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Tyidin

AnmMatel 0OJBICHIHIAFBI AKAana anaObIHBIH ericTiK alKanTapblHAaFbl LUaHOOaKTepusuiap MeH
MUKPOOANIBIpIapAblH, TYPIIK SpTYpauIiri 3eprrenti. MuKpoopraHmsMaepaiH OuoayaHTYpJIimiri
Oomyamarsl MOJ kKaHa MHKPOO TypiepiH Taly VINIH €H VIKCeH MaijalaHbUIMaraH pe3epByap OOJIBII
TaOBUTATEI. 3EPTTEYIAiH MaKcaThl MHKPOOAIIBIpIap MEH ITHAHOOAKTEPHSUIAPABIH OPTYPIUITiH 3epTTey
KOHE [HaHOOaKTepHsUIapAbIH OoJamarsl MOJI TYpJiepiH Oemin any OoJbIl caHanaabl. 3epTTey HOTHKEepi
OoifpIHITIa AKmaja ajaOBIHBIH eTiC alKaNTaphIHBIH TONBIPAK YITUIEpIHEH MHKpoOaIapIpiiap MEH
MMaHoOaKTepsUIapablH 48 Typi aHBIKTAIABI, OHBIH imiHAe 21 Typi - ImaHoOakTepHsuiap.
Huanobakrepusiiap exiIgepiHiH Herisri yieci rerepouncTaisl popmanap 6onasl. L{nanodakrepusinapasia
AHBIKTAJIFaH TYPJIEPiHEH 5 albrOJIOTHSUIBIK Ta3a AAKbUIAAPhl O6JiHII aldbIHIbl, OipaKk 0aKTepHUOIOTHSIIBIK
Ta3a JaKbUI PETiHIAC aHTHOMOTUKTEPMEH OHICYJeH KeWiH 4 nakbuigap OJIiHIN alibIHAIbl. 3epTTeY
HOTIXeJepi OOMBbIHIIA OeJIiHIN albIHFaH TOPT LHUAHOOAKTEpHs NaKbUIJAPBIHBIH apachblHAaH MaKCHMAaJIbl
OakTepusra Kapcol OencenauikTi kepcetken - Oscillatoria SP S-3, Anabaena SP S-5 nakpuigaps! 60MIbI.
ATtanraH JaKpUIIapAbIH MeTaHon ceirbHabLIapsl E. coli sxome Staphylococcus aureus, B.subtilis ceimax
IITAMMIAPbIHBIH ©CYIH TEXEYIiH €H YVJIKeH aiMmakTtapblH KepceTTi. IluanoOakTepusiiap opTypii
OMOTEXHOIOTUSIIBIK, MaHBI3IbI KOCBUTBICTAPABIH KOIT MOJIIEPIH ally YIIiH opacaH 30p, Oipak oI e a3
3epPTTEIreH pecypc OOJbIT TaObLIA/bI, OMTKEHI Onap OpTYpJi OHMOJIOTHUSIBIK OEICeHIl 3aTTapibl
CUHTE3/ICH/II, oJlap caHbIpayKyJIaKTapra Kapchl, OakTepusiapra Kapchl, BAPyCTapra Kapchl OCICEHITIKKE
ne. [lmanobakTepusIapblH KaHa TYPIEPiH i3/Iey, OKIIAyJay >KOHE OMONOTHSUIBIK OEJICeHIi 3aTTapibl
OHJIIPYIILIEepAl AYPHIC TAHAAY arpOOMOTEXHOIOTHSIA YIKEH MYMKIH/IKTED aIlla bl

KinTTi ce3nep: OnoanmyaHTYpIIislik, MEKpOOAIABIpIAp, TUAHOOAKTEPHUSIIAP, ABIOJIOTHSUIBIK Ta3a
JlaKbUIIap, OakTepusiapra Kapchl OSJICEHTIK.

