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AHHOTANUA

W3ydeno Bo3felCTBHE aHTHOMOTHKOB (AaMIMIWIUIMHA, TETPAlMKINHA, IedTpuakcoHa) u
¢ynrummaoB (¢aykoHa3ona, HUCTATHHA) IMIMPOKOTO CIIEKTpa ACHCTBHA, a TaKkkKe yIbTPaduOoIETOBOrO
U3IIy4eHus: Ha KynbTypbl mMukpoBopopocieii Chlorella vulgaris sp BB-5, Chlamydomonas sp Sh-2 u
nuaHoOakrepuii Oscillatoria pseudogeminate sp BB-11, Spirulina sp Sh-8, Phormidium sp Sh-4 u
COTYTCTBYIOITHE MUKPOOPTaHU3MBI, BBIJICJICHHBIC U3 TIOYB ITOCEBHBIX TMOJICH cella bupnuk (AJIMaTHHCKOM
00:1.) u cena lnenn (Ke3puiopauuckoit 00:1.). AMONIMIIINH U TETPALUKINH B KOHIEHTpauuax 200 MKr/
MJI ¥ LeTpUakcoH B KoHUeHTpauu# 100 MKI/MII MOJaBIISIIN )KU3HEACATEILHOCTD BCEX [IMaHOOAKTEPH 1
comyTcByromux Oakrepuil. ComyTCTBYIOLIME MHKPOMHULETHI IOJABIISIMCh OOOMMM HCCIELYyEMBIMU
(yHruuaaMyu B KoHIeHTpauuu 40 MKr/Mi, OOJBIIMHCTBO OaKTEpHil — KOMOMHMPOBAHHBIM ITPEapaToM
(rerpammknua+dynrunun). Vcenenyemblie mraMMbl IIMaHOOAKTEPH OKa3aInuCh 00Jiee YyBCTBUTEIBHBI K
aHTHOMOTHKAM, 4eM K GyHrunuaam. Bo3MokHO, 3TO BBI3BaHO (PU3HOIOTHUECKUM CXOICTBOM OakTepuil u
[IMaHOOAKTEPHUH, a TaK)Ke UX CUMOHMOTHYECKOH B3aMMOCB3bi0. O0IydYeHHEe KYIbTYpP YIbTPa(HUOIECTOBBIM
M3JTy4eHHEM IMOKa3aJI0 HauOOJIbIIYI0 YyBCTBUTEIBHOCTE MUKpOBOopociei. [Ipu o0nyuennn cycneH3uii
MHUKpOBoJOpociieil u nuanodakrepuii Y ®—nyyamu B Teuenne 10-20 MUHYT Bce KIETKH MUKPOOPTaHU3MOB
noruOanu, torma kak 10-15-mMuHyTHOE O0OJydeHHE IIO3BOJISCT H30aBUTHCS JIMIIb OT HEKOTOPBIX
HECIIOPOHOCHBIX OaKTepuil.

KiroueBble c¢ji0Ba: MHKPOBOAOPOCITH, LUAHOOAKTEPUH, ANbIOIM3ALMUS IOYBBI, aHTHOMOTHKH,
O6uoynoOpeHusl.

B nocnengnee Bpems cenbCKOX03MCTBEHHBIN CEKTOP CTAIKMBAETCS C HOBBIMH BBI30BaMU 110
MOBBIIICHUIO TMPOU3BOAUTENBHOCTH C IEJNbI0 HAaKOPMHUTh pacTyllee HacelleHHe MHpa,
OJIHOBPEMEHHO YMEHbIIAsl HEraTHBHOE BO3/CICTBHE HAa OKPYKAIOLIYI0 CPEeNy M COXpaHsis
IPUPOJHBIE pecypcehl Ajs Oyaymux nokoseHuii. CBoi BKJIaj B pellleHHe JaHHBIX IPoOeM MOTyT
BHECTH OwWompernaparsl Ha OCHOBE MHKPOBOAOpOcied u uuaHoOakrepuil. JlaHHBIC
MUKpPOOPTraHU3Mbl HMEIOT OONBIION TOTEHIWaN s TOBBIILIEHUS IJIOJOPOAUST TIOYB U
ctuMyiisiuu  pocta pacrenuit [1,2]. HeoOXoauMoO OTMETHUTh BBICOKYIO  MOJOXKHTEIBHYIO
9KOJIOTHYECKYIO pOJIb IIMAaHOOAKTEepUil B MOYBE B KauecTBE a30T(PUKCATOPOB U HAKOIMUTENEH
OpraHuveckux BemiecTB [3], MMPOKHMH CHEKTp aJanTalMd K pa3jiuYHbIM TOYBCHHBIM U
THAPOTEPMUYECKAM  yCIIOBHsIM  [4], pocrcTumynupyiomue cBoiictBa [5].  Cosmanue
OuwornpenapaToB IS TOBBIIICHUS IUIOJOPOJIUS TOYB OTKPHIBAET HOBBIE TEPCHEKTHUBBI HX
HCIIOJIb30BaHUs B arpPOHOMUU, a TaK)Ke JJIs pelieHrs oOumx 3a/1a4 OMOTEXHOJIOTHH, TJ€ IIUPOKO
UCTIOJIB3YIOTCS CTAa0MIIBHO paboTaroIye MUKpOOHBIE COO0IIeCTBa.

Coznanne 1 mpruMEHEeHHE OMOTMpPEerapaToB Ha OCHOBE MUKPOBOJOPOCIICH U ITHaHOOAKTEpHIA
— Haunbonee >pGEKTUBHBINA NMPUEM MNOBBILIECHUS MPOAYKTUBHOCTH PACTEHUH M KadecTBa HUX
ypoKasi, TO3BOJIAIOIIMNA COXPAaHATh ECTECTBEHHOE IUIOJOPOAME TOYB M 3KOJOTHYECKOE
paBHOBECHE OKpyXawlel cpenpl. X wucnonb3oBaHue [1aeT BO3MOXKHOCTh PETYJIHNPOBATH
YHUCIIEHHOCTh M aKTUBHOCTb IMOJIE3HOW MHKPOGMIOPHI B pruzochepe BO3ACIBIBAEMBIX KYIBTYp, a
TaK)ke 00ecreunBaTh PacCTeHUS a30TOM, GocHOpOM U APYTUMH OMOAKTUBHBIMH KOMITIOHEHTAMHU.
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C TOYKM 3peHUs MPUKIATHOTO UCIIOIH30BAHMSI, OHM SKOHOMHUYHBI U TEXHOJIOTHYHBI, TaK KaK
UX KyJIbTUBHPOBaHHE OCYIIECTBIISETCS HA JCLIEBBIX MUTATEIbHBIX cpeaax (0e3 opraHmvyecKux
COCMHEHUN M MCTOYHMKOB MHUHEPAIBHOTO a30Ta), a HAKOIJICHHE OMOMACChl MPOHMCXOIUT B
KOPOTKHE CPOKHM Jla)K€ B DSKCTEHCHBHBIX KYJbTypax, He TpeOyIOIIero I0pOroCTOAIIETO
obopymoBanus [6].

