
TO3IMAUIIK TeHIEepiH KOATAWTHIH IUIa3MUIANApAbIH Taiga OOMybIMEH CHUMATTaNaThIH OJaH Jpi
3BOJIIOIUALAH OTTI.

Asropnap KeitaiiapiH oHTycTik-0atbichiHna N. gonorrhoeae FC428 kIOHBIHBIH Tapaysbl
TypaJibl MOJIMIEHII JKOHE OChI COTTI KJIOHHBIH JKEPTUIKTI JKOHE VJITTBIK JEHTeiae olaH opi
TapalxyblH Oakpulay YIIIH TOHOKOKKTBI MHKpPOOKa Kapchl JIopi-IopMeKTepre OakbuiayIbl
KYIIEUTyre KyII cailyFa IaKbIpabl.

["'OHOKOKK MOMyJsIUACH OMOIOTUSICHIHBIH JMHAMUKACHI IITAMMIAPABI THIITEY 9IICTEpiHIe
PYKCaTThIH O0IMayblHa OaillaHbICTHI HAIIAP AHBIKTAJIFaH.

Odile B. Harrison >xoHe T.0. [45] TOHOKOKK MOMYJISIHMSICHIHBIH KYPBUIBIMBIH TYCIHYI1
YKaKcapTy YIIiH HETi3T1 TeHOM/IBI TaliJallany bl Oaraiay bl )KYPri3ii.

["OHOKOKK T€HOMBIHBIH SAPOCHI OOJIBIN TaObUIATHIH OapibIFbl 1668 nokyc anbIKTanasl. Onap
HETI3ri TeHOM Ti30€eriH TUNTEY/IH KOl JIOKYCThI cXeMmachiHa yitbimaacTeipbuiasl (N. gonorrhoeae
cgMLST v1.0). Mzonsarrap apaceiaaarsl 400 amienplIik aWbIpMaIIbUIBIKTBIH IIEKTI MOHIH
KOJIZJAaHATBIH KJIACTEPJICY AJITOPUTMI TOHOKOKKTAPIbI HET13T1 TeHOMHBIH JUCKPETTI1 )KOHE TYPAKThHI
TONTapblHa Oeiyre MyMKIHIIK Oepli, omapiablH Keibipeynepi OipHelne OHXBUIIBIKTap OOMBI
caktanael. by Tontap MUKpoOKa KapChl TEHOTUIITEPMEH JKoHE TocienoBarenbHocTeit NG-STAR
u NG-MAST. MLST-ST »xone Ti30ekTepiHiH KabaTTacnaiThIH TYpiiepiMeH OaiaHbICThI OOJIIbI
’KOHE T€HOMHBIH HET13T1 TONTaphl apachlH/1a KeH TapajFaH.

Kerraiinan kenren 3eprreyurisiep To0bl [46] nedTpuakcoHFa Ce3IMTaIABIKTHI aHBIKTAY KOHE
N. gonorrhoeae n30asTTapbIHBIH MOJIEKYJIANIBIK CHITATTaMaChl OOMBIHIIIA 3€PTTEY KYPTri3ii.
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2015 xeuiablH coyipi MeH 2016 KbpUIABIH MaychIMbl apanbiFbiHaa Keitaiiaein Yanina
KanaceiHga Gapieirel 128 N. gonorrhoeae usomstrapsl peTtiiikineH aasiHabl. KypaMmbiHa penA,
mtrR, porB »xoHe ponA kiperTiH nedrpuakconra Te3iMautik aerepmuHanTTapsl [ITP kemerimen
kymeiTingi sxone IITP enimmepi perke kentipiami. ['enorunrey ymrin N. gonorrhoeae (NG-
MAST) mynapTHanTures tizoerin tuntey xyprizunai. Hotmwkenep usonsarrapasie 11% (14/128)
neTpruakcoHra Ce3IMTaIBIFBI HEMECe TO3IMIUIIrT TeMeHaereHiH kepcerti. lledrpuakconra
Ce3IMTANABIKTEl TEKCepy HoTKenepi nedrpuakconapl YaHmIamarsl TOHOpESHBI eMjeyre
apHaJIFaH OIpiHIII KaTapJarbl Ipernapar peTiHAe YChIHYFa OOJaThIHBIH KOPCETTI; JETeHMEH, upp
0aKbUTaybIH YaKThUIBI Kyprizy Maueiabl. AS01V/T, P551S u porBlb TykpIM KyamailTeiH
©3reprimTIKTepl 0ap MO3aMKaIBIK eMeC penA aienpaepi neGpTprHaKCoHFa TO3IMAUIIKKE HeMece
ochl aiiMaktarbl N. gonorrhoeae ce3iMTalIbIFbIHBIH TOMEH/CYIHE BIKIAT €Tyl MYMKIiH, al OChI
u3oJsTTapaarel rereporerai ST Oenrim 6ip Kinm TYpAiH KJIOHABIK TapaybIH )KOKKA IIBIFApaIbl.
CeziMTanIpIFbl HEMece TO3IMIUTIT ToMeH 14 N30T alTapIbIKTal opTYpILTIKTI KepceTeTin 9 ST-
re OemiHml.

N. gonorrhoeae MukpoOKa Kapchl TO3IMALTIKTI OaKbUlay JKEPruTIKTI, YJITTBIK JKOHE
XanbIKapalblK monynsnusuiap apackiaa MKT mramMMaapslHBIH Taliga 0oJybl MEH TapallybIH
0akpUIay YIIIH MaHbI3IBL. Byl emzey HycKayJibIKTapblH 93ipjey HeMece HaKThbulay YIIiH eTe
manb3ael N. gonorrhoeae (NG-MAST) MyIbTHaHTHUTEH/IIK THIITEY YITTHIK JKOHE XaTbIKapasIbIK
JEHrelIe TOHOKOKKTAPABIH MOJICKYJIAIbIK OSMHUIEMUONOTHUACHIH CUNIATTAy YIIIH TaiiJambl.
beranakram mnpemaparrappina MKT nerepMUHAHTTapblH aHBIKTAYy TO3IMIUIIKTIH JaMybIH
0aKpUIay KYpajibl OOJBIN TaObUIAIbL.

lNanama kasipri yakpiTta ToHOKOKKTEI MKT Tapaiysl Typanbl MoiMeT a3, al TOHOKOKKTHI
U30JIATTapFa cUIarrama OypbiH OoJiMaraH.

Naiki Attram >xoHe Tarbl Oackanap cumnarTtaraH 3eprreyae [47] 2012 xwiiman 2015 xbutra
neitin ['ananbiH 6ec MEIUIIMHATIBIK MEKEMECIH/ e JKUHAFaH TOHOKOKK u3onsatTapsl (n=44), MKT,
NG-MAST Tectineyal mnaiganaHy >kKoHE pPEnA TEHIH CEKBEHHUPJIEY AapKbUIbl 3€pPTTENII.
Terpanuknuare (100%), 6emswnmnenunmiuare (90,9%) xone nunpoduokcaruure (81,8%)
TO3IMIUTIKTIH JKOFapbl KOPCETKIIMTEPl aHBIKTAIABL. bip m3omsaTTa nedukcumuiy xorapsl MTK
(0,75 mxr/mi) 6omapl. NG-MAST (ST) Tiz0eriHig ®KUbIpMa CETi3 Typi aHBIKTAIBI, OJAPABIH OH
xketici xaHa 6omapl. [ledukcumuin sxorapel MIIK u3onsateiaaa penA-34 mMo3auKalbIK ajuiesi
6onnel sxkoHe NG-MAST ST1407-re Tumecinmi Oonibl, O KeNTEreH ejjaepnae Ledukcumre
TO3IMIUTIKTIH KeI OeiriH KypauThiH OYKUI oJeMe KEeH TapajFaH KeIl Jopire Te3iMil KIIOH.
Koperreiapinait kene, MKT tectiney, NG-MAST >xone MKT nerepMuHaHTTapbIH CEKBEHUPIICY
TETPAIMKIMHTE, OCH3WIMCHUIIWIMHTE >KOHE IUMPOQIOKCAIIMHTE TO3IMIUIIKTIH KOFaphI
KOpCETKIIITepiH, cOHbIMeH KaTtap ['aHamarel N. gonorrhoeae momynsiUsICHIHBIH ©T€ OpTYpIi
€KEH/IITH aHBIKTAIbI;

Xiaolin Qin >xone T1.6. 3eprreyine coiikec [48] Kpiraiima N. gonorrhoeae »yKmachIHbIH
tapanysl 2015 sxpurman Oactam kypt ecrti. N. gonorrhoeae-meri TMK sxoHe MOJEKyITajibIK
KYMBULIBIPY OCBI ©CINl Kelle JKaTKaH TapalyAbl aHBIKTAHTBIH €Ki MaHbI3Abl (akTop OOJbINI
Tabbpu1a bl ['yaHyH TPOBUHITMSACHIHBIH €K1 KaackiHAa OapibiFbl 704 30T xuHanasl. Herisri
MUKpOOKa Kapchl nopi-mopmektepaiH MTK anbpIkTanapl skoHe NEHUIWDINHA3a eHipeTiH N.
gonorrhoeae (PPNG) sxone tetparukiunre te3iMai N. gonorrhoeae (TRNG) cumarranas! )oHe
N. gonorrhoeae (NG -MAST) Ti30eriH MyJIbTHAHTUTEHIIK TUNTEY XKypri3inai. [leHunmmare
(68,2%), terpauukiaunre (85,7%) xone uunpoduokcauunre (98,2%) KoFapbl TO3IMILUTIK
aHbIKTAIbl. CIIEKTUHOMHUIINH, [Ie()TPUAKCOH koHe azuTpoMulinH TuiciHme 100%, 96,4% xone
90,7% ce3iMTanABIKIICH THIMAI OOJIBIN ILIKTEI. IleHunpmare To3iMainik 78,4% - nan 73,6% -
ra neiiin xoHe azurpomunuare 11,9% - nan 3,7% - ra neitin aittapisikraii Tomenaeni. PPNG,
TRNG sxone PPNG/TRNG xanmsl Tapanysl coiikecinuie 25,4%, 33,1% »xone 13,4% xypanbi.
PPNG xkepcertkimrepi 37,3% - nan 23,9% - ra aeitin, TRNG 50,0% - nan 31,3% - ra neiiin xxoHe
PPNG/TRNG 23,5% - mau 11,7% - fa jmeiiin aiitapibikTaii ToMeHaeai. Ajaiaa, adpUKaIbIK
tunrteri PPNG yneci asusansik Tunreri PPNG temenneyimen cansictoiprania (81,6% - nan 33,3%
- Fa JieiiiH) atapabikrait octi (18,4% - man 64,1% - ¥a neiiin), an amepukanaslK Tunteri TRNG
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yieci rommanausiblk Tunteri TRNG temenaeyimen canbicteipranna (100% - man 86,3% - ra
neitin) airapnbikrait ecti (0% - nan 13,7% - ra neiin). 145 xana ST 6ap 2013, 2014 xone 2017
xbuLnapbl skuHanFad 380 m3onsaTTeiH NG-MAST kemerimen Gapnbirbl 271 perrtinik Typi (ST)
aHbIKTaIAbl. Adpukansik TunTeri PPNG kebeifin, a3usiblK TUIITI aIMacThIpaabl koHe xkaHa 3T
naiiga GoJIbL.

3eprTeyuryiep JkaHa TEHOTHUNTEPl O0ap TOHOKOKK H30JATTapbl OChI ailMakTa TOHOpes
SMUJIEMHSICHIHBIH ©CYiHE BIKIAI €Tyl MYMKIH JeTeH KOPBITHIHABIFA KeNIi.

N. gonorrhoeae MukpoOKa Kapchl TOIMILIIK JOPEIKECIHIH TYPAKThI ©CYl TOIIMIUIIK TYKBIM
KyaJJalThIH ©3reprilTIKTepAiH TapalyblH OaKbUIAy bl KAXKET eTe/l.

Peceii ®enepanuscbiHbIH 3epTTeymIiiepi [49] mopire Te3IMAUTIK TYKbIM KyaJlalTbIH
©3TepPrillTIKTePiH, MUKPOOKAa Kapchl CEe3IMTaNABIK ChIHAKTAPBIHBIH HOTHIXKEJIEpiH koHe Peceid
Ddenepanuaceiably, 9 aliMarbiHga skuHanraH 128 3amamayun N. gonorrhoeae u30asATTapbIHBIH
MOJICKYJIaJIbIK TCHOTHIITEPIH CHUMATTAUTBIH JepekTepai ycbiHabl. 3eprrenren N. gonorrhoeae
M30JIATTAPBIHBIH YIITEH OipiHAe OaKTEePHUSIIBIK XpOMOCOMaja IOPUTIK 3aTTapra TO3IMAUTIKTIH
OipHeme TYKbIM KyaJaWThIH ©3reprilTiri Oonabl, Oy TYKbIM KyaJaWThlH ©3TeprillTiK
npoUIBACPIHIH JKOHE OHBIMEH OalIaHBICTBI MHUKPOOKa Kapchl CE3IMTAIBIK YITUICPIHIH
OuMopnanbpabl TapanyblHa okenni. bipHeme TesimmimiktiH TapamyeiH N. gonorrhoeae
MONYJISIUSICHIHBIH, KJIOHAJIIBUTBIFBIHA OKEJIETIH TYKBIM KyaJlaWThIH ©3TeprillTIKTepiH TiKelen
TachIMaJIIaHyBIMEH TYCIHIIpyTe O0Iabl.

N L Heath sxone T.6.-men [50] moNMKETHATI AHTHOMOTHKTEPAIH MHKPOOKA KapChl
oencenmimirin  Burkholderia smamumnoxkcun 1A kome raagmonmma N. gonorrhoeae xone
Ureaplasma spp. mrramaapsina KaTbICThI 3epTTeN . AHTHOHOTHKTEP KonTesiMai N. gonorrhoeae,
WHO V, WHO xone WHOS wn3onarrapbia, coHIai-ak MakpoJHATEPre, TETPALMKINHTE JKOHE
unpodIokcanuire TO3iMAI ypemasmanapasl Koca anradma, 14 N. gonorrhoeae sxome 10
Ureaplasma spp-re kapcsl ceiHamabl. N. gonorrhoeae ce3iMTanablFbIH ChIHAY arapibl CYHBUITY
apKpUTBI SKypriziami, am Ureaplasma spp ymiiH CYWBIKTBIKTBI MHKPO CYHBIITY KOHE 6©Cy
KMHETUKACHIH Talnaay KOJJaHbLIIbL.

Asropiap sHarmmokcua |IA skone rinammonud antuomormkrepi N. gonorrhoeae skome
Ureaplasma Gipkarap ce3imMTai koHe aHTHOMOTHKKE TO3IM/Ii M30JSITTapblHA KATHICTBI MUKPOOKa
Kapchbl OCTICEHIITIKKE Me IETeH KOPBITHIH/IbIFA KEII/Il.

Byn 3eprreydiH MaHBI3IBUIBIFBI OJap YIIIH aHTUOMOTHUKTEPHIH MLIEKTEyJi CaHbl Oap
naToreHaAepre Kapchl KOJJAHBUIATHIH MUKPOOKA Kapchl I9pi-IOpPMEKTEpIIiH KaHa KIachIHBIH
aneyeTiH kepcerei. by KochubICTapabl d3ipiey KemTereH Jopijepree Te3iMIi IITamMaapIblH
naiaa 60ybIHa OAMIAHBICTHI KOCBIMIIIA 3€PTTEYAl KaXET €TE/Ii.

Ocpunaiiia, YChIHBUIFAH IOy OChl MACENIEHIH ©3€KTLIIrH KepceTedl *KoHE >KOFapblia
aiTeUTFaHmapra cyiiene oteipbi, N. gonorrhoeae mTaMMIapbiHBIH  aHTHOHMOTHKKE
cesimranapirbiH 3epTreyre, MKII -ra (AMII) Te3iMai mTamMmaapabl Ja, CEe3IMTaJIIbIKTHIH
TOMEHJICYIH aHBIKTAayFa, OJIAPIBIH Tapayly >KOoJaapbeiH Tanaayra >koHe MKII-ra Te3iMainikTiH
JTAMYBIHBIH MOJIEKYJIAJIBIK MEXaHU3M/IEPIH 3epTTeyre OarbITTaFaH Ka3ipri yakpITTa OYKiJ anemMe
JKYPTi3UTIN JKaTKaH 3epTTeyNep Typaiabl KOPBITHIHIBI XKacayFra Oojazbl. JKakplHIA SKYPri3ireH
seprreynep N. gonorrhoeae mramMMaapeiibiH AMII-Fa TO3IMAUTITIHIH JaMybIHA OKEJICTIH TYKbIM
KyaJalThIH ©3TeprillTIKTep/IIH OpHAJacybl MEH CHUIMAThIH aHBIKTAyFa MYMKIHIIK Oepemi, Oy
TOHOKOKK JKYKIIaChIHBIH aHTUOMOTHUKAJIBIK eMICY1iH THIMIUTITIH apTThIpyFa MYMKIHAIK Oepei.
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Abstract

Immunization against infectious diseases is the most cost-effective and affordable means of
controlling infectious diseases. Despite the progress made, large outbreaks are periodically recorded in the
world due to a decrease in immunization coverage due to a significant increase in the number of people
who refuse vaccinations and low adherence of the population to vaccination.

The purpose of the study is to review the world literature on the problems of vaccination against
infectious diseases. Publications were searched in PubMed, Web of Science, Scopus, ScienceDirect, The
Cochrane Library and e-library databases using keywords.

The article presents current threats to reduce the rate of vaccination and anti-vaccination sentiment,
which is manifested in the difficult epidemiological situation in the fight against vaccine-controlled
infectious diseases in many countries. The reasons for the low immunization coverage are parental concerns
about the safety of vaccines, and about possible adverse events after vaccination, and the growing activism
of anti-vaccine and anti-vaccine movements. In some countries, parents' religious beliefs were more likely
to influence acceptance or rejection of vaccination.

An analysis of the attitude of medical workers, especially doctors of various specialties, showed that
their opinion clearly influenced the decision of parents to immunize their children. Scientific works show
that sometimes doctors themselves experience a lack of information regarding various aspects of
vaccination and give children unreasonable medical challenges.

The article also provides recommendations for improving information work with the population on
immunization issues.

Keywords: vaccination, refusal to vaccinate, attitude towards vaccination, medical workers.

Vaccination is one of the most important areas of preventive medicine to protect the
population from infectious diseases and is one of the greatest achievements of public health in
the 20th century. Successful immunization programs are the result of the high efficacy of vaccines
and their timely use. Vaccination is the main method of preventing infectious diseases. Despite
the large number of available drugs, the creation of effective and safe vaccines is still an urgent
task [1]. However, immunization is the most cost-effective and affordable means of controlling
infectious diseases. Despite the progress made, large outbreaks of infectious diseases, in
particular COVID 19, measles, influenza, Ebola and other diseases, are periodically recorded in
the world, which is most likely due to a decrease in immunization coverage due to a significant
increase in the number of people who refuse vaccinations, and a relatively low, compared with
previous years, adherence to vaccination. Numerous studies have shown that immunization will
be effective with concomitant support from the government and the medical community, taking
into account local cultural characteristics of the population and effective approaches to
vaccination. The attitude of medical workers to vaccination largely determines the opinions and
decisions of adults and parents of children regarding the receipt of a vaccine. In this regard, one
of the sections of the review is devoted to this issue.
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The purpose of the study is a review of the world literature on the problems of vaccination
against infectious diseases. The search for publications was carried out in databases PubMed, Web
of Science, Scopus, ScienceDirect, The Cochrane Library and e-library using keywords. The
following inclusion criteria were established: full-text articles in English or Russian, published in
scientific journals for the last 5 years (2018-2022), taking into account the large volume of
publications on the subject. Repeated publications and short messages are excluded.

Modern threats of decreasing rates of vaccination and anti-vaccination sentiments.

Currently, the world faces a complex epidemiological situation in the fight against vaccine-
controlled infectious diseases, which is associated with the absence or a sharp decrease in the
population's immunity in countries, including in areas of military conflicts, limited access to
vaccines in some regions of the world, and refusals to vaccinate for various reasons. Long-term
accumulation of the non-immune interlayer of the children's population is fraught with outbreaks
and predominance of severe and complicated forms in adults.

Monitoring of documented vaccination is one of the indicators of the quality of
epidemiological surveillance of vaccination. In [2], based on the analysis of preventive vaccination
cards of 2687 children, the highest levels of vaccination and immunization coverage against
tuberculosis infection (98.1% each), hepatitis B (85.9 and 96.5%), measles, rubella and mumps
were revealed (84.4 and 93.9% respectively). Vaccination and coverage rates against whooping
cough, diphtheria and tetanus (DTP vaccine), polio, pneumococcal disease and influenza were
significantly reduced (60.5 and 94.9%), (65.0 and 94.9%), (27, 6 and 47.1%) and (5.8 and 30.5%).
respectively.

In the Russian Federation, as of 2019, there is still an increase in the incidence of measles in
the context of the WHO Measles Elimination Program by 2020 due to low coverage of the
population with preventive vaccinations [3].

A decrease in vaccine purchases and an increase in anti-vaccination sentiment in Ukraine
have led to a sharp decline in vaccination coverage against all infections since 2009. The high
incidence of measles among children and adults is supported by a long-term low vaccination
coverage of target groups of the child population: coverage from 95% in 2016 decreased to a
critical 44.8%. The extremely unfavorable epidemiological situation associated with measles is
maintained due to the complete absence of anti-epidemic measures, combined with the economic
crisis and political instability in the country [4].

In a study of Kazakhstani scientists, low vaccination coverage of children under lyear old
was 50.2% (n=4098), from 1 year to 14 years old 49.8% (n=4072) which is associated with various
reasons (not reaching the age, medical rejection parental refusal to vaccinate). An epidemiological
analysis of the incidence of measles over 10 years revealed an upward trend and amounted to
13,873 cases, of which 73% (n=10189) were children under 14 years of age [5].

In the Republic in 2019, children under 1year old who did not have time to receive the first
dose of the vaccine, and adults over 20 years of age fell ill with measles. Children vaccinated
according to the National Immunization Schedule were less ill [6].

Information coming from informal sources such as social media, private blogs and websites
plays a huge role in decision-making regarding immunization. Analyzing information about
people's sentiments about COVID-19 vaccination is one way to get a reliable picture of public
opinion and allows government and health experts to understand public ideas and perceptions
about vaccines to develop efforts to engage and educate about the benefits of vaccines [7-9].

The attitude of the population to vaccination and the reasons for refusals.

Despite the fact that vaccines save many lives around the world, in many countries, the
percentage of unvaccinated children is constantly growing. The main reasons for low
immunization coverage are parental concerns about the safety of vaccines, their concerns about
possible adverse events after vaccination, and the growing activism of anti-vaccination
movements.

In a study in Turkey, participants who had never received a flu vaccine accounted for 78.4%;
only 13.4% were vaccinated occasionally, and 8.1% received regular annual vaccinations.
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Influenza vaccination rates were higher in married people (p <0.001), women (p = 0.005), patients
with chronic lung and cardiovascular diseases (p < 0.001), people over 65 years of age / residents
of nursing homes (p < 0.001). Awareness of the benefits of the vaccine was higher in the high-risk
influenza group (p < 0.001) [10].

More than half of the parents surveyed (n = 156; 56.12%) indicated that they were aware of
the existence of anti-vaccination movements. One-third (n = 91; 32.73%) reported that they know
vaccine supporters in their social circle. Approximately half (n = 126; 45.32%) were familiar with
the arguments against vaccination. Awareness of anti-vaccination movements and familiarity with
their arguments significantly correlate with living in a large city (respectively, p <0.004, p <0.003,
p < 0.0003), higher income (p < 0.004, p <0.001, p < 0.0009) and a higher level of education (p <
0.000001, p < 0.008, p < 0.000001). However, the majority of parents reporting familiarity with
anti-vaccination movements (53.85% vs 40.16%, p < 0.05) or anti-vaccination supporters (65.94
vs 39.04%, p < 0.0001) or their opinions (59.52% vs 38.16%, p < 0.001) were still administering
these vaccinations [11].

An in-depth interview with 20 mothers in Poland showed that 40% of mothers had a
secondary education, 75% (n= 15) did not work, and 45% (n= 9) had their first children. It has
been found that mothers do not know what immunization means. Breast milk and propolis, herbal
products and spiritual practices are among the traditional methods used to boost immunity and
protect against disease. Most mothers were against vaccination due to the fact that the vaccine was
produced in another country, they believed that it causes autism, contains harmful substances, and
the vaccinated child becomes even sicker [12].

The results of another Polish study show that most parents are aware of the anti-vaccination
movements and have a negative attitude towards them, but these movements still influence the
public. In addition, the results show a correlation between the level of education and general
attitudes towards immunization - people with higher education are more likely to have a negative
opinion on this issue [13].

In 2017, the Italian government introduced mandatory vaccinations for 10 diseases for Italian
schoolchildren in response to an alarming drop in coverage and a measles outbreak. The Italian
National Institute conducted an analysis of the socio-cultural profile of the respondents who were
opposed to vaccination.

Among those surveyed, 19% believed that vaccines were harmful, and 10% did not trust the
scientific community about vaccines. Of the respondents who believed in the harm of vaccines,
29% did not trust the scientific community. Principal component analysis showed that the anti-
vaxxer group was characterized by low participation in political and cultural life, were male, older
and had a lower level of education [14].

Definitely, socio-cultural norms influence people's beliefs about vaccination. The authors'
article outlines the views that culture, traditions, normative beliefs, and religion influence
hesitancy about human papillomavirus (HPV) vaccination in Asian countries. The paper highlights
the problems associated with hesitancy in HPV vaccination among parents, young and adult
women, men and representatives of sexual and gender minorities in Asian countries [15].

The results of a national qualitative study of the experience, observations and opinions of
health workers about the beliefs, socio-economic, cultural and environmental characteristics of
parents who refuse vaccination were presented in 12 regions of Turkey. mother's pregnancy. It
was recommended to use visual cards with scientific data on the composition of the vaccine and
disease prevention when consulting parents, describing the components of the vaccine in an
accessible form, informing about the national system of quality control and vaccine production,
engaging opinion leaders and considering reducing taxes for parents whose children are
completely vaccinated [16].

In the review by M.A. Galitskaya [17] with co-authors, an analysis of scientific data on the
directions, trends and extreme danger of anti-vaccination movements is presented in detail. The
development of this movement in recent years is associated with many reasons, first of all, with
the “forgetting” by the population of the danger and severity of many infectious diseases and the
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consequences of epidemics, as well as the availability of any information on the Internet. The
paper outlines WHO proposals for overcoming barriers to the adoption and use of vaccines [17].

An analysis of the views on vaccination of representatives of the world's largest religions
showed that none of the religions represented has a ban on vaccinations, on the contrary, they are
often considered mandatory to save lives. The put forward religious reasons for the refusal of
immunization reflect the low awareness of society about the history of the appearance of
vaccination (variolation), which began in India among representatives of the Brahmin caste, priests
and spiritual mentors [18].

Medical exemptions were the main reason for non-vaccination in 89.8% of partially
unvaccinated and 82.5% of fully unvaccinated children. Among the subjective reasons for
complete and partial refusals of vaccination, the majority of mothers named the fear of post-
vaccination complications (66.7% with complete and 69.7% with partial refusals) and the
conviction that there is no risk of contracting infectious diseases (64.1% and 81.3%, respectively).
Parental prejudice against vaccination was the reason for refusal of vaccination in 24.4% of cases
against hepatitis B and 22.2% against tuberculosis. Young women 15-19 years of age were less
likely than mothers from other age groups to refuse vaccinations for their children. 22.7% of
mothers whose children were fully vaccinated, according to the National vaccination calendar, had
doubts about the advisability of vaccination. 91.1% of the mothers participating in the study
indicated the Internet as one of the main sources of obtaining information about vaccination. It is
alarming that the share of respondents who received information from medical professionals was
only 31.4% [19].

In many cases, refusal to vaccinate is the result of people listening to beliefs and copying the
behavior of others. An important consequence of this misperception is the potential involvement
in the spread of an infectious pathogen due to the false belief that "vaccination is harmful”. Thus,
ensuring the success of the continuity of immunization programs is the responsibility of citizens,
health professionals and government [20].

According to the results of a study by T.A. Kalyuzhnaya [21] and co-authors, in most cases,
the attitude of parents to vaccination was positive, one in three of them believed that they were
fully informed about immunization issues and more than half wanted to be vaccinated only within
the framework of the national calendar of preventive vaccinations. In almost 100% of cases,
parents trusted information about vaccinations received from a doctor. The results of the Aston
Group survey showed that neurologists, immunologists and surgeons gave the most frequent
medical challenges.

The data of a cross-sectional multicenter study on the awareness of 1620 parents in matters
of vaccination revealed factors influencing a decrease in confidence in vaccination. The majority
of respondents (n=1590) vaccinated their children following the recommendations of the National
Calendar, 25% of parents additionally vaccinated them according to epidemic indications. The
refusal of vaccination in 2% of respondents was influenced by the level of education (incomplete
secondary), the financial situation of the family (average or above average), the choice of mass
media as the prevailing source of information about vaccinations. There is a high degree of
respondents' trust in the opinion of the local pediatrician (91.7%) and the interest of parents in
obtaining additional information about vaccinations (71.2%) [22].

In this study, we studied the social portrait of a family that refuses to vaccinate children and
revealed differences in the social status of mothers of newborns and children 2-3 years old. In the
maternity hospital, the least committed to vaccination of children were young mothers (74.2%),
having 2 or more children, married (57.5%), with secondary or secondary specialized education
(58%). The refusals from previous vaccinations of children 2-3 years old were most often resorted
to by young mothers of the first child, with a higher (65%) (in 48.5% - medical) education, with
an average level of income (60%). In more than half of the cases, the family had one child (65.5%
of families), complete, socially prosperous families prevailed [23].

Over 36% of those surveyed showed hesitation about a COVID-19 vaccine in Kazakhstan.
COVID-19 vaccine hesitancy was high among females (p = 0.02), aged 30 years and over (p <
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0.001), widowed or divorced (p < .001), and those with a child (p < 0.001). One of the most
influential factors influencing vaccine hesitancy is the country of origin of the vaccines [24].

The attitude of medical workers to vaccination.

Of particular interest is the attitude of doctors of various specialties to vaccination, which is
ambiguous.

National immunization guidelines in Central Africa and the Caribbean generally do not
include routine vaccination recommendations for all adults, but rather focus on those with risk
factors. This applies to immunization against influenza, pneumococcus and hepatitis B. In general,
there is a lack of knowledge among health professionals and the general public. Furthermore,
medical students lack sufficient information on vaccinology. Action by responsible authorities —
medical schools and scientific societies that can advocate for vaccination and better knowledge of
vaccinology — can help address these issues. A culture of preventive medicine in the workplace
can help shape public opinion about vaccination. Education and research on vaccination could be
promoted in an ethical and transparent manner through working groups formed by disease experts,
the public and private sectors and supranational authorities [25].

To assess the opinions of doctors about immunoprophylaxis, 512 doctors of various
specialties were interviewed. Analysis of the questionnaires showed that 80% of respondents have
a positive attitude towards immunoprophylaxis, but more than 50% lack convincing reliable
information about it. Thus, an information deficit has been revealed in relation to various aspects
of vaccination [26].

A sociological study of 1384 medical workers in 4 regions of Ukraine showed that 87.6% of
medical workers generally have a positive attitude towards preventive vaccinations. 80.7% of
medical workers vaccinate their children in accordance with the National Immunization Schedule,
15.4% - with some deviations from it, and only 12.7% - carry out additional immunoprophylaxis
in excess of the required list. It was revealed that most often doctors-specialists (8.6%) refused to
vaccinate their children due to the obvious overdiagnosis of contraindications to vaccinations and
the greater spread of anti-vaccination guidelines. It is shown that medical workers themselves are
insufficiently revaccinated against diphtheria and tetanus - only 74.6% regularly and 7.9% less
than once every ten years; at the same time, doctors from among narrow specialists turned out to
be the least disciplined. It was revealed that the adherence of medical workers to vaccination of
children and their own revaccination increases with age, depends on the region and group of
professional activity, as well as on the fact of undergoing special training in the organization of
immunoprophylaxis [27].

A survey of students revealed insufficient knowledge of the National Immunization
Schedule, as well as numerous misconceptions about preventive vaccinations by pediatricians
(especially pediatric neurologists and pediatric allergist-immunologists), a cautious attitude
towards vaccination and trust in “myths” about vaccinations among legal representatives of
patients [21].

A survey of medical workers in the Republic of Tatarstan covering 3,250 people revealed
that a significant part (95%) of medical workers have a positive attitude towards vaccination,
vaccinated themselves and vaccinated their children. 89.9% of medical workers support the
initiative to abolish the right of citizens to refuse vaccination. The main components of the
successful organization of vaccination in a medical organization, according to medical workers,
are the availability and variety of vaccines, the level of qualification of medical personnel and the
equipment of the vaccination room [28].

Successful communication is based on the doctor's ability to build a trusting dialogue based
on confidence in the goodwill of all its participants. For doubting patients, the doctor is one of the
most significant sources of information about vaccinations. The ability of a doctor to clearly and
confidently build a dialogue about vaccination allows you to dispel the patient's doubts and is the
most effective means of increasing the adherence of the population to immunization [29].

A study by Senkevich et al., 2021 [23] established the priority of a pediatrician as a source
of information about the vaccination of children and a high level of trust in public health
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institutions in matters of vaccination. A generally positive attitude towards vaccination was
revealed. However, some parents, whose children can be a reserve for increasing the layer of
timely vaccinated children, are aware of the importance of vaccination as protection against
infections, but justifiably (due to medical contraindications) or unreasonably postpone it
indefinitely.

Conclusion

Thus, based on the analysis of reference sources on the reasons for refusals to vaccinate, the
following can be distinguished: lack of or insufficient awareness of the population, including
parents; a tendency to believe "myths"” about the dangers of vaccination; fear of post-vaccination
reactions and complications; belief in the absence of the risk of contracting infectious diseases;
trusting fake information from the Internet; commitment to anti-vaccine movements in some
countries; the use of non-traditional methods to increase immunity; distrust of vaccines produced
in other countries. The negative opinion of medical workers about vaccines, the insufficient level
of knowledge of narrow specialists on vaccination issues, especially among neurologists, led to a
rather high level of medical rejections in children. The researchers noted that doctors do not always
have sufficient communication skills to build the right dialogue with parents.

Recommendations from health professionals included activities such as: (1) using visual
cards with scientific data on vaccine composition and disease prevention to advise patients, (2)
describing vaccine components in an accessible and visual form, (3) highlighting national quality
control and production on vaccine packaging and labels, (4) conducting interviews with opinion
leaders, (5) training key people to work with the public on vaccines. Government measures may
include tax cuts for parents whose children are fully vaccinated.
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BAKIIMHAIIUAIAH BAC TAPTY MOCEJIECI )KOHE OHbI HIEITY 7KOJIJAPBI

Tyiiin

JKyknanel aypynapra Kapchl MMMYHIAy KYKIajdbl aypylapAbl OakbpUiayJblH €H YHEMJi JKOHE
KOJDKETIMII Kypanmsl OonbIill  TaObmiagpl. Koa JKETKI3UITEH JKETICTIKTEpre KapamacTaH, oJeMJe
BaKIMHAIIMAAAH Oac TapTaThIH ajaMIap CaHBIHBIH alTapibIKTall ©CylHe OHE XalIbIKThIH BaKI[MHAIIMsFa
JIETeH YMTBUIBICEIHBIH TOMEH/ICYiHEe OaliIaHbICTEl IMMYHIAyMEH KaMTYIbIH TOMEHICyiHEe OailIaHBICTHI ipi
OypKeTyJIep TipKeIesi.

3epTTeyAiH MaKcaThI-KYKIaNbl aypyjapra Kapchl BaKIMHALMSA Maceneepi OOMBIHINA 2JeMJIIK
onebuertepre moiy. bacembiMmapasl i3gey PubMed, Web of Science, Scopus, ScienceDirect, the
Cochrane Library xone e-library nepekkopiaapblHaa KiIT ce3aepAi KoJIAaHa OTBIPBII KYPriziii.

Makanana KemnTereH eljeple BaKIMHAMEH OacKapbUIaThIH JKYKHAIbl aypylapMeH KypecyIiH
KYpJE 3MUASMHUOIOTHSIIBIK JKaFIaiblHIa KOPIHETIH BaKIIMHALIMSA MEH BaKIIMHAFra Kapchl KOHUI-KYHIIH
TOMEH/ICYiHIH 3aMaHayd Kayinrepi KenTipiareH. MMMyHu3anusMeH KaMTyAblH TOMEHIITHIH cebentepi
aTa-aHaJapAbIH BaKIMHAJIAP/IBIH KAyIINCI3iriHe KaThICThI aTaHIayIIbIIBIKTAPhl, BAKIIUHAIIMAAAH KEHIHT1
BIKTUMaJl KaFbIMCHI3 KYOBUIBICTapFa KaTBICThl aJaHJAyIIbUIBIKTAPhl JKOHE BaKIUHAIMSAFA KapChl
KO3FaJIbICTapFa KapChUIapAbIH OeICeHIUTITiHIH apTyhl Oobin TabbLTasl. Keltbip ennepe ata-aHagappiH
JIIHU CeHIM/Iepi BaKIIMHAIMSAHBI KaObUIIayFa HeMece KaOblinaMmayra KeOipek acep eTTi.

MeauiuHa KbI3METKEPIIEPiHiH, aCipece apTypili MaMaH IbIKTaFbl Iopirepep/IiH KapbiM-KaTbIHACHIH
Tajnuay oJapAbIH MiKipi aTa-aHaIapIbIH Oajanapabl IMMYH/IAy Typajbl MIemliMiHe 9cep €TKEHIH KOPCETTi.
FrumeiMu eHOeKTepe Keiine mopirepiepiiH e3/epi BaKIMHAHBIH aJJbIH alyIblH OpTYpJi acHeKTiiepiHe
KaTBICTBI aKIapaTThIK TAIIIBUIBIKTEI 0aCTaH KELIiPeTiHi )oHe Oayiajapra Heri3ci3 MeIUIMHAJIBIK JKayall
OepeTiHi KepCeTireH.

Makasiazia UMMYyHJIay Macelernepi OOMBIHIIA XATBIKIICH aKIMapaTThIK )KYMBICThI )KaKcapTy OOWBIHIIIA
YCBIHBICTApP OCpIITeH.

KinrTi ce3mep: BakiuHalus, BaKIMHALUAAaH Oac TapTy, BaKIMHAIUSAFAa Ke3Kapac, MeIuIuHA
KBI3METKepIepi.
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ITPOBJIEMA OTKA30B OT BAKIIMHAIIMA U ITYTU PEIIEHUSA
doi:10.53729/MV-AS.2023.04.06

AHHOTANUA

NvMvyHm3anus 1npoTuB  MHMEKIMOHHBIX — OoNie3Hel  sBIseTcs HamOoJee OSKOHOMUYECKH
3 PEKTUBHBIM W AOCTYIHBIM CPEICTBOM KOHTpOJIT WH(MEKITMOHHON 3aboieBaeMocTH. HecmoTps Ha
JIOCTUTHYTBIC YCIIEXH, B MUPE MIEPUOAMUYECKU PETUCTPUPYIOTCS KPYITHBIC BCIBIITKYA WH()EKIIHIA BCIICICTBHE
CHIDKCHUSI OXBaTa MMMYHH3AIMEed H3-3a CYIIECTBEHHOTO POCTA YHCIA JIIOJIEH, OTKA3hIBAIOIIUXCS OT
MIPUBHUBOK 1 HU3KOM MPUBEPKEHHOCTH HACEIECHNS K BaKIIMHAIIH.

Lens wuccnenoBanus - 0030p MHPOBOH JHUTEpaTypbl IO MpoOiieMaM BaKIMHAIMK MPOTUB
nHpeKIMOHHBIX Oone3Hei. [lonck myOnukanuii mpoBogmics B 6azax ganHeix PubMed, Web ofScience,
Scopus, ScienceDirect, The Cochrane Library u e-libraryc ncrions3oBanmnem KIIFOYeBBIX CIIOB.

B cratke nmpencTaBIeHb COBPEMEHHBIE YIPO3bl  CHIDKEHHS TEMIIOB IPUBUTOCTH U
AHTUBAKI[MHAILHBIX HACTPOCHUH, YTO TMPOSBISAETCS B CIOXKHON DIHIEMHUOJIOTHYECKON CHUTyallMH II0
00pBOE ¢ BaKITMHOYTIPABIISIEMBIMI HH(EKITHNOHHBIMA OOJIE3HSIMHU BO MHOTHX CTpaHaX. [[puanHaMu HU3KOTO
OXBaTa MIMMYHU3AIMEH SIBISIFOTCS OTIACEHHS POJUTENEH 10 MOBOAY 0€30MaCHOCTH BaKIMH, X OTACEHHHH,
CBSI3aHHBIX C BO3MOXKHBIMU HEXXENaTeIFHBIMU SBICHUSAMH TOCIIE BaKIWHAIMH, U PACTyIas aKTUBHOCTh
JIBIKCHHUI TPOTUB BaKIWHAIMHA. B HEKOTOPHIX CTpaHaX PEIWTHO3HBIE YOSXKICHHUS POTUTENeH darie
BJIMSUIA Ha MPUHATHE WIK OTPUIIAHUE BaKIIMHAIUHY.

AHanmm3 OTHOIICHHS MEIUIMHCKUX PaOOTHHKOB, 0OCOOEHHO Bpayeil pa3iUYHbIX CHEIHUATBHOCTEH,
MOKa3aJ, 4YTO MX MHEHHE OJJTHO3HAYHO BIHSUIO HA TPUHATHE PEIISHUS pOIUTeNel 00 IMMYyHHU3AINA ACTEH.
B HayuHpIX paboTax moka3aHO, YTO WHOTJA Bpadd CaMH WCIBITHIBAIOT WH(OPMAIMOHHBIA ASPUINT B
OTHOIIICHUHW Pa3IMYHBIX CTOPOH BAKIMHONMPO(MWIAKTUKU H JAIOT JETSIM HEOOOCHOBAHHBIE MEIUIIHCKUE
OTBOJIBL.

B crathe Takke NpUBEACHH PEKOMEHIAIMH [0 YIYYIICHHI) HWH()OPMAIMOHHON paboThl C
HaCEeJICHHUEM I10 BOTIPOCaM HMMYHH3ALINH.

KiroueBble cjioBa: BaKIIMHAIMS, OTKA3 OT IPUBUBOK, OTHOIIICHNE K BAKIWHAIINU, MH)EKIIMOHHBIE
0omne3Hn, MEIUIIMHCKIE PAOOTHUKH.

BakmuHarms - oHO W3 BaXHEWIIUX HANpPaBIECHUN MPO(PUIAKTHYSCKOW MEIUIIUHBI JIs
3alUThl HaceleHUs OT WH(EKIMOHHBIX 3a00JIeBaHUN - SBISETCS OJHUM M3 BeIHMYANUIINX
JTOCTHIKEHUH OOIECTBEHHOTO 3/paBooxpaHeHuss B 20-M Beke. YCIENIHbIE MMPOTrpamMMBbl
MMMYHH3AIIH SBJISIOTCS PE3yJIbTaTOM BBICOKOH 3(h(PEeKTUBHOCTH BaKIMH U UX CBOEBPEMEHHOTO
UCIIONIb30BaHus. BakuuHaius sBIsieTCs OCHOBHBIM METOJIOM MPO(PMIAKTHUKU HH(EKIIMOHHBIX
3a0oneBanuii. HecmoTpss Ha O0NbIIOE KOJUYECTBO JOCTYIMHBIX TPENapaToB, CO3/JIaHUC
3 PeKTUBHBIX U O€30MACHBIX BAKIIMH BCE €IIe OCTACTCS aKTyalbHOH 3amadeii [1]. BmecTe ¢ Tem
UMMYHH3AIUsS SBISETCS HanOoliee SKOHOMHYECKUA 3(PPEKTUBHBIM U JTOCTYIHBIM CPEACTBOM
KOHTpOJIsI MH(MEKIHOHHOM 3a0oneBaeMocTd. HecMOTpsi Ha JOCTUTHYTBIE YCIEXH, B MHpE
NEPUOANYECKH PETUCTPUPYIOTCS KPYITHBIC BCIBIIIKA MHPEKIIMOHHBIX 3a00JIEBaHUH, B YaCTHOCTH,
COVID-19, xopwu, rpurnma, 1Tuxopagakud I00J1a U Ipyrux 00JIe3HEH, 9TO CKopee BCero 00yCIOBICHO
CHI)KCHHMEM OXBaTa IMMYHHU3AIUEH U3-3a CYyIIECTBEHHOTO POCTA YMCIIA JIFOIeH, OTKA3bIBAIOIIIX CSI
OT TPUBUBOK, W OTHOCUTEIbHO HH3KOH, MO CPAaBHEHHMIO C MPEIIIECTBYIOIMIMMHU TOJIaMH,
MPUBEPKEHHOCTH BaKIMHAIIMK. MHOTOYHMCIIEHHBIC UCCIICIOBAHMSI ITOKA3alld, YTO UMMYHHU3AIUs
OyIeTr pe3ylbTaTUBHOW MpPH COMYTCTBYIOIIEH MOJAEPKKE CO CTOPOHBI IPaBUTEIbBCTBA U
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MEIUIIUHCKOTO CcOo00IIecTBa € YYETOM MECTHBIX KYJIBTYPHBIX OCOOCHHOCTEHW HaceleHHs U
3¢ heKTUBHBIX MOAX00B K BakuHAIMK. OTHOIIEHHE METUIIUHCKUX PaOOTHHUKOB K BaKIIMHALIUU
BO MHOIOM ONpEIENseT MHEHUS M NPUHATHE pPEHIeHUS B3POCIbIX W pOAMUTENEH Jeren
OTHOCHUTEIIbHO TMOJIy4€HUs BaKIMHBI. B 3TOM CBA3M OAMH U3 pa3/ienoB 0030pa MOCBALICH STOMY
BOIIPOCY.

[lenb uccaenoBaHust - 0030p MUPOBOM TUTEpaTyphl MO MpodIeMaM BaKIIMHAIIMN MPOTHUB
uHEeKIMOHHBIX Oone3ne. [lonck myOnukanuii nmpoBoauics B 6a3zax maHHeix PubMed, Web
ofScience, Scopus, ScienceDirect, The Cochrane Libraryu e-library ¢ wucmnons3oBannem
KJIFOUEBBIX CJIOB. BbUIM YCTAaHOBJIEHBI CIEAYIOIIME KPUTEPUU BKIIOYEHUS: MOJHOTEKCTOBBIC
CTaTbU HA AHTJIMHCKOM WM PYCCKOM SI3bIKaX, OIyOJMKOBAaHHBIE B HAyuYHBIX XXypHalax 3a
nocneaane 5 et (2018-2022 rr.) ¢ yueToM 60IbIIOT0 00beMa MyOIHKaIUii 10 TeMaTUuKe. bpimn
UCKJTIOYEHBI TOBTOPSIONIMECS MTyOIUKalUU U KPaTKHE COOOIICHHUS.

CoBpeMeHHbIE YTPO3bl CHIYKEHUSI TEMIIOB IPUBUTOCTH U AHTUBAKIIMHAJIBHBIX HACTPOCHUH.

Ha ceroansiminuii eHs B MUpE HaOIOAAETCS CI0XKHAS MUIEMUOJIOTUYECKask CUTYalUs 110
00pBr0Oe C BaKIIMHOYMPABISIEMbIMUA HHPEKIIMOHHBIMU OOJIE3HSIMH, CBSI3aHHASI C OTCYTCTBHEM HIIN
PE3KUM CHUXEHHMEM IoKa3aTelel MpPUBUTOCTH HAacelleHHWs B CTpaHax, B TOM 4YHCJIE B 30HAX
BOCHHBIX KOH()JIMKTOB, OTPAHHMUYEHUEM JTOCTYIA HACEJICHUS K BaKIIMHAM B HEKOTOPBIX PETHOHAX
3€MHOTO Iapa U 0TKa3aMu OT BaKIMHALIMU 0 Pa3IMYHBIM MpUUMHaM. [lJTMTenbHOE HAaKOIUICHHE
HEMMYHHOU MPOCIIONKH JETCKOI'0 HACEJIEHUS YpEBATO BCIBIIIKAMHU U JOMUHUPOBAHUEM TSKEIIBIX
U OCJIOKHEHHBIX ()OPM Y B3POCIIBIX.

MOHUTOPUHT JOKYMEHTUPOBAHHOW IIPUBUTOCTU - OJIMH H3 II0Ka3aTeled KadecTBa
SIUIEMUOJIOTHYECKOTO HaJ30pa 3a NPOBEICHHEM BakiuHompoduiakTuku. B paborte [2] Ha
OCHOBE aHaN3a KapT NPOo(UIAKTUIECKIX MPUBUBOK 2687 neTell BhIIBIICHBI HAMOOBIINE YPOBHU
MPUBUTOCTH U OXBaTa UMMYHHU3alMeNW NpOoTUB TyOepkyne3Hoi nndexnuu (mo 98,1%), remarura
B (85,9 1 96,5%), xopu, KpacHYXU U dnuaeMudeckoro maporura (84,4 u 93,9%, cooTBETCTBEHHO).
YpoBeHb NPUBUTOCTH M OXBaTa MPUBUBKAMH MPOTUB KOKJIIOIIA, AM(PTEPUU U CTOJIOHIKA (BaKI[MHA
AK/IC), nonuomMuenuTa, THEBMOKOKKOBOW MH(EKIMN M TPUIMIA ObUIO 3HAYUTEIHHO CHUKEHO
(60,5 1 94,9%), (65,0 1 94,9%), (27,6 n 47,1%) u (5,8 u 30,5%), COOTBETCTBEHHO.

B Poccuiickoit @eaepannu no coctosiHuio Ha 2019 roa mo-npexHeMy OTMEYaeTcsi poCT
nmokasaTessi 3a00J€BaeMOCTH KOpbIO B ycioBusx AeicTBus I[Iporpammer BO3 no snumuHanum
kopu K 2020 roxy u3-3a HU3KOT0 0XBaTa HaceleHHs NMPO(UIaKTUYECKUMH TPUBUBKaMH [3].

YMenblieHre o0beMa 3aKyIMmoK BaKIWH U aKTUBU3ALMS aHTUBAKLUWHAIbHBIX HACTPOCHH B
YKpanHe NpUBENU K pe3KOMY CHIKEHHIO YPOBHS 0XBaTa BaKLIMHAIMEH MPOTUB BCeX MH(EKIUH C
2009 roma. Beicokast 3a6071€Ba€MOCTh KOPBIO CPENIU JIETEH U B3POCIIBIX MOACPKUBACTCS 33 CUET
JUTUTEIBHOTO HU3KOT'0 0XBaTa BaKIMHAIIMEH 1IEJIEBBIX TPy AETCKOTO HacelIeHus: 0XBaT oT 95%
B 2016 roxy cHuzuics 1o kputudeckux 44,8%. Kpaiine HebmaronosyyHasi 3uI1eMHAOIOTMYECKast
CUTyallusi, CBsI3aHHAasT C KOPbIO, TMOJJEPKUBACTCS 3a CYET [OJHOTO  OTCYTCTBUS
MPOTUBOSIUIEMUYECKUX MEPOINPHUATH B COYETAaHUU C DKOHOMHUYECKHMM KPH3UCOM U
MOJIMTUYECKON HECTaOUIIHLHOCTHIO B cTpaHe [4].

B nccnenoBannm Ka3axCTaHCKUX YUEHBIX BBISABJICH HU3KHUI OXBAaT BaKIMHAIIMEN fneTen 1o |
roga 50,2% (n=4098), or 1 roma mo 14 nmer 49,8% (n=4072), KOTOpHIA CBSI3aH C Pa3HBIMU
IpUYMHAMU (HE JOCTHKEHHE BO3pacTa, MEIUIIMHCKUN OTBOJ, OTKa3 POJIUTENEH OT BaKI[MHALINH).
ONuAEeMUOIOTHYECKUH aHaIu3 3a001eBaeMOCTH KOpbio 3a 10 JieT BhISBUI TEHACHLUIO K POCTY U
coctaBun 13 873 ciyuas, u3 mux 73% (n=10189) - netu no 14 ner [5].

B Pecnybnuke Kaszaxcran B 2019 roay 3abonenu Kopbio Aetu 10 1 roja, He ycreBIIue
MOJIYyYUTh TIEPBYIO 103y BakIMHBI, W B3pocible juna crapme 20 ger. [lpuButhie 10
HanuonanbHOMY KajleHIapio MPUBUBOK JIETH OOJIETH B MEHbIIIEH cTeneHH [6].

OrpomMHyI0 poJib B NPUHSATUU PELICHUS B OTHOUICHHMH HUMMYHONPO(QUIAKTHUKU HUIPAET
uH(pOpMAaIIKs, TOCTYMAOIIass W3 HEOPHUIMATBLHBIX WCTOYHUKOB, TAKUX KaK COITMAIBHBIC CETH,
YacTHBIE OJIOTM W BeO-cailThl. AHamM3 WH(OpPMAIMKM O HACTPOEHUSAX JIIOJICH B OTHOIICHHUH
BaknuHanuu npotuB COVID-19 sBisieTcst ofHUM U3 CIIOCOOO0B MOTyYEHUS JOCTOBEPHON KApTUHBI
0OIIECTBEHHOI'O MHEHUS U TIO3BOJIAET MIPABUTENLCTBY U SKCIIEpTaM B 00J1aCTH 3/paBOOXPAHEHUS
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MOHSTHh OOIIECTBEHHBIE HJIEM W TPEICTABICHHUS O BaKIMHAX i1 pa3pabOTKU YCHUIUH TIO
BOBJICUCHHUIO M MTPOCBEIICHHUIO O MPEUMYIIIECTBAX BakuHammu [7 - 9].

OTHolIeHNE HACETICHNS K BAaKIIMHAIIMU U IPUYHHBI OTKA30B.

HecmoTps Ha TO, 4TO BaKLMHBI CHAcalOT MHOXECTBO KHU3HEH BO BCEM MHUpPE, BO MHOTHUX
CTpaHax, MPOIEHT HEBAaKIIMHUPOBAHHBIX JETEeW MOCTOSHHO pacTeT. OCHOBHBIMU MPUYHHAMU
HU3KOTO OXBaTa MMMYHM3AlMel SBISIOTCS OMaceHHsl pOoAMTENedl Mo MOBOAY Oe30MacHOCTU
BaKIIMH, WX OIACCHHUS, CBS3aHHBIE C BO3MOXXHBIMU HEXKENATEIbHBIMU SIBICHUSMHU IIOCIIE
BaKIMHALIUU, ¥ PacTylIasi akTUBHOCTb JIBUKEHHM MPOTHUB BaKI[MHAIIMH.

B uccnenoBanusx, mpoBeeHHBIX B TypIMu, YYaCTHUKHU, KOTOPbIE HUKOTJA HE MOTyJaln
BaKIMHY IPOTUB I'puma, cocraBmin 78,4%; tonsko 13,4% Bpems OT BpeMEHN BaKIIUHUPOBAIKC,
a 8,1% mnony4yanu peryisipHYIO €XKEroJHyl0 BakiuHauuio. [loka3zarenu BakIUMHALKUKU TPOTUB
rpunmna ObUTH BbINIE y skeHaThix moged (p < 0,001), sxemmma (p = 0,005), manueHToB C
XPOHMYECKHMMH 3a00JIEBaHUSAMHU JIETKUX U cepledHo-cocyaucToi cucremsl (p < 0,001), mum
crapie 65 net / xxurteneit momoB npecrapensbix (p < 0,001). OcBeqOMIEHHOCTD O TT0JIH3€ BAKIIHHBI
ObLy1a BBIIIE B IPyNIE BBICOKOTO pucka rpumma (p < 0,001) [10].

Bbonee nonoBuHbI onpomieHHbIX poauteneit (N=156; 56,12%) yka3anu Ha 0CBEIOMIIEHHOCTb
0 CYyIIIECTBOBAHUM JIBIKEHUH mpoTuB BakimHammu. Oxaaa Tpetb (N = 91; 32,73%) coobmmmnu, 4yTo
3HAIOT CTOPOHHUKOB BaKIIMHAIIUA B CBOEM Kpyry oOmieHus. [IpumepHo momoBuna (N = 126;
45,32%) ObLTM 3HAKOMBI C apryMEHTaMH IPOTHUB BakIMHAIUU. OCBEIOMICHHOCTh O JIBUKECHHUSX
IPOTUB BakKUMHAIMM W 3HAKOMCTBO C HUX AapryMEHTaMH JIOCTOBEPHO KOPPEIUPYIOT C
IPO’KMBAaHUEM B KPYITHOM ropoJie (COOTBeTCTBEHHO, p < 0,004, p < 0,003, p <0,0003), Hannuuem
6osee Bbicokoro goxoma (p < 0,004, p < 0,001, p < 0,0009) u Gosee BBHICOKMM YPOBHEM
obpazoBanus (p < 0,000001, p < 0,008, p < 0,000001). OgHako OGOJBIIMHCTBO POTUTENEH,
COOOIIUBIINX O 3HAKOMCTBE C aHTUBAKITMHAITMOHHBIMY IBMOKeHUAMU (53,85% nmpoTus 40,16%, p
<0,05) nnu cTopoHHUKaMH aHTUBaKIMHauu (65,94 npotus 39,04%, p <0,0001) uiu ux MHEHHUS
(59,52% npotus 38,16%, p < 0,001), Bce emie AaBaiu coriacue Ha 3TU MpUBUBKH [11].

[IpoBenennoe B [lonbine yrmyOnenHoe uHTEpBBbIO 20 Marepei, BBIPA3UMBUIMX OTKa3 OT
BaKIMHALIUY, TOKa3ano, 4to 40% wmarepeil umenu cpeanee oOpazoBanue, 75% (n=15) - He
paboratot, a y 45% (n= 9) — mepBble neTH. bpUTO yCTaHOBIEHO, YTO MaTepu HE 3HAIOT, UTO
O3Ha4YaeT UMMYyHHU3alMs. ['pyaHOE MOJIOKO U MPOIOJINC, PACTUTENbHBIE MPOAYKTHI U TyXOBHbBIE
OPAKTUKKA BXOAST B YHCIO TPATUIMOHHBIX METOAOB, HCIONB3yeMbIX ISl YKPEIUICHUS
MMMYHHUTETA U 3alUTHl OT OoJe3Hel. bonbIMHCTBO MaTepel ObLIIM MPOTUB BaKLMHAIIMU H3-3a
TOTO0, YTO BAaKI[MHA MMPOU3BOJIMIIACH B APYrOil CTPaHEe, CYUTAIIM, YTO BAKIIMHA BBI3BIBACT ayTU3M,
COJICPKHMT BPEIHBIC BEIIECTBA, U MPUBUTHIN peOEHOK CTAHOBUTCH emie 6ojiee 60apHBIM [12].

Pe3ynbTaThl ApYroro moiabCKOro NCCIEA0BAaHMS CBUIECTEILCTBYIOT O TOM, YTO OOJIBITMHCTBO
ponuTenei 3HalT O ABMXKEHHUAX NMPOTHUB BAaKIMHALMK M HEraTUBHO OTHOCATCA K HUM, HO 3TH
JBIDKEHUS BCE elle BIMSIOT Ha OOIIeCTBEHHOCTh. KpoMe TOro, pe3ynbTaThl IMOKa3bIBAIOT
KOPPEJSINI0 MEXIY YPOBHEM 00pa3oBaHUs M OOIIMM OTHOIIEHHEM K MMMYHH3AIUU — JIOAM C
BBICIIIUM 00pa30BaHUEM Yallle UMEIOT HEraTUBHOE MHEHHE I10 3TOMY Bompocy [13].

B 2017 romy WTambSHCKOE NPABUTEIHCTBO BBEJIO O00S3aTEIbHYIO BAKIIMHAIMIO IS
UTAITBSTHCKUX IIKOJBFHUKOB OT JIECATH 3a00JIeBaHMII B OTBET Ha TPEBOXKHOE COKpAI[CHHE OXBaTa
NPUBUBKAMU U BCHBIIIKY KOpU B cTpaHe. MTaabSHCKUM HAllMOHAJIBHBIM MHCTUTYTOM aHajn3a
TOCYIapCTBEHHOW TMOJHUTUKH OBUI TPOBEACH aHaIW3 COIMAIBHO-KYJIBTYPHOTO MPOQUIIS
PECIIOHIEHTOB — MPOTUBHUKOB BaKLIMHAIUH.

Cpenu onpomeHHsix 19% cuutanu, yTo BakuuHbI BpeaHsbl, a 10% He noBepsin HayYHOMY
COOOILIECTBY B OTHOILIEHUH BaKLKH. 13 pecrioHAeHTOB, KOTOPbIE CUNTANIN, YTO BaKIIUHbBI BPEIHBI,
29% He AOBEpSIIN HAYYHOMY COOOIECTBY. AHAIN3 OCHOBHBIX KOMITOHEHTOB IT0KAa3aJ, YTO rPyIa
AQHTUBAKCEPOB XapaKTepU30Balach HU3KUM Y4YacTHEM B MOJUTHYECKOW M KYJIbTYpHOM >KU3HU,
OBLTH MYy)KYMHAMH, CTapIlIe 110 BO3pPaCTy M UMeNH Oosiee HU3KUH YpOoBEeHb 0Opa3oBaHust [14].

OpaHO3HAUHO, COLMAIBHO-KYJIBTYPHBIE HOPMBI OKa3bIBAaeT BIMSHUE HA YOEXKACHUS J0Jei
OTHOCHUTEIIFHO BaKIMHAIMK. B cTaThbe aBTOPOB H3/AraloTCs MHEHHs, COTJIACHO KOTOPBIM
KyJIbTYypa, TPaJAUIIMM, HOPMATUBHbIE YOEKICHHS W PEJIUTUSl BIUAIOT Ha HEPEUIMTEIbHOCTH B
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OTHOLIEHUH BaKLMHAIMU [IPOTUB BUpyca nanuwuiomsl yenoseka (BITY) B azuarckux crpanax. B
paboTe ocBelIeHbl TPOOJIEMBI, CB3aHHbBIE C HEPEIINTENbHOCTHIO NMPHU BakMHaIuU npotus BITY
CpeIu pOAUTENEH, MOJIOBIX U B3POCIBIX KEHIIWH, MYXYHUH U MPEACTABUTEIEH CEKCYalbHbIX U
TeH/ICPHBIX MEHBIIMHCTB B a3MaTCKUX cTpaHax [15].

Pe3ynpTaThl HAIMOHAIBHOTO KAYECTBEHHOT'O MCCIIC0BAHMSI OTIbITA, HAOIIOACHUN U MHEHUH
pabOTHUKOB 3/IpaBOOXpaHEHUs 00 yOeXIECHUAX, COLUATbHO-DKOHOMUYECKUX, KYIbTYPHBIX H
IKOJIOTMUECKUX XAPAaKTEPUCTUKAX POJAUTENEH, OTKA3bIBAIOLIUXCS OT BaKLUHALMY, IPOBEAECHHBIX
B 12 pernonax Typuuu, CBUAETENCTBYIOT O TOM, YTO pelIeHUe NMpoOIeMbl OTKa3a OT BaKI[UHBI
HAUYMHAETCs C MPAaBWIBHOTO TMOJXO0Ja K BAaKIIMHAIIMK BO BpeMsi OepeMeHHOCTH Mmarepu. beiio
PEKOMEH/I0BaHO UCIOIB30BaTh BU3yallbHbIE KAPTOUKU C HAYYHBIMU TaHHBIMH O COCTaBE BaKI[MHBI
U npoduiIakTuke 3a00JieBaHUI TMPU KOHCYJIBTUPOBAHUH POJIUTENICH, OMUCAaHWE KOMIIOHEHTOB
BaKIIMHbBI B IOCTYIHOU (popme, UHPOPMUPOBAHUE O HALIMOHAIBHON CUCTEME KOHTPOJISl KauecTBa
U TPOM3BOJICTBA BAaKIMH, MPHUBJICUCHUE JHICPOB OOIIECTBEHHOTO MHEHHS U PACCMOTpPEHHE
BOIIPOCA CHIIKCHUS HAJIOTOB JIJIsl POJIMTENEH, YbH JICTH MOJHOCTHIO BAKIIMHUPOBAHBI [16].

B 0630pe M.A.T'anu1koii ¢ coaBTopamu oApoOHO MPEICTABICH aHAIN3 HAyYHBIX TaHHBIX
O HampaBJeHUSIX, TEHACHIMSIX W YpPE3BbIYAIIHOW OMAaCHOCTH AaHTUBAKIMHAJIBHBIX IBUKCHUM.
Pa3BuTHE 3TOr0 IBHXKEHUS B IIOCIIEIHEE BPEMS CBA3aHO C MHOXKECTBOM IIPUUMH, PEXKIE BCETO, C
«3a0bIBaHUEM» HACEJICHHEM OMNAaCHOCTU M TSHKECTH MHOTMX WHGEKIHOHHBIX Ooyie3HeW u
NOCJIEACTBUI SMHUIEMHI, a TaKKe JOCTYMHOCTBIO 000K MH(pOpManuu B UHTEpHETe. B pabote
nu3noxkeHsl npemnoxkennss BO3 mo mpeogonieHnio 0aphepoB Ha IMyTH K MPUHATHIO U
WCIIOJIb30BaHMIO BakiuH [17].

AHanu3 B3IJSI0B HA BAKIMHALMIO TMPEICTABUTENCH KPYMHEHIINX MHUPOBBIX PEITUTHI
1oKa3all, YTO HU B OJJHOM M3 NPEACTABICHHBIX PEIMTUNA HET 3arpeTa Ha MPUBUBKU, HA00OPOT, OHU
4acTO CYUTAIOTCS 00513aTENbHBIMU IS CIACEHUS KU3HEW. BriiBUraemMble pelTuruo3Hble IpUYUHbI
OTKa3a OT HMMYHHU3AIMM OTPAXKAIOT Malyl0 HH()OPMHUPOBAHHOCTH OOIIeCTBA 00 HCTOPHUHU
MOSIBJICHUS TPUBHUBKU (BapUOJIALKA), Hayalo KOTOpoHl Obwio mosioxkeHo B Wuauum cpenu
Ipe/ICTaBUTENCH KacThl OPaMIHOB, KPEIIOB U JYXOBHBIX HACTaBHUKOB [18].

MenuuuHcKUEe OTBOJIbI SBJISUIUCH TJIABHOM TPUYMHOW OTKa3za OT MPUBUBOK y 89,8%
YaCTUYHO HENPUBUTHIX U 82,5% IMOIHOCTHIO HENPUBUTHIX eTeil. Cpenn cyObeKTHBHBIX TPHYUH
MOJIHBIX M YaCTHUYHBIX OTKa30B OT BakKIMHALKK OOJBIIMHCTBO MaTepeil Has3bIBaiu OO0S3Hb
MOCTBAKI[UHAJIBHBIX OCJIOKHEHUH (66,7% - npu nonHbIX U 69,7% - Npu 4aCTUYHBIX OTKa3ax) U
yOeXACeHHOCTh B OTCYTCTBUHM pPHCKa 3apa)xeHUs MH(EKIMOHHbIMH 3a0oneBaHusiMu (64,1% u
81,3%, coorBercTBeHHO). Ilpenybexaenne poauTeneii mpoOTHB MPUBUBOK CIYKWJIO MPHUYUHON
oTKa3a OT BakuuHanuu B 24,4% cnydasx npotuB rematuta B u 22,2% - npotus TyOepkyinesa.
Mounoable xeHIUHBL 1519 et pexe, yem MaTepu U3 IpYrHMX BO3PACTHBIX IPYII OTKa3bIBAINCH
OT NPHUBUBOK cBoUX neredl. Y 22,7% marepeld, AeTU KOTOPBIX ObUIM MOJHOCTHIO NMPUBUTHL,
cormacHo HanuoHalibHOMY NPHUBUBOYHOMY KaJIEHJApl0, BO3HHUKAJIM COMHEHHUS IO IOBOAY
11eJIeCO00Pa3HOCTH MPOBeeHU BaknHanuu. 91,1% maTtepei, ydacTBOBABIIIUX B UCCIICIOBAHHH,
yKa3aJld OAHUM U3 OCHOBHBIX UCTOYHHMKOB IOJIYUYEHHS CBEICHUI O BaKIIMHONPOPHUIAKTUKE CETh
«utepHer». HacropaxuaeT TOT (PaKT, 4TO 1011 PECTIOHACHTOB, MOIYYUBIINX HHPOPMAIUIO OT
MEIUIIMHCKUX PabOTHHUKOB, cocTaBmia b 31,4% [19].

Bo MHoOrumx cnydasx oTKa3 OT BakKLMHALUU SBISETCS CIEICTBUEM TOTO, YTO JIIOJIU
IPUCITYIINBAIOTCS K YOSKACHUSAM M KOMUPYIOT MOBEACHUE APYTUX. BaXkKHBIM CII€ZICTBHEM TaKOTO
HENPAaBWJILHOTO BOCHPUATUS  SBJISETCA MOTEHIMAIbHOE YYacTHEe B  PacHpOCTPaHEHUU
UHQEKIIMOHHOTO MaTOreHa M3-3a JIOKHOTO YOeXJIeHHs «Bpela BaKIMHAIMK». TakuMm obpazom,
ofecrieueHre ycliexa HEMpepbIBHOCTH MPOrpaMM HMMYHH3ALUU SIBISIETCA  OOS3aHHOCTHIO
rpaXkaaH, MEAUIIMHCKUX PAOOTHUKOB U MpaBUTeNbCTBA [20].

[To pesynmbraram uccnenoBanus T.A.Kamtoxxnoit [21] ¢ coaBTOpamMu B OOJBIIMHCTBE
CJIy4yacB OTHOILIEHHE POJUTENCH K BaKUMHAIWU ObUIO TO3UTHUBHBIM, KaXIbIi TPETUH U3 HUX
CUMTaJ, YTO MOJHOCTHIO HH(POPMHUPOBAH B BOIIPOCAX UMMYHH3AIUHU U OOJIbIIIE TOJOBUHBI XOTENIN
NPUBUBATECS TOJIBKO B paMKaxX HAlMOHAJIBHOTO KalleHAapsl MPO(UIAKTUYECKHX IPUBUBOK.
[TpakTuecku B 100% ciydaeB poauTenu AOBEpsUM HHPOPMAIMK O IPUBUBKAX, MOJTY4EHHOU OT
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Bpauda. Pe3ynprarel onpoca kommanuu Aston Group mokaszajid, 9YTO CaMbI€ YacThle MEIOTBOIbBI
JTaBaJIl HEBPOJIOTH, HMMYHOJIOTH U XUPYPTH.

JlaHHBIE KPOCC-CEKIIMOHHOTO MHOTOIICHTPOBOTO HCCIIEIOBaHUS 00 HHPOPMHPOBAHHOCTU
1620 pomurteneld B BOIpOcax BaKIWHONMPO(DHIAKTUKUA BBISABIIIM (DAKTOPHI, BIHSIONIAE HAa
CHI)KCHHE JIOBEpHsl K BaKIMHAIWU. BonbmmHCTBO pecrnoHAeHTOB (n=1590) nmpuBuBamm nereid,
cobmomas pekomeHmanuu HanuonanpHOTO KanmeHmaps, 25% poauTenei JONOTHUTEIBHO
BaKIIMHUPOBAIM WX TIO JIUAEMHYECKHM ToOKa3aHusM. Ha orka3 ot BakuuHamu y 2%
PECIIOHICHTOB OKa3bIBaJl BIMSHHE YPOBEHb 00pa3oBaHUs (HEMOJIHOE cpeaHee), (puHaHCOBOE
MOJIOKEHHE CEeMbH (CpeHee WM BHIIIE CPEAHETO), BBIOOP CPEACTB MACCOBOM KOMMYHHUKAIIMH B
KayecTBe MPEBATUPYIOLIET0 HCTOYHUKA HMHQOpMalMM O MNpuUBUBKaxX. OTMedaercss BbICOKAs
CTENEHb JOBEPHUs PECIOHJECHTOB K MHEHHMIO Yy4yacTKoBoro Bpaua-nemuarpa (91,7%) wu
3aMHTEPECOBAHHOCTh POAMUTENEH B MOTYyYEHUH JOMOJHUTEIBHBIX CBeAeHHM 0 mpuBHuBKax (71,2%)
[22].

B nmaHHOM ucclieoBaHUM M3YYEH COIMAJIbHBIA MOPTPET CEMbH, OTKAa3bIBAIOIIECHUCS OT
BaKIMHAIIUU JIETEeH, U BBISIBICHBI OTJIMYUS B COI[MAIILHOM CTAaTyce MaTrepeil HOBOPOXKICHHBIX U
neteit 2-3 net. B poawsibHOM IoMe HaUMEHEe PUBEPIKEHBI BAKITMHOMIPO(PIIIAKTUKE IeTeH ObUTH
monobie Matepu (74,2%), umetomue 2 u 601ee AeTel, COCTOSIINE B 3apETUCTPUPOBAHHOM Opake
(57,5%), co cpemHuM wuIU cpeAHe-CHelUalbHbIM oOpa3zoBanueM (58%). K otkazam ot
MPEIbIIYIINX BaKIMHALMK JeTei 2—3 JeTHEero Bo3pacta Haubosee 4acTo MPUOeraiu MOJObIe
MaTepu mepBoro pebeHka, ¢ BoiciuM (65%) (B 48,5% - MenuuMHCKUM) OOpa30BaHHUEM, CO
cpenauM ypoBHeM noctatka (60%). boiee uem B moioBHHE CllydaeB B CEMbe ObLT OJIUH PEOSHOK
(65,5% cewmeil), mpeobagany NOJHbIE, COLIMATIBHO OJIaronoy4Hsie ceMbu [23].

Bonee 36% omnpoInIeHHBIX TOKa3aIi HePEIIUTEIbHOCTh B OTHOIIEHUH BakiuHbl 0T COVID-
19 B Kazaxcrane. HepemmrensHocth Bakiuabl potuB COVID-19 okazanack BBICOKOW cpenu
pecnionienToB xenckoro noia (P = 0,02), B Bo3pacte 30 net u crapuie (p < 0,001), oBroBeBIInX
win pasBeneHHbX (P <,001) u Tex, y xoro ectb pedenok (p < 0,001). Oguum u3 Hambosee
BIUAIONUX (PAKTOPOB, SIBISETCS CTPaHA MPOUCXOXKACHUS BakIMH [24].

OTHolIeHNE METUIIMHCKUX PaOOTHUKOB K BaKI[MHAIIMH.

OTaenpHBI MHTEPEC MPEACTABISET OTHOLIEHME Bpauedl pa3iMyYHbIX CHELHUATIBHOCTEH K
BaKIIMHALIUU, KOTOPOE SIBJISETCS HEOAHO3HAUHBIM.

HanuonaneHele pykoBoACTBa 1Mo HMMyHHM3anmuu B LleHTpanbHoit Adpuke u crpan
Kapubckoro OacceitHa 0OBIYHO HE BKIIIOYAIOT PEKOMEHIAIMH 10 PEryJIsipHON BaKIMHALWU IJIs
BCEX B3POCIBIX, & CKOPEE COCPEIOTOUCHBI HAa T€X, Y KOTO €CTh (PaKkTOphl pucKa. ITO Kacaercs
MMMYHM3AIMU TPOTUB TPHUIINa, MHEBMOKOKKa M renatuta B. B memom, He xBaTaer 3HaHU Y
MEAWIIMHCKUX pPa0OTHUKOB U IIMPOKOH 0OImIecTBeHHOCTH. boree Toro, HemoCTaTOYHO
uH(pOpMalMU MO0 BaKLIMHOJIOTUU JUTSl CTYACHTOB MEIUIIMHCKUX BY30B. JlefiCTBUS OTBETCTBEHHBIX
OpPTraHOB BJIACTH — MEIUIMHCKHUX IIKOJ W HAayYHBIX OOIIECTB, KOTOPhIE MOTYT BBICTyHaTh 3a
BaKIMHALIMIO U OoJiee riryOokue 3HaHMs B 00JJaCTU BaKIIUHOJIOTUHU, — MOTYT IOMOYb PELIUTh 3TU
npobsieMbl. KynbTypa npodunaktndeckoil MEUIIMHEBI Ha pab0YeM MECTE MOXKET CIIOCOOCTBOBATh
(GbopMUPOBAHHIO OOIIECTBEHHOTO MHEHHUS O BaKLUMHAIUMU. DTUYHBIM U HPO3pavyHbIM 00pazom
MOKHO OBUIO OBI COJEHCTBOBATH MPOCBEIICHUIO W WCCICIOBAHHSIM B OOJACTH BaKIIMHAIIMH C
MOMOIIbI0 paboyux rpymnn, chOPMUPOBAHHBIX 3KCIEPTaMH MO OOJE3HSAM, TOCYIapCTBEHHBIM U
YaCTHBIM CEKTOPAMHU U HaJHAIMOHAJIBHBIMH OpraHaMu BiacTu [25].

Jlnst OolleHKHM MHEHUW Bpaded 00 mMMyHONpoduIaKTHKE ObLIO ompoiieHo 512 Bpaueit
Pa3IUYHBIX CHEIUAJIbHOCTEW. AHain3 aHKeT mokasayi, 4To 80% peCcHOHIEHTOB OTHOCSTCS K
UMMYHONIPO(UIAKTUKE TOJIOKUTENbHO, ofHako Oonee 50% HCHOBITHIBAIOT HENOCTAaTOK B
y0eauTenbHO JO0CTOBEpHOI MHpOpManuu o Heil. Takum 00pa3oM, BISIBIIEH WH(OPMAIIMOHHBIH
JNe(UIUT B OTHOIIICHUH PA3JIMYHBIX CTOPOH BaKIIMHOMPO(IAKTHKH [26].

Conmonornyeckoe uccienoBanue 1384 MeIUIIMHCKUX paOOTHUKOB 4 o0sacTeld YKpauHbI
nokazano, 4ro 87,6% MemuImUHCKUX pPaOOTHUKOB B II€JIOM TIOJOKHTEIBHO OTHOCITCS K
npodunakTudeckum npuBuBkam. 80,7% MeTUIUHCKUX paOOTHUKOB BaKIIMHUPYIOT CBOUX JIETEH B
cooTBeTcTBUU ¢ HaruoHanpHbIM KalleHJapeM MNpodUiIakTUYeCKuX MpUBUBOK, 15,4% - ¢
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HEKOTOPBIMU OTKJIOHEHUSIMH OT HETO U TOJBKO 12,7% - OCYIIECTBISIIOT JOMOJHUTEIbHYIO
UMMYHONIPO(UIAKTUKY CBBIIIE HEOOXOJUMOro TmepeyHs. BreigBieHo, 4YTO wyamie BCero
OTKa3bIBAIMCH BaKIIMHUPOBATh CBOMX JIETEH Bpauu-crienuanucTsl (8,6%) BciencTBue oueBUaHON
TUIEPIUArHOCTUKY TMPOTHUBOIMOKA3aHUW K TPUBUBKaM M OOJIBIIETO  pacHpOCTpaHEHUs
AHTUBAKIMHAIBHBIX yCTaHOBOK. [loka3zaHo, 9TO MEAMIIMHCKHE PAOOTHHUKH CaMH HEIOCTAaTOYHO
PEBAaKLIMHUPYIOTCS OT JUPTEPUN U CTOJIOHSIKA - TONBKO 74,6% perynspHo u 7,9% pexe uem 1 pas
B JIECATH JIET; MPU STOM HAWMEHEe MUCIUIUIMHUPOBAHHBIMH OKA3aJIMCh Bpayl U3 YUCIA Y3KHX
CIEIHUAIMCTOB. BBISABIEHO, YTO NMPUBEPKEHHOCTh MEIULMHCKUX PAOOTHUKOB K BaKIIMHALIUU
JeTe U COOCTBEHHOU PEeBAKIIMHAIIMY TOBBIIIAETCS C BO3PACTOM, 3aBHCUT OT PETHOHA U TPYIIIIHI
podeCCHOHAIBHON JACSITEIIBHOCTH, a TAKKE OT (paKkTa MPOXOXKICHUS CIIEIUATLHOTO OOYIESHHS 110
opraHu3anuu UMMyHonpoduiakTuku [27].