TombIpakThlH OpPraHUKAJIBIK 3aTTApbIHBIH TY3UIyl MHUKPOOPTaHWU3MACP/IH TiKeIeH
KaTBICYBIMEH XKYPEJi, OJIApABIH 6CIMIIKTEp MEH JKaHyapJIapAblH KaJAbIKTapblHA KOTKAKTHI ocepi
KOITETeH OMOXUMUSIIBIK PEaKIUsIapMeH cunaTTanabl. JKorapbel caThlIaFbl ©CIMIIKTEpJeH 00C
KEHICTIKTepAl TOATHIPA OTHIPHIN, [TUAHOOAKTEPHsIIAP KYH SHEPTUSACHIHBIH aCCUMMISLUSACHIHBIH
(dakTophl KoHE KOChIMIIA Omomacca ke3i peTiHae KbisMmer ereii [1]. Omap TombIipakTapabiH
KaJIBINITACybIHA KATHICA/IBI, aJl KAIBINTACKAH TOMBIPAKTAPIBIH (PU3NKO-XUMUSIIBIK KaCUETTEPiHE
ocep eremi. TombIpakTarbl MHAHOOAKTEPUSUIAPABIH KbI3METI OPTaHHMKAJIBIK 3aTTapbl OHIIPY,
aTMocdepanblK a30TThl OeKiTy, Gochop MeH Gacka FJIeMEHTTEpiH KODKETIMILIITIH apTThIpy,
(GbuUTOrOpMOHAAp MEH TOKCHHAEP/l IIBIFapy, MIBIPBIIITHI 3aTTap MEH XKIM TOPi3l TaJtomMaap
apKBUIbI DPO3UsIFa Kapchl OEICEHAUTIK KopceTy KabieTiMeH anbikTanans! [2]. [luanobakrepusiiap
OHIIPETIH KOMITOHEHTTEP aHTHOKCUIAHTTAP MEH MUTMEHTTEp O0bIn Tabbutanbl. COHBIH iMIiHIIE
(yKOKCAaHTHH, KapOTHHOUATAP, JTIOTEHH, [3-KapOTHH, aCTAKCAHTHUH >KoHEe (PUKOOHMI OeTOKTaphl),
Y3bIH Ti30€KTi moJMKaHbIKnaraH Mai KelmKeuigapbl (FA-PUFAS) skoHe akybizgap (MaHBI3IbI
AMHUHKBIIIKBUIIAPbl METHOHUH, TPEOHUH KoHE TpUNTo(aH). bys ekiHIIiik MeTaboIuTTep TaMakK,
JKEM, aybU1 IIapyalIbUIBIFGI )KOHE (DapMalleBTUKA OHEPKICIOIHIe KeHIHEH KO IaHbuIaabl [3].

[HuanobakTepusuIapIbIH OpTYPIIL TYpIiepi OakTepusra Kapchl )KOHE CaHbIpayKyJIaKKa KapChl
KacHeTTepi 0ap JKacyIailIiIK xKoHe jKacylaaad ThIC METa0OJUTTEPAl IIBIFApAaThIHGI OenTii [4].
BakTepusnapra Kapchl areHTTep OaKTEePHSUIBIK HHPEKIUSIIApIbl eMIeyIe KeHIHSH KOJIJaHbLIa IbI,
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Oipak OakTepusyiap KOJAAHBICTAFbl JOpi-I9PMEKTEpre Te3IMIiUTKKe ue 00iybl MyMKiH. OcChI
cebenTi 3epTTeymiijep OakTepusFa Kapchl >KaHAa KOCBUIBICTAP/Abl AaHBIKTAY VIINiH TaOWFu
KOCBUTBICTApABI 137ei Oactambl [5]. LlmanoOaktepusuiap OChl cajajarbl OoJamiarbl MO
OMOJIOTHSUIIBIK PECypC PETIH/E KapacThIPbLIA IbI.

[uanobaktepusimap Kypilll aJKanTapbIHIAFBl MHUKPOOTHIK KaybIMIACTHIKTBIH HETI3T1
Kypamaac Oedmiri Oonbim TaObUIaABl. AyBUIIAPYANIBUIBIK SKOXKYHENEpiHIH KyHapJIbUIBIFBIHA
BIKITAJI €Te/I1 ’KOHE JKaCyIIANIBIK METa00JIN3MIe KayKeT eMeC KOCBUIBICTApAbIH, SFHU EKIHII PETTIK
METa0OMUTTEPAIH oNeyeTTi koe31 Oombinm TaObuiaabl [6]. [manoOakTepusiapabl KOJIAHYABIH
KeiOip BIKTUMaJ OarbITTapbl (hapMaleBTHKa OHEPKACiOl MEH aybUIIIAPyallbUIbIK CEKTOPHI YIIiH
OakTepusapra KapChl KOCBIIBICTAP/IbI OMOTBIHAUTKBIIITAP MEH OMOOAKbLIAY KYpalaaphl peTiH/Ie
eHIipy Oousbinm TaObUTagbl. bakTepusmapra Kapchl 3arTap MEH Oacka Ja (hapMaKOIOTHSIIBIK
OeJICeHII KOCBUIBICTap/bl CHHTE3Jeyre KaOiaeTTI NMaHoOaKTepusuiapAbl Oerinm ajmy KoHe
CKPMHHUHT jKacay »aHa arpOXUMUSUIBIK areHTTEeP/iH dJeyeTTi Ke31 peTiHAe KbI3bIFyIIbUIBIKTHIH
apTybIH TyAbIpasl [7]. Ocbirad 0alIaHbICTBI O13]1IH 3€PTTEY KYMBICBIMBI3IBIH MaKCaThl AJIMaThI
OONBICHIHIAFRl  AKJalla anKaOBIHBIH ~eric  aJKanTapbhlHIAFbl [HAaHOOAKTEepUsIap MEH
MHUKPOOAIIBIPJIAPABIH TYPIIK OPTYPIIUIITIH 3€PTTEY KOHE ITMAaHOOAKTEePHUsIIAP IbIH MEPCIICKTUBTI
TYpJiepiH Gein aixy OoJbIn TaObLIaabI.

Marepunanaap MeH daictep

3eprTey HbICaHBI Lile ©3€HIHIH caFachlHAa OpHAJIACKaH AKaaia Kypill ery aakaObl OOJIbII
TaOBLIAIBL.