CnenyeT OTMETHTb, YTO AJisi MPUMEHEHHUs OMONpernapaToB Ha IMOCEBHBIX MOJAX Ooiee
3 PEKTUBHO HCIIOJIB30BAaTh A0OPUTEHHBIE ITaMMBI (POTOTPO(PHBIX MUKPOOPTraHU3MOB. B cBsi3u ¢
STUM TPOBEJEH MOUCK U BBIJECJICHUE KYJIbTYpP IMAHOOAKTEpPU M MHKPOBOJOPOCIEH M3 MOYB
MOCEBHBIX Mol cena bupnuk (Anmartuackoii o6:.) u cena [luenu (Ke3puiopauackoit o6i.) u
ompeiesieH BUOBOM COCTaB abro(Iophl HCCIAEAYEMBIX TTPOO.

JIist nanpHENIUX UCCIIeOBAHUIA 110 TPUMEHEHUIO TaHHBIX ITAMMOB B arpoOUOTEXHOJIOTUN
BO3HHUKAET HEOOXOJMMOCTb TOJYYEHHUS] AKCEHUYHBIX KYJIbTYyp. OTO SBISETCS CIIOXHBIM
IPOIIECCOM, TTOCKOJIBKY 3TH OPraHU3MbI BXOJST B COCTaB KOHCOPIIMYMOB, BKIIIOYAIOIINX, KPOME
caMUX IMAaHOOAKTEPHH W MHUKPOBOJOPOCIEH, COIMYTCTBYIOMYI0 MHUKpOodopy. CymiecTByrOT
METOAMKH IO OYHUCTKE BOJOPOCIEH OT COMYTCTBYIOUIMX MHKPOOPTaHM3MOB C IMPHUMEHEHHEM
MeTo0B Y D-m3imydeHust , MeMOpaHHOW (UIBTpallMd M aHTHOMOTHKOB [6-8]; mpu 3TOM
HEKOTOPbIE BOJIOPOCIH CaMu 00JIafaroT (PYHTUIUIAHOW U (PYHTHMCTAaTHUECKOW aKTUBHOCTHIO [9].
OpHako KyJnbTyphl IIMAaHOOAKTEpU M MHKPOBOAOPOCIEH BechbMa cCHEMU(UYHBI, TaK Kak
HEKOTOpPbIE MHUKPOOPIaHU3MBI MOTYT MPOYHO CBSA3BIBATHCS C MX KICTOYHOM CTEHKOW WM
HaXOJIUTHCS B CIM3UCTOM 4exJie (TJIMKOKAIMKCE) IIMaHOO0aKTepUi, B CBSI3U C UYeM MOAO0p MeToaa
OYHCTKH SIBIISICTCS CI0XKHOM 3anaueil. OTMEUEHO, YTO pa3BUTHE 3TUX OPTaHU3MOB B aKCEHUYHBIX
KYJIbTYpax MPOUCXOAUT MEJUICHHEE U NPUBOJUT K MOPQOJIOTHYECKUM U (PU3NOIOTHUUECKUM
u3MeHeHusM [7]. [ToaToMmy uzyueHmne Bo3eCcTBUS pa3IMUHBIX, OTINYAIOIIMXCS 10 MEXaHU3MY U
CHEKTPY NEHUCTBUS aHTHOMOTHKOB W (PYHTHIIMIOB HA I[UAHOOAKTEPHUH U MUKPOBOJOPOCIH AJIS
BBIJICTICHUSI YUCTBIX KYJIBTYp, SBISETCS akTyanbHOW 3amadedd. llemb paboTel — u3ydeHue
BO3/ICHCTBUS aHTUOMOTUKOB U (DYHTULIUIOB, a TaKXkKe yIbTPa(HOIETOBOTO U3TyYeHHUS Ha POCT U
pa3BuTHEe IMaHOOAKTEpUH W MHUKPOBOAOPOCIEH, BBIACIECHHBIX M3 IOYB PHCOBBIX IMOJEH
Kazaxcrana, 1151 O4MCTKH OT COMYTCTBYIOIIENH MUKPO(IIOPHI U MOTyYEHUSI aKCEHUYHBIX KYIbTYP.
Briienenne 4ucThIX KyJIbTyp NPOBOAMIIH C IIETbI0 ITOMCKA HOBBIX IITAMMOB MUKPOBOAOPOCIIEH U
[IMaHOOAKTEePUH, XapaKTEPU3YIOIMIMXCS BBICOKOW CKOPOCTBIO POCTAa U POCTCTUMYIHPYIOMIEH
AKTUBHOCTBIO 110 OTHOUICHHUIO K CEJIbCKOXO3HCTBEHHBIM PACTCHHSIM.

Martepuaibl H MeTOABI HCCIeI0BAHUA

Jlns viccneqoBaHuil OBLIHM MCITONIB30BaHbI ITaMMbl MEKpoBoopociteii Chlorella vulgaris sp
BB-5, Chlamydomonas sp Sh-2 u umano6aktepuit Oscillatoria pseudogeminate sp BB-11,
Spirulina sp Sh-8, BeIacIeHHBIE U3 TTOYB MTOCEBHBIX MOJei cena bupauk (AnMaTHHCKOR 001.) 1
cena luemn (Ks3putopauHckoit 0071.). Y3 0ToOpaHHBIX MOYBEHHBIX NMpoO B Ja00paTOPHBIX
YCJIOBHSIX Ha COOTBETCTBYIOIIMX CTAaHIAPTHBIX MUTaTeNbHBIX cpenax (BG11, Tamua, 3appyka,
L2min) ObuTH MOJTy4eHbl HAKOMMTENBHBIE KYJIbTYPhl MUKPOBOJOPOCIICH M IIHaHOOAKTEPH.