Onpoc CTYIEHTOB BBIIBWJI HEJAOCTaTOYHOE 3HaHWe HanuoHanbHOTO —KajneHaaps
npoQUIAKTHYECKUX TPUBUBOK, a TakK€ MHOTOUYUCICHHBIC 3a07MyXKJACHHUS B OTHOIICHUU
npoQUIAKTUYECKUX MPUBUBOK CO CTOPOHBI MEAHATPOB (OCOOEHHO METCKUX HEBPOJIOTOB U
JIETCKUX aJJIEProJIOrOB-UMMYHOJIOTOB), OCTOPOKHOE OTHOIIEHHE B BOMPOCAX BaKLIMHALMHU U
JIoBepHE K «MHdaM» O TPUBUBKAX CPEIU 3aKOHHBIX MPEACTaBUTENCH marueHToB [21].

AHKETHpOBaHME MEIUIMHCKUX paboTHUKOB PecnyOnmuku Tarapcran c¢ oxBarom 3250
YeJIOBEK BBISIBUJIO, YTO 3HAYMUTENbHAs 4acTh (95 %) MEeIUIMHCKUX paOOTHUKOB IMOJIOKUTEIHHO
OTHOCSITCSL K BaKIIUHOMPO(HUIAKTUKE, BAKIIUHUPOBAIHCH CAMU M BAKIMHUPOBAIH CBOUX JCTEH.
89,9 % meauInuHCKUX paOOTHUKOB TOMJCPKUBAIOT MHUIIMATUBY 00 OTMEHE TIpaBa Tpa)kaaH Ha
oTka3 oOT  BakiuHAMu. OCHOBHBIMH  COCTABISIOIIMMU  YCIEIIHOW  OpTaHU3alud
BaKIIMHOMPO(MUIAKTUKYA B MEIUIUHCKON OpraHu3aluu, 0 MHEHHUIO MEAUIIMHCKUX PaOOTHHUKOB,
CIy’)XaT JOCTYMHOCTh W pa3HOOOpasue BakKIHMH, YpPOBEHb KBaTU(PUKALIUKA MEIHIIMHCKOTO
MepCoHalIa ¥ OCHAIIICHHE MPUBUBOYHOTO KabuHeTa [28].

B ocHOBe ycnemHOW KOMMYHHUKAIMKM JIEKHT CHOCOOHOCTh Bpada TOCTPOUTH
JIOBEPUTENbHBIN JUAJIOT, OCHOBAHHBI Ha YBEPEHHOCTH B J0OpOXKENAaTEIbHOCTU BCEX €ro
y4acTHUKOB. [[JIsi COMHEBAIOIINXCS MAIMEHTOB Bpay SIBISETCS OAHWM U3 HanOoliee 3HAUYMMBIX
MCTOYHUKOB MH(OPMALIUK O MPUBUBKAX. YMEHHE Bpaya YETKO M YBEPEHHO MOCTPOUTH TUAJIOT O
BaKIMHAIIUK TIO3BOJISIET Pa3BesTh COMHEHHS MAIlMEHTa W SBIsieTcs HambOonee 3PQGEeKTUBHBIM
CPEICTBOM IOBBIIICHUS MPUBEPKEHHOCTH HACEJIICHU UMMYHU3auu [29].

Hccnenosannem CenbkeBud ¢ coanT, 2021 [23] ycTaHOBJIEH NpUOPUTET Bpada-Tieiuarpa B
KayeCcTBE UCTOUYHUKA HH(POPMALIUU O BAKLIMHOMPOPUIAKTHKE IeTeH U BEICOKUI YPOBEHb JOBEPUS
K TOCYAApCTBEHHBIM YYPEXKICHUSIM 3APABOOXPAHCHUS B BOMPOCAX BAKIMHAIMU. BBISBICHO B
[EJIOM MO3UTUBHOE OTHOIIEHHE K BakuuHompodmiaktuke. OAHAKO 4YacThb POAMUTENEH, AETU
KOTOPBIX MOTYT OBITh PE3EPBOM YBEIMYEHUS MPOCIOWKH CBOCBPEMEHHO BaKIIMHUPOBAHHBIX
JIeTeH, OCO3HAIOT BAXKHOCTh BAKIMHAIIMKM KaK 3allUThl OT WHQEKIHA, HO 00OCHOBAaHHO (10
MEAUIIMHCKUM IPOTUBOIIOKA3aHUSM ) HJIM HEOOOCHOBAHHO OTKJIA/IBIBAIOT €€ Ha HEOIpeIeTICHHBIN
CPOK.

3akiaro4enue

Takum 00pa3oM, Ha OCHOBE aHAJIM3a MCTOYHHUKOB JIUTEPATyphl MO BOIPOCAM MPUYHH
OTKa30B OT BaKIMHAIMA MOXHO BBIACIHTH CIEAYIONIHE: OTCYTCTBHE WM HEIOCTAaTOYHAs
UH(GOPMHUPOBAHHOCTh HACETICHUS, B TOM YHCIIE POJUTENCH; CKIOHHOCTh BEPUTh «MH(aM» 0 Bpesie
BaKIMHAIMH; OOS3Hb MOCTBAKIMHAJIBHBIX PEAKIHH W OCIOKHEHHIl; Bepa B OTCYTCTBHE pHCKa
3apakeHus] HH(PEKIMOHHBIMU 3a00JIeBaHUSIMU; J0Bepue (PelikoBOi MHPOPMALIUN U3 UHTEPHETA;
NPUBEP)KEHHOCTh K AHTHBAKIMHHBIM JABIKCHUSM B HEKOTOPBHIX CTpPaHAX; HCIIOJIB30BAHUE
HETPAJUIMOHHBIX METOOB MOBBIIICHUSI UMMYHUTETA; HEOBEPHUE BaKIIMHAM, TIPOU3BEICHHBIM B
Ipyrux crpaHax. OTpumaTenbHOE MHEHHE MEIUIMHCKUX paOOTHUKOB O  BaKIMHAX,
HE/IOCTaTOYHBIN YPOBEHb 3HAHMH Y3KMX CHEIMAIMCTOB IO BOIPOCAM BAaKIIMHAIIUH, OCOOEHHO
Cpenu HeBPOJIOTOB, TPUBOANIIO K JOCTATOYHO BHICOKOMY YPOBHIO MEAUIIMHCKHUX OTBOJOB y JIETEH.
HccnepnoBatenssMd  OTMEYEHO, YTO Bpaud HE  BCerga  BJIAJCIOT  JTOCTATOYHBIMH
KOMMYHUKAaTHBHBIMU HaBBIKAMH IS TIOCTPOCHUS IPABHIBHOTO JHAJI0Ta C POANUTEISIMH.
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CornacHo 1aHHBIM MyOIUKAUK PEKOMEHIAUN paOOTHHKOB 3pPAaBOOXPAHEHUS BKIIOYAIIH
TaKUe MEPONPHATHS, KakK: 1) MCIONIh30BaHHE BU3YAJTbHBIX KapTOYEK C HAYYHBIMH JAHHBIMHU O
COCTaBe BAaKUMHBI M NPOPHUIAKTHKE 3a00J€BaHUU JUIsI KOHCYJIbTHPOBAHUS IAallUEHTOB, 2)
OTNHMCaHWE KOMIIOHCHTOB BaKIMHBI B JOCTYITHOW M HarmsimHOW ¢opMme, 3) ocBelieHue
HallMOHAJIbHOI'O KOHTpOHH KadycCTBa U HpOI/I3BO,Z[CTBa Ha yHaKOBKG BAaKIIMHBI U 3THKCTKAX, 4)
MIPOBEICHUE HHTEPBBIO C JIMAepaMU OOIIECTBEHHOTO MHEHUS, 5) MMOATOTOBKA KITFOUEBBIX JIHII JIJIsI
pa6OTI>I C HACCJICHUEM I10 BaKIIMHAMMU. HpaBI/ITeJII:CTBeHHBIC MepBI MOFYT BKJIHOYATh CHHUIKCHHUC
HAJIOTOB JJIsSI POJAMTEIICH, YbH JICTH MOJTHOCTHIO BAKIIMHUPOBAHBI.
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NEW YEAST STRAIN FOR BEER PRODUCTION
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Abstract

To improve the properties of yeast used in brewing and winemaking, scientists have widely used the
methods of classical genetics. The research is devoted to the focus of the work is on strains of brewer's
yeast Saccharomyces cerevisiae, capable of fermenting beer wort most effectively and having no
organoleptic deficiencies. The object of the study is 6 strains of Saccharomyces cerevisiae yeast from
Federal State Unitary Enterprise «State Research Institute of Genetics and Selection of Industrial
Microorganisms» (http://www.genetika.ru/vkpm). The selected strains were crossed as a result of using a
selective selection system for rare hybrid clones. Production tests of one of the clones of the resulting strain
showed positive outcome. Using new yeast strain will solve three main tasks of brewing - to improve the
consumer properties of the drink, the technological parameters of production and the stability of the finished
product during storage. The versatility of the strain will allow the use of these yeasts in the production of
other beers.

Keywords: yeast strain, beer wort, beer turbidity, ethyl alcohol, physico-chemical parameters.

Beer is an ancient, natural beverage that combines the power of grain malt and yeast vitality.
Beer production’s uniqueness stems from yeast fermenting the sugars in beer wort to produce
alcohol and carbon dioxide.

Many grain components rely on complex organic and inorganic compounds to create the
flavour and aroma of beer through intricate biochemical reactions.

Yeast is the main active ingredient in beer. Complete sequencing of the yeast genome has
revealed about 6000 genes involved in the metabolism of this seemingly simple microorganism.
Theoretically, the possible number of interactions between the products of these genes is much
larger.

What are the fundamental requirements for microorganisms that influence brewing? Firstly,
the beer must be flavourful. Therefore, the presence of substances that produce an unpleasant taste
or aroma during fermentation should not exceed the consumer’s perception threshold. There are
over 800 known substances that can impact the taste and aroma of beer. Initially, these compounds
include hydrogen sulfide, fatty and inorganic acids, higher alcohols, aldehydes, and basic esters

[1].

Secondly, the efficient removal of maltose, the main sugar in beer wort, and a strong
flocculation ability, among other factors. And also yeast should meet modern technological
requirements. For instance, the adoption of high-density brewing technology has recently been
implemented. This technology enhances the economic viability of the business by reducing energy
consumption and making more intensive use of available equipment and auxiliary materials. By
employing this modern technology, high-extract beer wort is diluted with sterile, deaerated water
both before and after fermentation until the desired dry matter content is attained. However, during
fermentation of high-density wort, yeasts experience osmotic stress, as a result of which their
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activity changes (glycero-3-phosphate dehydrogenase is activated, synthesising glycerol to
overcome the external hyperosmotic pressure on the yeast cell wall). And pyruvate is also
synthesised, which negatively affects the flavour and aroma of the beer, and can be converted into
fermentation by-products (higher alcohols and esters). When brewing high-density beer,
substantial quantities of ethanol are generated, leading to an increased occurrence of dead cells
and early yeast flocculation.

Thirdly, beer is not just a multi-component beverage; it also undergoes changes over time.
Thanks to the use of new filtration technologies, it has become possible to significantly extend the
shelf life of beer. Beer stability refers to its ability to maintain organoleptic characteristics for a
certain period, and this can be achieved by enhancing its biological and colloidal stability.

Non-compliance with sanitary conditions of beer production leads to the appearance of
extraneous microorganisms in beer, which adversely affects its quality. As mentioned above, beer
is a complex colloidal system that maintains a delicate equilibrium. Disruptions to this equilibrium
can result in turbidity or suspended solids in the beer. The colloidal balance undergoes disruption
due to various reactions (such as oxidation, polymerization, interactions among beer components).

In brewing and winemaking, scientists frequently employ classical genetic methods such as
mutagenesis, hybridization, cytoduction, and others to enhance yeast characteristics. Modern
methods of genetics and molecular biology make it possible to target genes using genetic
engineering methods and obtain organisms with predetermined properties. In practical
applications, these methods are used to obtain yeast strains that do not produce compounds like
diacetyl, dimethyl sulfide, hydrogen sulfide, and other substances known to cause defects in beer.

Numerous strains of Saccharomyces cerevisiae brewer's yeast are well-documented in the
brewing industry, and a diverse range of these yeast strains is utilized across numerous countries.

The ADOQO09 strain from the Hefebank Weihenstephan collection is among the most widely
used in brewing due to its ability to process mono-, di-, and trisaccharides in the wort, ultimately
producing ethanol. The strain is highly efficient in reducing diacetyl and pentanedione and has
good flocculation properties. The disadvantage of this strain is the high content of sulfur and
sulfur-organic compounds in the finished beer. Change of technological modes does not allow for
improvement in organoleptic properties of the final product with effective reduction of sulfur
compounds synthesis level.

In Kazakhstan, enterprises most often use yeast strains 11, 47, B, and 776 for fermentation
at temperatures from 5 to 10°C. Other strains are also utilized, but less frequently. Race 776 was
developed at the Fermentation Institute in Berlin. The strains Rh, 34, 34/70, 145, 129 and 308 are
employed for the so-called warm fermentation technology, typically ranging from 7 to 15°C.

Materials and methods of research

This research focused on the cultivation of a yeast strain designed to drive innovation in the
brewing industry. Recent developments in the food industry have spurred the creation of novel
alcoholic and non-alcoholic products, necessitating updated criteria for brewer's yeast, a pivotal
component in this intricate process.

At the beginning of the research, we utilized 6 yeast strains of Saccharomyces cerevisiae
from Federal State Unitary Enterprise «State Research Institute of Genetics and Selection of
Industrial Microorganisms» (http://www.genetika.ru/vkpm) to select the most promising strains.

Comparative research of the fermentation activity of these 6 strains was carried out at 13°C
in laboratory conditions in conical flasks with water closres, limiting the entry of oxygen and
ensuring the removal of fermentation gases in a separate flask with water. Sterile standard beer
wort, produced by JSC IP «Efes Kazakhstan» with a density of 12°, was used. The initial yeast
concentration in the flask was 10 million cells per 1 ml. At the end of the fermentation process,
the fermented wort was filtered through a double paper filter and a layer of diatomaceous earth on
a double layer of filter paper to get rid of yeast cells. The real degree of fermentation (% RDF) and
the volumetric percentage of ethanol formed (% alc V/V) were measured using an Anton

127



MICROBIOLOGY AND VIROLOGY ISSN 2304-585X Neq (43) 2023 www. imv-journal.kz

Paaralcoholizer . The sensory characteristics of the fermented wort, including its aroma and
flavour, were subjected to organoleptic assessment [2].

The strains that could ferment beer wort most efficiently and had no organoleptic
deficiencies (odour of organ sulphur compounds, diacetyl, phenolic odour, etc.) were selected.

The most promising strains studied in the «Educational and Scientific Centre for the
Production of Fermentation Products» of Almaty Technological University, simulating production
conditions in cylinder-conical tanks (CCT) with a volume of 50 | of 12° beer wort at 13 °C.

The prepared batch of wort was filled into two identical cylindrical conical tanks (CCT).
One CCT received a culture of the production brewing strain, while the other was inoculated with
a culture obtained under laboratory conditions. Starter cultures for both the control and
experimental strains were concurrently prepared, following an identical procedure using the same
beer wort. Analysing both tanks was at the same time [3].

Results and discussion

Most of the tested strains exhibited multiple organoleptic defects, imparting a phenolic or
sulfurous aroma to the fermented wort. Nonetheless, we succeeded in isolating strains that
exhibited negligible production of phenolic compounds. The subsequent objective entailed the
hybridization of these strains to generate progeny [4]. The hybridization process was feasible only
through the utilization of a selective system for identifying rare hybrid clones on a minimal
medium containing alcohol, where neither parent strain could proliferate. One of the resultant
clones was employed for subsequent experiments [5].

The production trials of the new strain were successful. Figure 1 displays a graph illustrating
the visible extract drop during fermentation using both the well-known and widely-used world
strain

ADO009 and our newly obtained strain J (Jana) at three different temperatures: 13°C, 16°C,
and 19°C [6]. These characteristics reduce energy consumption during wort cooling in the CCT.
The efficiency of primary and secondary fermentation, which includes beer maturation in the CCT
and diacetyl reduction, directly relies on the physiological state of yeast and their sedimentation
ability when high ethanol concentrations appear towards the end of fermentation. Modern high-
density brewing technologies, widely adopted, impose new requirements on yeast behaviour
during fermentation. Figure 2 illustrates the yeast cell concentrations of AD009 and J in the CCT
throughout fermentation. Notably, yeast J appears more abundant in the CCT, suggesting reduced
sedimentation capacity [7].
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This property can be effectively harnessed within contemporary high-density brewing
technologies to mitigate premature yeast flocculation, particularly at elevated ethanol
concentrations.

In the present-day context of rapidly expanding beer volumes and extended shelf life,
maintaining colloidal stability has become a pressing necessity. A significant proportion of the
compounds in beer exist in a colloidal state. During beer storage, prolonged cooling, or heating,
the physical and chemical equilibrium of colloidal complexes, which can precipitate, becomes
disrupted. This leads to processes such as ageing, particle size growth, oxidation, polymerization,
adsorption, the formation of insoluble high molecular weight polyphenols, protein degradation,
and denaturation. The presence of numerous suspended particles in the solution contributes to its
turbidity [8]. It can be quantified using turbidity meters, also known as turbidimeters. However,
for enhanced sensitivity, precision, and applicability across a broad spectrum of particle sizes and
concentrations, nephelometer offer an advantageous alternative. Nephelometers detect the
scattering of light within a solution at either a 90° or 25° angle. Turbidity arises from the interplay
between light and suspended particles in water. In a perfectly pure liquid, a light beam passing
through remains essentially unaltered. However, even in pure water, individual molecules induce
light scattering, albeit to a minimal extent and at a small angle [9].As a consequence, no solution
exhibits absolute zero turbidity. In the presence of suspended solid particles within the sample, the
outcome of the sample's interaction with transmitted light is contingent upon several factors,
including the size, shape, composition of the particles, and the wavelength (colour) of the incident
light. Researching both the initial and induced turbidity of beer, it becomes feasible to anticipate
the technological attributes of the filtration process and the shelf life of the product [10].

Figure 3 illustrates the turbidity profiles of unfiltered CCT beer derived from strain AD009
and the new strain at varying temperatures. Notably, lower turbidity values were observed for the
new strain at 16°C. Turbidity levels exhibited an ascending trend as fermentation temperature
increased up to 19°C, likely attributed to enhanced system agitation due to gas formation.
Conversely, the reduction in process temperature to 13°C seemed to correlate with heightened
particle adsorption on the yeast cell surfaces, resulting in increased turbidity [11,12].
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Figure 3 - Turbidity of unfiltered beer during fermentation: a - strain ADOQ9, b — strain J

Conclusion

However, the main advantages of beer are its consumer properties - its unique flavour and
aroma, and the absence of substances that negatively affect them. Thus, the beer obtained with the
new strain had a unique bouquet with pleasant ethereal notes and a vanilla tinge. At the same time,
organosulfur compounds were practically absent (Figure 4). Based on the new strain, a new beer
brand was created. Thus, using only methods of classical genetics and selection, we managed to
solve the problem of creating a new strain for a new type of beer. The main goal of the work was
achieved - the most extensive screening of strains of different origins and subsequent selection for
the traits of interest. The application of the new strain makes it possible to solve three main tasks
of brewing - improvement of consumer properties of the beverage, technological parameters of
production and stable storage of the finished product. The versatility of the strain made it possible
to use this yeast in the production of other types of beer, cider and kvass.
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Figure 4 - Organoleptic profile of the produced new beer

131



MICROBIOLOGY AND VIROLOGY ISSN 2304-585X Neq (43) 2023 www. imv-journal.kz

References:

1 IlIina Ye. V. Vliyaniyebezalkogol'nogopivanazdorov'yechelovekaPivo inapitki, 2010,6: 48-49.
(https://foodprom.ru/pivo-i-napitki)

2 Ogannisyan V. G. Bezalkogol'noye pivo itekhnologiiyegopolucheniyaPivo inapitki, 2007,6:19-23.
(https://[foodprom.ru/pivo-i-napitki)

3 Cherkasova Ye.S., Kamenskaya Ye.P. Selektsiya shtamma drozhzhey dlya prigotovileniya
bezalkogol'nogo piva. Materialy XXI Mezhdunar. nauchno-prakticheskayakonf. Barnaul: 1zd-voAItGTU,
2020:177-180. (http://elibrary.asu.ru/xmlui/handle/asu/81)

4 Slavskaya I.L., Makarov S.YU., IlI'inYe.V. Obzorrynka bezalkogol'nogo piva Pivo inapitki, 2010,2:
4-6 s. (https://foodprom.ru/pivo-i-napitki)

5 Balanov P.Ye. Tekhnologiya fermentatsii: M., 2013.

6 Akhmetzhanova A.K., Baygaziyeva G.l. Podborrezhima zatiraniya dlya proizvodstva
bezalkogol'nogo piva Il Mezhdunarodnaya nauchno-prakticheskaya konferentsiya v ramkakh
mezhdunarodnogo nauchno-prakticheskogo foruma, posvyashchennogo dnyu khleba i soli g.Saratov, 2021
0.:115-119. (https://www.researchgate.net/publication/352019082)

7 Akhmetzhanova A.K., ObitbekA.Ye. Sovremennyye tendentsii k proizvodstvu spetsial'nykh sortov
piva s povyshennoy pishchevoy tsennost'yu v Kazakhstane. Mat. Mezhd. nauch.-prakt. konf. Zernovaya
otrasl': sostoyaniyei perspektivy razvitiya, posvyashchennaya 70-letiyu akademika natsional’'noy akademi
i nauk Respubliki Kazakhstan lztayeva Auyelbeka Iztayevicha 28. ¢g. Almaty, 2020 ¢.:158-160.
(https://distance.atu.kz)

8 Meledina T.V., LebedevaYe.P. Tekhnologicheskiy podkhod k regulirovaniyu sensornogo profilya
piva Industriya napitkov. -2004,4:10-14.(https://beverage-industry.ru)

9 Miller M. Physical Methods of Dealcoholization of Beverage Matrices and Their Impact on
Quality Attributes / M.Miller [et al.] // ChemBioEng Rev. - 2017:310-326(doi: 10.1002/cben. 201700010)

10 Bellut K. Application of Non-Saccharomyces Yeasts Isolated from Kombucha in the Production
of Alcohol-Free Beer / K. Bellut [et al.] // Fermentation. — 2018:1-19 (doi: 10.3390/fermentation4030066)

11 Mangindaan D. Beverage dealcoholization processes: Past, present, and future. Review / D.
Mangindaan, K.Khoiruddin, 1.G.Wenten // Trends in Food Science & Technology. — 2018:36-45 (doi:
10.1016/ j.tifs.2017.10.018)

12 Kobelev K.V. Metody polucheniya bezalkogol'nogo i slaboalkogol'nogo piva. V sh.: Pivo i
napitki. 2020.Ne2:24-30. (https://foodprom.ru/pivo-i-napitki)

AK. AXMET)XXAHOBA™, I 1. BAUT'ABUEBA?, A.K. KEKUBAEBA®, JI. TPBHA?
! AnmartuaCcKuit TeXHOTOrHYECK it YuuBepcurer, Anmarsl, Kazaxcran
ZyHI/IBepCI/ITeT Menpaens, bpHo, Uexus
*e-mail: aytowa@mail.ru

HOBBIH LITAMM JIPOXKKEM JIJISI TIPOU3BOJICTBA IIUBA

AHHOTALUSA

JInst yaydIneHust CBOMCTB IPOKIKEH, IPUMEHSEMBIX B IIMBOBAPEHUH M BUHOICIIUH, YUEHbIE IIIUPOKO
HCIIOJIB30BAIA  METOJbI KJIACCHYECKOW TeHETHKH. PaboTa MOCBsIICHA MOAOOPY INTAMMOB ITHBHBIX
Iposkkei Saccharomyces cerevisiae, criocoOHbIX HanOoee 3 PeKTHBHO COPAKUBATDH ITMBHOE CYCIIO U HE
UMEIOIINX OPraHOJCNTUYCCKUX HEeM0CTaTKoB. OOBEKT WCCIENOBaHHS - 6 [ITAMMOB JPOXOKEH
Saccharomyces cerevisiae u3 BcepoccHiiCKON —KOJUIEKIIMH — MPOMBIIUICHHBIX ~MHKPOOPTaHU3MOB
OI'YIITIN'ocHUUI enetuka (BKIIM) (http://www.genetika.ru/ vkpm). M3 mnogo0paHHBIX IITaMMOB
OCYIIECTBWJIM CKPCUIMBAaHWE B pE3yJbTaTe NPHUMCHEHHsS CEJICKTUBHOW CHCTEMBI OTOOpa PEIKHX
THOPUIHBIX KJIOHOB. IIpOM3BOACTBEHHBIC HCIIBITAHKS OJHOTO M3 KJIOHOB MOJYYEHHOTO [IITaMMa IMOKa3ain
Xopolue pe3yabTaThl. [IpUMEHEHHEe HOBOrO INTaMMa IO3BOJIUT PEHINTh TPU OCHOBHBIE 3aj1a4yd
MUBOBAPEHUS] - YIYYIIUTh TOTPEOUTENBCKHE CBOWCTBA HAIMUTKA, TEXHOJOTHYECKHE IapameTphl
IIPOU3BOJICTBA U CTa6I/I.HI)HOCTB TOTOBOI'O NPOAYKTaA P XPaHCHUH. yHI/IBepcaJIBHOCTI) mraMMma I103BOJIUT
UCITIOJIb30BATh 3TH APOXIKH P IPOU3BOJICTBE Pa3HbIX COPTOB ITHBA.

KuroueBsble coBa: mramMM, APOXKKH, TUBHOE CYCJI0, MyTHOCTh MHBA, ATUJIOBBIN CIIUPT, PUUKO-
XUMHWYCCKHE ITOKAa3aTCIIN.
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Tyidin

Chlpa KailHaTy MEH Iapall jkacayJa KOJJaHbUIATBIH allbITKbIHBIH KaCHETTEPIiH XaKcapTy YILUIH
FaJIBIMJap KIIACCUKAIIBIK TeHETHKA d/IiCTePiH KeHiHeH Koaanaabl. XKymbic Saccharomyces cerevisiae ceipa
AIIBITKBICHIHBIH IITAMMIAPBIH TaHJAYFa apHAJIFaH, OJI ChIpa CYCIOCHIH THIMII allIbITyFa KaOiMeTTi jKoHe
OPraHOJICNITUKAIBIK KEMIIUIIKTEPI JKOK. 3epTTeY HBbICAHBI - «OHIIPICTIK MHKPOOPTaHU3MICPIiH
TeHETHKACHl KOHE CEJIEKUMSIChl MEMIIEKETTIK FBUIBIMU-3EPTTEY MHCTUTYTHD» Denepangblk MEMIICKETTIK
yHUTapabIK ~ Kacinopusl (OMBK). bBykinpeceinik — kosuekuusicblHaH — Saccharomyces — cerevisiae
ANIBITKBICHIHBIH 6 IITaMM ajiblHIbL. TaHJAIFaH IMTaMMIAPJBLIH IIIIHEH CHUPEK Ke3JIeCEeTiH THOPHITI
KJIOHap/Ibl IPIKTEY/IiH CeNIEKTUBTI J)KYHECiH KOJIIaHy HOTHKeCiHAe OyIaHacThIpy JKYPTi3iiui. AJbIHFaH
IITAaMM KJIOHAAPBIHBIH OipiHiH 6HIIpiCTiK CBIHAKTAPHI XKAaKChl HITIKE KopceTTi. 2KaHa mraMmabl Kogany
Chlpa KaWHATYIBIH YII HETi3ri MIHIETIH WIeNyre MYMKIHAIK Oepesi:CyChIHHBIH TYTBIHYIIBUIBIK
KAaCHETTEePIH, OHMIPICTIH TEXHOJOTHIBIK IapaMeTpiIepiH JKOHE CaKTay Ke3iHAe [aiiblH ©HIMHIH
TYPaKTBUIBIFBIH XaKcapTy. [lITaMMHBIH oMOe0anThIFsI OYIT allTBITKBIHBI 0acKa ChIpa OHAIpICiHAE KOMTaHyFa
MYMKIiHIK Oepei.

KinTTi ce3aep: alibITKBI ITAMMIAPEL, CBIPaA CYCIOCHI, ChIpa OYVIJIBIHFBIPIIBIFBL, 3THII CIIUPTi, GU3UKO-
XUMUSUIBIK KOPCETKIIITED.

ChIpa - acTBIK YBITBIHBIH KYIIII MEH aIllILITKBIHBIH OMIPJIIK SHEPTHACHIH CIHIPTEH, epTe/IcH
KeJe jKaTKaH Taburu cychlH. ChbIpa eHAIpICiHIH Oipereisiri CoUpTHeH KOMipKBIIIKbUT Ta3blH
KaJIBIIITACTBIPY YIIIH ChIpa CYCIOCHIHBIH KAHTTAPBIH alIBITKBIMEH aIIbITY MPOIECiH KOJIJaHyMEH
0ailTaHBICTHI.

Jereamen, 6opi OHait emec. ACTBIKTHIH KypaMbIHA KIPETIH 3aTTap IbIH KOIT MOJIIICPIallbITKbI
MeTa0OIM3MIHIH Kyp/esi OMOXUMUSUIBIK PeaKIMAIapbIHbIH OCEPIHEH CBHIPAHBIH JA9Mi MEH XOII
WICIH KaJBIMTACTBIPATBIH KYP/El OPraHUKAJBIK JKOHE OCHOPraHMKAJBIK 3aTTapra OalaHbICTHI
OoJaanl.

ATIIBITKBI - CBIPAHBIH HET13T1 O€JICeH 1l KOMITOHEHTI. ATIIBITKBI T€HOMBIHBIH TOJIBIK PETTLIIT1
KaparaibiM OOJIBINT KOPIHETIH MUKPOOPTraHU3MHIH MeTaboau3MiHe KaThicaThiH mamameH 6000
TeH/I1 aHBIKTaIbl. ByJ1 reHep i oHIMACPIHIH 63apa dSPEKETTECYiHIH TEOPUSITBIK MYMKIH OOJIaThIH
CaHbl JJIJEKAIa KOIL.

ColIpa mailplHIayFa ocep €TETETIH MUKpoar3anapra KOWbUIATHIH HET13r Tajantap KaHmai?
Bipinmrigen, ceipa gomi 060mysl Kepek. [leMeK, COHFBI OHIME allbITy HOTHXKECIHAE ChIPAHBIH
JKaFbIMCBI3 JIOMIH HEMECE XOIII MiCiH aHBIKTAUTBIH 3aTTap TYTHIHYIIBIHBIH CE31M MICTiHEH acIaybl
kepek. CpIpaHblH AoMi MeH xoul uiciHe acep ereriH 800-meH actam 3at Oenrimi. bymapra ex
aNJbIMEH KYKIPTCYTEK, Mail >koHe OeHopraHuKajiblK KbBIIIKBUIAAP, IKOFApBICIIUPTTED,
anpaeruarep, agupiep xatans [1].

Exinmrien, omerreri Tamantapaad 0acka, Chlpa CYCJIOCBHIHBIH HETI3T1 KaHTHI - MAJIbTO3aHBI
TUIMII JKOFO, KAKCHI (IOKYISIIFSUIBIK KaOieTi xkoHe T.0., COHBIMEH KaTap allbITKbl 3aMaHayd
TEXHOJIOTHSUIApAbIH ~ TajllaNTapblH  KaHaraTTaHABIPYbl  Kepek.MoceleH,oHeprusi  IIbIFbIHBI
a3alTHUTFaH JKOHE Koija Oap »aOIbIKTap MEH KOCAJIKbl MaTepHalIap/ibl HEFYPIbIM KapKbIHIIbI
naiganany apKbUIbl KOCITOPBIHHBIH YKOHOMHKAIBIK THIMIUTITIH apTThIpyFa MYMKIHJIIK OepeTiH
JKOFaphl THIFBI3JIBIKTAFbl ChIpa KAaWHATY TEXHOJIOTHSCHI COHFBI YaKbITTa KOJAaHbICKa ue. OcChl
3aMaHayd TEXHOJIOTHSHBI KOJJAaHy KE31HIE >KOFapbl JKCPAKTUBTUIIKTET1 ChIpa CYCIOCHIH
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CTEpUJIBl ayachI3IaHIBIPBUIFAH CYMEH allIBITYFa JEHiH )KOHE allbITyIaH KeHiH/e )KocapiaHFaH
KYpFaK 3aT MOJIIIEpiHe KETKEHTe JCHIH CYHbUITabl. Allali/la, THIFBI3 CYCJIOHBI alllbITy KE31HIEe
AIIBITKBI OCMOCTBIK KYH3EIIiCTI 0acTaH Keulipesi, HOTHKECIHIE ONapAbIHOCICEHAUIIr e3repel
(alIBITKBI JKacylladapblHBIH KaOBIPFAChIHA CHIPTKBI TMIIEPOCMOTUKAIBIK KBICBIMIBI KEHY YIIIH
TIIALEPUH/II CUHTE3ACUTIH TIuIepo-3-hocdaraeruaporeHaza 6eIceHaipiiesii), COHbIMEH KaTap
MUpyBaT CUHTE3IETIEA1, 01 ChIPAHBIH JOMI1 MEH XOII WICIHE TepiC oCep €TETIH KONTEreH alllbITy
KaHaMa eHIMIepiHe (KOFaphl CIUPTTEP MeH 3¢pupiepre) aiiHana anaabl. JKOFapbl ThIFbI3ABIKTAFbI
Chlpa KaWHATy KE3iHJEe ATAaHOJIJIBIH KOFaphl MOJIIIEepl KaJbITacaabl, OV e jKacymanap
CaHBIHBIH aPTYbl MEH alIBITKBUIAPBIH €pTe (DIOKYISIUSACHIHA AJTBIT KEJe/I.

Y1uriHIiaeH, chipa TEK KON KOMIIOHEHTTI FaHa €MeC, COHBIMEH KaTap yakbhIT OOWBIHIIA
e3repeTiH cychlH. ChIpaHbl CY3yIiH >KaHa TEXHOJIOTHSUIApPBIH KOJJaHyFa OaillaHBICTBI Oyl
OHIMHIH CaKTay MEp3iMiH €JI9yip apTThIpyFa MYMKIH/IK Taiia 60mael. ChIpaHbIH TYPAKTHUIBIFbI-
Oenrimi Oip yakbIT iIIiHAE OPraHOJIENTHKAIBIK KOPCETKIIITEpiH CaKTay MYMKIHIIrT OOJbII
Tabbl1anbl. ChIpaHbIH JOM TYPAKTHUIBIFBIH KaMTaMachl3 €Ty, OHBIH OHOJIOTHSUIBIK JKOHE
KOJUIOUATHIK OEpIKTITiH apTThIPy apKbUIbl FaHa MYMKIH Oojaabl. OHIIPICTIH CAHUTAPIIBIK
JKaFTalbIHBIH JKOFaphl JICHTeHIH caKTamay ChIpajia 0erje MUKpOOpraHU3MIEPAiH naiiaa 00rybiHa
OKeJIeIi,al1 0J1 OHBIH carackiHa Tepic acep ereni. XKorapblaa alTbuFanai, ceipa - Oyt oenrini 6ip
Tere-TeHIIKTe OOJaThIH KypJesi KOJUIOMATHIK JKyie, OY3bUIFaH Ke3Je ChIpaja OYJIBIHFBIPIIBIK
HeMece Ky3riHzep naina 0onaapl. KommouaTeIk Temne-TeHaiKTiH Oy3bUTybl 9pTYPIIl peakiusiap
HOTWIKECIHJIE Taiga Oonangsl (TOTBHIFY, TMOJMMEpJEYy, Chlpa KOMIIOHEHTTEpiHIH Oip-OipiMeH
opekerTecyi koHe T.0.).

CobIpa KaliHaTy MEH Ilapan »acayja FajlbIMJap allbITKbl KACHETTEpiH jKaKcapTy YIIUiH,
KJIACCUKAJIBIK T€HETHUKA JJICTepiH (MyTareHes, OyIaHAACTBIPY, HUTOAYKIUS KOHET.0.) KeHIHEeH
KOJAaHAbl.] €eHeTHKAHbIH Ka3ipri OMICTEpIMEH MOJICKYJalIblK OWOJIOTHs, TEHIIK WHXXCHEpHs
omicTepiH KOJAaHa OTHIPHIN,TeHACPAl MAKCATTHI TYP/E ©3TePTYTre KOHE aJJIbIH aa aHBbIKTaJIFaH
KacueTrTepi Oap  ar3ayapApl  alyFa  MYMKIiHIOIK ~ Oepemi. Ic  Ky3iHAe — auaneTw,
TUMETHIICYTb(OUIL,KYKIPTCYTEK JKOHE CBHIPAHBIH aKayJlapblH TYyIbIPATBIH Oacka 3aTTapibl
HIBIFAPMANTBIH AlIBITKbUIAD AJTBIHAIBL.

Ceipa KaiiHaTyga Saccharomyces cerevisiae cbipa allbITKbICBIHBIH KONTETCH ITaMMIaphl
oenrini. Kenreren ennep/e cblpa alIbITKbUIIAPBIHBIH YIKEH KHUHAKTaMachl KOJIJaHbLIA/bI.

Cripa kaitnary enmipicinae Hefebank Weighnstephan tontamaceinan AD009 mrtamMMbia
KeHIHEeH KojaaHaibl. O chlpa CyclOChIHAAFbl MOHO-, U- KOHE TpUcaxapuATepiHNaiaalaHblIl,
STHJI COUPTIH Ty3y MyMKiHairine ue. llltaMM quaneTusn MeH EHTaHIUOH/IBI a3alTYIBIH AKOFaPhI
KaO1J1eTi MEH JKaKChl (PIOKYISAIUSIBIK KaCHETTepre ue. bysr mTaMMHBIH KEMIIIUTITT — OCBI IITaMM
KOMETIMEH aJIbIHFaH ChIpaHbIH KYpaMbIHAAFbl KYKIPT IIEH KYKIPTT1 OpraHUKaJIbIK KOCBUIBICTAPIBIH
JKOFapbl  0OJybl ~ OOJBI  TaObUIAAbl. TEXHOJMOTHUSUIBIK  PEKUMICPAl  ©3repTy  KYKIpT
KOCBUIBICTAPBIHBIH ~ CHHTE3IHIH  JEHreWiH  THIMII  TOMEHAETYMEH COHFBl  ©OHIMHIH
OpraHOJIENTUKAIBIK KaCUETTEePIH KaKcapTa alManIbl.

Kazakcranapik kocimopeigaapaa cybik (5...10°C) amweiryma 11, 47, V, 776 ambITKbI
pacanapblH KojjaHaawl. backa pacamapna KoiagaHbUIaasl, Oipak kui emec. 776 pacacbl bepiaun
aIlIBITy MHCTUTYTHIHAA cypbinTanFad. JKeuiel ambity (7...15 °C) texHonorusicel yirin Rh, 34,
34/70, 145, 129, 308 pacanapbl KOJTaHBLIAIbI.

3epTTey MaTepuaJaapbl MeH dicTepi

Bi3aiH KYMBICBIMBI3IBIH MaKCcaThl - ChIpa KalHATYAaFbl WHHOBALMSUIAD YINIH IITaMM
Kacay,eMTKeH1 OyJI cajla TaraM OHIIPICIHAEC COHFBI YaKbITTA jKaHa aJIKOTOJIBI1 KOHE aTKOTOJIbCI3
eHIMJIEp/Ii jKacayna OelceH/l namyna,an OyJI KypJeli MPOIEeCTiH HeTi3ri KaThICYIIBICH - ChIpa
AIIBITKBICE] OOJIBIN TaOBIIAIb.

KympicTeiH OacbiHaa 013 €H MEPCIeKTHBAIBI MTaMMIAPAbl TaHAAy YIIiH OHIIPICTIK
MUKPOOPTaHU3MJICPIIH TEHETHUKAChI JKOHE CEJCKIUACHI MEMIICKETTIK  FBUIBIMH-3EPTTCY
UHCTUTYTBD» Denepaniblk MEMJICKETTIK YHUTapibK KocimopHsl (OMBK) eHepkacinTik
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MHKpPOOpPraHU3MIEpiHiH  bBykinpeceimik — KoJuleKIusicblHaH — Saccharomyces — cerevisiae
aIIBITKBICHIHBIH 6 TaMMbIH KosauabIK (http://www.genetika.ru / vkpm).

Ocpl 6 MTaMMHBIH alIBITY OSJICEHATITIH CANBICTHIPMAIIBI 3€PTTEY 3ePTXaHAIIBIK JKaF1aiia
13°C temmepaTtypajia OTTETIHIH TYCYIH MIEKTEUTIH JKOHE alllbITy ra3/lapblH CYMEH 06JIeK Koj0ara
HIBIFAPY/Ibl KAMTAMAaChI3 €TETIH CY KANTHIPBIFBI 0ap KOHYCTHIK KOJ0aIapaa sKypri3iiui. AO
UIT «2dec KazakcTan» chipa KaitHATy 3aybIThIHAH JIBIHFAH THIFBI3BIFEI 12° 00J1aThIH CTPEPUITBII
CTaHAPTTHI ChIPa CYCIOCHIH KOJIAaHbUIIbI. Kobanars! alibITKBIHBIH 0acTanKbl KOHIICHTPAIUSCHI
1 mu-ge 10 MUUIMOH KacymIaHbl Kypaabl. AIIBITY MpOIecl asKTaJIFaHHAH KEHiH allbIThUIFaH
CYCJIOHBI alIBITKBI JKacylaiapblHaH 00caTy YIIiH KOC KaFa3 CY3Tici X&oHe KU3eIbryp KadaThl Cy3ri
Kara3blHBIH KOC KabaTblHAa cy3y >kyprizunal. Haxrter ambity nopexecin (%RDF),tys3inren
ATaHONABIH KeJeMmIik mnailbi3biH (%alc V/V) emmey Anton Paar ¢upmachiHbIH ankomaifzepi
KOMETIMEH KYpri3uiai. OpraHojenTUKAIBIK KOPCETKIMTEPIHE alIBIThIIFAH CYCIIOHBIH HiC1 MEH
JoMi Oarayangbl [2].

ChIpa CyCIIOCBIH THIMJI alIbITyFa KaOIJIeTTl KoHE OPraHOJICTITUKAIBIK KEMIIUTIKTEPl JKOK
(KYKIpT OpraHUKAIBIK KOCBUTBICTAPBIH HiCl, TUANETHI, (PEHONIBIK HiC KOHE T.0.) MITaMMaapabl
IpiKTeY KYPri3uil.

EH mnepcnexktuBanpl mramMmmaap AJIMaThl TEXHOJOTHSUIBIK YHHBEPCUTETIHAC «AIIBITY
OHIMJIEPIHIH OKY-FhUTIBIMU oOpTaibiFb» 13°C temmeparypama 50 nm 12°C creipa cyciockl 6ap
muMHIp-KoHYCThIK TaHkTepae (LIKT) enmipic xarmailmapblH MOJENbIEY apKbUIBI 3€PTTEINII.
CycnaHblH MapTUACH JaWbIHAANABI, €Ki Oipaed muimuHap-koHYcThIK TaHkke (IIKT) Oipmeit
KeJIeMJIe TONTHIPBULIBL.OHIIPICTIK ChIpa KalHATY ITaMMBIHBIH MoJeHHeTiH Oakpuiay [[KT-ne
eHri3ial,0ip yakpiTTa exinm [IKT-ra 3epTxaHanbiK jkaFaaiiga aablHFaH IITAMBIH JAKbUIBI €T
Bakpuiay xoHe SKCIIEpUMEHTTIK IITaMMHBIH 0acTarKbl JaKbUIAAph! Oip yakeITTa OipbIHFail chI30a
OoifpiHIIa OipJIei ChIpa CYCJIOCHIHAA AaibIHAANABL. bakpliay *KoHE dKCIEPUMEHTTIK TaHKTEP/Ii
TaJJay YIIH ChIHama ay Oip yakbITTa >xyprizinai [3].

HaTu:keliep :koHe 0J1apAbl TAJIIay

TekcepinreH mraMMIapablH KONIIUTITiHAE OlpKaTap OpraHOJENTUKAIBIK aKaysiap OOJIbI:
ojlap AaIIBITBUIFaH Ccyciora (EeHOoNIbl Hemece KYKIpTTi umic Oepzi. Amaiima, 6i3 (eHOIIbIK
KOCBUIBICTAP/IBIH aWTapJIBIKTall MeJIMepiH KYPMaWThIH IITaMMAApAsl TaHma anaslk. Kemeci
KE3EeKTe OCHI IITaMMIap bl OyIaHIaCTBIPHII, YPIAK aly MiHIETI TYpAbl. bygannacTeipy Tek ara-
aHaJap/IbIH €Keyi JIe 6Ce AIMalThIH aJTKOTOJIbMEH MUHUMAJIIBI OPTaia CHPEK Ke31eCETiH THOPHUITI
KIJIOHJIap/Ibl TAHAAYABIH CETICKTUBTI )KYHECIH KONIaHy HOTHIKECIHE KY3€Te achIPbUIIbI. AJIBIHFaH
KJIIOHAAPIbIH Oipl KEHIHT1 )KYMBICTAa KOJIaHBULAB. KITOHHBIH (EHOTHUITIK CUITaTTaMaiapbl OHBIH
THOPUATI IIBIFY TETiH pacTaabl. KIoH KoFapbl TeMIiepaTypara >KoHe OPTaiaFbl MbIC HOHJAPBIHBIH
YKOFaphl JIeHreiine To3IMIUIIK OenriciMeH TYKbIM Kyanassl [4]. COHBIMEH KaTap, MUKPOCKOITHS
Ke3iH/Je KJIOHABIK >Kacylllaliap aTa-aHalblK I[ITAaMM >KacyllajlapblHa KaparaHIa alTapibIKTai
yikeH Oosmel.  Illamacel, 3aHCHI3 OyJdaHAACTBIPY HOTHIKECIHJAE ajblHFaH IITaMMa
XpOMOCOMAIAPABIH KEM JETeHJIE YII €ce KHUBIHTHIFBI 0ap. JKaHa mTaMMHBIH KapUOTHIIIH aTa-
AQHACHIHBIH KapUOTHITEPIMEH CAIBICTBIPFaH Ke3/1e, OYJI IITaMMHBIH THOPHUATI IIBIFY TET1 Typaibl
KOPBITBIHJIBI JKacayFa Ooiajpl, ©WUTKEHI OHBIH aTa-aHACHIHBIH eKeyiHIe [e€ MOIUMOP(THI
Xpomocomaapsl 6ap [5].

Xana mTaMMHBIH OHIIPICTIK ChIHAaKTapbl coTTi ©TTi. Cyper l-me anmemue Oenriii >koHe
keHiHeH KosmaHbutathlH ADO009 mrammbiH koHe 013 amFaH jkaHa J (Jana) mtaMMbIH Yo
temneparypazna: 13, 16 xone 19°C naiinanasplin ameITy Ke3iHAE KOPIHETIH 3KCTPAKTTIH TYCY
KeCTeCiH YChIHBUIIBL. JKaHa MTaMMHBIH CYCJIO SKCTPAKTICIH JKOFaphl TeMIleparypana, sfHu 16
xoHe 19°C Te3ipek >KOAThIHIBIFBI Oalikananel [6]. byn kacuerti LIKT-na cycnoHsl cankslHAATy
KE31HJIe SHEPTHsI IIBIFBIHBIH a3alTy YIIiH naigaranyra 6onaasl. Herisri sxone karitanama (IIKT-
JI€ CBIPAHBIH JKETiTyl, AUALETUIIIIH a3at0bl) allIBITYABIH THIMIUIIT] alllBITKBIHBIH (DU3UOTOTUSITBIK
JKaFJaibIHA YKOHE 3TAHOJIJIBIH JKOFApPhl KOHIICHTPAIUACKH MMaiiia OOJFaH Ke3/¢ allbITy COHBIHJIA
onapabH GIOKyIsus (TYHIBIPY) KaOineTiHe Tikenei OailinmaHbicThl. KeHiHEH KOJNIaHBUIATHIH
3aMaHayH JKOFAPhI THIFBI3BIKTAFbI ChIpa KAWHATY TEXHOJOTHUSIAPHI AIIBITY KE31H]IE alllbITKBIHBIH
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opekeriHe >kaHa Tamanrtap Kosnel. Cyper 2-me ADO009 mneH JambITKbl >KacyliagapbIHBIH
koHueHntpanusicel LIKT-ne ambiTy ke3inae kepcerinred. AmbITKe! J kot monmepae LIKT-ne exeni
KOPIHIM Typ, OYJI oJlapbIH TYHABIPY KaOlIeTiHIH TOMeHereHiH kepcerei [7].
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Cyper 2 - AmbITy Ke3iHe albITKbI xkacyranapbiHbiH [[KT-1arel KOHIIEHTpAIUACH:
a - mramMm ADO009, b — mramm J

Byt KacueT 3TaHOJIBIH KOFaphl KOHIEHTPAIMSCHIH/IA AIIBITKBIHBIH €PTe (IIOKYIISIIHSICHIH
OonmplpMay YIIIH 3aMaHayd >KOFAphl THIFBI3JBIKTAFbl ChIpa KAaWHATY TEXHOJIOTHSIIAPBIH
KOJIaHy/a COTTI KOJTaHBLIYbl MYMKIH.

CoelpaHblH KeJeMli MEH CcakKTay MEp3iMiHIH KYpT WIFAIOBIHBIH Ka3ipri >KargaibIHaa
KOJUTOMATHIK TYPAKTBUIBIK MIHJIET1 K€3€K KYTTIPMEHTIH KKETTLUTIK 00bIT Tabbuta el ChIpaHbIH
KYPaMBbIH/IaFbl 3aTTApbIH KOIIIUTIT KOJUTOMATHI Kyiae O0omanpl. OHBI y3aK cakTay, CalKbIHAATY
HeMece KbI3bIpY Ke3iHae TyHOara TYCETiH KOJUIOMATHI KeHIeHICpAiH (pU3nKa-XUMHUSAIIBIK Tere-
TeHairi Oy3puiaapl. Kapraro, OenmmeKkTepniH MeJIEpiHIH YJIFAIObl, TOTBIFY, IOJHMEPIIEHY,
ajcopOuMs, epiMEMTIH >KOFapbl MOJEKYJAIbIK IMOJU(EHOIAAPIBIH  TY311yl,0€710KTapIbIH
BIIBIPAYHI JKOHE JICHATYpAIUACH! Kypedil. EpiTiHaige KenTereH UIHreH OOJIIeKTepAiH OOoTybl
OHBIH OYJIBIHFBIPJIBIFBIH TYABIpaabl [8]. OHBI TypOUAUMETpIIEp — OVIBIHFBIP OJIICYII apKbLIbI
Tipkeyre Oomanel. JlereHMeH, HEFypJIbIM ce3imTan, aomkoHe 90° Hemece 25° Oypelmra
epITIHAIIEr1 KaphIKTHIH IIAIIbIpayblH aHBIKTAUTHIH HederoMeTpiep OelmeKTepAiH enmeMaepi
MEH KOHIEHTpAIMsUIAPbIHBIH KEH ayKbIMBIHIA KOJAaHbuIaabl. Ockuiaiiia, OYJIBIHFBIPIIBIK Cyaa
UTIHT€H JKapbIK eH OOIIIIEKTEP IiH 63apa OpeKeTTeCyiHIH HOTHXeci 00BN TabbuTaIbl. AGCOMIOTTI
Ta3a CYMBIKTHIK apKbUIbl OTETIH JKApPBIK IIOFBI 1C XKY31HIE ©3repicci3 Kajaabl, JETeHMEH TilTi
abCcoMOTTI Taza CyAblH ©3iHJAe MOJIEKyJalap >KapbIKThIH ©Te KilKeHTail Oosica ma, KeuoOip
OYpBIIITeH manbipayblH Tyabipansl [9]. Hotmwkecinae embip epiTiHaiae HOMAIK OVIIBIHFBIPIIBIK
6onmaiiapl. Erep ynrine KanksiMaibl KaTThl Oeniekrep 0ojica, OHAA YATiHIH ©TeTiH KapbhIKIeH
OpEKeTTeCy HOTHIKECI OJIIIeMiHe, MIMIHIHE KOHEe OONIIeKTepAiH KyYpaMblHa, COH/IAi-aK TYCKEH
JKAPBIKTHIH TOJIKBIH Y3BIHABIFBIHA (TYCiHE) OaitaHbIcThl Oonaabl. ChIpaHBIH OacTamKbl JKOHE
WHIYKIUSIIBIK ~ OVJIBIHFBIPIBIFBIH  3€PTTEY HETI3IHAE CYy3y TMPOIECIHIH TEXHOJOTHUSIIBIK
cUmnaTTaMalapbiH )KOHE OHIMHIH KapaMIbUTBIK Mep3iMiH Ooipkayra 6omas [10].

Cypet 3-te [IKT-ma AD0O09 mTambl MeH aHa IMITaMM KOMETIMEH allbIHFaH, CY31JIMETreH
CBIPAHBIH TYPJIi TEMIIEPATypaaarbl OYJIBIHFBIPIIBIK CHITATTAMAChl KOpceTireH. JKaHa mramMm yIiH
TeMEH OVIIBLIHFBIPIIBIK MoHIepi 16°C TemmnepaTypana 6aifkanapl. ATy TemmneparypacskiH 19°C-
Ka JIeifiiH »KorapbUlaybIMEH OYJIBIHFBIPJIBIK Ta J>KOFapbUIajabl, Oy Iamacel, Ta3 Ty3UIyiHe
OallTaHBICTHI KYWEHIH HEFYPJBIM KAapKBIHIBI apajiacyblHa OailmanbicThl Oonasl. [lporecc
TemrneparypacsiiblH 13°C-Ka feiiiH ToeMeHaeyl Ke3iHae OYIIBIHFbIPIaHybl dKOFaphlIaybl alllbITKbI
JKacyIIajJapblHbIH OeTiHaeri OeImeKTepAiH a3 KapKbIHABI aacopOIUsICHIMEH TYCIHIIpiIe
[11,12].
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Cyper 3 - AbITy Ke3iHZ€E CY31JIMEreH ChIpaHbIH OYJIBIHFBIPJIBIFEL:a - ITaMM AD009,b — mtamm J

KopbITbIHABI

JlereHMeH, ChIpaHbIH HETi3T1 apTHIKIIBUIBIFBl OHBIH TYTHIHYIIBUIBIK KaCHETTEpl - epeKiie
JIOM MEH XOIIl HWiC, OJlapFa Tepic ocep €TETiH 3arTapAblH OoaMaybl. Ochburaifina, jkaHa IITaMM
KOMETIMEH aJbIHFaH ChIPa, KarbIMbI 3(DUPIIiK HOTaJTaphl MEH BaHWIBJIH Hici Oap epekiie JoM-
uici 6osibl. COHBIMEH KaTap KYKIPTTI OPraHUKAJIBIK KOCBUIBICTAP 1C JKY31H/IE KOK OOJIIBI (CypeT-
4). ’Kana mraMM Heri3iHae chipa eHiMI Kypbuiabl. Ocbulaiiiia, TeK KIacCUKaIbIK TeHETHKA MEH
CEeJICKIIUS OICTEPiH KOJIaHA OTHIPHITN, 013 JKaHa Chlpa OHIMI YIIH JXaHA IITaMM IIbIFapy
MoceJieciH mene anabiK. JKYMBICTBIH HETi3r1 MaKcaThlHA KOJI XKETKI3UIAl - op TYp:l LIBIFY Teri
mTaMMIapbiH OapblHIIA KEHEUTUITEH CKPUHHMHT J>KOHE KBI3BIFYIIBUIBIK O€NTiiepiHe Coiikec
KeilinHeH ipikreninai. JKaHa mTaMMabsl KOJJaHy Cblpa KalHATYJIBIH YII HETi3ri MaceneciH -
CYCBIHHBIH TYTHIHYIITBUIBIK KACUETTEPIH, OHIIPICTIH TEXHOJIOTHSIIBIK ITapaMeTPIICPiH JKOHE TaibIH
OHIM/II TYpaKThl CaKTayJbl KaKcapTyasl memyre MyMKiHaik o6epeni. LlltamabiH oMOeOanThIFbI
OWI ambBITKBIMEH CBHIPAHBIH, CHAPJIH OHE KBaCThIH Oacka TYpJIepiH OHAIpyAe KOJIaHyFa
MYMKIHIIK Oep/ii.
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Abstract

This document describes the effect of berry extracts on the fermentation process, sensory parameters,
and the number of viable bacterial cells of lactic acid bacteria in probiotic yogurt.

The document presents the results on the effect of berry extracts of Rubus caesius L. (blackberry)
and Rubus idaeus L. (common raspberry) on the growth and reproduction of probiotic lactic acid bacteria,
specifically Lactobacillus acidophilus 0015k-1 and Lactobacillus delbrueckii subsp. bulgaricus 018k-3, as
well as commercial bacterial sourdough thermophilic Streptococcus viscous (BZ-TV) (StST). Additionally,
the document provides results on the fermentation kinetics and sensory characteristics of the final probiotic
yogurt.

As a result, it was found that the addition of berry water extracts reduces the acidity of milk at the
beginning of fermentation, after which the acidity becomes almost almost equal to that of the control
sample. Fermentation of milk in the control sample (without berry extracts) was observed after 4.5 hours.
Samples with raspberry and blackberry extracts fermented with a difference of 15 and 30 minutes,
respectively.

The addition of berry extracts during the fermentation of the probiotic product was found not to
reduce its sensory qualities. In other words, no deviations in acidity, taste, and consistency of the product
were observed.

When determining the number of viable lactic acid bacteria cells in the final product on the 1st, 7th
and 14th days, it was shown that the addition of berry extracts to the starter culture before fermentation had
a positive effect on the viability of lactic acid bacteria. As a result, abundant growth of probiotic lactic acid
bacteria was determined on the 3rd day of storage, with a cell count of not less than 1*10* CFU.
Determination of CFU titers was carried out in the laboratory «Nurtitest» at the Kazakh Academy of
Nutrition.

Keywords: probiotic yogurt, prebiotic, lactic acid bacteria, blackberry, raspberry.

A complete and balanced diet is the key to the health of a modern person. In this regard, the
growth of the functional food market directly depends on the trend of deteriorating health in the
population. It is known that poor ecology, antibiotic therapy, the use of pesticides, and unhealthy
food lead to an imbalance in the human microbiome. The concept of functional nutrition comes
from the philosophical traditions of the East, where there is no clear distinction between medicines
and nutrition. Probiotics and prebiotics hold a special place in this concept [1,2].

In recent years, there has been an increasing focus among scientists on probiotics and
prebiotics, and the publicity surrounding microbiome research has broadened the public's
understanding of microorganisms. This extends beyond viewing them solely as disease-causing
agents to be avoided, toward a more rational perspective that recognizes the beneficial role of
microorganisms in human health. In line with these advances, public awareness and acceptance of
probiotics and prebiotics continues to expand [3], with probiotic industry growth estimated at 7%
per year and prebiotic growth projected at 12.7% over the next 8 years [4].
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Microorganisms such as Bifidobacterium, Lactobacillus, and other lactic acid-producing
bacteria (LAB), predominantly isolated from fermented milk products and the intestinal
microbiome, are used as probiotics.

Currently, many modern research methods are used, incl. sequencing method that allows to
isolate and characterize a new spectrum of microorganisms used as next-generation probiotics
from the human microbiome. On this basis, various bacteria have been isolated, such as Roseburia
intestinalis, Faecalibacterium prausnitzii, Eubacterium spp., Bacteroides spp. and Akkermansia
muciniphila from the human intestine [5, 6].

In the search for new probiotic candidates, not only the intestinal microbiome is of great
interest, but also the female genitourinary tract, oral cavity, nasopharynx, and skin [7-9]. Also, the
environment, soil, and plants can be sources of isolation of new types of bacteria [10].

When creating functional products with the addition of prebiotics, it is important to
determine which prebiotic is most appropriate for the particular product being developed.
Consideration should be given to the special characteristics of prebiotics, including their
nutritional and technological properties, such as resistance to processing conditions, minimum and
maximum concentrations that lead to the desired effects, and side effects [11].

Currently, there is a narrow range of confirmed prebiotic substances, among which galactans
and fructans (for example, inulin) predominate. Current prebiotics are not always beneficial. The
problem with traditional transport derivatives of prebiotics is that they also promote the growth of
pathogenic bacteria [12] and have different bioavailability depending on the composition of the
intestinal microbiota.

A number of studies have shown the ability to use FOS (fructooligosaccharides) by
pathogenic strains of Escherichia coli [13-17] and various pathogenic streptococci [18, 19].

In an effort to stimulate a wider group of commensal organisms, new prebiotic candidate
compounds have been developed. These include carbohydrate-based substances derived from
plants—the source of traditional prebiotics such as inulin—but may also include substances that
mimic animal-derived substrates (eg, milk oligosaccharides; O-linked glycans found in mucins),
yeast substances and many non-carbohydrate substances, including polyphenols, fatty acids, herbs,
and other micronutrients [20]. Of particular interest are polyphenols and plant sources rich in them.

In this direction, a lot of research has been carried out by foreign scientists. Deisy Hervert-
Hernandez et al. investigated the effects of a phenolic extract from grape pomace on the growth of
Lactobacillus acidophilus. Their main discovery was that the phenolic extract of grape pomace
significantly increased the biomass of L. acidophilus grown in liquid culture media [21]. Scientists
A.P. do Espirito Santo studied the effect of passion fruit peel powder added to milk powder and
whole milk during fermentation on fermentation kinetics, texture and bacterial viability in
probiotic yogurt. [22].

Premalatha Muniandy in his studies determined the effect of green, white and black tea on
lactic acid production, acid formation activity and viability level of Streptococcus thermophilus
and Lactobacillus spp. in yogurt during 3 weeks of storage in the refrigerator [23]. Vendrame, S
etal. (2011) conducted an in vivo study where people were given juice from wild blueberry powder
for 6 weeks, which showed that juice consumption leads to the growth of Bifidobacteria in the
human intestine [24].

A number of studies have also been done related to the antimicrobial properties of berry
polyphenols, and their inhibitory effect on the growth of certain pathogens. In particular,
Puupponen-Pimia et al (2001,2005) investigated the inhibitory properties of berry polyphenols and
organic acids on the growth of intestinal pathogens [25, 26].

In this regard, we faced the task of determining the effect of berry extracts on probiotic
yogurt prepared on the basis of active strains of lactic acid bacteria isolated and selected by us. For
this, a test production of probiotic yogurt with and without addition (control samples) of berry
extracts of Rubus caesius L. (blackberry gray) and Rubus idaeus L. (common raspberry) was
carried out.
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In the experiment, we studied the effect of berry extracts on the milk fermentation process,
the resulting products’ sensory indicators, and on the viability of lactic acid bacteria Lactobacillus
acidophilus 0015k-1, Lactobacillus delbrueckii subsp. bulgaricus 018k-3 and a commercial
bacterial starter culture of thermophilic viscous streptococcus (BZ-TV) (StST) in the final product.
Strains Lactobacillus acidophilus 0015k-1 and Lactobacillus delbrueckii subsp. bulgaricus 018k-
3, with collection numbers B-RKM 0511 and B-RKM-0509, respectively, belong to the authors of
this scientific article and were obtained from the collection of cultures of the Kazakh National
Agrarian Research University.

Materials and methods of research

Objects of study: collection strains of lactic acid bacteria Lactobacillus acidophilus 0015k-
1, Lactobacillus delbrueckii subsp. bulgaricus 018k-3, a bacterial starter culture based on
Streptococcus thermophiles strain, blackberry and raspberry. Strains Lactobacillus acidophilus
0015k-1 and Lactobacillus delbrueckii subsp. bulgaricus 018k-3 have collection numbers B-RKM
0511 and B-RKM-0509, respectively, and were obtained from the culture collection of the Kazakh
National Agrarian Research University. Previously, these LAB strains were isolated by the authors
of a scientific article (Tulemisova Zh.K., Kozhakhmetova Z.A., Kasenova G.T.) from koumiss, a
traditional fermented milk product in the educational and research laboratory "Microbiocyonoses
and design of probiotics™ at the Kazakh National agricultural research university.

Preparation of mother sourdough and fermentation process

The strains Lactobacillus acidophilus 0015k-1 and Lactobacillus delbrueckii subsp.
bulgaricus 018k-3 were grown in MRS medium for 24 hours. Subsequently, 0.5 ml of the culture
was added to test tubes containing 10 ml of milk, and the mixture was placed in a thermostat until
a stable clot formed.
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Figure 1 - Scheme of the mother sourdough preparation: 1 - dry thermophilic streptococcus from freeze-

drying; 2 — liquid starter set from MRS medium; 3 - brisk culture after secondary reseeding in milk; 4 -

organoleptic check of the starter in a glass; 5—check by microscopy; 6 - propagated culture in a flask; 7 -
fermentation of the test probiotic product

!

ik

J &

The mixture was then cooled for 4 hours. Following this, a starter was created based on a
combination of the two aforementioned LAB strains and a commercial bacterial starter culture of
thermophilic viscous Streptococcus (BZ-TV) (StST) in a quantitative ratio of 2% - 2% - 1%,
respectively.

Preparation of plant extracts

The preparation of plant extracts was conducted using the method described by Molan et al.
with some modifications [27]. Berries (blackberries, raspberries) weighing 100 g were mixed with
100 ml of distilled water and ground using a blender (Philips). The resulting solution was
centrifuged (3000 rpm, 15 min), and the plant liquid was then filtered through an ash filter. For
sterilization purposes, the resulting liquid was autoclaved at 121°C and 1 bar for 10 minutes. The
extracts were subsequently stored at -20°C for further use.

Test production and control of the fermentation process of the probiotic product

142



MICROBIOLOGY AND VIROLOGY ISSN 2304-585X Neq (43) 2023 www. imv-journal.kz

The prepared sourdough was used to ferment a probiotic product with and without berry
extracts (control sample). The sourdough was added in the amount of 5% of the volume of milk,
berry extracts 10% each. Next, the finished mixture of milk, starter and extracts was poured into
sterile jars in a laminar box and placed in a thermostat at 37°C for fermentation.

During fermentation, acidity measurements were made for 3 samples using a pH meter.
Measurements were taken at the beginning of fermentation and 3 and 4 hours after the start of
fermentation. In order not to miss the pH -4.60 after 4 hours, measurements were taken more
frequently, every 30 then 15 minutes. Fermentation proceeded until a good curd was formed and
a pH of 4.60. After fermentation, the jars were cooled in the refrigerator.

Organoleptic evaluation

A tasting was conducted to evaluate the sensory characteristics of the products. In this study,
we employed the profile, or descriptor-profile, method (Flavor Profile Method according to ISO
6564) [28]. This method is an organoleptic approach for assessing a set of features (aroma, taste,
texture) using pre-selected descriptive characteristics (descriptors). It involves verbal descriptions
and the quantitative expression of organoleptic features, evaluated on a points scale. Products were
assessed for appearance, color, smell, taste, and texture on a 5-point scale.

Number of viable bacterial cells

To determine the CFU titers, 1 ml of the test product, the control sample, and the samples
containing the plant extract were serially diluted 10-fold in physical solution and after 1 ml of an
aliquot of the dilution was inoculated onto the surface of the MRS plates and incubated at 37°C
for 48 hours. The number of viable bacterial cells was then counted. Cell counts were performed
on the 1st, 7th, 14th days of product storage in the refrigerator.

Results and discussion

Fermentation control and schedule for probiotic products

To monitor the fermentation and the fermentation process of the desired product, acidity was
measured during the entire fermentation of all 3 samples using a pH meter.

According to the data obtained from the control of fermentation, shown in Figure 3, changes
in the pH values from the beginning of milk fermentation to the complete fermentation process for
all three samples are shown. The graph indicates that the addition of plant extracts initially
increases the acidity of milk during fermentation, after which the acidity becomes nearly equal to
that of the control sample. Notably, the control sample completed fermentation in 4.5 hours, while
samples with raspberry and blackberry extracts fermented with a difference of 15 and 30 minutes,
respectively.

Acidity measurements for the resulting product were conducted the day after fermentation,
where the control sample showed a pH value of 4.32, the blackberry sample - 4.28 and the
raspberry sample - 4.22. Additionally, the graph results indicate that the addition of berry extracts
does not significantly affect the acidity of the final product.
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Figure 2 — Kinetic of pH changing during fermentation

Organoleptic evaluation of probiotic products

The organoleptic evaluation of the products was evaluated in terms of appearance, color,

smell, taste and texture on a 5-point scale.

The data obtained from the experiment (Figure 4) showed a positive assessment of the
products for each criterion. The results of the tasting did not reveal critical changes in the
organoleptic characteristics of probiotic products. The control sample was slightly inferior in
consistency and smell of the product to samples with the addition of plant extracts. The highest
score for the best indicator for all the studied criteria was shown by the sample with blackberry.

It is important to note that when adding extracts during the fermentation of the probiotic
product, no deviations in the acidity, taste and consistency of the product were detected. At the
same time, the extract was distributed evenly throughout the entire structure of the product, there

was no whey separation, and the clot was even and strong.

The Sensory Profile
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Figure 3 - Sensory profile of probiotic products
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Number of viable bacterial cells

An important indicator of the evaluation of functional probiotic products is the number of
viable cells in the final product consumed.

In this regard, we were faced with the task of determining the level of survival of probiotic
starter cultures in the probiotic yogurt obtained during the test production, as a result of which
positive indicators were obtained.

From the presented data (Figure 4) it is shown that the addition of berry extracts to the starter
culture before fermentation has a positive effect on the viability of lactic acid bacteria. The
obtained probiotic yoghurts with plant extract showed high titers of bacteria compared to the
control sample. At the beginning of the determination of the survival of starter probiotic cultures,
results were obtained with a difference of 65 and 70 CFU, on day 7 for 17 and 12 CFU, on day 14
30 and 25 CFU.

In order to confirm our results, the determination of CFU titers in the studied products was
additionally carried out in the Nurtitest laboratory at the Kazakh Academy of Nutrition. Based on
the results of the obtained data, it was found that abundant growth was observed in all three studied
products on the 3rd day of storage, at least 1 * 10'° CFU.

_ Enumeration of LAB in probiotic products by plate count
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Control With blackberry extract With raspberry extract

Figure 4 -Colony-forming units of LAB in probiotic products

Conclusion

In conclusion, the data obtained indicate that the addition of blackberry and raspberry
extracts in the production of probiotic yogurt, based on LAB starter cultures, did not significantly
affect the fermentation kinetics. Sensory indicators were positive for all samples, and the addition
of plant extracts resulted in the most improved consistency and elasticity of the clot. All three types
of yogurt obtained maintained high levels of lactic acid bacteria when stored in the refrigerator.

In our opinion, the obtained indicators could represent desirable product characteristic that
benefits the health of the consumer and ensures the desire of producers to improve the organoleptic
properties, protect the safety and effectiveness of functional products. It could also lead to a change
from the traditional methods of dairy products production, rationalization of the composition, and
the development of hybrid dairy products that include non-dairy ingredients.

In this regard, we believe that our research work addresses an urgent task for the dairy
industry. It should be noted that further studies are needed to investigate the viability of starter
lactic acid bacteria in yogurt after modeling gastrointestinal digestion. Additionally, consideration
should be given to other methods of obtaining berry extracts, particularly in the form of a powder,
which would facilitate their storage and use.
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’KAJEK ChIF BIHIBLIAPBIHBIH IPOBUOTUKAJBIK MOTYPTTBIH, ALY
IMPOLHECIHE, CEHCOPJIBIK IIAPAMETPJIEPIHE )KOHE CYTKbBIIIKbIJIIbI
BAKTEPUAJIAPABIH OMIPIHIEH BAKTEPUSAJIBIK ) KACYIIAJIAP
CAHBIHA 9CEPI

Tyiin

byn makanana Rubus caesius L. (cyp kapaxuzek) xoHe Rubus idaeus L. (kapamaiibiM TaHKypaii)
KHUIEK CHIFBIHABUIapEIHEIH Lactobacillus acidophilus 0015k-1 sxeme Lactobacillus delbrueckii subsp
bulgaricus 018k cyr KeIIKBUIABI GaKTEpPHSUIAPBIHBIH ©Cyl MeH KeOeroiHe ocepi, IMpOOHOTHKAIIBIK
HOTYpTTBIH ally KHHETHKAachl XOHE CEHCODPJBIK MapaMeTrpiepi cumartainfaH. 3epTrey OapbIChIHIA
KbIMBI3JaH OediHin ansiarad Lactobacillus acidophilus 0015k-1, Lactobacillus delbrueckii subsp
bulgaricus 018k-3 mrammmapsr xoHe Streptococcus thermophiles koMMepIMaBIK IITaMMBI MEH
KUIEKTEPAiH CHIFBIHABICH KOCBUIBIN MPOOMOTHKAJIBIK HOTYpT ChlHaMa TYpiHAE HaiblHIanibl. bakeiiay
YJITici peTiHze )KUAEK CHIFBIHABIIAPBIHCHI3 HOTYPT HaibIHAAIIbL.

JKunek CHIFBIHIBUIAPBI  ally TPOIECIHIH aJFallKbl CATBICBIHAA CYTTIH  KBIIIKBULIBIFBIH
TOMEHJICTETIHI, all 3 caFraTTaH KEHiH CYTTIH KbIIIKbUIABUIBIFBI OaKblIay YiriciMeH Oipjael 00JIaThIHIBIFBI
aHBIKTANABI. bakpliay yAriciHig anry yakbITel 4,5 caraTThl Kypaabl. CoJaH KeifiH TaHKypail MeH KapakuaeK
KOCBUIFaH YJITiiep colikecinie 15 xone 30 MUHYTTBIK albIpMalIbUTBIKIIEH allbIThUIIbL. [IpoOnoTHKAIBIK
OHIM/II allIBITY KE3iHE ChIFBIHABLIAPABI KOCY OHIMHIH KBIIIKBUIIBIFbIHA, TOMIHE KOHE KOHCUCTCHIUSICHIHA
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ocep erkeH XOK. CHIFBIHOB OHIMHIH OYKUI KYpBUIBIMBIHA OIpKENKi Tapajabl, CapbICyIblH OeiiHyi
OoMaTel, O1pKENKi )KoHE KOO YABITHIIIBL.

CoHpaii-aK ChIHAK Ke31He CYT KhIIKBIIAB OaKTEePHUIAPBIHBIH OMIipIIEH JKacyIaIapbIHBIH CaHBI 1-
1, 7-mri, 14-uni xyHi aHbIKTanael. Hotmkenep dhepMeHTaIys allbIH/a alllbITKBl OaKTepHUsIapbIiHA JKHUJICK
CBHIFBIHJIBIIAPBIH KOCY CYT KBIIIKBUIABI OaKTepUsIAphIHBIH OMipIICHIITiHE OH oCep €TKECHIH KOPCETTI.
ConbiMeH KaTap, Kazak TaramTaHy akageMmusiCbiHbIH Nutritest 3eprxanaceiiga KTB TUTpi aHBIKTaJIIBL.
Hotwxkenep mpoOMOTHKANBIK WOTYPTTAap YINiH cakTayablH 3-mi kyHi keminge 1*¥10%° KTB mon ecim
KOpCETTi.

KinTri ce3aep: Kapaxxunek, TaHKypai, MpeOMOTUKTEDP, CYT KBIIITKBUIB OaKTepHsIIAPHI.

MPHTH: 34.27.19
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BJIMAHUE ATI'OJHBIX OKCTPAKTOB HA ITPOHECC ®PEPMEHTALIUU,
CEHCOPHBIE ITIOKA3ATEJIM 1 KOJIMYECTBO )KU3HECIIOCOBHBIX
BAKTEPHUAJIBHBIX KJIETOK MOJIOYHOKHCJIBIX BAKTEPUAM
MPOBUOTUYECKOI'O MOT'YPTA

doi:10.53729/MV-AS.2023.04.08

AHHOTANUA

B crarhe onmchIBacTCS BIMSHHE STOTHBIX 3KCTPakToB Rubus caesius L. (exxeBuka cuzas) u Rubus
idaeus L. (MamuHa OOBIKHOBEHHAs) Ha POCT M Pa3MHOXKEHHME MOJIOYHOKHCIBIX Oakrepmii Lactobacillus
acidophilus 0015k-1 u Lactobacillus delbrueckii subsp. bulgaricus 018k-3, kunetuky ¢epmenTanuu u
CCHCOPHBIE MOKAa3aTe N MPOOHMOTHIECKOT0 Horypra.

B xone wccnemoBanms OBUIO CHOENaHO TECTOBOE IPOM3BOACTBO MPOOHMOTHYECKOrO HOrypTa C
Lactobacillus acidophilus 0015k-1, Lactobacillus delbrueckii subsp. bulgaricus 018k-3, BeigeneHHbIX U3
KyMbICa, U KOMMepueckoro mmramma Streptococcus thermophiles ¢ mo0GaBieHueM SITOTHBIX BOIHBIX
AKCTPAKTOB U 0e3 (KOHTPOIBHBINA 00paselr).

BrisicHMIIOCH, YTO 100ABJICHHE IKCTPAKTOB CHHYKAET KUCIIOTHOCTh MOJIOKA B Havajle 3aKBallliBaHUs,
a crycTs 3 Yaca KHCIOTHOCTh MPAKTHYECKU BEIPABHUBAETCS C KOHTPOIBHBIM 00pa3iioM. Bpems 3akBacku
KOHTPOJILHOTO 00pasiia cocTaBmwiIo 4,5 daca. 3aTeM 3aKBACHIIUCH 00pasmbl ¢ MAIMHON U C €KEBHKOH C
pasuurei B 15 u 30 MHHYT, COOTBETCTBEHHO.

JlobGaBieHre 3KCTPAaKTOB BO BpPEMs CKBAIIMBAHUS MPOOMOTHYECKOTO MPOIYKTa HE TOBIHUSIIO Ha
KHCIIOTHOCTh, BKYC M KOHCHUCTEHIIMIO TPOJYKTAa. DKCTPaKT OBUI paclpesielieH paBHOMEPHO MO Bcei
CTPYKTYpE MPOyKTa, OTJICICHUS CBIBOPOTKH HE OBLIO, CTYCTOK 00Pa30BajICs POBHBIN M KPEIIKUH.

Takxke B XOme TecTa OIPENEsIOCh KOJIUYECTBO >KU3HECIOCOOHBIX KIIETOK MOJOYHOKHCIIBIX
Oaktepuit B 1-if, 7-i1, 14-it muu. Pesynprarhl mokazamw, 4TO M00aBICHHE STOMHBIX JIKCTPAKTOB B
3aKBACOYHYIO KYJIBTYPY J0 (PEPMEHTALIMU BIHUSET MOJIOKHUTEIHHO Ha )KU3HECIIOCOOHOCTh MOJIOYHOKHUCITBIX
Oaktepuii. JJomomHurensHo ObUTO crenano onpenenenue THTpoB KOE B mabopatopuun «HyTtpurect» npu
Kazaxckoii Akanmemun nutaHus. Pe3ynbraT mokaszaid OOWJIBHBIN POCT MOJOYHOKHCIBIX OaKTepuil s
pOOMOTHYECKUX HOTypTOB Ha 3 JieHb XxpaneHus, He menee 1%10° KOE.

