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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.
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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
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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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Figure 1 - Decrease in apparent extract during fermentation: a - strain AD0Q9, b - strain J
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Figure 2- Concentration of yeast cells in CCT during fermentation: a - strain AD0Q9, b - strain J
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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].

a

500
450
400
350
300
250
200
150 A
100
50

0 50 100 150 200 250 300 350
Fermentation time, hour.

Turbidity of unfiltered beer at 20 C,
EBC

—strain AD009 (13°C)  ——strain AD009 (16°C) mrramm AD009 (19°C)

130



MICROBIOLOGY AND VIROLOGY

b

_ 500
o
S 450
N 400
[+

s 350
8 300
o)

S 250
= Mm 200
= M

S 150
S 100
2 50
©
'_é 0
5 0 50 100
|_

strain J (13°C)

ISSN 2304-585X Ned (43) 2023 www. imv-journal.kz

150 200 250 300 350

Fermentation time, hour.

strain J (16°C) wramm J (19°C)

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
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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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