AHau3 Ha YUCTOTY Ha muTareiabHbIX cpemax MIIA, Cadbypo u LB [10] mokasan wmx
3arps3HeHue rpuOHON U OaKTepuanbHOM (HIopoi.

B nccnenoBaHmu UCTIONB30BAIM @aHTUOMOTHKY (AMITUITUIUTAH, TETPATUKINH, IEPTPHAKCOH)
U pyHrumu sl (GaykoHa3oi, HUICTATHH) ITUPOKOTO CrieKTpa AeHCTBHs. OTaebHbIe aHTUOUOTHUKH,
GyHTHIUIB U WX KOMOWHAIMU JOOABISUIM B JKUAKYIO IHTATEIBbHYIO Cpedy, Pa3liuBald B
POOUPKHU M BHOCHIIM UCCIIEIyEMBbIH IITaMM [IHaHOOAKTEPH 1 MUKPOBOOpOCiIel. st KOHTpOJIs
WCIIOJIB30BaJIM MHUHEPAJIBHYIO cpely 0e3 aHTHOMOTHKOB M (GyHrumuaoB. llepem moceBoMm B
NUTATENbHYIO Cpey C aHTHOMOTMKAMHU W (PYHTHUIUAAMHU HEOOJIbIIOE KOJMYECTBO OMOMACCHI
[IUAaHOOAKTEPHA ¥ MUKPOBOAOPOCIICH pacTUpalid B MPOOHPKE ISl pa3pyIICHUS OKPYKAIOIIUX
KOJIOHMM CIU3UCTBIX YEXJOB, C KOTOPHIMH MOTYT OBITh CBSI3aHBl COIYTCTBYIOIINE
MHUKPOOPTaHU3MBI M UX CIIOPHI. [lITaMMBI KyTBTUBHPOBAIH MPH THEBHOM OCBEIICHUH B TCUCHHE
7 CYTOK IpH KOMHAaTHOH TeMmImeparype, 3aTeM OLIEHWBAIN UX POCT BU3YaJIbHO U TOJ CBETOBBIM
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MUKPOCKOIIOM. J[J1s1 MpOBEPKH HA YHCTOTY KYJIbTYPHI BEICEBAIIA HA CBEXKYIO MTUTATEILHYIO CPEy,
U X CTEPUIILHOCTD OTNpeeNsiach MyTeM KyJIbTUBUPOBAHUS Ha MUTaTeNbHOU cpene LB.

J1J1st BEISIBJICHHS pOCTA COMYTCTBYIOIIECH MUKPOQIIOPHI IITAMMBI MTOCIIEe KYJIbTHBUPOBAHUS B
cpene ¢ aHTUOMOTHKAMH U (PYHTHITMAaMU TIepeceBaIl Ha KapToQenpHBIA arap ¢ Tiiroko3ou (10
/).

Hns  wm3ydenuss BiausHHS Y D-U3ydeHUH Ha TOAABICHHUE  KU3HEIAEATEIbHOCTH
MHUKPOOPTaHU3MOB HCIIOJIB30BAJIOCH CTEpUIIM3YIOLIee JieiicTBUe ynbTpaduoneToBbix tyueit (254
HM). KynbTypy ninano6akrepuii Ha gamnikax [lerpu o6myqanu 10-20 MuUHYT yiabTpadroIeTOBEIMU
ay4damu. ctounnkoM ynbrpaduonera 6sutm 6akrepunuaasie samisl bYB-20, BYB-40, ITPK-10.
Paccrosinue kynpTypbl OT ucTouHuKa 00mydeHus — 20-30 cMm. [Tocne o6myuenus nuano0akTepun
¥ MHUKPOBOJOPOCTH BBICEBAIHMCH HAa MTUTATEIBHBIN arap, U MPOBOAMIICS KOHTPOIIb OaKTepUaIbHON
YUCTOTHl MUKPOCKOTTMYECKUM METOJIOM.

Pe3yabTaThl M 00Cy:KIeHHE

N3 mouB moceBHBIX monel cena bupmuk (AnmaruHckodt 001.) u cema Illuwenu
(Ke13putopanHCcKo# 00:1.) MUKPOOHOTIOTHYECKUMH METOAaMH BBIJICIICHBI AT OJIOTHYECKU YHCTHIC
KYJIBTYPBl MUKPOBOJOPOCIEH U nnanobakTepuit. [lepeceBsl nenany Ha MUTATENbHBIX KUIKUX U
arapu30BaHHBIX TBEPIbIX cpenax 3appyka, BG-11 u I'pomoBa Ha vamkax [lerpu u B mpoOupkax,
KOTOpbIE IOMelaIM Ha CcBeT. Ha «HeopraHnyeckon» MUHEpaJIbHOW Cpele INpU OCBELICHUU
NPEUMYIIIECTBEHHO BBDKHMBAIOT KYJIBTYphl HHAHOOAKTEpUil W MuKpoBomopocieir [11]. U3
BBIPAILIEHHBIX CKOIUICHHH MHKPOBOJOpOCICH M LMAaHOOAKTepUil BHOBB JENlalM IepeceBbl Ha
KUAKYI0O TUTATeNIbHYI0 Cpely WM CKOIICHHBI arap. Tak Kak cpeapl HCIOIb30BAINUCH
CEJICKTHBHBIC, ITPeIHAa3HAYCHHBIC JUIsI KYJIbTUBHPOBAHUS [MAaHOOAKTEPHI WIIM MHKPOBOJAOPOCIEH,
OTJIEIUTh UX JIPYT OT JIpyra 0cob0ro Tpyaa He COCTABUIIO.