KuroueBble ¢j10Ba: €XeBUKA, MAJIMHA, TPEONOTHKH, MOJIOYHOKHCITBIE OaKTepHH.

[TonHOIIEHHOE W COAlaHCUPOBAHUE MUTAHUE SBIICTCS 3AJI0TOM 370POBbS COBPEMEHHOTO
yenoBeka. PocT pbiHKa MpoIyKTOB () YHKIIMOHAILHOTO MUTAHUS HATIPSMYIO 3aBUCHUT OT T€HACHIIUN
YXYALIEHUST 3[0pOBbs HaceneHus. [lmoxasi SKOJOrws, aHTHOMOTUKOTEPAIHs, WCIOJIb30BaHUE
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NECTULUIOB B CEIBCKOM XO3SHCTBE, HE30pOBas MHUIIa BEAyT K aucOanmaHcy MHKpoOnoma
yenoBeka. KoHuenuus (pyHKIHOHAIBHOTO MHUTAHUSA MPOMCXOAUT OT (PpuimocoCKuxX Tpaauuui
BocToka, B KOTOPBIX HET SIBHOTO Pa3In4Ms MEXIY JIeKapcTBaMu M nmuTanueM. Ocoboe MecTo B
ATOM KOHIEMIUY 3aHUMAIOT TPOOUOTHKH U TpeOnoTHKH [1, 2].

[IpoOuoTtukam u nMpedUOTHKAaM B MOCIEAHHUE TOABI yaenseTcs Bce Ooubllie BHUMaHUS. B
COOTBETCTBUU C 3TUMHU JOCTHKEHHUSIMH OOIIECTBEHHOE CO3HAHWE U MPU3HAHHUE MPOOMOTHUKOB U
NpeOMOTHUKOB TPONOJDKAET paclMpAThCs [3], TpuU 3TOM pOCT HHAYCTPUH HPOOHOTHKOB
orieHuBaeTcs B 7% B roj, a mpeOMOTHYECKUN POCT MPOrHO3UpYyeTcs Ha ypoBHE 12,7% B TeueHue
nociaeaHux 8 ner [4].

Tpaguuuonno Bifidobacterium, Lactobacillus u npyrue OGakTepuu, HpoayHHPYIOLIHE
MOJIOYHYIO KHCJIOTY, IPEUMYIIECTBEHHO BBIJCICHHBIE U3 KHCIOMOJIOYHBIX TPOJIYKTOB U
(dhekaIbHOTr0 MUKPOOHOMA UCTIOJIB3YIOTCS B KAUECTBE TPOOHOTHKOB.

CekBeHUPOBAaHHE U COBPEMEHHBIE METObl KYJIHTHUBUPOBAHUS MO3BOJMIM BBIACTUTH U
0XapaKTepU30BaTh HOBBIN CIIEKTP MUKPOOPTaHU3MOB U3 MUKpOOHOMa YeloBeKa, KOTOPbIE MOT'YT
OBITh MPOOMOTHMKAMKM HOBOTO TMOKoJeHUs. Hanpumep, takue kak Roseburia intestinalis,
Faecalibacterium prausnitzii, Eubacterium spp., Bacteroides spp. u Akkermansia muciniphila,
OBLIY BBIJCIICHBI U3 KUIIICUHHKA YeioBeka [5,0].

B noucke HOBBIX KaHIUAATOB - HCTOYHUKOB TPOOHOTUKOB OOJIBIIION HHTEPEC MPEICTABISET
HE TOJIBKO MUKPOOMOM KHIIEYHHKA YEIOBEKa, HO U KEHCKUH MOUYEIIOJIOBOM TPAKT, MOJIOCTh PTa,
HOCOTJIOTKA M KoXKa [ 7-9]. Taxke HCTOYHUKAMH BBIJICJICHUSI HOBBIX BHIOB OaKTEpUi MOTYT OBITh
OKpYyKarollas Hac cpena, noysa u pactenus [10].

[Ipu co3manuu (QyHKIIMOHATBHBIX MPOAYKTOB C J00aBlieHHEM NPEOMOTUKOB BaKHO
ONpeNeNIUTh, KaKoi MNpeOUOTHUK sBISETCS Haubojee MOAXOIAIUM s KOHKPETHOTO
paszpabarbiBaemMoro mnpoaykra. CreayeT NpPUHATH BO BHHMMAaHHE OCOObIE XapaKTEePUCTHUKH
NpeOMOTHUKOB, B TOM YHCJIE HMX MUTATEIbHBIE W TEXHOJOTWYECKHE CBOMCTBA, TaKHe Kak
YCTOMYMBOCTh K YCJIOBHSIM OOpaOOTKM, MHHHMAJIbHBIE M MaKCHMaJlbHble KOHIICHTpAIUH,
MO3BOJISIOIINE TOCTUYD KelaeMbIX 3P (PEeKToB, ¢ yueToM nodoyHoro aercTus [11].

B nacrosimiee Bpems cyliecTByeT y3KHil Kpyr MOATBEPKIACHHBIX MPEONOTHUYECKUX BEILIECTB,
Cpeau KOTOPhIX peo0IafatoT rajlakTalbl U GpyKTaHsl (Hanpumep, nHyauH). CyliecTByromue Ha
ceroAHss MpeOMOTHMKM HE BCerga MpUHOCAT Toip3y. IIpobnema ¢ TpaauLMOHHBIMU
TPAHCHOPTHBIMH TPOU3BOAHBIMH TNPEOMOTUKOB 3aKJIIOYaeTcsi B TOM, 4YTO OHH TaKXKe
CIOCOOCTBYIOT POCTY MATOTEHHBIX Oaktepuid [12] u 006manarT pa3nuyHON OMOAOCTYITHOCTHIO B
3aBHCHUMOCTH OT COCTaBa KUIIEYHOW MHUKPOOUOTBHI.

B pane HUCCIIEIOBAaHUI IIOKa3aHa CIIOCOOHOCTH HUCHOJIL30BAHUS dOC
(bpykToomurocaxapupl) maroreHHbIMU IntamMmamu Escherichia coli [13-17] u pasnuunbiME
MaTOr€HHBIMU BUJAMH CTPENTOKOKKOB [18,19].

CrpemieHHe CTUMYIHPOBaTh 0Oojee MIMPOKYI0 TPYHIY KOMMEHCAJIbHBIX OpPraHHM3MOB
MO3BOJIUJIO pa3paboTaTh HOBBIE MPEOMOTHYECKHE COeMUHEHHS-KaHAuAaTel. OHU BKJIIOYAIOT B
ceOs1 BellecTBa Ha OCHOBE YIJIEBOJIOB, MTOJYYEHHbIE U3 PACTEHUN — MCTOYHUKOB TPATUIIMOHHBIX
npeOMOTUKOB, TAKMX KaK HMHYJIHWH, — HO MOTYT TakXKe€ BKIJIIOYaTh BELIECTBA, UMHUTHPYIOIINE
cyOCTpaThl >KHBOTHOTO NIPOHMCXOXACHUS (HAIpUMEp, OJIMrocaxapuisl Moiioka; O-CBs3aHHBIC
[JIMKaHbI, COJIEprKallie B MYIIMHAX ), IPOKKEBbIE BEIIECTBA U MHOTHE HEYIJIEBO/IHbIE BEIIECTRA,
BKJII0Yass TOJIH(EHOIIBI, KUPHbIE KUCIOTHI, TPaBbl U JApyrue MukposneMeHTsl [20]. OcoOsrii
MHTEPEC 3aHUMAIOT NMOJU(EHOIIbI U PaCTUTEIbHbIE UCTOYHUKH, OOTaThle UMHU.

OueHb MHOTO HCCIICIOBAaHHM CHENaHO 3apyOeKHBIMU YYEHBIMH B 3TOH obOmactu. Deisy
Hervert-Herndndez u np. uccienosanu BiausiHUE (PEHOIBHOTO SKCTPAKTa BUHOTPAJIHBIX BBKMMOK
Ha poct Lactobacillus acidophilus. OcHOBHBIM OTKpBITHEM OBUIO TO, YTO (DEHOIBHBINA IKCTPAKT
BUHOTPAJHBIX BBUKMMOK BBI3BA 3HAUWTEIbHOE yBenuueHue Owmomaccer L. acidophilus,
BBIPAIICHHOTO B KUAKHX KylIbTypanbHbIX cpemax [21]. A.P. do Espirito Santo mposenu
UCCJIEIOBaHKE, IJie OHU JT0OABIISIIM MOPOILIOK KOXKYPhl MapaKkyiiil B CyX0O€ U LIETbHOE MOJIOKO BO
BpeMsl CKBalllMBaHUS, W3ydalW BIUSHUEC Ha KHUHETUKY (EpMEHTAlUU, TEKCTypy U
YKU3HECTIOCOOHOCTh OaKkTepuii B mpodnoTruieckom iorypre [22]. Premalatha Muniandy uszyuwnnm
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BIIUSTHUE 3€JIeHOro, OeJoro W YepHOro COPTOB 4as Ha IPOU3BOJCTBO MOJOYHOW KHCIIOTHI,
KHCJI0TO00pa3oBaHue M KU3HECTocoOHOCTh Streptococcus thermophilus u Lactobacillus spp. B
forypre Bo BpeMs 3-HelelbHOro XpaHeHus B xonoawiabHuke [23]. Vendrame, S u ap. (2011)
npoBesu IN VIVO McclienoBaHue, Iie JIOIIM JAaBald MUTh COK M3 MOPOIIKA JTUKOW YCPHHUKH B
Te4YeHHe 6 HeJelb. Pe3ynbrar uccieoBanus MoKasas, 4To MOTPedIeHuEe COKa IPUBOTUT K POCTY
Bifidobacteria B kumeunuke yemosexa[24].

Taxxe ObUT MPOBEACH Psi UCCICNOBAHUM, CBSI3aHHBIX C aHTUMUKPOOHBIMH CBOHCTBaAMH
ATOJIHBIX MOJU(EHOJOB, U UX MHTUOMPYIOIIUM ACHCTBHEM Ha POCT HEKOTOPHIX MaToreHoB. B
yacTHOCTH, Puupponen-Pimia u Jap. wuccieaoBaal HMHIHOUPYIOIIME CBOWCTBA  STOTHBIX
MoTM(EHOJIOB U OPTAaHUYECKUX KUCIOT Ha POCT KUIIECYHBIX TATOTEHOB [25, 26].

B »TOoM wmccnemoBaHuu OBUTO TPOBEICHO TECTOBOE MPOU3BOICTBO MPOOUOTHYECKOTO
forypra ¢ 100aBJIeHHEM STOAHBIX 3KCTpakToB RUbUS caesius L. (exxeBuka cusast) u Rubus idaeus
L. (ManuHa OOBIKHOBEHHAs1), U 0e3 100aBIeHUsI - KOHTPOIJbHBIE 00pa3mbl. M3ydeHo BiusiHEE
ATOJIHBIX HPKCTPAKTOB Ha Mpolecc (pepMeHTaI[Ml, CEHCOPHBIE MOKA3aTeIN U KU3HECIIOCOOHOCTh
moJjouHokucibix Oakrepuii Lactobacillus acidophilus 0015k-1, Lactobacillus delbrueckii subsp.
bulgaricus 018k-3, Streptococcus thermophiles (koMMepueckuii mramMm).

MaTtepuanbl M1 MeTOABI HCCJIEOBAHUS

OObBeKTHl HCClIeIOBaHMS: eKeBHKa, ManuHa, Lactobacillus acidophilus 0015k-1,
Lactobacillus delbrueckii subsp. bulgaricus 018k-3, Streptococcus thermophiles (koMmmepueckuit
mrramm). Lactobacillus acidophilus 0015k-1 u Lactobacillus delbrueckii subsp. bulgaricus 018k-
3, komnekuuoHnHbie HoMepa B-RKM 0511 u B-RKM-0509, cooTBeTCcTBEHHO, OBLITN TIOTYYEHBI U3
KOJUTEKIIUU KyIbTyp Ka3axckoro HallMOHAIBHOTO arpapHOTo HCCIIEI0BATEILCKOTO YHUBEPCUTETA.
Panee MKb Obun BbII€TICHBI U3 KyMBICA, TPAIUITMOHHOTO KHCIIOMOJIOYHOTO HAITUTKA B y4eOHO—
HAy4YHO-UCCIIeIOBaTeNIbcko  abopartopun  «MUKPOOUOIIMOHO30B ¥ KOHCTPYHMPOBaHUE
poOMOTHKOBY Npu KazaxckoMm HalMOHaIbHOM arpapHOM HCCIIE0BaTEIbCKOM YHUBEPCUTETE.

[IpuroroBieHne MaTOYHOM 3aKBAaCKHU U Mpolecc hepMeHTaIHH.

[Irammer Lactobacillus acidophilus 0015k-1 u Lactobacillus delbrueckii subsp. bulgaricus
018k-3 BeipamuBanick B MRS cpezne B Tedenue 24 gacos, ganee 0,5 M BHOCHIU B IPOOHPKH C
MoJIOKOM (10 MJT) U CTaBHJIM B TEPMOCTAT 10 MOSIBICHUS CTAOUIILHOTO CTYCTKa, Jlajiee OXJIaXKaalln
B TeueHHeE 4 4acoB. 3aTeM Jieaiy roOTOBYIO 3aKBacKy M3 2 mraMMoB u Streptococcus thermophiles
(KOMMepUYecKHil TaMM), B KOJTMYECTBEHHOM cooTHOIIeHUU 2%—2%—1%, COOTBETCTBEHHO.

| 57

F B

Pucynok 1- Cxema npuroToBieHHs MAaTOUYHON 3aKBACKH: 1- CyXoil TepMOQUIBHBIN CTPENTOKOKK M3
CyOIMMAaIMOHHOM CYIIKH; 2 — XUAKUI 3aKBacouHbI HaOop u3 MRS cpensl; 3— o)kHBJICHHAs KYJIbTypa
II0cjIe BTOPOI'o NepeceBa Ha MOJIOKE; 4 — opraHojienTHyecKas IpoBepKa 3aKBAaCKH B CTAKaHUYMKE; S—
NpOBEepKa MUKPOCKOIIMPOBAaHUEM; 6 — pa3MHOXKEHHAs KyJIbTypa B Koj0e; 7 — 3aKBalllBaHUE TECTOBOIO
MPOOUOTHIECKOTO IMPOIYKTa
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[IpuroToBneHue pacTUTENBHBIX YKCTPAKTOB

MeToauka MPUTOTOBIEHUS! PACTUTENBHBIX IKCTPAKTOB. PacTuTENbHBIE AKCTPAKTHI OBLIN
INPUTOTOBIIEHBI 1O MeToauke Molan u np. ¢ HeKoTopbIMU H3MeHeHusIMH [27]. Heouurienusle
BOJHBIE IKCTPAKTHI sAron (ekeBukH, ManuHbl) B3BemuBaau (100 r), cmemmBamm co 100 mu
JTUCTHILTMPOBAHHOM BOJIBI U M3MeNbYalu ¢ momortbio osenaepa (Philips). [TomydenHslil pacTBop
nentpudyrupoaiau (3000 06, 15 MuH), 3aTeM paCTUTEITBHYIO KHUIAKOCTh (DUILTPOBAIM UYEpe3
30J1bHBIN GuIbTp. s cTepuimzanum SKCTpakThl aBTokIaBupoBanu rnpu 121°C mpu 1 BAP B
teueHue 10 MunyT. BosiHbBIE SKCTpaKThI pacTeHuit Xxpanwmm npu -20 © C 115 nanpHen et paboThl.

TectoBoe MPoU3BOACTBO M KOHTPOJIb MPOILECCa CKBAILIMBAHUS TPOOMOTUYECKOTO MPOIAYKTa

[IpuroToBneHHyI0 3aKBacKy HWCIONB30BAIA JUIsI 3aKBAIIMBAHUS MPOOMOTHUECKOTO
MPOJIYKTA C STOAHBIMH DKCTpaKTaMHu M 06€3 HUX (KOHTPOJBHBINM oOpaselr). 3aKkBaCKy BHOCHIIM B
KomuecTBe 5% OoT o0bemMa MOJIOKA, SITOHBIE IKCTPAKTHI - o 10 %. [lanee roToByto cMech 3
MOJIOKA, 3aKBACKU M SKCTPAKTOB Pa3iMBAId B CTEpPUJIbHbIE 0AaHOYKHM B JIAMUHApHOM OOKce U
craBumu B Tepmoctar npu +37°C. B Teuenme (epMeHTaMU OBUIM CHETAHBI H3MEPEHHUS
KHCJIOTHOCTH 1 3-X 00pa31ioB ¢ moMoIibio pH MeTpa B Hauane Tecta, 4yepe3 4 yaca rmociie Havyasa
ckBammBaHus. Ilocne usmepennpH npoBonunu wame, kaxasie 30, 3aTeM Kaxaele 15 MUHYT.
depmeHTaIus npoxoauiaa 10 odpazoanus xoporiiero cryctka u pH 4,60. Ilocne depmenTtanun
0aHOYKHU OXJTKIANIN B XOJIOJUIBHHKE.

OpranonenTuyeckasl OleHKa

Jlisl OLIEHKU CEHCOPHBIX MOKa3aTesell MpoJyKTOB Oblia MpoBeneHa Jerycranus. B aToi
pabote wucmoab30Bayics MPOGUIBHBIN, aeckpunTopHO-npodunsHbii, meton (Flavour Profile
Method mo ISO 6564) [28], opraHonenNTHYECKUNA METOJ| OIEHKHA COBOKYIMHOCTH IMPHU3HAKOB-
CBOMCTB (apomara, BKyca, KOHCHCTEHIIMH) C HCIOJIb30BaHUEM NPEIBAPUTEIHLHO BBIOPAHHBIX
ONMCATEIbHBIX XapAKTEPUCTUK-IECKPUIITOPOB. MeToa mozpa3yMeBaeT CIOBECHOE ONMUCAHHUE U
KOJIMYECTBEHHOE BBbIpAXECHHE OpPraHOJENTHYECKUX TMPU3HAKOB, OIICHMBAEMbIX B Oaiax.
[IpoayKThl OlEHUBANIKCH 1O BHEIIHEMY BHUAY, I[BETY, 3amaxy, BKYCY M KOHCUCTCHIIMH IO 5-
OayIbHOM HIKaJIe.

KonnyecTBo XU3HECTTOCOOHBIX OaKTEPHATBHBIX KIETOK

Hns onpenenenus tutpoB KOE 1 Ma TecToBOro mpoaykTra, KOHTPOJBHBIA oOpasen u
00pa3ipl, COAep)Kallhe PACTUTENbHBIM 3KCTPaKT, MOCIEA0BaTeabHO pa3Bomwid B 10 pa3 B
¢buznyecKoM pacTBOpe M Mmociie 1 MJ aduKBOTHI pa3BelleHUs MHOKYJIUPOBAIM HAa TOBEPXHOCTh
yamek [lerpu ¢ nutatensHOU cpenoit MRS u unky6upoBanu npu +37°C B TeueHue 48 4acos.
3areM MOJICYUTHIBATN KOJWYECTBO )KM3HECTIOCOOHBIX OaKkTepHalbHBIX KieToK. [loncyer kieTok
IIPOBOAMIIN YEPE3 ACHb, HEAEIIO U ABE HEJIENH 110CJIE XPAaHEHUS IPOAYKTa B XOJIOJWIbHUKE.

Pe3yabTaThl U 00Cy:KIeHUE

KonTtpoisb pepmenTanmu u rpaduk CKBaIIMBaHUS MPOOUOTHYECKUX MPOTYKTOB

B teuenue depmeHTanuu OBUTM CHETaHBl HW3MEPEHUS KHUCIOTHOCTH 3-X 00pasioB ¢
nomombio pH merpa. I'paduk dhepmenTanuu nmokasbiBaeT U3MeHeHHE 3HaueHus pH ot Havana
3aKBaIlIMBaHU JIO0 TIOJHOTO CKBALIMBAHMUA NPOAYKTOB (pucyHOK 2). [TokazaHo, uro nobaBiieHue
9KCTPAKTOB CHUXKAET KHUCJIOTHOCTh MOJOKa B Hayalle 3aKBallMBaHUS, Jajiee KUCIOTHOCTh
MPAKTUYECKH BBIPABHUBACTCS C KOHTPOJIBHBIM 00pa3moM. IlepBbIM 3akBacmiiCs KOHTPOJIBHBIN
obpaserr - 3a 4,5 vaca, gaynee — oOpasibl ¢ MaJTUHON U €KEBUKOH, ¢ pazHulen B 15 u 30 MuHyT,
COOTBETCTBEHHO. B mepBbIil IeHb MOCIe 3aKBaIIMBaHUs KOHTPOJIbHBINA o0pazer mokaszan pH 4,32,
MPOIYKT C eXeBuko — 4,28, ¢ manuHOW — 4,22. YCTaHOBIEHO, YTO M00aBJICHUE STOTHBIX
HKCTPAKTOB HE3HAYUTEJIHHO BIUSAET HAa KUCIOTHOCTh MPOYKTA.
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I'padux ckBammmBaHus
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e K OHTPOJIBHBIN 00paser 6,23 51 4,74 4,6 4,32

=== C 5KCTPAKTOM €XCBHKH 5,84 5,04 4,75 4,64 4,62 4,61 4,28
C 9KCTPAKTOM MaJHHbI 5,96 5,02 4,68 4,62 4,59 4,22

Pucynok 2—- I'padmk uzmenenust pH Bo Bpemst (hepMeHTaITUH

OpranonenTuyeckas oleHKa MPOOMOTUYECKHUX MTPOTYTOB

[IpoayKThl OIIEHUBATUCH IO BHEUTHEMY BUY, IIBETY, 3al1axy, BKYCYy U KOHCUCTEHIUH 110 5-
OayutbHOM miKane. Ha pucyHke 3 mpencTaBlIeHBl CpEIHHE OICHKU MPOIYKTOB IO KaXKIOMY
KpUTEPHUIO. Pe3ynbTaThl IeryCTalliy He BBISIBUIM KPUTHYECKUX U3MEHEHUH B OPraHOJIENTHIECKIX
MOKa3aTesiX MpoOMOTHYECKUX MPOAYKTOB. KOHTponbHBIM 00pa3eln] He3HAUUTEIbHO yCTymal B
OIIEHKAaX KOHCHUCTEHLIUU U 3amaxe MpoayKToB. [IpoyKT ¢ eXeBUKOM MOKa3al HEMHOTO JIydllee
pe3ynbTaThl MO CpPaBHEHUIO TPOAYKTOM € ManuHOW. JoOaBieHHME OSKCTPAaKTOB BO BpeMs
CKBAIlIMBaHUsI MPOOMOTUYECKOTO MPOAYKTA HE BBISIBIIIO OTKJIOHEHUW B KHCIOTHOCTH, BKYCE U
KOHCUCTEHIIMM TPOAYKTA. DKCTPAKThl ObUIM pacHpelesieHbl PaBHOMEPHO MO BCEHMl CTPYKType
MPOYKTA, OTJEICHUS CHBIBOPOTKHU HE OBLIO, CTYCTOK POBHBIN U KPETKUH.

CeHCOprIe nmoras3artejiu
KonTnoabHslii oOpnaszenn

C 3KCTDAKTOM €XKEBUKHU C 3KCTDAKTOM MajHUHbI
Brenrauii Bu
5

N

N

Koncucrenmus IlBer

Bkyc 3amax

Pucynok 3 — CencopHblii mpo¢uiib IPOOMOTHYECKUX MMPOAYKTOB

KonmnuecTBo xu3HECIIOCOOHBIX 0aKTEPHUATTBHBIX KIETOK

BaxxubiM moka3zaTeneM OIeHKH (PYHKIMOHAIBHBIX MPOOUOTHUECKUX MPOAYKTOB SIBIISICTCS
KOJIMYECTBO KU3HECTIOCOOHBIX KIIETOK B TIOTPEOJIIEMOM KOHEYHOM TPOTYKTE.

B cBs3u ¢ oTMM mepen HamMH CTOsUIa 3ajaya ONPENSIUTh YPOBEHb MPUIKUBAEMOCTU
NPOOMOTHYECKMX 3aKBAaCOK B IMPOOMOTHYECKOM HOTypTe, MOJYy4YEeHHOM IIPH OIBITHOM
MIPOU3BOJICTBE, B PE3YJIbTATE YEr0 OBLIN MOTYYCHBI TOJIOKUTEIbHBIE TTOKA3aTEIH.
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W3 npencraBieHHBIX TaHHBIX (PUCYHOK 4) BHJIHO, YTO JOOABICHHE ATOJHBIX SKCTPAKTOB B
3aKBacKy mnepen (pepMeHTaIeil moJ0KUTENbHO BIUSIET Ha KU3HECTIOCOOHOCTh MOJIOYHOKHCIIBIX
Oaxrepuii. [lomyueHHble MPOOMOTHYECKHE HOTYPTHI C PACTUTEIBHBIM HKCTPAKTOM ITOKA3aJIU
BBICOKHME TUTPbI OAKTepUil MO CPaBHEHHUIO C KOHTPOJBHBIM OOpa3ioM. B Hauane ompenenenus
BBDKMBAEMOCTH 3aKBACOYHBIX MPOOMOTHYECKHX KYJIbTYp OBUIM TOJYYEHBI pE3yNbTaThl C
pazuuueit 65 u 70 KOE, na 7-e cytku - 17 u 12 KOE, Ha 14-e cytku - 30 u 25 KOE.

g moaTBepkAeHUsA HamMX pe3yibTaroB onpezneneHue TUTpoB KOE B mccnemyempix
MNPOAYKTax MAOIMOJIHUTENbHO MpoBoauiau B jnaboparopun «Hyprurect» Kazaxckoil akagemun
nutanus. [1o pe3yapTataM Moyd4eHHBIX JaHHBIX YCTAaHOBJICHO, YTO OOMIIBHBIN poCT HaOmI01ancs
y BCEX TPeX MCCIIeyeMbIX IIPOIYKTOB Ha 3-M CyTKHM XpaHeHus, He MeHee 1*10'° KOE.

IMoacuyer KOIOHMIT MOJIOYHOKHUCIBIX 0aKTEPHii B MPOAYKTE

£ a0 265 270

ZUU £1U ZUd
) 200 195 150 180 175 B | neHb
LL x
O 100 — BT geHs
S 0
—
o) . 14 neun
S KonTponbHsIif C skcTpakToM C BKCTPaKTOM MaJTUHBI

C€XKEBUKU
Pucynoxk 4- [Toacuer KOJOHUI MOJIOYHOKHUCIIBIX OaKTepuit

3akiiroueHue

TakuM 00pa3oM, MOTydeHHBIE JaHHBIE TTOKA3aJIH, 9TO JOOABICHHE YKCTPAKTOB €KEBUKH U
MaJIMHBI TIPHU MPOU3BOJICTBE MPOOMOTHYECKOTO HorypTa Ha ocHOBe 3akBacok MKDb He oka3biBaer
CYIIIECTBEHHOTO BJIMSHUS Ha KUHETHKY (epMmeHTanmu. OpraHoJenTHYECKUE TMOKa3aTeNld ObUIn
MOJIOKUTEIBHBIMU JJI1 BCEX 00pa3loB, MpHU J0O0ABICHUHM PACTUTEIBHBIX IKCTPAKTOB IMOJIYYEH
HaunOoJiee yay4IIeHHBIH MOKa3aTeNlb M0 KOHCUCTEHIIMHN U 3JIACTUYHOCTH CrycTKa. Bee Tpu Buaa
MOJIyUEHHOT0 HOTypTa MMENIM BBICOKUN YpOBEHb MOJIOYHOKHCIBIX OaKTepuil NMpu XpaHEHUU B
XoJIoMIbHUKE TpHU +6 - +8°C.

[TomyueHHble pe3yiabTaTbl MOTYT pPACIIUPUTh ACCOPTHUMEHT MPOAYKTOB IUTAHUS
dbyHKIIMOHATBHOTO Ha3zHadyeHus. Cremxyer OTMETUTh, YTO HEOOXOAMMBI JalbHEHIIne
UCCJICIOBAHMS JJI1 U3YUYEHUS KU3HECIIOCOOHOCTH MOJIOUHOKHUCIBIX OakTepuil B Horypre uepes
MOJICIUPOBAHHBIN KETyJOYHO-KUIIEYHOTO TpPakT. Takke HEOOXOIMMO PAacCMOTPETh Ipyrue
CIIO0COOBI MOTYYEHHSI SKCTPAKTOB AT0Jl, B YACTHOCTH B BUE MOPOILIKA, YTO OOJIETYUT UX XpaHEHHE
Y UCIOJIb30BaHUE.
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Abstract

The article presents the results of comparative studies in infectious and invasive keratoconjunctivitis
of cattle for 2023. 542 conjunctival samples of cattle from economic entities of Akmola, Zhetysu, Turkestan
and Kostanay regions were studied. Real-time polymerase chain reaction was carried out with a set of
«PCR-Moraxella-RV» reagents to identify three causative agents of Pink eye - Moraxella bovis, Moraxella
ovis, Moraxella bovoculi. 15 positive samples from the Akmola region were identified as Moraxella
bovoculli (100%), 33.3% were identified as Moraxella ovis, and 6.7% were identified as Moraxella bovis.
During a microscopic examination of conjunctival swabs from the same animals, thelazias were dedected
in 224 samples, which amounted to 43.1%.

Keywords: keratoconjunctivitis, Moraxella, Thelasia, cattle.

Diseases of the visual organs of cattle are spreading rapidly in large livestock complexes
with crowded housing of animals. Contagious eye diseases of animals cause significant economic
damage to livestock farms [1-4] due to premature culling of animals, loss of their breeding value,
reduction in milk yield, increase in live body weight, costs of veterinary-sanitary and special
veterinary measures [5 ,6]. The highest incidence rate is observed in calves aged 1-6 months. (50—
70%). In the rearing and fattening groups, especially when livestock are located in areas with high
population density, the disease is recorded in up to 30%. Keratoconjunctivitis among dairy herds
ranges from 10-12% [7].

On livestock farms, animal eye diseases are recorded year-round, but most frequently in the
summer months, when cattle are on pasture and are susceptible to attack by insects (Musca
domestica, Musca autumnalis) that carry the pathogen [8,9]. The disease is characterized by
lacrimation, hyperemia of conjunctival vessels, photophobia, serous-purulent discharge, clouding
and ulceration of the cornea, deformation of the eyeball in the form of keratoglobus or keratoconus,
partial or complete loss of vision in the affected eye of the animal [10,13]. Infectious
keratoconjunctivitis of Pink eye of cattle is an infectious disease characterized by eye damage,
manifested by lacrimation, hyperemia of conjunctival vessels, photophobia, clouding and
ulceration of the cornea, deformation of the eyeball in the form of keratoglobus or keratoconus,
partial or complete loss of vision [10,11].

Thelaziosis is a helminthic disease of cattle, manifested by conjunctival keratitis, caused by
parasitism of nematodes of the suborder Spirurata, family Thelaziidae in the ducts of the lacrimal
gland, the nasolacrimal canal, under the third eyelid and in the conjunctival sac [16]. The disease
is acute in young animals and, as a rule, is complicated by a second infection, which is
accompanied by keratoconjunctivitis of various forms, incl. Pink eye of cattle.
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The purpose of the research was to conduct a comparative diagnosis of infectious
keratoconjunctivitis in cattle microscopically for parasitic and real-time polymerase chain reaction
for bacterial lesions.

Materials and methods of research

Biological material for the study was obtained by conjunctival irrigation and nostrils using
sterile swabs. Sample collection was carried out according to the sampling protocol [12]. 542
samples from affected eyes of cattle were tested. Laboratory tests were carried outmicroscopy [13]
of conjunctival swabs andusing a set of «<PCR-Moraxella-RV» reagents to identify the causative
agent of Pink eye by multiplex polymerase chain reaction method in real-time mode, developed
by scientists of the Kazakh Research Veterinary Institute (SO LPP 071240018450-002-2023).

The PCR was performed according to the developed protocolin accordance with table 1.

Table 1 — RT PCR amplification protocol

Cycle Tempoe cr:ature, Time Fluorescence measurement Tg? Qyérebser
1 95 5 minutes - 1
95 10 sec -
2 56 20 sec FAM/Green, JOE/Yellow, ROX/Orange 40
72 20 sec -

The obtained data—fluorescent signal accumulation curves—were analyzed using the software
of the device used to carry out real-time PCR in accordance with the manufacturer’s instructions for
the device. The result of DNA amplification of Moraxella bovoculli is detected the FAM/Green
channel, DNA of Moraxella ovis by the JOE/Yellow channel, DNA of Moraxella bovis the by
ROX/Orange channel.

The results of PCR analysis were taken into account by the presence or absence of intersection
of the fluorescence curve with the threshold line set at the appropriate level (which corresponds to the
presence or absence of the threshold cycle “Ct” value for the test sample).

Results and discussion

During the study period, from May 2021 to October 2023, 2971 heads of cattle of different
breeds age and sex groups were examined. Of these 214 cattle were identified with clinical signs
of keratoconjunctivitis from which samples in the amount of 542 samples were taken. Animals
from the Eskeldinsky (66 samples), Sarkandsky (78 samples), Alakolsky (43 samples) districts of
the Zhetysu region, the Aryssky district of the Turkestan region (96 samples), cattle from peasant
farms (249 samples) of the Astrakhan district of the Akmola region and “ Obagan auyly" Kostanay
region (10 samples).

Thelasias cause mechanical irritation of the conjunctiva of the eyes, damaging the cornea,
mucous membrane, releasing metabolic products, reducing immunity, occurring with clinical
manifestations similar to Pink eye. For this purpose, swabs were additionally examined for the
presence of thelasia in samples (Figure 1). A total of 542 (swabs from the conjunctiva and nostrils)
samples were studied and subjected to real-time polymerase chain reaction and microscopy testing
for the presence of nematode larvae.
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Table 1 - Information on biosampling

Name Numb
Numb | erof Number of samples examined
erof | wedge
regions districts iss sand flushing .
alive | patient | flushing conjunctiva nasal cavity
s alive left right left right
Eskeldy 172 22 66 26 17 10 13
Sarkand 144 26 78 19 19 24 16
Zhetysuskaya | Alakol 409 24 43 15 7 14 7
Turkestan Arys 127 24 96 24 24 24 24
Akmola Astrakhan 2119 118 249 129 98 10 12
Kostanay Altynsarin - - 10 4 6 - -
Total 2971 214 542 217 171 82 72

We also tried to take biosamples from the mucous membranes of the nasal cavity from the
side of the diseased eye and from the nostrils with serious discharges, because Thelazia rhodesi,
affects the conjunctival sac, the area of the third eyelid, and T. gulosa and T. skrjabini live in the
nasolacrimal canal and lacrimal gland. Depending on the clinical condition, 1 or 2, sometimes 3,
maximum 4 samples were taken from one animal with signs of conjunctivitis, i.e. If an animal had
clinical lesions in both eyes and nostril discharge was observed, samples were taken from each eye
and nostril simultaneously. The results of the study are shown in Table 2.

Table 2 - Information on the distribution of infectious and invasive keratoconjunctivitis among cattle in
some regions of the Republic of Kazakhstan

Laboratory results

Name ]

microscopy RT-PCR
flushing nasal cavit flushing nasal cavit
regions districts | flush conjunctiva y conjunctiva y
ing rese- | positiv | rese- | positiv | rese- | pos | rese- | pos
ed : ed : ed itiv. ed itiv.
Eskeldy 66 43 43 23 - 43 - - -
Sarkand 78 38 38 40 - 38 - - -
f;‘aetyS”Sk Alakol B | 2 | 2 | 2 : 2 | - - -
Turkestan | Arys 96 48 0 48 - 48 - - -
Akmola Astrakhan | 249 227 112 22 - 227 15 - -
Kostanay 'r?"ynsa“ 10 | 10 9 i : 10 | - i i
Total 542 388 224 154 0 388 15 154 0

According to Table 2, of the 187 samples studied from peasant farms in the Zhetysu region,

nematodes were found in 103 conjunctival washings. A similar picture was observed in the study
of 249 samples from the Akmola region (112 positive samples) and Kostanay (9 positive samples)
regions, while in 154 swabs from the nasal cavity no thelasia were found.
Real-time polymerase chain reaction revealed DNA from Moraxella cultures only from the
Akmola region, i.e. out of 227 conjunctival swabs, 15 reacted positively, in particular, in 15
samples that reacted positively to Moraxella bovoculli, 5 samples were identified as Moraxella
bovoculli and Moraxella ovis and one sample to Moraxella bovoculli, Moraxella ovis and
Moraxella bovis (Figures 2 - 4)

158



MICROBIOLOGY AND VIROLOGY ISSN 2304-585X Neq (43) 2023 www. imv-journal.kz

Morm . Fluora.

20 25 30 35 40 45
Cycle

Figure 2 - Amplification curves for field samples Green channel (M. bovoculi)
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Figure 3 - Amplification curves for field samples Yellow channel (M. ovis)
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Figure 4 - Amplification curves for field samples Yellow channel Orange channel (M. bovis)

Thelyasia cause mechanical irritation of the conjunctiva of the eyes, damaging the cornea,
mucous membrane, releasing metabolic products, reducing immunity, occurring with clinical
manifestations similar to moraxellosis. In order to differentiate moraxellosis, swabs were
examined for the presence of thelyas in bioassays (Figure 4,5).

L

" M-—...,_
e (W e ....‘-I.. _A

»

vh
id L -~
e -’ ‘
“w"'lﬂ.du&-p-.
J

Figure 5 - Thelazia larvae under a light microscope x10 (a), x100 (b)

From Figure 5 it is clear that the larvae have a spherical cap and a beveled head end without
thickening, which is characteristic of Thelazia rhodesi, which infects the conjunctival sac, the area
of the third eyelid.

According to our research, it was revealed that the clinical picture of thelaziosis and Pink
eye is identical (Figure 6), has a seasonal nature.
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W ! N
a - clinical manifestation of moraxellosis b - clinical picture of Teleziosis
cattle cattle

Figure 6 — Clinical picture of infectious and invasive keratoconjunctivitis in cattle

As can Dbe seen from Figure 6, the clinical picture for infectious and invasive
keratoconjunctivitis is similar. Clinical keratoconjunctivitis: a — cattle of an economic entity in
Zhetysu, b — Akmola regions.

Conclusion

According to our research date, it was revealed that the clinical picture of thelaziosis and
moraxellosis is identical and in both cases the vector-borne carriers are insects - Musca domestica,
Musca autumnalis. Invasive and infectious keratoconjunctivitis can occur both simultaneously and
separately from each other.

Pink eye and Thelaziosis of cattle were found in economic entities of the Akmola region,
while in peasant farms of the Zhetysu and Kostanay regions only thelaziosis of cattle was detected.

When examined under a light microscope, nematode larvae were found in 224 samples,
which amounted to 41.3%, in particular, 103 washouts from Zhetysu (55.1%), 112 samples from
Akmola (44.9%) and 9 cases from Kostanay regions ( 90%).

Moraxella pathogen DNA was isolated in 15 cases out of 227 conjunctival swabs from the
Akmola region, which amounted to 6.6%.

The use of a set of «<PCR-Moraxella-RT» reagents showed that in 15 positive samples
identified as Moraxella bovoculli (100%), Moraxella ovis was detected in 33.3%, and Moraxella
bovis - 6.7%.

During a microscopic examination of conjunctival swabs from the same animals, thelasia
were found in 224 samples, which amounted to 43.1%.

Laboratory studies of samples from the nasal cavities by RT PCR did not identify Moraxella
DNA, just as thelesia leucinae were not detected by microscopy.
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IPI KAPA MAJIIBIH IHAETTI )KOoHE HHBA3UBTI KEPATOKOHBIOHKTUBHUTIH
CAJIBICTBIPMAUJIBI BAJIAY

Tyiiin

Makamana ipi Kapa Majmarbl iHACTTI KoHE WHBA3MBTI KEPATOKOHBIOHKTHBHUTIHIH CaJbICTHIPMAITBI
3epTTey HoTIKenmepi Oepinren. Axmomna, Kericy, Typkicran xoHe KocTtaHaii 00JIBICTapBIHBIH
HIapyaKOKaJIBIKTapbIHIAFHl ipi Kapa MangaH 542 OuockiHama (Ke3 KYBIHIBICH) 3epTTengi. Ipi Kapa man
Mopakcesuie3iHiH yi ko3apipreibl — Moraxella bovis, Moraxella ovis, Moraxella bovoculi anbikray yiin
«HY-Mopaxkcena- IITP» pearenTTepiHiH KUHAFBIMEH HAKTHI YAKBITTAFBI IMTOJTMMEPA3Ibl TI30€KTI peaKIus
Kyprizinai. Akmona oGneiceiHas anbiaran 15 Moraxella bovoculli (100%) on 6uocsiHamanapsiabiy 33,3%
Moraxella ovis, 6,7% Moraxella bovis xypaasl. Ocbl 542 K63 KyBIHIBICBIH MHUKPOCKOIHSUIBIK 3EPTTEY
HOTHXKeECiHAe 224 cChIHAMAaH TeJS3Us IePHICUTIEP] aHbIKTabI, 43,1% Kypass.

Kiarri cesnep: xeparokonsronktusut, Moraxella, Thelasia, ipi kapa mann.

MPHTHU: 68.41.05, 68.41.53, 68.41.55
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CPABHUMTEJIbBHAS TUAT'HOCTHKA ITPU UHOEKITMOHHOM U
NHBA3MOHHOM KEPATOKOHBIOHKTUBUTAX KPYITHOI'O POI'ATOI'O
CKOTA
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AHHOTaNUA

B crathe mnpuBOASTCS pE3yNbTaThl CPAaBHUTEIBHBIX HCCICIOBAaHWMN TpM HH()EKUIHOHHOM U
WHBa3MOHHOM KEpPaTOKOHBIOHKTHBHUTAX KPYITHOTO poratoro ckota 3a 2023 roxa. beino mncciaemoBano 542
KOHBIOHKTHBAJIbHBIX CMBIBOB KPYIIHOI'O POraTOro CKOTa XO3SHCTBYIOUIMX CYOBEKTOB AKMOJIMHCKOH,
XKetpicyckoii, Typkecranckoii u Kocranaiickoii obnacreil. I[lonnmepasHo-uenHasi peakuuss B peXHMe
peanpHOr0 BPEMEHH MpoBoaMiack Habopom peareHTOB «IIL[P-Mopakcemna-PBy» mis BBISBICHHS Tpex
BO30ymuTeneit Mopakcemnesa - Moraxella bovis, Moraxella ovis, Moraxella bovoculi. B 15
HOJIOKUTENBHBIX TPo0ax M3 AKMOJHMHCKOW oOiactH, uiaeHTH(duimpoBanHbiXx kak Moraxella bovoculli
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(100%), 33,3% omo3nansl kak Moraxella ovis, a 6,7% — Moraxella bovis. IIpu muKpockomuueckoM
HCCIIEIOBAHNN KOHBIOHKTHBAJIBHBIX CMBIBOB OT 3THX JK€ KHBOTHBIX, TEJS3UM ObLTH OOHapyXeHsl B 224
mpobax, 4ro coctaBmiio 41,3%.

KawueBbie cioBa: keparokonbsloHkTHBUT, MOraxella, Thelasia, kpymHsrii porateiii cKoT.

Bbone3nu opranoB 3peHHsI KPYITHOTO POraToro cKota ObICTpO pacpOCTPaHAIOTCS B KPYITHBIX
KMBOTHOBOJUYECKUX KOMILJICKCAX CO CKyYEHHBIM COJEp)KaHHEM >KMBOTHBIX. 3apa3Hble 0OJIE3HU
IJ1a3 KUBOTHBIX HAHOCST >XUBOTHOBOJYECKHM XO3AWCTBAM 3HAUUTEIbHBIA SKOHOMHYECKUN
yep6 [1-4] 3a cuer mpexIeBpeMEHHOW BBIOPAKOBKM JKMBOTHBIX, TMOTEpH HX IUIEMEHHOM
LEHHOCTH, CHIDKEHHUS YAOEB M TMpUPOCTa >KMBOM Macchl Tena, 3aTrpaT Ha MPOBEACHUE
BETEpUHAPHO-CAHUTAPHBIX M CIEIHAJbHBIX BETEpUHAPHBIX Meponpusatuil [5,6]. HaumbGoree
BBICOKMI MPOLIEHT 3a0oseBaeMocTH HaOtogaercs y Tenst B Bozpacte 1-6 mec. (50-70%). B
IpyMIax J0paliuBaHus U OTKOPMa, 0COOEHHO KOT'/la CKOT HaXOJUTCA Ha IUIOIIAKaX ¢ OOJBIION
IUIOTHOCTBIO TOTOJIOBBS, 3a0oneBanue peructpupyercs 10 30%. KepaTOKOHBbIOHKTUBUT Cpenu
JoWHOTO cTana kojebiercs B npenenax 10-12% [7].

Ha XMBOTHOBOMYECKMX KOMIUIEKCaX OOJI€3HW TIJIa3 JKUBOTHBIX PETUCTPUPYIOTCS
KPYIJIOTOJIMYHO, HO Hanbojiee MAacCOBO — B JIETHHE MECSIbI, KOTAAa KPYMHBIM pOraThlii CKOT
HAXOJUTCS Ha MacTOWINEe M MOJABEp)KEH HamaacHuio Hacekombix (Musca domestica, Musca
autumnalis) — nepeHocunkoB Bo30yautens [8,9]. 3aboneBanue XapakTepu3yeTcst CIe30TCUCHUEM,
TUIepeMUuell  COCYyJOB KOHBIOHKTHBBI, CBETOOOS3HBIO, CEPO3HO-THOMHBIM HCTEUCHHUEM,
NOMYTHEHHEM U W3bA3BICHUEM pOTOBHUIIB, Jeopmanueil rya3Horo s0jJ0Ka B BHUJE
KepaToriiodyca WM KepaTOKOHYCa, YaCTHYHON WIIH ITOJTHOM MOTEPEH 3peHHs MOPAKEHHOTO Ti1a3a
»)uBoTHOTO [10-13].

NHpeKkuoHHBI KEepaTOKOHBIOHKTUBUT MOPAKCEIUIE3HOM HSTHOJNIOTMH WM «pink eye»
(pO30BBIH TJ1a3) KPYITHOTO POTATOTO CKOTa — MH(MEKITMOHHOE 3a00JIeBaHUE, XapaKTEPHU3YIOIIEeCs
NOpakKeHUEeM TJa3, MPOSBISAIOMIMMCS — CJIE30TCUEHUEM, THIIEpEeMHUEil COCY/0B KOHBIOHKTHUBBI,
CBETOOO0S3HbIO, IOMYTHEHUEM U HU3bSA3BIEHHEM POTOBHUILIBI, TedopMaliell Ii1a3Horo s0oka B
BHUJIC KepaToriodyca Uil KepaTOKOHYCa, YaCTUYHOM M MoJIHOW noTtepeit 3penus [10,11].

Tensa3mo3 - reaIbMUHTO3HOE 3a00JIeBaHME KPYIHOTO POraToro CKOTa, MPOSBISIOLIEECS
KOHBIOHKTHBO-KEPATUTAMH, BBI3BAaHHOE ITapa3HTUPOBAHMEM HEMAToja MoxoTpsiga Spirurata,
cemetictBa Thelaziidae B mpoTokax ciae3HOH jKeje3bl, CIIE3HO-HOCOBOM KaHaje, MO TPEThHM
BEKOM M B KOHBIOHKTHBaJIbHOM Meltke [ 16]. 3a0oneBaHne ocTpo MpOTEKaeT y MOJIOAHSAKA U, KaK

IIpaBuUIIoO, OCJIOKHSIETCS CEeKYHJapHOU uH(peKInen, KOTOpast COMPOBOXKIAETCS
KEPaTOKOHBIOHKTUBUTAMHU PA3TUYHBIX ()OPM, B T.4. MOPAKCEITIC30OM.
Lens UCCIIEI0BAHMS — CpaBHUTEJbHAs JIMarHOCTHKA MH(EKIMOHHOTO

KCPATOKOHBIOHKTUBUTA KPYIIHOI'O POratoro CKoTa AByMsda MCTOAAaMU: HaA Mapa3uTapHYrO, IIyTCM
MHUKPOCKOIIUM CMBIBOB M Ha OAaKTEPHAIbHYIO MH(MEKIUIO — MTOJMMEPa3HOU IETTHOW peakiueil B
peaIbHOM BPEMEHHU.

Matepuajabl U METOAbI HCCJIETOBAHUS

buonoruueckuii MaTepuan s UCCIEAOBAHUS MOIYUUIIH TyTEM UPPUTALUUA KOHBIOHKTHBBI
U HO3/peil C UCIONb30BaHUEM CTEPHIBHBIX TAaMIIOHOB. 3a0op 00pa3loB NPOBOAMIICS IO
npotokoiay oTtoopa mpod [14]. Tlpm »>ToM TPOBOAMIM KIUHUYECKUM OCMOTP KaK
MMIIOPTHUPOBAHHOI'0, TaK U MECTHOI'O KPYIIHOI'O POraToro CKOTa pa3jlW4YHBIX II0JIOBO3POCTHBIX
rpynn W pasHeix mopon (AOepaumHo-AHTycwl, ['epedopapi, [Nommrunodpusbl, Kazaxckas
OenorosoBasi, AyYNIHEKONbCKas W MECTHbIE OecropojaHble XHBOTHBIC). [Ipu KImHHUECKOM
HCCJIEJOBAaHUM KPYITHOI'O POraToro CKOTa Ha MH(MEKIIMOHHBIN KEepaTOKOHBIOHKTUBUT OOpamiaiu
BHUMaHUE Ha 00II[ee COCTOSHUE )KUBOTHOTO, HATMYUE (OTCYTCTBHUE) CII€30TCUCHH S, CBETOOOS3HH,
TUIIEPEMUN COCYIOB KOHBIOHKTUBEI, Onedapocmnazma, UPUAOCHIa3Ma, CEPO3ZHO—CIU3UCTHIX WIIN
CEPO3HO-THOMHBIX UCTEUEHUH U3 TJI1a3, IOMYTHEHUS U (M) U3bSI3BICHUS POTOBHUIIBL.

Hcnbitanuto noaseprauck 542 mpoObl OT MOPaXKEHHBIX TJIa3 KPYITHOTO POraToro CKOTAa.
JlabopaTopHbIC HMCCIIEOBaHUs MPOBOJAMIMCH MUKPOCKOMHPOBaHUEM [15] KOHBIOHKTHBAIBHBIX
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cmbiBoB Ha mukpockonie MEIJI TECHNO (mp-Bo Snonus) ¢ mudpoBoit ¢goTokamepoil mpu
yBennueHur x10 u x100. u ¢ npumeHenueM Habopa pearentoB «III[P-Mopakcenna-PB» mis
BBISIBIICHUSI BO30YIUTENST MOpakceie3a METOIOM MYIbTUIICKCHOW TOJUMEpa3HO-TETHON
peakuuMu B pEXHUME pealbHOr0 BPEMEHHU, pa3paboTaHHBIM YydeHbIMU Kazaxckoro HayudHO-
uccnenoBaresbckoro BerepuaapHoro uacruryra (CT TOO 071240018450-002-2023).

[ToctanoBka I[P BeImonHsAIACK 1O pa3paOOTAaHHOMY TPOTOKOIY B COOTBETCTBUU C
tabmurei 1.

Tabmuua 1 — ITpotokon ammudukanun [1LP PB

Huxor TeMnipCaTypa, Bpewms N3mepenne diryopecrieHITHN KOLJII;I;J_TS}ZBO
1 95 5 MuH - 1
95 10 cex -
2 56 20 cex FAM/Green, JOE/Yellow, ROX/Orange 40
72 20 cex -

[Tony4yeHHbIe TaHHBIE — KPUBBIC HAKOTLICHUS (DITyOPECIIEHTHOTO CHTHAJIA —aHATM3UPOBAIIHCEH C
MTOMOIIIBIO TIPOTPAMMHOTO O0ECTICUSHHSI MCTIONIb3yeMoro nprbopa i nposeneHus [P B pexwme
«pEATLHOTO BPEMEHM» B COOTBETCTBHM C HMHCTPYKIMEH Npou3BoAMTENS K mpubopy. Pesynbrar
anvrutnukaru  JIHK Moraxella bovoculli — gerexktupyercs mo kamamy FAM/Green, JIHK
Moraxella ovis — mo xanany JOE/Yellow, ITHK Moraxella bovis — mo kanaixy ROX/Orange.

Vuer pesynbraroB [1[[P-ananm3a nmpoBOAMIICS MO HAIMYUIO WM OTCYTCTBHUIO NEPECEUCHUS
KpUBOH (DTyOpecleHIIMH C YCTAaHOBJIEHHOW HAa COOTBETCTBYIOIIEM YPOBHE MTOPOTrOBOM JIMHUEH (UTO
COOTBETCTBYET HAJIMYUIO WM OTCYTCTBHIO 3HAUYEHUS MOPOroBoro nukia «Ct» Ijs UccieayemMoro
o0pasia).

Pe3yabTaThl U 00Cy:KIeHUE

3a mepuon ucciaenaoBanus, ¢ Mas 2021 roma mo oktsi6pe 2023 rona, 6610 ocMoTpeHo 2971
roJIOBa KPYITHOTO POTaToro CKOTa Pa3HBIX MOPOJ] MOJIOBO3PACTHBIX Ipymm. V3 HUX BBISIBIECHO
OOJIbHBIX C KIIMHUYECKUMH TIPU3HAKaAMHU KePaTOKOHBIOHKTUBUTA 214 0c00€i, OT KOTOPBIX OBbLIN
otoOpanbl 542 npoObl. OTOOPY KOHBIOHKTUBATBHBIX CMBIBOB M CMBIBOB M3 HO3JIPEH MTOABEPIIINCH
*uBoTHBIe Eckenpauackoro (66 mpoosr), Capkanjackoro (78 mpo6), Amakosiackoro (43 mpoObl)
paifonoB JKetwicyckoit oOmactu, Apsicckoro paiiona Typkecranckoil obmactu (96 mpo0),
KPYIHBIA pOTaThlii CKOT KPECThIHCKUX  XO3iUcTB (249 mpob) AcTpaxaHCKOTo paiioHa
AxmonmHCKo# obnactu u «Obaran aywsutel» Kocranaiickoit o6mactu (10 mpo6). Beero usyueHo
542 (cMBIBBI U3 KOHBIOHKTHBBI U M3 HO3/peit) mpoOsl (Tadnuial ), KoTopble ObUTA TOABEPTHYTHI
WCCJICTIOBAHHIO MTOJTMMEPA3HO-1ICTTHON peakiueil B pealbHOM BPEMEHH U MHUKPOCKOMTUPOBAHUEM
Ha HaJIM4YKMe JTUYMHOK HEMATO/.
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Tabmura 1 — CBenenust mo otbopy O6uorpod

Hanmenosanue Koun-
Kou- BO KonuuecTBo ncciaenoBaHHbIX POo
KJIMH-
BO "
obnacrteit paiioHOB meex | oo KOHBIOHKTHBA HOCOBasdt
KHB-X X CMEIB H0JIOCTh
KHB-X aeBast npaBasi | JieBas | mpaBas
Eckenpapl 172 22 66 26 17 10 13
Capkang 144 26 78 19 19 24 16
Ketpicyckas Anakon 409 24 43 15 7 14 7
IypKeCTaHCKa Apbic 127 24 96 24 24 24 24
AxmonuHCKas | AcTpaxaH 2119 118 249 129 98 10 12
Kocranalickas | AJTBIHCApUH - - 10 4 6 - -
Hroro 2971 214 542 217 171 82 72

brornpoOs! U3 CAU3UCTHIX HOCOBOM MOJIOCTH TAKXKE CTAPATUCh OPAaTh CO CTOPOHBI OOJIBHOTO
rmasa W W3 HO3Apell C Ccepo3HbIMM HCTeueHHsMH, T.K. Thelazia rhodesi mopaxkator
KOHBIOHKTUBAJIbHBIA MEIIOK, 00JacTh TpeThero Beka, a 1. gulosa w T. skrjabini oOutaioT B
CJIE3HO-HOCOBOM KaHaJIe ¥ CJIE3HOM jkese3e. B 3aBUCHMOCTH OT KIIMHIUYECKOTO COCTOSTHUST OJTHOTO
YKUBOTHOTO C MPU3HAKAMH KOHBIOHKTHBHUTA Opaiu no 1 wiu 2, nHoraa 3, MakCuMyM 1o 4 ipo0sI,
T.€., €CJIN y )KHBOTHOTO €CTh KIIMHUYECKHE TOPAXKESHHsI B 000MX Ii1a3aX U HAOIIOAaTUCh UCTEUCHUS
U3 Ho3Apel, Opamu mpoObl W3 KaXAOro Tjla3a M HO3JpU OJHOMOMEHTHO. Pe3ynbTaThl
WCCJICIOBAaHHUH MPUBECHBI B TAOIHIIE 2.

Tabmura 2 - CBefieHUs TIO0 paCIpOCTPAHSHUIO UHPEKITMOHHOTO U MHBA3UOHHOTO KEPATOKOHBIOHKTHBHTA
Cpeau KPYITHOTO pOTaToro CKOTa B HEKOTOphIX obmacTsax PK

Pe3ynbrarhl 1a00paTOpPHBIX UCCICIOBAHUIA
Hanmenosanue
MHUKPOCKOIIUS [P PB
HOCOBast KOHBIOHKTUB HOCOBast
. KOHBIOHKTHBA
obnmactu | panoHBI M0JIOCTh a M0JIOCTh
CMBIB
O i (o))
UCCI-0 | MOJIOXK | MCCI-O | MOJIOXK | UCCI-0 UCCI-0
OX OX
Eckenni 66 43 43 23 - 43 - - -
Capkang 78 38 38 40 - 38 - - -
XKetnicy Anaken 43 22 22 21 - 22 - - -
IYPIECTR | A pic 9% | 48 0 48 i 48 | - i i
Axmona Actpaxan | 249 227 112 22 - 227 15 - -
Kocranai AJTBIH- 10 10 9 - - 10 - - -
capuH
Hroro 542 388 224 154 0 388 15 154 0

[To nawHbIM Tabmuibl 2, U3 HccaenoBaHHO 187 mpo0 W3 KPECThHCKUX XO3SCTB
XKetpicyckoit oOnactu HemaToabl ObuIM OOHapykeHbl B 103 KOHBIOHKTHBAJIBHBIX CMBIBAX.
AmnasiornyHas KapTuHa Habmofanach npu ucciuenoBanuu 249 npo6 u3 AKMOJIMHCKOW 00IacTH
(112 monoxwutensubix mpo0) u Kocranaiickoit o6mactu (9 momoKUTENBHBIX MPOO), TOT/IAa KaK B
154 cMbIBax U3 HOCOBOM MOJIOCTH TEJSI3UU HE OOHAPYKCHBI.
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ITonnmepasHo-LienHoM peakuueid B peanbHoM BpemeHu JIHK kynasTyp Mopakcemn
BBISIBJICHBI TOJIBKO W3 AKMOJHMHCKON 00J1acTH, T.e. M3 227 KOHBIOHKTHUBAIbHBIX CMBIBOB 15
pearupoBalii MOJIOKUTEIBHO, B YaCTHOCTH, B 15 MOJIOKHUTEIHHO pearupoBaBIIMX MpoOax Ha
Moraxella bovoculli, 5 mpo6 65110 HAeHTHGHUIIEPOBaHO Kak Moraxella bovoculli u Moraxella ovis
u oxHa poda - na Moraxella bovoculli, Moraxella ovis u Moraxella bovis (pucysxku 2 - 4).

0,40

Morm . Fluara.

0,10

30 35 40
Cycle

Pucynok 2 - Kpussle aMmudukaium Juis moJieBbIX 00pasuos no kanary Green M. Bovoculi

0,30

0,20

Morm. Fluora.

Threshold = = =

- - — = —— e e e c—

0,00 yﬁ ———— . — e —_—
= R

Cycle

Pucynok 3 - KpuBbie aMrummgukanuu st MojIeBbIX 00pa3ioB mno kaHaiy Yellow (M. ovis)
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Pucynok 4 - KpuBbie aMuinuKaium st MoJIeBbIX 00pa3iioB mo kaHaity Orange (M. bovis)

Tens3um  BBI3BIBAIOT MEXAaHMYECKOE pa3ipaKeHWE KOHBIOHKTUBBHI TJa3, IOBPEKAAS
POTOBHILY, CIU3UCTYIO O0OJIOUKY, BBLACISS MPOAYKTHI OOMEHA BELIECTB, CHIDKAs MMMYHHTET,
poTeKass C TPOSBICHUSAMH KIMHUYECKOHM KapTHHBI Kak Ipu Mopakcemnése. C  1enbio
muddepenmanuyu Mopakceuiesa, HCCIEAOBAIN CMbIBBI Ha HaJIM4yMe TeJsA3Ui B OHOMpoOax

(pucynku 4,5).

L3
4 ll N
{6 Finam o o ®
; J

a 0
PucyHok 5 - JIMYMHKH TENSA3UU MOJT CBETOBBIM MHUKpockoroM x10 (a), x100 (6)
W3 pucynka 3 BHAHO, YTO JMYMHKH HWMEIOT IIAPOBHUIHBIN UYEXJIMK W CKOIICHHBIN 0e3
yTOJIIEHUI TOJOBHOM KOHEIl, 4To xapakTepHo s Thelazia rhodesi, kotopbie mopaxkarT
KOHBIOHKTUBAIILHBIA MEIIOK, 00JIaCTh TPETHETO BEKA.

[lo maHHBIM HaIIMX HMCCIIEOBAHWHN BBISIBICHO, YTO KIMHUYCCKHE KApPTHHBI TEIS3M03a H
MoOpaKceie3a O4eHb CX0KH (PUCYHOK 6), UMEIOT CE30HHBII XapakTep.
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a - KIIMHAYECKOe MPOSIBIICHNE MOpaKceuie3a 0 - KIIMHUYEeCKask KapTHHA TeISI3H03a
KPYITHOTO POTaToro cKoTa KPYITHOTO pOTaToro cKoTa

Pucynok 6 — Knunnueckas kapTuHa npu HHPEKINOHHOM ¥ HHBa3MOHHOM KEPaTOKOHBIOHKTUBHTAX
KPYITHOT'O poraTtoro ckota. KimHuueckast kapTuHa KepaTOKOHBIOHKTHBUTA & — KPYIHBIA pOraThlii CKOT
XO3AHCTBYIOIIEro cyobekTa JKeTbicyckoii, 0 — AKMOIMHCKOW o0nacTei

Kak BUHO U3 PHUCYHKaA 6, KIIMHUYCCKUC KAPTUHBI IMPU I/IH(beKI_II/IOHHOM 1 MHBAa3MOHHOM
KEPAaTOKOHBIOHKTUBUTEC CXOXKHUC.

3akiao4eHue

[To maHHBIM HAIIUX HCCIENOBAHUM BBISIBICHO, YTO KIMHUYECKHE KApPTHHBI TENS3M03a U
Mopakcesuie3a UIACHTHUYHBL. B 00oux ciydasX TpaHCMUCCHUBHBIMHM NEPEHOCUUKAMH SIBISIOTCS
uHcekThl — Musca domestica, Musca autumnalis [16,17]. MHBa3uoHHBIH ¥ MH(DEKIIMOHHBIN
KEepaTOKOHBIOHKTUBHUTHI MOTYT MPOTEKATh KaK OJTHOBPEMEHHO, TaK U 000COOIEHHO JPYT OT ApyTa.
Mopakcemies u TeIsI3u03 KPYITHOTO POraToro CKOTa 0OHapYyKEHbI B XO3SIHUCTBYIOIIUX CYObEKTaxX
AKMOJIMHCKOHM 00JaCTH, TOT/Ia KaK B KpeCThsIHCKUX Xo3siicTBax JKetsicyckoi n Kocranalickoit
o0acTeii ObLT ycTaHOBIIEH TOJIBKO Tems3uo3 KPC.

[Ipu uccrnenoBanuu MO CBETOBBIM MHUKPOCKOIIOM JIMUMHKHU HEMATOA ObLINM OOHApYXKEHBI
B 224 mpobax, uto coctaBuio 41,3%, B wactaocth, B 103 cmbeiBax ot KPC XeTtsicyckoii (55,1%),
112 npobax AxmonuHckoit (44,9%) u 9 cinyuasx u3z Kocranaiickoit obnacteit (90%).

JIHK natorenoB Mopaxcesut OblT BbIIeNIeH B 15 citydasx u3 227 KOHbIOHTUBAJIbHBIX CMBIBOB
13 AKMOJIMHCKOM 00J1aCTH, 9YTO cOCTaBUIIO 6,6%.

Wcnonb3oBanue Habopa pearentoB «[II[P-Mopakcemna-PB» mnokazano, uro B 15
MOJIOXKHUTEIBHBIX Mpobax, nacHtuuupoBanubix kak Moraxella bovoculli (100%), Moraxella
0ViS BeIsiBIIeHO B 1siTH 11podax (33,3%), a Moraxella bovis — B oxHoii ipode (6,7%).

[Ipu uccnenoBannu npo6 u3 HocoBor mosoctu mMetonoMm ITIP PB JIHK mopakcenn ne
UACHTU()DUIIMPOBAHBI, IMYMHKYU TEIS3UIA U3 3TUX Ke MPo0 TakKe He ObLTU OOHAPYKEHBI.

DUHAHCHPOBaHUE

Pa6ota Bemonnena B pamkax [1I{d MCX PK (2021-2023 rr.) mo npoekty «Pa3paboTaTs 1
IPEUIOKUTh Ul TPOU3BOJCTBA MYJBTHUIUIEKCHYIO TOJMMepasHo-ennyo peakuuto (I1L[P) B
peXHME  pEalbHOrO0  BpPEeMEHH  JUIS BBISIBJICHUS]  BO30yauTenell  MHGPEKIHOHHOTO
KepaTOKOHBIOHKTUBHUTA KPCy.
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RED BUD BORER RESSELIELLA OCULIPERDA (RUBSAAMEN, 1893) (DIPTERA,
CECIDOMYIIDAE) - ANEW VECTOR OF FIRE BLIGHT (ERWINIA AMYLOVORA)
OF FRUIT CROPS IN KAZAKHSTAN

doi:10.53729/MV-AS.2023.04.10

Abstract

Red bud borer Resseliella oculiperda, a pest of many fruit crops, is a new vector of the causative
agent of bacterial fruit blight Erwinia amylovora in Kazakhstan. It was confirmed using PCR analysis of
its larvae and puparia collected from apple trees of the Aport variety in two peasant farms at different times.
The spread of infection with the help of R. oculiperda can go in several ways: 1) with the development of
gall midge larvae in the branches of infected trees, the imago, after emerging from the puparium, can carry
the spores of the pathogen on itself to other plants; 2) when females lay eggs in tree branches (females lay
eggs in fresh mechanical damage (wounds, cracks, and scratches) of the bark on the trunk, shoots and
branches, buds and eyes); 3) when gall midge larvae make passages during feeding, the infection can
penetrate the resulting lesions with wind, rain, and other insects penetrating the passages of larvae; 4)
introduction of bacteria by gall midge larvae from contaminated soil. In Kazakhstan, methods for
controlling the number of budding gall midges have not been developed, and at present the actual
distribution of the pest in the territory of the republic is unknown. Since R. oculiperda is a vector of such a
dangerous quarantine disease as the bacterial blight of fruit, further research in this direction is necessary
to clarify the missing information.

Keywords: Resseliella oculiperda, Erwinia amylovora, vector.

The species composition and significance of insects in the spread of fire blight of fruit crops
(Erwinia amylovora (Burrill, 1882) Winslow et al., 1920) has been studied in world practice for
more than 100 years. There is an opinion that pollinators (Hymenoptera, Diptera, etc.) and sucking
pests (various types of Hemiptera) play the greatest role [1-3]. According to some reports, the bees
do not feed on the bacterial exudate that escapes, but they can carry E. amylovora between flowers.
There are conflicting data on this. According to some, their role in the spread of fire blight on fruit
crops may be overestimated [3]. Thus, bacteria survived for 15 days on the body of honey bees
and were most abundant on the abdomen compared to other parts of the body such as the lip,
wings, and hind legs [4]. In the digestive system of honey bees, E. amylovora persisted for 7 days,
and bacteria were found in the excrement for 3 days after contact. There is an assumption that
various species of Hemiptera, after moving along the bacterial exudate, can subsequently carry
bacteria during feeding, piercing the stems, leaves, and fruits of host plants, but this has not been
fully elucidated. Separate information is available on Diptera. It was noted that fruit flies
Drosophila melanogaster Meigen, 1830 readily feed on bacterial exudate; after which the insects
retained viable bacteria for at least 7 days [5]. The possibility of transmission of fire blight of fruit
crops by the Mediterranean fruit fly (or Medfly) Ceratitis capitata (Wiedemann, 1824), a
dangerous quarantine pest of fruit crops, has been experimentally proven. E. amylovora can
survive for at least 8 days in the digestive tract of the Medfly and up to 28 days on the body surface
[6]. The possibility of transferring fire blight of fruit crops by another dangerous polyphagous pest,
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the seedcorn maggot Delia platura (Meigen, 1826), has also been proven. These flies can carry
bacteria on their bodies for at least 5 days [7]. The species composition and role of insects as agents
of the spread of E. amylovora in Kazakhstan have not been clarified, which determines the
relevance of this work. One of these insects is the red bud borer, or red bud maggot.

Red bud borer (red bud maggot) (Resseliella oculiperda (Ribsaamen, 1893) = Thomasiniana
oculiperda (Rubsaamen, 1893) = Diplosis oculiperda Riubsaamen, 1893) belongs to the family of
gall midges (Cecidomyiidae) of the order Diptera. It is a pest of many fruit crops. Damages pear,
apple, quince, cherry plum, apricot, cherry, sweet cherry, peach, plum, bird cherry, hawthorn,
blackthorn, dogwood, figs, wild roses, roses, etc. Females lay eggs in fresh mechanical damage
(wounds, cracks, and scratches) of the bark on the trunk, shoots and branches, buds, and eyes.
Quite often, oviposition occurs at the grafting sites during budding (hence the Russian name of the
insect) and prevents the graft and rootstock from growing together. The larvae of this species,
unlike other representatives of the gall family, do not form, or feed on plant tissues (cambium,
etc.) of the trunk, branches, shoots, and buds of host plants, as well as wound secretions of the
rootstock. They make longitudinal passages in the wood of the eye, which causes the death and
drying of the scion. The death of budded ocelli as a result of the vital activity of gall midges on
stone fruits ranges from 30% to 50%, and on pome fruits - from 15% to 30%. Reproduction is
parthenogenetic, males not found. The larvae overwinter in the upper layers of the soil. During the
growing season, 2-3 generations develop, overlapping with each other. The pest is included in the
EPPO database [8]. The distribution of the ocellar midge covers Western Europe, and the middle
and southern parts of Eastern Europe [8-11]. In Kazakhstan, it is an invasive species, introduced
with planting material, and is currently recorded in the southeast of the country [12]. Based on the
foregoing, R. oculiperda can presumably be a carrier of the causative agent of transferring fire
blight of fruit crops.

Fire blight of fruit crops is a dangerous quarantine disease of fruit crops that causes
significant economic damage in many countries of the world, including Kazakhstan. The infection
affects more than 160 species of plants of the Rosaceae family, causing their rapid death [13-20].
Based on the above, the chosen direction of research is very relevant. The aim of the work was to
find out the possibility of transmission of the bacterium E. amylovora by the red bud borer. In this
regard, the tasks were set to collect material on this pest and to identify, using laboratory analysis,
the presence of the causative agent of aire blight of fruit crops in it.

Materials and methods of research

The material was collected in apple orchards of fruit-growing farms in the Almaty region in
2023. During the monitoring surveys, the development of R. oculiperda on the branches and trunks
of apple trees of the Aport variety was noted, and it was decided to check this species for the
presence of a pathogen with a bacterial burn of fruit. The following techniques were used in the
research:

1. The method of accounting under the bark. After removing the bark, they collect and count
the number of found larvae and adults of insects on a pallet (50x20 cm) on tree trunks. It can be
used a special small net, which fits completely with its hoop to the surface of the substrate, that
does not allow insects to slip into the gap between the net and the substrate. The method applies
to the collection of xylophagous beetles, bugs, some parasitic hymenoptera, certain types of
spiders, centipedes, pseudoscorpions, etc.

2. Sampling method for bacterial fruit burn. In compliance with all antiseptic requirements,
3-4 samples were taken from each diseased tree. When sampling, the affected parts of plants were
cut out with the capture of healthy tissue. One sample consisted of various plant parts collected
from the same tree. Each sample included inflorescences, ovaries, leaves, fruits, young shoots,
bark from skeletal branches, and trunk. The selected samples were placed in filter paper bags along
with a label indicating the region, farm, crop, variety, age, area, and date of sampling. The selected
samples in filter bags were stored in a refrigerator until the etiology of the disease was established.
The same method was used to collect samples of larvae and puparia of the budding midge.
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3. ldentification of E. amylovora by molecular genetic methods. Isolation of DNA. DNA
was isolated from plant samples using GeneJET Plant Genomic DNA Purification Mini Kit
#K0792 (ThermoFisher, USA), and from bacteria using GeneJET Genomic DNA Purification
Mini Kit #K0722 (ThermoFisher, USA), plasmids were purified using GeneJET Plasmid Miniprep
Kit #K0503 (ThermoFisher, USA) according to the instructions provided by the manufacturer of
these reagents. To determine the quality and quantity of isolated DNA, agarose gel electrophoresis
was performed. The results of electrophoresis were analyzed using a gel-documenting system with
a Quantum-ST5 transilluminator, Vilber Lourmat.

Photographs of larvae and puparia of the red bud borer were taken with a Redmi 7 camera.

Coordinates of fruit-growing peasant farms where the research was carried out:

1) PF "Olzhas", N 43°09'32.6" E 76°33'33.8";

2) PF "Alatau”, N 43°10'76.1" E 76°43'73.4".

Results and discussion

In total, 6 samples of larvae and puparia of the red bud borer were collected, 4 in the Alatau
farm, and 2 in the Olzhas farm (Figure 1).

>
«

e

Figure 1 - Larvae (A) and puparia (B) of the red bud borer Resseliella oculiperda.

As a result of the PCR analysis of larvae and puparia of red bud borer R. oculiperda
collected at different times, it was found that E. amylovora DNA is present in all samples (Figure
2).

Identification of isolated strains of phytopathogens of Erwinia amylovora was carried out by
FLASH-PCR.

Amplification was carried out on the device - "Tertsik" using a set of reagents PCR
amplification of the DNA of Erwinia amylovora by Agrodiagnostics LLC, developed based on the
basic composition of the reaction system and the amplification mode. The detection was carried
out on the "Jin" device (DNA Technology). The specialized fluorescence detector "Jin" is designed
to record PCR results when using reagent kits based on the principles of fluorescence detection
(FLASH format).
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Figure 2 - Protocol for the study of samples of puparia and larvae of the red bud borer for the
identification of E. amylovora by the molecular genetic method.

Thus, the red bud borer R. oculiperda is a new vector of the fire blight of fruit crops
pathogen. The spread of E. amylovora by bud midges can occur in several ways:

1. With the development of red bud borer larvae in the branches of infected trees, the imago,
after emerging from the puparium, can carry the spores of the pathogen on itself to other plants;

2. When female of red bud borer lay eggs in tree branches (as mentioned above, females lay
eggs in fresh mechanical damage (wounds, cracks, and scratches) of the bark on the trunk, shoots
and branches, buds, and eyes);

3. When larvae of red bud borer lay passages during feeding, the infection can penetrate the
resulting lesions with wind, rain, and other insects penetrating the passages of larvae;

4. Introduction of bacteria by larvae of red bud borer from contaminated soil (as mentioned
above, the larvae overwinter in the upper layers of the soil).

There may be some other ways of transferring the causative agent of fire blight of fruit crops
by red bud borer, but so far, they are unknown. It should be noted that in Kazakhstan, methods for
controlling the number of R. oculiperda have not been developed. In foreign sources, to combat
it, it is recommended to spray during the growing season with chemical insecticides Ditox k.e.,
Ciperus k.e., Fufanon k.e., Mospilan r.p., Calypso s.k., Sumition k.e., Hlovis s.k., Durshan s.k.,
Zolon k.e., Lannat r.k., Pirineks k.e., and the biological product Bitoxibacillin p., as well as
dressing the seeds before sowing with the preparations Imidalit TPS and Iskra M, c.e. As an
agrotechnical method, the hilling of occulants immediately after inoculation is recommended.
However, these preparations and methods have not been tested in our country. Also, the actual
distribution of the pest in the territory of the republic is currently unknown. Given that the bud
midge is a carrier of such a dangerous quarantine disease as fire blight of fruit crops, it is necessary
to clarify this information in the future.

Conclusion

Red bud borer, a pest of many fruit crops, is a new carrier of the fire blight of fruit crops
pathogen in Kazakhstan. This was confirmed by PCR analysis of its larvae and puparia collected
in 2 peasant farms at different times on apple trees of the Aport variety. The spread of infection
with R. oculiperda can proceed in several ways: 1) with the development of red bud borer in the
branches of infected trees, the imago, after emerging from the puparium, can carry the spores of
the pathogen on itself to other plants; 2) when females lay eggs in tree branches (females lay eggs
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in fresh mechanical damage (wounds, cracks, and scratches) of the bark on the trunk, shoots and
branches, buds and eyes); 3) when larvae of red bud borer make passages during feeding, the
infection can penetrate the resulting lesions with wind, rain, and other insects penetrating the
passages of larvae; 4) introduction of bacteria by larvae of red bud borer from contaminated soil
(as mentioned above, the larvae hibernate in the upper soil layers). In Kazakhstan, methods for
controlling the number of red bud borer have not been developed, and the actual distribution of
the pest in the territory of the republic is currently unknown. Since R. oculiperda is a vector of
such a dangerous quarantine disease as fire blight of fruit crops, this information needs to be
clarified in the future. In microbiological studies, based on the results of the work carried out using
PCR analysis, it was revealed that DNA of Erwinia amylovora was found in all samples of larvae
and puparia of the red bud borer R. oculiperda.
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RESSELIELLA OCULIPERDA (RUBSAAMEN, 1893) (DIPTERA, CECIDOMY IIDAE)
BYPIIIK TAJUIMIACHI — KA3SAKCTAHIATBI )KEMIC JTAKBLTJIAPBIHBIH
BAKTEPHSLIBIK KYHIK (ERWINIA AMYLOVORA) KO3JBIPFBIIIBIHBIH JKAHA
TACBIMAJIJIAYIIBICHI

Tyidin

Kemnreren »xemic makpurmapeiabiy susHkectepi Resseliella oculiperda Kasakcrammarer Erwinia
amylovora Ko3apIpFBINIBIHEIH jKaHa TaChIMAJIIAYIIBICKl 00JIBIN Ta0bUIAABL. ByJl, opTYp:Ii yaksITTa, 2 mapya
KO’KaJIBIFBIHAAFbI ATIOPT COPTBHIHBIH aJIMa aFallTapbIHAH )KUHAJFaH OHBIH IEPHOCLIAEP] MEH IymapHiliepin
IITP-ranmay apkbutel pactangsl. R. oculiperda xemerimen uH(pEKIMAHBIH Tapaiaybl OipHEIIE »OJIMEH
KYpyl MYMKiH: 1) aypy *KYKTBIpFaH aralutapAblH OyTaKTapblHIa JaMbIFaH TaJUIMIaIapabiH IepHICLIIEp],
OHBIH KYBIPIIAKTAaH IMIBIKKAHHAH KEeWiH MMaro KYpTTapbl KO3ABIPFBIII CIOpATapblH ©3iMeH Oipre Oacka
OCIMJIIKTepre TachIMaJail anajibl, 2) aHaJbIKTaphl arall OyTaKTapblHA J>KYMBIPTKA CalfaH Ke3Jie
(aHaNBIKTAPBI YKYMBIPTKAIAPBIH JiHI'e KAOBIKTHIH, OCKIHACP MEH OyTaKTap/IbIH, OYpPIIIKTED MEH KO3IEPIiH
’KaHa MEXaHHMKAJIBIK 3aKbIMIaHFaH )KepiiepiHe (kapaiap, )KapbIKTap jKOHE ChI3aTTap) cajiajbl); 3) rajummia
JICPHACIIIECPIHIH KOPEKTeHY Ke3IHJE JKOJiaap jKacaraHja, sSFHU MH(EKIM JKEJIMEH, JKaHOBIPMEH KoHE
JIEPHOCUIIEP/IIH OTY JKOJIJIaphlHA €HETiH 0acKa Ja *KOHAIKTepMEH Oipre maiija OoJiFaH 3aKbIMIaHyIapFa
eHyl MyMKiH; 4) OakTepHsIapAbIH JJaCTaHFaH TONbBIpAaKTaH Trajjiina AepHaciaepiMer eHyi. Kazakcranna
OYpLIIK ra/yIMIACBIHBIH CaHBIMEH KYpecy oHicTepi oii Je MBICBIKTaIMaraH >KOHE Kasipri yakpITTa
pecrybirka aymarblHAa Ke3JeceTiH 3MSHKECTEpAiH HaKThl Tapanmybl Oenriciz. R. oculiperda sxemic
JAaKbULIApbIHBIH ~ OaKTePHSUIBIK KYHIK CHSKTBI KayinTi KapaHTHHAIK aypyAblH TachIMaJlayIIbIChl
OOoJIFaH/IBIKTaH, ajlJlaFbl YaKpITTa OYJI aKapaTThl HAKThUIAy KaXKeT.

[ITP Tanmaysl apKbUIbl SKYPri3UIreH KYMBICTap/AbIH HOTHKENEepl OOWBIHIIA MHUKPOOHUOIOTHSIIBIK
3eprTeyiepnae OypiiikteHreH oT KaObiHbIH R. oculiperda meprocinmepi MeH mynapusuiapbiHbIH OapiIbIK
ceiHamanapeiHaa Erwinia. amylovora JIHK taObutFaHbl aHBIKTAJIbI, KETICICHTIH aKIapaTThl HAKThLIAY
YIIiH OCBI OaFBITTa KOCBIMIIIA 3€PTTEYIIEP KaXkKeT.

KinrTi ce3nep: Resseliella oculiperda, Erwinia amylovora, uadekuusasl TacsMaigayIibl.
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OKYJIMPOBOYHAS T'AJIJIMIIA RESSELIELLA OCULIPERDA (RUBSAAMEN, 1893)
(DIPTERA, CECIDOMYIIDAE) — HOBbII IEPEHOCYHUK BO3BYIUTEJIA
BAKTEPHUAJIBHOI'O OKOTI'A (ERWINIA AMYLOVORA) INIOAOBBIX
B KABAXCTAHE

doi:10.53729/MV-AS.2023.04.10

AHHOTaNUSA

Oxymupoounas raumina Resseliella oculiperda, Bpenurenns MHOTHX IITOOBBIX KYJBTYP, SBISIETCS
HOBBIM IIEPEHOCYMKOM BO30YAMTENS OaKTEpHAIBLHOTO OKOora II010BbIX Erwinia amylovora B Kaszaxcrawue.
D10 moaTBepkacHO ¢ momolieio TT1IP-aHanmn3a €€ JIMYMHOK U MynapueB, COOpaHHBIX Ha SOJOHIX copTa
AmopT B JIByX KPECThSIHCKHMX XO35fiCTBaX B pa3Hoe BpeMs. PacmpocrpaneHne MHGEKIUH ¢ MOMOIIbo R.
oculiperda MoxeT uATH HECKOJIBKUMH MYTSAMU: 1) IPU Pa3BUTHHU JTMYMHOK FaJUTUIIBI B BETBSIX 3aPaKEHHBIX
JIePEBbEB — MMAro I0ciIe BbIXO/A M3 IyNapys MOXKET YHOCHUTH CIIOPbI BO3OYAMTENsl Ha cebe Ha Apyrue
pacTeHusi; 2) TpH OTKJIAJKE SUIl CAaMKaMHd B BETBH JICPEBHCB (CAMKM OTKJIA[bIBAIOT SHI[A B CBEXHE
MeXaHWYECKHe MOBPEXCHHS (PaHKH, TPSLUIMHBI M LAPAIMHbI) KOPBI Ha CTBOJIE, TOOETraxX U BETBSX, IIOUKU
W TJa3KH); 3) MpH MPOKJIAIKe XOJOB JIMYMHKAMU TAJUTMIBI BO BpEeMs IHTaHUS — B 00pa30BaBILHUECS
HOBPEXICHUS HHPEKIIHS MOXKET POHUKHYTH C BETPOM, JIOK/IEM, IPYTUMH HACEKOMBIMH, TPOHUKAFOIIIMHU
B XOJIbl IMYMHOK; 4) 3aHOC OaKTepuil IMYMHKAMU TaJUTHIBI U3 3apakeHHO# nouBkl. B Kazaxcrane metopt
KOHTPOJISI YHUCIICHHOCTH OKYJIMPOBOYHOW TaJUTHIBI HE OTPa0OTaHBI, M B HACTOSIIEEC BPEeMsI HEU3BECTHO
(bakTHYecKoe pacIpoCTpaHCHUE BpeauTeNs Ha Teppuropuu pecnyosiuku. [lockonsky R. oculiperda
SBJISICTCS TMEPEHOCYMKOM TaKOTO OIACHOTO KapaHTHHHOTO 3a00NieBaHUs, Kak OaKTepHalbHBIH 0XOT
IUTOJIOBBIX, HEOOXOJMMBI JalbHEHIINE HCCIENOBAaHHS B OTOM HANpPaBICHUH ISl  YTOYHCHUS
OTCYTCTBYIOIICH HH(OpMAIIUH.

Karouesblie ciioBa: Resseliella oculiperda, Erwinia amylovora, nepeHocunk uHpEKINN.

BunoBoii cocTaB M 3HauYE€HUE HACEKOMBIX MPU PaCHpPOCTPaHEHUU OaKTEpHUaIbLHOTO 0XKOTa
wionoBeix (Erwinia amylovora (Burrill, 1882) Winslow et al., 1920) B MupoBoOii mpakTukKe
nszydaetcs yxe 6osnee 100 mer. CymecTByeT MHEHHE, YTO HAUOOJIBIIYIO POJIb MPH 3TOM HTPAIOT
OMBUTATENH (TIEPENOHYATOKPBUIBIE, MYXH W T.I.) U COCYIIHE BPEIUTENH (pPa3TUYHBIC BUIBI
MOy KECTKOKPhUTBIX) [1-3]. Ilo HEKOTOphIM HWMEIIMMMCS JaHHBIM, ITYEIbl HE IHTAOTCS
BBITCKAIONIMM OaKTepHaIbHBIM SKCCYJaToOM, HO MOTyT mepeHocuTh E. amylovora wmexny
nseramu. [Io aToMy MoBo1y UMEIOTCSI MPOTUBOPEUNBLIE NaHHbIe. [0 oHUM cBeZeHUIM, UX POJIb
B pacrpoCTpaHEeHUH OAKTEPHATIHLHOTO 05KOTa IJIOJAO0BBIX MOXKET ObITh 3aBblieHa [3]. [To npyrum
JIAHHBIM, MYENIbI UMEIOT JOBOJBLHO OOJIbIIOE 3HAueHHe, kKak mepeHocunku E. amylovora. Tak,
OakTepuu BHKMBAIM B TeUCHHE 15 THEW Ha Tele MEJOHOCHBIX MYell U ObUIH Hanbosiee OOUIBHBI
Ha OpIOIIKE MO CPaBHEHUIO C IPYTMMH YacTSAMU Tejla, TAKUMHU Kak ry0a, KpbUIbsl ¥ 3aJIHUE HOTU
[4]. B numeBapuTenbHONM cCUCTEME METOHOCHBIX myen E. amylovora coxpansiiach B TeueHue 7
CYyTOK, a B JKCKpeMeHTax OakTepuu OOHApYKHBAJIUCh B TeUE€HHUE 3 CYTOK IOCIE KOHTAaKTa.
HNmeetcs mpennonokeHue, YTo pa3iMuHbIe BUJIbI OTYKECTKOKPBUIBIX, OCIE NEPEIBUKEHUS IO
OaKTepHuaIbHOMY JKCCYAaTy, BIOCIEACTBUM MOTYT MEPEHOCUTh OAaKTepUU BO BpEeMs MHUTAHUS,
MPOKAJBIBasi CTEOJIM, JIMCThS W TUIOABI KOPMOBBIX PACTEHUH, HO 3TO HE BBIICHEHO JI0 KOHIIA.
OtpenpHas WHGOPMALUA €CTh MO ABYKPBUIBIM HAaceKOMbIM. OTMEYEHO, YTO IJIOJOBBIE MYXHU
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Drosophila melanogaster Meigen, 1830 0X0THO MUTaOTCS OaKTEPUATBHBIM YKCCYAATOM; MOCTC
ATOTO HACEKOMBIC COXpaHsSIM Ha cebe >KM3HECIOCOOHBbIe OakTepuu HE MeHee 7 mHel [5].
OKCIIepUMEHTAIbHO ~ JIOKa3aHa  BO3MOXKHOCTh  IEpeHoca  OakTepHalbHOTO  0XKOra
CpeaM3eMHOMOpPCKON TutomoBoii myxoi Ceratitis capitata (Wiedemann, 1824) — omacHbiM
KapaHTUHHBIM BPEIUTEIEM ILIOJ0BBIX KylnbTyp. E. amylovora moxer BbDKHMBATH B TCUCHHUE HE
MeHee 8 JIHEl B MHINEBAPUTEIBHOM TPAKTE CPEIU3EMHOMOPCKON MyXH W 10 28 nHEH Ha
noBepxHocTu Tena [6]. Takke 10Ka3aHa BO3MOXKHOCTh IEpeHoca OaKTepHalbHOTO O0XKOra
IUTOIOBBIX JPYIMM OIACHBIM MHOTOSIHBIM BpeauTenaeMm - poctkoBoit myxoi Delia platura
(Meigen, 1826). DT Myxu MOTYT EpPEHOCUTH OAKTEpUH Ha Tejie B TeUEHHE 1O KpaitHel mepe 5
nHeit [7]. BumoBoii cocTaB W posib HACEKOMBIX KaK areHTOB pacrpocTpaHenus E. amylovora B
Kazaxcrane He BBISICHEHBI, YTO OOYCIOBIIMBAET aKTyalbHOCTh HACTOAMIEH paboTel. OMHUM U3
TaKUX HACEKOMBIX SIBJIETCS TJ1a3KOBast, WM OKYJIHPOBOYHAS TaJlUIA.

I'maskoBast (oxynupoBouHas, Wwin KpacHas po3anHas) rammumna (Resseliella oculiperda
(Rubsaamen, 1893) = Thomasiniana oculiperda (Ribsaamen, 1893) = Diplosis oculiperda
Ribsaamen, 1893) ortnocurcs k cemeiictBy ramwmi (Cecidomyiidae) orpsima IBYKpPBUIBIX
HacekoMbix (Diptera). SIBnsieTcs BpeauTeieM MHOTHX IUIOOBBIX KynIbTyp. [loBpexaaer rpyimry,
s0JI0HI0, aliBy, allblvy, aOpHKOC, BHILIHIO, YEPEIIHIO, TIEPCHUK, CIHUBY, YepEMYXY, OOSIPBILITHHUK,
TEPH, KU3UJI, UHXKUD, IIUITOBHUK, po3bl U Ap. CaMKU OTKJIaJABIBAIOT SHIA B CBEXKHE MEXaHUUECKHE
MOBPEXKACHUS (PaHKU, TPEIIMHBI U I[ApallMHbBI) KOPBl Ha CTBOJE, MOOErax M BETBSX, MOYKH U
ria3ku. JIOBOJNIBHO YacTo SHLEKIaKa IPOUCXOJUT B MECTa IPUBUBOK IIPHU OKYJIHPOBKE (0TCIO/1a
pycckoe Ha3BaHUE HACEKOMOT0), W MPEMSATCTBYET CPACTAHHWIO MPHUBOS M MOABOs. JIMUMHKH
JAHHOTO BHJIA B OTJIMYUE OT APYTUX MpeICTaBUTENEH ceMeiicTBa rajjioB He 00pa3yroT, MUTAIOTCS
pacCTUTENbHBIMH TKaHSIMHU (KaMOWeM U JIp.) CTBOJIA, BETBE, TOOErOB U MOYEK PACTCHHUIT-X035€B, a
TaKk)K€ paHEBBIMU BbIIEICHUAMH M0ABOA. OHU MPOJAETBIBAIOT MPOJOJIbHBIE XOAbl B JPEBECHHE
IJIa3Ka, YeM BBI3BIBAIOT THOETh M YChIXaHUE NPUBOS. [ HMOenb 3a0KyIHpPOBAHHBIX TJIA3KOB B
pe3yabTaTe KU3HEACATETFHOCTH TAJUTHUIIBI Ha KOCTOYKOBBIX mopoaax koseonercs ot 30% mo 50
%, a Ha cemeukoBbIX — OT 15% nmo 30 %. PasmHOeHME NMapTEHOI€HETUYECKOE, CAMIIBI HE
oOHapyXeHbl. 3UMYIOT JIMYUHKA B BEPXHUX CIIOSIX TOYBBL. 3a BEreTallMOHHBIA Mepuoj
pa3BUBAIOTCS 2-3 MOKOJICHHS], IEPEKPBIBAIOIIMXCS APYr ¢ Opyrom. Bpenutens BHeceH B 0a3y
nanabix EOK3P [8]. PacnpocTtpanenue ria3koBoi rajuidilbl OXBaThiBaeT 3amagHyio EBporny,
CpPeIHIO U 10XKHYI0 YyacTb Bocrounoii EBpomnbl [8-11]. B Ka3zaxcrane siBnsieTcss MHBa3WBHBIM
BUJIOM, 3aB€3€HHBIM C MTOCAI0UYHBIM PACTUTEIBHBIM MAaTEPHUAJIOM, B HACTOSIIEE BPEMSI OTMEUEHa
Ha FOr0-BOCTOKe cTpaHsl [ 12]. Mcxonas u3 BeimensnoxkenHoro, R. oculiperda npeamnonoxutensHo
MOXET OBITh ar€HTOM IIepeHOCca BO30YIUTENS OAKTEPHATHLHOTO 0YKOTA TJI0IOBBIX.

BakTepuanpHBI 0XKOT TUIOMOBBIX — OINACHOE KAapaHTUHHOE 3a00JIeBaHHE IUIOJIOBBIX
KYJIbTYp, IPUUUHSIONIEE 3HAUUTEIbHBIN 9KOHOMUYECKH yIiepd BO MHOTHX CTpaHax MUpa, B T.U.
u B Kazaxcrane. Mndexnus mopaxaer Oonee 160 BHIOB pacTeHUil ceMeHCTBa PO3OIBETHEHIE,
BBI3BIBas UX OBICTpYIO THOETH [13-20]. Mcxos u3 BBIIEH3I0KEHHOTO, BRIOPAHHOE HAIpaBJICHUE
WCCJICTOBAHHM SIBIISIETCS BEChMa aKTyalbHBIM. L[eNbi0 paboThI SIBISIIOCH BBEISICHUTH BO3MOXKHOCTh
nepeHoca Ta3koBoi rayummneii 0akrepun E. amylovora. B cBs3u ¢ 3TUM OBbLTH MOCTaBIICHBI
3ala4yll MPOBECTH cOOp MaTepuajga MO JAHHOMY BpPEIUTENI0 W BBISBHTh C ITOMOIIBIO
71a00paTOPHOTO aHAIM3a HATMYUE B HEM BO3OYAHUTEINS 0aKTEPUATLHOTO 05KOTa TUIOIOBBIX.

Marepuaibl M1 METOABI HCCJICAOBAHUSA

Marepuan coOupaincst B sS0JIOHEBBIX cagaX IUIOJOBOJYECKUX XO3SHMCTB AJMAaTHHCKOM
obmactu B 2023 romy. Bo Bpems nmpoBeneHNss MOHUTOPUHTOBBIX O00CIIEIOBAHUA OBLJIO OTMEYECHO
pasButue R. oculiperda Ha BeTBsIX M cTBOJNAx sI0JIOHB cOpTa ANIOPT, U OBLIO MPHHATO PEIICHUE
IPOBEPUTh JIaHHBI BMJI Ha HaJIW4Me BO30yauTeNs OaKTepHaIbHOrO OXora IuionoBbiX. Ilpu
IIPOBEJECHUH UCCIIEN0BAHNN TPUMEHSIIUCH CIEAYIOINE METOAUKU:

1. Meroa y4era o kopoii. CHSIB KOpY, Ha CTBOJIAX JEPEBHEB COOMPAIOT M MOJCYUTHIBAIOT
KOJINYECTBO OOHAPYKEHHBIX JIMYMHOK W UMaro HaceKoMbIX Ha maneTky (50x20 cm). MoxHO
UCIIOJIb30BaTh CIENMAIbHbIN HEOOIIBIION CAYOK, KOTOPBIN MPUIIETAET MOJTHOCTHIO CBOUM 00pydeM
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K [TIOBEPXHOCTH CyOCTpaTa, 4To He MMO3BOJISIET HACEKOMBIM BBICKOJIB3HYTh B IIEJIb MEXK/Yy CAUKOM
u cybcrparom. MeTton mNpuMEeHHM s cOopa IKYKOB-KCHIO(AroB, KJIOTOB, HEKOTOPBIX
Mapa3sUTHYECKUX  TMEPEMOHYATOKPBUIBIX,  OTACIBHBIX  BHJABI  MAayKOB, = MHOTOHOXEK,
JI0’)KHOCKOPITUOHOB U JIp.

2. Meron orbopa mpo0 Ha OakTepuanbHbI OXOr MIoA0BBIX. C cobirogeHueM Bcex
TpeOOBaHUI aHTHUCENITUKH C KaXXJI0To OOJBHOTO jaepeBa orOupanu 1o 3-4 mpoObl. [Ipu otOope
npo0® BBIpE3a M MOPAKEHHBIE YAaCTH PACTEHUH € 3aXBaToM 370poBoi TkaHu. OmuH o0pasen
COCTOSUT M3 PAa3IMYHBIX YacTeld pacTeHWU, COOpaHHBIX C OMHOTrO nepeBa. Kaxiwni oOpasern
BKJIIOYAJI COILIBETHS, 3aBs3b, JIUCThS, TUIOJBI, MOJOABIC MOOErH, KOPY CO CKEJIETHBIX BETBEH U
mram6a. OToOpaHHBIE 00pa3lbl MOMEMIAIA B MAKeThl W3 (UIBTPOBAIBHONW OymMaru BMECTE C
STHKETKOH, IJIe YKa3bIBAIUCh PErMOH, XO34WCTBO, KYJIbTYpa, COPT, BO3pacT, IUIOLIA/b, JaTa
otbopa obpasma. OToOpanHbIe 00pa3Ilbl B (PHIBTPOBATBHBIX MAKETAX XPAHWINCH B XOJIOAMIHHUKE
JI0 YCTAHOBJICHUS ATHOJIOTUHU 3abosieBaHUs. TOT ke METOoA MpUMeHsuIcs A cOopa oOpas3IoB
JUYUHOK U MyNapyUeB OKYJIUPOBOYHON TaJlTHIIBL.

3. Unentuduxarus E. amylovora monekyasipHO-TeHETHYECKUMU METOJIaMH. BbineneHue
JTHK. Beiaenenne JIHK u3 pacTurenbHBIX 00pa3IioB OCYIIECTBIISIOCH ¢ oMotk GeneJET Plant
Genomic DNA Purification Mini Kit #K0792 (ThermoFisher, CIIIA), a u3 6akTepuu - C TOMOIIbIO
GeneJET Genomic DNA Purification Mini Kit #K0722 (ThermoFisher, CIIIA), ouncTka mia3mu
- ¢ momouipro GeneJET Plasmid Miniprep Kit #K0503 (ThermoFisher, CIIIA) no uHCTpyKIUH,
MPEJIOKEHHON MTPOU3BOIUTENEM JaHHBIX peareHTOB. [ onpe/esieHrs KauecTBa U KOJIMYecTBa
BeienienHon JIHK mpoBoaunu snextpodope3 Ha arapo3HoM rese. PesynbraThl anekrpodopesa
AQHAIU3UPOBAINCH C TOMOIIBIO TEIb-I0KYMEHTHPYIOIIEH CHUCTEMBl C TPAHCHUJUTIOMHUHATOPOM
«Quantum-ST5, Vilber Lourmat».

®dororpaduu TUUUHOK U MyMapHeB OKYJIMPOBOYHON TrajlTUIbI ObUTH CAETaHbl C TTIOMOIIbIO
kamepbl Redmi 7.

KoopaunaTel MI070BOAYECKHX  KPECThSHCKUX — XO3MWCTB, TI/€ OBUIM  MPOBEACHBI
UCCIICIOBaHMS:

1) KX «Omxac», N 43°09'32.6" E 76°33'33.8";

2) KX «Amnaray», N 43°10'76.1" E 76°43'73.4".

Pe3yabTaThl U 00CY:KIEHUE
Bcero 6110 cobpano 6 00pa3110B TMYMHOK U TYITAPUEB OKYITUPOBOYHOM rajutuiibl, 4 - B KX
«Anaray», u 2 - B KX «Omxacy (pucyHok 1).

Pucynok 1 — Jluuunku (A) u nynapuu (B) okynupoBounoii rayumiel Resseliella oculiperda.
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B pe3ynbTare nmpoBeieHHBIX Uccen0BaHmi ¢ momotbto [T1[P-ananu3a coOpaHHBIX B pa3HOE
BpeMsl JINYMHOK W MyMapueB OKYyJIMPOBOYHOM ramummiel R. oculiperda 6buto ycTaHOBIIEHO, YTO
JIHK E. amylovora npucyrcTByeT Bo Bcex 00pasiax (pUCYHOK 2).

Wnentudukauss BBIACICHHBIX IITaMMOB ¢duronaroreHa Erwinia amylovora
npoBoamioch merogom FLASH-TIIP.

AmMindukanys npoBoAUIack Ha npuodope - «Tepuuk» ¢ TOMOIIbI0 KOMIUIEKTa PeareéHTOB
P ammmpukanuu JHK Erwinia amylovora xommanuun OOO «ArpoauarHoCTHKay,
pa3paboTaHHBIX HA OCHOBE 0a30BOI'0 COCTaBa PEAKIIMOHHON CUCTEMBI M PeKUMa aMIUTH(UKAITIH.
Herexnuio mpoBoaunu Ha npubope «Jxur» (JHK Texnomorws). Crenuann3upoBaHHBINA
netektop (uyopecuennnn «J/[>KuH» mpeaHasHaueH i peructpanuu pesynabratoB [P npu
HCIIOJIb30BaHNY KOMITJIEKTOB PEareHTOB, OCHOBAHHBIX Ha MPUHIIUIIAX (DITYyOPECIEHTHOM IeTeKIINN

(dbopmar FLASH).

MpoTokan  HacTpolkn — Help

DS A
E amilovors w | Mporokon: 0 Oneparop: | Tupcynoea K. — Fox
Mpofupka Dfipazel Pesynerar @Fam @Hex ¥ PRox * Inl] i . 5
1/0 K+ + 5,86 15,65 = _
2/0 K- 0,36 9,97 e
30 1 + 443 12,74 _
40 2 + 5,41 14,13 ﬁﬁ'
5/0 3 + 439 17.10 Frﬁ
&/0 4 + 3,83 15,46 ﬁﬁ '
7 5 + 3,59 16,24 -
8/0 + 558 15,22 ——
9/poH(E. amilovar ®oH _-- :
10/ poH(E. amilove DO _-- '

* HopMuposoutie mmaneHin 22,00 74.50*

M pHMEYaHKE: DR - Wlerwanowca

17 Anpems 2023, 12:19:38 Npororon Tanp2023 anx obp or 14.04.2023.zen_ 17 Arpems 2023, 12:19:36 Gene w41 (2.04.10 4.4.0.10)
HpI/IMeanI/Ie* Pe3y.]'H)TaT «+» - HaAIIM4YUE B 06p33ue HCKOMOI'O B036y£LI/ITeJ1$1. Pe3yJILTaT «=» -
OTCYTCTBHUC IMATOT'CHA B 06pa3L[e. «K+» - mon0oXuTenbHbINI KOHTpPOJIb, «K-» - OTpI/I]_IaTeJ'IBHBIf/i KOHTPOJIb.

Pucynoxk 2 — IIpoTtokoun uccrnenoBanns o0Opas3ioB MyMapueB U TMYHHOK OKYJTHPOBOYHOM TaJUTUIIBI JJISI
uneHtudukauu E. amylovora MonekyisipHO-TeHETHIECKUM METOJIOM.

Takum o0paszom, okynmupoBouHas raumna R. oculiperda sBisieTcss HOBBIM MEPEHOCUHKOM
BO30yaUTENs OAaKTEPHATLHOTO 0XKOTa TIIOIOBBIX.

Pacnipoctpanenne E. amylovora oxkyinpoOBOYHOM TaTUICH MOXET HITH HECKOIBKUMHU
NyTSMU:

1. Tlpy pa3BUTHM JIMYMHOK TaJUTMIBI B BETBSX 3apaKCHHBIX JEPEBHEB — HMMAaro Iocie
BBIXO/JIa U3 ITYTIAPHsI MOKET YHOCUTH CITOPBI BO30OYAHUTENSI HA ce0e Ha APYTHe PACTEHHSL.

2. Tlpu oTKIJIajKe U] CAMKAMHU TaJUTUIIBI B BETBH JICPEBbEB (KaK YKa3bIBAJIOCH BBIIIE, CAMKH
OTKJIA/IBIBAIOT STAIIA B CBEXKHE MEXaHUYECKHE TIOBPEKACHUS (PaHKH, TPESUIHHBI ¥ IIapATTHBI) KOPBI
Ha CTBOJIE, MOOErax v BETBAX, OYKHU M TJIA3KH);

3. Ilpu mpokianke X0JA0B JHUYMHKAMH TAJUTUIBI BO BpEMs MUTAaHUS — B 00pa30BaBIIUECS
HNOBPEXKICHUS HHQPEKIUS MOXET NPOHUKHYTh C BETPOM, IOXKICM, JAPYTUMH HACCKOMBIMH,
POHHUKAIOIIUMH B XOJIbI INYHHOK;

4. 3aHOC OaKkTepuil JTUUNHKAMH TAJLTHIIBI U3 3apaKEHHON MOYBBI (KaK YKa3bIBAJIOCH BHIIIIC,
JMYUHKY 3UMYIOT B BEPXHHUX CJIOSIX ITOYBHI).
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Bo3MmoxHO, cCymecTBylOT emie Kakue-TO WYyTH [epeHoca TalUIUIed BO30yauTens
OaKTepUaIbHOTO 0KOTra MJIOIOBBIX, HO TIOKa OHU HEU3BECTHBHI.

Cnenyer ormeTuTh, uTo B Kazaxcrtane MeTOJIbI KOHTPOJS YHUCIEHHOCTH OKYIMPOBOYHOM
raJuTiIbpl He OTpaboTaHbl. B 3apy0eKHBIX HCTOYHUKAX I OOPHOBI C HEIO PEKOMEHIYETCS
ONPBICKMBAHUE B IEPHO/] BEreTAIllMU XUMUUECKUMU MHCeKTUunaamMu J{utokce k.3., lunepyc k.3. u
®dydanoH k.3., Mocrminan, p.n, Kamunco c.kx., CymMuTHOH K.3., XJIOBHC C.K., JlypcOaH c.k., 30510H
K.93., Jlamnat p.x., Ilupunekc k.3. u OuonpemaparoM buTokcHGanMuIMH 1., a TaKXKe
npoTpaBiauBaHue ceMsiH nepea mnoceBoM mpemnaparamu MUmupanur TIIC u Uckpa M, k.5. B
KaueCTBE arpoTEeXHMUYECKOTO METOJla PEKOMEHJIYeTCs OKy4YMBAaHUE OKYJISHTOB cpa3y Ioclie
npuBuBKUA. OJTHAKO B YCJIOBHSX HAlllel CTpaHbl 3TH IMpernapaThl U METOJbl HE ampoOHpPOBaHbI.
Takxke B HacTosIIee BpeMs HEU3BECTHO (PAKTUYECKOE pACIPOCTPAHCHHUE BPEIUTENsl Ha
TEPPUTOPUU PECIYOIMKH. YUUTHIBAs, YTO OKYJIUPOBOYHAS TaJUIMIA SBJSETCS MEPEHOCUUKOM
TaKOro OMacHOr0 KapaHTHHHOTO 3a00JieBaHMs, Kak OaKTepUaTbHBIA O0XOT IUIOJOBBIX,
HE00X0aMMO B OyayIieM YTOUYHUTD 3Ty HH(POPMAIIHIO.

3akiiroueHue

OxynupoBOYHasi TaTUIA, BPEAMTENb MHOTHUX IUIOJOBBIX KYJIBTYp, SIBISETCS HOBBIM
NEPEeHOCUUKOM BO30yauTens OakTepuanbHOro oxora IuiofoBbix B Kazaxcrane. 310
noaTBepkIeHo ¢ momonibio [1I[P-ananu3a coOpaHHBIX B 2-X KPECTHIHCKHX XO3SHCTBAaX B pa3HOE
BpeMsi €€ JMYMHOK M IynapueB Ha s0J0HsIX copta Amopt. Pacmpoctpanenue mHbpekmuu R.
oculiperda mMoxxeT MATH HECKOJIBKMMHU MyTSAMH: 1) MPH Pa3BUTHU JMYMHOK TAILTHIBI B BETBSX
3apakeHHBIX JIEPEBHEB — UMAro Mocje BbIX0/Aa U3 MyMapHus MOKET YHOCUTh CIIOPbI BO30YAUTENS
Ha ce0e Ha JApyrue pacTeHus; 2) NpU OTKJIAJKE SUI] CaMKaMH B BETBH JEPEBBEB (CaMKU
OTKJIAJIBIBAIOT SIM1Ia B CBEXKHE MEXAaHUYECKUE MTOBPEKICHUS (PaHKH, TPEIIHHBI U LIAPATTUHBI) KOPBI
Ha CTBOJIE, MoOerax U BETBSX, MOYKHU U TJIa3KH); 3) MPU MPOKIIAAKE XOA0B JTUUNHKAMH T'aJUIAIIBI
BO BpeMsl MUTaHUS — B 00pa3oBaBIIMECs MOBPEKICHUS HH(PEKINSI MOXKET IPOHUKHYTh C BETPOM,
TOXKJEM, JAPYTUMHU HACEKOMBIMH, MPOHHUKAIOUIMMH B XOJBI JHYMHOK; 4) 3aHOC OakTepuid
JUYUHKAMH TaJUTMIBI U3 3apa)KeHHOM MOuBHI (KAaK YKa3blBaJOCh BBINIE, JIUYMHKU 3UMYIOT B
BEPXHUX CJ10sX 1ouBbl). B Kazaxcrane MeTo1pl KOHTPOJIS YUCICHHOCTH OKYJIUPOBOYHOMN T'aJUIHIIBI
HE OTpabOTaHBbl, U B HACTOSIIIEE BpeMsI HEU3BECTHO (DaKTHUUECKOE pacIpoCTpaHEHHE BpeIuTeNsl Ha
tepputopun pecryonmku. [Tockoneky R. oculiperda siBisiercst mepeHOCYHKOM TaKOTO OMAacHOTO
KapaHTUHHOTO 3a00JIeBaHMs, KaK OaKTepUabHBIM OXKOT IUIOIOBBIX, HEOOXOIUMO B Oymyliem
YTOUHUTH 3Ty HUHPopManuioo. B MHKpPOOHOIOTMYECKUX HCCIEAOBAHUAX IO pe3ylbTaTaM
npoBeJeHHBIX paboT ¢ momoirsio [11[P-ananu3a ObUIO BBISIBJIEHO YTO BO BCEX B3SATHIX Mpobax
JUYMHOK M TyNapueB OKyJIMpoBouHOM raumisl R. oculiperda o6uapyxenst JTHK Erwinia
amylovora.
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Abstract

Isolation of pathogens of infectious diseases isolated from animals, their identification based on the
study of biological properties, determination of antibiotic resistance is an urgent task. During of
inflammation of the abdominal cavity on a biological system in vivo, cultures of microorganisms were
isolated on laboratory rats Killed for diagnostic purposes, and their sensitivity to antibiotics was studied. As
a result of the studies, it was found that on the 2nd and 5th days after infection of rats with coprological
exudate an inflammatory process developed in the abdominal cavity, characterized by a disorder of blood
and lymph circulation in blood and lymphatic vessels, in capillaries and venules, edema, hemorrhages in
internal organs and vessels, necrosis tissues (on the 5th day after infection). As a result of bacteriological
examination of exudate from the abdominal cavity, exudate from the abdominal cavity and liver of
experimental rats, pathogenic and conditionally pathogenic microorganisms were isolated. Cultures were
identified based on the study of cultural-morphological, tinctorial and biochemical properties. Escherichia
coli, Staphylococcus aureus, Pseudomonas aeruginosa were isolated from samples of biological material
of rats. The sensitivity of isolated microorganisms to antibiotics was studied. Knowledge of the etiology of
infectious inflammation of the abdominal cavity of rats, the effect on pathogens of antibiotics of various
groups, the correct selection of the drug contribute to the elimination of infection in the shortest possible
time.

Keywords: exudate, abdominal inflammation, modeling, antibiotic resistance, lymph nodes.

Infectious diseases cause enormous economic damage to livestock production and represent
the most important veterinary and biomedical problem [1]. The fight against infectious diseases of
animals and humans is an urgent problem. Bacterial infections continue to occupy one of the
leading places in the infectious pathology of animals and humans [2,3]. The main reservoir of
infectious agents in nature are mammals, birds, and rodents [4]. Recently, the role of bacteria
carriers as the main sources of infection of animals and humans has increased [5]. High incidence,
increasing prevalence of bacterial infections, polymorphism of clinical forms (latent and erased
forms) of the disease, frequent cases of the formation of long-term and lifelong bacterial carriage
contribute to the infection of animals and humans. The widespread prevalence of antibiotic-
resistant pathogens that cannot be treated indicates the urgency of the problem [6]. Solving the
issues of asymptomatic bacterial carriage is closely related to the persistence of infectious agents
in the body of laboratory rats during experimental peritonitis [7]. For the first time, the microbial
landscape in rats infected intraperitoneally with a suspension of feces was studied. Modeling of
scatological peritonitis in rats was carried out, and the body's immune response was studied.
During a bacteriological study of biomaterial from rats with experimental peritonitis, pathogenic
and conditionally pathogenic microorganisms were isolated. All experimental animals were
clinically healthy. The sensitivity of isolated cultures of microorganisms to antibiotics of various
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groups was studied. Irrational use of antibiotics, often using maximum doses, increasing the course
of treatment and frequency of use of drugs without taking into account sustainability, as well as
the pharmacokinetics of drugs, leads to the development of adverse reactions, the formation of
drug sensitivity of pathogens and bacterial carriage.

The purpose: to study the bacterial microflora in rats with inflammation of the abdominal
organs and against the background of antibiotic administration.

Materials and methods of research

Studies on creation of experimental peritonitis on biological system in vivo on laboratory
rats were carried out. In accordance with the aim and objectives of the program 12 rats - Spraque
Dawley(SD) line sexually mature males and weighing 270+5 g were used in the experiments. The
purpose of the work is experimental modeling of scatological inflammation of the abdominal stripe
in rats, studying the body’s immune response. For the experiment, 3 experimental and 1 control
groups of animals were formed. There were 3 rats (male) in each group. 1st control group (3 heads)
- uninfected animals that did not receive treatment; 2nd experimental group (3 heads) — rats
infected with fecal suspension at a dose of 0.5 cm3 intraperitoneally, Killed 2 days after infection;
3rd experimental group (3 heads) - rats infected with fecal suspension at a dose of 0.5 cm?®
intraperitoneally were treated with the antibiotic ceftriaxone twice at a dose of 25 mg per 100 g of
weight 12 hours after infection for the first time and a second time 24 hours after infection
according to the instructions for use, killed 2 days after infection; 4th experimental group (3 heads)
- rats infected with fecal suspension at a dose of 0.5 cm?® intraperitoneally, killed 5 days after
infection. The animals were kept in the vivarium on standard feeding and drinking regimen. Each
experimental and control groups of animals were kept in a separate cage provided with individual
drinker and feeding. During the experiment all rats received a complete balanced diet. Before the
beginning of the experiment all rats of experimental and control groups were examined, weighed,
and thermometered.

Acute inflammation of the abdominal stripe in rats of the experimental groups was caused
by intraperitoneal administration of a suspension of scatological material (feces) in a dose of 0.5
cm® 10% suspension was prepared from fresh scatological material taken from rats in sterile
boxing conditions in physiological solution. Animals of all experimental groups were injected
intraperitoneally with 0.5 cm?® of a 10% suspension of scatological material. The animals of the
experimental and control groups were observed for 5 days. When slaughtering, samples of
biological material were taken from rats in the experimental and control groups for bacteriological
examination. Abdominal exudate, abdominal flush and a 20 g piece of liver were taken into sterile
containers for microbiological analysis. Cultures from samples of biological material from rats
onto nutrient media were carried out immediately after collection.

When performing the work, bacteriological, serological, and biochemical research methods
were used. When setting up the experiment, the physiological characteristics of the animal’s body
were taken into account [8]. After slaughter, a pathological examination of the rat corpses was
carried out [9]. Biomaterial sampling was carried out in accordance with the methodological
recommendations for sampling [10].

The rat corpses were opened in sterile boxing conditions and collected pieces of liver,
abdominal exudate, feces, etc. were placed in sterile Petri dishes. The liver at the puncture site was
cauterized with a Pasteur pipette, tissue was collected into a Pasteur pipette and inoculated into
test tubes with a nutrient medium. In sterile box conditions, a bacteriological study of biomaterial
samples from slaughtered rats was carried out by seeding on liquid and solid nutrient media. The
material was sown on solid and liquid nutrient media. Crops were done on MPB, MPA (Russia)
and on special nutrient media (for cultivating intestinal bacteria on Endo medium, on Chromagard
for cultivating coccal microflora, etc.). After 20 hours of cultivation at 37°C in a thermostat, the
crops were examined visually, suspicious colonies were selected and smears were made.
Bacteriological examination of biomaterial from rats was carried out in accordance with the
“Guidelines for Bacteriological Diagnostics”. Identification and taxonomic distribution of the
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isolated crops were carried out in accordance with Bergey’s identification guide [11]. The cultural
and morphological properties of microorganisms were studied by inoculation on MPS, MPA
(Russia) and differential diagnostic media. Microscopy was carried out on smears prepared from
daily agar cultures, Gram-stained. The biochemical properties of microorganisms were studied by
sowing isolated cultures on Hiss media with carbohydrates.The mobility of microbes was
determined by growth on semi-solid agar [12].

To determine sensitivity to antibiotics, a daily broth culture of microorganisms that was not
contaminated with foreign microflora was used. We used standard paper disks with antibiotics (2
mcg, 5x50 BioVitrum, Russia). The sensitivity of microorganism cultures isolated from animals
was studied using the disk diffusion method in accordance with generally accepted methodological
recommendations [13, 14]. 25 cm® of MPA was sterilely poured into sterile Petri dishes with a
diameter of 100 mm, culturing with test microorganisms (CFU 10%/mL). Before sowing, Petri
dishes with agar were well dried in a thermostat for 48 hours. A bacterial suspension (a daily broth
culture) in an amount of 0.1 cm? was applied to the surface of the agar and evenly distributed with
a spatula, after which discs soaked in various antibiotics were applied with sterile tweezers. In
each cup, the effect of 7 antibiotics was tested. After application of the discs, the Petri dishes were
incubated at a temperature of 37°C for 18-20 hours upside down. The results were assessed by the
presence of zones of inhibited growth of microorganisms around the discs [15, 16, 17]. The
absence of growth of the microorganism at a distance of more than 15 mm from the disk with the
antibiotic indicated the sensitivity of the culture to this antibiotic. If the test microorganism
developed in close proximity to the disk impregnated with the antibiotic, then this microorganism
was assessed as resistant to the action of the antibiotic [18, 19]. The diameter of growth inhibition
zones, taking into account the diameter of the disc itself, was measured with an accuracy of 1 mm.
For quality control, test strains Escherichia coli and Pseudomonas aeruginosa were used [20].

Results and discussion

The first clinical symptoms of the disease in animals of experimental groups 2 and 4
appeared on the second day after infection. The animals were lethargic, refused food, did not move,
they were overcrowded, and there was slight swelling in the abdominal area. On clinical
examination, rats in both groups exhibited anemia of visible mucous membranes. In animals of
the 3rd experimental group, treated with the antibiotic ceftriaxone, 12 and 24 hours after infection,
there were no clinical symptoms of the disease.

5 days after infection, the rats of the 4th experimental group were sacrificed. A pathological
examination of rat carcasses was carried out. In rats of the 4th experimental group, pronounced
pathological changes in the abdominal cavity were observed. Pathological changes were noted in
the liver, spleen and intestines of rats in the form of hemorrhages and necrotic lesions. The internal
organs were hyperemic, blood-filled and enlarged. Mesenteric lymphatics are enlarged, red, juicy.
The abdominal cavity is enlarged and filled with milky, milky exudate with an unpleasant odor.
The villi of the small intestine are enlarged, swollen, and filled with blood. Numerous erosions
and necrotic lesions were observed on the mucous membrane of the small and large intestines. The
liver is enlarged, yellow-red in color, filled with blood, with hemorrhages and dark foci of necrosis,
clayey consistency. The gallbladder is enlarged and filled with bile. Exudate from the abdominal
cavity was collected into sterile containers from killed rats, washing off a piece of liver from the
abdominal cavity. As a result of the studies, it was established that on the 2nd and 5th days after
infection of rats with coprological exudate in the abdominal cavity, acute inflammation of the
abdominal cavity developed, in the form of peritonitis, which manifested itself as an inflammatory
process characterized by a disorder of blood and lymph circulation in the blood and lymphatic
vessels, in capillaries and venules, edema, hemorrhages in internal organs and vessels, tissue
necrosis (5 days after infection). In experimental rats, there was a narrowing of the capillaries of
the microcirculatory bed with emptying of the lumen of blood vessels, in which cellular elements
of blood were found in small quantities. In the abdominal cavity there was a significant
accumulation of serous and serous-purulent exudate, an inflammatory process and degenerative
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changes were noted. The mucous membrane of the small intestine of rats showed severe swelling
and pronounced inflammatory edema. The lymph nodes were enlarged. 5 days after infection, the
rats showed dystrophic and degenerative changes in the abdominal organs. In experimental
scatological peritonitis in animals of group 4, signs of diffuse fibrinous-purulent inflammation of
the abdominal organs involving the deep layers of the peritoneum and underlying fatty and muscle
tissues were found. The mucous membrane of the small intestine of rats showed severe swelling
and pronounced inflammatory edema, enlargement of lymph nodes.

The results of the study showed that in the seeding from the flushing of the abdominal cavity,
parenchymal organs, mesenteric lymph nodes from experimental rats 4, growth of Pseudomonas
aeruginosa and Escherichia coli was observed. In cultures from rats, growth of P. aeruginosa
bacteria was observed. On MPA, P. aeruginosa grew in the form of convex small colonies with
smooth blue-green edges. The MPB showed uniform turbidity. In Gram-stained smears, small
gram-negative rods were observed, arranged in groups (clusters). In smears prepared from daily
agar cultures and Gram stained, large gram-negative rods were noted, located singly in the smear,
typical of E.coli. On MPA, E.coli grew as large, round, slimy, yellowish colonies

Thus, during the bacteriological study of biomaterial from rats of experimental groups 2 and
3 with experimental peritonitis and from rats of control group 1, no pathogenic microorganisms
were sown.

From rats of the 4th experimental group, killed on the 5th day after infection, the causative
agent of staphylococcal purulent infection S.aureus was isolated from all samples of biomaterial,
presented in Figures 1,2.
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Figure 1 — Staphylococcus aureus ina Gram-  Figure 2 — Staphylococcus aureus in a Gram-stained
stained smear (x1000) smear (x1800)

Figures 1 and 2 show Staphylococcus isolated from biomaterial from rats of the 4th
experimental group. The figures show gram-positive cocci of regular spherical shape, located in
groups and clusters.

In seedings from all samples (exudate from the abdominal cavity, washings from the
abdominal cavity, liver, spleen, heart, lung, kidney, large and small intestine) from 3 rats of the
4th experimental group, abundant growth of P.aeruginosa (Pseudomonas aeruginosa) was
observed. . Of all internal organ samples from rats of experimental group 4, growth of P.
aeruginosa bacteria was noted. P. aeruginosa was cultured from parenchymal organs and
mesenteric lymph nodes. Abundant growth of P. aeruginosa was observed in cultures from the
mesenteric lymph nodes of rats, large and small intestines. P. aeruginosa was cultured from the
liver and spleen of rats as moderate colony growth. P. aeruginosa was inoculated from the heart
and kidney of rats in the form of single colonies. P. aeruginosa intensively disseminated not only
in the intestine, but also in the parenchymal organs of infected rats. On the MPB, P. aeruginosa
grew as a uniform turbidity, forming a film and turning the medium blue-green. P. aeruginosa
isolated from rats is shown in Figure 3.

186



MICROBIOLOGY AND VIROLOGY ISSN 2304-585X Neq (43) 2023 www. imv-journal.kz

Figure 3 — P. aeruginosa in a Gram-stained smear (x1800)

Figure 3 shows straight, small gram-negative rods with rounded ends. No contamination
with foreign microflora was noted. The figure shows that Pseudomonas aeruginosa has a straight
or slightly curved rod-shaped shape. P. aeruginosa is an opportunistic microorganism. However,
as a result of the widespread use of antibiotics for treatment and as a growth stimulator in animals,
P. aeruginosa is the causative agent of various inflammatory processes, including generalized
forms.

In seedings from all samples of biomaterial from 3 rats of the 4th experimental group,
abundant growth of E. coli was observed. E. coli was abundantly cultured from all biomaterial
samples. On the MPB, Escherichia coli grew in the form of intense turbidity with the formation
of sediment and gas; on the MPB, round, shiny, convex colonies grew in an S-shape. E. coli was
plated on Endo differential diagnostic medium for enterobacteria. Round, large, shiny colonies of
bright crimson color grew on Endo medium.

Highest sensitivity E. coli isolated from rat feces was observed with fluoroquinolone
antibiotics (norfloxacin, ofloxacin up to 34 mm), gentamicin (30 mm), tetracycline (25 mm),
ceftriaxone (23 mm).

As a result of an experiment conducted on white laboratory rats, experimental peritonitis
caused by the causative agent of purulent-septic infections S.aureus was caused. Purulent
peritonitis in rats was complicated by conditionally pathogenic microorganisms - Pseudomonas
aeruginosa P. aeruginosa and Escherichia coli E.coli, isolated from biomaterial from rats as a
result of bacteriological research

During a postmortem examination of rats, pathoanatomical and degenerative changes in the
abdominal cavity were observed, characterized by the accumulation of serous-purulent exudate,
dystrophic tissue degeneration, massive hemorrhages and foci of necrosis. As a result of a
bacteriological study, the causative agent of purulent-septic infections S. aureus, P.aeruginosa and
E. coli was isolated from all samples of biological material from rats of the 4th experimental group.
In rats of the 3rd experimental group, twice treated with the antibiotic ceftriaxone in accordance
with the instructions for use, no pathogenic microorganisms were found, which indicates the high
therapeutic effectiveness of the antibiotic. Ceftriaxone is a third generation cephalosporin.
Cephalosporins are a class of B-lactam antibiotics whose chemical structure is based on 7-
aminocephalosporanic acid (7-ASA). The main features of cephalosporins compared to penicillins
are their greater resistance to 3-lactamase enzymes produced by microorganisms.

Fluoroquinolones are divided into first-generation and second-generation antibiotics. Of the
fluoroquinolones, ofloxacin, ciprofloxacin and moxifloxacin are included in the list of vital and
essential drugs. As a result of the experiment, it was established that the greatest sensitivity in
experimental peritonitis in rats was observed with fluoroquinolone antibiotics, cephalosporins,
aminoglycosides and tetracycline.
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Conclusion

Based on the study of biological properties, the identification of isolated microorganisms
was carried out. The cultures were identified on the basis of culture-morphological, tinctorial and
biochemical properties. On the 5th day after infection in experimental rats purulent-necrotic
peritonitis caused by S. aureus, complicated by conditionally pathogenic microorganisms P.
aeruginosa and E. coli was observed. E. coli showed high sensitivity to tetracyclines. Antibiotics
of tetracyclines group, which are widely used in clinic and veterinary medicine for the treatment
of infections. S. aureus, P. aeruginosa and E. coli isolated from rat biomaterial showed sensitivity
to aminoglycosides (gentamicin) and showed high sensitivity to fluoroquinolones, which are
currently considered one of the most important groups of antibacterial drugs and were
characterized by activity mainly against Gram-negative bacteria. Fluoroquinolones have activity
against a wide range of pathogens causing infections of the abdominal cavity inflammation. High
efficacy and good tolerability of fluoroquinolones in acute inflammatory processes was shown in
comparative analyses of studies of antibacterial drugs of different groups.
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KYPCAK KYBICBIH/IA MHOEKIASCHI BAP ETEVKYHPBIKTAPIBIH
BAKTEPHSJIBIK MUKPO®JIOPACBIHA CUITATTAMA

Tyiiin

Kanyapnapnan OeniHin ajblHFaH >KYKNAIbl aypyJapAblH KO3ABIPFRIITAPBIH OKIIAYJay, OJapIbIH
OMOJIOTHSUTBIK  KACHETTEPIH 3€pTTEy HETi3iHae, aHTHOMOTHKKE TO3IMAUIIKTUINIH aHBIKTay ©3eKTi
MiHgeTepaiH Oipi 6ombIn TabbuIambl. IN ViVO OGHOIOTHSIIBIK KYHECIHIET] il KYBICBIHBIH KaOBIHYBI KE3iH/Ie
JUAarHOCTHKAJBIK ~MakcaTTa eJNTIpUINeH 3€pTXaHAIbIK ereyKYHWphIKTapAa MHKpPOOPTraHU3MACPAiH
JaKpUIIAphl  OKLIAYJAaHbBIN, ONApAblH AaHTUOMOTHKTEpre ce3iMTalablFbl  3eprrengi. KyprisinreHn
3epTTEyJepAiH  HOTHXKECIHAE ereyKYWpPBIKTapAbl Il KYbICHIHA  KOMPOJOTHSUIBIK  JKCCYNATIICH
KYKTBIPFAaHHAH KEeHiH 2-11i KoHE 5-1Ii KYHi SKCIIEPUMEHTTIK MIEPUTOHUT JAaMBIFaHbl aHBIKTAJbI, O] KaH
MeH JiuMba TaMbIpJapblHAAFbl, KalWULIpap MEH BeHylajapaarbl KaH MeH JuMda alHaJbIMBIHBIH
OY3bUTYBIMEH, YIIMANApbIH iCIHyMEH, iIKi MYIIeNlep MEH TaMbIpiiapiaFbl FeMopparusiapMeH, HeKpo30eH
CHUITaTTaNIaThIH KaObIHY TpoLIeciHie KopiHai (MHpeKIHsIaH Keiin 5 kyH). Kypcak KybICBIHBIH 9KCCYIAThIH,
KYpCaK KYybBICHIHBIH SKCCYIATBIH >KOHE TOKIPHOENi ereyKyHphIKTapAblH OaybIpblH OaKTepHOIOTHSUIBIK
3epTTey HOTWXKECIHJE MATOTCHIIK JXOHE IMIApTThl MATOTEHJIK MHKPOOPTaHWU3MIEp OOiHIN abIHIIbL.
Jaxpuinapasl KyIbTypalabl-MopGOJIOTHSIIBIK, THHKTOPHAJIBIK XKOHE OMOXMMUSUIBIK KACUETTEPIH 3epPTTEeY
Heri3iHae aHpIKTaAbl. EreyKyipbIKTap/biH OHOJOTHSIIBIK MaTepUasbIHBIH ChiHaManapsiHaH Escherichia
coli,  Staphylococcus  aureus, Pseudomonas aeruginosa  okmaynadran.  OKIIayjgaHFraH
MHUKPOOPTaHU3MJIEPAiH aHTHOMOTHKTEPre CEe3IMTaNIBIFBl 3epTTeNi. EreyKyHpbIKTapablH JKYKIAIbl il
KaOBIHYBIHBIH 3THOJIOTHSCHIH Olly, Sp TYp:ii TONTarkl aHTUOMOTHKTEPAiH KO3ABIPFHILITAPBIHA 9CEP €TY,
IpenapaTThl AYPhIC TaHAay HH(PEKIHIHBI KBICKAa MEP3IM/IE )KOIOFa BIKIIAJ €TEe/l.

KinT ce3aep: skccynar, Kypcak KybIChIHBIH KaObIHYBI, MOJICIIBICY, aHTUOMOTUKTEPIe TO3IMIILIIK,
numMa TyHiHIEpi.
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XAPAKTEPUCTUKA BAKTEPUAJIBHOM MUKPO®JIOPHI ¥ KPBIC ITPA
MACCHUPOBAHHOM MH®UIIMPOBAHUU BPIOIITHOM IMOJIOCTH

doi:10.53729/MV-AS.2023.04.11

AHHOTANUA

Brinenenne Bo3Oyaureneil MHMEKIMOHHBIX 3a00J€BaHUI OT >KMBOTHBIX, UX MIACHTH(HUKAIUSI Ha
OCHOBE M3Y4EHHUs] OMOJIOTHUECKHX CBOICTB, OIpelesieHHe AaHTUOMOTUKOPE3UCTEHTHOCTH SIBJISIETCS
aKTyaJlbHOW 3ajadeill. B pe3ynbpTate mpoBEACHHBIX MCCIEN0BAaHUI YCTaHOBJIEHO, YTO HA 2-€ U 5-€ CyTKH
nocie HMHQUIMPOBAHHUS KpPBIC KOIPOJIOTHYECKUM 3KCCYyJaTOM B OpIOIIHYIO TIOJOCTH pa3BUBAJICS
BOCTIAJIUTEIIbHBIA IPOIECC, XaPaKTEPHU3YIOLIUICSI pPacCTPOUCTBOM KpPOBO- M JUMQooOpalieHus B
KPOBEHOCHBIX M JNHUM(AaTHYECKUX COCyAaX, B KamuIApax M BeHyJaX, OTEKOM, TeMOppardsiMd BO
BHYTPEHHHX OpraHax W COCyZAax, HEKpo30oM TKaHel (Ha 5 cyTku mocne 3apaxkeHusi). B pesynbrare
0aKTEepHOIIOTUIECKOTO MCCIEAOBAHUS dKCCyAaTa M3 OPIOIIHOM MTOJIOCTH M MEYEHH OTBITHBIX KPBIC ObLIH
BBIJICJICHBI MATOTCHHBIE W YCJIOBHO IMATOT'CHHBIE MUKPOPTaHW3MbL. KynbTypbl WICHTUQHUIMPOBAIN Ha
OCHOBE M3YYEHUs KyJIbTYPalbHO-MOP(OIOrHYECKUX, THHKTOPHAIBHBIX U OMOXMMHYECKHX CBOWCTB. M3
npo6 OuoToruueckoro MaTepuaa Kpoic BeieaeHsl Escherichia coli, Staphylococcus aureus, Pseudomonas
aeruginosa. M3ydyeHa 4YyBCTBHTEILHOCTH BBIJCJICHHBIX MHKPOOPTaHM3MOB K aHTHOMOTHKAM. 3HaHHE
STHOJIOTUM HMH(EKIMOHHOTO BOCHAJCHUS! OpPIOIIHOW TOJNIOCTH KpbIC, IeiicTBue Ha BO30yauTenen
AHTUOMOTHKOB pA3IMYHBIX TPYIN, MPaBWIbHBIH NOAOOp Ipemapara CIOCOOCTBYIOT JIMKBUIALUHU
UHQEKIMN B KpaTJalIue CpoKH.

KalouyeBble  cjaoBa:  dKccynaT,  BOCHaleHHWE  OpIOIIHOHW — TOJNOCTH,  MOAEIHPOBaHUE,
AHTHUOMOTHKOPE3UCTCHTHOCTD, JINM(PATUIECKUE Y35,

Wudexkuronnpie 601€3HH HAHOCAT OTPOMHBIN SKOHOMUYECKH yiepO KUBOTHOBOJCTBY U
IPEICTaBISIOT BaXKHEHINYI0O BETEPHHAPHYIO U MEAMKO-Onosiornueckyro npodiemy [1]. bopsba ¢
MH(QEKIMOHHBIMUA OOJIE3HSIMH KUBOTHBIX M YEJOBEKa SBISETCS aKTyalbHOW MpoOIeMOH.
BakTepranpHbie HHPEKIIUU MPOJOIKAIOT 3aHUMATh OJHO M3 BEAYIIUX MECT B WH(EKIIMOHHOU
MaTOJIOTHUH XUBOTHBIX M YesioBeka [2,3]. OCHOBHBIM pe3epByapoM Bo30yauTenel MHPEKIHA B
IIPUPOJIE SIBJISIOTCSI MIIEKOIIUTAIOLUE, ITULB, TPeI3yHBI [4]. B mocnenHnee Bpems Bo3pocia poib
OakTepHOHOCHUTEIEeH KaK OCHOBHBIX HCTOYHUKOB 3apa’KeHUsI )KUBOTHBIX U UeloBeka [S]. Beicokas
3a0071€BaéMOCTh, ~ BO3pACTaOLIasl  PaclpoOCTPaHEHHOCTh  OaKTepUalbHBIX  HMH(EKUui,
nosmmMophu3M KIUHUYECKUX (GOpM (JaTeHTHBIE U CTepThie (OPMBI) OOJE3HM, YacCThIe CIydau
(GopMHpOBaHUS JUIMTEIBHOTO W  TOXXKU3HEHHOTO OaKTepPUOHOCHUTEIbCTBA  CIIOCOOCTBYIOT
3apakeHUIO >KMBOTHBIX W 4yenoBeka. lllupokoe pacmpocTpaHeHrne aHTHOMOTHKOPE3UCTEHTHBIX
BO30yAUTENEH, HE MOAJAIONINXCS JICUSHHUIO, CBUAETENBCTBYET 00 aKTyallbHOCTH MPOoOsIeMsl [6].
Pemennie BonmpocoB 6€CCUMITOMHOIO OAaKTEPHOHOCUTENILCTBA TECHO CBS3aHO C MEPCUCTEHLINEN
B030yauTenell WHQEKIU B oOpraHu3Me Ja0OpaTOPHBIX KpBIC MPH 3KCIEPHUMEHTAIBHOM
nepuTonuTe [7]. BriepBbie nu3ydeH MUKPOOHBIN TEH3aX y KPBIC, 3aPAKCHHBIX BHYTPHOPIOIIMHHO
B3BeChIO (exanuid. [IpoBeieHO MOIeIMpPOBaHNE KOMPOJIOTHYECKOT0 MEPUTOHUTA Y KPBIC, U3YUYEH
UMMYHHBII O0TBeT opranu3ma. [Ipu 6akTepruoIornuecKoM HCCIe0BaHNN OroMaTeprana OT KPbIC
C OKCHEpHUMEHTAIbHBIM TEPUTOHUTOM BBIJCJICHbl IATOT€HHbIE M YCJIOBHO MAaTOTEHHBIE
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MHUKPOOpPTaHHU3MBI. I/I3yqua YYBCTBUTCIIbHOCTb BBIACIICHHBIX KYJIIBTYP MUKPOOPraHU3MOB K
AHTUOMOTHKAM pPa3IMYHBIX Tpymni. HepauuoHanbHOE MpUMEHEHHE aHTUOMOTHKOB 3a4acTylo C
HCIIOJIb30BAHUCM MAKCUMAJIbHBIX 03, YBCIIMYCHUC KypcCa JICUCHUA U KPATHOCTU NPHUMCHCHUSA
mpenaparoB 0e3 ydeTa YyBCTBUTEIBHOCTH, a TaKke OCOOCHHOCTEH (hapMaKOKHHETHKU
JICKapCTBEHHBIX TMPENapaToB MPUBOAUT K PA3BUTHUIO TMOOOYHBIX peaKIMid, (HOPMUPOBAHHIO
JIEKapCTBEHHOW YCTOMYMBOCTH BO3OYAUTENCH U OAaKTEpUOHOCUTEIHCTRA.

Lenp uccnenoBaHuU: M3YYUTh OAKTEPHAIBHONH MUKPO(DIOPHl Y KpbIC HPU BOCHAICHUH
OpraHOB OPIOIIHOM IOJIOCTH U Ha (JOHE BBEJICHUE aHTUOWOTHKA.

Matepuan u MeToAbI HCCIIeI0BAHUS

[IpoBenensl wuccienoBaHMs IO CO3JAHHUIO OSKCIEPUMEHTAIBHOTO IEPUTOHUTA Ha
OuosornyecKoit cucteMe in Vivo Ha TabopaTOpHBIX KpbicaX. B COOTBETCTBUH C 1IEJBIO M 3a/1a4aMH
NporpaMMbl B 3KCIIEPUMEHTaX HCHOJdb30BaM 12 kpeic- juHum  Spraque Dawley(SD)
MOJIOBO3PETBIX camIax u Becom 27045 1. st skcniepuMenTa 0bud ¢hOPMHUPOBAHBI 3 OTIBITHBIX U
1 KOHTpOJBbHAs TPYNIBI >KUBOTHBIX. B Kaxmoil rpymnme Obuio mo 3 KpbIChl (camibl). 1-s
KOHTpOJIbHASI rpynmna (3 rojioBsl)- HE HHOUIMPOBAHHBIE )KUBOTHBIE, HE MOITYYaBILNE JICUEHUS; 2-
s OmbITHasg Tpynmna (3 ToJOBbI) — KPBICHI, 3apa)KeHHbIe (eKanbHOH cycnensueil B noze 0,5
CM°BHYTPHOPIOIIMHHO, YOUTBIE Uepe3 2-¢ CYyTOK Mocie HHOHIMPOBAHMS; 3-51 ONBITHAS Tpymma (3
TrONOBBI) - KPBICHI, 3apakeHHble (eKambHOH cycnensueit B mo3e 0,5 cM® BHYTpMOPIOIIMHHO,
MOJTyJaJIH JICUCHUE aHTUOMOTHKOM IiepTprakCoHOM JBaXkbl B 03¢ 25 Mr Ha 100 r Beca uepes
12 yacoB nociie 3apakeHus MEepBbI pa3 U BTOPO pa3 - uepes 24 yaca nocie 3apakxeHUst COTIACHO
HACTABJICHUIO IO MPUMEHEHHIO, YOUThIe yepe3 2 CyTOK IHocie WH(PpUIMpPOBaHUS; 4-51 ONBITHAS
rpynna (3 TOJNOBBI) - KpBICHL, 3apaKeHHble (QeKaibHOM cycnensueir B goze 0,5
cM°BHYTPHOPIOIIMHHO, yOUTEIE Yepe3 5 CYTOK Tocie HHGUIUpoBanus. JKHBOTHBIE COAEpPKATICH
B BUBApUU HAa CTAHJAPTHOM PEXHME KOpMJIEHUs M noeHus. Kaxpas onbITHass U KOHTPOJbHAs
TPYIIIBI )KUBOTHBIX HAXOJUIMCH B OT/ICTBLHOM KJIETKEe, 00eCIIeueHHON NHANBUYaTbHON TTOMIIKOM
U KopmiieHMeM. B TedueHHMe DSKcIepUMEHTa BCE KpPBICHI MOJYy4YaId IOJHOLEHHOE
cOanmaHcupoBaHHHOEe mnHTaHue. [lepen HayamoM 5SKCHEPUMEHTAa BCEX KpBIC OMNBITHBIX U
KOHTPOJIBHOM TPYIIT OCMAaTPUBAJIN, B3BEIINBAIN, TEPMOMETPUPOBAIIH.

Octpoe BocmajeHHe OpPIOMIHONW TOJOCTH y KPbIC ONBITHBIX TPYMN BBI3BIBAIN ITYyTEM
BHYTPUOPIOIIMHHOTO BBEICHUS CYCIIEH3MM KOMpOJorHueckoro mMarepuia (pekanuii) B noze 0,5
cM® .10% CyIeH3MI0 TOTOBHIIN U3 CBEXKETO KOMPOIOTNUECKOr0 MaTepHIIa, 0TOOPAHHOTO OT KPHIC,
B CTEpWJIbHBIX YCIOBHAX OOKca Ha (PM3MOIOTHYECKOM pacTBope. KMBOTHBIM BCEX OIBITHBIX
rpynn BBoAMAM HyTpuOprommHHO 0,5 cM® 10% CyHmeH3HH KOMPONOTHYECKOTO MaTepHana. 3a
KUBOTHBIMHU OTIBITHBIX M KOHTPOJIBHOM TPYII BeJIM HAONIOJICHHE B TEUEHUE 5 CYTOK. Y KpBIC
OTIBITHBIX M KOHTPOJBHOW TPYII mpu 3a00€ 0TOMpaau mpoObl OMOJIOTHYECKOTO MaTepuaia JJs
0aKTEepHOJIOrMYECKOT0 HCCIeoBaHus. B crepuibHble KOHTEHHEpHl OTOMpanM 3KccyaaT U3
OpIOIIHOM TOJIOCTH, CMBIB M3 OPIONIHOW TIOJIOCTH M KycoueK medeHu BecoM 20 T s
MHUKpoOHoornyeckoro ananusza. Yepes 20 yacoB MpOBOIMIN BH3YaIbHYIO OI[CHKY ITOCEBOB U3
npo0 OGmomaTepuaia OT KpPbIC.

[Ipu BeIMONHEHUH pPaOOTHI HCHOJIB30BATUCH OAKTEPHOIOTMYECKHE, CEPOJIOTHUECKUE,
OMOXMMHYECKHe METO/IbI uccienoBanuii. [Ipu mocraHoBKe onbITa yYUTHIBAIU (HU3HOIOTHUECKHE
0coOeHHOCTH opraHu3ma >KuBOTHBIX [8]. Ilocrme 3a00si MPOBOIWIIM MATOJIOTOAHATOMUYECKHUIA
ocMoTp TpymoB Kpeic [9]. OtbGop mpoO Omomarepuana NPOBOAWIM B COOTBETCTBUH C
METOAMYCCKUMH PEKOMEHIAIUSAMHE 10 0TOopy 1ipo6 [10].

Kpsic BCKpbIBaIu B CTEpUIIBHBIX YCIOBHIX OOKca, 0OTOMpanu B cTepuiibHble yanku [letpu
KYCOYKH NEUeHH, OPIOIIHOr0 3KCcCcyAara, ¢pexanuii u Ap. [leyens Ha MecTe MPOKOJa MPHKUT AN
MaCTePOBCKOIl MUIETKOMN, HaOUpaau B MAaCTEPOBCKYIO MUIETKY TKaHb M 3aCEBAJU B MMPOOUPKU C
NUTATENbHON cpenoil. B cTepuiibHBIX ycloBUsX OOKca NPOBOIWIN OaKTEpHUOJIOTHUECKOE
uccienoBanye npod OuomMartepuana OT 3a0UTHIX KPBIC IMyT€M BbICEBA Ha JKUJKHWE W IUIOTHBIE
nurtareiabHblie cpeabl. [loceBrl nenanu na MIIb, MITA (Poccust) u Ha cieninanbHble MUTaTeNIbHbIE
cpensl (115 KyJIbTUBUPOBAaHUS OaKTepuil KUIIEYHOU TPYIIIBI - HA Cpey DHA0, Ha XpoMarap - AJis
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KyJbTUBUPOBAHUSA KOKKOBOW MUKPOGIOpHI U Ap.). Yepes 20 yacoB KynbTuBUpoBaHus rpu +37°C
B TepMOCTaTe MOCEBbl MPOCMATPUBAIN BU3YJIbHO, OTOMPAIN HETHUIHYHbIE KOJOHUU W JAeNalu
Ma3Kkd. bakTepuonoruueckoe nccieaoBaniue OuoMaTepuana oT KpbIC MPOBOAMIN B COOTBETCTBUU
¢ «MeTtoanueckKUMH yKa3aHUSIMU MO OaKTEpPHOJIOTMYECKON TuarHoctukey». Maentudukanuio u
TaKCOHOMMUYECKOE pPaCIpEC/IEHUE BBIJCIECHHBIX KYJIbTYp OCYILIECTBISUIM B COOTBETCTBUHU C
onpenenutenem bepmku [11]. KynbTypansHo-Mopdoaorndeckue CBOWCTBA MHUKPOOPTAaHH3MOB
m3ydyanu myrem mnoceBa Ha MIIb, MIIA, auddepeHMaIbHO-IMATHOCTUYECKUE CPEJBbI.
[TpoBoAMIN MHKPOCKOMHUIO MAa3KOB, IPUTOTOBICHHBIX W3 CYTOYHBIX arapoBBIX KYJBTYP,
OKpalleHHBIX 10 ['pamy. buoxumuyeckue CBONCTBa MUKPOOPraHM3MOB H3Y4aJId IIPU IIOCEBE
BbIJIEJICHHBIX KYJIbTYp Ha cpeabl ['ncca ¢ yrneBogamu. [1oABMXKHOCT MUKPOOOB ONpeAessiiif Mo
pocty Ha monyxuakom arape [12]. Jlnst ompesencHusi 4yBCTBUTECIBHOCTH K AHTHOHMOTHKAM
HCIOJIb30BAIM CYTOUHYIO OYJNBbOHHYIO KYJIBTYpPY MHKPOOPTaHM3MOB, HE KOHTAaMHUHUPOBAHHYIO
MOCTOpOHHEH Mukpoduiopoii. B paboTe ucnonb3oBanu CTaHAAPTHBIE OyMa)KHBIE AWCKH C
antubumorukamMu (2 wmkr, 5x%50 buoButpym, Poccus). UyBCTBHUTENIBHOCTH  KYJIBTYP
MUKPOOPTaHU3MOB, BBIJICICHHBIX OT JKUBOTHBIX, HM3y4alld AUCKO-TU(GQY3HBIM METOIOM B
COOTBETCTBUHU C OOIICTIPUHATHIMU METOJIWYECKUMH pekomeHnarusavu [13, 14]. B crepuibhbie
vamku [erpu guamerpom 100 MM cTepuiibHO HamuBamu 110 25 cm® MITA, KyIbTHBHPOBaHKE TeCT-
mukpopraansmos (KOE 108/mm).

[lepen noceBom yamiku [leTpu ¢ arapoM X0OpoI10 MOACYIIMBAJIN B TEPMOCTATE B TeUEHUE 48
4acoB. BakTepHalbHYIO CYCNEH3MIO (CYTOUHYIO OYIHOHHYIO KYIBTYpy) B Kommuectse 0,1 cm®
HAaHOCWJIM Ha TOBEPXHOCTh arapa M pPAaBHOMEPHO pacHpelessiid IInaTreneM, MOCIe 4Yero
CTepUJIbHBIM MUHIETOM HaKJaAbIBAIMU IUCKHU, MPONMHUTAHHBIE Pa3IMYHbIMH aHTUOMOTUKaMU. B
KaXJI0M 4YallKe HCHBITBIBAINA JeUCcTBHE 7 aHTHOMOTHMKOB. [locie ammInKanuu JUCKOB YaIlIKu
[Terpu nnkybOupoBanu npu temneparype 37°C B Teuenue 18-20 wacoB kBepxy aHOM. OTEeHKY
pe3yJIbTaTOB NPOBOAMIIN IO HAJIWYMIO 30H 33JE€PKKH pPOCTa MUKPOOPTaHU3MOB BOKPYI' IHCKOB
[15,17]. OrcyrcTBHE pocTa TecT-opraHM3Ma Ha pacCTOSHHHM Oojee 15 MM OT aucka ¢
AHTUOMOTUKOM YKAa3bIBAJIO HA YYBCTBUTEIHHOCTh KYIBTYpPhl K JaHHOMY aHTHOMOTHKY. Ecmu
UCHBITYEMbIi MHMKPOOPTaHM3M pa3BUBAJICA B HEMOCPEACTBEHHOMW OJIM30CTH OT JIMCKa,
MPOMUTAHHOTO AaHTHOMOTHKOM, TO TAaHHBI MHUKPOOPTAaHU3M OLIEHUBAJM, KaK yCTOMYUBBIN K €ro
neiictButo. J[uamerp 30H 3aJ€pKKH pPOCTa C y4eTOM JuaMeTpa CaMOro AHCKa H3MEpsuld ¢
ToyHOCTHIO 10 1 MM [18,19]. /luameTp 30H 3aaepKKH pOCTa C YYETOM JHaMETpa CaMoro JUCKa
U3MEPSUIM ¢ TOYHOCThIO A0 | MM. JIjis KOHTPOJS KadecTBa HCIOJIb30BAIM TECT-IITaMMBbI
Escherichia coli u Pseudomonas aeruginosa [20].

Pe3yabTaTsl U 00Cy:KIeHUE

[TepBble KIMHUYECKHE CHUMTOMBI 3a00JI€BAaHUS Y KMBOTHBIX 2-W M 4-W OMBITHBIX TPYIII
MOSIBUJIMCH HAa BTOPBIE CYTKH Tocie HHGUIMpoBaHus. JKUBOTHBIC ObUIH BSUTBIMHU, OTKA3bIBAIUCH
OT KOpMa, HE JIBUTAIMCH, HA0JI0/1aJ1aCh UX CKYYEHHOCTh, OTMEYAJICS HEOOJIBIIION OTEK B 00J1aCTH
KUBOTA. [IpyM KIMHUYECKOM OCMOTpPE Yy KpBIC O0EHMX Tpynmn HaOroaanach aHEMHUS BHIUMBIX
CIM3UCTBIX 000704YeK. Y JKMBOTHBIX 3-i ONBITHOM TPYIIBI, JEYCHHBIX AaHTHOMOTHKOM
e TpruakcoHoM, yepe3 12 u 24 gaca mocie 3apakeHusi, KIIMHUYECKUE CUMITTOMBI 3a00JIeBaHUS
OTCYTCTBAJIU.

UYepes 5 cyTOK mocie 3apaxeHus! KpbIChl 4-i ONBITHOW rpymnibl Obutn 3a0uThI. [IpoBoaunu
MaTOJIOTOAHATOMUYKCHI OCMOTp TYIIEK KpbIC. Y KpbIC 4-W ONBITHOW TPYIIBI HAOII0IaTUCh
BBIpQXCHHBIC I[ATOJIOTOAHATOMUYECKHE W3MEHEHUss B OpromHOoN monoctn. OTMeyanuch
MaTOJIOTUYECKNE M3MEHEHUs B MEYEHHU, CEJe3€HKE M KUIICYHHUKE KPBIC B BUJEC KPOBO3JIMSHUMA,
HEKPOTUYECKUX OYAKKOB. BHyTpeHHUE opraHbl ObUIM THUTIEPEMHUPOBAHBI, KPOBEHAIOIHEHBI U
yBeJNMYeHbl. bpbpkeeunble uM@aTuyeckue y3ibl YBETUYEHBI U TUIIEpeMHUpOBaHbl. bpromiHas
MOJIOCTh YBEJIMUEHA, 3al10JTHEHA MYTHBIM 3KCCY/IaTOM MOJIOYHOTO LIBETA C HEMPHUSATHBIM 3aM1aXOM.
BopcuHKM TOHKOrO KMIIeuHHKa HaOyXIIue, KpOBEHAIOJHEHbI. JKeTyHbIi My3bIph pacIiupeHsbl,
3aMOHEH JKeNYbl0. B cTepuibHBIE KOHTEHHEPHI OT YOWUTHIX KpBIC OTOMpAamM JKCCynaT U3
OpIOIIHOM MOJIOCTH, CMBIB U3 OPIOITHON MOJOCTH U KyCOUYeK NeueHu. B pe3ynbrare npoBeieHHbIX
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UCCIICIOBAaHUI YCTAHOBJIEHO, YTO Ha 2-€ M 5-¢ CYTKM Tocie HWHOUIUPOBAHUS KpBIC
KOIPOJIOTHYECKUM SKCCYJaTOM B OPIOLIHYIO MOJIOCTh Pa3BUBAIIOCH OCTPOE BOCIIaJIeHHE OPIOLTHON
MOJIOCTH B BHJIE TIEPUTOHHUTA, KOTOPBIH MPOSBIISIICS pacCTPOUCTBOM KPOBO- U JMM(ooOparieHus
B KPOBEHOCHBIX U IMM(ATHUECKUX COCYIax, B KaWJUIApax v BeHyJaX, 0TEKOM, FeMOPParusiMu BO
BHYTPEHHHUX OpraHax M COCyJaX, HEKpO30M TKaHeH (Ha 5 CyTKH MOcIe 3apakeHusi). Y OMBITHBIX
KpBIC OTMEUAJIOCh CY>KE€HUE KamWUIIPOB MUKPOIUPKYIUPYIOIIETO pyciia C 3alycTeBaHHEM
IIPOCBETA COCY/IOB, B KOTOPBIX B HEOOJIBIIIOM KOJIMYECTBE OOHAPYKUBAIUCH KIICTOYHBIEC YJIEMEHTHI
KpoBH. B OpromHoi mojoctu HaOMI0JAN0Ch 3HAUUTEIHLHOE CKOIUJIEHHE CEPO3HOIO U CEpO3HO-
THOMHOI'O 3KcCylaTa, OTMEYalicsi BOCHATUTENbHBIN Mpolece U AucTpoduueckue n3menenus. Ha
CIIM3UCTON O00O0JI0OUKE TOHKOIO OTJeNia KUIIEYHUKAa KPBIC OTMEYajoch CHJIbHOE HaOyxXaHUE U
BBIPa)KEHHBIN BOCTIAINTENILHBINA OTEK, YBEIMYCHHUE TUM(ATHIECKUX Y3IIOB.

PesynbTarhl mccienoBaHUs IMOKas3ald, YTO B BbICEBAX M3 CMbIBa OPIOIIHOM MOJOCTH,
NapEeHXUMTO3HBIX OPraHOB, OPBDKEEUHBIX JTUM(PATHUECKUX Y3JI0B OT KPbIC 4-i ONBITHON TPYIIIBI
OTMEYaJICs pPOCT CHHETHOMHON mamouku Pseudomonas aeruginosa ¥ KHIICYHOH MalOuKh
Escherichia coli. Ha MITA P. aeruginosa pociu B BHJie BBITYKIIBIX MEJIKHX KOJOHUH C POBHBIM
Kpasmu cuHe-3eseHoro npera. Ha MIIb HaGmioganock paBHOMepHOE mOMyTHeHHE. B ma3zkax,
OKpaIlIeHHBIX 1o ['pamy, HaOIOJAIMCh METTKUE TPaMOTpULIAaTEIbHBIC MAaJOYKH, PAroI0KEHHBIE
rpynnamu (CKOIUIEHHSMH). B Mas3kax, MPUTOTOBIEHHBIX M3 CYTOYHBIX arapoBbIX KYJIbTYp U
OKpalleHHbIX 1o  [pamy, oOTMe4anuchb  KpYIHBIE  I'paMOTPULATENBHBIE  MAJOYKH,
pacrosararonecss B Maske ofauHouHO, TunuuHbie M E.coli. Ha MITA E.coli pocau B Buze
KPYIHBIX KPYTJIBIX CIM3UCTBHIX KOJOHHUH KEITOBATOTO I[BETA.