OtpenbHblE  YUCTBIE  KYJNBTYPHl  OBUIM  BBIACICHBI  METOJOM  «IITPUXAY.
MukpoOHoIOTHYEeCKOW MeTNied OoTOMpaiii HeOONbIIOe KOJWYECTBO o0Opasia, KOTOpOEe MOTOM
pacipeneNsiii o MOBEPXHOCTH MUTATENbHON cpeapl. CHavana MITPUXH COIEPKaIu OOJNbIIoe
KOJIMYECTBO LIMAHOOAKTEpUNH U MUKPOBOJOpOCIEH, OJHAKO MO Mepe ABUKEHHS METIH, YUCIO
KJIETOK YMEHBIIAJIOCh A0 OJAMHOYHBIX KieToK. [locnme moceBa uamku [lerpu mHKYOMpOBamu 10
Hayaja pocTa KOJOHUH.

B pe3ynbTaTe MHOTOKpATHBIX MEPECEBOB MOMYUYEHBI CICAYIOIINE AIbrOJIOTUYECKU YUCTHIC
KynsTypel MukpoBojgopocieii: Chlorella vulgaris sp BB-5, Chlamydomonas sp Sh-2 u
nmano6aktepuii Oscillatoria pseudogeminate sp BB-11, Phormidium sp Sh-4, Spirulina sp Sh-8
(pucyHox 1).
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Chlorella vulgaris sp BB-5 Oscillatoria pseudogeminate sp BB-11
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Phormidium sp Sh-4 Chlamydomonas sp Sh-2 Spirulina sp Sh-8

Pucynok 1 - ATbroioruueck YucThle KyJAbTYphl THAaHOOAKTEPUI 1 MUKPOBOAOPOCIIEH

AHTHOMOTHKH aHTUOAKTEPHATIBHOTO IEHCTBUS- aMITUIMIUIAH, TETPAIIMKIINH, e TPHAKCOH,
KaK ¥ OXHJAJIOCh, HE TOJABISUIA POCT JYKAPHUOTUYECKUX MHKPOBOJOPOCICH, HO yrHETalln
KU3HEACITEIPHOCTD IIMaHOOAKTEPHH, a B TOBBIIICHHBIX /103X BBI3bIBAIHM UX THOEH (Tabauma 1).
Terpauukinud u uepTpuakcon B KoHueHTpauusx 200 mMxr/mi u 100 MKr/mii, cOOTBETCTBEHHO,
MIOJTHOCTBIO Pa3pylialid KIETOYHYIO CTCHKY ITMaHoOaKkTepuii. [Ipy 3ToM He 10 KOHIIa MO3BOJISIIH
n30aBUTbCA OT OakrtepuanbHOil (¢iopel. Ilpm mepeceBe Ha NHTaTENbHBIE CPEIbl POCT
[IMaHOOAKTEepHii HE TMPOUCXOAWI, TOTJAAa KaK HEKOTOphle BHUJABI OaKTepHil IMpH TepeceBe Ha
nuTaTeNbHbIE cpelbl 0e3 aHTHOWOTKOB HAUYMHAIM BHOBB NMPOHM3PACTATh. AMIHIIMIINH OKa3all
CTaTW4ecKkoe Bo3JeicTBUUe. Takke BO BCEX BapHaHTaX TPUOHBIC KOJOHWUU IOJHOCTBIO
Pa3BUBAIUCE.

Jlanee mpUMeHSUTH aHTHOMOTHK TETPALMKIMH B KOHIIEHTparuu 40 MKI/MJI B COUYETaHUU C
¢yarunuaamu - GiaykoHa3oaoM U HUCTaTUHOM (100 MKr/MiT), 9YTO TIO3BOJIMIIO MOJIYYUTH YUCTHIC
OT TpuOHOM (JIOPHI MITAMMbl MUKPOBOJOPOCIICH U ITMaHOOAKTEPHil, HO C U3MEHEHHEM (HOPMBI
mukpoogopocau Chlorella vulgaris sp BB-5 B 60see npomosiroBatyto.

Hcnonp3oBanne aHTHOMOTHKA IedTprakcoHa B KoHIEHTpamuu 100 MKI/MiI MMO3BOJIMIIO
HOJTY4UTh OaKTEPUOJIOTMYECKU YHCThIe ITaMMbl MukpoBoopocieit Chlorella vulgaris sp BB-5
u Chlamydomonas sp Sh-2, Ttorma kak KOHIIEHTpAIMs JAaHHOTO aHTHOMOTHKA 40 MKIr/miT
MO3BOJIMJIAa OYHMCTUTH IITaMMbl IaHoOaktepuii Oscillatoria pseudogeminate sp BB-11,
Phormidium sp Sh-4, Spirulina sp Sh-8 ot 6akTepraabHOro 3arps3HEHHs HE B IOJIHOM 00BEME, a
NpU  TIOBBIIICHHONW KOHIICHTPAIIUH, 100 Mxr/mn, HaOmrogagach THOENIb KJIETOK CaMHUX
[IUaHOOAKTEPHIA.

JleiicTBue aHTHOMOTHKOB aMIUIMIUIMHA W TETPAMKIWHA TP OYKCTKE IITaAMMOB
MUKPOBOJIOPOCIICH U IIMAaHOOAKTEpU OBLIIO CXOXKHUM, KOHIIeHTpamws 40 MKT/MII HE OKa3bIBalia
HUKAKOTO BIIMSHHUS HAa BCE TECTUPYEMblE MHKPOOPTaHU3MBI, KOHIEHTpamus 100 MKr/mi
MOJIaBTISIA POCT JIUIIb HECKOJIBKHUX BHJIOB OaKTEpHUil U MPOM3BOAUIIA 33/IEPKKY pPOCTA IITAMMOB
raHoOakTepui, Torma kKak koHmeHTpamus 200 Mkr/mi (ukcupoBasia THOETb BCEX KIETOK
OakTepuii u IMaHOOAKTEPUI B TOM YHCIIE.
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Tabmuua 1 — YcToHUMBOCTE MUKPOOPTaHU3MOB K aHTHOMOTHKAM, QYHTUIMIAM U yIbTPaQHOIETOBOMY

W3ITYICHHIO

AHTHOHUOTHKH,
dhyHTHIHAITE
(MKr/Mi1) 1 Y O-
H3ITy4eHUE
(MuH)