Taxum 006pazom, Tpu OAKTEPHUOIOTHIECKOM HCCIISIOBAHNN OrMoMaTepuaia oOT KpbIc 2-i u 3-
I ONBITHBIX TPYMI C SKCIIEPUMEHTAIBHBIM [IEPUTOHUTOM U OT KpPBIC 1-ii KOHTPOJIBHON TPYIIIBI
MaTOTEHHBIC MUKPOOPTaHU3MbI HE BhICEBAIUCh. OT KpbIC 4-i OMBITHOM TPYNIIBI, 3a0UTHIX HA 5-€
CYTKM Tiociie WHOUIMPOBaHUS, U3 Bcex npod Oumomarepuana BbAETICH BO30YIUTENH
cTaMITOKOKKOBOM THOMHOM MH(pEKIHH S. aureus, mpeacTaBiICHHBIN Ha pucyHKax 1,2.

uw._w.r 5
*m&' ;ﬁ“‘- ’;‘fw‘*" oty !

Se T '

W A "&,5“.- e i
R ] 2:"’"-}’?;’2 ey Seere

“"‘k“%ﬁﬂc _ng; .a :ﬁg - § & :"*
4 e '

h_,. “r &a E ﬁ’* o
|l'
woin ﬁﬁh‘}aﬁw A B
Pucynok 1 — Staphylococcus aureus B maske, Pucynok 2 — Staphylococcus aureus B maske,
okpatieHHoM 1o ['pamy (yBi1.1000x) okparnieHHoM 1o ['pamy (yBi. 1800x)

Ha pucynkax 1 u 2 mokasanbsl cTadMIIOKOKKH, BBIZICIICHHBIC U3 OMOMaTepuaia oT KpbICc 4-i
OTBITHOM rpymbl. Ha pucyHKax BUIHBI TPaMITOJIOKUTEIbHBIE KOKKH ITPaBUIILHOM IIapoo0Opa3HoOn
(dbopMBbI, pacnioNiararIuecs rpynnamMu u ckorieHusiMu. CTaduIoKOKKH 001a/1at0T BRIPAXKEHHOMN
TFEeMOJUTHYECKON U MPOTEOTMTUYECKON CIOCOOHOCTBIO, UTO SBIAETCS HUX TAKCOHOMHUYECKUM
npu3HaKoM. ['eMomuTHYECKHe CBOWCTBA CTA(MIOKOKKOB, BBIICIEHHBIX OT KPBIC 4-i OMBITHOU
TPYIIIIBI, H3Y4aiv ITyTEM TI0CEBa CYyTOYHOU OyJIbOHHOW KYJIbTYpPhl Ha KPOBSIHOM arap.

B BeIceBax u3 Bcex mpod (9KccynaT U3 OPIOLIHOM MOJIOCTH, CMBIB U3 OPIOLIHOM IMOJIOCTH,
NeYEHb, CeJIe3eHKa, CEPIIE, JIETKOe, T0YKA, TOJICThIA U TOHKUN OTIEINbl KUILIEYHHUKA) OT 3-X KpPBIC
4-ii ONBITHOM TpymIbl HaOIro#aycs OOWIBHBIA pocT P.aeruginosa (CMHErHOWHAas mNaoyka).
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OownbHBIN pocT P. @aeruginosa otrmevancst B BhICEBaX U3 OpbDKECUHBIX THMM(ATHYESCKUX Y3IIOB
KpbIC, TOJICTOTO M TOHKOTO OTIEJOB KHIIEYHHWKA. P.aeruginosa BhiceBalach M3 TICUYECHH H
CEJIe3eHKH KPBIC B BHUJIE YMEPEHHOro pocrta kononmi. U3 cepmuna, mouku kpeic P.aeruginosa
BBICCBAJIACh B BHJC CIAMHHYHBIX KOJOHHMH. P.aerugin0sa WHTEHCHBHO IMCCEMHUHHpPOBAla HE
TOJIBKO B KHUIIEUYHUKE, HO M B NApPEHXMMATO3HbIX OpraHax 3apaxeHHbIX kpeic. Ha MIIb P.
aeruginosa poca B BHJe paBHOMEPHOT'O IOMYTHEHHS C 00pa30BaHUEM IUICHKH U OKpaNIHBaHUEM
cpenpl B cuHe-3eneHblil 1BeT. Ha MITA BbIpacTanu menkue Kpyrible KOJOHHUH, OKPALIEHHBIE B
CHHE-3€JICHBIN 1IBET (XapakTepHOE JIsi CHHETHOWHOW MaJloOYKHW MHUTrMeHTooOpaszoBaHue). P.
aeruginosa, BbIICIEHHAs OT KpPbIC, IPECTAaBICHA HAa PUCYHKE 3.

Pucynoxk 3 - P. aeruginosa B maske, okpaireasom o I'pamy (ysi. 1800x)

Ha pucynke 3 BUIHBI TpSMbIE MEIKHE TPaMOTPUIIATEIbHBIC MAJOYKHU C 3aKPYTIEHHBIMU
KoHIlaMu. KoHTamMuHaIMM noctopoHHe MUKpodIiopoli He oTMedanock. Ha pucyHke mokasaHo,
YTO CHHETHOWHAs Majovyka UMEeT NPSMYIO WIN CJIerKa U30THYTYIO MaJ0oYKOBHIHYIO Gopmy. P.
aeruginosa ycIOBHO-TIATOTEHHBIH MHKpoopranu3Mm. OHako B pe3yibTaTe MIHPOKOIO
NPUMEHECHHUS aHTUOMOTUKOB JUIS JICYCHHUS U B KA4eCTBE CTUMYISTOpA POCTa y KUBOTHBIX P.
aeruginosa sisisieTcsi BO30yIuTeNeM pasHOOOpa3HbIX BOCIAIUTEIBHBIX MPOIECCOB, B TOM YHCIIC
reHepaTN30BaHHbIX (HOPM.

W3ydeHa d9yBCTBUTEIBHOCTH P. aeruginosa kK aHTHOMOTHKAM pa3iM4yHBIX Tpymim. P.
aeruginosa rnposiBuiia BBICOKYIO YyBCTBHTEIILHOCTD K Lie(aiocriopuHam - netpuakcony (32 mm),
K 1medporakcumy (29 Mm), K aHTHOMOTHKAM (TOPXHWHOJIOHOBOTO psiaa - oOQIJOKCaIuHYy,
HopduokcanuHy (10 30 MM), K aMUHOTJIMKO3UAaM - TeHTaMUIMHY (31 MMm).

B BbIceBax u3 Bcex mpob Omomatepuana OT 3-X KpbIC 4-i ONBITHON TpYIIBl HAOIIOAAICS
obunbHelii poct Escherichia coli. Ha MITb E.coli. pocia B BHie HHTEHCHBHOTO TIOMYTHCHHS C
oOpa3oBaHueM ocajka u ra3a, Ha MIIA BbelpacTagu Kpyriible Kpyriible OJECTsIIue BBITYKIIbIC
Kosionnu B S-popme. E.coli BriceBanu Ha quddepeHInanTb,HO- IMarHOCTHYCCKYIO cpely DHI0 IS
sHTepoOakTpuil. Ha cpene DOHmo pocnu Kpyribsle KpynHbIe OJecTSIIHE KOJOHMU SPKO-
MaJMHOBOTO 1BeTa. KynbTypbl, BblIENEHHBIE OT KphIC, HE KOHTAMHUHUPOBAaHBI MOCTpPOHEEH
mukpodopoit. Haubonbimas vyBcrBuTenbHOCTh E. COli, BbhIAeneHHOW W3 (ekaauii KpBICH,
oTMeYajiach K aHTHOWOTHKaM (pTopXuHOJOHOBOTO psina (HopdiaokcaiuH, odiokcanuny a0 34
MM), TeHTaMuIHY (30 MM), TeTpatuKiInHy (25 MM), e Tpruakcony (23 mm).

Taxkum 0Opazom, B pe3yibTaTe OMbITa, MPOBEACHHOTO Ha OENBIX JTaOOpPAaTOPHBIX KphICaX,
BBI3BaH AKCIEPUMEHTAIBHBIM BOCHAIUTENBHBIA MPOLECC B BUJE MEPUTOHUTA, OO0YCIOBICHHBIN
BO3Oy/AHMTENIeM THOWHO-CENTHUYECKUX MHQEeKuuid S.aureus. ['HOWHBIA NEPUTOHUT KPBIC
OCJIOKHSJICS. YCJIOBHO TIIAaTOT€HHBIMM MHKPOOpraHM3MaMu — CHHETHOMHOM mnanodkoil P.
aeruginosa u KuIeuHou najgoukoi E.Coli, BeiaeneHHBIMEU U3 OOMaTepHaia OT KPbIC B pe3yJIbTaTe
0aKTEepPHOIOrMYECKOT0 UCCIIeIOBAHMUS.

[Tpu maToI0r0aHaTOMHUYECKOM OCMOTpPE y KPbIC HAOIIOAANUCH [TaTOJIOT0aHATOMUYECKUE U
JiereHepaTUBHbBIC N3MEHEHUS B OPIOIIHOM MOJIOCTH, XapaKTEPU30BaBIINECS CKOIIEHUEM CEPO3HO-
THOWHOTO 3Kccy/aara, TUCTPO(UYECKUM TMEPEpOKIEHUEM TKaHH, MacCOBBIMHU I'eMOpparusmMu u
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OYa)XKaMU HEKpo3a. B pesynprare OaKTEpHOIOTMYECKOTO MCCIEOBAHUS M3 BCeX Npod
OMOJIOTMYECKOT0 MaTepuajga OT KPbhIC 4-i ONMBITHOW TPYIIIBI BBIACICHBI BO3OYIUTEh THOMHO-
cenThuecKnx HHpeKmii S.aureus, a rakxke P.aeruginosa u E.coli. Y kpbic 3-i ONBITHOH TpyIIIIHL,
KOTOpBIE MOTYYHBIINE IEYCHHE AHTUOMOTUKOM 11 TPHAKCOHOM B COOTBETCTBHH C HACTABJIEHUEM
[0 MPUMEHEHHIO, MAaTOTCHHBIX MHKPOOPTaHU3MOB HE OOHApYKEHO, YTO CBHUICTEILCTBYET O
BBICOKOW TepameBTHuecko 3ddexTtuBHOCTH aHTHOMOTHKA. lledTpmakcoH oTHOcUTCS K
nedanocopunam  |ll - mokonenusi.  Lledanocmopunst  (cephalosporins) -  kmace -
JAaKTaMHBIXaHTUOUOTHKOB, B OCHOBE XHMHUYECKOM CTPYKTYpbl KOTOpPBIX JIEKHUT 7-
amuHotedanocnopanoBas kucnora (7-ALIK). OcHOBHBIMU 0COOCHHOCTSMU 11€(ATOCTIOPUHOB TIO
CPaBHEHMIO C MEHULWUIMHAMHU SBISETCA MX OOJblIash Pe3UCTEHTHOCTh MO OTHOUICHHIO K [-
JaKTamaszaM-pepMeHTaM, BhIpabaThIBaEMbIM MHUKPOOPTaHU3MaMH.

OTOPXHUHOJNIOHBI MOAPA3AEIAIOT HA MpenapaTbl NEPBOro MOKOJEHUS U BTOPOTO MOKOJIEHUS
aHTUOMOTUKOB. M3 mpenapaToB rpynmbl (TOPXUHOJIOHOB O(MIOKCAIUH, LUNIPOQIIOKCAIMH U
MOKCHU(IOKCAIIMH BXOJAT B MEPEUYECHb KU3HEHHO HEOOXOAUMBIX U BaXKHEUIINX JEKapCTBEHHBIX
npenapatoB. B pe3ynbTare NpPOBEJEHHOTO SKCHEPUMEHTA YCTAHOBJIEHO, YTO HauOOJbIIas
YYBCTBUTEJIBHOCTh MPH SKCIIEPUMEHTATILHOM MEPUTOHUTE KPBHIC OTMEYallach y aHTUOMOTUKOB
(TOPXUHOIOHOBOTO psfa, 11e(aJToCIOPUHOB, AMUHOTIIM3U/IOB U TETPALMKIIMHA.

3akiloueHue

KyabTypsl uaeHTUOUIIMPOBAIA Ha OCHOBE M3YYCHHS KYJIbTYPaTbHO-MOP()OIOTHUSCKUX U
OMOXUMHYECKUX CBOMCTB. Ha 5-¢ cyTkM mocsie nHGHUIUPOBAHUS Y ONMBITHBIX KPHIC HAOII01aeTCsI
THOMHO-HEKPOTUYECKUA TIEPUTOHUT, BBI3BAHHBIM S. aUreus, OCJIOHEHHBIH YCIOBHO
NaTOreHHbIMH MHKpoopranu3dmamu P. aeruginosa u E.coli. E. coli mposiBuia BBICOKYIO
YYBCTBUTECIBHOCTh K TETPAIMKIMHAM. AHTHOMOTHKHM TPYIIbl TETPALUKINHOB, IIHPOKO
NPUMEHSIOTCS B KJIMHUKE U BETEPUHAPHH IS JICUCHUST HHDEKITHIA.

S. aureus, P. aeruginosa u E.coli, Beigenennsie u3 Ouomarepraia OT KPBIC, MPOSBUIH
YYBCTBUTEILHOCTh K AMUHOTJTUKO3HIaM (TEHTaMHIIMHY) ¥ IIOKA3aJId BBICOKYIO YyBCTBUTEIBHOCTD
K propxunononam (auri. fluoroguinolones), kotopsie Ha CErOAHAIIHMN ICHh PACCMATPUBAIOTCS
KaK OJIHA W3 BAXHEHIIUX TPYNI aHTHOAKTEPHUANbHBIX IPEIMApPaTOB M XapaKTEPU3YIOTCS
AKTHBHOCTBIO MPEUMYIIECTBEHHO B OTHONICHUH TPAMOTPHUIIATEIbHBIX OakTeprii. DTOPXUHOIOHBI
00J1/1al0T aKTUBHOCTHIO B OTHOIICHHUH IMUPOKOTO CIIEKTPA MATOTCHOB, BHI3BIBAOIINX HH(DEKIIHH
OpronrHOM mojocTH. Bricokast 3 peKTUBHOCTD B XOpoIIas MePEeHOCUMOCTh (PTOPXUHOIOHOB MPHU
OCTPBIX BOCIIAJMTENBHBIX MpoOIleccax OblIa MOKa3aHa B CPABHUTEIILHBIX aHAIM3aX UCCIICIOBAHUM
AHTHOAKTEPUAITbHBIX TPEMapaTOB Pa3HBIX PYIIIL.
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Abstract

This article presents the development of an innovative technology for the production of reagent Kits
for the detection of antibodies to FMD virus type A using enzyme-linked immunosorbent assay. FMD virus
type A is of significant medical and veterinary importance, and effective diagnostic methods play an
important role in controlling and counteracting its spread.

The process of technology development involves selecting optimal marker antibodies, optimizing
antigen-antibody interaction conditions, and identifying a suitable reagent carrier. As a result, an effective
technique has been developed that provides high sensitivity and specificity for the detection of antibodies
to FMD virus type A.

The article describes in detail the stages of development, including chemical and biochemical
methods of reagent modification, study of their stability and activity. The results of validation of the
technology on a panel of clinical samples are also presented, which confirms high accuracy and reliability
of the developed methodology.

The results obtained lead to the conclusion that the developed technology is promising for application
in medical and veterinary laboratories, as well as in scientific research in the field of virology. The new
technique can significantly improve the diagnosis and control of FMD type A virus, contributing to
effective measures to prevent and control its spread.

Keywords: enzyme-linked immunosorbent assay, FMD, antibody, antigen, reagent.

Foot-and-mouth disease is a highly contagious viral disease affecting domestic and wild
ungulates [1]. The disease belongs to the category of transboundary diseases that can cause
epizootics and cause great economic damage to livestock.

The pathogenic RNA contains a virus of the Ricornaviridae family, belonging to the family
of Aphthoviruses. FMDV has seven immunologically distinct serotypes (O, A, C, Asian 1, SAT 1,
SAT 2 and SAT 3) [2]. FMDV serotypes were initially identified in animal immunity experiments.
An animal that has recovered from infection with one serotype has been shown to be resistant to
infection with that serotype while still being susceptible to infection with any other serotype.
Different serotypes of FMDV are common in certain geological regions. Thus, serotypes A, O and
Asia-1 are common in Asia, serotypes A, O and C are found in Europe and South America, and
serotypes A, O and SAT predominate in Africa. All serotypes are clinically indistinguishable from
each other, but they differ in geographic distribution, genetic and antigenic properties. These stable
genetic groups were called topotypes (geographical types). There are many genetic lineages of
FMDV in each topotype [3].
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The virus genome encodes four structural and eight non-structural proteins. Both groups of
proteins induce antibody production in animals during infection. After FMD, specific antibodies
(IgG and/or IgM, IgA) to structural proteins and non-structural proteins appear. Antibody titers
rise rapidly over time and remain high. Thus, the presence of FMD-specific antibodies in a sample
indicates that the sampled animal has been exposed to or vaccinated against FMD virus.
Antibodies to both structural and non-structural proteins are produced in FMD-infected animals,
with antibodies to structural proteins being predominantly detected in vaccinated animals. This is
due to the partial purification of the virus during vaccine production, during which most of the
nonstructural proteins are removed together with cellular debris [4].

The initial diagnosis of FMD usually involves the identification of typical clinical signs in
affected animals. The clinical signs of FMD are similar in all species, but their expression may
vary considerably. Clinical signs of FMD are not a reliable indicator of FMD infection, as in some
cases FMD in ruminants may be asymptomatic. Such vector animals are a source of new outbreaks.
Thus, there is a need to develop a rapid serological method to detect asymptomatic FMD animals
in areas where FMD vaccination is not practiced. In addition, there is a need for a test to determine
the effectiveness of vaccination in areas where prophylactic immunization of animals against FMD
Is carried out.

ELISA is characterized by high sensitivity, ease of installation, accuracy of measurement
results and rapid response. In addition, ELISA correlates with other immunochemical methods in
the detection of FMD antigens and surpasses them in sensitivity by several times.

Currently, several commercial test systems for the detection of antibodies to FMD virus
structural proteins are available on the global veterinary diagnostics market: «PrioCHECK™
FMDV Type A Antibody ELISA Kit, strip», «ID Screen® FMD Type A Competition», «VDPro®
FMDV Type A ELISA». All existing analogs are based on the competitive ELISA method.

For the Republic of Kazakhstan there is a constant risk of introduction of this disease from
neighboring countries, as evidenced by the outbreak of FMD in Kazakhstan in 2011-2013, caused
by the importation of infection from China and Kyrgyzstan [5]. After a long period of well-being,
in 2021 FMD was detected in farms in Karaganda region [6]. At the same time, the development
and improvement of FMD diagnostic tools and methods is directly related to the problem of
ensuring biological security of the country. Despite the urgency of the problem, at present there
are no domestic Kits for the detection of antibodies to FMD virus in blood sera of vaccinated and
diseased animals in the Republic of Kazakhstan.

In Kazakhstan, test systems have not been developed to detect antibodies to FMD virus.
Therefore, the creation of domestic production of vaccines and diagnostic tools against especially
dangerous and socially significant diseases to meet the needs of the Republic of Kazakhstan is an
important task for the development of the country. Development of test-systems for detection of
antibodies to FMD virus is one of the main guarantees of struggle against this economically
important disease. The realization of the project will make it possible to develop an effective tool
for FMD diagnostics, which will contribute to epizootic well-being in the country.

Materials and methods of research

The reagent kits for detection of antibodies to FMD virus type A by ELISA method were
used:

- 96-well plate (8 wells x 12 rows).

Each row consists of 8 wells and the plate consists of 12 rows. Each well is pre-coated with
recombinant VVP1 antigen of FMD virus type A. The wells are made of transparent plastic. On the
left edge of the plate the letters A-H are vertically marked in alphabetical order. The bottom edge
of the plate is horizontally marked with Arabic numerals 1 - 12. On the right edge of the plate is a
bar code with the serial number and product name.

- Negative control sera: in solution (colorless or light yellow liquid) or lyophilized (dry
porous tablet), free of particles.
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- Positive control sera: as a solution (colorless or light yellow liquid) or lyophilized (as a dry
porous tablet), without particles.

- Wash solution (25X concentrated): clear, slightly opalescent, colorless liquid in a
translucent plastic vial with label, particle-free.

- Conjugate solution: clear green colored liquid in a brown labeled glass vial, free of
particles.

- Dilution Buffer Solution-Sera (DBS-S): clear blue colored liquid in a clear plastic vial with
label, no particles.

- TMB-Substrate: clear colorless liquid in a clear plastic brown labeled vial, no particles.

- Stop reagent: clear colorless liquid in a clear plastic vial with label, particle-free.

- Adhesive membrane: transparent rectangular polyester membrane.

- Laboratory equipment according to safety requirements.

- Ultrapure water: at least equivalent to class 3 for water according to 1SO 3696:1987 (E).

- Single channel pipette (20 - 200 uL).

- Multichannel pipette (5 - 50 uL).

- Multi-channel pipette (50 - 300 pL).

- Pipette tips (according to pipette manufacturer's recommendations).

- Solution containers.

- Funnel.

- Special tubes for blood collection.

- Multiscan EX plate analysis devices.

The device is equipped with an appropriate filter set to read plates at 450 nm.

- Tecan EIA plate washing device.

- To obtain recombinant protein we used Escherichia coli strain ER2566/pET/VP1-A
obtained by transformation of expression plasmid pET-26b(+) carrying VP1 gene of FMD virus
type A structural protein antigen.

- FMD A _pET-26b (+) plasmids were obtained from GenScript Biotech Pte LTD
(Singapore) (www.genscript.com).

- Rabbits weighing 2.5-3.0 kg were used for sera production.

994 animal sera samples were analyzed.

- Cattle: 564 samples

- Sheep and goats: 246 samples

- Pigs: 184 samples

For comparative research:

- VDPro ® FMDV Type A ELISA - Kits for the detection of antibodies to FMD virus
serotypes A, manufactured by MEDIAN Diagnostics, Inc. (Republic of Korea). A type - series
1FMDAZ22001, valid until 01.03.2021.

- PrioCHECK™ FMDV Type A Antibody ELISA Kit - ELISA for the in vitro determination
of antibodies against FMDV in the sera of cattle, pigs, sheep and goats. Development organization:
Prionics AG (Switzerland). A type - Series FA 201101L, valid until 31.05.2021.

- Experimental series Set of reagents for detection of antibodies to FMD virus type A by
ELISA method, produced by «MVA Group Research and Production Center» LLP (Republic of
Kazakhstan). A type - series 05, valid until 12.03.2023.

Results and discussion

Preparation of recombinant VP1 antigen of FMD virus type A:

Escherichia coli strain ER2566/pET/VP1-A obtained by transformation of expression
plasmid pET-26b(+) carrying VP1 gene of FMD virus type A structural protein antigen was used
to obtain recombinant protein.

Competent E. coli cells were cultured in LB medium (tryptone 10 g, yeast extract 5 g, NaCl
5 g, distilled water to 1000 mL, 50 pg/mL kanamycin, pH 7.5) at 37°C, for 18-24 hours until
OD600=0.6~0.8. Then isopropyl-p,D-thiogalactopyranoside at a concentration of 0.2 mM was
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added to induce gene expression. After the addition of the inducer, the cells were cultured at 30°C
for 6 hours.

For each recombinant protein, purification conditions were selected to maximize the protein
yield with a purity degree of at least 95%. E. coli cells containing the designed chimeric
recombinant protein were precipitated by centrifugation at 3000g for 20 min, the precipitate was
washed with 1/3 volume of saline, centrifuged at 3000g for 20 min, and resuspended in 10-30 ml
of metal affinity chromatography buffer (25mM sodium phosphate buffer pH 7.4, 400mM NaCl,
20 mM imidazole). Cells were disrupted by ultrasound (22kHz, 4 times for 20 seconds each), and
the insoluble fraction was separated by centrifugation at 50000g for 45 minutes. The insoluble
fraction (precipitate) was resuspended in 10 ml of 25mM metal affinity chromatography buffer
with 8M urea, incubated for 1 hour on a magnetic stirrer, then centrifuged at 50000g for 45
minutes. The thus obtained clarified lysate was filtered through a nylon filter (pore diameter 0.45
um) and subjected to metal-affinity chromatography. The recombinant protein was purified on a
HisTrap column (Amersham, USA). Elution was performed with buffer (25mM sodium phosphate
buffer pH 7.4, 400mM NaCl, 200mM imidazole, 8M urea). Renaturation of recombinant protein
was performed by dialysis against 300-fold volume of 25mM sodium phosphate buffer pH 7.25
with 300mM NaCl. The renatured protein was analyzed by denaturing electrophoresis in 15%
polyacrylamide gel (PAAG) [7].

The molecular mass of recombinant VP1 antigen of FMD virus type A synthesized by the
strain was 34 kDa.

The concentration of purified recombinant antigen was determined by the Bradford method
[8]. The maximum concentration of recombinant VP1 antigen of FMD virus type A was
500 pg/mL.

Cryopreservation of the production strain was performed using LB, 20% glycerol, 10%
sucrose, 10% polyvinylpyrolidone, cell concentration of 109 CFU/mL.

For lyophilization of the production strain, skim milk protective medium was used at a 1:1
ratio, cell concentration 109 CFU/m.

The lyophilized dried strain is stored at a temperature not higher than +8°C, and
cryopreserved samples are stored at a storage temperature of -80°C.

Production of negative control sera:

Negative control sera were obtained from clinically healthy (unvaccinated and disease-free)
cattle that did not contain antibodies to FMD virus. Individual blood samples were first incubated
at 36-38°C for 30-60 minutes and then at 2-8°C for 24 hours to separate the blood clot. The settled
individual sera samples were tested for the presence of antibodies in ELISA. A series was then
prepared by mixing the individual samples. The thoroughly mixed sera mixture was filtered
through a 0.2 um size filter.

As part of the kit, the sera may be presented in liquid or lyophilized form.

Preservation and packaging of native sera:

Proclin (0.05%) was added as a preservative. The resulting preparation was packaged in
1.0 cm? vials.

Preparation of lyophilized sera:

Sera were packed into vials and stored before lyophilization at (5+1)°C for not more than 3
days. Lyophilization of sera was carried out in a vacuum drying apparatus at a residual pressure in
the working chamber of about 50 microns and condensate temperature of minus (50+5)°C. The
heating temperature is maintained at 30 to 35°C. At the end of the sublimation period, the heating
is increased to 45°C. At a constant temperature in the material (14-20)°C, the drying process lasts
about 8 hours. The duration of the whole drying process ranges from 20-28 h. The vials were
corked under vacuum (450-500 microns). The moisture content of the preparation should not
exceed 4%.

The sera were stored at 2-8°C.

Production of positive control sera:
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Rabbits weighing 2.5-3.0 kg were used for sera production. For hyperimmunization, a
preparation containing recombinant FMD virus type A antigen and adjuvant was used. The
adjuvant used was saponin, its analogs or oil adjuvants such as Freund's incomplete adjuvant. The
resulting preparation was injected 1-2 cm? into the interfinger tissues of the hind limbs of rabbits
(0.1-0.2 cm® at each injection point). After 28 days, rabbits were inoculated again, intramuscularly,
in the thigh region with a double dose of the original preparation of recombinant antigen in the
volume of 2-5 cm?® with the addition of 2.5 mg of saponin as adjuvant. After 10 days, the animals
were exsanguinated and blood sera was obtained.

Individual blood samples were first incubated at 36-38°C for 30-60 minutes and then at 2-
8°C for 24 hours to separate the blood clot. The settled individual sera samples were tested for
type specificity and activity in ELISA. A series was then prepared by mixing type-specific
individual samples of equal activity. The thoroughly mixed sera mixture was filtered through a 0.2
um size filter.

As part of the Kit, the sera could be presented in liquid or lyophilized form.

Preservation and packaging of native sera:

Proclin (0.05%) was added as a preservative. The resulting preparation was packaged in 1.0
cm? vials.

Preparation of lyophilized sera:

Sera were packed into vials and stored before lyophilization at (5+1)°C for not more than 3
days. Lyophilization of sera was carried out in a vacuum drying apparatus at a residual pressure in
the working chamber of about 50 microns and condensate temperature of minus (50+5)°C. The
heating temperature was maintained at 30 to 35°C. At the end of the sublimation period, the heating
was increased to 45°C. At a constant temperature in the material of (14-20)°C, freeze-drying lasts
about 8 h. The duration of the whole drying process ranges from 20-28 h. The vials were corked
under vacuum (450-500 microns). The moisture content of the preparation should not exceed 4%.

The sera were stored at 2-8°C.

Enzyme conjugate production:

- A solution of mouse monoclonal antibody to animal IgG conjugated to horseradish
peroxidase was prepared.

- Mixed bovine sera albumin with proclin (0.05%) as a preservative.

- Poured into vials and stored at 2-8°C.

Production of enzyme conjugate diluent:

- Sodium phosphate buffer and procline (0.05%) were prepared.

- Poured into vials and stored at 2-8°C.

Production of washing solution (25X concentrated):

- Prepared sodium phosphate buffer-Tween 20 (10x concentrated) and Proclin (0.05%).

- Poured into vials and stored at 2-8°C.

Production of TMB substrate:

- Prepared a solution of tetramethylbenzidine substrate mixed with hydrogen peroxide.

- Poured into vials and stored at 2-8°C.

Production of stopping solution:

- IN-sulfuric acid was prepared

- Poured into vials and stored at 2~8°C.

Procedure for performing an enzyme-linked immunosorbent assay:

During the study it was necessary to choose the ELISA variant suitable for antibody
detection. As a result of experimental work, it was found that the indirect ELISA variant is the
most effective. The essence of the method is that recombinant FMD virus antigen adsorbed in a
solid phase interacts with specific antibodies. The resulting immune complex is detected by
horseradish peroxidase conjugated with G-protein and chromogenic substrate. The essence of the
method is shown in Figure 1-2.
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Figure 1 — Scheme of indirect variant of solid-phase ELISA

Conditions for setting up an ELISA:

1) Add 100 pl of positive control to wells Al and B1 of the plate and 100 pl of negative
control to wells C1 and D1.

2) Add 80 pl of sera dilution buffer solution (DBS-S) to the remaining wells of the plate.

3) Add the test samples (sera or plasma) 20 pl/well into the wells of the plate containing the
sera dilution buffer solution (DBS-S) and mix by pipetting. The final dilution ratio is 1:5. Be
careful not to spill samples from well to well.

4) Cover the plate with a lid or adhesive tape, and incubate for 30 min at 37°C.

5) Wash each well of the plate 5 times with 1X wash buffer (at least 250 pl per well),
removing the well contents at each washing step. After the final wash, invert the plate onto a paper
towel to remove residual solution from the wells.

6) Add 100 ul of conjugate solution to each well of the plate.

7) Cover the plate and incubate for 30 min at 37°C.

8) Wash each well of the plate as described in step 5.

9) Add 100 ul of TMB substrate to each well of the plate.

10) Incubate for 15 minutes at room temperature (18-25°C) in the dark.

11) Add 100 pl of stop reagent to each well of the plate.

12) Measure the absorbance of the wells using a bichromatic spectrophotometer at a
wavelength of 450 nm. Interpretation of the results should be completed within 10 minutes of the
end of the assay. Wait until the bubbles have completely disappeared before reading the results.

The ELISA scheme is shown in Figure 2.

Figure 2 — shows the layout of the control and test samples
1 3 4 5 6 7 8 9 10 11 12
C+ 5 13 21 29 37 45 53 61 69 77 85
C+ 6 14 22 30 38 46 54 62 70 78 86
C- 7 15 23 31 39 47 55 63 71 79 87
8
9

N

C- 16 24 32 40 48 56 64 72 80 88
1 17 25 33 41 49 57 65 73 81 89
2 10 18 26 34 42 50 58 66 74 82 90
3 11 19 27 35 43 51 59 67 75 83 91
4 12 20 28 36 44 52 60 68 76 84 92

Notes: «C+» — positive control; «C-» — negative control; «1-92» — test samples
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Recording and interpretation of results:

Before taking measurements, set the «0» of the photometer by air.

The reaction results are considered reliable and can be counted if the controls meet the
criteria:

- the mean OD value in the conjugate control wells (ODcc) does not exceed 0,15;

- the mean value of the optical density (OD) of the negative control (C-) does not exceed
0,2;

- the average OD of the positive control OD (C+) is not less than 1,0;

If the obtained values of OD in wells with control samples do not meet the validation criteria,
the test results are not considered. The assay is repeated.

To evaluate the results of the analysis, the critical level of optical density (ODcrit.) is
calculated:

ODcrit. = OD (C-) + 0,25

0,25 - coefficient determined by the method of statistical processing of research results at
the manufacturer:

If the OD of the test sample is less than the ODcrit, the sample is considered negative.
Antibodies to the FMD virus type A are not detected.

If the OD of the test sample is higher than or equal to ODcrit, the test result of the sample is
considered positive. Antibodies to FMD virus type A are detected.

If positive results are obtained, further titration is carried out as necessary by successive
twofold dilutions with DBS-S solution. The sera titer is the last sera dilution with an OD higher
than the ODcrit.

Study of diagnostic sensitivity and specificity:

In order to assess the sensitivity and specificity of the reagent kit for detection of antibodies
to FMD type A, a study was conducted using ELISA of 994 sera from different animals (cattle-
564, sheep and goats-246, pigs-184). In addition, a comparative evaluation of the developed test
with a commercial ELISA kit on the market of Kazakhstan was carried out.

- Reagent kit for detection of FMD virus type A antibodies by ELISA method (MVA Group
Research and Development Center LLP, Republic of Kazakhstan).

- VDPro® FMDV ELISA - Kit for detection of antibodies to FMD virus serotypes A
(MEDIAN Diagnostics, Inc., Republic of Korea).

- PrioCHECK® FMDV ELISA - ELISA for the in vitro detection of antibodies against FMD
virus in sera of cattle, sheep, goats and pigs (Prionics AG, Switzerland).

All tests were performed according to the manufacturer's instructions.

Results:

Tables 1-2 show the sensitivity and specificity of the kit developed by «<MVA Group R&D
Center» LLP for the presence of antibodies to FMD virus type A in the study of 564 cattle sera.

Table 1 - Sensitivity and specificity of the kit of kMVVA Group R&D Center» LLP in 564 cattle sera samples

Kit Results Sensitivity Specificity Total
«MVA Group positive 399 118 517
R&D Center» negative 44 3 47
LLP Total: 443 121 564

Table 2 - Percentage of positive results from 564 cattle sera samples
Kit Positive Percentage

«MEDIAN Diagnostics, Inc.» 404/443 91,19%
«MVA Group R&D Center» LLP 399/443 90,06%
Group»
«Prionics AG» 387/443 87,35%
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The sensitivity of the proposed kit for the determination of antibodies to FMD virus type A
in cattle sera was 90,06% (399/443).

The specificity of the kit for the determination of antibodies to FMD virus type A in cattle
sera was 97,5% (118/121).

Tables 3-4 show the sensitivity and specificity of the kit developed by «<MVA Group R&D
Center» LLP for the presence of antibodies to FMD virus type A in the study of 246 sheep and
goats’ sera.

Table 3 - Sensitivity and specificity of the kit of <cMVA Group R&D Center» LLP in 246 sheep and goats’
sera samples

Kit Results Sensitivity Specificity Total
«MVA Group positive 110 119 229
R&D Center» negative 13 4 17
LLP Total: 123 123 246

Table 4 - Percentage of positive results from 246 sheep and goats’ sera samples
Kit Positive Percentage

«MEDIAN Diagnostics, Inc.» 107/123 86,99%
«MVA Group R&D Center» LLP 110/123 88,4%
Group»
«Prionics AG» 105/123 85,36%

The sensitivity of the proposed kit for the determination of antibodies to FMD virus type A
in sheep and goats’ sera was 88,4% (110/123).

The specificity of the kit for the determination of antibodies to FMD virus type A in sheep
and goats’ sera was 96,7% (119/123).

Tables 5-6 show the sensitivity and specificity of the kit developed by «<MVA Group R&D
Center» LLP for the presence of antibodies to FMD virus type A in the study of 184 pig sera.

Table 5 - Sensitivity and specificity of the kit of <MVA Group R&D Center» LLP in 184 pig sera samples

Kit Results Sensitivity Specificity Total
«MVA Group positive 83 89 172
R&D Center» negative 9 3 12
LLP Total: 92 92 184

Table 6 - Percentage of positive results from 184 pig sera samples

Kit Positive Percentage
«MEDIAN Diagnostics, Inc.» 81/92 88,04%
«MVA Group R&D Center» LLP 83/92 90,2%
Group»
«Prionics AG» 87/92 94,56%

The sensitivity of the proposed kit for the determination of antibodies to FMD virus type A
in pig sera was 90,2% (83/92).

The specificity of the kit for the determination of antibodies to FMD virus type A in pig sera
was 96,7 % (89/92).

Conclusion

The results of the study, lead to the following conclusions:

E. coli EN2566/pET/VP1, a bacterial strain expressing the VP1 structural protein of foot-
and-mouth disease virus type A was obtained. The specificity of recombinant protein A was
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confirmed by Western blotting. Optimal conditions of expression and purification of recombinant
viral proteins were determined, allowing to obtain preparations with purity not less than 95%.

Type A sera suitable for use in indirect ELISA were obtained.

- The optimal conditions of indirect ELISA for detection of antibodies to FMD virus type A
were developed.

The sensitivity of the test system for detection of antibodies to FMD virus type A was
90,06% (399/443) in cattle sera, 90,2% (83/92) in pigs sera, 88,4% (110/123) in sheep and goats’
sera.

The specificity of the kit in detecting antibodies to FMD virus type A was 97,5% (118/121)
in cattle sera, 96,7% (89/92) in pig sera, and 96,7% (119/123) in sheep and goats’ sera.

Thus, a study of the sensitivity and specificity of the proposed ELISA kit for the detection
of antibodies to FMD virus type A compared to other commercial ELISA kits showed that the kit
has significantly higher sensitivity and specificity in samples from cattle, pigs, sheep and goats.
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PA3ZPABOTKA TEXHOJIOI'MH U3I'OTOBJIEHUS PEAI'EHTOB JIJI51 BBISIBJIEHU A
AHTHUTEJ K BUPYCY AllYPA TUIIA A METOAOM UMMYHO®EPMEHTHOI'O
AHAJIN3A

AHHOTALIUA

B nanHO#1 cTathbe npejacTaBicHa pa3pad0TKa MHHOBAIIMOHHON TEXHOJIOIMU M3TOTOBJICHHS HAOOPOB
peareHTOB HJis BBIABICHUSA AaHTUTEN K BHUPYCY simypa Tuma A C HCHOJb30BaHUEM METOJa
UMMYHO(EPMEHTHOT'0 aHaln3a. Bupyc sirypa Tuma A uMeeT 3HaYUTEIHbHOE METUIIMHCKOE H BETEPHHAPHOE
3HaueHWe, W O(PPEKTUBHBIE METOABl JUATHOCTUKA WIPAIOT BaXKHYIO pPOJb B €r0 KOHTPOJE |
MPOTHUBOJCHCTBUU PACTIPOCTPAHEHUIO.

IIporiecc pa3pabOTKM TEXHOJOTHH BKJIIOYAeT B Ce0S BHIOOP ONTHMAIBHBIX aHTUTEI-MapKepOB,
ONTHUMH3AIAI0 YCIIOBUH AQHTHTCH-aHTUTEIIO B3aWUMOACHCTBHUS, a TAaKXKE OIPENCICHUE ITOAXOSIIETO
HOCHTENsI peareHToB. B pesynbrare Obina co3mana 3pdexTrBHAS METOAMKA, 00SCTIEUNBAIONIAs BEICOKYIO
YYBCTBUTEIBHOCTh U CHEIM(PUIHOCTh IPH ACTEKIIUY aHTUTEN K BUPYCY SIlypa Thma A.

B CTaTheC HOJIpO6HO OITINCAHBI 3TAaIlbI paspa60TK1/1, BKJIFOYAasd XUMHUYCCKUEC U 6I/IOXI/IMI/I‘-IeCKI/Ie METOAbI
MOIU(UKALIMKA PEareHTOB, HCCICIOBAaHHE HMX CTAOWILHOCTH M aKTHUBHOCTH. Tarke NpencTaBIeHBI
pe3yNIbTaThl BAIMAAIMYA TEXHOJOTHH Ha TAHENIW KIMHUYECKUX 00pa3IoB, YTO MOATBEPXKIAET BBHICOKYIO
TOYHOCTh U HAJIS)KHOCTH Pa3paboTaHHON METOUKH.

HOHy‘IeHHI)Ie pe3y.IIBTaTI)I IIO3BOJIAKOT CACJIaTh BBIBOLA O HepCHeKTI/IBHOCTI/I pa3pa60TaHHof/'1
TEXHOJIOTHH JUIsl TIPUMEHEHUS B MEIUIMHCKUX M BETEPHHAPHBIX JIA00PATOPUSAX, a TAKKE B HAYYHBIX
MCCJICIOBAHUSAX B 00JIaCTH BUpYycosioruu. HoBast MeToIMKa MOYKET CYIIECTBEHHO YJIYUIIMTh JUATHOCTUKY
1 KOHTPOJIb BUpYca siypa THIa A, crmoco0cTBys 3¢ (HEeKTUBHBIM MEpaM 110 €ro IPeA0TBPAILICHUIO U 00pbh0e
C pacIpocTpaHEeHUEM.

Karouessle c1oBa: nMMYyHO(EPMEHTHBINH aHAIIN3, SIYP, aHTUTENA, AaHTUTEH, PEarcHT.
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UMMYHO®EPMEHTTIK TAJIJIAY 91ICI BOUBIHIIIA A TUMITI AYCBLI
BUPYCBIHA AHTUJAEHEJIEPAI AHBIKTAYT'A APHAJIFAH PEAT'EHTTEP/I
OHAIPY TEXHOJIOI'UACBIH 93IPJIEY

doi:10.53729/MV-AS.2023.04.12

Tyidin

Byn makanaga nMMyHIBIK (QEpMEHTTI Talifiay 9MiCiH KOJIJJaHA OTHIPHIN, A THIITI ayChUl BUPYChIHA
KapChl aHTUJCHENICPIH aHBIKTayFa apHAJIFaH PEarcHTTEDP JKUBIHTBIFBIH JKACayJblH WHHOBAIUSIIBIK
TEXHOJIOTHSCHIH d3ipJiey YCBHIHBUIFaH. A THITI ayChll BHPYCHl MEAHWIIMHAIBIK JKOHE BETEPUHAPHSIIBIK
MaHBI3EI 0ap KoHE THIMII MTUATHOCTHKAIBIK OMICTEp OHBI OaKbUIayda *KoHE TapaJlybIHBIH aJIIBIH aTyaa
MaHBI3/IbI POJT aTKAPAIbI.

TexHOMOTHSAHBI 93ipJIey MPOIIeCi OHTAMIIEI MapKEPJIiK aHTHACHEIEP Il TAHIAYIbl, aHTHT CH-aHTHICHE
OpeKeTTecy IIApTTaphlH OHTAMIAHABIPYABl JKOHE COWKEC peareHT TachIMaJIayIIbIHBl aHBIKTaYIbl
KamTuabl. HoTmkeciHne A THOTI aycbul BUPYChIHA Kapchl aHTUJCHENEPIH aHBIKTayna >KOFaphl
CE3IMTaNJIBIK TTeH €PEKIIEeTKTI KAMTaMachl3 €TETIH THIMI 9/IiCTEME YKacall bl

Makanana peareHTTepAl ©3TepTYdiH XUMHSUIBIK KOHE OHWOXHUMHSUIBIK OIICTEpiH, OJapiblH
TYPaKTBUIBIFBl MEH OCJICeHIUNIMH 3epTTeyAl KAMTUTBIH JaMy Ke3eHIEpi erKei-Terkeisi cunaTTajFaH.
KnnHukanplk yiriep maHemiH/eTi TEXHOJIOTUSHBI TEKCEePY HOTIDKENepl 1e YCHIHBUIFaH, OYJI 93ipJeHTeH
9ICTeMEHIH >KOFaphl AJIAITT MEH CEHIMIUTITIH pacTaiIbl.

AJNBIHFaH HOTWXKENICP O3IPJICHICH TEXHOJOTHSIHBIH MEAMIMHAIBIK JKOHE BETECPHHAPHSUIBIK
3epTXaHajapa, COHJAi-aKk BHPYCOJIOTHS CallaCBIHIAFbl FBUIBIMU 3epTTEyJiep/ie TMaijanany YIIiH
MePCIICKTHBANBI €KEH/IIT1 TYpaJibl KOPBITBIHIIBI J)KacayFa MYMKiHIK Oepeni. Kana onmicteMe A TUNITI ayChiT
BUPYCBHIHBIH JMAarHOCTUKACBIH MEH OaKblIay[bl aWTapibIKTall >KaKcapTa OTHIPBIN, OHBIH TapalyblH
OonpIpMay KoHe OaKblIay OOWBIHINA THIM/II Iapajapra bIKIAT €TeIi.

Kinrri ce3aep: uMMyHIBIK (DepMEHTTI Talfay, ayChll, aHTHICHE, aHTUTCH, PEarcHT.

Aychln - Yi jKoHE jKabaiibl KOCTYSKTHI JKaHyapiiapra ocep €TeTiH OTe KYKIallbl BUPYCTHIK
aypy [1]. Aypy snu300THSI TYIABIPYbI dKOHE MaJjl IIAapyallbUIbIFbIHA YJIKEH YKOHOMUKAJBIK 3USTH
KEJNTiIpyl MYMKIH TPpaHCIIEKAapaJbIK aypyJap CaHAThIHA )KaTa/Ibl.

[Taroren PHK «kypambiama Aphthovirus TykeiMaaceiHa kataThiH — Picornaviridae
YKAHYSCBIHBIH BUPYCHI 0ap. AyCBUIIBIH KETI UMMYHOJIOTHSUIBIK 9p TYpJii ceporuntepi 6ap (O, A,
C, Aszusa 1, SAT 1, SAT 2 xone SAT 3) [2]. AycbUl BHPYCBHIHBIH CEpOTHNTEPi OacTamkbiaa
KaHyapliapFa Kapchl IMMYHHUTET SKCIIEPUMEHTTEPIH/IE aHBIKTAIBL. bip CepOTHUITI KYKTHIpyaH
albIKKaH YaHyap COJ CEPOTHIITI )KYKTBIPYFa TO3IMA1 €KSH/IIT1 TOJENACH 1, 01 11 J¢ Ke3 KeJreH
0acKa CepOoTHIITI )KYKTBIpYyFa ce3iMTall. AYChUIIBIH PTYPJIIi CEpOTUIITEPI OeNTiTi Oip re0TOTHsITBIK
aniMakTapna xwui ke3zueceni. Conbimen, Asusina A, O xoHe A3us-1 cepoTunTepi *Kul Ke3aece,
Eypona men OntycTik Amepukazna A, O sxxone C ceporuntepi ke3zaeceni, ain Appukana A, O xoHe
SAT ceporuntepi ©OaceiM. bapnblk cepotunTep Oip-OipiHEH KIMHHMKAIBIK TYPFBIIAH
QKBIPATBUIMANIBI, OipaK ONapIbIH TeorpadUsUIbIK Tapallybl, TCHETUKAIBIK XOHE AHTHTCHJIK
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KacueTTepi OOMBIHIIA allbIpMAIIBUIBIKTAPE! 0ap. ByJl TypakThl TeHETUKAIBIK TOMTAP TOTOTUIITED
(reorpadUsUIBIK TUIITEP) M aTalbl. Op TONOTUIITE ayChUI BUPYCHIHBIH KONTET€H FeHETUKAIIBIK
CBI3BIKTapHI Oap [3].

Bupyc reHomMbl TOPT KYpBUIBIMABIK KOHE CETri3 KYPBUIBIMIBIK €MEeC aKybI3[bl KOATaNIbI.
AKybI3IapbIH €Ki TOOBI 1a nHMEKIHs Ke3iHe )KaHyapiapaa aHTUIeHeNIep OHIIPICiH TYIbIPaIbl.
AycbUl HH(EKIUSAChIHAH KeH1H KYPbUIBIMBIK aKybI31apFa oHE KYPBUIBIMIIBIK €MEC aKybI31apFa
apHaiibl antunenenep (IgG xone/nemece IgM, IgA) maiina 6omansl. AHTHACHE TUTPIEP] YaKbIT
OTe KeJie Te3 ©cCell >KOHE JKorapbl Ooybim Kanmanbel. Ocklnaiina, YATIAE aychlIFa apHAbI
aHTUJCHeNepiH OOoNybl YITiHI allFaH aHyapAblH ayChll BHPYCHIMEH OaillaHbICTa OOJFaHBIH
HEMece BaKIMHALMSUIAHFaHbIH KepceTell. AYChUIMEH aybIpaThlH >KaHyapiiap/a KYPBUIBIMIBIK
JKOHE KYPBUIBIMJIIBIK €MeC aKybI3Japra aHTUACHeNep Ty3iJedi, an BaKIMHAIMSIIAHFaH
JKaHyapJiap/ia HeTi31HeH KYPBUIBIMIBIK aKybI3Japra aHTUCHeNep aHbIKTalaAbl. byl BakimHaHbI
’Kacay Ke3iHIe BHPYCTBHIH IIIiHapa Ta3apTbUIybIMEH TYCIHAIpUIEai, OHBIH OapbIChIHIA
KYPBUTBIMIBIK €MEC aKybI3Aap IbIH KOTIIIUIIr )KaCcyIaablK AeOpUCIieH Oipre Koubu1aas [4].

AycpuinblH OacTamkbl JUArHO3BI ONETTE 3apAam IIEKKeH KaHyaplaplarbl THITIK
KJIIMHUKAJIBIK OeTUIep Al TaHyAbl KAMTHIBI. AYCHULIBIH KJIMHUKAIBIK OCNTiIepi OapiIbIK Typiepe
Oipzaeii, Oipak OJapAbIH aybIPJBIFBI aWTapibIKTail e3repyl MYMKiH. AYCBUIIBIH KIMHUKAJIBIK
Oenrinepi aychbll HHPEKIUICHIHBIH CEHIM/II KOPCETKIII eMec OUTKeH1 KeiOip skaraainapaa Kyuic
KalbIpaThbIH KaHyapJiapJaFbl ayCcbUl aypyAblH KIMHHUKAJBIK KOPIHICTEPIHCI3 JXKYpPYl MYMKIH.
MyHnali TackiManAaynibl skaHyapijap aypyablH KaHa OIIAKTapbIHBIH Ke31 OOJbIl TaObLIafbl.
Ocputaiiiia, sxaHyapiapAbl aychblUIFa Kapchl BaKIMHALMSIAY OIKYPri3UIMEHTIH aiimakTapnaa
CUMITOMCHI3 ayChUIMEH aybIpaThIH >KaHyapiapbl aHBIKTAUTHIH KbUIIaM CEPOJIOTHUSIBIK 9/11CTI
azipiey kaxeT. COHbIMEH Karap, jKaHyapiapbl ayChUIFa KapChl MPOQPIIAKTHKAIBIK HMMYHIAY
JKYPTi3UIeTiH aifMaKTapaa BaKIIMHAITUSHBIH THIMAUTITIH aHBIKTAUTBIH TECT KaXeT.

DT xorapsl ce31MTAIBIKIICH, OPHATYIBIH KapamalbIMABUIBIFBIMEH, HOTHKEIEPl OJIIIey
JOJTITIMEH YKOHE JKayall amy KbUIAaMAbIFbIMeH cunaTtTtanasl. ConpiMeH Katap, DT epexmeniri
OOWBIHINIA ayChUT BHUPYCBHIHBIH AHTUTCHIIEPIH AaHBIKTAy Ke3iHae O0acka WMMYHOXHUMHSITBIK
OMICTEPMEH KOppEISIUsIaHaAbl KOHE CE3IMTANIbIFbl OOMBIHINA oOJIapAaH OipHeIe ece achlm
TYCe/I.

Kazipri yakbITTa BeTepHHAPUSIIBIK JUArHOCTHUKYMIAPIBIH OJIEMJIK HapbIFbIHIA ayChLI
BUPYCHIHBIH KYPBUIBIMJIBIK ~AaKybI3JapblHa aHTUICHENEp/l aHbIKTayFa apHairaH OipHele
KOMMEPIUSIIBIK TecT-Kyienep ycbiaburad: «PrioCHECK™ FMDV Type A Antibody ELISA
Kit, strip», «ID Screen® FMD Type A Competition», «VDPro ® FMDV Type A ELISA». Bapisik
KOJIJAaHBICTAFbI aHAJIOTTap O0acekere KadineTTi UDT omiciHe Heri3aenreH.

Kazakcran PecryOnmkach! yiniH Oyl aypyAblH ipreiec MeMJICKeTTEep/IeH eHy Kayli yHeMmi
Oap, Oyran Kpitaii Mmen Kpiprei3cTanHaH WHQEKIUSHBIH OKeIiHyiHeH TybiHaaraH 2011-2013
*KbU1Aapel KazakcTan ayMarbIiHAa ayChUT aypyBIHBIH OPIIYi Josie 00k Ta0biIaas! [5]. ¥3aK on-
aykattaH keiin 2021 xbutbl aycbln Kaparanapl 0O0IBICHIHBIH IIAPYaIIbUIBIKTAPBIHAA aHBIKTAIbI
[6]. by xaraiifa aychll AMarHOCTUKACHIHBIH Kypalgapbl MEH QJIICTEPIH a31piiey XKoHE KETUIIIpY
eNIiH OMOJIOTHSUIBIK KAyiNCI3AIriH KamMTamachl3 €Ty MpoOJieMachIMEH Tikenel OailslaHbICTHI.
MoceneHiH ©3eKTUIINHE KapamacTaH, Ka3ipri yakeltta Kaszakcran PecmyOnukacsinaa
BaKIMHALIMSAJIAHFAH JKOHE aybIpFaH >KaHyapilapJblH KaH capbiCylapblHIa ayChblUl BHPYChIHA
aHTHUJICHETIeP/Il aHBIKTayFa apHAJFaH OTAH]IBIK )KUBIHTBIKTAP JKOK.

Kazakcranna aycbul BUpYChIHA Kapchl aHTHUJEHENEPAl aHBIKTay YIIIH TecT-Kyilenep
azipnenderen. Conpapikrad, Kazakcran PecryOnukachbiHBIH KaKETTUTIKTEPIH KaMTaMachl3 €Ty
YIIIH aca KayinTi jkKoHE OJIEYMETTIK MaHbI3BI Oap aypyjiapra Kapchl BaKIMHajgap MEH
JTUATHOCTUKYMJIAPJIBIH OTaHIBIK OHIIPICIH KYPYy MEMIIEKETTI JaMbITyIbIH MaHbBI3IbI MIHJAETI
0016 TaOBLIAABI. AYCHUT BUPYChIHA KApChl aHTHICHEIIEP Il aHBIKTayFa apHAJIFaH TECT-KyHeaep/Ii
o3ipyiey OChl SKOHOMHUKAJIBIK MAaHBI3ABl aypyMeH KypecyliH OacTbl KemuiaepiHiH Oipi Ooubim
Tabbu1a k. JKOOaHBI iCKE achIpy ayChUl aypyblH TUArHOCTHKATIAY/IBIH THIMII KYPaJbIH d3ipiieyre
MYMKIHJIIK Oepei, OyJ1 enjieri AMU300TUSIIBIK dJI-ayKaTKa BIKIal eTell.
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Marepunannap MeH daictep

N®DA omiciMeH aychbul BHUPYCHIHBIH A THITIHE aHTHACHENEPIl AaHBIKTayFa apHalFaH
peareHTTep KUHAKTAPBIH jKacay KYMBICHIH/Ia MbIHATIAP TaldaTaHbUIIbL:

- 96 yAmBIKTHI TUTaHIIeT (8 ysambIK X 12 KaTap).

Op KaTap 8 YALIBIKTaH, aJl IIaHmeT 12 Katapaad Typaabl. Op0Oip YAMIBIK ajlbIH ana A TUOTI
ayChlll BUPYCHIHBIH pEeKOMOMHAHTTHl VPl aHTHreHiMeH KanTajFaH. ¥YSIIBIKTap MeJIip
IUTACTUKTEH *acanraH. [ImanmerTin con xak merinae A—H opinrtepi andaBuTTiK peTiieH TiriHeH
opHanackad. 1-12 apa® umdpraapsl IUIAHIIETTIH TOMEHT1 JXKHETIHE KOJIICHEH OpHaJacKaH.
[TnaHmeTTiH OH KaK XHEeTiHe CepUsIIBIK HOMIPl MEH OHIM aTaybl 0ap MITPUX-KOI KOMbUIAIBI.

- Tepic O0aKpUIay CaphICYhI: epITIH/AI TYPiHAE (TYCCi3 HEMECE alllbIK capbl CYUBIKTHIK) HEMECe
arouIIeHreH (Kyprak KeyeKTi TabieTka TypiHje), OeeKTepi oK.

- oH 0OakpUIay CapbICYBI: EPITIHAI TYpiHAE (TYCCi3 HEMece allbIK capbl CYUBIKTHIK) HEMece
arouIieHreH (KypraK KeyeKTi TabieTka TypiHje), OeeKTepi oK.

- Kyy epitinmici (25X KOHIEHTPII): MOJAIP, a3/1all KYHTIPT, TYCCi3 CYHBIKTHIK, 3aTTaHOACHI
6ap Meuip IIacTUK OeTenKeaeri, OeImeKTepi KOoK.

- Konstorar epitiaaici (KrE): 3arran6acer 6ap KOHBIP IIBIHBI 0OTENKEET1, OOIIIEKTEP1 JKOK
MOJI/1ip JKaChUT CYUBIKTHIK.

- Capeicyapl cyiblITyFa apHanran 0ydeprik epitinaici (CCh-E): xxanceipmacsr 6ap Memaip
IUTACTUK OOTENKeeT1, OOIIeKTepl KOK MOJJIIP KOK CYUBIKTHIK.

- TMb-cybcTpat: 3arTaH0acel O6ap MUIACTUKANBIK KOHBIp OeTenkeneri, OeseKkTepl KOK
MOJI/Iip TYCCi3 CYHBIKTHIK.

- TokTaTKpIl peareHT: 3aTTaHOackl 0ap MeJAIp IJIACTUK OeTenkeneri, OOIIeKTepl KOK
MOJI1ip, TYCC13 CYMBIKTHIK.

- J)KaOpICKaK TUIeHKA: TOPTOYPHITITHI MOJIIIP TOIMA(DHUPII TIICHKA.

- Kayinciznik tanantapbiHa ColiKec 3epTXaHaJbIK KaOIbIK.

- Orte Taza cy: ISO 3696:1987 (E) crammapTeiHa coiikec KeM JiereHe 3 Cy KJachlHa
Oanamaebl.

- bip apuansr nunerka (20 — 200 Mxr).

- Kem apnans! nunerka (5 — 50 mki).

- Ken apuansr munetka (50 — 300 Mxon).

- [Tunerka ymraps! (MUNeTKaIapabl OHAIPYIIIHIH YCHIHBIMIAPbIHA COIKEC).

- EpiTiHal piapIcTapBhl.

- HHIyHKBIp.

- Kan sxuHayra apHaJFaH apHailbl TYTIKTED.

- Multiscan EX mianmerrepi Tangay KYpbUIFbUIapHL.

Kypoutrer 450 HM MIaHIIETTEP/Il OKYFa apHaAJIFaH THICTI CY3T1 )KHHAFBIMEH >Ka0 bIKTaJIFaH.

- Tecan EIA nnaHmer )Xyy MalmHachl.

- PET-26b(+) sxcnpeccrsutbIK 1a3MHUIaCkIH TpaHChOpManusiiay apKbIIbl albIHFAH A THUTITI
ayChUI BUPYCBHIHBIH KYPBUIBIMJBIK aKybI3 anTureHiniH VP 1 renin Taceimanaymst Escherichia coli
ER2566/pET/VP1-A mtamMsl.

FMD A _pET-26b(+) mnnasmupamapsr GenScript Biotech Pte LTD (Singapore)
KOMITAHHSICBIHAH aJIbIHABI (WWW.genscript.com).

Cappicybl amy YIIiH caaMarsl 2,5-3,0 KT KosTHAap KOJIIaHBUIIBIL.

Kanyapmapasie 994 capbiCybl 3epTTEIN/Il.

- Ipi xapa man (IKM): 564 ceinama

- ¥cak man (¥M): 246 cernamanap

- [lomxkanap: 184 ceiHamanap

CanpicThIpMalbl 3epTTEYIIEp YLIiH:

- VDPro ® FMDV Type A ELISA - Aycweil BHUPYCBIHBIH A CEpOTHIIIHE KapcChl
aHTUJIEHENep/ll aHbIKTayFa apHanrad >kuHakTap, «MEDIAN Diagnostics, Inc.» enmipymici
(Pecmmybmuka Kopest), IFMDA22001 cepusicel, 01.03.2021 xbutra neitin sxkapamibl.
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- PrioCHECK™ FMDV Type A Antibody ELISA Kit - Ipi kapa MajabIH, KOHIbIH, CIIKI
MEH MIOIIKAHBIH CapbICYBIHAA ayChll BUPYChIHA Kapchl aHTHICHENEPIi in Vitro aHbIKTayFa
apuanran MDA, «Prionics AG» (IIBeitnapus) enaipymrici, cepuscsl FA 2011011, 31.05.2021
JKBUTFA JICHIH JKapaM/Ibl.

- DkcnepumeHTtanasl cepusuiap MDA omiciveH A TUOTI aycbul BHUPYCBIHA KapChl
aHTUJICHEJICPIH aHBbIKTayFa apHaiFaH peareHtrep xuHarbl, «MVA Group F3060» XKIIIC
(Kazakcran Pecybnukacst) enaipymrici, cepusicel 05, 12.03.2023 xbutra 1eiiH xapaMibl.

3epTTey HITHIKeIePi :KIHe OHBbI TAJIAAY

A THUTIITI ayChIT BUPYCHIHBIH peKOMOMHAHTTHI VP 1 anTureHin amy:

PekoMOMHAHTTHI aKybI3/1bI ATy YIIIH ayChUT BAPYCHIHBIH A THITI KYPBUIBIMIBIK aKybI3bIHBIH
antureHiHiH VP1 renin anein xyperin pET-26b(+) mua3MuiHiH SKCIPECCUICHIH TYPICHIIPY
apkeutel anbiaFad Escherichia coli ER2566/pET/VP1-A mramMel naiiianasbiiib.

MakcaTThl aKybI31apAbIH 3KCIPECCUs JKaFAaiapblH OHTAMIaHIBIPY YILIH 6Cipy HIapTTapbl
nbiceikTanabl. Escherichia coli ky3biperTi x&acymanapsl LB opraceina (Tpuntos - 10 r, almbITKbI
ceIFbIHABICH - 5 T, NaCl - 5, 1000 ma-re aeitin Tazapteurras cy, 50 Mkr/mi kanamuiat, pH 7,5)
37°C temmeparypana, 18-24 carat iminge OD600=0,6~0,8 neitin ecipinmi. ComaH KeiliH reH
OKCTIPECCHSICBIH ~ MHAYKIusnay yuoriiH 0,2 MM koHIeHTpamusga — usonpomi-f,D-
THOTAJIAKTONMPAHO3U1 KOChULIbI. THAYKTOPABI KOCKaHHAH KeiiH xacymanap 6 carat 60iisr 30°C
TeMIIepaTypajia ecipiyiii.

OpOip peKOMOMHAHTTHI aKybI3 YIIIiH Ta3albIK Jopexkeci 95% - 1aH TOMEH eMec aKybI3IbIH
MaKCHMaJlIbl IIBIFBIM/IBUIBIFBIH KAMTaMAacChI3 €TETIH Ta3apTy WapTTapbl TaHAa abl. JKuHakTaaran
XUMEPHUKAIBIK peKoMOMHaAHTTHI aKybI3bl 0ap Escherichia coli sxacymanapsr 20 MuHYT immiHze
3000g-ne nenTpudyrasay apkbUIbl TYHABIPBUIILI, TyHOA Ty3abl epiTiHmiHiH 1/3 OesiriMeH
Kybubl, 3000g-1e 20 MuHyT neHTpudyranans xxoHe Metaui-apgunaaik xpomatorpadus Y
10-30 mu Gydepre kaiita cycrieHsusianas! (25 mm Hatpuit-pocdar PH 7,4 6ydepi, 400mm NaCl,
20mm ummazon). XKacymanap yiabTpaabiObictieH xoubiabl (22 k', 4 pet 20 cekyHn), epiMeiTiH
dbpakums 45 munyT imiage S0000g nenrpudyranay apkpias 6emiagl. Epimeiitin dpakius (TyHO2)
8M MoueBHHACH 6ap MeTanI-adduHai XpomaTorpadusra apaanran 10 cm® 25 MM Gydepre Kaiita
CYCTICH3MUIaH Ibl, MArHUTTIK apalacTBIPFBINITA | caraT MHKYOAMsUTaH Ibl, COAaH KeiiH 45 MUHYT
image 50000g uentpudyrananasl. Ocbutaiiia anblHFAH Ta3apThulFaH Ju3aT Heinon cysrici
apKbUIBl cy3imn (Tepi Tecirinin auametpi 0,45 MKM) sxoHEe MeTauT-apduHIIK XpoMaTorpadusra
yuisipaasl. PexomOuHanTThl akywsi3s HisTrap OarampiHma Ttazapteuiasl (Amersham, AKII).
Omorus 6ydpepmer xyprizuial (25mMM Hatpuit-pochar 6ydepi pH 7,4, 400MM NaCl, 200mMM
umM#a3oi1, MM MoueBHHA). PEeKOMOMHAHTTHI aKyBI3[IbIH pEHATYPALMACH A3 apKbUIb 25 MM
Hatpuii-dpocdat pH 7,25 6ydepinin 300 MM NaCl kenemine Kapcol xkypri3uiai. Penaryparranran
akybI13 15% nomuakpuiamuari rens (ITAAT) nenaTypaTTaifThiH 351eKTpodope3 apKbUIbI TAJIJaH bl
[7].

PexomOunanrtel pET/VP1-a mnnasmupanapsiMen Ttypaenuipinren EN2566 E. coli
OaKTEpUSITBIK >KacCyllIalapbIHbIH UHIYKIMSACHl HOTHXKECIHIE MOJIEKYalbIK canmarbl VP1 renine
€CENTENreH aKybI3AapblH IKCIIPECCUSICHI aHbIKTaJAbI skoHe 34 k/la Kypaabl.

TazapTeurFaH peKOMOWHAHTTHl aHTHTECH KOHIIEHTPAIUSACHIH aHbIKTay bpaadopa omiciMen
Kyprizingi [8]. A THNOTI aycbul BUPYCBIHBIH PEKOMOMHAHTTHI VPl aHTUTEHIHIH MaKCHMAaJbl
KoHIIeHTpanuschl 500 MKI/MJT Kypabl.

OnuipicTik mraMmasl kpuokoHceppauusuiay LB, 20% rauuepun, 10% caxapoza, 10%
noyMBUHUITUPOIUAOH, 109 KOD/Mi skacyiia KOHIEHTPAIUCH apKbUTBI JKYPTi31Ii.

OHaipicTiK mTamMmabl THodmiInzanusuiay yurid 1:1 KaTbiHackIHIa KOpraHbl opracsl, 109
KODB/mn xacyiia KOHIIEHTPausIChl TTal1aTaHbUIIbL.

JInopunpai  kenrtipinren  mramm  +8°C JkoFapbl  eMec  TeMmmepaTrypana, — ail
KpUOKOHCEepBiJieHTeH yariiep -80°C TemmnepaTypajia cakTaaaibl.

Tepic OakplIay capbICybIH aly:
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Tepic Oakpuiay capbICyjapbl KIMHHKAIBIK cay (BaKIMHAIMUIAHOAFaH OHE aypy €Mec)
JKOHE ayChlJI BAPYChIHA aHTHACHENIEP] KOK 1pi Kapa MajiaH aabiHabl. KaH YIBIFBIIBIH 06Ty YIIiH
XKeke KaH yiriiepin angsiMeH 36-38°C temmeparypana 30-60 munyt, coman keifin 2-8°C Oip
TOYIIK YcTaasl. TYHABIPBIIFAH KaH CapbhICYBIHBIH Xeke yiriiepi MDA anTuaeHenepinig 001ybiHa
Tekcepinai. OChlIaH KeHiH JKeke YITUIepai apaiacThlpy apKbUIbl cepust JalbiHAan bl. MyKHUsT
apasiackaH capbicy Kocrnackl 0,2 MKM CY3T1 apKbUIbI CY31I11.

JKvHakTBIH KypamblHA CapbiCy CYMBIK Hemece JMO(MUIN3AIUSUIAHFaH TYPAE YCHIHBLUTYBI
MYMKiH.

HatuBTi capbICy/Ibl cakTay >KoHE opay:

IpoxmuH (0,05%) KoHCEpBAaHT peTiHe KOChlIAbL. AnbiaFaH npenapar 1,0 cm® nakonmapra
OpaJFaH.

JInodunmzanusiianFaH capbICyIbl JaibIHIAY:

Cappicynap KyTbUIapFa CajbIHFaH koHe nodminzanusra aeiin (5+1)°C temneparypana 3
KYHHEH aclalThlH Mep3iMie cakTainibl. CapbICyIbl THOPUIN3ALNIAY KYMBIC KaMepaChIHIaFbl
KaJIBIK KbIChIMIA IIaMaMeH 50 MKM jKoHE KOHJIeHcAT Temneparypackl MuHyc (50+5)°C ke3inmae
BaKyyMIbI KenTiprimre xxypriziaai. Kei3apipy remneparypacet 30-gan 35°C-Ka neifiH caKTaliabl.
CyOnumanusi Ke3eHiHiH COHbIHAAa Kbpi3ablpy 45°C nmeiiin keTepineni. MaTepuangarsl TYpaKThl
temriepatypana (14-20)°C coHfbl KemnTipy IIamMamMeH 8 caraTkKa co3blIafbl. Bykinm kenTipy
nporecinii  y3akTeiFbl  20-28 cararTel Kypaiapl. ®makonmap Bakyymaa (450-500 mkwm)
THIFBIHJAPMEH Jka0buTFaH. JlaiibIHIayaarsl bUTFANIBIH Yiieci 4% acnaybl Kepek.

Capsicynap 2-8°C temriepaTypazia caKraiabl.

OH 6akpl1ay CapbICYbIH OHIIIPY:

Capsicyabl any yiriH canMarsl 2,5-3,0 Kr KosHAap NaiganaHbuiasl. [ UnmepuMMyHH3aIns
yuriH A TUOTI aychll BUPYChIHA PEKOMOWHAHTTHI AHTHTCHI JKOHE aIbIOBAHTTHI KaMTHUTBIH
mpernapar naiianaHeiabpl. AJBIOBAHT PETiH/E CAlTOHMH, OHBIH aHAJIOTTAPhl HEMECE TOJBIK eMeC
@pelH aabIOBAHTHI CHUSKTHI MaWJbl aAbIOBAHTTAp MNalJAaHBUIABI. AJIBIHFAH MpenapaTThl
KOSTHIAP/IbIH apTKBI asKTAPBIHBIH CaH apayibIK TiHaepiHe 1-2 om® (opOip enrizy nykrecinae 0,1-0,2
cM®) eHri3fi. 28 KYHHEH KelfiH KosHIapFa KOMEKII 3aT peTiH/e 2,5 MI' CarloHHH KOCHIT 2-5 cM®
KeJIEMiH/IeT1 peKOMOMHAHTTHl aHTUTCHHIH OacTamKbl MpernapaTbiHbIH KOcapiaHFaH J03aChIMEH
»kamOac aiiMarbIHa OWJIIIBIKET 11TiHE KaiTajgad BakmuHa eruiai. 10 KyHHeH KeiliH xaHyapiapaaH
KaH aJIbIHBII, KaH CaPBICYbI AJIbIH]IBI.

Kan yibIFpImba 06y YIIiH XKeke KaH yaruiepin anasiMer 36-38°C temneparypana 30-60
MHUHYT, cojiaH Kedin 2-8°C Oip Toynik ycransl. TyHABIpbUIFaH XKeke KaH capbicy yiariiepi UDA-
MEH TYp epeKIIeiri MeH OenceHainirine cerHaFal. OcbliaH KeiiH, 01p O€ICeHIUTIKTIH TUTIKE TOH
JKEKe YITIIEPiH apajacThpy apKbUIbI cepuisl JaibIHIaIIbl. MYKHST apaiackaH CapbiCy KOCTAachl
0,2 MKM CY3T1 apKbLIbI CY3UIII.

JKvHakTBIH KypamblHA CapbiCy CYMBIK Hemece JMO(MUIN3AIUSUIAHFaH TYPAE YCHIHBLUTYBI
MYMKiH.

HatuBTi capbICy/Ibl cakTay >KoHE opay:

IpoxmuH (0,05%) KoHCEpBAHT peTiH/e KOChlIAbL. AnbiaFaH npenapar 1,0 cm® gnakonmapra
OpaJFaH.

JInodunmzanusiianFraH capbICyIbl JaibIHIAY:

Cappicynap KyTbUIapFa CaJbIHFaH koHe Inodmimzanusra aeiin (5+1)°C temneparypana 3
KYHHEH aclalThlH Mep3iMe cakTanabl. CapbICyibl TUOPUIN3ALUIAY KYMBIC KaMepaChIHIaFbl
KaJIBIK KbICKIM/IA IIaMaMeH 50 MKM KoHe KOoHJeHcaT Temneparypackl Munyc (50 £+ 5)°C ke3inmge
BaKyyMbl KenTiprimre xxypriziaai. Kei3apipy remneparypacet 30-gan 35°C-Ka neifiH caKTaiabl.
CyOnumanusi Ke3eHiHIH COHbIHAA KbI3aplpy 45°C nmeiiin kerepinai. Marepuaniarbl TYpPakKThl
temriepatypana (14-20)°C, conrbl KeNTipy HIaMaMeH 8 caraTKa co3butanbl. Bykin kenTipy
nporeciHii  y3akTeirbl  20-28 cararThl Kypaiasl.®dnakonmap Bakyymaa (450-500 wMxwm)
THIFBIHJAPMEH Jka0buTFaH. JlaiibIHIayaarsl bUTFANIBIH Yiieci 4% acnaybl Kepek.

Capricynap 2-8°C Temneparypaja caKTanabl.

DepMEeHTTIH KOHBIOTAThIH OHIIPY:

211



MICROBIOLOGY AND VIROLOGY ISSN 2304-585X Neq (43) 2023 www. imv-journal.kz

- JKEJKeK TIepOKCHIAa3achIMEH KOHBIOTAIUsUIaHFaH, jkaHyap IgG-re ThINIKaHHBIH
MOHOKJIOHAJIJTBI aHTHICHETIEPIHIH ePITIHIAICIH JailbIH/1a b,

- KoHcepBanT periHAe cublp capbiCyblHAarbl anbOymuH npoxiuHMeH  (0,05%)
apanacTbIPbUIABL.

- berenkere kyiibutaasl xkoHe 2-8°C Temmneparypaaa caKkTaiabl.

DepMEHT KOHBIOTATHIHBIH CYHBUITKBIIITBIHBIH OHIIPIC

- Hatpuii gpocdarter Oydepi men npoxmnun (0,05%) maiibiHaansl.

- betenkere kyitbuianbl xoHe 2-8°C TeMIieparypaja cakTaiaabl.

Kyy epitinaicin enaipy (25X KOHIIEHTpIII)

- Jlatiptaanran Hatpuit hocharter Oydepi-Tween 20 (10x koHmeHTpIeHTeH) )koHe Proclin
(0,05%).

- betenkere kyitbuianbl xoHe 2-8°C TeMIieparypaja cakTaiaibl.

TMB-cyOcTpaT enaipici

- TerpamerunOGeH3uaANH CyOCTPATBIHBIH CYTEri AacKblH TOTBHIFBIMEH apalacThIpbUIFaH
epiTiHICI JabIHAATAIb.

- beTtenkere Kyitbuianbl xoHe 2-8°C TeMIieparypaja cakTanaibl.

TokraTy peareHT epiTiHAiCiH OHAIpy

- 1N KYKIpT KbIIIKBIIBIH JalibIH A IbI

- berenkere kylibutansl xoHe 2~8°C Temreparypaia cakTaliabl.

NMMyHODEPMEHTTIK TalIay KYprizy

3eprTeynep OapbIChIHIA aHTUACHENEpAl aHbIKTayra >xapamabsl MDT HyckacklH TaHzay
OoifpIHIIA O0IABI. DKCIEPUMEHTTIK )KYMBICTApAbIH HOTIKECIHAe D T-HbIH j)kaHaMa HYCKachl €H
MaHBI3Abl CKEHMITN aHBIKTAIABl. OMICTIH MOHI-KaTThl (azama aacopOuusiIaHFaH —ayChUl
BHUPYCHIHBIH PEKOMOWHAHTTHI aHTUTEH1 CICIIM(UKAIIBIK aHTUCHEIIEPMEH dpeKeTTeCce 1. AJBIHFaH
UMMYHIIBIK KemieH G TPOTeWHIHIH KOHBIOTAIMSIIAHFAH JKEJIKEK TEePOKCUAAa3aChIMEH JKOHE
XPOMOTEH/IIK CyOCTpaT KOMETriMeH aHbIKTadaabl. OJICTIH MOHI 1-2 cypeTTe KepceTireH.

~

CyGcrpar

= DepMeHTTIK Ter

KoHbrorar
— (NpOTEMH G NEPOKCMAR32 Teri)

AHTUreH
===(PexombuHaHTTLI Genok)

1 cypert - Katth! ¢azanst UDT jxaHaMa HYCKa CXeMachl

N®T koro maprrapsl:
1) Ilnanmertiy Al xone Bl ysmbikrapsina 100 mMkn o Oakeuiay, Cl sxone DI
ysambikTapeiHa 100 MKT Tepic 6aKpuIay €HTi3y.
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2) IlnanmerTiH KanfaH YSIMIBIKTapblHA capbicynapiabl cyiibuity yura 80 Mk Oydeprik
epiTiaai (CCh-E) KOCBIHBI3.

3) Capoicynsl cyitbuityra apHanran Oydepinik epitinaici (CCh-E) 6ap mnnmaHmerTiH
ysmbIKTapbiHa 20 MKJI/YSIIBIK KOJEMIHIET1 ChIHAK YATUIEPiH (CaphiCy HEMECE TIa3Ma) eHT131Hi3
KOHE TMHUIIETKA apKbUIbl apanacThIpbiHbl3. COHFBI CYHBIITY KaThIHACHl 1:5 Kypaiinel. Ynrizepai
VAIIBIKTaH YAIIBIKKA TOTIN ajiMay YIiH abait O0JIbIHBI3.

4) InaHmeTTi KaKnakineH HeMece KaOBbICKAaK TacraMeH kaybin, +37°C Temnepatypana 30
MUHYT UHKYOAlHUsIIaHbI3.

5) InanmerTin opOip ysambrbH 1X Kyy OydepiMeH 5 peT KybIHbI3 (op YAIIBIKKA KeMiHIe
250 MKJT), op KYyY KaJlaMbIH/Ia YSIIBIKTAp IbIH 1IIHAETICIH ajbi TacTaHbl3. COHFBI XKYyIaH KeHiH
YAIIBIKTapAaH apThIK €PITIHIHI KeTipy YIUiH IUIAHIIeTTi KaFa3 CYIrire ayJapbIHbI3.