XKuzHecrnocoOHOCTh OPraHU3MOB

Chlorella
vulgaris
sp BB-5

Chlamydo
monas sp
Sh-2

Oscillatori
a
pseudogemi
nate sp BB-

Phormidi
um sp Sh-
4

Spirulin
asp Sh-
8

Muxpo-
MHUILIETHI

bakrepun

11
Kontpois (0) ++ ++ ++ ++ ++ ++ ++

AMOUIWLUINH
(40)
TerpauuxkiuH
(40)
Hedrpuakcon
(40)
AMINIMIIINH
(100)

TerpauuxkiuH
(100)

IledTpuakcon
(100) ++ ++

AMINIMIIINH
(200)
TeTpanuking
(200)
TerpauuxkiuH
(40)+HuCcTaTHH + + + + + - +
(40)
TeTpanuking
(40)+
(hykoHa30I
(40)
YO- uznyu.
(10)
YV®- uznyu.
(15)
YO- uznyu.
(20)

[TpuMmedanme: MUKPOBOIOPOCIH U ITMAHOOAKTEPHH: ++ — POCT aKTUBHBIN; + — POCT CACPIKAHHBIH;
— — rubenp opranu3Ma; MUKpOMHULETH 1 Oaktepun: ++ — 6osee 10 KOE B wamke Iletpu; + — menee 10
KOE B gamke [letpu; — — opramsm OTCyTCTBYET

++ ++ + + + ++ +

++ ++ + + + ++ +

++ ++ + + + ++ +

++ ++ + + + ++ +

++ ++ + + + ++ +

++ ++ - - - ++ -

++ ++ - - - ++ -

Oyurunuasl  (GIyKOHA301 W HUCTAaTUH) CIIOCOOCTBOBANIM  OYHMIICHHMIO IITAMMOB
MHUKPOBOJIOPOCIIEH | IMaHOOaKTepwii OT TpuOOB yxke npu KoHIeHTparuu 40 MKr/mi.
Hcnonp3oBaHue [aHHBIX (YHTHLIMIOB B COCTaBE C AHTUOMOTHKOM TETPALMKIMHOM B
KOHIeHTpauuun 40 MKI/MJI [O3BOJWJIO HOJIYYUTh OYMIIEHHbIE OT TIPUOOB IITAMMBI
MHUKpPOBOJIOpociel u ranobakrepuil. [[pumeHenue Toibko GyHTHIUAHBIX TIPENapaToB MPUBEIIO
OB kK 0OpaTHOMY P(h(DEKTYy — YBEITUUCHHUIO YUCIIA KOJOHUH OakTepuii. BO3MOXHO, 3TO BBI3BaHO
TEM, 4TO MPH UCIOJIH30BAHUN AaHTUOMOTHKA WK (YHTHIIMIA YaCTh MUKPO(IOPHl YHHUTOXKAIACH,
U HAYMHAJIM aKTUBHO pa3BUBATbCS OAKTEpUU WM MUKPOMHUIETHI, 3aHMMasi OCBOOOJUBIIYIOCS
9KOJIOTUYECKYI0 Humry [12].
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OoOnyyenue ynbrpaduoneroM (C ITUHONW BOJHBI 254 HM U MHTEHCUBHOCTHIO 40 3pr/MM2)
nokazajio, 4Yro |5-MuHyTHOE OOJIyueHHE BBIIEPXKAIU TOJNBKO [HAHOOAKTEPUH, POCT
MHUKpPOBOIopocieit yxe nocie 10-MUHYyTHOro 00IydeHuUs CUIIBHO 3aMeIIsIICs, a TIPU IepeceBe Ha
CBEXXHE MUTATEIBHBIE CPEebl MUKPOBOJOPOCITH MEPECTaBalid pa3MHOXKATCA U MOTHOATH. OTH
pe3yabTaThl TOKA3bIBAIOT BBICOKYIO YCTOMUMBOCTH LMAHOOAKTEpUl K (U3NKO-XUMHUECKUM
(dakTOpaM BHEITHEH CPEIbl.

VY 1mTamMMOB MHKpPOBOJIOPOCIEH UM IMaHOOAKTepUi, BBDKMBIIMX II0CJIE BO3JCHCTBHS
AHTUOMOTHKOB, (QYHTUIHAOB U YyIbTPadUOJIETOBOrO OOJydEeHHs, ONPEACIsIn HaIHdne
conmytcTByomeii  mMukpodiiopel. Y mukpoBogopocieir  Chlorella vulgaris sp BB-5 wu
Chlamydomonas sp Sh-2 mociie 06paboTku aHTHOMOTHKOM e TPHAaKCOHOM B KOHIIeHTparwu 100
MKI/MII ¥ (QYHTHUUAOM B KOHLEHTparmuu 40 MKI/MJI CONMYTCTBYIOIIEH MHKPOQIOPH HE
0o0Hapy>KEHO, TOTJa KaK IMOcje BCEX BUIOB BO3ICHCTBHS BBDKHBIIUE ITAMMBI I[HAHOOAKTEPHIA
Oscillatoria pseudogeminate sp BB-11, Phormidium sp Sh-4, Spirulina sp Sh-8 conepxanu
OakTepuu, HO IPEUMYIIECTBEHHO OJTHOTO BU/IA.

3akiaro4enue

Takum 00pa3oM BbIsIBICHBI HaubOosee H(PQPEKTHUBHBIC KOHLEHTPALMH  JCHCTBHS
AHTUOMOTHKOB, (DYHTHITUIOB U YIbTPAPHOIECTOBOTO OOJYUCHHUS IS TONTYUYCHUS aKCEHWYHBIX
KYJBTYp MHUKPOBOJOPOCIEH U IUAaHOOAKTEPHIA, BBIICIEHHBIX 13 N0YB noceBHBIX nonel PK. ITpu
00paboTke aHTHOMOTHKOM IedTpHakCcOHOM B KoHIeHTparuu 100 MKr/mMia ¥ (GyHTHIHIOM B
KOHLeHTpauu# 40 MKI/MII yIaJIOCh MOJyYHTh aKCEHUYHBIE ITaMMbl MUKpoBogopocie Chlorella
vulgaris sp BB-5 u Chlamydomonas sp Sh-2. Tlpu wucnoibp30BaHud yabTpadHOICTOBOTO
o0JlydeHUsI HE YJalloCh MOJNYYUTh OAaKTEPHOJIOIMYECKH 4YHCThIe KYJIbTYpHl, TaK Kak MpU
00JIydeHHH CYCIIEH3UH MHUKpOBOAOpocield W IuaHoOaktepuit Yd-mydamu B TeueHue 10-20
MHUHYT BCE€ KJIETKM MHUKPOOpPraHM3MOB morubamu, Ttorma kak 10-15-mmuyTtHOE 0O0myuyeHHe
MO3BOJIIET N30aBUTHCS JIUIIL OT HEKOTOPBIX HECTIOPOHOCHBIX OaKTEpHiA.
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AHTABMOTHUKTEPIIH, ®VHTULAATEPIIH JKOHE VJIbLTPAKYJITTH
COVJIEJEPIIH KYPIII AJTKANTAPBIHBIH TOMBIPATBIHAH BOLITHITI
AJIBIHF AH MAKPOBAJIIBIPJIAP MEH IMAHOBAKTEPHSIJIAP/IBIH
JAKBLIIAPBIHA OCEPI

Tyiiin

Ken cmextpni  aHTHOMOTHKTEpHiH  (AaMOMUWIWH, TETPAUUKIWH, UEQTPHAKCOH)  >KOHE
dyarumuarepaid (hIyKoHa30J1, HUCTATHH), COHMAN-aK YIbTPAKYJITIH coyeleHyiHiH Bipiik aybUIBIHBIH
(Anmatsr o0bIicen) xoHe [lluem aypuisiHbIH (KBI3BUTOpAa OOMBICH) €Tic aIKaTaphIHBIH TOIBIPAFbIHAH
oeninren Chlorella vulgaris sp BB-5, Chlamydomonas sp Sh-2 mukpoGanasipiiap AakblIIapbiHa JKOHE
Oscillatoria pseudogeminate sp BB-11, Spirulina sp Sh-8, Phormidium sp Sh-4 nuano6akrepusinapsina,
iecrie  MUKpPOOPTaHM3MICPIHE ocepl 3epTTenai. 3epTTEeAreH aHTHOWOTHKTEPAIH AaMITHIILINH,
terpanukiud, 200 Mkr/mun  xoHe uedTpuakcoHHBIH 100 MKIr/MII  KOHIEHTPAIUSACHI  OapIIBIK
nuaHoOaKkTepusIap MeH ijecre OakTepusuIapAblH TipPLIUIIK OpeKeTiH Texeai. linecre MUKpOMULIETTEpAiH
ecyi, KoHIeHTpauusickl 40 MKr/MiI OoONaThblH €Ki 3epTTeNeTiH (QYHTUIUINCH, OaKTepusuiapIbH
KONIIUIITHIH  ©6Cyl KypaMJIacTBIPbUIFAaH IperapaTneH (TeTpaluKIuH +  (QYHTHIUA) — TEKeJI.
HunanobakrepustapIblH 3epTTENreH WTamMaapsl GyHIUIUATEPre KaparaHaa aHTHOMOTHKTEpre ce3iMTal
eKeHMIr nasenzeHai. by Oakrepusiap MeH LHUaHOOAKTEpUsIApIbIH (HU3HOIOIHSIIBIK YKCACThIFbIHAH,
COH/Iali-aK OJIapJIbIH CHMOHMOTHKAJBIK OalIaHBICBIHAH TYBIHIAYhl MYMKiH. JaKplimapasl yiabTpaKkydIriH
COyJIeMEH CoyJeNleHAIpy MHKpOOANABIpIapAbIH €H J>KOFaphl CE3IMTAJABIFBIH KOPCETTi, COHIBIKTAH
MHUKpOOaJIIbIpyiap MEH LHaHOOAKTePHsIIapAbIH CYCIICH3UACHIH YIbTPAKYIriH coynenaepmern 10-20 MuHyT
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CoyJleeHIipy Ke3iHe MUKPOOPraHu3MIEPAiH OapibIK sKkacymaiapsl enfi, an 10-15 MUHYTTBIK coyieneHy
TEK KeHOip criopachl3 OakTepusiiapiaH apbuIyFa MYMKIHAIK Oepe/i.

KintTi ce3mep: MukpobOammeipiap, IMaHOOAKTEepUsIap, TOMBIPAKTHIH  aJTOH3AIUSCHI,
AHTUOMOTHKTEP, OMOTHIHAUTKBIII.
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Abstract

The effect of broad-spectrum antibiotics (ampicillin, tetracycline, ceftriaxone) and fungicides
(fluconazole, nystatin), as well as ultraviolet radiation on microalgae cultures Chlorella vulgaris sp BB-5,
Chlamydomonas sp Sh-2 and cyanobacteria Oscillatoria pseudogeminate sp BB-11, Spirulina sp Sh-8,
Phormidium sp Sh-4 and concomitant microorganisms isolated from the soil of the sown fields of Birlik
village (Almaty region) and Shieli village (Kyzylorda region) was studied. The concentrations of the
studied antibiotics ampicillin, tetracycline, 200 pg/ml and ceftriaxone 100 pg/ml suppressed the vital
activity of all cyanobacteria and concomitant bacteria. Concomitant micromycetes were suppressed by both
studied fungicides at a concentration of 40 pg/ml, most bacteria were suppressed by a combined preparation
(tetracycline + fungicide). The studied strains of cyanobacteria were more sensitive to antibiotics than to
fungicides. Perhaps this is caused by the physiological similarity of bacteria and cyanobacteria, as well as
their symbiotic relationship. Irradiation of cultures with ultraviolet radiation showed the greatest sensitivity
of microalgae, so when irradiating a suspension of microalgae and cyanobacteria with UV rays for 10-20
minutes, all microorganism cells died, whereas 10-15 minuteirradiation allows us to get rid of only some
non-spore-bearing bacteria.

Keywords: microalgae, cyanobacteria, soil algolization, antibiotics, biofertilizer.

Recently, the agricultural sector has been facing new challenges to increase productivity in
order to feed a growing world population, while reducing environmental impact and preserving
natural resources for future generations. Biological preparations based on microalgae and
cyanobacteria can contribute to solving these problems. These microorganisms have great
potential for increasing soil fertility and stimulating plant growth [1, 2]. It should be noted about
the high positive ecological role of cyanobacteria in the soil as nitrogen fixers, organic matter
accumulators [3] and a wide range of adaptation to various soil and hydrothermal conditions [4],
but it is also important to note their growth stimulating abilities [5]. The creation of new biological
preparations to increase soil fertility opens up new prospects for the use of microbial preparations
in agronomy and, with a high probability, can be used to solve general problems of biotechnology,
where there is a need for stable microbial communities.