6) [TnanmerTtiy op ysmbiFbiHa 100 MK KOHBIOTAT €PITIHAICIH KOCBIHBI3.

7) InanmerTi xa0bIHbI3 sxoHE 37°C Temnepartypana 30 MUHYT UHKYOAIMsITIaHbI3.

8) [TnanureTTiH opOip YAIIBIFBIH S-TapMaKTa KOPCETUITCHACH IalbIHbI3.

9) Inanmertin opOip ysambirsiHa 100 Mx1 TMB-cyOcTpaT KOCHIHBI3.

10) Kapanrs xepae 6enme Temrneparypacbiaia (18-25°C) 15 MunyT nHKyOAIUsIaHbI3.

11) ITnanmertiy 9poip ysackiHa 50 MKIT TOKTATy peareHTiH KOCBIHBI3..

12) 450HM TOJKBIH Y3BIHIBIFBIHIA OMXPOMATHKAIBIK CIIEKTPOPOTOMETPMEH YSIIIBIKTAP IBIH
CiHipy Kabinerin emmeHi3. Hortmwxenepai mHTepnpeTauusiay Tanfay askKTalfaHHaH keifin 10
MUHYT iIIiHAE asKTanysl Tuic. HoTwkenepni okpIMac OYpbIH KOIMIPIIIKTEPIiH TOJBIFBIMEH
KOUBUTYBIH KYTIHI3.

DT kotro cxeMachl 2 CypeTTe KOpCeTIITeH.

2-cypet — 0aKpuIay jKoHe ChIHAIATHIH ChIHAMAJIAPIbIH OPHAJIACY ChI30ACHI
1 2 3 4 5 6 7 8 9 10 11 12

A Ob+ 5 13 21 29 37 45 53 61 69 7 85
B Ob+ 6 14 22 30 38 46 54 62 70 78 86
C Th- 7 15 23 31 39 47 55 63 71 79 87
D Th- 8 16 24 32 40 48 56 64 72 80 88
E 1 9 17 25 33 41 49 57 65 73 81 89
F 2 10 18 26 34 42 50 58 66 74 82 90
G 3 11 19 27 35 43 51 59 67 75 83 91
H 4 12 20 28 36 44 52 60 68 76 84 92

Eckeprnenep: «Ob+» — oH 6akputay; «Th-» — tepic 6akpuiay; «1-92» — ChIHANATHIH YriIep

Hormxenepi ecenke any koHe UHTEPIIPETALHSLIIAY

Ommey anapiaaa GoToMeTpIiH «0» MOHIH aya apKbLIbl OPHATBHIHBI3.

Peakmust HOTHIKETIepi CEHIMII OOJBIN CaHANaAbl YKOHE E€CENKe alblHybl MYMKIH ereple,
OakpuTay WHIUKATOPJIAPHI KPUTEPHIIIEPTe COMKEC KeJice:

- KOHBIOTATTHIK Oakputaybl Oap ysmibikrapaa OT-weiH oprama moni (OTkO) 0,15-Ten
acmamasl;

- opTaia MoHI onTUKaIBIK THIFBI3ABIK (OT) Tepic 6akpinay (Th-) 0,2 acnaisr,

- o Oakputay OT (Ob+) oprama moHi 1,0-1eH kKem emec;

Erep Oakpuiay yirizepi Oap ysmbikrapiarbl anbiaHFaH OT  MoHzepi  Banumanus
KpUTEpHIiJIepiHe ColiKkec KelMece, TeCT HOTWXKeNepli eckepiiMmeiini. 3epTreynep Kaiita
Kyprizineni.

Tangay HOTHXKENEpiH Oaranay VIIIH ONTHUKANBIK THIFBI3IBIKTHIH KPUTHKAIBIK JICHIEH1
ecenteneni (OTkpur.):

OTxkpur. = OT (TB-) + 0,25

0,25 - eHpipymIi KOCIMOPBIHAAFBI 3€PTTEY HOTHXKEJIEPIH CTATHUCTUKAJIBIK OHICY 9iCIMEH
aHBIKTaJIFaH KO3 HUIIUCHT.
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Erep ceinanareia yurinig OT OTkput-Ten a3z Gojca, yATiHI 3epTTey HOTHXKeCi Tepic Jemn
caHanajipl. A THUIITI ayChUl BUPYChIHA aHTHUJIEHENEP TaObUIFaH KOK.

Erep ceinanateia yiurinig OT OTkput-TeH yJiKeH HeMece ofaH TeH 0olica, YITiHI 3epTTey
HOTH)KECI OH JIeN caHalaAbl. A TUIITI ayChUl BUPYChIHA aHTUCHENEP TaObLIAbI.

OH HoTHXeNep/Ii allFaHHaH KeliH, KakeT OOJIFaH JKaraaiina, oinapasl ogat api tutpiey CCh-
E epiTiHzmiciMeH €Ki peTTi CYWBUITY apKbUIbI XKYy3ere achipbuiaabl. Kan capeicyblHbIH THTPI - OT
OTKpHT.-T€H acaThIH CApPBICYIBIH COHFBI CYHBUITYHI.

JInarHoCTUKAIBIK CE3IMTAIABIK TICH €PEKIIEITIKTI 3ePTTEy

A TUNOTI ayChUl BUPYCHIHBIH aHTUICHENEPIH aHBIKTAy YIIIH PEareHTTEp >KUBIHTHIFBIHBIH
Ce3IMTAJIJIBIFBl MEH €PEKIIeINiriH O0arajgay MakcaThbIHIA OPTYPIl xkaHyapiaapabiH 994 capbiCybiH
(IKM-564, ¥M-246, momka-184) uMMyHOMEpMEHTTIK Tangay 9IICIMEH 3epTTey KYpri3ijii.
ConbiMeH Kartap, o3ipiaeHreH TectTi Kaszakcran HapweirbiHaa WOT-HBIH KOMMEPUHSUIIBIK
KHUBIHTBIFBIMEH CAJIBICTBIPMAIIBl OaFaliay *KYpri3uiii.

- UDT omiciMeH A TUNTI ayChlJI BUPYChIHA aHTH/ICHEJIEPIH aHBIKTayFa apHAIIFaH pearcHTTep
xuHarbl («MVA Group F360» KIIC, Kazakcran PecriyOnmkachor)

- VDPro ® FMDV ELISA - A TunTi aycbul BUpyChIHA aHTHJICHETIEP 11 aHBIKTAayFa apHaJIFaH
xuHakK, (KMEDIAN Diagnostics, Inc.», Kopes Peciyonukacer).

- Priocheck® FMDV-ipi kapa, Koii, €Ki KoHE IIOIIKa CapbICYBIHAAFbl ayChLI BUPYCHIHA
Kapchl in vitro A tumnri antuaeHenepi anbikrayra apaanran UOT, «Prionics AGy, [IBeiiniapus).

Bapnbik ceiHaKTap OHIIPYIIHIH HYCKayIapblHa COUKEC JKYPT13UIIi.

Hotmxenepi

A TUNTI ayCchlT BUPYChIHA aHTUEHENEPIiH OomybiHa 564 IKM capbICybIH 3epTTey Ke3iHe
«MVA Group F3060» XKIIC o3ipiereH XHUBIHTBIKTBIH CE3IMTAIABIFBI MEH epekiieniri 1-2
KecTeJiep/ie KeNTipuUIreH.
1-xecte — A TUTTI aycbUT BUPYCBhIHA aHTUAEHENepaiH 6omybiHa IKM capricynapsin 3eprrey kesinge «MVA
Group 1360y JXKIIC XUBIHTHIFBIHBIH CE3IMTAIIBIFBI MCH €PEKIIIEIIT]

JKHUBIHTBIK Hotmwxkenep Ce3iMTaIapIK Epexmeniri Bapneiret

;’;/'GV OA Group T:;i - 34949 1;8 54177

» KIIC bapasirsl: 443 121 564

2-xkecte — IKM cappIcynapbiH 3epTTey Ke3iH/IeTi OH HOTHXKEIEP/IiH MalbI3bl
JKHBIHTBIK Oxn IIponent

«MEDIAN Diagnostics, Inc.» 404/443 91,19%
«MVA Group F360» XKIIIC 399/443 90,06%
«Prionics AG» 387/443 87,35%

IKM kaH capbICyblHIaFrbl A THNTI ayChUI BHPYCBhIHA aHTHJCHEIEPJi aHBIKTAy Ke31HIe
YCBIHBUIATHIH KUBIHTHIKTHIH ce3iMTanabiFbl 90.06% (399/443) kypaabl.

IKM kaH capbICyblHIAFbl A THNTI ayChlI BHPYCBhIHA aHTHJCHEIEPJi aHBIKTAy Ke31HIe
JKUBIHTBIKTBIH epekiieniri 97.5% (118/121) kypaabl.

A THNOTI aychll BUPYCBIHA aHTHAEHENEpHiH Oap-worbiHa 246 ¥M capbICyblH 3€pTTey
ke3inge «MVA Group F360» XKIIC o3ipiereH >KUBIHTHIKTBIH CE31IMTAIIBIFBI MEH €peKIIesiri 3-
4 xecrenepe KENTipiIreH.

3-kecTe — A THIITI ayChll BUPYChIHA aHTUACHENIEpAiH OoybiHa ¥ M capricynapbiH 3epTTey Kesinae «MVA
Group 1360y XKIIC >XUBIHTHIFBIHBIH CE3IMTAIIBIFB MEH €PEKIIEIIT]

JKHUBIHTBIK Hotmwxkenep Ce3iMTaIabIK Epexmeniri Bapnbiret
«MVA Group T:; - 11130 1[119 21279
F300» KIIC Bapnbirbr: 123 123 246
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4-kecte — YM capbICybIH 3epTTEYIETi OH HOTH)KEJIEPAiH MalbI3bl

JKHUBIHTBIK Oxn IIpouent
«MEDIAN Diagnostics, Inc.» 107/123 86,99%
«MVA Group F360» XKIIIC 110/123 88,4%
«Prionics AG» 105/123 85,36%

¥Ycak ManaplH KaH CapbICYBIHIAFbI A THINTI ayChUI BHPYChIHA aHTHJCHENEPIi aHBIKTAY
Ke31H/Ie YChIHBUIATBIH KUBIHTHIKTBIH ce3iMTaabIFbl 88,4% (110/123) kypassl.

¥Ycak MaiablH KaH CapbICYBIHIAFbI A THINTI ayChUI BHPYChIHA aHTHJCHENEPI aHBIKTAY
KE31H/I€ )KUBIHTHIKTBIH epekierniri 96,7 % (119/123) kypansi.

A TUNTI ayChUl BUPYChIHA aHTHUJICHENEPHAiH OOJyblHA apHaiFaH 184 miomka capbICybIH
3eprrey kesigae «MVA Group F3060» XKIUIC o3ipnereH KUBIHTHIKTBIH CE3IMTAIIBIFEI MEH
epeKmieniri 6-7 KkecTenepe KeaTipiireH.

5-kecte — Illomka capeicybiHbiH 184 yariciameri «MVA Group 1360» XKIIC XUBIHTHIFBIHBIH
CE3IMTAIBIFEI MEH €PEKIIeIIT]

JKUBIHTBIK Hormxenep CesiMTaIABIK Epekmieniri bapasirsl

;’;/g/ g\ Group T:;Ii - 893 839 11722

» KIIC Bbapnbirbr: 92 92 184

6-kxecte - Hlomka capbICyblH 3epTTEYIETi OH HOTHXKEIEPIiH MalbI3bl
JKHBIHTBIK Oxn IIponent

«MEDIAN Diagnostics, Inc.» 81/92 88,04%
«MVA Group F360» XKIIIC 83/92 90,2%
«Prionics AG» 87/92 94,56%

[lomkanapablH KaH CapbICybIHIAFhI A THUNTI aychbUl BHPYChIHA aHTUICHEIEP/l aHBIKTAY
Ke31H/Ie YChIHBUIATBIH KUBIHTHIKTBIH ce3iMTanabiFel 90,2% (83/92) kypans!.

[lomkanapablH KaH CapbICybIHIAFbI A THUNTI aychbUl BHPYChIHA aHTUICHENEP/l aHBIKTAY
Ke31HJI€ JKUBIHTBIKTBIH epekeniri 96,7 % (89/92) kypansl.

KopbIThIHABI

2022 >KpUIBI aBIHFAH 3€PTTEY HOTHIKENEPl Kelecl TYKBIPBIMIAPAbI KacayFa MYMKiHIIK
Oepeni:

E. coli EN2566/pET/VP1-a OakTepHsUIBIK IITaMMBbI adbIHABI, OJap A THITI ayChLI
BUPYCHIHBIH VP 1 KypbUIBIMABIK aKybI3bIH Oiipesni. PekoMOMHAHTTHI A aKybI3bIHBIH €PEKIIEIIri
OaTeic  OJIOTTHHT  OJiCiIMEH  pacTtadraH. PexOMOWHAHTTBI  BHUPYCTBIK  aKybI3Japabl
IKCIIPECCUSIIAY IBIH KOHE Ta3apTY/IbIH OHTANIIBI IIAPTTAPBI AHBIKTAIBI, OYIT IpermapaTTapabl KeM
nererae 95% TazablK JOpEeKeCIMEH allyFa MYMKIHIIK Oepei.

Kanama UDT-ma konmganyra xapaMIasl A THUITI capbICyliap albIHIIbI.

A TUNTI ayChUT BUPYChIHA aHTUJICHEIEP Il aHBIKTAY YIIiH kaHama DT Koo bIH OHTaIIbI
[IAPTTAPHI MBICHIKTAIBIL.

A TUNTI aychul BUPYChIHA aHTUJEHENEP/Il aHBIKTAY KE31HJIe TeCT-)KYUEHIH CE31MTaJIJbIFbI
IKM kan capeicysianarsl 90.06% (399/443), momkanapasiH KaH capbeicybiHaa 90.2% (83/92)
JKOHe ycaK MalJIbIH KaH capbicybinaa 88.4% (110/123) kypazbl.

A TUNTI ayChUI BUPYCHIHA aHTHJICHEIEP1 aHBIKTAy Ke31He KUBIHTHIKTHIH epekieniri [IKM
KaH capbicyiapbiaaa 97.5% (118/121), momkanapasiH KaH capbicynapbeiaaa 96,7 % (89/92) sxone
ycaK MaJIJIbIH KaH capbicynapbiaga 96,7 % (119/123) kypanasl.
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Ocpinaiiima, A TUNTI aychUl BUPYChIHA aHTHICHEJICPIH aHBIKTayFa apHaJFaH YCHIHBUIFAH
NODT xuHAFBIHBIH CE31IMTAIIBIFBI MEH epeKIenirid 6acka koMMmepiusuiblk UDT xuHakTapbiMeH
CANBICTBIPFAHAA 3€pTTEy JKUBIHTBHIK 1pl Kapa Maj, ycaKk MaJl JKOHE IIOIIKa YJTiaepiHae
alTapJIBIKTal JKOFaphl CE3IMTAIIBIK TIEH crienudruKara ue eKeHiH KOpPCeTTl.
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Abstract

The main purpose of the study is to identify active strains by screening lactic acid bacteria that have
a positive effect on internal hollow organs damaged by alcoholic beverages.

The probiotic product contains active isolates. They are active individually or as part of a consortium.
The object of scientific research was mare's milk, koumiss, shubat, yogurt, kefir. During the research, 16
pure cultures of lactic acid bacteria were isolated from lactic acid products. Their antibiotic resistance and
antimicrobial activity have been studied.

The study revealed 8 isolates with high probiotic activity. Active isolates were identified using the
MALDI-TOF Biotyper Bruker mass spectrometer and it was found that they belong to the following
Lactobacillus: L. casei, L. paracasei, L. plantarum, L. rhamnosus, L. acidophylus, L. brevis, L. fermentum.

Active strains (Lactobacillus casei d-3, Lactobacillus paracasei S-612, Lactobacillus plantarum S-
106, Lactobacillus plantarum S-414, Lactobacillus rhamnosus S-811, Lactobacillus acidophylus S-1,
Lactobacillus brevis S-2, Lactobacillus fermentum d-4) were selected to create the necessary consortium
for probiotic a product used to repair internal hollow organs damaged by alcoholic beverages.

Keywords: lactic acid bacteria, probiotics, screening, antimicrobial activity, antibiotic resistance.

The production of probiotic products, aimed at reducing the risk of harm to human health by
genetically modified organisms - widely prevalent in our country as food additives - poses a
pressing challenge to biological sciences.

According to the Food and Agriculture Organization of the United Nations and WHO's 2001
definition, probiotics are living microorganisms that have a positive effect on human health when
present in appropriate quantities in the human body [1]. To obtain a probiotic product with positive
effect on human health, the primary step involves identifying active bacteria from lactic acid
bacteria. Through scientific study and the determination of useful properties, the aim is to produce
a specific product. Consequently, obtaining active strains, determining the antibiotic resistance
and antimicrobial activity of lactic acid bacteria. Simultaneously, an urgent challenge lies in
addressing the correction of hollow internal organs damaged by alcoholic beverages in the human
body through probiotic products.

Many strains of lactic acid bacteria used in the food industry are probiotics that have a
stimulating and regulatory effect on the body, having antagonistic properties against pathogenic
microorganisms of the gastrointestinal tract. These include Lactobacillus, a family of lactic acid
bacteria that do not form mainly gram-positive anaerobic spores [2]. Lactic acid bacteria are
microorganisms of industrial importance that are used in various forms. They, as a rule, are found
in dairy products, plants and the mucous membrane of the intestines of humans and animals, and
lactic acid bacteria with the ability to colonize different habitats are metabolically Universal [3,
4]. Lactobacilli are one of the series of probiotics that are considered biological therapeutic and
immunomodulatory biological drugs recognized as safe. According to recent studies, lactobacilli
have shown several antimicrobial mechanisms, such as, for example, the competition of nutrients,
the production of inhibitory compounds, immunostimulation and competition for binding sites. In
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addition, lactobacilli can produce lactic acid, acetic acid, formic acid and other acids to lower the
intestinal ph, which may be the most important mechanism [5]. Most lactic acid bacteria,
regardless of their origin, possess the ability to inhibit the growth of pathogens, including
problematic, antibiotic-resistant strains, due to their ability to produce metabolites against multiple
microbes. Numerous researchers have substantiated the inhibitory activity of various probiotic
strains against infectious pathogens [6]. The description of new promising strains of probiotics is
a complex process. The functionality and safety of tested lactic acid bacteria are very important.
Bacteria must be able to survive in the conditions of processing, storage and digestion of food.
Acid and bile resistance are necessary to deliver it to the small intestine, where it can have its
positive effects [7].

The study of probiotics provides grounds to assume the presence of various positive
properties. However, it appears that the antibacterial activity of probiotic lactobacilli is strain-
specific [8,9].

Products containing lactobacilli dominate the global probiotic market; from many sources,
they are widely used in biotechnology and food preservation, and are also studied as a healing
agent [10]. Strains of lactic acid bacteria L.acidophilus, L. plantarum, L. fermentum , L. casei and
L. rhamnosus was previously described as Proteus (P.mirabilis and P.vulgaris) can be used
effectively against urinary tract infections caused by species, that is, to restore the condition of the
kidneys [11]. The main direction of scientific research is to determine the antimicrobial activity of
lactic acid bacteria, which have probiotic properties, the main goal of the work is [12,13].

According to the research work of scientists, due to the production of general organic acids
(milk, vinegar, propionic acid), many strains of lactic acid bacteria can show pronounced
antimicrobial activity against various pathogenic microorganisms [14].

Materials and methods of research

Separation of pure cultures

The objects of scientific research were lactic acid products of Almaty and Astana, that is,
Mare's milk, kumys, shubat, katyk, kefir. The study revealed a total of 25 different bacteria
isolated, including 16 lactic acid bacteria. The study of 16 separated lactic acid bacteria used liquid
and solid media of the Mrs. nutrient medium from HiMedia (M369-500g Lactobacillus MRS
Broth). First, lactic acid bacteria were tested for purity. The purity of the separated cultures was
assessed by microscopic observation (E5 Premiere), which made it possible to color according to
the Gram method and distinguish bacteria by the biochemical properties of the cell wall. That is,
the extracted cultures were incubated for 48 hours on a thermostat at a temperature of 37°C
(redLINE RI-53, Germany) in microaerophilic conditions.

The production and consumption of lactic acid products are steadily expanding. However,
the assortment predominantly comprises fermented products made from cow's milk. Surprisingly,
a nutritional matrix such as mare's milk, which boasts numerous beneficial properties, remains
largely untapped. Mare's milk is distinguished by its high nutritional and biological value, coupled
with maximum digestibility [14].

The methods used for the purpose of this research work are based on international standards
(ISO 8261, milk and dairy products. General guidelines for the preparation of samples, primary
suspensions and decimal dilutions for microbiological research) are in accordance with [15].

To determine the resistance of lactic acid bacteria to conditionally pathogenic or pathogenic
bacteria of protective properties, a method for determining antimicrobial activity and methods for
determining antibiotic resistance were carried out.

Method for determining antimicrobial activity

In the course of the study, determining the antimicrobial activity of lactic acid bacteria, it
was determined how resistant or active the studied microorganisms are to pathogenic
microorganisms. In general, the research work primarily required the Mrs.-5 culture medium. For
the preparation of the Mrs.-5 nutrient medium, hydrolyzed milk was prepared using the Bogdanov
method. Next, 43.5 g of milk powder was taken and boiled over a hot fire, pouring up to 500 ml
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of distilled water. Then the milk was cooled to 45 C, and the PH — acidity of the milk was brought
to the norm of 7.6-7.8. If said figure is lower than 10% NaOH mixture is added and brought to the
desired figure. Then 0.5 Pancreatin and 2.5 ml of chloroform were added to the milk and placed
in a thermostat at a temperature of +45°C for 72 hours, covering the surface of the flask with a
cotton swab and foil. After 72 hours, the milk was boiled for 10 minutes with the face open and
then passed through a filter paper through a strainer. Thus, hydrolyzed milk according to the
Bogdanov method was sent for sterilization in an autoclave named Tyumen Medico VK-75-01
(0.5 ATM, 20 minutes).

Further, the nutrient medium was prepared with the addition of liver extract, yeast extract,
peptone, glucose, twin 80, L-cysteine, k2hpo4x3h20, MgSO4x7h20, MnSO4, Agar to the nutrient
medium Mrs-5. After these works were carried out, the solid culture medium Mrs.-5 was prepared
and poured into petri dishes.

In this culture medium, test strains of the pathogen Escherichia coli, Serratia marcescens,
Staphylococcus aureus, Salmonella typhimurium were applied to test cultures of Lactobacillus
casel. The main principle of using this method was found to be visual vision and detection of
bacteria. First, a liquid culture medium Mrs.-1 was prepared in a volume of 5 ml, and in a sterile
state, pathogen test-Shams were vaccinated in test tubes. The grafted test strains were placed on
the thermostat at a temperature of +37°C for 72 hours. Further, the test strains were grafted
according to the Drigalsky method by spreading Mrs.-5 on the surface of the culture medium by
rubbing it with a spatula. Inoculation of strains into a nutrient medium was carried out by repeated
repeated three times without burning the spatula.

In addition, this antimicrobial activity method was implemented using the standard titer
application. The titer of bacterial suspensions was performed by visually comparing them with the
standard titer, depending on the degree of turbidity. The turbidity standard is considered equal if
the clarity of its elements, which are relatively visible through a test tube with a bacterial
suspension under study with a standard sample, is the same. If not matched, then the concentration
of the analyzed sample is changed until it matches the standard sample. That is, the concentration
of microbes depends on the conditions of their growth.

In determining total antimicrobial activity, the following types are used, known according
to McFarland turbidity standards: HiMedia R 092 R1 NO (set: R092A (standard 0.5 units) -1 r092b
tube (Standard 1 unit) — 1r092c tube (Standard 2 units) — 1 r092d tube (Standard 3 units) - 1 r092e
tube (Standard 4 units). However, in our research work (1 RO92E tube), a standard equal to 4 units
was used. MacFarland's turbidity standards are a set of tubes in which the concentration of barium
sulfate increases, that is, we mean that the turbidity of the suspension formed by the white
precipitate of barium sulfate corresponds to a certain concentration of bacterial suspension.

For the study of antagonistic activity by diffusion in Agar, a daily suspension of lactic acid
bacterial cells 213c3 (according to the standard of bacterial turbidity) was prepared in the amount
of Imld/1ml and applied to the surface of the culture medium in a petri dish. Next, the cuttings
with a diameter of 10 mm were cut and filled them with cultures of test strains (0.1 ml) [16].

The cultures obtained in the study were introduced into the solid nutrient medium Mrs.-5 in
a petri dish and placed in a thermostat at a temperature of +37°C for 24-72 hours. A day later, the
diameter of the area that inhibits the growth of bacteria was measured.

Antimicrobial activity was evaluated by inhibition of the growth zone of test cultures that
grew around a colony of studied lactic acid bacteria. Indicators of the level of growth of
antimicrobial activity are considered high (15-20 mm), medium (10-15 mm), low (10 mm). As a
result of the research work, resistance to pathogenic test strains was determined, which are shown
below.

The method of determining antibiotic sensitivity is a special modern laboratory method,
which is carried out in order to determine the sensitivity of microorganisms taken for research to
various antibiotic groups.

In general, two primary methods for determining the sensitivity of microorganisms to
antibiotics are known: the first is conducted through diffusion, and the second involves
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determining the minimum inhibitory concentration (MIC) using the titration method. The diffusion
method relies on the drug's diffusion of a drug (absorbed in a paper disk in various concentrations)
into a culture medium, inhibiting the growth of the studied culture spread on the surface of a dense
culture medium, while the second is recognized as the most accurate method. In the process of
using this method, all the studied cultures were brought to dilution by titration of antibiotic liquid.

So, the sensitivity of pure cultures selected for research to antibiotics was assessed for
resistance to 10 different antibiotics using standard discs, following the "guidelines for
determining the sensitivity of microorganisms to antibacterial drugs” (MUK 4.2.1890-04 Moscow,
2004). In particular, standard paper discs with bilateral antibiotic absorption: tetracycline (30
mcg), gentamicin (10 mcg), ofloxacin (5 mcg), cefazolin (30 mcg), amikacin (10 mcg),
cefamandol (30 mcg), ampicillin (10 mcg), cefotaxime (30 mcg), imipenem (10 mcg), aztreonam
(30 mcg) was used. Standard discs were made with dry Bio-RAD product discs, stored at a
temperature of +2°C to +6°C.

In further studies, according to the disc-diffusion method, we prepared a suspension with a
density of 10 units from pure cultures in an agaric medium, then the resulting suspension was
diluted 20 more times and introduced into the surface of the agaric Mrs.-5 culture medium in a
petri dish in the form of 1 ml of microbial suspension, then evenly distributed using a spatula, and
the excess was removed with a pipette. Then the petri dishes were dried in laminar boxes for 10-
15 minutes, and the antibiotic-soaked discs were introduced into the surface of the culture medium
in a sterile manner in the amount of no more than 5-6 pieces per petri dish. Further, it was placed
on a thermostat at a temperature of +37°C for 24 hours, as a result of which the ability of the
studied cultures to be sensitive to the antibiotic was determined. To achieve it, the antibiotic
sensitivity of the cultures taken for the study was determined by observing the growth area of
microbes in the perephyria of the diameter of the disc. When determining the sensitivity of cultures
to antibiotics, they were divided into three groups according to the established indicators:
hypersensitivity (over 25 mm), medium sensitivity (15-25 mm) and low sensitivity (10-15 mm).

Results and discussion

In a total study, 25 different bacteria were isolated and it was found that 9 species were yeasts
and the other 16 species were bacteria belonging to the genus Lactobacillus (Figure 1). Since the
main goal of the study was to identify active cultures from lactic acid bacteria, only 16 lactic acid
bacteria were taken for the study. Further, methods of antimicrobial activity and antibiotic
sensitivity were carried out on the bacteria taken in this study.

. 16
16
14 4
12
10 {7 >
s 1
6 -+
4 -
2 4
0 + r r r '
Yeast Lactobacilli

Figure 1-common isolated bacteria

1. Indicators of the level of growth of antimicrobial activity were set as high (15-20 mm),
medium (10-15 mm), low (10 mm). According to the results of the study, out of 16 bacteria studied,
cultures S-612, s-106, s-414, S-811, S-1, S-2, d-3, d-4 showed a high indicator of resistance to test
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strains of pathogens in terms of diameter size (15-20 mm), while other cultures did not show high
activity (Figure 2).

Figure 2-antimicrobial activity of cultures
(a - Escherichia coli S-1, S-2, d-3; b - Serratia marcescens S-1, S-2, d-3; ¢ - Salmonella typhimurium S-1,
S-2, d-3, d-4; d - Staphylococcus aureus S-1, S-2, d-3, d-4)

Isolates that showed high activity were sent for cryosave, and as a result of the determination
of antimicrobial activity, the highest activity of these cultures was determined for Salmonella
typhimurium among common pathogenic bacteria, as shown in Table 1. This means that the
activity of lactobacilli on pathogenic microorganisms gave the intensity of growth in the indicator
of a diameter of up to 20 mm, that is, showed a positive result of scientific work.

Table 1-Test-inhibition diameter zone (mm) showing antimicrobial activity of lactic acid bacteria on strains

Escherichia Serratia Salmonella | Staphylococcus
Ne Isolated - L
coli marcescens | typhimurium aureus

1 | Lactobacillus paracasei S-612 12 16 10 12

2 | Lactobacillus plantarum S-106 9 10 10 8

3 | Lactobacillus bulgaricus S-149 - 10 10 10

4 | Lactobacillus acidophilus S-74 - 10 20 10

5 | Lactobacillus plantarum S-414 10 12 20 10

6 | Lactobacillus salivarius S-21 - 10 5 -

7 | Lactobacillus rhamnosus S-811 9 18 20 11

8 | Lactobacillus delbrueckii S-819 - - 20 -

9 | Lactobacillus curvatus IT-1-5 - - - -
10 | Lactobacillus reuteri S-805 10 - - -
11 | Lactobacillus acidophylus S-1 10 14 7 12
12 | Lactobacillus brevis S -2 11 14 11 9
13 | Lactobacillus reuteri S -4 - 7 7 11
14 | Lactobacillus fermentum d- 2 5 10 9 13
15 | Lactobacillus casei d-3 14 13 11 11
16 | Lactobacillus fermentum d-4 6 13 10 12

Note: activity indicators: 15-20 mm —high; 10-15 mm - medium; 10 mm-low

2. Determination of antibiotic sensitivity of lactic acid bacteria is presented in Table 2. The
16 bacteria in the study had varying degrees of antibiotic sensitivity. In the course of the method
for determining antibiotic sensitivity to lactic acid bacteria,strains that showed high results showed
the following indicators: s-106/26.5 mm to tetracycline; s-1/26 mm; S-811/28. 5 mm to cefazoline;
s-414/28. 5 mm; d-4/26 mm; s-612/25. 5 mm to imipenem; s -2/27 mm to ampicillin.
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Table 2-antibiotic sensitivity of strains
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No % % g g g g g % % -§ é

S S S < R | & % 5 S 8| 'S

= AR R A AR AR

B o B o IS @ £ N E =

1 | Lactobacillus paracasei S-612 25 15 10 25 | 10| 18 | 255| 5 |[11]| 25
2 | Lactobacillus plantarum S-106 26,5 | 20 7 28 | 15| 9 2 10 | 8 | 255

3 | Lactobacillus bulgaricus S-149 3 2 10 13 | 3 | 10 7 7 |12 7

4 | Lactobacillus acidophilus S-74 5 0,1 | 05 3 5102 2 5 7 | 10

5 | Lactobacillus plantarum S-414 16 15 15 | 285 |25 | 20 26 12 | 15| 25

6 | Lactobacillus salivarius S-21 2 5 10 13 5 10 10 10 | 5 7
7 Lactobacillus rhamnosus S-811 10 15 16 (285 |20 | 18 | 265| 15 | 15| 25,5

8 | Lactobacillus delbrueckii S-819 10 5 7 15 15| 8 5 5 5 3

9 | Lactobacillus curvatus IT-1-5 4 5 5 2 4 10 10 7 10 | 10

10 | Lactobacillus reuteri S-805 5 10 8 15 7 15 16 5 8 10

11 | Lactobacillus acidophylus S-1 26 20 14 25 | 18| 15 25 18 |11 | 25

12 | Lactobacillus brevis S -2 25 5 10 10 |20 | 15 19 20 | 5 27

13 | Lactobacillus reuteri S -4 20 15 8 15 [ 10| 25 18 10 | 5 15
14 | Lactobacillus fermentum d- 2 10 5 5 4 10| 5 5 7 8 10
15 | Lactobacillus casei d-3 10 15 15 25 | 15| 20 15 10 [ 15| 255
16 | Lactobacillus fermentum d-4 10 18 15 [ 255 |20 | 25 23 10 |15 | 26

In the research work, when performing an ekperiment on active strains using the method of
determining antibiotic sensitivity, their sensitivity to ten different antibiotics to varying degrees in
terms of growth intensity was determined. As a result, the bacteria showed high (25 mm)
sensitivity to tetracycline, imipenem, ampicillin and cefazolin, and medium (15-25 mm) sensitivity
to cefataxin, amikacin, gentamicin and low (10-15 mm) sensitivity properties to ofloxacin,
aztreonam, cefamandol.

The pure and active cultures selected in the study were identified by the Bruker MALDI-
TOF biotype system using classical microbiological methods, and the following names of strains
belonging to the genus Lactobacillus were known: Lactobacillus paracasei S-612, Lactobacillus
plantarum S-106, Lactobacillus plantarum S-414, Lactobacillus rhamnosus S-811, Lactobacillus
acidophylus s-1, Lactobacillus brevis s-2, Lactobacillus casei d-3, Lactobacillus fermentum d-4.

B Lactobacillusparacasei 5-612  m Lactobacillus plantarum 5-106 @ Lactobacillus plantarum 5-414
B Lactobacillus rhamnosus 3-811 W Lactobacillus acidophylus5-1 @ Lactobacillus browvis 5-2
B Lactobacillus casei d-3 B Lactobacillus feementum d<4 = Bapnibirs

12 5%

12.5%

Figure 3-active strains
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The diagram shows the percentages of 8 active strains. Among the 8 strains, Lactobacillus
plantarum s - 106, Lactobacillus plantarum s-414 showed an indicator of 25%. The remaining
strains were Lactobacillus paracasei S-612, Lactobacillus rhamnosus s-811, Lactobacillus
acidophylus s-1, Lactobacillus brevis s-2, Lactobacillus casei d-3 and Lactobacillus fermentum d-
4, each of which accounted for 12.5%.

Conclusion

Many ongoing scientific studies in the field of biology aim at obtaining probiotic products,
several of which find applications in treating the intestinal tract in the fields of medicine and
pharmaceuticals. Notably, the scientific work distinguishes itself from other studies in that the
prospective and most active probiotic consortium is made up of a set of alcoholic beverages that
focus on correcting the internal organ cavity organs damaged by fermented probiotic Bran,
including enhancements to kidney and liver function.

The research yielded 8 active strains with antimicrobial activity and 7 active strains with
high antibiotic sensitivity from lactic acid bacteria using methods for determining antimicrobial
activity and antibiotic sensitivity. As a result of the study, out of 16 lactobacilli obtained, S-612,
s-106, s-414, s-811, s-1, S-2, d-3, D-4 strains with antimicrobial activity were identified, and S-
612, s-106, s - 414, s-811, s-1, s-2, d-4 strains were found to exhibit a high degree of antibiotic
sensitivity.

A consortium of selected strains of Lactobacillus paracasei S-612, Lactobacillus plantarum
s-106, Lactobacillus plantarum s-414, Lactobacillus rhamnosus S-811, Lactobacillus acidophylus
s-1, Lactobacillus brevis S-2, Lactobacillus casei d-3, Lactobacillus fermentum d-4 a probiotic
fermented product was created. Currently, clinical trials of the obtained probiotic product on rats
in the experimental biological clinic "vivarium™ named after A. atshabarov, research and auxiliary
structural unit of the medical university named after S. zh.Asfendiyarov, Almaty, continue. That
is, a histological study of the effect of a probiotic product on the hollow organs of the internal
organs of rats damaged by alcoholic beverages is being carried out. This clinic is part of the
Research Institute of fundamental medicine.
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CPABHUTEJIbHASI AKTUBHOCTH MOJIOYUHOKHCJIBIX BAKTEPUI K
PA3JIMYHBIM AHTUBUOTUKAM U MUKPOOPI'"AHU3MAM

AHHOTaUMSA

OcHoBHas LCJIb UCCJIICAOBAHNS — BBISIBUTH dKTUBHBIC IITAMMBI ITYTEM CKPUHUHI'A MOJIOYHOKUCIIBIX
6aKTeprI, OKa3bIBAIOMIUX IOJOKHUTCIBHOC BJIWAHHNC HAa BHYTPCHHHC IIOJIBIC OpraHbl, NMOBPCKIACHHBIC
AJIKOI'OJIbHBIMU HAITUTKaAMU.

HpO6I/IOTI/I"IeCKI/If/’I MNPOAYKT COACPKUT AKTHUBHBIC H30JIATHI. Onu MMPOABJIAIOT CBOIO AKTHUBHOCTH
UHAUBUAYAJIbHO WJIHW B COCTABC KOHCOpIMYMA. O0BbexkTaMu OPOBCACHHBIX HAYYHBIX I/ICCJ'IC,Z[OBaHI/If/i
SBIISUIMCh KOOBUIBE MOJIOKO, KyMbIC, IIy0ar, MpocTOKBaiia, kehup. B xome wucciaemoBaHuit u3
MOJIOYHOKHCIIBIX MPOIYKTOB ObUIH BBIACIEHBI 16 YUCTBIX KYJIBTYP MOJIOYHOKUCIBIX OakTepuil. M3yuena
ux aHTI/I6I/IOTI/IKOI)CSI/ICTGHTHOCTB u aHTI/IMI/IKpO6HaH AKTUBHOCTbD.

B pesynbTare ucciieoBaHUi BBISBICHO 8 M30JISTOB C BBICOKOH MPOOMOTHYECKON aKTHBHOCTHIO.
AKTHBHBIE W30JIATH OBUTH WAEHTH(PHUIIMPOBAHBI ¢ TIOMOIIBIO Macc-criekTpomerpa MALDI-TOF Biotyper
Bruker n ycranoBiieHO, 4TO OHM NpUHAUIKAT K ciaeayromum Bugam Lactobacillus: L. casel, L. paracasei,
L. plantarum, L. rhamnosus, L. acidophylus, L. brevis, L. fermentum.

AxtuBnble mTammbl (Lactobacillus casei d-3, Lactobacillus paracasei S-612, Lactobacillus
plantarum S-106, Lactobacillus plantarum S-414, Lactobacillus rhamnosus S-811, Lactobacillus
acidophylus S-1, Lactobacillus brevis S-2, Lactobacillus fermentum d-4) Obuir BeIOpaHBI C ILENBIO
CO31aHusA HGO6XOJ1PIMOFO KOHCOpHUyMa JJIsd HpO6I/IOTI/I‘IeCKOFO IMPpOAYKTa, HCIIOJIB3YyEMOro JJid
BOCCTAHOBJICHUS BHYTPECHHHUX ITOJIBIX OPTaHOB, IOBPCKICHHBIX aJIKOI'OJIbHBIMH HAITUTKAMH.

KaroueBble c¢10Ba: MOJIOYHOKHCIIBIE GaKTepI/IH, Hp06I/IOTI/IKI/I, CKpHUHUHT, aHTI/IMI/IKp06Ha$I
AKTUBHOCTB, yCTOfI‘IPIBOCTB K aHTI/IGI/IOTI/IKaM.
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CYTKBIIIKBUIAbI BAKTEPUAJIAPABIH OPTYPJII AHTUBHMOTUKTEP MEH
MUKPOOPI'AHU3MIEPT'E CAJIBICTBIPMAJIbI BEJICEHAIJIIKTEPI

doi:10.53729/MV-AS.2023.04.13

Tyidin

3epTTeyAiH HEri3ri MakcaThl — alIKOTOJIBJIK CYChIHAApMEH 3aKbIMIAQIFaH IIIKI ar3a KybIC
MYIIEJIepiHE OH ocep ETEeTIH CYTKBIMKBUIABI OaKTepHsUlapFa CKPHHHHT KYPTi3y apKbUIBI OeceHmi
ITaMMIap/bl aHBIKTAY.

[IpoOuoTukanslk eHiIMHIH Kypampaac Oemiri - Oencenai wmsomstrap. Omap Keke Japa HeMece
KOHCOPIIUYM KYpaMbIH/Ia OCIICEHAUTIK TaHBITaIbl. JKYpTi3iireH FBUIBIMHA 3€PTTECY *KYMBICTHIH HBICAHBI
peTiHae Oue CyTi, KbIMbI3, IIy0aT, KaThlK, aipaH eHiMAepl ajdblHAbl. 3epTTey OapbIChIHAA CYTKBIIIKBLI/IbI
eHiMIEpeH 16 CYTKBIIKBUIAB OaKTepUsIap[blH Taza KyJabTypalapbl OemiHin ambiHmbl. OnapsiH
aHTUOMOTHKKE TO3IMIUTIKTEPI MEH aHTUMUKPOOTHIK OCIICEHITIKTEPI 3ePTTEIIi.

3epTTey HOTHIKECIHE )KOFaphl IPOOUOTUKAJIBIK OCJICCHIIIIKKE e 8 M30JIT aHbIKTa bl bencenmi
mzonstrap MALDI-TOF Biotyper Bruker wmacc-criekTpomerp KeMeTiMEH HJICHTU(DHUKAINSIIAHBIII,
onapneiy Lactobacillus TysicTeiFpIHA kaTaTBIH Kenieci Typiiepi ekeHuiri Oenrimi Oonmmer: L. casei, L.
paracasei, L. plantarum, L. rhamnosus, L. acidophylus, L. brevis, L. fermentum.

Bencenni mrammmap (Lactobacillus casei d-3, Lactobacillus paracasei S-612, Lactobacillus
plantarum S-106, Lactobacillus plantarum S-414, Lactobacillus rhamnosus S-811, Lactobacillus
acidophylus S-1, Lactobacillus brevis S-2, Lactobacillus fermentum d-4) ankoronbai cycelHMEH
3aKBIMJIAJIFAH 1MIKi aF3a KybIC MYIIEIEPIH KallblHA KeNTipy YIIiH KOJIJIaHATHIH MPOOUOTHUKAIBIK OHIMIe
KQKETTI KOHCOPIIUYM KYPY MaKCaThIH/1a TAHAJIBII abIHIbI.

KinrTi ce3mep: CyTKBIIKBUIABI OakTepusiap, NPOOHMOTUKTEP, CKPUHUHT, AHTUMHUKPOOTHIK
OeICeHIiIIK, aHTHOMOTHKKE TO3IMIIIIIK.

Kazipri ke3nme emimi3ge TaraMmaapra KOCla peTiHAE KeH TapalFaH TeHIK
MoauUKaIUsIIaHFaH OpraHu3MICp OHIMIEPIHIH aJaM JIeHCAYJIbIFbIHA 3USH KENTIpYy KayiliH
a3aiiTy MakcaTblH/Aa MPOOMOTHKAIBIK OHIMACPAl IIbIFapy OHOJOTHs FHUIBIMIAPBIHBIH aJ/IbIHA
KOWBUTFaH ©3€KT1 MaocenenepAiy 6ipi 00bI TaObLIabl.

2001 >xbutel  bipikken ¥Yarrap YibimMel MeH JIJIY-HBIH AS3BIK-TYJIK JKOHE ayblI
[IapyalIbUIBIFGl  YABIMBIHBIH ~YCBHIHBUIFAH aHBIKTaMachlHA COMKEC, MPOOMOTHKTEp - Tipi
MUKPOOPTaHU3MJIEp JKOHE OJIap ajJiaM OpraHu3iMiHIE THUICTI Meilepae OonFaH Ke3le aaam
JICHCAYJIBIFBIHA OH 9CEP €TETIHAIT1 TYpaJibl TOJBIK alThUTFaH [ 1]. FhUIbIMU 3epTTEY KYMBICHI aJ1aM
JICHCAyJbIFbIHA JKAFBIMJIBI ocep OCpeTiH MPOOMOTHKAIBIK ©HIM aly YIIiH €H aJJbIMEeH
CYTKBIIIKBUIIBI OaKTepHUsUIapaaH OeICeH i OaKTepHusIIap bl aHBIKTAy KaKET JKOHE JIC OHBI FBIIBIMU
TYPFbIIaH 3epTTel, Maiaaibl KaCUEeTTepiH aHBIKTAy apKbLIbl OHBI Oenrimi Oip eHIM HIbIFapyFa
OarpiTTananbl. OCbIFaH Opaid, CYTKBIMKBUIAB OaKTEpHsUIApbIH aHTUOMOTUKKE TO3IMIIITT MEH
AHTUMHUKPOOTHIK OCNCEHAUTIKTePIH aHBIKTAl OTBHIPHIN, OEJICEH[I IMTaMMIAPAbl aly MaHBI3/IbL.
CoHbBIMEH KaTap, Ka3ipri TaH1a ajiaM ar3achbIHIaFbl aJIKOTOJIbI CYChIHIAPMEH 3aKbIMIAJIFaH 11IKI
ar3a KybIC MYIIEJIepiH MPOOHMOTHKANIBIK OHIMAEP apKbUIbI Ty3€y 63€KT1 Macee O0JIbIN TaOblIabl.

Tamak eHepKociOiHIAE KOJMAAaHBUIATHIH CYT KBIIIKBULABI OaKTepUsuIapAblH KONTETeH
ITaMJIaphl aCKa3aH-1IIeK YKOJIIapPBIHBIH MMaTOTEeH I MUKPOOPTraHU3MIEpiHe Kapchl aHTAarOHUCTIK
KacHeTTepi Oap OpraHu3MIe bIHTATAHIBIPYIIBI dKOHE PETTEYII 9Cep €TETIH MPOOHOTHKTEP OOIBIIT
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tabbutaapl. Onapra HETi3iHEH TpaM-TIO3UTUBTI aHA’pOOTHI CIOpa TY30€HTIH CYT KBIIIKBLIIbI
OaktepusutapasiH TyKbiMaack! Lactobacillus sxaraner [2]. CyT KIIKBUIIABI OaKTEpHsLIAp - OPTYPIIi
HBICAH/1ap/la KOJIaHBIIATHIH OHEPKACINTIK MaHbI3bl 0ap Mukpoopranusmiep. Onap, anerre cyT
OHIMIEPiIHIC, OCIMIIKTEP/IE )KOHE ajaM MEH >KaHyapiiap/IbIH 1IIEKTEPIHIH MIBIPIIITH KAOBIFBIHIA
Ke3Jlece Il JKOHE op TYpJIi TIPIILIIK €Ty OPTAaChlH KOJOHM3ALUsIay KabineTi 0ap CyT KBIIKBUIIbI
OakTepusiiap MeTaboIuKaIBIK OMOeOar 00bit TadbuTa k! [3, 4]. JlakToOakTepusIap-0yJI Kayinci3
Jen TaHbUIFaH OWONIOTHUSIIBIK TEPANEBTIK KOHE WMMYHOMOIYIISIUSIBIK —OUOJOTHSIIBIK
npenaparrap OOJBINT CaHAJIATBIH MPOOMOTHKTEP KaTaphlHBIH Oipi. JKakplHga >KypriziireH
3epTTeynep OolbIHIIA JaKToOaKTepusiap OipHene MUKpOOKa Kapchl MEXaHU3MIEPIH KOPCETTi,
MBICAJIBI aUTaTBIH 0OJICAK, KOPEKTIK 3aTTapAblH O09CEKENIeCTir, MHTHOUTOPIIBIK KOCBUTBICTAPIBIH
OHJIIpici, IMMYHOCTUMYJISIUS KOHE OailaHbICAaThIH OpBIHAAp YIUiH OocekernecTik. COHbIMEH
Karap, jJakToOakTepusiap imekTiH pH AeHrediH TOMEHIETy YIIIH CYT KBIIIKBUIBIH, CipKe
KBIIKBLTBIH, KYMBIPCKA KBIIIKBUTBIH KoHE 0aCKa KBIIIKBUIIAP I IIBIFapa anajibl, Oy €H MaHbI3 bl
MexaHu3M 0oJibIn Ta0buTybl MYMKIH [5]. CyT KBIIIKBULIBI OaKTEPUSUIAPBIHBIH KOMIIIUTITT IIBIFY
TETiHe KapamacTaH, oJlapJbIH OipHelle MUKpoOTapra Kapchl MeTabOIUTTEepAl OHIpy KabineTiHe
0ailTaHBICTHI TATOTCHACPIIH, COHBIH 1ITIH/E MPOOIeMabl, AHTHOMOTUKKE TO3IM/I IITAMM/IAPIbIH
eCyiH Tekey MYMKiHJirine ne. Kenteren zeprreymriiep oCchblHIAN KYKINAIbl KO3IBIPFBIITAPFa
KATBICTBI OPTYPIl MPOOMOTUKANBIK IITaMAAPIbIH WHTHOUTOPIBIK OCJICEeHAUTITIH qonenaeai [6].
[TpoObuoTHKTEPAIH KaHa MePCIEKTUBAIIBI IITAMMIAPBIHBIH CUITATTaMachl - OyJ1 KypAei mpoiecc.
TexkcepinreH CyTKBIIKBULIBI OaKTepUsuIapAbIH (DYHKIIMOHAJIBIFBI MEH KAYITICI3/IiT1 6T MaHbI3bI
Oombin TabbUTaEl. bakTepusuiap TaramMabl OHILY, CaKTay JKOHE KOPBITY JKaFJailbIHIa eMip cype
aybl Kepek. KpIIIKpIT MEH OT TO3IMJIUIITT OHBI alll 1MeKKe KeTKI3y YIIH KaKeT, OHJa OJ1 ©31HIH
OH 9CepiH TUTi3yl MyMKiH [7].

[IpoOuoTHKTEpIl 3€PTTEY OJAPIbIH KONTETEH >KaFbIMIbl KACUETTEPiHIH O0TybIH OOJDKayFa
Heri3 Oepeni. Anaiia MPOOMOTUKANIBIK JTAKTOOAKTEpHUsIIAp/IbIH OaKTepusFa Kapchl OeNCeHIiir
IITaMMFa TOH OOJIBITI KepiHei [8,9].

Kypambinga nakrobaktepusiiap Oap eHimuep NpOOMOTHUKTEPIiH SJIEMIIK HapbIFbIHIA
0achIM; KOITereH Ke3JepACH oyap OMOTEXHOJOTHsAIA >KOHE TaFaMJbl CakTayla KEHIHCH
KOJIJIaHBIIAbl, COHBIMEH KaTap eMaik areHT periaae 3eprreneni [10]. CyT KbIIIKbUIIBI
OakrepustmapasiH mramaapsl L. acidophilus , L. plantarum , L. fermentum , L. casei »xone L.
rhamnosus 6ypein kepcerinrenaeit Proteus ( P. mirabilis xxone P. vulgaris) Typiaepin Tyabipatbia
30p MIBIFApy >KOJAAPBIHBIH HH(MEKIUsUIapblHA KapChl, SFHU OYWPEKTIH KaFaalblH KaJIbIHA
KeNnTipyAe THUIMII KOJMAaHbulybl MyMKiH [11]. FeutbiMu 3epTTeymiH Heri3ri OarbIThI
MPOOHUOTUKAIIBIK KACUETKE M€ CYTKBIIIKBUIIBI OaKTepUsIIapAblH MUKPOOKA Kapchl OEICeHUTITIH
aHBIKTAy )KYMBICTBIH HET13r1 MaKcaThbl 00J1bIT Ta0bbutab [12,13].

Fansimaapabi 3epTTey j)KYMBICTapblHA CYHEHCEK, JKAIbl OPraHUKAIBIK KBIIIKbBUIIAp (CYT,
CipKe Cybl, MPOMHUOH KBIMIKBUIBI) OHAIPICIHIH apKachlHAA CYTKBIIKBUIIBI OaKTepUsIapablH
KONTEreH MTaMMIapbl TYPJIi MaTOTeHII MHUKPOOPTaHU3MAEPTe Kapchl alKbIH aHTHMHUKPOOTHIK
OenceHaiTiK KopceTe anaasl [ 14].

3eprTTey MaTepuasbl JKIHe dicTepi

Taza kynpTypanapasl 6ein amy

FrumeiMu 3epTTey >KYMBICHIHA HBICAH peTiHAe ANMAaThl KoHe AcCTaHa KalalapblHBIH YU
JKaFIalbIHAFbl CYTKBIIIKBUIIBI OHIMIEP] SFHU, OUe CYTi, KbIMBI3, IIIYOaT, KaThIK, aiipaH aJIbIH]IbI.
3eprrey OapbIChIHAA JKalmbl OeNiHIN aimblHFaH 25 Typal OakTepusuiap, OHBIH imriHze 16
CYTKBIIIKBUIBI OakTepusutap Oenrisi OGonabl. bemiHreH 16 CYTKBIIKBUIABI OaKTepUsIIapabl
seprreyre HiMedia dupmaceinbiy (M369-500G Lactobacillus MRS Broth) MPC kopekTik
OPTACBIHBIH CYWBIK JKOHE KATThl OPTachl KOJIAHBUIIGL. AJIBIMEH CYTKBIIIKBUIIBI OaKTepuUsiap
Ta3albIKKa Tekcepiiai. beniHren KynabTypanapablH TazaibiFbl ['pamm onici OoMbIHIIA GOSIBI,
OakTepusIapablH jKacylla KaObIPFAChIHBIH OHMOXMMMSUIBIK KacHETTepl OOMBIHINA a)bIpaTyFa
MYMKIHJIK OepeTiH MuKkpockonusblk Oakputay (ES Premiere) apkpuiel Oaranauabl. Srau, Oemimn
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QIBIHFaH KYJIbTypanap sl MUKpoadpodmibi xxaraaiina 37°C remneparypanarsl (redLINE RI-53,
['epmanmsi) TepmocTaTka 48 caraTka MHKyOalusiFa KOWBLIIBI.

CYTKBIIKBUIIBI OHIMAEP/I OHAIPY XKOHE TYTHIHY TYpPaKThl TypJe KeHeuin keneni. Anaima,
OJIApJIIH aCCOPTHUMEHTI HETI31HEH CHUBIP CYTIHEH acaJiFaH allbIThUIFAH OHIMICPICH TYPaJbI.
Kenteren mnaiinansl kacuerrepi Oap Oume cCyTi CHSAKTBI TaraMIblK MaTpHuila ic JKy3iHJe
KOJIIaHbIMaiAbl. bipak, o jKOFaphl TaraMmJIbIK oHE OMOJIOTHUSIIBIK KYHJIBUIBIKKA, COHJIaN-aK
MaKCHUMaJIJIbl CIHIMILTIKKe ue [14].

Ocbl  3epTTey IKYMBICHIHBIH MAaKCaThIHJA KOJIJAHBLIATHIH QMICTEP  XaJIbIKApaJIbIK
crangaprrapra (ISO 8261, Cyt xoHe cyT eHimzaepi. MHUKpOOMOJOTHIBIK 3epTTeyJep YIUiH
ChIHaMazappl, 6acTankbl CyCHEH3UsIapIbl KOHE OHJBIK CYWBUITYJIApbl JalblHIAy OOWbIHILA
KaJIIbl HYCKayJap) coiikec 0oibin Tadbutaast [15].

CYTKBIIKBUIAB OaKTEpUsIIApABIH MIAPTTHI MATOTEHJI HEMece MaTOreH[l OaKTepusiapra
KOpPFaHBIII KAaCHETTEPiHIH TO3IMAITIH aHBIKTAy YIIIH aHTUMHUKPOOTHIK OEICEeHAUTIKKEe aHBIKTay
9IiC1 KOHE JIe aHTUOMOTUKKE TOIMIIITIH aHBIKTAY SICTEP1 KYPTi31Idi.

AHTUMHUKPOOTHIK OCJICEHIITIKTI aHBIKTAY 9/IiC1

3eprTey OapbIChIHAA CYTKBIKBUIAL OaKTEpUsUIapABbIH AHTHMHUKPOOTHIK OeICeHIUTITIH
aHBIKTAll OTBIPBIN, 3€PTTENETIH MHUKPOOPTaHU3MICPAIH MATOTEHJI MHUKPOOpPTaHU3MIEpre
KAHIIAJBIKTH TO3IMI HEMece oJiapFa Kapchl OeNceHJl eKeHl aHbIKTanAbl. JKammbl 3epTTey
KYMBICBIHA eH anabiMeH MPC-5 kopektik oprachkl KaxkeT Oomapl. MPC-5 KOpeKTiK OpTachiH
JManbIHAay i boraaHoB oficiH KoJqaHy apKbUTbl THAPOIU3ISHTEH CYT JalbIHIAABL. Opi Kapai
43,5 T Kyprak cyT aubHbi, ycriHe 500 M re AeiiH AMCTUIICHTCH CY KYWBIN BICTHIK OTTa
KaiHaThUIIBL. Onan coH cyT 45°C neifid cybIThIM, CYTTiH pH — KBIIKBUIABIFBL 7,6-7,8 HOpMachiHA
nerin xxeTkizinmi. Erep aranran kepcetkim temen 6osica 10% NaOH kocmachl KOCBUTBIN, KQKETTI
KepceTKimke xeTkizingi. Onan con cytke 0,5 maHkpeatuH xoHe 2,5 M XJIOpOo(GOPM KOCHII
apaJlacTHIPBUIBIN, KOJOAHBIH OETiH MakTaiabl NMpoOKaMeH >koHe ¢onbramMen skayeim 45°C
TeMIIepaTypajarbl TEPMOCTaTKa 72 caraTka KOWBUIABI. 72 caraT eTKeH coH cyTTi 10 MuHyT GeTi
alIbIK KYH1e KaWHATHII, 9pi Kapai GUIbTp Kara3blHAH Cy3rimTeH oTKi3uial. Ocburaiima bormanos
omici 6oibiHIA THApOIU3AeHTeH cyT Tromens Meauko BK-75-01 atTel aBTOKnaBka (0,5 at™m, 20
MHUHYT) 3apapchI3laHyFa >ki0epiimi.

Opnan opi MPC-5 KopekTik opTachkiHa OaybIp CBHIFBIHIBICHI, AIIBITKBI CHIFBIHBICHI, TIEMTOH,
rmroko3a, TBUH 80, L-mucteitn, KoHPO4x3H20, MgSO4x7H20, MnSO4, arap KOpeKkTiK opTachl
KOCBUIBIN KOPEKTi opTa JalbiHaanasl. OChl )KyMbICTap *Kypriziired cod, MPC-5 KaTTbl KOpEKTiK
opTackl mapiHaanbIn [leTpu TabakmianapbiHa KYHbUIIBL.

AtanraHn  KopekTik oprara Lactobacillus casei-giH  cbiHaK = peTiHAe — aNbIHFAH
KynsTypanapbina Escherichia coli, Serratia marcescens, Staphylococcus aureus, Salmonella
typhimurium naroreni TecT-mraMMaap KoiIaHbULIbL. Byt 9icTi KoIaHy 1aFbl HETi3r PUHIIHITI
OakTepusIapabl BU3YAIIbl KOPY )KOHE aHBIKTAy OOJIBIN TaObUIIBI. ANbIMEeH 5 Mt kesemae MPC-
1 cyiBIK KOPEKTIK OpPTAChI JalbIHIATIBII, 3apapChI3JaHABIPBUTFAH KYHIe MaTOTeH/ 1 TECT-IaMMaap
npobupkanapra eringi. Erinren Ttecr-mtammuap 37°C TemmeparypachlHIa TepMocTaTka 72
caraTKa KOWBULABL. Opi Kapai, TecT-mrammaap Jpuransckuii omici 6oitbiama MPC-5 KopekTik
opTa OeTiHe IImaTeNbMeH bICKbUIAY apKbUIbI TapaThlIbi eruii. LtaMmMmaapasl KOPeKTiK oprara
ery ImaTeNbIl KYHIipMen YT peT KaiTaiay apKbUIbI XKYPT131IIi.

ConbIMeH KaTap, OyJ aHTUMHUKPOOTHIK OEJCEHIUIK Oici CTaHIApTThl TUTP KOJAAHY
KOMETIMEH 1CK€ achIPBUIIAbLL. BaKTepusIbIK CyCreH3UsIapIblH TUTPBIH OYJIIBIPIIBIK JOpEKECiHe
0aliyIaHbICThl BU3YaJbl TYpJE CTaHAAPT TUTPMEH CABICTBIPY apKbUIbI KYprizuiai. CTaHAapTThI
YJITIMEH 3epTTeNeTiH OaKTEPHSUIBIK CYCTICH3USICHI Oap MpOOUpPKa apKbUIbI CaTBICTHIPMAIIBI TYP/C
KOPIHETIH DJIEMEHTTEPIHIH alKbIHIBUIBIFEI Oip/eii OosiFaH karaaiiaa, OYIIbIPIBIK CTAaHAAPT TEH
nen ecenreneni. Erep colikec kenMece, OHJa TaJlJaHATBIH YITIHIH KOHIIEHTPAIUSACHI CTAaHAAPTTHI
yJIrire coiikec KenreHme e3repTiieai. SIFHU, MUKpOOTapIblH KOHIIEHTPALMUSCHI ONAPIBIH 6cCy
JKarIaiyiapeiHa 0alIaHBICTBI OOJIBIT TaOBLTA B

Kanmel aHTUMUKPOOTHIK OENCEHAUTIKTI aHbIKTayna MakdapianaTelH OyIIbIpiIaHy

CTaHJapTTaphl OOWBIHINIA Keyecimen Oenrim Typiaepi koimansmiansl: HiMedia R 092 R1 NO
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(xubiHTBHIKTA: RO92A (ctanmapt 0,5 6ipinik) -1 R0O92B Tyriri (crapaapt 1 Gipnik) — IR092C tyTiri
(crarmapt 2 6ipaik) — 1 R092D Tyriri (crangapt 3 6ipiik) - 1 RO92E tyTiri (cranmapt 4 Oipiik).
Herenmen, 0i3miH 3eprrey xkyMmbicbiMbizga (1 RO92E tytiri) 4 Oipiikke TEH CTaHIAPTHI
KOJAaHBUIARL. MakdapianaTelH OYJIIBIpJIaHy CTaHAAPTTaphl JereHiMi3 Oapuil Ccyab(aThIHBIH
KOHIICHTPALUACHl JKOFapblIail TYCETIH TYTIKTEp J>KUBIHTBIFBL, SFHH Oapuil Cyab(paThIHBIH aK
MPEIUNUTATEIHAH TY3UITeH CYCTICH3USIHBIH OYJIIBIPJIaHybl OaKTEPUSIIBIK CYCTICH3USIHBIH OeTii
01p KOHIIEHTPAIMSAChIHA COMKEC KeTyiH alTaMbI3.

Arapmarel  muddy3us  omiciMeH  aHTaroHMUCTIK — OenceHmimikTi  3eprreyre  213¢3
CYTKBIILIKBUIIBI OaKTEPHs JKacyIIaapbIHbIH TOYJIIKTIK CYCIIEH3USICHI (0aKTepUsUIBIK OYJIIBIpIIaHy
CTaHJapThIHA Cokikec) 1mun/Imim MemnmiepiHae MalbIHAAIBIN JKOHE KOPEKTIK OpTaHBIH OeTiHe
[eTpu TabakacbIHa KarbUIIbL. Opi Kapail, tuamerpi 10 MM Oos1aThiH caHsayap KECLIiM, oap bl
TECT- IMTaMMIAPBIHBIH KYJIbTypajlapbiMeH TOATHIpbUIbI (0,1 M) [16].

3eprreyre anbiHFaH Kyibrypanap Iletpum Ttabakmaceingarsl MPC-5 KaTTel KOpEeKTiK
OpTachlHa KacalFaH camyayra eHrizimin +37°C temnepaTypana TepMmocTarka 24-72 caraTka
KOWBUIBI. bip KyHHEH KeliH OakTepusuIapAbIH 6CYIH TEKEUTIH alMaKThIH IUAMETPI OJIIICH/II.

AHTUMHUKPOOTHIK OEJICEHIUIIK 3epTTENTeH CYTKBIIIKBUIIBI OaKTepUsIapAblH KOJIOHHSICHI
alfHaJIachIH/1a 6CKEH ChIHAK KYJbTYypaJlapbIHBIH ©6Cy aiMarbIHbIH TEXeNyl OOMbIHIIA OaFaiaHIbl.
AHTUMHKPOOTHIK OCICEHAUTIKTIH cy JCHIeHiHiH KepceTkimTepi xorapbl (15-20 Mm), opraria
(10-15 mm), temen (10 MM) 0GOJBII KapacThIpbLIAAbL. 3€PTTEY KYMBICBIHBIH HOTHIKCCIH/IE
NaTOTeH/Il TeCT-IITaMMAAPFa TO3IMIUTIKTEp aHBIKTAJIbI, OJIap TOMEH/I€ KOPCETUITEH.

AHTHOUOTHKKE  CE3IMTAIIBUIBIFBIH  aAHBIKTAy  Oici —  3epTTeyre  aJIbIHFaH
MUKPOOPTaHU3MIIEPIIH TYPJIi aHTHOMOTHK TONTApPhIHA CE3IMTANJBIFBIH aHBIKTAy MAaKCATBIHJA
JKYPTi3UIeTiH apHalbl 3aMaHayH 3epTXaHAIBIK JIIC.

JKanmel MEKpOOpraHU3MIEPIiH AHTHOMOTUKTEPIe Ce31IMTAIIBIFBIH aHBIKTAY IBIH €Ki HET13T1
omici Oenrimi: OipiHnrici AUQQY3UIBIK, EKIHIIICI TUTPJICY OJici apKbUIBl MHUHUMAJIBI
UHTUOUTOPIABIK KoHUeHTpanusicbiH (MUK) anbikTay kemerimen xyprizineni. Auddy3usibik amic
npenaparThiy (Kara3 IUCKITe TYpJll KOHIIEHTpAIusIAa CIHIPIITeH) KOPEKTIiK opTa Auddy3usiceiHa
KOHE TBIFBI3 KOPEKTIK OpTaHBIH OeTiHe ceOUIreH 3epTTeNeTiH KyAbTYpPaHbIH ©CYiH Texeyre
Heri3enreH 0oJica, ajl eKIHIIICI €H HAKTHI 9JIIC JeT TaHbUIFaH. by oicTi KogaHy OapbIChIHIA
OapIIbIK 3ePTTENIETIH KYIbTypaiap aHTUOMOTHK CYHBIKTBIFBIH TUTPJICY apKbLIbl CYHBIUITYFA JeHiH
JKETKI3UIII.

CoHBIMEH, 3epTTeyre alblHFaH Ta3a KYIbTypallapAblH aHTHUOMOTHUKTEPIe CE31MTaJIbIFbI
"MuKpoopranu3MAEp/IiH aHTHOAKTEpUAIIbl TIPerapaTTapFa CE3IMTANIBIFBIH aHBIKTay OOWBIHITIA
omicTeMeNiK HycKaynapra' coikec CTaHIapTThl IucKinepai komaany apkeuisl (MUK 4.2.1890-04
Mackey, 2004) 10 typmi aHTHOMOTHKKE TO3IMILIITT Tekcepinmi. HakTel ailTcak eki KaKThl
AHTUOMOTHUK CIHIPUITeH CTaHAAPTTHI Kara3 Auckiiep: Terpauukiaud (30 mxr), renramunus (10
MKT), odmokcanuH (5 Mkr), nedazonun (30 mkr), amukanud (10 mxr), nedamanmon (30 Mkr),
ammuuune (10 mkr), nedorakcum (30 mkr), umunenem (10 mkr), astpeonam (30 Mkr)
keneMmiHae Koimanbuiabl. Ctanmapttel auckuiep +2°C men +6°C rpagyc TemmepaTypachiHaa
cakranatbiH Kyprak BIO-RAD xoMnaHUsCHIHBIH OHIMIHIH AUCKUIEPIMEH XKYPTi3UIIi.

bynan aper 3eprreynme, auck-audy3abIK OmICKe cal  arapibl  OpTamarkl  Tasza
KyJIbTypajap/aH ThIFeBABIFEI 10 Oipiik OOJaTHIH CyCNEH3US AAlbIHAAN alAblK, COAAH COH
ajybIHFaH cycneH3us Tarbl 20 peT cyitbuTeuibin [leTpu Tabakmackiaaars arapisl MPC-5 KopekTik
OpTachIHbIH OeTiHe 1 MIT MUKpOOTBIK CyCIieH3Us TYpiHJe €HT131JIiM, KeWiH OJ1 IINaTeNlb KOMETiMEeH
OlpKenKI TapaThUIBIN, apTHIK MeJIIepl TaMIIybIpMeH anbin Tactanabsl. Oman coH, [letpum
tabakmanapsl JaMuHapiel 6okcta 10-15 MUHYT KenTipiiin, aHTUOMOTHK CIHIPUITeH AUCKITIepAi
60ip Ilerpu TabakmackiHa 5-6 naHagaH apTHIK €MeC MeJIIepJe KOPEKTIK OpTaHbIH OeTiHe
3apapchBBAaHABIPBUIFAH TYPJAE EHTI3UIA. Opi Kapal, +37°C Temneparypaiarbl TepMocTaTtka 24
caraTKa KOMBUIBIN, HOTIDKECIHAE 3€pTTENil OTBIpFaH KyJIbTypajlapAblH aHTHOMOTHKKE
Ce3IMTANIIBUIBIK KaOineTi aHbIKTayabl. OFaH KEeTy YIIH JUCKIHIH JuaMeTpl nepedupuschiHaa
MUKpOOTapIbIH ©cCy apeaiblH OakpLIam OTBIPBIN, 3EPTTEyre alblHFaH KYyJIbTypaldapbiH

AHTUOMOTHKKE CE3IMTAABIFBI aHBIKTAIBI. KymbTypanapaslH aHTUHOMOTHKKE CE31MTaIIbUTBIFBIH
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aHbIKTay OapbICHIHAA, OCNTiIEHTeH KOpCETKIIITepMEH, SFHU JKOFapbl ce3imTan (25 MM-aeH
JKOFaphl), opraiia cezimrai (15-25 mm) sxone Tomen cesimrai (10-15 mm) kepceTkimTepi peTiHae
YIII TOTKA OeTin KapacThIPBUIIbL.

HoTu:kesnep :kKoHe 0JIapAbl TAIKbLIAY

JKanme 3epTTey 6apbichiHaa 25 Typai Oakrepusiiap OeiHiI, onapabH 9 Typi alIbITKbUIAP,
an kairaH 16 Typi Lactobacillus TybicThiFbiHa sxaTaThIiH OaKTEepUsIap EKEHIH aHBIKTAIBI (CYypeT
1). 3epTTeyniH HEri3ri MakcaTbl CYTKBIIIKBUIABI OakTepusuiapAaH OelCceHal KyabTypajapabl
aHBIKTAy OOJFaH/ABIKTaH, 3epTTeyre 16 CYTKBIIIKBUIABI OaKTepusIap FaHa alblHIbL. Opl Kapaii,
OCBl 3epTTeyre ajJblHFaH OaKTepHsUIapFra aHTUMHUKPOOTHIK OEJCEHITIK TeH aHTHOMOTHUKKE
Ce3IMTANABUIBIK 9IICTEP1 KYPri3iii.

12 A

10 -

o N B OO
1

AwbITKbiNap JlaktobakTepuanap

Cypert 1- JKanmsl GexiHin ansiHFaH OakTepusiap

1. AHTUMUKPOOTBIK OCJICEHIUTIKTIH 6Cy NEeHrediHiH KepceTKimTepi korapsl (15-20 Mm),
opramia (10-15 mm), Tomen (10 mm) Goubin 6enriieHi. 3epTTeyAiH HOTHXKeCi OOMBIHIIA 3epTTeyTe
anpiHFaH 16 OakTepusutapasle inminen S-612, S-106, S-414, S-811, S-1, S-2, d-3, d-4
KyJBTypajapbl MaTOTeH 11 TeCT-IITaMMAAapbIHA TO3IMIUTIKTI KepceTy OOMBIHINA AUAMETp OJIIIeMi
JKaFblHaH >KOFapbl KepceTkimTi kepceTti (15-20 Mm), anm KamaFaH KyJdbTypajapia KOFaphbl
Oencenainik OaiikanMazsl (cyper 2 ).

Cyper 2 —KynbTypanapIiblH aHTAMHKPOOTHIK OCIICEHTITIKTEP1
(a - Escherichia coli S-1, S-2, d-3; 6 - Serratia marcescens S-1, S-2, d-3; B - Salmonella typhimurium S-1,
S-2, d-3, d-4; r - Staphylococcus aureus S-1, S-2, d-3, d-4)

Xorapel OGenceHTIK KOPCETKEH H30JATTap KpHOCaKTayFa XiOepislil, aHTUMHUKPOOTHIK
OCJICCHIUTIKTI aHBIKTAy HOTHXKECiHAE 1 KecTelae KOpCEeTUITeHACH Kbl TaTOTEH/II
Oakrepusutapabiy imiage Salmonella typhimurium-ra  atanran kynbTypanapiblH €H JKOFaphI
OencenIiiri AHBIKTAJIIBI. byn JIETeHIMI3, [MaToreH /i MHUKPOOpPTaHU3MJIEpTe
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naktoOakrTepusuiapAbplH ~ Oencennpimiri 20 MM-Te JA€HiH JUaMeTp KOPCETKINITE  ocy
KApKBIHIBUTBIFBIH O€P/Ii, SFHU FHIIBIMH KYMBICTBIH OH HOTHKEIIUTITIH KOPCETTI.

Kecre 1 — Tecr-muiraMmzapra CYTKBIIKBUIABI OakTepusIapiblH aHTUMHKPOOTHIK O€JICCHIUTIKTEPIH
KOpPCETETiH MHTHOHpIIeY AUaMETpP 30HACHI (MM)
Escherichia Serratia Salmonella Staphylococcus
Ne Isolated - L
coli marcescens typhimurium aureus

1 | Lactobacillus paracasei S-612 12 16 10 12

2 | Lactobacillus plantarum S-106 9 10 10 8

3 | Lactobacillus bulgaricus S-149 - 10 10 10

4 | Lactobacillus acidophilus S-74 - 10 20 10

5 | Lactobacillus plantarum S-414 10 12 20 10

6 | Lactobacillus salivarius S-21 - 10 5 -

7 | Lactobacillus rhamnosus S-811 9 18 20 11

8 | Lactobacillus delbrueckii S-819 - - 20 -

9 | Lactobacillus curvatus I1-1-5 - - - -

10 | Lactobacillus reuteri S-805 10 - - -

11 | Lactobacillus acidophylus S-1 10 14 7 12
12 | Lactobacillus brevis S -2 11 14 11 9
13 | Lactobacillus reuteri S -4 - 7 7 11
14 | Lactobacillus fermentum d- 2 5 10 9 13
15 | Lactobacillus casei d-3 14 13 11 11
16 | Lactobacillus fermentum d-4 6 13 10 12

Eckepry: bencenainik kepcerkimrepi: 15-20 MM —xorapsl; 10-15 mM- oprama; 10 MM -TeMeH;

2. CYTKBIIIKBUIIBI OaKTepPHUsUIApAbIH aHTHOUOTHKKE Ce31IMTANABUIBIFBIH AaHBIKTAY 2 KECTEe
YCHIHBUTIFaH. 3epTTeyTe ajdblHFaH 16 OakTepusiapaplH aHTHOMOTHKKE CE3IMTaABIIBIK KOPCETKIIIT
oprypni  nmopexkenae Oonapl. CYTKBIIKBUIABL OaKTepusuiapFa SKYPri3UITeH aHTHOMOTHKKE
Ce3IMTAJIIBUTBIFBIH  @HBIKTAY OfICi OaphIChIHIA JKOFAphl HOTHIKE KOPCETKEH ITaMMIApIbIH
KeJeciiel KepceTkilm KepcerTi: Terpanukiuure S-106/26,5 mm; S-1/26 mwm; nedaszonunre S-
811/28,5 mm; S-414/28,5 mm; d-4/26 mm; umuiieHemre S-612/25,5 mm; amoumumigare S -2/27 MM
KOPCETKIIITEPiH KOPCETT.

Kecre 2 - [lltTammaapasiH aHTHOMOTHUKTEPTe CE31MTaIIbLIBIFBI

Ne 3 S| S| S| 8§ §| 8|38 35]¢8] ¢
1 | Lactobacillus paracasei S-612 25 15 | 10 25 10 18 | 255 | 5 11 25
2 | Lactobacillus plantarum S-106 26,5 | 20 7 28 15 9 2 10 8 | 255
3 | Lactobacillus bulgaricus S-149 3 2 10 13 3 10 7 7 12 7
4 | Lactobacillus acidophilus S-74 5 0,1 |05 3 5 0,2 2 5 7 10
5 | Lactobacillus plantarum S-414 16 15 | 15 | 285 | 25 20 26 12 | 15 25
6 | Lactobacillus salivarius S-21 2 5 10 13 5 10 10 10 5 7
7 | Lactobacillus rhamnosus S-811 10 15 | 16 | 28,5 | 20 18 | 2655| 15 | 15 | 25,5
8 | Lactobacillus delbrueckii S-819 10 5 7 15 15 8 5 5 5 3
9 | Lactobacillus curvatus I1-1-5 4 5 5 2 4 10 10 7 10 10
10 | Lactobacillus reuteri S-805 5 10 8 15 7 15 16 5 8 10
11 | Lactobacillus acidophylus S-1 26 20 | 14 25 18 15 25 18 | 11 25
12 | Lactobacillus brevis S -2 25 5 10 10 20 15 19 20 5 27
13 | Lactobacillus reuteri S -4 20 15 8 15 10 25 18 10 5 15
14 | Lactobacillus fermentum d- 2 10 5 5 4 10 5 5 7 8 10
15 | Lactobacillus casei d-3 10 15 | 15 25 15 20 15 10 | 15 | 25,5
16 | Lactobacillus fermentum d-4 10 18 | 15 | 2555 | 20 25 23 10 | 15 26
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3epTTey KYMBICBIHA, AHTUOMOTUKKE CE3IMTaIBUIBIKTI AHBIKTAY SJIICIH KOJIJIaHY apKbLIbI
OCJICeH]II ITaMMIapFa ASKIIEPUMEHT JKYPTi3reHae OJapAblH OH TYpJl aHTHOUOTHUKTEpIE OcCy
KapKbIHBUIBIFBI OOMBIHIIA OPTYPJl JSpeXkene Ce3IMTaNbIFbl aHBIKTANAbl. HoTmkecinae
OakTepusiap TETPAUKINHTE, UMUTICHEMIe, aMITUIIAJUTHHTE JKoHE 11e(a30JIMHTe KOFaphl (25 MM)
Ce3IMTalIbIFbIH, an 1edarakCcWHre, aMUKalWH, TeHTaMuinuHre oprama (15-25 wm)
CE3IMTANIIBUIBIFBIH  KOHE OQUIOKCAIIMHTE, a3TpeoHamra, nedamanmonra TeMmeH (10-15 mwm)
Ce3IMTaABUIBIK KACHETTEPiH KOPCETTI.