The creation and application of biopreparations based on microalgae and cyanobacteria is
the most effective method for increasing plant productivity and the quality of their harvest,
allowing for the preservation of the natural fertility of soils and the ecological balance of the
environment. Their use makes it possible to regulate the number and activity of beneficial
microflora in the rhizosphere of cultivated crops, as well as to provide plants with nitrogen,
phosphorus and other bioactive components.
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From the point of view of applied use, they are technologically advanced, which includes
cheap cultivation media (the absence of organic compounds and mineral nitrogen sources in the
medium) and the rapid accumulation of biomass even in extensive cultures that do not require
expensive equipment [6].

It should be noted that it is more efficient to use native strains of phototrophic
microorganisms for the use of biological preparations in sown fields. In this regard, a search and
isolation of cyanobacteria and microalgae cultures from the soil of the sown fields of the Birlik
village (Almaty region) and the Shieli village (Kyzylorda region) was carried out. Soil samples
were selected and the species composition of the studied samples algoflora was determined in
order to isolate strains of cyanobacteria and microalgae.

For further research on the use of these strains in agricultural biotechnology, there is a need
to obtain axenic cultures. This is a complex process, since these organisms form consortiums that
include concomitant microflora, in addition to the cyanobacteria and microalgae themselves. There
are methods for cleaning algae from concomitant microorganisms using UV radiation, membrane
filtration, and antibiotics [6-8], while some algae themselves have fungicidal and fungistatic
activity [9]. However, cyanobacteria and microalgae cultures are very specific, since some
microorganisms can firmly bind to their cell wall or be located in the mucous membrane
(glycocalyx) of cyanobacteria, and therefore the selection of a purification method is a difficult
task. It was noted that the development of these organisms in axenic cultures is slower and leads
to morphological and physiological changes [7]. Therefore, the study of the effect of various
antibiotics and fungicides that differ in the mechanism and spectrum of action on cyanobacteria
and microalgae for the isolation of pure cultures is an urgent task. The aim of the work is to study
the effects of antibiotics and fungicides, as well as ultraviolet radiation on the growth and
development of cyanobacteria and microalgae isolated from the rice fields of the Republic of
Kazakhstan for purification from the concomitant microflora and obtaining axenic cultures. The
pure cultures were isolated in order to search for new strains of microalgae and cyanobacteria,
characterized by a high growth rate and growth-stimulating activity in relation to agricultural
plants.

Materials and methods of research

The microalgae strains Chlorella vulgaris sp BB-5, Chlamydomonas sp Sh-2 and
cyanobacteria Oscillatoria pseudogeminate sp BB-11, Spirulina sp Sh-8 isolated from the soil of
the sown fields of Birlik village (Almaty region) and Shieli village (Kyzylorda region) were used
for research. Enrichment cultures of microalgae and cyanobacteria were obtained from selected
soil samples in laboratory conditions on the appropriate standard nutrient media (BG11, Tamia,
Zarruka, L2min).

Analysis for purity from bacterial and fungal contamination on nutrient media MPA, Sabur
and LB [10] showed their contamination with fungal and bacterial flora.

Broad-spectrum antibiotics (ampicillin, tetracycline, ceftriaxone) and fungicides
(fluconazole, nystatin) were used in the study. Individual antibiotics, fungicides, and their
combinations were added to a liquid nutrient medium, poured into test tubes, and the investigated
strain of cyanobacteria and microalgae was added. For control, a mineral medium without
antibiotics and fungicides was used. Before sowing cyanobacteria and microalgae in the medium
with antibiotics and fungicides, a small amount of biomass was triturated in a test tube to destroy
the mucous membranes surrounding the colonies, which may be associated with concomitant
microorganisms and their spores. The strains were cultivated in daylight for 7 days at room
temperature, then their growth was assessed visually and under a light microscope. To check for
purity, the cultures were plated on a fresh nutrient medium and their sterility was determined by
cultivation on LB nutrient medium.

To detect the growth of concomitant microflora, after cultivation in the medium with
antibiotics and fungicides, the strains were transplanted onto potato agar with glucose (10 g/l).
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To study the effect of UV radiation on the suppression of the vital activity of
microorganisms, the sterilizing effect of ultraviolet rays (254 nm) was used. The cyanobacterial
culture on the dishes was irradiated for 10-20 minutes with ultraviolet rays. The bactericidal lamps
BUV-20, BUV-40, PRK-10 were the source of ultraviolet. The distance of the culture from the
source of irradiation is 20-30 cm. After irradiation, cyanobacteria and microalgae were seeded on
agar, and the bacterial purity was controlled by a microscopic method.

Results and discussion

Algologically pure cultures of microalgae and cyanobacteria were isolated by
microbiological methods from the soils of sown fields of the Birlik village (Almaty region) and
the Shieli village (Kyzylorda region). Reseeding were done on liquid and agar solid media of
Zarruk, BG-11, and Gromov on Petri dishes and in test tubes, which were placed on light.
Cyanobacteria and microalgae cultures predominantly survive in an “inorganic” mineral medium
under illumination [11]. From thegrown accumulations of microalgae and cyanobacteria, the,
reseeding was carried out again to a liquid medium or a slant agar. Since the media were selective,
intended for the cultivation of cyanobacteria or microalgae, it was not difficult to separate them
from each other.

Separate pure cultures were isolated by the "stroke” method. A small amount of the sample
was selected with a microbiological loop, which was then distributed over the surface of the
medium. At first, the strokes contained a large number of cyanobacteria and microalgae, however,
as the loop moved, the number of cells decreased to single cells. After inoculation, the plates were
incubated until the colonies began to grow.

As a result of multiple reseedings, the following algologically pure cultures of microalgae
Chlorella vulgaris sp BB-5, Chlamydomonas sp Sh-2 and cyanobacteria Oscillatoria
pseudogeminate sp BB-11, Phormidium sp Sh-4, Spirulina sp Sh-8 were obtained (Figure 1).

KR
NAY
Chlorella vulgaris sp BB-5 Oscillatoria pseudogeminate sp BB-11
Phormidium sp Sh-4 Chlamydomonas sp Sh-2 Spirullikna sp Sh-8

Figure 1 - Algologically pure cultures of cyanobacteria and microalgae
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Antibacterial antibiotics —ampicillin, tetracycline, ceftriaxone, as expected, did not suppress
the growth of eukaryotic microalgae, but suppressed the vital activity of cyanobacteria, and in high
doses caused their death (table 1). Tetracycline and ceftriaxone at concentrations of 200 pg/ml and
100 pg/ml, respectively, completely destroyed the cyanobacterial cell wall. At the same time, it
did not completely allow to get rid of the bacterial flora. When transferred to nutrient media,
cyanobacteria did not grow, whereas some types of bacteria, when transferred to nutrient media
without antibiotics, began to grow again. Ampicillin had a statistical effect. Also, in all variants,
fungal colonies have fully developed.

Next, the antibiotic tetracycline was used at a concentration of 40 pg/ml in combination with
the fungicides fluconazole and nystatin of 100 pg/ml, which made it possible to obtain pure strains
of microalgae and cyanobacteria from the fungal flora, but it should be noted the change in shape
into the more oblong microalgae Chlorella vulgaris sp BB-5.

The use of the antibiotic ceftriaxone at a concentration of 100 pg/ml allowed to obtain
bacteriologically pure strains of microalgae Chlorella vulgaris sp BB-5 and Chlamydomonas sp
Sh-2, while the concentration of this antibiotic of 40 ug/ml did not allow to purify the strains of
cyanobacteria Oscillatoria pseudogeminate sp BB-11, Phormidium sp Sh-4, Spirulina sp Sh-8
from bacterial contamination in full, and at an increased concentration of 100 pg/ml, the death of
the cyanobacterial cells themselves was observed.

The action of the ampicillin and tetracycline antibiotics in the purification of microalgae and
cyanobacteria strains was similar, at a concentration of 40 ug/ml it had no effect on all tested
microorganisms, at a concentration of 100 pg/ml, the growth of only a few bacterial species was
inhibited and the growth of cyanobacteria strains was delayed, while at - 200 ug/ml, the death of
all bacterial cells, including cyanobacteria, was recorded.

Table 1-Resistance of microorganisms to antibiotics, fungicides and ultraviolet radiation

Antibiotics, Viability of organisms
fungicides
(ug/ml) and | Chlorella | Chlamyd | Oscillatoria - Spirulin .
UV radiation | vulgaris | omonas | pseudogeminat I:’nh;)rrglr:jlz a sp Sh- M'CCer?er: Bacteria
(min) spBB-5 | spSh-2 | espBB-11 poh- 8 y-

1 2 3 4 5 6 7 8
Control (0) ++ ++ ++ ++ ++ ++ ++
Am&lg;llm +t + + + + et +
Tetracycline

(40) ++ ++ + + + ++ +
Cef't(r;lg))(one ++ ++ + + + ++ +
Ampicillin

(100) ++ ++ + + + ++ +
Tetr(al%c)lme +t + + + + et +
Ceftriaxone
(100) ++ ++ - - - ++ -
Ar?gé%')l"n ++ ++ - - - ++ -
Tetracycline
(200) ++ ++ - - - ++ -
Tetracycline
(40)+nystatin + + + + + - +
(40)
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Table 1continued
1 2 3 4 5 6 7 8
Tetracycline
(40)+
fluconazole
(40)
UV radiation
(10)
UV radiation
(15)
UV radiation
(20)
Note: microalgae and cyanobacteria: ++ — active growth; + — restrained growth,; - - the death of
the organism; micromycetes and bacteria: ++ - more than 10 CFU in a Petri dish; + - less than 10 CFUs
in a Petri dish; - - the organism is missing

Fungicides (fluconazole and nystatin) contributed to the purification of microalgae and
cyanobacteria strains from fungi already at a concentration of 40 pg/ml. The use of these
fungicides in combination with the antibiotic tetracycline at a concentration of 40 pg/ml made it
possible to obtain strains of microalgae and cyanobacteria purified from fungi. The application of
only fungicidal preparations would lead to the opposite effect - an increase in the number of
bacterial colonies. Perhaps this is due to the fact that when using an antibiotic or fungicide, part of
the microflora was destroyed, and bacteria or micromycetes began to actively develop, occupying
the vacated ecological niche [12].

Ultraviolet irradiation (with a wavelength of 254 nm and an intensity of 40 erg/mm2) showed
that only cyanobacteria withstood 15 minutes of radiation, the growth of microalgae was
significantly slowed down after 10 minutes of radiation, and when transferred to fresh nutrient
media, they ceased to multiply and died. These results show the high resistance of cyanobacteria
to physical and chemical environmental factors.

The presence of concomitant microflora in strains of microalgae and cyanobacteria that
survived after exposure to antibiotics, fungicides, and ultraviolet irradiation, was determined. In
microalgae Chlorella vulgaris sp BB-5 and Chlamydomonas sp Sh-2, after treatment with the
antibiotic ceftriaxone at a concentration of 100 pg/ml and fungicide at a concentration of 40 pg/ml,
concomitant microflora was not found. Whereas, after all exposures, the surviving strains of
cyanobacteria Oscillatoria pseudogeminate sp BB-11, Phormidium sp Sh-4, Spirulina sp Sh-8
contained bacteria, but predominantly of the same species.

Conclusion

Thus, the most effective concentrations of the action of antibiotics, fungicides and ultraviolet
irradiation for obtaining axenic cultures of microalgae and cyanobacteria isolated from the sowing
fields of the Republic of Kazakhstan were identified. When treating with the antibiotic ceftriaxone
at a concentration of 100 pug/ml and fungicide at a concentration of 40 pg/ml, it was possible to
obtain axenic strains of microalgae Chlorella vulgaris sp BB-5 and Chlamydomonas sp Sh-2.
When using ultraviolet irradiation, it was not possible to obtain bacteriologically pure cultures,
since when a suspension of microalgae and cyanobacteria was irradiated with UV rays for 10-20
minutes, all cells of microorganisms died, while 10-15 minute irradiation allows us to get rid of
only some non-spore-bearing bacteria.
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