3eprTey OaphiChiHIA TaHIAJIFaH Ta3za JKOHE Je OelCeHal KyJIbTypajap KIIaCCUKAIBIK
MHUKpOOHONOTUSIIBIK daictepai Konpany apkbuibl Bruker MALDI-TOF BIOTYPER xyiieci
apkpuTbl uacHTH(UKanusaaan etin, Lactobacillus TybICThIFBIHA jKaTaThIH Kelleci mTaMMmiap
araynapel Oenrinmi Gonner: Lactobacillus paracasei S-612, Lactobacillus plantarum S-106,
Lactobacillus plantarum S-414, Lactobacillus rhamnosus S-811, Lactobacillus acidophylus S-1,
Lactobacillus brevis S-2, Lactobacillus casei d-3, Lactobacillus fermentum d-4.

m Lactobacillusparacasei 5-612  m Lactobacillus plantarum 5-106 @ Lactobacillus plantarum 5-414
W Lactobacillus rhiammosus 5-811 B Lactobacilus acidophylus5-1 @ Lactobadcillus brewis 5-2
B Lactobacillus casei d-3 B Lactobacillus fermentum d-4 = Bapneirs

12,5%

12,5%

Cypert 3 — bencenai mrammmap

Huarpammana 8 OelceHal IITaMMIApAbIH TaWBI3IBIK KepceTKimTepi OepiireH. 8
mrammaapaeie  imniage  Lactobacillus plantarum  S-106, Lactobacillus plantarum  S-414
mrammaapsl 25% kepceTkimmTi kepcerTi. A KaiaraH mrammaap Lactobacillus paracasei S-612,
Lactobacillus rhamnosus S-811, Lactobacillus acidophylus S-1, Lactobacillus brevis S-2,
Lactobacillus casei d-3, Lactobacillus fermentum d-4 mwrammaapeie opkaiiceicel 12,5%-man

KYpaJbl.

KopbIThIHABI

Kazipri xe3me OMonorusi canachlHIa KYPri3UIiN jKaTKaH KOINTEreH FhUIBIMHA 3ePTTEYJIep e
POOHMOTUKAIIBIK OHIMIEP abIHAJIBI, OJIAP/IbIH KOIIIIIr MEAUIIMHA calachl MeH (papMalieBTHKa
callachblH/a 1IIeK JKOJIJApblH emJieyre maiianaHbuiaabl. Adaiia, >Kypri3uireH FhUIBIMU
KYMBICTBIH 0acka 3epTTeysiepJeH epeKIIeliri MepCIeKTUBTI XKoHe eH OenceHal TpoOnOTUKAIIBIK
KOHCOPIUYM >KUBIHTBIFbIHAH KYpajFaH ajIKOrojb/l CyChIHAapMEH 3aKbIMJIaHFaH 1K1 aFr3a KybIC
MyLIenepid pepMEeHTTENTeH MPOOHOTHKAIBIK KeOSK apKbUIBI TY3€TY/ €, COHBIH ilIiHIe OYHpek neH
OaybIpIbIH KYMBICHIH JKaKcapTyFa OarbITTaIa Ibl.

Xyprizinres 3epTTeynep HOTUKECIHE aHTUMUKPOOTHIK O€JICEHAUTIK eH aHTUOMOTHKAIIBIK
CE3IMTaJIIbUIBIKTHl aHBIKTAWTHIH O/ICTEP/l Maif/lana OTBHIPBIN CYTKBIIIKBULABI OakTepusiapaaH
AHTUMHUKPOOTHIK OeJICEHIUTIKKE e 8 OeNCeH 11 ITaMMIap KOHE aHTUOMOTUKKE Ce31MTaIbLIBIFBI
JKOFaphl 7 O€JICeHII IITaMMIap albIHABL. 3€PTTEY KOPBITHIHIBICHI OOWBIHINA anblHFaH 16
nakToOaKTepUsUIapAbIH 1MIiHEH aHTUMUKPOOTHIK Oencenaimikke e S-612, S-106, S-414, S-811,
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S-1, S-2, d-3, d-4 mramMmmaap aHBIKTaIbI, ajl aHTUOMOTHUKKE CE3IMTAIABIFbI OOMBIHINA JKOFAPhI
nopekeHi kepcetken S-612, S-106, S- 414, S-811, S-1, S-2, d-4 mraMMaapsl aHBIKTAJIIBL.

Tannanran Lactobacillus paracasei S-612, Lactobacillus plantarum S-106, Lactobacillus
plantarum S-414, Lactobacillus rhamnosus S-811, Lactobacillus acidophylus S-1, Lactobacillus
brevis S-2, Lactobacillus casei d-3, Lactobacillus fermentum d-4 mrammaapsiHan KOHCOPIIMYM
JKUBIHTBIFBI KYPBUIBIT, TPOOUOTHKAIIBIK (hePMEHTTENTEH OHIM )acanabl. Ka3ipri TaHma ajbiHFaH
npoOonoTukanelk eHiM AnMmatel  Kamackl, C.JOK. AcdeHmuspoB aTblHAAFbl MEIUIMHA
YHUBEPCUTETIHIH FBUIBIMU-KOMEKIIN  KYPBUIBIMIBIK ~Oemimiieci A.ATmrabapoB  aThIHIAFbI
«BuBapwuii» IKCIEPUMEHTTIK-OMONOTUSIIBIK KIMHUKACHIHAA ETeyKYUPBIKTapFa KIMHUKAIBIK
CBIHAK  JKYMBICTaphl  KalFacyjma. SIFHW,  aJKOroJbdi  CYCHIHOApMEH  3aKbIMIaJIFaH
ereyKYHpBIKTapJblH 1MIKi aF3a KybIC MYILIEJNEpiHE MNPOOMOTHKAIBIK ©HIMHIH 9cepiH
THECTOJIOTHSUTBIK 3€PTTEY KYMBICTAPHI XKYPTri3iryne. ATalFaH KJIMHAKA ipreli MeTUITHA FHUTBIMU-
3epTTey UHCTUTYTHIHBIH KYpambIHa Kipesi.
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Abstract

Plant disease is a very complex pathological process. Phytopathogenic fungi occupy the main place
among pathogenic microorganisms in plants. One of them is the causative agent of fungal disease —
penicillosis. The purpose of the work is to determine the distribution and species composition of fungi of
the genus Penicillium sp. The bioecological features of the causative agent of the disease affecting tulips
grown in open and greenhouse conditions have been revealed. In related tulip species, surface infection
prevailed over subepidermal infection. These types of fungi had a significant impact on the quality of the
bulb, significantly reducing the germination and viability of the affected. The most affected exclusive
variety was the type of Tulipa Dynasty and the most stable-Tulipa Delta Storm.

The spread and development of the disease (P%) were determined by the wet chamber method,
cultivation of Penicillium sp on PDA (potato-dextrose agar), microscopic analysis, as well as PCR
(polymerase chain reaction). The results of PCR analysis showed that tulips in greenhouse conditions are
mainly affected by the fungi Talaromyces variabilis (Penicillium variabile), the prevalence of penicillosis
averaged about 7-9% in the period from 2021 to 2022.

As a result of the comparison, the type of strain was identified. The relevance of the names of fungi
identified as a result of identification, and the correct spelling of the names of species was checked using
the nomenclature of the Mycobank information base.

Keywords: tulips, phytopathogenic fungi, penicilliosis, prevalence, PCR test.

Tulips (Tulipa spp.) are one of the most common ornamental plants. Of 42 wild species of
tulips growing in Kazakhstan, 18 are listed in the Red Book of Kazakhstan. In many countries
where tulips are found, this unusual plant is listed in the Red Book as a rare ornamental plant.
Numerous studies have proved that mountainous Central Asia, including Kazakhstan, is the main
center for the growth of wild tulips [1-4]. The whole world has recognized Kazakhstan as the
birthplace of the tulip, but unfortunately, Kazakhstan does not have its varieties, there is no
systematic introduction, breeding, and seed-growing work on tulips, the influence of the elements
of the technology of distillation and reproduction, concerning the subarid conditions of the south
and south-east of Kazakhstan, recommended by suppliers of planting material, is not studied. Only
9 varieties of tulip are allowed to be used in the territories of the Republic of Kazakhstan, and after
2009, not a single variety is recommended [5, 6].

In Kazakhstan, many flower growers are engaged in flower distillation, using planting
materials and technologies of the Netherlands, Turkey, and other countries. In the landscaping of
populated areas of Kazakhstan, varieties that have not received admission to the territories of the
Republic of Kazakhstan are used.

Flowering plants belonging to the lily group as a whole play an important role in the
landscaping of settlements, among which tulips are increasingly used for landscaping purposes.
Due to their high adaptability, they are grown in various climatic zones, and used for decorative
purposes to create flower beds due to the peculiarities of spring flowering [7, 8]. An urgent
problem that needs to be solved along with the correct application of their cultivation technologies
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is the implementation of protective measures to prevent a complex of diseases to achieve the goals

[9].

Fungi of the genus Penicillium sp., belonging to the class Ascomycetes, order Eurotiaceae,
family Trichocomaceae, cause penicillosis in various bulbous crops and a number of plants.
Diseased species significantly affect the proper growth and maturation of tulip plants. This type of
disease harms underground bulbs not only during the storage of bulbs but also during the growing
season [10]. One of the most important studies is the precise definition and separation of the
pathogenic type of pathogen. Identification of the species is the main stage of all biological
research. Correct identification, along with the biological and ecological characteristics of each
species, is the beginning of determining the physiological and biochemical composition, as well
as the development of measures to combat the disease caused by fungi. Along with the description
of morphological features in determining a taxonomic species, one of the important steps is an
identification system based on a variety of DNA sequences of fungal species.

Materials and methods of research

The research was carried out in the Botanical Garden of the Khoja Akhmet Yassawi
International Kazakh-Turkish University in 2021-2022. The study included 5 varieties of tulips of
Dutch selection Albatros, Delta storm, Fun for two, Strong power, Dynasty. The studied varieties
belong to the garden class «Triumph».

Clean cultures of fungi species were grown on potato-dextrose agar (PDA) at 27°C. 10 days
after the separation into colonies and obtaining biomass for the analysis of 18S rRNA, DNA
isolation work was carried out according to the protocol of the CTAB method.

The DNA concentration of 900 ng/ul was measured (OD260) using a spectrophotometer
(Nanodrop Thermo ND-1000, Thermo Scientific, Massachusetts, USA).

During the work, the following methods were used: visual assessment of the prevalence
(P%) and the development of the disease, biological efficacy of drugs, and wet chamber methods.

For further use, DNA samples were stored at a temperature of 4°C. Each PCR reaction was
carried out in a final volume of 50 pl and consisted of a 10-fold Taq buffer with 5.0 ul CSI (Thermo
Scientific, Massachusetts, USA), 2.5 mM MgCI2 3.0 ul, 100 mm 8.0 ul dNTP, 1 ul from each
primer, 5U/ul Tag-DNA polymerase-recombinant (Thermo Scientific, Massachusetts, USA) 0.25
pl, 27.8 pl of sterile distilled water and 4 pl of a suspension of the DNA of a fungal organism
species (100 ng) used as a sample.

Results and discussion

Surface infection prevails over subepidermal infection of related species, and refers to the
type of fungus that develops on the bulbous or seed surface. It has been observed that
micromycetes, after preserving the initial material, form populations of saprotrophic species with
favorable conditions (Figure 1). These types of fungus have had a significant impact on the quality
of the bulb. Reduces the germination and viability of damaged individuals.

As a result of observation of the type of disease, it was found that from 2021 to 2022, the
prevalence of penicillosis in 5 basic varieties in 2022 was 7.2%. The most affected variety is the
Dynasty variety (R = 8.9%), and the most resistant is Delta Storm (R = 2.1%).

At +7 °C, the prevalence of the disease was 6.5%, at +10 °C - 9%, a high percentage of the
prevalence of penicillosis is due to a violation of the technological process and sudden temperature
changes [11].
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Figure 1- Storage of bulbs and corm formation in the early stages of vegetation in the greenhouse

Identification of species belonging to the genus Penicillium is a complex process because
they differ in their diversity. For a detailed diagnosis of the species composition, we used the PCR
analysis. Pure plantings of mushroom species were grown on PDA at 27 °C (Figure 2).

Figure 2- Clean culture of Penicillium and damaged bulb

On the 8th day after separation into colonies and obtaining biomass for the analysis of 18S
rRNA, DNA isolation work was carried out following the protocol of the CTAB method [12]. A
study was conducted on a pure vaccination of the causative agent of penicillosis affecting the bulb,
that is, for one strain. For phylogenetic analysis, the studied strain was compared with related
species of Penicillium and other fungal isolates in the GenBank database.

The DNA test according to the PCR amplification program 5.8 primers ITS1 and ITS4 ITS1 -
TCCGTAGGTGAACCTGCG and ITS4 - TCCTCCGCTTATTGATATGC were used to create a
sequence of RNA coding genes and internal transcription spacers. 3 minutes provide denaturation
at a temperature of 95 °C, which is 35 revolutions at 95 °C - 30 seconds, 57 °C - 50 seconds and
72 °C 30 seconds, and the final stage of elongation was carried out for 5 minutes at 72 ° C. The
PCR program for primers NL-1 GCATATCAATAAGCGGAGGAAAG and NL-4
GGTCCGTGTTTTCAAGACGG for amplification of the D1/D2 domain in the 26s rRNA gene
provides denaturation at a temperature of 3 minutes 95 °C, which is 35 revolutions at 95 °C -30
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seconds, 52 °C -50 seconds and 72 °C- 30 seconds, with the final stage of elongation 72 °C 5
minutes [12-14].

Amplified PCR products (10 pl) and 100 bp of the DNA stage (Thermo Scientific,
Massachusetts, USA) 0.5 x TAE 1 hour 30 minutes are determined in a buffer of 80 v/icm by
electrophoresis with 1.5% agarose gel. Ethidium bromide agarose gel (0.5 mcg/ml) was placed for
10 minutes. The gel was photographed using a system of photographing under ultraviolet light [15,
16]. The sequencing of 18S rRNA and 5.8S RNA genes was carried out on the AE 3000 automatic
sequencer (Applied Biosystems, USA). The resulting nucleotide sequence uses the BLASTn
online service [http://www.ncbi.nIm.nih.gov/blast] and was compared with the GenBank
information base.

As a result of the comparison, the type of strain was identified. The relevance of the names
of fungi identified as a result of identification, and the correct spelling of species names was
checked using the nomenclature of the Mycobank information base.

To determine the phylogenetic relationship of similar species, a method was used to compare
the nucleotide sequences of the ITS1 and ITS2 regions encoding the 18S rRNA gene and internal
transcriptor spacers. The sequences obtained by sequencing the sequence of genes encoding 18S
rRNA and the DNA fragment of the ITS1 and ITS2 regions of internal transcriptor spacers are
shown in Table 1. Research results and their analysis.

Table 1- The sequence of genes obtained by sequencing a DNA fragment
Encoded
gene

1 2
GKSGRRGGGAAWCAWAGGTATAAGCACTTTGTACTGTGAAACTGCGAATGGC
TCATTAAATCAGTTATCGTTTATTTGATAGTACCCTACTACATGGATACCTGTG
GTAATTCTAGAGCTAATACATGCGCAAAACCCCGACTTCGGAAGGGGTGTATT
TATTAGATAAAAAACCAATGCCCTTCGGGGCTCCTTGGTGATTCATAATAACT
TAACGAATCGCATGGCCTTGCGCCGGCGATGGTTCATTCAAATTTCTGCCCTAT
CAACTTTCGATGGTAGGATAGTGGCCTACCATGGTGGCAACGGGTAACGGGG
AATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCCAA
GGAAGGCAGCAGGCGCGCAAATTACCCAATCCCGATCCGGGGAGGTAGTGAC
AATAAATACTGATATAGGGCTCTTTTGGGTCTTATAATTGGAATGAGTACAAT
CTAAATCTCTTAACGAGGAACAATTGGAGGGCAAGTCTGGTGCCAGCAGCCG
CGGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTGCAGTTAAAAAGCTC
GTAGTTGAACCTTGGGCCCGTCCTGCCGGTCCGCCTCACCGCGAGTACTGGTC
CGGATGGGTCTTTCTTTCTGGGGAATCCCATGGCCTTCACTGGCTGTGGCGGG
GAACCAGGACTTTTACTGTGAAAAAAATTAGAGTGTTCAAAGCAGGCCTTTGC
TCGGATACATTAGCATGGAATAATAAAATAGGACGTGTGGTTCTATTTTGTTG
GTTTCTAGGACCGCCGYAAYGATTAATARGATAGTCGGGGGCGTCAGTATCAG
CTGTCAGAGGTGAAATTCTTGGATTTGCTGAAACTAAYTACTGMCGAAAGCAT
TCGCCAAGAKGTTTTCATTATCAGGAAYKGAAGTTAGGGGGATTSAAGAAARC

GAKCTSGKAATWGCAST

GGGATGGTATCTCGTCTTATTGATATGCGCAGGTTCACCTACGGCAAKCMKG
GSGGYCTAGAKGGAAGACCAGCGCCSACCGAATCCCTCCCGAGCGGGTGACA
GAGCCCCATACGCTCGAGGACCCGACGCGGCGCCGCCACTGCTTTTGGGGCGT
GTCCCCGGGGGGACAGCACCCAACACCCAGCCGTGCTGGAGGGCAGAAATGA
CGCTCGGACAGGCATGCCCCCCGGAATGCCAGGGGGCGCAATGTGCGTTCAA
AGATTCGATGATTCACGGAATTCTGCAATTCACATTACTTATCGCATTTCGCTG
CGTTCTTCATCGATGCCGGAACCAAGAGATCCGTTGTTGAAAGTTTTAATGAT
TTAAAATCTCACTCAGACTCACTGTTCAGGCAGGGTTCTAGGGTGCTTCGGCG
GGCGCGGGCCCGGGGGCAGAAGCCCCCCGGCGACCGGGGCCAGGCCCCAGTG
GGCCCGCCGAGGCAACGCGGTAACAGTAAACACGGGTGGGAGGTTGGGCTCG

TTCGAACCCGCACTCGGTAATGATCCTTCCGCAGGTTCACCTACGGAAG

The nucleotide sequence

18S
rRNA

5.8S
rRNA
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Table 1 continued

1

2

26S
rRNA

CCCCGTGGCAACGCCACACSTACTGTGTGTCATCGGCTASAGCTTARATTTGA
AATCCGGCTCCTTCGGGGCCCCACTTGKMATTTGGAGAGGATGCTTCGGGCGT
GGCCCCTATCTAAGTGCCCTGGARCGGGCCGYCWTAGAGGGTGAGAATCCCG
TCTGGGATGGGTGGTCCCGCCCGTGTGAAGCTCCTTCGAAGAGTCGAGTTGTT
TGGGAATGCAGCTCTAAGAGGGTGGTAAATTTCATCTAAAGCTAAATATTGGC
CGGAGACCGATAGCGCACAAGTAGAGTGATCGAAAGATGAAAAGCACTTTGA
AAAGAGAGTTAAACAGCACGTGAAATTGTTGAAAGGGAAGCATTGGCAACCA
GACTTGCTGGGGGAGGCTCAGCCGGCACGTGTGCCGGTGCACTCCTCCCCGGC
AGGCCAGCGTCGGTTTGGGCGGTCGGTCAAAGGCCCTGGGAATGTAGCACCCT
TCGGGGTGCCTTATAGCCCGGGGTGCCATGCGACCTGCCCGGACCGAGGAAC
GCGCTTCGGCTCGGACGCTGGCGTAATGGTTGTCAATGGCCCGTCTTGAAACA
CGGACC

The similarity of the nucleotide sequences of the gene encoding the 18s rDNA strain under
study was analyzed by the BLAST server [http://www.ncbi.nlm.nih.gov/blast].
Initial screening of the GenBank database showed that the studied strain belongs to the

following systematic group: Eukaryota; Fungi;

Dikarya; Ascomycota; Pezizomycotina;

Eurotiomycetidae; Eurotiales; Trichocomaceae; Talaromyces.
The strains involved in the analysis and the similarity level of the 18S DNA sequences of
the studied strain are shown in Table 2.

Table 2- Similarity level of the 18S DNA sequences

Description Query Ident | Accession
cover

1 2 3 4
Pen|C|II|ur_n variabile strain DAOM 216318 18S ribosomal RNA (SSU) 95% | 98% | JN938974.1
gene, partial sequence
Penicillium rugu!osum strain DAOM 216317 18S ribosomal RNA 950% | 98% | JN938973.1
(SSU) gene, partial sequence
Penicillium sp. 12-02 18S ribosomal RNA gene, partial sequence 95% | 98% EU6617999'
Penicilliur_n phialosporum strain KCTC16070 18S ribosomal RNA 950 | 98% AF245265.
gene, partial sequence 1
Penl_C|II|um rugulosum strain KCTC16050 18S ribosomal RNA gene, 95% | 98% AF245232.
partial sequence 1
Penicillium sp. DsppF10 18S ribosomal RNA gene, partial sequence 94% | 98% KT9518531'
Penicilliur_n phialosporum strain KCTC16053 18S ribosomal RNA 95% | 98% AF245235.
gene, partial sequence 1
Penl_C|II|um tardum strain KCTC16068 18S ribosomal RNA gene, 950 | 98% AF245256.
partial sequence 1
Penicillium sp. MF555 18S ribosomal RNA gene, partial sequence 94% | 98% KMOiGSSS'
Talaromyces rugulosus strain 10.2 18S ribosomal RNA gene, partial 94% | 98% KF018457.
sequence 1
Penl_C|II|um variabile strain KCTC16056 18S ribosomal RNA gene, 95% 97% AF245238.
partial sequence 1
Penicillium sp. KCTC16061 18S ribosomal RNA gene, partial 950 | 96% AF245247.
sequence 1
Penicillium purpurogenum strain KCTC6785 18S ribosomal RNA 95 96% AF245246.
gene, partial sequence 0 0 1
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http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&ENTREZ_QUERY=all%20%5bfilter%5d%20NOT(environmental%20samples%5borganism%5d%20OR%20metagenomes%5borgn%5d%20%20OR%20txid32644%5borgn%5d)&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=MSJ08W0601R&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&OLD_VIEW=false&DISPLAY_SORT=4&HSP_SORT=0
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&ENTREZ_QUERY=all%20%5bfilter%5d%20NOT(environmental%20samples%5borganism%5d%20OR%20metagenomes%5borgn%5d%20%20OR%20txid32644%5borgn%5d)&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=MSJ08W0601R&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&OLD_VIEW=false&DISPLAY_SORT=4&HSP_SORT=0
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&ENTREZ_QUERY=all%20%5bfilter%5d%20NOT(environmental%20samples%5borganism%5d%20OR%20metagenomes%5borgn%5d%20%20OR%20txid32644%5borgn%5d)&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=MSJ08W0601R&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&DISPLAY_SORT=3&HSP_SORT=3
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_358001610
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_358001610
http://www.ncbi.nlm.nih.gov/nucleotide/358001610?report=genbank&log$=nucltop&blast_rank=1&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_358001609
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_358001609
http://www.ncbi.nlm.nih.gov/nucleotide/358001609?report=genbank&log$=nucltop&blast_rank=2&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_188076256
http://www.ncbi.nlm.nih.gov/nucleotide/188076256?report=genbank&log$=nucltop&blast_rank=3&RID=MSJ08W0601R
http://www.ncbi.nlm.nih.gov/nucleotide/188076256?report=genbank&log$=nucltop&blast_rank=3&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27436017
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27436017
http://www.ncbi.nlm.nih.gov/nucleotide/27436017?report=genbank&log$=nucltop&blast_rank=4&RID=MSJ08W0601R
http://www.ncbi.nlm.nih.gov/nucleotide/27436017?report=genbank&log$=nucltop&blast_rank=4&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27435984
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27435984
http://www.ncbi.nlm.nih.gov/nucleotide/27435984?report=genbank&log$=nucltop&blast_rank=5&RID=MSJ08W0601R
http://www.ncbi.nlm.nih.gov/nucleotide/27435984?report=genbank&log$=nucltop&blast_rank=5&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1005417911
http://www.ncbi.nlm.nih.gov/nucleotide/1005417911?report=genbank&log$=nucltop&blast_rank=6&RID=MSJ08W0601R
http://www.ncbi.nlm.nih.gov/nucleotide/1005417911?report=genbank&log$=nucltop&blast_rank=6&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27435987
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27435987
http://www.ncbi.nlm.nih.gov/nucleotide/27435987?report=genbank&log$=nucltop&blast_rank=7&RID=MSJ08W0601R
http://www.ncbi.nlm.nih.gov/nucleotide/27435987?report=genbank&log$=nucltop&blast_rank=7&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27436008
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27436008
http://www.ncbi.nlm.nih.gov/nucleotide/27436008?report=genbank&log$=nucltop&blast_rank=8&RID=MSJ08W0601R
http://www.ncbi.nlm.nih.gov/nucleotide/27436008?report=genbank&log$=nucltop&blast_rank=8&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_780956716
http://www.ncbi.nlm.nih.gov/nucleotide/780956716?report=genbank&log$=nucltop&blast_rank=9&RID=MSJ08W0601R
http://www.ncbi.nlm.nih.gov/nucleotide/780956716?report=genbank&log$=nucltop&blast_rank=9&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_551533955
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_551533955
http://www.ncbi.nlm.nih.gov/nucleotide/551533955?report=genbank&log$=nucltop&blast_rank=10&RID=MSJ08W0601R
http://www.ncbi.nlm.nih.gov/nucleotide/551533955?report=genbank&log$=nucltop&blast_rank=10&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27435990
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27435990
http://www.ncbi.nlm.nih.gov/nucleotide/27435990?report=genbank&log$=nucltop&blast_rank=11&RID=MSJ08W0601R
http://www.ncbi.nlm.nih.gov/nucleotide/27435990?report=genbank&log$=nucltop&blast_rank=11&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27435999
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27435999
http://www.ncbi.nlm.nih.gov/nucleotide/27435999?report=genbank&log$=nucltop&blast_rank=79&RID=MSJ08W0601R
http://www.ncbi.nlm.nih.gov/nucleotide/27435999?report=genbank&log$=nucltop&blast_rank=79&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27435998
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27435998
http://www.ncbi.nlm.nih.gov/nucleotide/27435998?report=genbank&log$=nucltop&blast_rank=80&RID=MSJ08W0601R
http://www.ncbi.nlm.nih.gov/nucleotide/27435998?report=genbank&log$=nucltop&blast_rank=80&RID=MSJ08W0601R

MICROBIOLOGY AND VIROLOGY ISSN 2304-585X Neq (43) 2023 www. imv-journal.kz

Table 2 continued

1 2 3 4
Penl_C|II|um crateriforme strain KCTC6784 18S ribosomal RNA gene, 950 | 96% AF245228.
partial sequence 1
Penicillium purpurogenum strain KCTC4777 18S ribosomal RNA 95% | 96% AF245248.
gene, partial sequence 1
Penicillium purpurogenum strain KCTC16055 18S ribosomal RNA 950¢ 96% AF245237.
gene, partial sequence 0 0 1
Talaromyces viridis gene for 18S rRNA, strain:CBS 114.72 95% | 96% A80214587'
Penicillium pinophilum isolate MR-2 18S rDNA partial sequence 92% | 97% | IN222360.1
gene, complete sequence
Penicillium sp. KCTC16067 18S ribosomal RNA gene, partial 95% | 96% AF245254.
sequence 1
Penicillium sp. 26.21 18S ribosomal RNA gene, partial sequence 94% | 97% KF0118476'
Penicillium pinophilum strain KCTC16057 18S ribosomal RNA gene, 95% | 96% AF245239.
partial sequence 1
Penicillium sp. DsppF9 18S ribosomal RNA gene, partial sequence 88% | 98% KT9518530'

Homology of at least 97% is considered to be the criterion for classifying a microorganism
to a particular species [17]. As can be seen from the table, the analyzed strain can be attributed to
several species. The method of comparing the nucleotide sequences encoding the 5.8S gene was
also used to establish phylogenetic relationships of the closest related species. The sequences
obtained by sequencing the sequences of genes encoding 5.8S rRNA and parts of the DNA of the
ITS1 and ITS2 regions of internal transcriptor spacers are shown in Table 3 [18,19].

The strains involved in the analysis and the level of similarity of sequences encoding the
D1/D2 domain of the 26s rRNA gene of the strain under study are shown in Table 3.

Table 3- Similarity of sequences encoding the D1/D2 domain of the 26s rRNA gene

Description (3:53 Ident | Accession
1 2 3 4
Penicillium variabile strain KUC1476 18S ribosomal RNA gene,
partial sequence; internal transcribed spacer 1, 5.8S ribosomal RNA 94% 98% HM469398.
gene, and internal transcribed spacer 2, complete sequence; and 28S 1

ribosomal RNA gene, partial sequence
Penicillium variabile strain DAOM 216318 28S ribosomal RNA
(LSU) gene, partial sequence

94% 97% | JIN938936.1

Fungal endophyte isolate ABS-95-R2-b 28S ribosomal RNA gene, 89% 95% KM657064.

partial sequence 1

Fungal endophyte voucher ARIZ:DMO0050 18S ribosomal RNA gene,

partial sequence; internal transcribed spacer 1, 5.8S ribosomal RNA KF673601.
. . } 83% 97%

gene, and internal transcribed spacer 2, complete sequence; and 28S 1

ribosomal RNA gene, partial sequence

Fungal endophyte voucher ARIZ:DM0028 18S ribosomal RNA gene,

partial sequence; internal transcribed spacer 1, 5.8S ribosomal RNA 83% KF673579.
. . } 0 97%

gene, and internal transcribed spacer 2, complete sequence; and 28S 1

ribosomal RNA gene, partial sequence

Penicillium variabile strain NRRL 58760 internal transcribed spacer

1, partial sequence; 5.8S ribosomal RNA gene and internal 83% 97% HQ698594.

transcribed spacer 2, complete sequence; and 28S ribosomal RNA 1

gene, partial sequence
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http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27435980
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27435980
http://www.ncbi.nlm.nih.gov/nucleotide/27435980?report=genbank&log$=nucltop&blast_rank=81&RID=MSJ08W0601R
http://www.ncbi.nlm.nih.gov/nucleotide/27435980?report=genbank&log$=nucltop&blast_rank=81&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27436000
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27436000
http://www.ncbi.nlm.nih.gov/nucleotide/27436000?report=genbank&log$=nucltop&blast_rank=82&RID=MSJ08W0601R
http://www.ncbi.nlm.nih.gov/nucleotide/27436000?report=genbank&log$=nucltop&blast_rank=82&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27435989
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27435989
http://www.ncbi.nlm.nih.gov/nucleotide/27435989?report=genbank&log$=nucltop&blast_rank=83&RID=MSJ08W0601R
http://www.ncbi.nlm.nih.gov/nucleotide/27435989?report=genbank&log$=nucltop&blast_rank=83&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_12697553
http://www.ncbi.nlm.nih.gov/nucleotide/12697553?report=genbank&log$=nucltop&blast_rank=84&RID=MSJ08W0601R
http://www.ncbi.nlm.nih.gov/nucleotide/12697553?report=genbank&log$=nucltop&blast_rank=84&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_389595798
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_389595798
http://www.ncbi.nlm.nih.gov/nucleotide/389595798?report=genbank&log$=nucltop&blast_rank=85&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27436006
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27436006
http://www.ncbi.nlm.nih.gov/nucleotide/27436006?report=genbank&log$=nucltop&blast_rank=87&RID=MSJ08W0601R
http://www.ncbi.nlm.nih.gov/nucleotide/27436006?report=genbank&log$=nucltop&blast_rank=87&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_551533974
http://www.ncbi.nlm.nih.gov/nucleotide/551533974?report=genbank&log$=nucltop&blast_rank=88&RID=MSJ08W0601R
http://www.ncbi.nlm.nih.gov/nucleotide/551533974?report=genbank&log$=nucltop&blast_rank=88&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27435991
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27435991
http://www.ncbi.nlm.nih.gov/nucleotide/27435991?report=genbank&log$=nucltop&blast_rank=89&RID=MSJ08W0601R
http://www.ncbi.nlm.nih.gov/nucleotide/27435991?report=genbank&log$=nucltop&blast_rank=89&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1005417910
http://www.ncbi.nlm.nih.gov/nucleotide/1005417910?report=genbank&log$=nucltop&blast_rank=90&RID=MSJ08W0601R
http://www.ncbi.nlm.nih.gov/nucleotide/1005417910?report=genbank&log$=nucltop&blast_rank=90&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&ENTREZ_QUERY=all%20%5bfilter%5d%20NOT(environmental%20samples%5borganism%5d%20OR%20metagenomes%5borgn%5d%20%20OR%20txid32644%5borgn%5d)&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=MSJSPWE201R&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&OLD_VIEW=false&DISPLAY_SORT=4&HSP_SORT=0
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&ENTREZ_QUERY=all%20%5bfilter%5d%20NOT(environmental%20samples%5borganism%5d%20OR%20metagenomes%5borgn%5d%20%20OR%20txid32644%5borgn%5d)&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=MSJSPWE201R&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&OLD_VIEW=false&DISPLAY_SORT=4&HSP_SORT=0
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&ENTREZ_QUERY=all%20%5bfilter%5d%20NOT(environmental%20samples%5borganism%5d%20OR%20metagenomes%5borgn%5d%20%20OR%20txid32644%5borgn%5d)&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=MSJSPWE201R&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&DISPLAY_SORT=3&HSP_SORT=3
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_326579920
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_326579920
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_326579920
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_326579920
http://www.ncbi.nlm.nih.gov/nucleotide/326579920?report=genbank&log$=nucltop&blast_rank=1&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/326579920?report=genbank&log$=nucltop&blast_rank=1&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_358001213
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_358001213
http://www.ncbi.nlm.nih.gov/nucleotide/358001213?report=genbank&log$=nucltop&blast_rank=2&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_734850620
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_734850620
http://www.ncbi.nlm.nih.gov/nucleotide/734850620?report=genbank&log$=nucltop&blast_rank=14&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/734850620?report=genbank&log$=nucltop&blast_rank=14&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_555636116
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_555636116
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_555636116
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_555636116
http://www.ncbi.nlm.nih.gov/nucleotide/555636116?report=genbank&log$=nucltop&blast_rank=15&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/555636116?report=genbank&log$=nucltop&blast_rank=15&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_555636094
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_555636094
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_555636094
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_555636094
http://www.ncbi.nlm.nih.gov/nucleotide/555636094?report=genbank&log$=nucltop&blast_rank=16&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/555636094?report=genbank&log$=nucltop&blast_rank=16&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_321172822
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_321172822
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_321172822
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_321172822
http://www.ncbi.nlm.nih.gov/nucleotide/321172822?report=genbank&log$=nucltop&blast_rank=17&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/321172822?report=genbank&log$=nucltop&blast_rank=17&RID=MSJSPWE201R
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1 2 3 4
Penicillium variabile strain NRRL 6419 internal transcribed spacer 1,
partial sequence; 5.8S ribosomal RNA gene and internal transcribed 84% 96% HQ288049.
spacer 2, complete sequence; and 28S ribosomal RNA gene, partial 1
sequence
Fungal endophyte voucher AR1Z:DM0175 18S ribosomal RNA gene,
partial sequence; internal transcribed spacer 1, 5.8S ribosomal RNA 8% 97% KF673712.
gene, and internal transcribed spacer 2, complete sequence; and 28S 1
ribosomal RNA gene, partial sequence
Talaromyces rotundus large subunit ribosomal RNA gene, partial 87% 95% AF285116.
sequence 1
Fungal endophyte voucher AR1Z:DM0130 18S ribosomal RNA gene,
partial sequence; internal transcribed spacer 1, 5.8S ribosomal RNA 81% 97% KF673664.
gene, and internal transcribed spacer 2, complete sequence; and 28S 1
ribosomal RNA gene, partial sequence
Penicillium sp. NRRL 35203 18S ribosomal RNA gene, partial
sequence; internal transcribed spacer 1, 5.8S ribosomal RNA gene, 91% 939 EF634390.

. . ) () Y%
and internal transcribed spacer 2, complete sequence; and 28S 1
ribosomal RNA gene, partial sequence
Penicillium resedanum strain NRRL 578 internal transcribed spacer AF033398
1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, 91% 93% 1 '
complete sequence; and 28S ribosomal RNA gene, partial sequence
Pen_lc!lllum marneffei gene for large subunit rRNA, partial sequence, 94% 90% AB363755.
strain: IFM 41708 1
Fungal sp. F260 internal transcribed spacer 1, partial sequence; 5.8S
ribosomal RNA gene and internal transcribed spacer 2, complete 82% 93% | JQ747696.1
sequence; and 28S ribosomal RNA gene, partial sequence
Penicillium marneffei gene for large subunit ribosomal RNA, partial 94% 90% AB219804.
sequence 1
Penicillium sp. HSDO7B 28S ribosomal RNA gene, partial sequence 94% 90% HM3?7083'
Penicillium verruculosum 18S ribosomal RNA gene, internal
transcribed spacer 1, 5.8S ribosomal RNA gene and internal 94% 90% AF510496.
transcribed spacer 2, complete sequence; and 28S ribosomal RNA 1
gene, partial sequence
Rasamsonia sp. CCF 5289 genomic DNA sequence contains ITS1, 94% 90% LT548281.
5.8S rRNA gene, ITS2, 28S rRNA gene, strain CCF 5289 1
Penicillium cf. resedanum MU-52 isolate 52 28S ribosomal RNA EF100952.
. 84% 93%

gene, partial sequence 1
ggg;clllllum oblatum gene for 28S rRNA, partial sequence, strain:IFO 94% 90% A80417230.
Paecilomyces pascuus gene for 28S rRNA, partial sequence, strain: 94% 90% AB047229.
IFO 33090 1

Phylogenetic kinship analysis conducted using strains of closely related microorganisms
showed that the closest species to the studied strain is Talaromyces variabilis (Penicillium

variabile).

Results and discussion

The widespread fungal pathogen Penicillium variable for many crops, especially when
stored together with seed material, leads to a significant loss of seedlings. According to the
morphological characteristics and molecular method of the pathogen of the fungus affecting tulips,
the type of isolate was determined. Morphological study of colony growth on PDA, the result of
color and microscopic analyses required clarification of the species difference. Although when the
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http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_311235642
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_311235642
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_311235642
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_311235642
http://www.ncbi.nlm.nih.gov/nucleotide/311235642?report=genbank&log$=nucltop&blast_rank=18&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/311235642?report=genbank&log$=nucltop&blast_rank=18&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_555636227
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_555636227
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_555636227
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_555636227
http://www.ncbi.nlm.nih.gov/nucleotide/555636227?report=genbank&log$=nucltop&blast_rank=19&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/555636227?report=genbank&log$=nucltop&blast_rank=19&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_12382266
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_12382266
http://www.ncbi.nlm.nih.gov/nucleotide/12382266?report=genbank&log$=nucltop&blast_rank=20&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/12382266?report=genbank&log$=nucltop&blast_rank=20&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_555636179
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_555636179
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_555636179
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_555636179
http://www.ncbi.nlm.nih.gov/nucleotide/555636179?report=genbank&log$=nucltop&blast_rank=21&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/555636179?report=genbank&log$=nucltop&blast_rank=21&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_156891074
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_156891074
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_156891074
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_156891074
http://www.ncbi.nlm.nih.gov/nucleotide/156891074?report=genbank&log$=nucltop&blast_rank=22&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/156891074?report=genbank&log$=nucltop&blast_rank=22&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_2668638
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_2668638
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_2668638
http://www.ncbi.nlm.nih.gov/nucleotide/2668638?report=genbank&log$=nucltop&blast_rank=23&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/2668638?report=genbank&log$=nucltop&blast_rank=23&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_158149021
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_158149021
http://www.ncbi.nlm.nih.gov/nucleotide/158149021?report=genbank&log$=nucltop&blast_rank=45&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/158149021?report=genbank&log$=nucltop&blast_rank=45&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_478475972
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_478475972
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_478475972
http://www.ncbi.nlm.nih.gov/nucleotide/478475972?report=genbank&log$=nucltop&blast_rank=46&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_110082322
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_110082322
http://www.ncbi.nlm.nih.gov/nucleotide/110082322?report=genbank&log$=nucltop&blast_rank=47&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/110082322?report=genbank&log$=nucltop&blast_rank=47&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_308084107
http://www.ncbi.nlm.nih.gov/nucleotide/308084107?report=genbank&log$=nucltop&blast_rank=48&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/308084107?report=genbank&log$=nucltop&blast_rank=48&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_21239409
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_21239409
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_21239409
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_21239409
http://www.ncbi.nlm.nih.gov/nucleotide/21239409?report=genbank&log$=nucltop&blast_rank=49&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/21239409?report=genbank&log$=nucltop&blast_rank=49&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1026683305
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1026683305
http://www.ncbi.nlm.nih.gov/nucleotide/1026683305?report=genbank&log$=nucltop&blast_rank=50&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/1026683305?report=genbank&log$=nucltop&blast_rank=50&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_118583195
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_118583195
http://www.ncbi.nlm.nih.gov/nucleotide/118583195?report=genbank&log$=nucltop&blast_rank=51&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/118583195?report=genbank&log$=nucltop&blast_rank=51&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_13537236
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_13537236
http://www.ncbi.nlm.nih.gov/nucleotide/13537236?report=genbank&log$=nucltop&blast_rank=52&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/13537236?report=genbank&log$=nucltop&blast_rank=52&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_13537235
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_13537235
http://www.ncbi.nlm.nih.gov/nucleotide/13537235?report=genbank&log$=nucltop&blast_rank=53&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/13537235?report=genbank&log$=nucltop&blast_rank=53&RID=MSJSPWE201R
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bulbs of tulips are damaged, threads are usually formed upon contact with the outer surface, they
gradually develop throughout the plant tissue. One can clearly see the complete destruction of the
plant organ due to mycotoxins secreted by fungal species.

It is not enough to use only morphological features to identify a species. A molecular method
was used to accurately determine the type of fungus. With the help of PCR, the criterion for
attributing the pathogen to a particular species was precisely selected. To determine the
phylogenetic relationship of similar species, a method was used to compare the nucleotide
sequences of 18S rRNA, 5.8S rRNA, 26s rRNA of the coding gene, and internal spacer
transcriptors ITS1 and ITS2. Phylogenetic analysis of the relationship showed that the closest
species to the studied strain is Talaromyces variabilis (Penicillium variabile).
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KBI3FAJIAKTAPIAFBI PENICILLIUM SP. TYKBIMJIA CBIHBIH,
®UTOIMATOTEHII CAHBIPAYKYJIAKTAPBI

Tyiiin

OciMIiK aypysl, 6T¢ KYpAei TaTOJOTUSIIBIK YAepic. OCIMIIKTEpE aypy TYALIPYIIBIIAPILIH ITTIHIC
OacTel OpBIH anaTblHAap QUTOMAaTOreHAl caHplpayKyakTap. CoHbIH Oipi 3eH aypybl KO3IBIPYIIBICHI —
NEHUITUILTHO3 aypybl. XKyMbIicTeIH MakcaThl - Penicillium sp. TyksiMaac caHbIpayKyJIaKTapAbIH Taparybl
MEH TYpPJIK KYpamblH aHBIKTay. AIIBIK >KOHE JKBUIBDKAW JKaFmailbIHIa OCIpUIreH KhI3FalIaKTapIbl
3aKbBIMIaFaH aypy KO3IBIPYIIBICHEIHBIH OMOIKOJIOTHSIIBIK CPEKIICTIKTepl aHBIKTAIABL. TyBIC TYpIEpiHiH
cyOamuaepManbapl WHPEKIUsAChHAH OeTki uHGeKuuschl OackiM Ooinbl. byn caHplpaykynak Typiepi
OamaHaHBIH camachlHA aWTapibIKTall ocep eTil, 3aKbIMAaHFaHAApBIHBIH ©Hyl MeH TipIIiTiKKe
KaOUTeTTUTITIH alTapipIKTaii TeMeHAeTTi. EH 3akpIMmanFran 3KCKIo3uBTI copT Tulipa Dynasty, am eH
te3imzici Tulipa Delta Storm Gosbr.

AypynsiH Tapanysl (P%) sxone nmamysr (R%), surranapl kamepa omicimen, K/IA-ma (kapton-
nexcTposasl arap) Penicillium sp ecipy, MHKpocKONMSIIBIK Taimay, coHmaii-ak ITTP (momammepasaist
TI30eKTi peakiys) Tajaay saicTepiMer aHbIKTamabl. [ITP TanaayslHbIH HOTHXKeNIEpl OOMBIHIIA JKbUIBDKAN
JKarJalbIHIarbl KbI3Faigakrapra Herisinen Talaromyces variabilis (Penicillium variabile) Typi acep
€TETIHI aHBIKTAJIBI, HeHUIMIUIE3IH Tapanysl 2021-2022 xbuiaap apaibiFbiHaa opraiia ecenne 7%-9%-
Fa I1aMachlHIa OOJIIbL.

CanpICTBIpy HOTHXKECIHJIE INTaMM TYpi aHbIKTanael. CoWKeCTEHAIpY HOTHIKECIHJIE aHBIKTAIFaH
CaHBIpayKYJIaK aTayJlapbIHBIH MaHBI3IBLUTBIFBL, TYP aTaylapbIHBIH IYPHIC %ka3blTysl Mycobank akmapaTThik
0a3achIHBIH HOMEHKJIATYPAChI apPKBUIBI TEKCEPIIIII.

KiarTi ce3mep: xp3ranmakrap, GUTONATOTeHIII CaHbIpayKyJlaKTap, meHunuuie3, tapamysl, [ITP
Tanaysl.
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AHHOTANUA

Bonesnp pacreHnii - OYEHb CIOXKHBIA Maronorudeckuii mpomecc. Cpenm 001€3HETBOPHBIX
MHKpPOOPTaHU3MOB, TOPAKAIONINX PACTEHUS, OCHOBHOE MECTO 3aHMMAIOT (PUTOMATOTCHHBIC TI'PHOBI.
OnHUM M3 HEX SIBIISIETCS BO30YIUTENh TPUOKOBOI Oone3nn nenunmniesa - Penicillium sp.. Liens pabotei-
OTpe/IeNICHNE PACIpOCTPAaHCHUST W BUAOBOTO coctaBa rpuOoB poma Penicillium sp.. Beisenensr
O1o3KOIOTHYECKHe 0COOEHHOCTH BO30YAMTEIIS 3a00JI€BaHuUs, TIOPAXKAIOLIETO TIOJbIIAHbI, BEIPAILICHHBIC B
OTKPBITBIX M TEIUIMYHBIX YCJOBHUSX. Y POJICTBEHHBIX BHIOB TIOJBIIAHOB IOBEPXHOCTHAs HH(EKIUSI
npeobnagana Hax cyOdmuaepManbHOi. DTH BHIBI TPUOOB OKa3alu 3HAYUTEIBHOE BIMSHUE HA KaYeCTBO
JTyKOBUIIBI, 3HAUUTEIbHO CHHU3UB BCXOXECTh M JKU3HECHOCOOHOCTh TMOPAXEHHBIX pacTeHHH. CaMbiM
HOJIBEP)KCHHBIM TIOPAKCHUSIM JKCKJIFO3MBHBIM COpTOM oOKasaincs Bux  Tulipa Dynasty, a cambim
ycroituuBbM-Tulipa Delta Storm. Pacnpoctpanenue u pasutuie 6one3nu (P%) ompenensin mMeTonom
BIQKHON Kamephl, KynbruBupoBanuem Penicillium sp na KA (xaprodenbHO-IEKCTPO3HBINA arape),
MHUKPOCKONTMYECKHM aHanm3oM, a Takxke [ILP (momumepasnas uennHast peakiusi). Pesymprater [1L[P-
aHaJM3a IOKa3ald, 4YTO TIOJNBIAHBI B TEIUIMYHBIX YCIOBUSX B OCHOBHOM IIOpaXKaroTcs TpuOamMu
Talaromyces variabilis (Penicillium variabile), pacnpoctpaneHHOCTb EHULINILIE3a B CPSAHEM COCTABIISIIA
7-9 % B mepuon ¢ 2021 mo 2022 roxsl.

B pesynbrare cpaBHEHHs YCTaHOBIJICH BUJI ITaMMa. AKTyalbHOCTh Ha3BaHHN I'PHOOB, BBISIBICHHBIX
B pe3ynbTare HIACHTH(UKAIWY, NPABHIBHOE HANMCAaHWE HA3BAaHWH BUIOB IMPOBEPSUIMCH C MOMOIIBIO
HOMEHKJIATypbl HHpOopMannoHHOH 6a3sl Mycobank.

KawoueBble ciioBa: THOJbIAHbI, (PUTONATOTCHHBIC T'PUObBI, MEHUIWILIE3, PACIPOCTPAHCHHOCTD,
TP anamms.

Tronpnanst (Tulipa sSpp.) o1HO U3 caMbIX PacIIPOCTPAHCHHBIX ACKOPATUBHBIX pacTeHuit. 13
42 nukopacTylMX BUIOB TIOJIBIIAHOB, Mpou3pacTatomux B Kazaxcrane, 18 3anecensl B KpacHyro
kaury Kazaxcrana. Bo MHOTHX cTpaHax, TJie BCTPEYarOTCsl TIOJIBIIAHbI, 3TO HEOOBIYHOE PACTEHUE
3aHeceHo B KpacHylo KHHIy Kak peakoe JeKOpaTUBHOE pacTeHune. MHOoroducieHHbIe
UCCJIEIOBaHMS JI0Ka3ainu, uTto ropHas llenTpanbnas Asus, B ToM umcie Kazaxcran, siBisiercs
OCHOBHBIM IICHTPOM POCTa JUKHX TIOJbIIaHOB [1-4]. Becy Mup mpusnan Kazaxcran poauHOH
TIOJIbIIaHa, HO K coxkaleHuto B KazaxcrtaHe HeET CBOMX COpPTOB, HET U  CHCTEMHOMU
UHTPOAYKIIMOHHOM, CEJIeKIMOHHO-CEMEHOBOIYECKON padOoThl MO TIOJbIIAHAM, HE M3y4aroTCs
BIIMSTHUE DJIEMEHTOB TEXHOJIOTMH BBITOHKH W Pa3MHOXKCHUS, MPUMEHUTEIHHO K CYOapUIHBIM
YCIOBUSIM IOra U [oro-Boctoka KazaxcraHa, peKOMEHIyeMble IMOCTaBIIMKAMHU IOCAJ0YHOTO
Mmatepuana. K ucnons3zoBanuto Ha repputopuil PK nonymensi Bcero 9 copTos Troabpnasa, a nocie
2009 rona He peKOMEHIOBaH HU OAWH COPT [5, 6].

B Ka3zaxcrane BRITOHKOM IIBETOB 3aHUMAIOTCSI MHOTHE IIBETOBObI, UCIIOJIb3Ysl TOCAA0YHBII
MaTepuan u TexHojoruu Hunepnannos, Typuuu u Ipyrux crpad. B o3ei1eHeHHM HacelIeHHBIX
MecT Kazaxcrana ucnosyib3yroTcsi CopTa, He OJy4YHBIINE T0nycka Ha Tepputopun PK.

[[BeTKOBBIE pacTeHUs, OTHOCSIIHNECS K TPYIINE JUINEBBIX B I[EJIOM, UTPAIOT BaXKHYIO POJIb B
03€JICHEHUU HACEJICHHBIX IMYHKTOB, CPEId KOTOPHIX TIOJIbIIAHBI BCE Yallle UCIOJIb3YIOTCS B 3THX
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nensix. biaronapst BRICOKOM MPUCIIOCOOISIEMOCTH UX BBIPAIIMBAIOT B PA3IMYHBIX KIIMMATHIECKUX
30HaX, UCHOJB3YIOT B JEKOPATUBHBIX LENSIX JJI CO3JaHUS LIBETHUKOB H3-3a2 OCOOEHHOCTEH
BeCEHHEero uBereHus [7, 8]. AkTyanpHas mpoOiiema, KoTopas TpeOyeT pelieHHs Hapsay ¢
MPAaBWJIbHBIM MPUMEHEHUEM TEXHOJIOTMHA WX BBIpAIMBAHMS - pead3allly 3alIUTHBIX MEp IO
npodHIaKTUKE KOMITIEKca O0Ie3HeN A1l JOCTHKEHUS TOCTaBICHHBIX Lenei [9].

I'pubsr poma Penicillium sp, mpunamiexamue kmaccy Ascomycetes, psimy Eurotiaceae,
cemerictBy Trihokomovye, BBI3BIBAIOT MEHUIMILIC3 Y PA3IUYHBIX JTYKOBHYHBIX KYJIBTYp M psija
pacteHuid. boabHbBIE BUJIBI CYIIECTBEHHO BIIUSIIOT HAa MPABUJIbHBIM POCT U CO3PEBAHUE PACTCHUMN
TIOJIBIIAHOB. DTOT BUJ OOJE3HU HAHOCUT BPE] MOA3EMHBIM JTYKOBHIIAM HE TOJIBKO B TIEPUOJ
XpaHEHHs JIYKOBHUI, HO W B mepuoi Beretanuu [10]. OgHuM K3 BaXHEUIIMX HCCIEIOBAHMI
SIBJISIETCS. TOYHOE OIpe/IeNICHUE U pa3/ieJICHIe MaTOreHHOTo Buaa Bo30yautens. Mnentudukamms
BUJA SBJISETCS OCHOBHBIM DOTallOM BceX Ouosiorhyeckux wucciuenoBanuil. IlpaBunbHas
uacHTU()HUKAIIS, HAPSIAY ¢ OMOIOTHYECKUMHU, YKOJOTHIECKUMHU OCOOEHHOCTSMHU Ka)JI0T0 BUA,
ABJIIETCS. HayalloM OMNpeJesieHnus (U3NOJIOTMYECKOT0 M OMOXMMHUYECKOTO COCTaBa, a TaKkKe
pazpaboTku Mep OoprOBI C 3aboieBaHHMEM, BbI3bIBaeMbIM Tpubamu. Hapsimy ¢ ommcanmem
MOP(}OIOrHUecKUX 0COOCHHOCTEH B ONpeaeseHUH TaKCOHOMUYECKOIO BHJIA OJTHUM U3 Ba)KHBIX
IaroB SIBJIIETCS CUCTEMAa UACHTH(HUKAIINN, OCHOBaHHAs HA Pa3HOO0Pa3UH MOCIIE0BaTeILHOCTEH
JAHK BugoB rpu6os.

Matepuanbl M1 MeTOABI HCCJIEOBAHUS

HccnenoBanus nposenieHsl B boTannueckoM caay MexayHapoaHOro Ka3axCKOo-TypeLKOoro
yauBepcuteta UM.X.A.flcaBu B 2021-2022 romax. B m3ydeHue ObutM BKIIOYEHBI 5 COpPTOB
TIOJIBITAHOB TOJIIaH/ICKOM cenekiuu Albatros, Delta storm, Fun for two, Strong power, Dynasty.
N3yuaeMblie copTa OTHOCATCS K CaioBOMY Kjaccy «Tpuymdy».

Uuctele KyIbTypbl TPUOOB BBIpAIIMBAIA HAa KapTOQEIbHO-ICKCTPO3HOM arape IMpu
temriepatype +27°C. Cnyctsa 10 cyTok mocie pa3aeneHuss Ha KOJOHUH U TIOJy4deHHs] OMOMACChI
st ananuza 18SpPHK, pabotst mo Beiaenenuto JJHK nmpoBoaumuck corimacHo MpOTOKOIY MeTo/a
CTAB.

Konnenrpauus JJHK 900 ur/mxn n3mepsuiace (OD260) ¢ moMomisio criekKTpodoTomeTpa
(Nanodrop Thermo ND-1000, Thermo Scientific, Maccauycerc, CIIIA).

[Ipn npoenpeHun pabOT HCMONB30BAIM CIEAYIONIMNE METOIUKH: BH3YalbHYIO OIECHKY
pacrnipoctpaneHHocTH (P%) u pa3BuTus 60Je3HU, OMOIOTHYECKON P HEKTUBHOCTH MPEIAPaTOB,
METO/IbI BIAYKHON KaMephl.

Jns nanpHeimero ucnonb3oBanus oOpasnsl JJHK xpanwnuce mpu temmepatype 4°C.
Kaxnas peaxius TP npoBoaunace B koneuHoMm oobeme B 50 MK U cocTosia u3 10-kpatHoro
oydepa Taq ¢ 5,0 mxst KCI (Thermo Scientific, Maccauycerc, CIIIA), 2,5 MM MgCl> 3,0 mxi, 100
MM 8,0 mxst THT®, 1 mxn ot kaxgoro mpaitmepa, SU/mkn Taq-JIHK-nmonmumepasa-pekoMOnHaHT
(Thermo Scientific, Maccauycerc, CIIIA) 0,25 mki, 27,8 MK CTepUIBHON JUCTUIUIMPOBAHHON
Bozbl U 4 Mk cycnien3un JIHK Bunma rpubHOTO Oopranm3ma (100 Hr), ucrosib3yemasi B Ka4eCTBE
oOpa3sia.

Pe3yabTaThl U 00Cy:KIeHUE

[ToBepxHOocTHass wuH(eKnus mnpeodIagaeT Haa  CcyOdmuuepManbHOW  MHQEKIHEH
POICTBEHHBIX BHJIOB, OTHOCHUTCS K THUITy TpuOa, KOTOPBI pa3BUBACTCA Ha JIYKOBUYHOW WIIH
CEMEHHOW TMOBEPXHOCTH. BBIJIO 3aMe4eHO, YTO MUKPOMMIIETHI IOCIIE COXpPAHEHHS] MCXOIHOIO
Marepuaia (GOPMHUPYIOT HOMYJSILUH CanpoTpOPHBIX BUAOB C OJAroNpUATHBIMU YCIOBHSIMHU
(pucyHok 1). Otu Buabl rpuOOB OKa3ald 3HAYUTEIHHOE BIUSHUE HAa KAa4eCTBO JIYKOBUIIBI -
CHIKAIOT BCXOXKECTh U )KU3HECTIOCOOHOCTH MOBPEKICHHBIX 0COOCH.
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Pucynok 1-Xpanenue JiykoBHIl ¥ ((OPMHUPOBAaHUE KITYOHETYKOBHUIIBI HA pAHHUX CTA/IUSX BETCTAIMH B
TEIUINLIE

B pe3ynbrare HaOMOAEHHS 32 TUIIOM 3a00JI€BaHUsl YCTAHOBIIEHO, 4TO B niepuon ¢ 2021 mo
2022 rox pacpoCTpaHEHHOCTh MeHHUIMIIIe3a o 5 6a30BbIM copTaM B 2022 rony cocraBuna 7,2%.
Haubosnee nopaxeHHbIM copToM siBisieTcst copT Dynasty (R = 8,9%), a Hanbomnee ycTOHYNBBIM-
Delta Storm (R = 2,1%).

[Tpu Temneparype +7°C pacnpocTpaneHHOCTh 3a0oneBanust coctaBuia 6,5%, npu +10°C -
9%, BBICOKMH TPOLEHT pPacHpOCTPAHEHHOCTH IMEHULMIIe3a OOYCJIOBIEH HapylleHueM
TEXHOJIOTMYECKOT0 MpoLecca U Pe3KUMU epenaaamu temneparypst [11].

Wnentudukanus BHIOB, MNPHHAISKAMMX K poxay Penicillium, sBasercs cinokHBIM
MPOIIECCOM, IOCKOJBbKY OHHM pa3jMyaroTcs IO CBOeMY pa3HooOpazuio. [l JeranbHOM
JUArHOCTUKHA BHJIOBOTO COCTaBa MBI MCIOJb30BaM MeToh I1IIP-ananu3a. YUucTele HacakaeHUs
IrpUOHBIX BUIOB BBIpalIUBaiM Ha KapTodenbHO-mekcTpo3HoM arape (KIA) mpu temmeparype
+27°C (pucyHOK 2).

Pucynok 2 - Yucteie KyapTypsl Penicillium u moBpexaenne myKoBHUITbI

IIposeneno uccrnemoBanue aykoBuil Tulipa L. Ha 4KWCTyI0 KyJIbTypy BO30OYAHMTENS
MEeHUIWIINO03a, T.€. MO OAHOMYy InTammy /[[ns mpoBeneHus (QHUIOTEHETHYECKOro aHalu3a
M3YYEHHBIN [ITAMM CPaBHHMBAIHU C POACTBeHHBIMU BHaamu Penicillium u mpyrumu rpuOGKoBbIME
n3onsaTamu B 0aze qanHbix GenBank.
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Tect JIHK mo mnporpamme amrumdpukanuu [P 5.8 S npaiimepsr ITS1 u 1TS4 ITS1 -
TCCGTAGGTGAACCTGCG u ITS4 - TCCTCCGCTTATTGATATGC wucnonb3oBancs Ais
CO3JaHMs IOCJIENOBATENbHOCTH TeHoB, komupyroumx PHK, u BHyTpeHHHMX chnelicepoB
TPAHCKPUIIIIMKA. 3 MHHYTHI OOECHEYHMBAIOT JEHATypalMi0 Tpu Temrepatype +95°C, uyto
cocraBmsieT 35 o6opotoB mpu +95°C - 30 cexynna, +57°C - 50 cexynn u +72°C - 30 cexyHn, a
KOHEYHAsl CTa/IHsI SJIOHTAIMH TPOBOAMIIACKH B TeueHHe 5 MUHYT 1ipH +72°C. [Iporpamma ITLP s
npaiiMepoB NL-1 GCATATCAATAAGCGGAGGAAAG U NL-4
GGTCCGTGTTTTCAAGACGG nns ammmudukanuu gomeHa D1/D2 B rene 26s pPHK
obOecrieunBaeT AeHarypupoBaHue npu Ttemmeparype +95°C 3 MuHYTBI, 4TO cocTaBisieT 35
ob6opotoB nipu +95°C -30 cekynn, +52°C -50 cexynn u +72°C- 30 cexyHJI, ¢ KOHCUHOM CTaauei
anonraruu +72°C 5 munyr [12-14].

Amvmmdurupoanasie nmpoayktel [THP (10 mxm) m 100 m. w. cragum JJHK (Thermo
Scientific, Maccauycerc, CIIIA) 0,5 x TAE 1 wac 30 munyt onpenenstorcst B 0ydepe 80 B/cm ¢
nomouibio 3ekTpodopesa 1,5% renem araposbl. Arapo3Hslii reib opomua 3tuauit (0,5 MKr/min)
novemmanu Ha 10 munyT. I'enb cHUManu Ha (OTO C MOMOIIBIO CUCTEMbI (POTOCHEMKHU O]
ynbTpaduoneroBeiM cBeToM [15, 16]. CexBenupoBanue renoB pPHK 18s m pPHK 5.8 S
npoBoAWsIoCh Ha aBTomMatumdeckoM cekBeHarope AE 3000 (Applied Biosystems, CIIIA).
[TonydyeHHass HYKJIEOTUIHAs IOCIEAOBATEIBbHOCTh HCMOJB3yeT oOHJalH-cepBuc BLASTn,
[http://www.ncbi.nlm.nih.gov/blast] u 6pu1a cpaBHeHa ¢ nHpopMaMoHHO# 6a3oi GenBank.

B pesynbTare cpaBHeHMsI ObLI BBISBIEH BHJ IITaMMa. AKTYalbHOCTh Ha3BaHUN TpHOOB,
BBISIBJICHHBIX B pe3ylbTare WACHTU(UKAINKA, TPABUIBLHOEC HANNCAHWE HAa3BaHUW BUIOB
MIPOBEPSUTACH C TIOMOIIBI0 HOMEHKIIATYphI HHGOpMaImoHHou 6a3sl Mycobank.

Jnst onpenienenus (PUIOreHEeTHYECKOTO POJICTBA MOX0KUX BHJIOB ObUT UCTIONIB30BaH METO
CpaBHEHHUS HYKJICOTUIHBIX MocienoBarenbHocTeit obmactu ITS1 u ITS2, konupyromero rer 18S
pPHK u BHyTpeHHuX chelicepoB-TpaHckpunTopoB. IlocienoBarenbHOCTH, MOIYYEHHbIE IPH
CEKBEHUPOBAHUU TOCIEAOBAaTeIbHOCTH TeHOB, komupyromux 18S pPHK, u ¢parmenra JITHK
obmactu ITS1 u ITS2 BHyTpeHHUX clieiicepOB-TPaHCKPUIITOPOB, IPUBECHBI B TadmuIle 1.

Tabmuua 1- [TocnenoBaTenbHOCTh T€HOB, OJTYYEHHBIX IPU ceKBeHUpoBanuu gparmenta JHK

Koaupyempbiii

ren HYKJ'ICOTI/IZ[HEIH IOCICA0BaTCIIbHOCTD

1 2

GKSGRRGGGAAWCAWAGGTATAAGCACTTTGTACTGTGAAACTGCGAATG
GCTCATTAAATCAGTTATCGTTTATTTGATAGTACCCTACTACATGGATACC
TGTGGTAATTCTAGAGCTAATACATGCGCAAAACCCCGACTTCGGAAGGG
GTGTATTTATTAGATAAAAAACCAATGCCCTTCGGGGCTCCTTGGTGATTC
ATAATAACTTAACGAATCGCATGGCCTTGCGCCGGCGATGGTTCATTCAAA
TTTCTGCCCTATCAACTTTCGATGGTAGGATAGTGGCCTACCATGGTGGCA
ACGGGTAACGGGGAATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAAC
GGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCCGA
TCCGGGGAGGTAGTGACAATAAATACTGATATAGGGCTCTTTTGGGTCTTA
TAATTGGAATGAGTACAATCTAAATCTCTTAACGAGGAACAATTGGAGGG
CAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATATTA
AAGTTGTTGCAGTTAAAAAGCTCGTAGTTGAACCTTGGGCCCGTCCTGCCG
GTCCGCCTCACCGCGAGTACTGGTCCGGATGGGTCTTTCTTTCTGGGGAAT
CCCATGGCCTTCACTGGCTGTGGCGGGGAACCAGGACTTTTACTGTGAAAA
AAATTAGAGTGTTCAAAGCAGGCCTTTGCTCGGATACATTAGCATGGAATA
ATAAAATAGGACGTGTGGTTCTATTTTGTTGGTTTCTAGGACCGCCGYAAY
GATTAATARGATAGTCGGGGGCGTCAGTATCAGCTGTCAGAGGTGAAATTC
TTGGATTTGCTGAAACTAAYTACTGMCGAAAGCATTCGCCAAGAKGTTTTC
ATTATCAGGAAYKGAAGTTAGGGGGATTSAAGAAARCGAKCTSGKAATWG
CAST

18S pPHK
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IIpogomkenne Tabnuusl 1

1 2

GGGATGGTATCTCGTCTTATTGATATGCGCAGGTTCACCTACGGCAAKCMK
GGSGGYCTAGAKGGAAGACCAGCGCCSACCGAATCCCTCCCGAGCGGGTG
ACAGAGCCCCATACGCTCGAGGACCCGACGCGGCGCCGCCACTGCTTTTGG
GGCGTGTCCCCGGGGGGACAGCACCCAACACCCAGCCGTGCTGGAGGGCA
GAAATGACGCTCGGACAGGCATGCCCCCCGGAATGCCAGGGGGCGCAATG
TGCGTTCAAAGATTCGATGATTCACGGAATTCTGCAATTCACATTACTTATC
GCATTTCGCTGCGTTCTTCATCGATGCCGGAACCAAGAGATCCGTTGTTGA
AAGTTTTAATGATTTAAAATCTCACTCAGACTCACTGTTCAGGCAGGGTTCT
AGGGTGCTTCGGCGGGCGCGGGCCCGGGGGCAGAAGCCCCCCGGCGACCG
GGGCCAGGCCCCAGTGGGCCCGCCGAGGCAACGCGGTAACAGTAAACACG
GGTGGGAGGTTGGGCTCGTTCGAACCCGCACTCGGTAATGATCCTTCCGCA
GGTTCACCTACGGAAG

5,88 pPHK

CCCCGTGGCAACGCCACACSTACTGTGTGTCATCGGCTASAGCTTARATTTG
AAATCCGGCTCCTTCGGGGCCCCACTTGKMATTTGGAGAGGATGCTTCGGG
CGTGGCCCCTATCTAAGTGCCCTGGARCGGGCCGYCWTAGAGGGTGAGAA

TCCCGTCTGGGATGGGTGGTCCCGCCCGTGTGAAGCTCCTTCGAAGAGTCG

AGTTGTTTGGGAATGCAGCTCTAAGAGGGTGGTAAATTTCATCTAAAGCTA
AATATTGGCCGGAGACCGATAGCGCACAAGTAGAGTGATCGAAAGATGAA
AAGCACTTTGAAAAGAGAGTTAAACAGCACGTGAAATTGTTGAAAGGGAA
GCATTGGCAACCAGACTTGCTGGGGGAGGCTCAGCCGGCACGTGTGCCGGT
GCACTCCTCCCCGGCAGGCCAGCGTCGGTTTGGGCGGTCGGTCAAAGGCCC
TGGGAATGTAGCACCCTTCGGGGTGCCTTATAGCCCGGGGTGCCATGCGAC
CTGCCCGGACCGAGGAACGCGCTTCGGCTCGGACGCTGGCGTAATGGTTGT

CAATGGCCCGTCTTGAAACACGGACC

26S pPHK,

AHanM3  CXOJACTBa  HYKJICOTUIHBIX  IOCJIEIOBATENbHOCTEW TEHa, KOIUPYIOLIETO
UCCIIENYEMBIN mTaMM 18s pAHK, IIPOBOIUJIICS cepBEPOM BLAST
[http://www.ncbi.nlm.nih.gov/blast].

[lepBoHauanbHblii cKpUHUHT 0a3bl JaHHBIX GenBank mokasan, uyTo mccinemxyemslil mTamMm
NPUHAMICKAT K CIeAylolield cuctemarndeckoit rpymme: Eukaryota; Fungi; Dikarya;
Ascomycota; Pezizomycotina; Eurotiomycetidae; Eurotiales; Trichocomaceae; Talaromyces.

[IITamMbl, yyacTBYyIOIIME B aHAJIM3€E, M YPOBEHb cxocTBa 18S nocnenoarensHocteit p/IHK
HCCICAYCMOTI'0 IITaMMa IMOKAa3aHbI B TaGHI/II_[e 2.

Tabnuua 2 - CxoncTBoO nocieaoBaTeabHOCTEH, Koaupytomux goMed D1/D2 rena 26s pPHK

IIpouenT
Omncanne [ToxpeiTHE COBIIa- O6pa3ert
NEeHUH
1 2 3 4
Penicillium variabile strain DAOM 216318 18S ribosomal 0 0
RNA (SSU) gene, partial sequence 95% 98% IN938974.1
Penicillium rugulosum strain DAOM 216317 18S ribosomal 0 0
RNA (SSU) gene, partial sequence 95% 98% IN938973.1
Penicillium sp. 12-02 18S ribosomal RNA gene, partial 95% 98% EU667999 1
sequence
Penicillium phla_llosporum strain KCTC16070 18S ribosomal 95% 98% AF245265.1
RNA gene, partial sequence
Penicillium rugL_JIosum strain KCTC16050 18S ribosomal 95% 98% AF245232 1
RNA gene, partial sequence
Penicillium sp. DsppF10 18S ribosomal RNA gene, partial 94% 98% KT958531 1
sequence
Penicillium phle_llosporum strain KCTC16053 18S ribosomal 95% 98% AF245235 1
RNA gene, partial sequence
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http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_358001609
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_358001609
http://www.ncbi.nlm.nih.gov/nucleotide/358001609?report=genbank&log$=nucltop&blast_rank=2&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_188076256
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_188076256
http://www.ncbi.nlm.nih.gov/nucleotide/188076256?report=genbank&log$=nucltop&blast_rank=3&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27436017
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27436017
http://www.ncbi.nlm.nih.gov/nucleotide/27436017?report=genbank&log$=nucltop&blast_rank=4&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27435984
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27435984
http://www.ncbi.nlm.nih.gov/nucleotide/27435984?report=genbank&log$=nucltop&blast_rank=5&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1005417911
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1005417911
http://www.ncbi.nlm.nih.gov/nucleotide/1005417911?report=genbank&log$=nucltop&blast_rank=6&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27435987
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27435987
http://www.ncbi.nlm.nih.gov/nucleotide/27435987?report=genbank&log$=nucltop&blast_rank=7&RID=MSJ08W0601R
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IIpomomxenne TabauIB! 2

1 2 3 4
Eae:]tligllllsleuqﬂetztr:cium strain KCTC16068 18S ribosomal RNA gene, 950 | 98% |AF245256.1
Penicillium sp. MF555 18S ribosomal RNA gene, partial sequence 94% | 98% |KM096353.1
;reac:zg?@gces rugulosus strain 10.2 18S ribosomal RNA gene, partial 94% | 98% |KE018457 1
Penicillium variabile strain KCTC16056 18S ribosomal RNA gene,
partial sequence
Penicillium sp. KCTC16061 18S ribosomal RNA gene, partial
sequence
Penicillium purpurogenum strain KCTC6785 18S ribosomal RNA
gene, partial sequence
Penicillium crateriforme strain KCTC6784 18S ribosomal RNA gene,
partial sequence
Penicillium purpurogenum strain KCTC4777 18S ribosomal RNA
gene, partial sequence
Pen|C|II|ur_n purpurogenum strain KCTC16055 18S ribosomal RNA 950% | 96% |AF245237 1
gene, partial sequence
Talaromyces viridis gene for 18S rRNA, strain:CBS 114.72 95% | 96% |AB024587.1
Penicillium pinophilum isolate MR-2 18S rDNA partial sequence 92% | 97% |IN222360.1
gene, complete sequence
SP:;L:(ezlr:lcléjm sp. KCTC16067 18S ribosomal RNA gene, partial 950% | 96% |AE2452541
Penicillium sp. 26.21 18S ribosomal RNA gene, partial sequence 94% | 97% |KF018476.1
Eaeptligllllsléjqﬂepr:gé)phllum strain KCTC16057 18S ribosomal RNA gene, 950% | 96% |AF245239 1
Penicillium sp. DsppF9 18S ribosomal RNA gene, partial sequence 88% | 98% |KT958530.1

95% | 97% |AF245238.1

95% | 96% |AF245247.1

95% | 96% |AF245246.1

95% | 96% |AF245228.1

95% | 96% |AF245248.1

Kpureprem oTHeceHUs MUKPOOPTaHU3Ma K TOMY WJIH HHOMY BH]Ty CYMTAETCSI TOMOJIOTHS HE
meree 97% [17]. Meton cpaBHEHHST HYKJIEOTHIHBIX TIOCIIE0BATEILHOCTEH, KOAUPYIOIINX T'eH 5,8
S, Takke UCHONB30BaJCS Ui YCTAHOBJICHUS (UIOTCHETUYECKUX CBS3CH ONMKaMIINX
poncTBeHHBIX  BUAOB.  [locrmengoBarenbHOCTH, — MOJMYy4YEHHbIE  IPU  CEKBEHHPOBAHHUH
1ocJIe0BaTeNbHOCTH TeHoB, koaupytonmx 5,8 S pPHK, u wactu JIHK ob6nactu ITSIu ITS2
BHYTPEHHHUX CIICHCEPOB-TPAHCKPHUIITOPOB, IpUBeAeHbI B Tabwmie 3 [18, 19].

[IItaMMBI, ydYacTBYIONIME B aHAJIMW3€, U YPOBEHb CXOJICTBA MOCIEIOBATEIHLHOCTEH,
koaupyromux qomed D1/D2 rena 26s pPHK uccnenyemoro mramma, mokazansl B Ta0imiie 3.

Tabmuia 3 - CXoaCcTBO mocienoBaTelbHOCTEH, Koaupyromux gomer D1/D2 rena 26s pPHK

Ornucanne IToxp | Ommca | IlokpeiTHE
BITUC HUC
1 2 3 4
Penicillium variabile strain KUC1476 18S ribosomal RNA gene,
partial sequence; internal transcribed spacer 1, 5.8S ribosomal RNA HM469398.
. . . 94% 98%
gene, and internal transcribed spacer 2, complete sequence; and 28S 1

ribosomal RNA gene, partial sequence
Penicillium variabile strain DAOM 216318 28S ribosomal RNA
(LSU) gene, partial sequence

94% 97% | JIN938936.1

Fungal endophyte isolate ABS-95-R2-b 28S ribosomal RNA gene, 89% 95% KM657064.

partial sequence 1

Fungal endophyte voucher AR1Z:DMO0050 18S ribosomal RNA gene,

partial sequence; internal transcribed spacer 1, 5.8S ribosomal RNA KF673601.
. . . 83% 97%

gene, and internal transcribed spacer 2, complete sequence; and 28S 1

ribosomal RNA gene, partial sequence
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http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27436008
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27436008
http://www.ncbi.nlm.nih.gov/nucleotide/27436008?report=genbank&log$=nucltop&blast_rank=8&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_780956716
http://www.ncbi.nlm.nih.gov/nucleotide/780956716?report=genbank&log$=nucltop&blast_rank=9&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_551533955
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_551533955
http://www.ncbi.nlm.nih.gov/nucleotide/551533955?report=genbank&log$=nucltop&blast_rank=10&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27435990
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27435990
http://www.ncbi.nlm.nih.gov/nucleotide/27435990?report=genbank&log$=nucltop&blast_rank=11&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27435999
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27435999
http://www.ncbi.nlm.nih.gov/nucleotide/27435999?report=genbank&log$=nucltop&blast_rank=79&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27435998
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27435998
http://www.ncbi.nlm.nih.gov/nucleotide/27435998?report=genbank&log$=nucltop&blast_rank=80&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27435980
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27435980
http://www.ncbi.nlm.nih.gov/nucleotide/27435980?report=genbank&log$=nucltop&blast_rank=81&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27436000
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27436000
http://www.ncbi.nlm.nih.gov/nucleotide/27436000?report=genbank&log$=nucltop&blast_rank=82&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27435989
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27435989
http://www.ncbi.nlm.nih.gov/nucleotide/27435989?report=genbank&log$=nucltop&blast_rank=83&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_12697553
http://www.ncbi.nlm.nih.gov/nucleotide/12697553?report=genbank&log$=nucltop&blast_rank=84&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_389595798
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_389595798
http://www.ncbi.nlm.nih.gov/nucleotide/389595798?report=genbank&log$=nucltop&blast_rank=85&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27436006
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27436006
http://www.ncbi.nlm.nih.gov/nucleotide/27436006?report=genbank&log$=nucltop&blast_rank=87&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_551533974
http://www.ncbi.nlm.nih.gov/nucleotide/551533974?report=genbank&log$=nucltop&blast_rank=88&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27435991
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_27435991
http://www.ncbi.nlm.nih.gov/nucleotide/27435991?report=genbank&log$=nucltop&blast_rank=89&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1005417910
http://www.ncbi.nlm.nih.gov/nucleotide/1005417910?report=genbank&log$=nucltop&blast_rank=90&RID=MSJ08W0601R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_326579920
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_326579920
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_326579920
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_326579920
http://www.ncbi.nlm.nih.gov/nucleotide/326579920?report=genbank&log$=nucltop&blast_rank=1&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/326579920?report=genbank&log$=nucltop&blast_rank=1&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_358001213
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_358001213
http://www.ncbi.nlm.nih.gov/nucleotide/358001213?report=genbank&log$=nucltop&blast_rank=2&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_734850620
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_734850620
http://www.ncbi.nlm.nih.gov/nucleotide/734850620?report=genbank&log$=nucltop&blast_rank=14&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/734850620?report=genbank&log$=nucltop&blast_rank=14&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_555636116
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_555636116
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_555636116
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_555636116
http://www.ncbi.nlm.nih.gov/nucleotide/555636116?report=genbank&log$=nucltop&blast_rank=15&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/555636116?report=genbank&log$=nucltop&blast_rank=15&RID=MSJSPWE201R
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1 2 3 4
Fungal endophyte voucher AR1Z:DM0028 18S ribosomal RNA gene,
partial sequence; internal transcribed spacer 1, 5.8S ribosomal RNA 83% 97% KF673579.
gene, and internal transcribed spacer 2, complete sequence; and 28S 1
ribosomal RNA gene, partial sequence
Penicillium variabile strain NRRL 58760 internal transcribed spacer
1, partial sequence; 5.8S ribosomal RNA gene and internal 83% 97% HQ698594.
transcribed spacer 2, complete sequence; and 28S ribosomal RNA 1
gene, partial sequence
Penicillium variabile strain NRRL 6419 internal transcribed spacer 1,
partial sequence; 5.8S ribosomal RNA gene and internal transcribed 84% 96% HQ288049.
spacer 2, complete sequence; and 28S ribosomal RNA gene, partial 1
sequence
Fungal endophyte voucher ARIZ:DMO0175 18S ribosomal RNA gene,
partial sequence; internal transcribed spacer 1, 5.8S ribosomal RNA 82% 97% KF673712.
gene, and internal transcribed spacer 2, complete sequence; and 28S 1
ribosomal RNA gene, partial sequence
Talaromyces rotundus large subunit ribosomal RNA gene, partial 87% 95% AF285116.
sequence 1
Fungal endophyte voucher AR1Z:DM0130 18S ribosomal RNA gene,
partial sequence; internal transcribed spacer 1, 5.8S ribosomal RNA 81% 97% KF673664.
gene, and internal transcribed spacer 2, complete sequence; and 28S 1
ribosomal RNA gene, partial sequence
Penicillium sp. NRRL 35203 18S ribosomal RNA gene, partial
sequence; internal transcribed spacer 1, 5.8S ribosomal RNA gene, 91% 93% EF634390.
and internal transcribed spacer 2, complete sequence; and 28S 1
ribosomal RNA gene, partial sequence
Penicillium resedanum strain NRRL 578 internal transcribed spacer AF033398
1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, 91% 93% 1 '
complete sequence; and 28S ribosomal RNA gene, partial sequence
Penicillium marneffei gene for large subunit rRNA, partial sequence, 94% 90% AB363755.
strain: IFM 41708 1
Fungal sp. F260 internal transcribed spacer 1, partial sequence; 5.8S
ribosomal RNA gene and internal transcribed spacer 2, complete 82% 93% | JQ747696.1
sequence; and 28S ribosomal RNA gene, partial sequence
Penicillium marneffei gene for large subunit ribosomal RNA, partial 94% 90% AB219804.
sequence 1
Penicillium sp. HSDO7B 28S ribosomal RNA gene, partial sequence 94% 90% HM3i7083'
Penicillium verruculosum 18S ribosomal RNA gene, internal
transcribed spacer 1, 5.8S ribosomal RNA gene and internal 94% 90% AF510496.
transcribed spacer 2, complete sequence; and 28S ribosomal RNA 1
gene, partial sequence
Rasamsonia sp. CCF 5289 genomic DNA sequence contains I1TS1, 94% 90% LT548281.
5.8S rRNA gene, ITS2, 28S rRNA gene, strain CCF 5289 1
Penicillium cf. resedanum MU-52 isolate 52 28S ribosomal RNA 84% 93% EF100952.
gene, partial sequence 0 0 1
Penicillium oblatum gene for 28S rRNA, partial sequence, strain:IFO 94% 90% AB047230.
33091 1
Paecilomyces pascuus gene for 28S rRNA, partial sequence, strain: 94% 90% AB047229.
IFO 33090 1
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http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_555636094
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_555636094
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_555636094
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_555636094
http://www.ncbi.nlm.nih.gov/nucleotide/555636094?report=genbank&log$=nucltop&blast_rank=16&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/555636094?report=genbank&log$=nucltop&blast_rank=16&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_321172822
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_321172822
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_321172822
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_321172822
http://www.ncbi.nlm.nih.gov/nucleotide/321172822?report=genbank&log$=nucltop&blast_rank=17&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/321172822?report=genbank&log$=nucltop&blast_rank=17&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_311235642
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_311235642
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_311235642
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_311235642
http://www.ncbi.nlm.nih.gov/nucleotide/311235642?report=genbank&log$=nucltop&blast_rank=18&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/311235642?report=genbank&log$=nucltop&blast_rank=18&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_555636227
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_555636227
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_555636227
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_555636227
http://www.ncbi.nlm.nih.gov/nucleotide/555636227?report=genbank&log$=nucltop&blast_rank=19&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/555636227?report=genbank&log$=nucltop&blast_rank=19&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_12382266
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_12382266
http://www.ncbi.nlm.nih.gov/nucleotide/12382266?report=genbank&log$=nucltop&blast_rank=20&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/12382266?report=genbank&log$=nucltop&blast_rank=20&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_555636179
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_555636179
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_555636179
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_555636179
http://www.ncbi.nlm.nih.gov/nucleotide/555636179?report=genbank&log$=nucltop&blast_rank=21&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/555636179?report=genbank&log$=nucltop&blast_rank=21&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_156891074
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_156891074
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_156891074
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_156891074
http://www.ncbi.nlm.nih.gov/nucleotide/156891074?report=genbank&log$=nucltop&blast_rank=22&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/156891074?report=genbank&log$=nucltop&blast_rank=22&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_2668638
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_2668638
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_2668638
http://www.ncbi.nlm.nih.gov/nucleotide/2668638?report=genbank&log$=nucltop&blast_rank=23&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/2668638?report=genbank&log$=nucltop&blast_rank=23&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_158149021
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_158149021
http://www.ncbi.nlm.nih.gov/nucleotide/158149021?report=genbank&log$=nucltop&blast_rank=45&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/158149021?report=genbank&log$=nucltop&blast_rank=45&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_478475972
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_478475972
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_478475972
http://www.ncbi.nlm.nih.gov/nucleotide/478475972?report=genbank&log$=nucltop&blast_rank=46&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_110082322
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_110082322
http://www.ncbi.nlm.nih.gov/nucleotide/110082322?report=genbank&log$=nucltop&blast_rank=47&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/110082322?report=genbank&log$=nucltop&blast_rank=47&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_308084107
http://www.ncbi.nlm.nih.gov/nucleotide/308084107?report=genbank&log$=nucltop&blast_rank=48&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/308084107?report=genbank&log$=nucltop&blast_rank=48&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_21239409
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_21239409
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_21239409
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_21239409
http://www.ncbi.nlm.nih.gov/nucleotide/21239409?report=genbank&log$=nucltop&blast_rank=49&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/21239409?report=genbank&log$=nucltop&blast_rank=49&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1026683305
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1026683305
http://www.ncbi.nlm.nih.gov/nucleotide/1026683305?report=genbank&log$=nucltop&blast_rank=50&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/1026683305?report=genbank&log$=nucltop&blast_rank=50&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_118583195
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_118583195
http://www.ncbi.nlm.nih.gov/nucleotide/118583195?report=genbank&log$=nucltop&blast_rank=51&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/118583195?report=genbank&log$=nucltop&blast_rank=51&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_13537236
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_13537236
http://www.ncbi.nlm.nih.gov/nucleotide/13537236?report=genbank&log$=nucltop&blast_rank=52&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/13537236?report=genbank&log$=nucltop&blast_rank=52&RID=MSJSPWE201R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_13537235
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_13537235
http://www.ncbi.nlm.nih.gov/nucleotide/13537235?report=genbank&log$=nucltop&blast_rank=53&RID=MSJSPWE201R
http://www.ncbi.nlm.nih.gov/nucleotide/13537235?report=genbank&log$=nucltop&blast_rank=53&RID=MSJSPWE201R
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QDUIIOreHETUYECKUI aHAJIU3 POJICTBA, IPOBEACHHBIM C MCIOJB30BAHUEM IMITAMMOB
OJIM3KOPOJICTBEHHBIX ~MHKPOOPTAaHM3MOB, IIOKa3aja, dYTO Haumbojee OJM3KUM BHUAOM K
uccienayemMomy mrammy sisisiercst Talaromyces variabilis (Penicillium variabile).

Pe3yabTaThl M 00Cy:KIeHHE

Iupoko pacnpocTpaHeHHBIH TpuOKoBBIE maroren Penicillium variabile, mopaxarommii
MHOTHE CEeJIbCKOXO3IUCTBEHHBIE KYIbTYphl, OCOOEHHO MPU XPAHEHUU UX BMECTE C CEMEHHBIM
MaTepHuaioM, MPUBOJIUT K 3HAUUTETBHOM MOTEpe BCX010B. [Ipu nmoBpexAeHIH TyKOBHI] TIOJIbITAHA
MULIeTUd Tprba OO0BIYHO 00pa3zyercs Ha TOBEPXHOCTH COMPUKOCHOBEHHS, HO TIOCTEIICHHO
pacrpocTpaHseTcsi Ha BCE TKAHM pACTEHHUsA. YCTAaHOBJICHO IIOJIHOE pa3pyLIEHUE OpraHoOB
pacTeHus U3-3a MUKOTOKCHHOB, BBIJIEJIIEMbIX IpUOamMHu.

[To mopdomornyeckuM XapaKTepUCTHKAM M MOJICKYISPHBIM  HCCIIEJOBaHHUSIM Tpuoa,
MOpaXKaroIIero TIOJbIIAHbl, OMpeeNieH THM u3oisaTa. Mopdonoruueckoe MccieqoBaHUE POCTa
kosouuii B KJIA u pe3ynbTaThl HIBETOBOTO U MUKPOCKOITMYECKOTO aHATN30B MO3BOJIMIINA POBECTU
BUJIOBYIO WIEHTHU(DHUIMKAIIAIO TPUOAa.

N3BecTHO, 4TO ISt UASHTU(UKAIIMK BUAA MUKPOOPTaHU3Ma HEJOCTATOYHO HCIIOJIb30BaTh
TOJIbKO Mopdoiornyeckue mpusHakd. [[ns TouHoro ompezaeneHus Bujpa rpuda HEOOXOAMMO
npumenenue [ILP-meroma. s onpeneneHust (UIOrEHETUYECKOTO POJCTBA MOXO0XKHUX BHIIOB
HCTIOJIb30BAJICSA METOJ] CPAaBHEHUS HYKJICOTHAHBIX nocnenoBaTenbHocTen 18S pPHK, 5,8 S pPHK,
26s pPHK kogupyromero resHa M BHYTPEHHHMX cheiicepoB-Tpanckpunropos [TS1u ITS2.
OuIoreHeTHYeCKuil aHaau3 PoJACTBA MOKa3all, 4To Hanbosee OJU3KUM BHUJIOM K MCCIEAYEMOMY
mrammy siisiercst Talaromyces variabilis (Penicillium variabile).

DUHAHCHPOBaHUE
Hannoe wuccnenoBanue ¢uHancupyercss Komurerom Hayku MuHHCTEPCTBA HAyKH |
BhICIIEr0 0oOpa3oBanus Pecriyonmku Kazaxcran (I'pant Ne AP14870298).
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Abstract
The growth activity of oil oxidizing microorganism strains in the oil-contaminated areas and the
efficiency of oil decomposition were studied. During the experiment, a microbial consortium was formed
using selected strains of microorganisms which were then immobilized in sorbents made of carbonized
shungite and rice husks. A biosorbent based on a consortium of microorganisms, Pseudomonas poae TM1,
and Pseudomonas migulae TM2, along with carbonized shungite and rice husks, has shown promising
results in the bioremediation of oil-contaminated areas.

Keywords: sorbent, oil-oxidizing microorganisms, consortium, biosorbent.

Currently, Kazakhstan is one of the largest oil producing countries. In Kazakhstan, soil
pollution with oil and oil products is a big problem. In terms of negative impact on the
environment, oil production occupies one of the leading positions among the sectors of the fuel
and energy complex, which is due to the large-scale production and the eclipse of oil in the country.
Its discharge into the environment leads to the destruction of the life of many organisms, as well
as changes and degradation of ecosystems. Currently, microbiological methods are used to combat
oil and oil products. Soil microorganisms play a major role in the process of detoxifying chemicals.
The ability of microorganisms to break down oil is associated with a large number of biochemical
reactions carried out by them and a high level of their adaptation. Pollution with oil and oil
products has a very negative effect on the soil, reducing the quality and productivity of the land.
Contaminated soil becomes toxic to plants, animals and humans, and in some cases can cause
serious poisoning and death.

Because of environmental disasters associated with accidents in deposits where mining
occurs, soil pores become clogged, making it hydrophobic and usually leading to a decrease in
water storage capacity. Oil and oil product spills are possible through the direct production,
transportation, processing and use of hydrocarbons. When entering the environment, oil or
petroleum products negatively affect the ecosystem, while significantly changing the pH level and
the degree of aeration of the soil [1].

Among the measures taken in order to protect the environment from oil pollution, one of the
most promising and environmentally safe methods is the method of soil bioremediation, which is
based on the ability of some microorganisms to destroy oil and oil products. The ability of
microorganisms to convert or decompose oil hydrocarbons is known and allows them to be used
for bioremediation of contaminated areas [2].

Bioremediation is one of the most promising methods for cleaning oil-contaminated soil. It
is based on the ability of microorganisms and other living organisms to break down and destroy
various hydrocarbons. In the natural environment, there is no waste, biodegradation occurs
continuously, and everywhere; any organic matter can provide nutrients to the entire complex of
microorganisms and eventually Mineralize organic matter to form carbon dioxide and water.

It is known that carbon materials and composites containing some mineral and plant
materials are promising in the use of microbial cells as carriers. Such carrier sorbents are capable
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of high chemical resistance, mechanical strength, ion exchange properties, sufficient permeability
to water and other substrates, biocompatibility and processing [1].

The distinctive properties of the main carrier sorbents are that they are made from cheap and
affordable pyrolysis products of plant residues from agriculture and woodworking, as well as
zeolites enriched with trace elements and some other examples of natural aluminosilicates and
oxides. Immobilized microorganisms, along with free cells, have several advantages, so high
bioremediation efficiency can be achieved by using immobilized microorganism cells in cleaning
contaminated ecosystems [3].

Increasing the effectiveness of biological products can be achieved with immobilized
destructor cells in various carriers. This is because the adhesion of cells to hard surfaces ensures a
high concentration of microbial cells in the zone of action, prevents their leaching, protects against
the effects of high concentrations of toxic oil components, and allows you to increase the specific
destructive activity of microflora [4].

The purpose of this article is to compare the ability of Pseudomonas poae TM1 and
Pseudomonas migulae TM2 to a consortium of microorganisms and a biosorbent based on
carbonized shungite and rice husk and a sorbent based on carbonized shungite and rice husk to
bioremediate oil-contaminated areas.

Materials and methods of research

Determination of the number of different groups of microorganisms

To identify pollutant-resistant physiological groups, the number of different groups of soil
microorganisms was determined, and the microbiological composition of soil microflora in areas
adjacent to warehouses was compared using the sequential dilution method of soil suspension in
dense culture media. The number of cells was determined using the Koch method, which involves
seeding a specific volume of the studied microorganism suspension into petri dishes containing a
dense medium. The colonies that grew after incubation were then counted. Sowing was performed
in petri dishes in an agaric medium. Meat-peptone agar (MPA) was used to determine the total
number of microorganisms, wort agar (WA) to assess the content of fungi in the soil, and specific
culture media were employed to determine the number of different physiological groups of
microorganisms. Molds were considered using the agaric medium of Czapek dox, ammonizing
bacteria in agar based on fishmeal hydrolysate, nitrogen-fixing bacteria in the Ashby medium, and
aerobic cellulolytic bacteria in the dense growing medium of Hutchinson and Clayton.

Cultivation of crops at a temperature of 28-30°C in the thermostat was carried out for 2 days
to isolate heterotrophic bacteria, actinomycetes, nitrogen-fixing and mold fungi were isolated for
5-7 days and cellulolytic bacteria for 7-9 days. After crop incubation, a quantitative calculation of
the colonies that grew was carried out and the number of colony-forming units (CFU) in 1 g of
soil was determined.

Methods for isolating pure strains from soil samples

Obtaining pure strains was carried out by mechanical separation on the surface of a dense
culture medium (Loop annealing method) [5]. Individual colonies were tested for purity by
microscopy and sown in oblique nutrient agar for cultivation.

Methods of studying morphological-cultural, physiological-biochemical properties of
isolated microorganisms

The study of morphological, physiological and biochemical features of bacteria was carried
out according to generally accepted methods. Morphological and cultural properties of pure
cultures of separated microorganisms were studied based on the following features: cell shape and
location, cell size, cell mobility, presence of endospores, staining by Gram, characteristics of a
colony in a solid culture medium, growth pattern in a liquid culture medium, and growth pattern
in an oblique Agar. The physiological and biochemical properties of bacteria and yeast were
determined based on the following features: bacterial reproduction at 42°C, hydrolysis of gelatin,
starch, casein, the presence of catalase and the use of molecular nitrogen, fermentation of various
carbohydrates and alcohols [6].
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Obtaining bio destructors based on immobilized microorganism cells

Sorption cell immobilization was carried out as follows:

100 ml of cell suspension in an isotonic NaCl solution in the presence of carriers at the rate
of 1 g per 100 ml of medium, incubated for 48 hours in an Erlenmeyer flask at room temperature,
shaken at 220 rpm in a laboratory shaker. The carrier with immobilized cells was then washed
with isotonic solution from weakly attached cells and the number of desorbed cells was
determined.

Methods for determining sorption and desorption of cells:

To assess the degree of sorption and desorption of cells, cell concentration in solution was
measured by the optical density of the suspension in standard cuvettes with an optical path length
of 1 cm, a wavelength of 540 Nm using a KFK - 2MPA photocolorimeter, in "sharp” experiments

[7].

A calibration curve was constructed to determine the relationship between cell number and
optical density.

The number of attached cells was calculated based on the difference in the initial and final
values of the optical density of the samples. The proportion of adsorbed cells was determined by
the Nikovskaya method:

% = 100 x 222 (1)

Dpri

where, Deyxp is the optical density of the original suspension
Dpri — optical density of experimental samples.

Cleaning oil from the soil through the Soxlet. The prepared soil loop was placed in a prepared
sleeve 0f 10.00 G and obtained in the Soxlet apparatus by adding 70 ml of chloroform for 8 hours.
After extraction, the volume of the extract was measured with a measuring cylinder. All analyzes
were carried out in two parallels [8].

Preparation of sowing material. To obtain biomass from a consortium of oil destructors,
microorganisms were grown individually in an optimal medium of 10° CFU/ml of liquid with a
cell titer in a thermoshaker (220/min) for 2 days under aeration and at a temperature of 28°C. The
inoculate was transferred from the sowing medium to the optimal nutrient medium. To do this,
100 ml of the nutrient medium was introduced into 500 ml flasks. The strains were grown at a
temperature of 28°C to 101%2 CFU/mI cell titer for 2 days. After 48 hours, the total number of
cells of microorganisms was determined. To obtain the required amount of biomass, the cell
suspension was replaced with the INOBIO-5BG bioreactor.

Results and discussion

Extraction of biomass from the community of destructor strains for bioremediation of oil-
contaminated soils

Bioremediation technologies are being used more widely compared to physical and chemical
recovery methods due to their high efficiency, low cost and harmlessness of products (mainly CO2
and water) [9]. The most important factors for bioremediation are the size and activity of
microorganisms, soil nutrients, and oxygen state. However, oil-contaminated soil usually has a
low number of microbes, low porosity, and nutrients, which limits the decomposition efficiency
of microorganisms in practical applications [10-12].

Natural purification of natural objects from oil pollution is a long process; therefore, the
problem of restoring oil-contaminated soil, in particular bioremediation, becomes especially
relevant. A promising technology for cleaning oil-contaminated soil is considered to be the
introduction into the soil of various complexes of microorganisms that are distinguished by an
increased ability to biodegrade certain hydrocarbon components of oil and oil products [13].
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In this regard, in conditions of complex pollution, the possibility of using destructive
microorganisms capable of growing in an environment with high hydrocarbons and showing active
biochemical activity, capable of biodestructors of these substances, is relevant.

An important condition for the effective transformation of xenobiotics is the absence of
antagonism between destructor organisms. Microorganisms can use organic pollutants as the only
source of carbon, which allows them to break down organic pollutants in the soil [14].

In the course of the work, the INOBIO-5BG bioreactor was used to obtain biomass (Figure
1). Bacterial strains were grown in an optimal liquid medium for 48 hours, the pH of the medium
has a neutral value. In the course of the experiment, the number of viable cells of oil detractors
was determined. The standard serial dilution method was used to determine the number of colony-
forming units (CFU) in the culture suspension.

a) 1 day 0) 2 days
Figure 1- Cultivation of strain-destructors in INOBIO-5BG bioreactor

In Figure 1, in the bioreactor, on the 1% day, the nutrient medium is transparent, on the day
2, there is an active growth of strains and there is a clouding of the environment. Also, during
cultivation, the number of viable cells of microorganisms in the culture fluid was determined after
24 hours and 48 hours (Figure 2).
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Figure 2 — Macro- and micromorphology of oil oxidizing bacteria grown in bioreactor
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As can be seen from Figure 2, the cultures of the oil oxidizing bacteria are pure, with
microscopy revealing cells similar in morphology. The number of homogeneous colonies and
colony-forming units was 2.5x10'° CFU/m.

Testing of sorbents made to clean the soil contaminated with specific oil

The development and improvement of technologies for bioremediation of areas
contaminated with oil hydrocarbons is currently an active area of fundamental and Applied
Research. Crude oil is a mixture of chemicals with hundreds of components. The main difference
between oil produced in different geographical regions is not in the chemical composition, but in
the composition of the individual component; the latter affects the chemical and physical
properties of crude oil. Therefore, microbial associations consisting of two or more strains are now
used in bioremediation, as the introduction of monoculture of hydrocarbon-oxidizing
microorganisms into oil-reduced environment does not completely solve the purification problem
[15].

In the course of the work, the destructive activity of a sorbent based on carbonized shungite
and rice husk, as well as a biosorbent based on microorganisms, was studied in field conditions.
The results of the experiment showed that, to increase the degradation of oil, it can be said that the
use of mixed cultures consisting of several microorganisms and methods of immobilizing them on
carriers are effective.

In the work, oil oxidizing microorganisms were combined into a new consortium on the
principle of compatibility with each other. In these consortia, the destructive strains Pseudomonas
poae TM1 and Pseudomonas migulae TM2 are used.

At the beginning of the experiments, oil-contaminated soil was prepared from a waste
landfill near the village of Bayandy. The test site is located 35 km from the city of Aktau. The
landfill is designed to store oil waste imported from oil fields engaged in oil production and
refining. The plants are small, represented by Wormwood and sand male. The climate is
moderately dry, the wind speed is 0.7 m/s, the air temperature during the period of cleaning
measures was from 32°C to 35°C. at the beginning of the experiments, plots were prepared, the
area of the site (3x3.5) is 10.5 m?. The next step was the introduction of a sorbent and biosorbent
based on carbonized shungite and rice husk (1:1.7); strains of oil-oxidizing microorganisms into
oil-contaminated soil. After applying a biosorbent based on sorbent and oil destructors, the soil
was moistened and loosened. To account for microorganisms in the soil, generally accepted
methods used in microbiology were used.

Figure 3- Oil-contaminated soil of the landfill near the village of Bayandy

In Figure 3, it can be seen that the soil of the landfill is visually oily and has a pungent smell
of petroleum products. The initial level of contamination with oil hydrocarbons was 158.2 g/kg of
soil. After 10, 30, 60 days, soil samples were taken from the experimental site to determine the
survival rate of microorganisms and determine their number. The degree of oil purification of the
soil was also determined.
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Biosorbent Sorbent

Figure 4- Microbial diversity of the oil-contaminated soil of the landfill

On the 10th, 30th and 60th day with the introduction of a biosorbent and sorbent based on
destructors, morphological colonies similar to the introduced strains were identified on oil-
contaminated soil. When introduced into the soil, it was found that the cells of oil oxidizing
bacteria retained their viability during the experiment (Figure 3-4).
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Figure 5 - Morphology of strain-destructors immobilized in sorbent

During the microscopy, rod-shaped, small cells were detected, characteristic of
Pseudomonas in morphological features. Further in the work, the number of microorganisms in
oil-contaminated soil from the experimental site of the landfill was studied (Table 1).

Dynamics of growth of microorganisms
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Figure 6 - The number of microorganisms in the oil-contaminated soil of the experimental site of the
landfill
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As can be seen from the figure, the number of microorganisms in the samples of the control
soil was 4.1x10%° CFU/g. On oil-contaminated soil of the experimental site of the landfill the
number of colony-forming units of microorganisms for the 10th day was 3.1x10° CFU/g in the
version with the introduction of biosorbent, 2.6 x10° CFU/g in the version with the introduction
of sorbent.

On the 30th and 60th days of a field experiment on soils contaminated with oil and petroleum
products, microorganisms show a tendency to increase in numbers and their viability remains. So,
on the soils where the biosorbent was introduced, by the 60th day, the number of microorganisms
reached 7.5 x10'! CFU/g and the sorbent reached 5.5 x10'° CFU/g. When determining the number
of microorganisms, the titer of viable cells will be much lower than when introducing culture into
the soil at the beginning of the experiment. This indicates that oil maintains the viability and
quantitative indicators of destructor cells, since for them oil and petroleum products are the only
sources of carbon. The diversity of microorganisms capable of destroying oil and petroleum
products is due to high competition and numerous ways of degradation of their various fractions.
Microorganisms have the property of selective access to various hydrocarbons.

The work investigated the degree of soil purification from oil and oil products at the
experimental site using a sorbent based on shungite and rice husk and a biosorbent based on oil
destructors. The content of petroleum products in the soil was determined by the weight method
after removing hydrocarbons from the soil suspension with hot hexane in the Soxlet apparatus.
Figure 6 shows data on the amount of oil in oil-contaminated soil after purification with the
introduction of a sorbent and a biosorbent.

The amount of oil in the soil
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Figure 6 - Petroleum content in oil-contaminated soil after purification

After the introduction of the sorbent and biosorbent into the oil-contaminated soil of the
landfill, soil samples were taken at 10, 30 and 60 days. In soil samples where biosorbent was
introduced, oil degradation was 27.2% in 10 days, 60.1% in 30 days, and 67.7% in 60 days. In
samples in which the sorbent was administered, oil degradation was 23.4% at 10 days, 58.8% at
30 days, and 60.7% at 60 days. Thus, as a result of the work, the oil content in the oil - contaminated
soil of the landfill decreased from 23.4% to 67.7%.

Conclusion

In general, field tests carried out on specific oil-contaminated soils have shown the effective
removal of oil hydrocarbons by a consortium of destructive strains based on immobilized crops
and a carbonized rice husk and shungite-based sorbent. The results of the study of the destructive
activity of biosorbent in field experiments showed that the oil content in the soil of the landfill
with the addition of oil-contaminated sorbent and biosorbent decreased to 60.7% and 67.7%,
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respectively. The results of preliminary scientific research will allow us to develop a technology
for the treatment of oil and oil waste. The obtained results are of practical importance for cleaning
oil-containing objects in the environment.
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AHHOTALUSA

WzyueHa  aKTUBHOCTH  pocTa  IUTAMMOB  HE()TEOKUCIAIOUIMX  MHUKPOOPTaHM3MOB B
HeTe3arpsA3HEHHON 30He M aKTHUBHOCTH pa3jiokeHus HepTu. B xome skcrmepumeHTa ObUIM CO3JaHBI
MHKpPOOHBIC aCCOTMAIIIH M3 OTOOPAHHBIX MMTaMMOB MUKPOOPTAaHIM3MOB M HMMOOMIN30BaHbI HA COPOCHTHI
13 KapOOHH3MPOBAHHBIX IIIYHTUTOBBIX M PHCOBBIX IIENTyX. BHOCOpPOEHT Ha OCHOBE KOHCOPIIMyMa
MuKpoopranu3MoB Pseudomonas poae TM1 u Pseudomonas migulae TM2 u kapOOHM3HPOBaHHOTO
IIyHTHTa W PHCOBOM IIENyXW I[IOKa3ajJ MHOTrooOemamee NIpUMEeHeHHe TMpH OuopeMeananun
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Tyidin

MyHail TOTBIKTBIPYIIBI MHKPOOPTaHW3M IITaMJApbIHBIH MYHAiMEH JiacTaHFaH aiMaKTa ecy
OeIJICeH/IUTIT] XoHEe MYHANIBI BIABIPATY OeJICEHAUTITI 3epTTeiai. ToxipuOe OapbIChIHIa TAHIAIBIN aJTbIHFaH
MUKPOOPTaHHU3M IITaMJIapbIHAH MUKPOOTHIK KOHCOPIIMYM KYPaCTHIPBUIBII KOMIPTEKTEHAIPIITeH ITYHTUT
JKOHE KYPIIll KaybI3JaphIHaH JKacalFaH cCopOeHTTepre MMMOOIH3aIHs skacanasl. Pseudomonas poae TM1
xoHe Pseudomonas migulae TM2 MuKpoopraHu3Maep KOHCOPLUYMBbIHA JKOHE KOMipTEKTEHAIpiIreH
IIYHTUT TIEH Kypilll KaybI3blHA HETI3AENTeH OWOCOpOCHT MYHAaWMEH JlaCTaHFaH aWMaKTapIIbl
OmopeMenuanusay/a IePCIeKTHBTI EKSHIITIH KOPCETTI.

KinrTi ce3nep: copOeHT, MyHaH-TOTBIKTBIPYIIIBI MUKPOOPTaHU3M/IEDP, KOHCOPIIUYM, OMOCOPOCHT.

Kazipri Tagma Kazakcran ipi MyHait eHaipymn enaepaid KatapsiHa Kipeai. Kazakcran yunia
TOTIBIPAKTHIH MYHAIMEH jKoHE MyHall @HIMJEpIMEH JacTaHybl YIKEH Macese OoJbIn TaObu1aIbl.
Kopmaran oprara Tepic ocep erTy OoibIHIIA MyHall OHAIPY OTBIH-dHEPreTUKa KeIeHl
cajlaJlapbIHBIH apachblH/la JKETEKIIl OpbIHIApAbIH OipiH amansl, Oy MyHalIbIH eniMi3lie KeH
KOJIEMIHJIE OHJIPIIyIHE >XOHE TYThbUTybIHA OailymaHbICThl. OHBIH KOpIIaFaH opTaFa Terityi
KONTEreH OpraHu3MACPAiH TIPUIUIITiHIH )KOMBUTYBIHA, 9KOKYHEHIH e3repyi MeH JerpagaluschiHa
okeminm cofanmel. Kazipri ke3me MyHal JKoHE MYHal OHIMIEpPIMEH Kypecy JKOJbIHJIA
MHUKPOOHOJIOTUSUIIBIK 9ICTEP KOJIJaHbUIA . XUMUSUIBIK 3aTTap bl JeTOKCUKAIUSIIAY POLIECiHAe
TOIIBIPAK MUKPOOPTaHU3M/IEP YIIKEH PoJl aTKapasl. MUKpOOpraHU3MAEPiH MYHAH B! BIABIPATY
KabineTi ojap OKyprizeTiH OMOXMMHSUIBIK pEaKUUsIIapAbIH KOMNTITIMEH KOHE OJIapbIH
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OeliiMIenyiHiH JKOFapbl JeHrediMeH OaimaHpICThl. MyHail MeH MyHall eHIMJIEepiMEeH JacTaHy
TONBIPAKKA OTE JKaFBIMCBI3 9Cep €Te/Il, )KEePIiH canackl MEH OHIMIUIITIH ToMeHaeTe . Jlactanran
TOTIBIPAK ©CIMIKTEpTe, XKaHyapiapra jKoHe agaMaapra yiabl 00naabl xKoHe Keilip xarmaiinapaa
aybpIp yJIaHy MEH OJIIMIe oKeJlyl MyMKIiH.

Tay-keH eHHipiCi OpBIH ajaThlH KEH OpBIHAAPBIHIAFBl amarTapMeH OalIaHbICTHI
SKOJIOTHUSUIBIK amaTTapJblH HOTHKECIHIEC TOMBIpaK TECiKTepi OiTenin, oHbl TUAPO(OOTHI eTemi
KOHE 9JIeTTe CyJbl caKkTay KaOijleTiHiH TeMeHAeyiHe okeneai. MyHait MeH MyHail eHIMIEpiHIH
TOTTyl KOMIPCYTEKTEpAl TIKeJIeH OHIIPY, TaChIMAIZIay, OHJLY JKOHE MaiaaiaHy apKbUTbl MYMKIH
6omansl. Kopmiaran oprara eHreH Ke3ze MyHail HeMece MyHail eHiMAepi dKoxyiere Tepic acep
eTell, COHbIMEH Oipre TOmbIpakThiH pH JAeHTell MeH adpaius JopeKeciH alTapiabIKTal e3repTel
[1].

Kopmiaran opraHel MyHaiiMeH JacTaHyJaH KOpFay MakcaTblHIa KaObUIIaHATHIH
[rapajapAblH 1IIHAE €H MEePCHEKTUBTI XKOHE SKOJOTHSUIBIK Kayimncid omicrepaiH Oipi kehOip
MHUKPOOPTaHU3MICP/IIH MyHall MEH MYHail OHIMIEPIH KO0 KaOlJIeTiHEe HET13/IeJTeH TOMBIPAKTHI
Oouopemenuanusiay aiici Oonsin TaObuIanbl. MUKpOOpPraHU3MICPAIH MYHall KOMIpCYTEKTEpiH
TYPJICHIIPY HEMece BIAbIpaTy KalijmeTi Oenrijal >KOHE oJlapAbl JacTaHFaH ayMaKTapbl
OuopeMenuanusIay yiliH naiananyra MyMKIiHIIK Oepeni [2].

buopemenuanusi - MyHalilMeH JacTaHFaH TOMBIPAKTHI Ta3apTyIbIH €H MEPCIEKTHBAIBI
omicrepinin ©6ipi. On MuKpoopraHu3mzaep MeH Oacka Tipi OpraHU3MAEPAIH OpTYpi
KOMIPCYTEKTEpAl BIABIPATy JKOHE KOI0 KabOuleTiHe Heri3fenreH. TaOufu oprama KajaabIKTap
OoIMai b J)KoHe OMoAerpaaanus Y3IIKCi3 xKoHe OapIIbIK )Kep/ie Kypeai; Ke3 KelIreH OpraHuKajIbIK
3aTTap MUKPOOPTraHU3MIEPIiH OYKiJI KEIIeHIH KOPEKTIK 3aTTapMEH KaMTaMachl3 €Te alajbl XKOHE
AKBIPBIH/Ia KOMIPKBIIIKBUT Fa3bl MEH CYy TY3Y YIIH OPraHUKAJBIK 3aTTapAbl MUHEPAJIaHIbIPA/IbI.

Keitbip mMuHepanmbl KOHE OCIMAIK MaTepHaigapbl 0ap KOMIPTEKTI MaTepuaijgap MeEH
KOMIIO3UTTEP MHUKPOOTHIK KJIETKAIapJAbl TachIMaJayllbl PEeTiHIe MaliJaliaHyaa MepCreKTUBTI
eKeHl MoJiM. MyHnal TachIManAaymbl COpPOCHTTEpP JKOFaphl XUMUSIJIBIK TO3IMILUTIKKE,
MeXaHUKaJbIK OEpIKTIKKE, HOH aJMacy KaCUETTEpiHe, CyFa koHe 6acKa cyOcTparTapra KEeTKUTIKTI
OTKI3TIIITIKKE, OMOYHIECIMIUTIKKE KoHE oHIeyre KadimerTi [1].

Heri3ri TaceiManaaymisl coOpOSHTTEPIIH alphIKIIa KaCUeTTepi-oap aybul IapyanlbUIbIFbI
MEH arail oHJACY/IIH 6CIMIIK KaIIBIKTaPbIHBIH ap3aH KOHE KOJ JKETIMJII MUPOJIH3 OHIMICPIHEH,
COHJIali-aK MUKPOIJIEMEHTTEPMEH OalbIThUIFAaH IICOTUTTEPACH JKOHE TaOUFU aIFOMOCHIIHKATTAP
MEH OKCHUITEpAiH KehOip ©Oacka MbIcalgapblHaH JKacaifaH. VMMoOWIM3anusuIanFaH
MHUKpOOpranuzMzep Ooc KiIeTKajJapMeH KaTap OipHelle apThIKIIBUIBIKTapFa W€, COHJBIKTaH
JacTaHFaH JKOXKYHeNepai TazapTyla WMMOOWIN3alUsUIaHFaH MHUKPOOPTaHU3M KIIETKAJIApbIH
KOJIJIaHy apKbUIbl OMOpeMeANaIisIHBIH )KOFaphl THIMIUTITIHE KOJI XKeTKi3yre 6onaasl [3].

buonorusnblk  eHIMAEPIIH THIMAUIITIH —apTTBIpyFa OpPTYpJi  TackIMayiaylibliapaa
UMMOOUIM3AIUSIIAHFaH JIECTPYKTOP KIIETKAIApAbl KOJJaHY apKbUIBI KOJ JKETKi3yre OoJajbl.
Cebe01 KJIeTKaNapJblH KaTThl OeTTepre XKaObICybl MHMKPOOTBHIK KIETKAIAPIABIH JCep €Ty
aliMarbIH/Ia KOFapbl KOHICHTPAIMSACHIH KAMTAaMachl3 €Te/i, OJIap/bIH IIAWBUIBIT KETyiHE KOJ
Oepmeiini, yabl MYHall KOMIIOHEHTTEPIHIH >KOFapbl KOHIICHTPALUSCHIHBIH OCEPiHEH KOpFaiabl
XKOHE MUKPO(IIOPAaHBIH €peKIlie NeCTPYKTUBTI OEJICEHIUIIrH apTThIpyFa MyMKiHAIK Oepeni [4].

byn makanmanbiH makcatel Pseudomonas poae TMI skone Pseudomonas migulae TM2
MHUKPOOPTraHU3MIep KOHCOPLIUYMbIHA KOHE KOMIPTEKTECHIIPIJTeH UIYHTUT IeH KYpilll KaybI3bIHa
HETi3/IeNTeH OMOCOPOEHT TIeH KOMIPTEKTCHIIPIITEH IIYHTHUT MEH KYPIll KaybI3bIHA HET13e/ITeH
copOeHTTIH MYHaliMeH JIaCTaHFaH aliMakTapAbl OMopeMmenuanusiay KaOideTiH CaJbICThIPMaIbl
TYpZie 3epTTey OOMBIN TaObLIA b,

Marepuajnaap MeH dicrep

MuKpoopranu3MIaepAiH dpPTYPIIl TONTAPHIHBIH CAHBIH aHBIKTAY

Jlactaymibira  Te3iMal  (U3HOJOTHMSUIBIK  TONTApAbl  aHBIKTAy  YIIIH  TOMBIPAK
MHUKPOOPTaHU3MIEPiHIH OpTYpJi TONTAPBIHBIH CaHBIH AaHBIKTay »OHE KOoWMaiapra ipreiec
XKepJeple TONbIpaK MHKPO(IOPaChIHBIH MHUKPOOHONOTHSUIBIK KYPaMbIH CallbICTBIPY ThIFBI3
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KOPEKTIK oOpTajapJia TOIBIpAK CYCIEH3UACHIH JOWEKTI CYHBUITY ofiCiMEH IKYPri3uifi.
KrnerkamapasiH canbiH anbikTay Kox omiciMeH »yprizinai. OmICTiH MOHI MUKPOOPTaHU3MACPIIH
3epTTEJIETiH CYCIeH3UAChIHbIH Oenrini Oip kenemin [lerpu TabakmianapbeiHa THIFBI3 OpTara ce0y
JKOHE MHKYOaIusgaH KeiH 6CKeH KOJOHMUIAp/bl caHay OoJbi TaOblIaabl. Eric arapmisl opTama
[Terpu TabakmanapeiHa Ky3ere achlpbuIaabl. MUKPOOPTraHU3MIEPIIH KBl CAaHBIH aHBIKTAY
yuriH er-nentoH arapsl (EITA), TombipakTarsl caHbIpayKyJIaKTapAblH KYpPaMbIH aHBIKTAy YIIiH-
cycno-arap (CA), MUKPOOPTaHU3MICPiH OpTYpIIi (PU3UOTIOTHSIIBIK TONTAPBIHBIH CAHBIH aHBIKTAY
YIIIH THICTI KOPEKTIK opTajiap KojaaHbUiaabl. 3eHaep Yamek—/[oKcThIH arapibl opTachiHa,
aMMoHM3anusuaymsl Oakrepusiap 'PM-arapeinga, a30TThl OeKiTeTiH Oakrepusuiap — Dmou
OpTachIHA, a3POOTHI HEIUTION030JUTHKAIBIK OakTepusiiap XeTYNHCOH MeH KJIeMTOHHBIH THIFBI3
©CETIH OPTACBIH]IA CAHAJIIBI.

Haxpuiaapasr ecipy TepmoctarTa 28-30°C TemmepaTypaaa retepoTpoThl OaKTepusIap bl
Oein any yIIiH 2 KyH, aKTHHOMHLIETTEP, a30TThI OEKITETIH XKoHE 3€H CaHbIpayKyJIaKTapbl 5-7 KYH
JKOHE  IICJUTIOJIO30JUTHKAIBIK ~ OakTepwsutiap 7-9 KyH imiHAe OemiHim —anbiHAbl.  ETiH
WHKYOAlUsSIChIHAH KEWiH OCKEH KOJOHHUSIAPIBIH CAaHIBIK ecebi Kyprizimim, | T TOmbIpaKkTarsl
kosoHus Ty3eTiH OipiikTepiH (KTB) canbl aHbIKTaI B

Tombipak ynrijepiHeH Ta3a AaKbUIIapAbl OKIIAyIay JIiCTepi

Taza makpUTIAPABI ATy THIFBI3 KOPEKTIK OPTAaHbIH OCTIHICTI MEXaHUKAJBIK 0OJIIHY apKbLIbI
Ky3ere acwIpbulAbl (IIMeKTi Kyhaipy omici) [5]. JKeke KoIOHMSATIAp MUKPOCKONHS apKbUIBI
Ta3aJIbIKKa TEKCEPLIII, 6cipy YIIiH KUFaIll KOPEKTIK arapra ceOui.

Bemninin aJIbIHFaH MHUKPOOPTaHU3MICPAiIH MOP(OJIOTHSITBIK-KYJIbTYpaJIIb,
(U3HOSTOTUSITBIK-OMOX UMHSUTBIK, KACUETTEPIH 3E€PTTEY oAiCTEPI

BakrepustmapasiH, MOp(OIIOTUSIBIK, (U3HONOTUSIIBIK JKOHE OMOXMMHUSUIBIK Oenriiepin
3epTTEey Kbl KaObUIJaHFaH OMICTepre CoMKec >Kypri3iami. bemiHreH MuUKpoopraHu3MACpIiH
Ta3a JaKbUIaPBIHBIH MOP(}OJIOTHSIIBIK JKOHE KYJIbTYpaJbl KACUETTEp1 Keseci Oenrinep OoNbIHIIa
3epTTeNAl: KJIETKATApJbIH TINIiHI MEH OpHAJACybl, KJETKaJapAblH MOJIIepi, KIeTKaJapablH
KO3FaJIFbIILITHIFBI, SHAOCTIOpaTIapAbIH 00ysl, I'paM OoibIHIIIA OOSITYBI, KATThI KOPEKTIK OpPTaaaFbl
KOJIOHUSTHBIH CHUITaTTaMachl, CYHBIK KOPEKTIK OpPTaaaFbl ©CYy YJITICI, KUFaIll arap/iarbl oCy YJITICI.
Bakrepusimap MeH AamIBITKBUIAPIBIH  (DU3MONIOTUSIIBIK-OMOXUMUSUIBIK ~ KaCHeTTepl  KeJeci
oenrinepmed aHbIKTanel: 42°C ke3iHae OakTepusuiapAblH KOO€rol, KeIaTHH, KpaxMas, Ka3euH
TUAPOIN31, KaTalla3aHbIH OOIYhI )KOHE MOJICKYIAIBIK a30TThl KOJIaHy, OPTYPil KeMipcynap MeH
CIIUPTTEPIIH aAlBITYHI [6].

NMMobunuzanusiaHFaH MUKPOOPTaHU3M KIIETKaJapblHA HET13/1e/IreH
OMOIECTPYKTOPIAPIBI ATy

CopOuusIbIK KJIETKa UIMMOOUITU3ALUSCH KeJIeCieH Ky pri3uiii:

NaCl u3oTonukansik epiTiHaiciaaeri 100 M KJIETKaIbIK CYCTIEH3HS TaChIMAIIIayIIbLTap IbIH
KateicybiMeH 100 min oprara 1 r MemmepiHzme, OIpieHmedep KombacklHOa OenmMe
TeMIiepaTypacbiaiaa 48 carar OOWbl WHKYyOAllMsIIaHIbI, 3€pTXAHAIBIK IIeikepae 220 aiH/MUH
maiikanael. ComaH KeiH MMMOOWIM3alMsUIaHFaH KIETKajdapbl Oap TackIMalaylibl oJIci3
OCKITUITEH KJETKajJapJaH W30TOHUKAJBIK EPITIHAIMEH JKYBUIABI KOHE JeCOpOIMsITaHFaH
KJIETKaJIap IbIH CaHbl aHBIKTAJIIBL.

KrerkamapasiH copOLMsICH MEH JeCOPOIUSACHIH aHBIKTAY 9/IiCTEPi:

KnetkanapasiH copOIusicbl MeH AecopOIHst A9peskeciH Oaraiay YIIiH epiTiHIiAer KieTKa
koHeHTpanusiacbin KOK - 2MITA ¢doTokonopuMeTpiHiH KOMETIMEH ONTHKAIBIK >KOJIBIH
Y3bIHABIFBI | CM, TOJKBIH Y3BIHABIFBI 540 HM OOJAaTBhIH CTAaHAAPTTHI KIOBETTEPHAE, «OTKIp»
TOKIpHOesepae CyCICH3UIHBIH ONTHKAIIBIK THIFBI3IBIFBI OOMBIHIIA OJIIIeY KYprizinmi [7].

Krnetkanap caHbl MEH ONTHKANBIK THIFBI3JBIK apachbIHAAFbl OAalTaHBICTBI AHBIKTAY YIIIH
KaJuOpJiey KUCBHIFbI CaTbIHIbI.

BekiTinren kineTkamapIbplH CaHBI ChIHAMANIAPIBIH ONTHUKAIBIK THIFBI3IBIFEIHBIH 0acTarKbl
JKOHE COHFBl MOHJCPIHIH albIpMalIbUIBIFBIHA OalJIAHBICTBI  €CeNTeNai. AAcopOIusIaHFaH
KIIeTKaIapbIH yieci HuKoBckas oficiMeH aHBIKTaNIbI:
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% = 100 x 2= 1)

6ac

MYHJIaFbl, Dgac — OacTanKkpl CyCIeH3UsIHBIH ONTUKAIBIK THIFBI3/BIFbI
D1ox — TOXKipUOETiK ChIHaMajIap IbIH ONITHKAJIBIK THIFBI3bIFbI

CokciteT apKpUIbl TOMBIpAKTaH MYHaiabl Tazapty. Jaheiaganran Tonsipak imeri 10,00 T
JMaiibIHOAIFaH JKeHre calblHbIN, § caraT imiHme 70 mu xmopodopm Kocy apkeuibl Cokcier
ammaparbiHIa aNbIHIBl. DKCTPAKIUSAAAH KEHIH CHIFBIHABIHBIH KOJEMi OJIeyill IHIUHAPMEH
emeHal. bapneik Tannaynap exi mapasmiensae xKypriziuai [8].

Ery marepuannmapein gaiibiagay. MyHail 1ecTpyKTOpJapblHaH TYPAThlH KOHCOPIUYMHBIH
OuomaccachlH ajy YIIIH MHKPOOpPTraHH3Maep al’pamus kKesinge xoHe 28°C Temmeparypana 2
ToymiK 6oitsl Tepmomeiikepe (220/MunH) kinetka tuTpiMer 10° KTB/Mi cyifblK OHTAIBI opTana
xKeke ecipiai. UHOKYIAT ery opTachlHaH ONTUMAIIIBI KOPEKTIK OpTaFra aybICThIphULABL. O YIIiH
500 mn kombamapra 100 M KopekTik opra emrizingi. IlItammap 28°C Temmeparypama 101012
KTb/Mn kierka TuTpiHe AediH 2 KyH Ooibl ecipinii. 48 caraTTaH KeWiH MHKPOOPTraHU3MEP
KJICTKaJIApbIHBIH JKaJIITbl CAHBI aHBIKTANIIBI. BHOMaccaHbl Ka)KeTTi MOJIIIIEp Ie ATy YIIiH KIeTKaJIbIK
cycnensust INOBIO-5BG ¢epmenTepine aybICThIPBIIIbL.

HaTu:keliep :k9He 0J1apAbl TAIKbBLIAY

MyHaiiMeH JTacTaHFaH TONBIPaKTapFa OnopeMeTuaIys )KYprizy YIIiH JecTpYKTOp-IITamMIap
KaybIMJACTBHIFBIHBIH OMOMACCaChIH ay

buopemeaunanus TeXHOIOTHIIAPHI )KOFAPhl TUIMUIITIHE, TOMEH KYHBIHA XKOHE OHIMIEPIIH
(uerizinen CO2 xoHE Cy) 3USHCHI3IBIFBIHA OalIaHBICTHI (PU3UKAIBIK JKOHE XUMHUSUTBIK KaIIblHA
KEJITIPY 9/ICTepIMEH CalBICTBHIPFaH/a KEHIPEK Koyianbutyaa [9]. buopemennanustHbIH MaHbI3bI
(axTopIapbl MUKPOOPTaHU3MIEPIiH MeJIIepi MEH OeICEeHIIIT 1, TOMBIPAKTHIH KOPEKTIK 3aTTaphl
JKOHE OTTeri Kyui Oosbim TaOblmaapl. JlereHMeH, MyHallMEH JacTaHFaH TOIBIPAKTa O/ICTTE
MHUKpOOTap/bIH CaHbl a3, KEYEKTUIr TOMEH >XoHE KOPEKTIK 3arTtap Oap, OyJl NpaKkTHUKAaJIbIK
KOJIJaHy KE3iH1e MUKPOOPTaHU3MICPIiH bIAbIpay THIMILTIrIH mekTeimi [10-12].

TaOuru 00beKTiIepAl MYHANIBIH JIACTaHYBIHAH TAOUFH TYPJIE Ta3apTy Y3aK MPOLEcC OOIbII
TaOBLIA/IbI, COHJIBIKTAH MYHalMEH JIaCTaHFaH TOIBIPAKTH KAIIMbBIHA KENTIpy MpoOJIeMackl, aTar
aliTkanga OuopeMenuanusi epeKIie e3eKTUTKKe ue 0onaasl. MyHaliMEH JTaCTaHFaH TOMBIPAKTHI
Ta3apTyAbIH NEPCTICKTUBTI TEXHOJIOTHSCHI TOMIBIPAKKA MYHA MEH MYHaK eHIMIaepiHiH Oenrim Oip
KOMIpCyTeK KOMIIOHEHTTEPIH OMOAECTPYKIMsIAay KaOUIeTiHIH JKOFapblUIaybIMEH €peKIIeNIeHEeTiH
MHUKPOOPTaHU3MACPIIH SPTYPJIl KeIeHAepiH eHri3y 0obin caHamansl [13].

Ocpiran  OailimaHBICTBI  KYpAeNi  JACTaHy  JKaFgalblHAA,  OCBl  3aTTap/AblH
OuoecTpyKTOpIapbhlHa KaOLIEeTTI KOMIPCYTEKTEpl MKOFaphl OpTajga ecyre oHe OelceH/Il
OMOXUMUSUIBIK  OCJICEHIITIKTI KepceTyre KaOuIeTTi JIeCTPYKTOPJBIK MHKPOOpPraHU3MAEpi
KOJIIaHy MYMKIHIT1 ©3€KT1 OOJIBIT TaObLIa IbI.

KcenoOuotukrepaiy TuiMai TpaHCHOPMAIMSICHIHBIH MaHBI3bl MIAPTHl JAECTPYKTOPIIBIK
OpraHu3MJIep apachlHJa aHTAarOHM3MHIH Oo0JIMaybl OOJBITT TaOBLIAAB.. MUKpPOOpPTaHU3MICD
OpPTaHHMKAIBIK JTACTAyIIbl 3aTTapAbl KOMIPTEKTIH KaIFbl3 KO31 peTiHAe maiijanaHa amaabl, Oy
OJIapJIbIH TONBIPAKTaFbl OPraHUKAJIBIK JACTAYIIbI 3aTTaP/Ibl BIIBIPATyFa MYMKIHIIK Oepeni [14].

XKympbic 6apsicsinaa duomacca any ymin INOBIO-5BG ¢depmentepi konpansuiasl (Cyper
1). bakTepusubIK mTaMaap ONTUMAJILI CYHBIK opTaga 48 caraT OoWbI ecipiiai, opTanbiH pH
OeliTapam MoOHTe He. OKCIEPUMEHT OapbIChIHIA MYHal JIECTYKTOPJAPBIHBIH ©MipIIeH
KJIETKQJIAPBIHBIH CaHbl aHBIKTAIIBI. KyIbTypamnbiK CycrieH3us1aFbl KOJIOHUS TY3YII O1pIIiKTepIiH
(KTB) caHbIH aHBIKTAy YIIIH CTAaHAAPTTHI CEPUSUIBIK CYHBUITY SJIiCi KOJTaHBLIIBI.
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a) 1 Toynmik 0) 2 Toynik
Cyper 1 - llItamm-nectpykropaapast INOBIO-5BG depmenTepinae ecipy

1-cyperre depmenTepae 1-mi KyHI KOPEKTIK OpTa MeJAIp, 2-II1 KYHI JaKbUIIAPIbIH
OenceHai ecyl OalKanajpl KOHE KOpIIaFaH OPTAHBIH OYJIBIHFBIPIBIFEI Oalikanasl. CoHmaii-ak,
ecipy Ke31H/Ie KYJIbTYPaJblK CYHBIKTHIKTaFbl MUKPOOPTaHU3MICPIIH OMIPIICH KJIEeTKAJIaphIHBIH
caHbl 24 carar xoHe 48 cararraH KeiiH aHbIKTaNAB! (Cyper 2).

Cyper 2 - ®epMmenHTepie ocipiareH MyHail TOTBIKTBIPFBII OaKTEpUsIIapIbIH MaKpO KOHE
MHUKPOMOP(OIOTUSICH

2-CypeTTeH KOpiHIN TypraHAal, MyHail TOTBIKTBIPFBIII OaKTepUSUIApIbIH KYIbTypanapbl
Ta3a, MUKPOCKOIUS Ke3iHae MOPGOIOTHsICH OOMBIHINA YKCAac KIETKalap aHBIKTAIbl. bipTekTi
KOJIOHHSUIAP ’KoHe KOJOHHS T3yl GiprmikTepain cansl 2,5x 1010 KTB/Mn kypamsr.

HakTel MyHaliMeH JlacTaHFaH TOMBIPAKTHI TA3apTy YIIIH XKacajJFaH COPOCHTTEPII ChIHAY

MyHaii KeMipCyTeKTEepiMEH JIaCTaHFaH ayMaKThl OMOpeMeIHanusiay TEXHOJOTHSUIAPBIH
93ipIey JKOHE KETUIIIPY Ka3ipri yakeITTa OSNICEH Il ipreii KoHe KOJIJaHOAIbl 3epTTeyep caaachl
Oosbin TaObuTa kI, [IKi MyHa# — )Ky3/1eTeH KOMIIOHEHTTEP1 0ap XUMUSIIBIK 3aTTapAbIH KOCIIACHI.
Op Typdi reorpadusUIBIK ailMaKTapa OHAIPIITeH MYHANUIBIH HET13T1 allbIpMAIIBUTBIFBI X UMUSITBIK
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Kypamra emec, jKeKe KOMIIOHEHTTIH KypamblHa OaiJIaHbICTBI; COHFBICHI IIMKI MYHaiIbIH
XUMUSUIBIK  JKoHE (u3uKanblk Kacuerrepine ocep eremi. COHABIKTAH COHFBI  Ke3zepi
OuopeMenuanuaaa €Ki HeMece O/1aH J1a Kell ITaMAapAaH TYPaThlH MUKPOOTHIK acCOLUAIHsIIap
KOJIJaHbUIA/Ibl, OUTKEH1 KOMIPCYTEKT1 TOTBHIKTBIPFBIII MUKPOOPTraHU3MAEP/IIH MOHOKYJIbTYPAChIH
MYHaH-TOTBIKCBI3IaHABIPbIUIFaH OpTaFa €Hri3y Ta3apTy MACEJIECIH TOJBIFBIMEH INEIIe aTMan bl
[15].

XKymbic GapbICbIHIA KOMIPTEKTEHIIPUITeH HIYHTUT IMEH Kypill KaObIFbIHA HETi3JIeNreH
COpOEHTTIH JKOHE MUKPOOPTaHU3M/IEPTe HET13e/IreH OMOCOPOCHTTIH JECTPYKTHBTI O€ICeH I
JananblK  oKarjaimapaa  3eprrennai.  ToxipuOe HOTHMXKeNnepi KOPCEeTKEeHACH, MYHaHIbIH
JerpajalusachlH  apTThIpy  YIIiH  OipHENIe  MHUKPOOPTaHM3MIEPJICH TYpaThIH  apajac
KyJbTypajiapasl KOJAAaHy >KOHE OJIap/bl TachIMalAayllblIapFa MMMOOMIM3ALMsIIAy oIicTepi
THIMJII 1eyre 00JIab.

JKympbIicTa MyHall TOTBIKTBIPYIIIBI MUKPOOPTraHu3Maep Oip-OipiMeH yillleciMaiIiK MPUHITUII
OOMBIHIIIA jKaHa KOHCOpIMyMra OipikTipinai. byn korcopunymaapaa Pseudomonas poae TM1
xoHe Pseudomonas migulae TM 2 necTpyKTHBTI IITamMIapbl KOJIAaHbUIAbI.

Toxipubenepaiy OackiHma basHIAb KEHTIHIH MaHBIHIAFBl KaJABIKTap TOJUTOHBIHBIH
MYHalMEH JIaCTaHFaH TONbIparel faibIHAanabl. [lonuron Akray KaizacslHaH 35 KM KalIbIKTHIKTA
opHanackad. [lomuron MyHail OHIIPyMEH JKOHE OHJCYMEH aWHalbICAaThIH MYHal KeH
OpBIHIApPBIHAH SKEJHIeH MYHail KaJIbIKTapbhlH CaKTayFa apHaJFaH. OCIMIIKTEp a3, )KycaH MEH
KYMJIBIK €pKEKILIOMNINeH YChIHbUIFaH. KimMaTsl oprama Kyprak, »KeaiH xbuigamasiEsl 0,7 m/c,
Ta3zapTy IIapajapblH XKYPrizy Ke3eHinaeri aya temmneparypacel 32°C-tan 35°C-ka neitin 60mabl.
AKCTIEPUMEHTTEP/IIH OachiHAa y4yacKelep AalbIHIanAbl, y4ackeHiH aynaanbl (3x3,5) 10,5 M-,
Kerneci kagam KeMIpTEeKTEHAIPUITSH IIYHTUT TIH KYPilll KaObIFbIHA HeTi3aenareH copoentTi (1:1,7)
AKOHE OHMOCOpPOEHTTI; MyHall TOTBIKTBIPYLIBl MHUKPOOPIaHM3MIEP IITaMAApblH MYHalMEH
JacTaHFaH TONbIpakKa eHrizy Oonabl. COpOeHT meH MyHail JecTpyKTOpiapblHAa HETi3/eNreH
O61OCOPOEHTTI KOJIJaHFAaHHAH KEeHiH TONBIPAK bUIFAJAaHAbIPbUIBIN, KONCHITBUIABL. TONBIpaKTarsl
MHUKPOOPTaHU3MEPAl €CeNKe aly YIIiH MUKPOOHOIOTHsAIa KOJIJaHBUIAThIH JKaJIIbl KaObUIIaHFaH
oicTep KOJIIAaHBLUIJIBI.

CypeT 3- BaHH}lBI KeHTiHiH JKaHbIHAArbl ITIOJIMT'OHHBIH M¥Hal71MeH JlIaCTaHtraH TOIIbIPAarbl

3-CypeTTe MOJUTOHHBIH TOTBIPAFBIH KO30€H Maiijibl EKCH/IITIH JKOHE JIe MYHall OHIMIEpPIHIH
OTKip mici 6ap exkeHiH kepyre Oomnanbl. MyHail KeMipCyTeKTepiMEH JacTaHyIblH OacTamlKsl
nexreiti 158,2 r/kr tombipakTel Kypaabl. 10, 30, 60 ToymiKTeH KEHiH MHKPOOPTaHH3MIEPIH
TIPLIUTIK €Ty ICHI€HiH aHBIKTAY JKOHE OJIapAbIH CaHbIH aHBIKTAY YIL1H SKCIEPUMEHTTIK Y4aCKeIeH
TONBIpAK ChlHaManapbl ainblHAbl. CoHpAail-ak, TOMBIPAKTHl MYHAWJaH TazapTy AopexkKeci
AHBIKTAJIIBL.
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Buocopbent CopGent
Cypert 4 - [lonuronHsIH MyHaiiMeH JIaCTaHFaH TONBIPAFbIHBIH MUKPOOTBIK aTyaHTYPIILIIri

JecTpykTopnap Heri3iHaeri OMOCOPOCHT koHE COpOEHT eHri3e OThIphIN 10-1bl, 30-1161
koHe O60-mbI KyHI, MYHallMEH JlacTaHFaH TOMNBIPAKTa CHTI3UITeH INTaMaapra YKcac
MOP(OJIOTHSUTBIK KOJOHUSUIAD aHBIKTAJbI. TOMBIpaKKa eHTIi31ITreH Ke3/le MyHall TOTBIKTBIPFBIII
OakTepUsIIap IbIH KJIETKAIAPhl SKCIIEPUMEHT Ke31HJe OMIPIICHITIH CaKTaFaHbl aHBIKTAIABI (3-4-
Cyper).

Cypert 5 - CopbeHTTe HMMOOWITU3AIMSIIAHFAH [ITAMM-AECTPYKTOPIAPABIH MOP(POIOTUSACHI

Mukpockonusi Ke3iHAe TasKIla Topi3/i, YCaK KIETKalap aHBIKTAIIbI, MOP(HOIOTHSIIBIK
Oenrinepi OOMBIHINIA TICEBIOMOHANIAPFA TOH. OP1 Kapai KYMBICTA MOJMTOHHBIH 3KCIIEPUMEHTTIK

y4acKeCiHeH MYHaiMEH JIaCTaHFaH TOMBIPAKTaFbl MUKPOOPTaHU3MIEPIiH caHbl 3eprrenmi (1-
KecTe).

MukpoopranuzMaepIiH 6Cy THHAMUKACHI
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Cyper 6 - [TonuroHHBIH SKCIIEPUMEHTTIK yYaCKECiHIH MYHAMEH J1acTaHFaH TOITBIPAFbIH/IaFbl
MUKPOOPTaHU3M/JIEPiH CaHbI
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Cyperren KOpill  OTBIpFaHBIMBI3Zai, OaKbpUIdy TONBIPAFBIHBIH  YJTUIEpiHIETI
MHKpOoOpraam3Maepain causl 4,1x108 KTB/r kypassl. [ToMHroHHBIH KCIEPHMEHTTIK ydacKeciHiH
MYHAalMEH JlaCTaHFaH TONBIparbiHAa 10-mIbI TOYNIKKE MUKPOOPTaHU3MICPIIH KOJIOHHSIIBIK
Ty3yi GipTikTepiHiH caHbl 6HOCOPOEHT eHrisinren Hyckazna 3,1x10'° KTB/r, copbeHT eHrizinren
HYCKaja 2,6 x10° KTB/r KYpasbl.

MyHaii )xoHe MyHall ®HIMJIEpIMEH JacTaHFaH TOMbIPaKTapIarbl JajalblK SKCIEPUMEHTTIH
30 xoHe 60-mIbI KYHAEPIHIAE MUKPOOPTAaHU3MIIEP CAHHBIH OCY TEHICHIIMSICHIH KOPCETEl KOHE
OJIapBIH eMipiIeH 1T cakTanaabl. COHbIMEH, OMOCOPOEHT €HT131JITeH TombIpaKkTapaa 60-1bl KyHi
MHKpoopranusmaepin canbl 7,5 x10* KTB/r-ra sxerTi sxone copdent 5,5 x10'° KTB/r-ra xerri.
MuxkpoopranusMep caHblH aHBIKTaFaH Ke3Je eMiplleH KJIeTKalapIblH TUTPl SKCIIEPUMEHTTIH
OachlHIa TONBIPAKKa KyJIbTypa CHTI3yre KaparaHjaa oaijekaiia TemeH Ooianel. byn myHai
JECTPYKTOPIIBI KJIETKAIAPBIHBIH OMIPIICHIITT MEH CaHIBIK KOPCETKIMTEPIH CaKTaWTHIHIBIFbIH
KepceTelll, OMTKeHI olap YIIiH MyHail MEH MyHail eHiMJepl KOMIPTEKTIiH KaJFbI3 Ke3i OOJbII
Tabbu1aael. MyHalt MEH MyHail ©HIMJEPIH JKOIOFa KaO1JIeTTI MEKPOOPTaHU3MIEPAIH SPTYPILIIT
KOFapbl 03CEKENECTIKKE JKOHE OJIapAbIH OpTYPIIl (paKIHsIIapbIHBIH JeTPaJallMsChIHBIH KONTETeH
JKOJITaphIHA OailTaHbICTEl. MUKPOOPTraHU3MACP OPTYPJIl KOMIPCYTEKTEPTe CEJEKTHUBTI KaThIHAC
KacHeTIiHE He.

JKyMpicTa MIyHTHT TIeH Kypill KaObIFbIHA HETI3JENTreH COpPOSHTTI JKOHE MyHai
JIeCTPYKTOpJIapblHA HEri3fenreH OMocOpOeHTTI KOJaHa OTBIPHIN, IKCIEPUMEHTTIK ydJacKeJeri
MyHail MEH MyHall ©HIMJIEPIHEH TOIBIPAKTHI Ta3apTy Aopekeci 3epTreiai. TomblpakTarbkl MyHal
eHIMIepiHiH KypaMbl COKCIIET anmapaTbiHAarbl BICTBHIK T€KCAHMEH TOMBIPAK CYCICH3USChIHAH
KOMIPCYTEKTEP/I1 aJIbIll TaCTaFaHHAH KEHiH CaJIMaK oICIMEH aHBIKTaJAbl. 6-CypeTTe COPOCHT IeH
OMOCOpPOEHTTI €HTri3€ OTHIPHIN, Ta3apTyldaH KeWiH MyHalMeH JacTaHFaH TOIBIPaKTarbl MyHau
MOJTIIep1 Typaabl MOJIIMETTEP KENTIPIITEH.

MyHaiIbIH TONBIPAaKTaFbl MOJIIIIEPi
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10 Toymix 30 Toymik 60 Toymix

Buocopbent CopOeHt

Cyper 6 - TazapTyman KeiiiH MYHaliMEH JJaCTaHFaH TOMBIPAKTAFbl MYHANABIH MOJIIIEPI

CopOeHT neH 6MoCcOpOEHTTI MOJIMTOHHBIH MYHAaMEH JIaCTaHFaH TONBIPaFbIHA €HT13T€HHEH
keitin 10, 30 >xone 60 TOyNiKTE TOMBIPAK YJTIJIEPl adbIHABI. BHOCOPOEHT EHTi31ITreH TOMbIpaK
yiarinepinge 10 toymikre myHaiiabiH nerpaganusicsl 27,2%, 30 toynikre 60,1%, 60 ToymikTe
67,7% 6onnpl. CopbeHT eHrizuire ynrinepae 10 ToymikTe MyHaWIbIH aerpaganuscel 23,4%, 30
toynikre 58,8%, 60 Toymikre 60,7% Oonael. Ochblnaiiina, KyMbIC HOTHXKECIHIE TMOJUTOHHBIH
MYHaWMEH JIacTaHFaH TOIbIPAaFbIHAaFbl MyHal Memepi 23,4% - nan 67,7% - Fa ieliiH TOMEHCI].

KopbITbIHABI

JXanmpl, HaKTBl MyHaliMEH JIaCTaHFaH TOMNBIPAKTapAa >KYPri3UIreH JanajiblK ChIHAKTap
UMMOOMIN3aMsUIaHFaH JIaKbUIAApFa HETI3JEeNIeH ASCTPYKTHBTI IITAMMIAp KOHCOPLMYMBIHBIH
XKOHE KOMIPTEKTEHAIPUIreH KYpill KaOBIFbl OHE LIYHTUT HETi3iHIAEri COpOCHTTIH MYHaHIbIH
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KOMIpCYTEKTEpiH THIM/Ii )KOIOBIH KOpCeTTi. BHOCOPOECHTTIH JeCTPYKTUBTI OEJICEHILTITIH aTabIK
9KCIIEPUMEHTTEP/C 3epTTEy HOTHIKENepi MOJUTOHHBIH MYHalMEH JIaCTaHFAH COPOCHT KOHE
O01OCOpOEHT KOCBUIFaH TOMBIPAFbIHAAFBl MyHall Meiepi coiikecinme 60,7% sxone 67,7%-ra
nerin TeMeHaeni. JXKyprizuireH anfplH aja FhUIBIMH 3€PTTEYJEPAIH HOTHXKENepl MYHal JKOHE
MYHall KaJAbIKTap/bl Ta3apTy OOWBIHIIA TEXHOJOTHIHBI 33ipiieyre MyMKiHAIK Oepeni. ANbIHFaH
HOTHIKENEep KOpIlaFaH OpTaHBIH KYpaMbIHa MyHal 6ap o0beKTUIep Il Ta3apTy YIIiH MTPAKTHKAIBIK
MaHbI3Fa He.

Kap:xblianasipy
Kymeic KP BFM kapxkeinanasipran AP08856559 «Pa3zpaboTka copOEHTOB Ha OCHOBE
ITYHT'UTOBBIX IMOPOA AJIA OUUCTKU He(bTe?)anHSHGHHBIX II04YB» )KO6aCBI asdACbIH/A KacaJaabl.
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AQHIIMICKOM, WIIM PYCCKOM M aHIJIUHCKOM).

CraTh¥ TPUHUMAIOTCS B 3JIeKTpoHHOM BHae (B ¢opmare .doc, .docx mubo .rtf) gepes
npoduie aBTOpa Ha caiite imv-journal.kz.

[Tpu HeBbIMOMHEHUH (POPMATBHBIX TPEOOBAHMH, CTAThsI K TyOJUKAIIMKM HE PUHUMAETCS.

Crarbd, MOCTYNMUBIIHE B PEHAKIUIO KYpPHANd, MOTYT OBITh MPOBEPEHBI C TOMOIIBIO
cucteMbl AHTUIUIarMaT. B ciydae, ecim pe3yabTaT TMPOBEPKH BBISBISET HEKOPPEKTHO
0(OpMIICHHBIE 3aMMCTBOBAHHUSI, CTAThsI MOXKET ObITh OTKJIOHEHA.

[Ipu BeIIONTHEHUH (HOPMAIBHBIX TPEOOBAHUWM, CTaThsl HAMPABIAECTCS HA PACCMOTPEHHE
YJIeHaM PEIKOJUICTHHM, MMCIOIIUM YUYCHYI0 CTEIICHb B HAYYHOM 00JacTH, COOTBETCTBYIOIICH
cojiepkaHuto ctaTbu. [1pu 3TOM penakius onpeaenseT COOTBETCTBUE CTaThH MPOUIIIO )KypHaa,
TpeOoBaHUAM K ohopmiieHHIO. [Ipr COOTBETCTBUH BHIIIICyKa3aHHBIM TPEOOBAHUSIM HAIIPABJISET €€
Ha PEICH3UPOBAHUE CTOPOHHEMY CITEIIHAIIUCTY, 00JIaIal0IeMy BEICOKUMU PO eCcCHOHATbEHBIMU
3HAHUSIMHA M OTBITOM Pa0OTHI IO KOHKPETHOMY HAYYHOMY HANpPaBICHHUIO, UMEIOLIEMY YICHYIO
crerrieds PhD, mokTopa mim KaHauaaTa Hayk.

K penienzupoBanuio He MPUBIEKAIOTCS CHEIUANINUCTHI, pabOTAIOIME B OJHOM OTHAEJE KN
JernapTaMeHTe YYPEKICHHUs, TJE€ BBIMOJIHEHA padoTa. PereH3eHT BBIHOCHT pEIICHHE O
BO3MOXKHOCTH OIYOJMKOBaHUS

OKoHUaTeILHOE PelIeHUE O 1eIeCO00Pa3HOCTH MyOIUKAIIMU MPUHUMAETCs PeakiimoHHoN
KOJUIETHEH B COOTBETCTBUU C PEKOMEHIAIMSIMH PEIICH3EHTOB.

[Tocne mpunHsATHS PenakimoHHON KOJUIETHEH perieHusi O JOMYCKE CTaThU K MyOIHKaIUH
OTBETCTBEHHBIN pEHaKTOp >KypHala HHPOPMUPYET 00 O3TOM aBTOpa M YKa3blBae€T CpPOKHU
myOJUKaIiy.

1. IIpucnanHble MaTepUaIbl JOJDKHBI CONIEPIKATh:

—Martepuainsl ctathu ((aitiry co cTaThell mprucBanBaeTcst UMsl TT0 (haMUITUHY TTIEPBOTO aBTOPA).

—Cgenenust 00 aBTopax (pamunms, UMs, OTYECTBO, yU€Hasl CTENCHb, 3BaHUE, TOJDKHOCTD,
MecTO paboThl, KOHTAKTHBIE TeJIe(OHBI, MEKTPOHHBIE anapeca (e-mail), naeHTH(HUKAMOHHBINA
Homep (ORCID).

—OTCKaHI/IpOBaHHOC COIIPOBOAUTEIILHOC IMTUCHMO.

2. Ctaths JOIHKHA COJIEPIKATh:

—MPHTMH - mexrocynapcTBeHHBIN pyOpUKATOp HAYYHO-TEXHUUYECKON HH(pOopMaIuu

—@amunuu  aBTOPOB CTaThbU (MPOMUCHBIMH OyKBaMH, WHHULHMAJIBI CIEAYIOT Mepen
bamunueit);

—HasBanue opraHu3anuu, B KOTOpOW ObLia BBIMOJHEHA paboTa W ropoj (CTPOYHBIMHU
OyKBaMHu);

—HasBanue cratbu (MPOMUCHBIME OYKBAMH MOJTYKUPHBIM MIPUPTOM);
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—AnHOTAaIus (B HaYaJIe CTaThH MepPe]] OCHOBHBIM TEKCTOM);

—Kurouessie cioBa (He Goee 5);

—BBenenne (6e3 3arojoBka), B KOTOPOM KpaTKO HM3JIaraeTcsl aKTyalIbHOCTh W HOBH3HA
paccMaTpruBaeMoro BOIIPOCa;

—OCHOBHOM TEKCT (BKJIIOYAET MaTepHallbl M METOJIbI, PE3YJIbTaThl U O00CYXKICHUE,
3aKJTF0YEHUE, COJEpIKaIIee KPATKOE H3JI0KEHIE OCHOBHBIX PE3YJIbTATOB Pa0OOTHI);

—Cnucok nureparypsl (opopmisiercs ¢ ykazaHueM (paMuiIny 1 MHUIMAJIOB aBTOPa, IIOJIHOTO
Ha3BaHUWs KHUTH (CTaThbU), MECTA M3JJaHUs, Ha3BaHUs KypHaja (rojaa, ToMa, HOMepa, CTPAHHIIHI).

3. Pazmep omHOI cTaThu HE JO/DKEH MPEBBINATh 15 MaIIMHONMCHBIX CTpaHHI] (CTaThH
o030pHoTro xapakrepa — 10 30 cTp.), BKII0Yas aHHOTALUIO, TAOJIHIIbI, PUCYHKH, CITUCOK JIUTEPATYyPHI.
B Tom jxe d(aiinie ciemyeT MpeACTaBIsATh pe3OME Ha TpeX s3bIKax (Ka3axXCKOM, PYCCKOM H
AHTJIUHCKOM).

4. Cratbs noipkHa OBITH HaOpaHa Ha KoMmbloTepe B peaakTope MS Office Word, mpudrom
Times New Roman 12 T, ¢ mpo6enomM Mexay CTpok | KOMITBIOTEPHBI HHTEPBa, TIOJISl — BEpXHEE U
HIDKHEE 2 cM, JieBoe 3 cMm, mpaBoe 1,5 cm. KonmuectBo puCyHKOB — HE Oojiee mSTH. AHHOTAIHS,
TaOJUIIBI, PUCYHKH, CITUCOK JTepaTyphl — 11 miT yepe3 1 xommbproTepHbIN MHTEpBaL. CCBHUIKH HA
JUTEpaTypHBbIC UCTOYHUKU NAIOTCS IU(paMy B IPSIMBIX CKOOKaxX MO Mepe YIOMUHAHUS U JIOJKHBI
OBITh MACHTUYHBIMH Ha JIBYX s13bIkax. Heo0X01MMO TIIaTeabHO CIEAUTD 382 TOYHBIM COOTBETCTBUEM
0003HaYCHHI B TEKCTE W Ha TAONHIAX, pUCYHKaX U Ap. [Ipu M3M0KEeHUN IKCIEPUMEHTaIHHOTO
MaTepHuaa J0JbKHA OBITh HCTIOJb30BaHa MeXIyHapoiHas cuctema enuuuil (CH).

5. Tlocne crarbu Ha AHIVIMACKOM SI3bIKE€ MPHUBOIMTCS CHHCOK JIUTEPATyphl B POMaHCKOM
andasute (References) niss SCOPUS u npyrux BA3 JIAHHBIX moiaHOCThIO OTAETBHBIM OJIOKOM,
MOBTOPSISI CIIUCOK JINTEPATYpPhl K PYCCKOS3BIYHON YacTH, HE3aBUCUMO OT TOTO, UIMEIOTCSI WJIM HET B
HEM WHOCTpaHHbIE MCTOYHUKH. ECIM B CHMCKe €cTh CChUIKM HAa MHOCTpPAaHHBIC MyOJIMKAIUU, OHH
MIOJTHOCTHIO TIOBTOPSIFOTCS B CITUCKE, TOTOBSIIIEMCSI B POMaHCKOM ayihaBUTE (JTATHHUIIA).

B References He CTonb3yroTCs pa3aenuTeNbHbIe 3HAKU («//» U «—»). Ha3BaHue NCTOYHUKA U
BBIXOJHbIE TAaHHBIE OTIEINSIOTCS OT aBTOPOB THIIOM HIpH(Ta, Yalle BCEro KypCcHMBOM, TOUKOW WU
3arsITOM.

Ha caiite http://www.translit.ru/ mokHO OeCrIaTHO BOCIIOJIB30BATHCA IPOTPAMMOI
TPAHCIUTEPALUN PYCCKOTO TEKCTa B JATUHUILY, UCIONB3yd pasndHble cucteMbl. [Iporpamma
OuYeHb MPOCTasi, €€ JIETKO HCIOJIb30BaTh Ul FOTOBBIX CChUIOK. K mpumepy, BbIOpaB BapuaHT
cucrembl bubmmnorexkn Konrpecca CHIA (LC), momyyaem wu3o0pakeHHe BceX OyKBEHHBIX
coOoTBeTCTBUH. BeTamisiem B crienuanbHOE 1oJie BeCh TeKCT Onbimorpaduu Ha PyCCKOM SI3bIKE U
HAOXKMMAeM KHOIIKY «B TPAHCIUT.

6. Crarbu, He cooTBercTBYIONME [IpaBunam, He MyOIMKYIOTCS U HE BO3BPAIAIOTCS aBTOPY.
Penakmmst octaisieT 3a OO0 MpaBo MPOM3BOIUTH COKPAIICHUS U IPABKU CTATEH.
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