Tompipak ChIHaMalapblH Ay KOHBEPT oiici OoibiHmIA >xypri3inai [8]. bapneirer 28
QIBTOJIOTUSIIBIK ChlHAMa JKUHANABL. JKWHAIFaH OapiblK ChlHAMANAP MYKHSAT TaHOAJIaHIbL.
Kanceipmanapaa cblHamMa HeMipi, XHUHAY YaKbIThl MEH OpHbBI JKOHE >KUHAYUIBIHBIH Terl
KepceTineai. 3eprrey O0aphIChIHA aTbrOJOTHUIBIK TOXiprOeae sKannbl KaObUIIaHFaH QIICTEP Il
KOJJaHa OTBIPBIN, JalalIbIK O KUBIHIAD MEH 3epTXaHalblK Tajjaynap O Kypri3iimi.
[uanoOaxkTepusuIapIblH canaiblK Kypambl IIBIHBIFA OSKiHIN ecy oaiciMeH Tannanabl. On yuIiH
TonbIpak chiHamanapbl BG-11 opTackiMeH buFanmanabIpbUIFad [leTpu TabakTapeiHa CalbIHAIbI,
JKoHe OeTiHe >KaOBIHIBI INBIHBUIAP TOMBIPAKIIEH TOJIBIK OailaHpicTa OONaThIHAANW eTill
opHanacTeIpbuiasl. [leTpu Tabakmanapel TaOUFH JKapbIKTa JKoHE Oenme TemmepaTrypackinga 30
TOYJNIK WHKyOalMsulaHFaH KeHiH, IIbIHBIIapFa OEKiHIl ©eCKeH IMaHoOaKTepusiapra
MHUKPOCKOIUSUIBIK Oakpuiay xyprizuial. [{uanobakrepusiiap men mukpoobanaeipaap 40, 100 ece
yIKenTkin «Premere» xone "MicrosAustria" skapbIK MUKPOCKOTITaPbIHBIH KOMETIMEH 3€pTTeI/Ii.
OpoOip cy yaricinen kem aerenje 10 nmpenaparran mamamen 30-40 kepy epici Kapasibl.

AnpiHFaH HOTIKenep | M cynmarbl  oKacymiaiap CaHbl  pETiHIE  KepPCeTUIi.
[{nanobakTepusiiap koHe MUKpoOaabIpIapasiH canbl 100 kepy epiciH KaiTa ecentey Ke3iHIe
KHUUTIK IIKajmackl OoibiHIIAa Oaramannel [9]. LlmanoOakTepusiiap MEH MHUKPOOAABIPIAPAbIH
TYpJIEpiH aHBIKTAy >KacCyllajapAblH >KAHIIBIIFAH TaMIIbl >KOHE OCKITUITEH mpernaparrapaa
seprrennai. @Pukcatop perinae Qopmanbaerus MeH HWoa  epiTiHAUIepl  HaiJanaHbUIIbL.
[{uanoOakTepusiiap MEH MUKpPOOAIABIpIapAbIH TYPJEpl aHBIKTAYBIITAPIbl KOJJAHY apKbLIbl
anbIKTanasl [10, 11].

[{nanoOakTepusIapaAblH JKMHAKBl JaKbUIAAPBIH ally JOCTYpJl  omicTemMe OoHbIHIIA
KYPri3iai. ATbroJOTHSUTBIK Ta3a JAKbUIAAPABI OKIIAYIay YIIiH CTaHAAPTThl MUKPOOHOIOTHUSITBIK
omictep Konmanbuinbl [12]. nanobakrepusnap crepuibai sxarmaiiaa S00 mi kombama ecipiimi.
I'pomos, 3appyk, BG-11Mmunepanabl KOPEKTIK OpTaiapbl KOJIIaHbUIIBL.

[{uanoOakTepusIapAbIH CHIFBIHIBIIAPBIH ally YIIIH OKIIayJlaHFaH NaKbUIIAPIbIH KYpFaK
O6uomaccacs! anblHAbl. Kentipiiren yiurinep 3ajaichl3faHFaH YHTaFbIIINeH yHTakTanasl. Coman
kel 0,5 T ycakranran ynriai 10 M1 epiTKimTepMeH (METaHOJ, 3TaHOJ) apajlaCThIPHIT, TOJBIK
HKCTpPAKLMs YIIiH aifHaIMabl maiikayslmTa 0enmMe Temreparypacbigaa ycraiasl. 4000 aitn/mun
15 mMuHYT immiHAE CHIFBIHABUIAD HEHTpUdyramaHbei, TeMeH KbeichiMaa S0°C temmeparypana
KOHI[EHTpalusiIanabl. KOHIEHTpaluMsHbl ASKCTpPAKIUsUIay YIIIH TalJalaHbUIFaH epITKIIITI
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naiimananein 1 Mr/mi-re JOediH SKeTKI3UIIl jKoHe OaKTepusFa Kapchl OCNCEHIUTIKKE aHBIKTAy
Kyprizinmi [13].

OxmraynanfaH IHaHOOAKTEpUsl MaKbUIIAPBIHBIH OakTepusiapra Kapchbl OCNCEHILTIr o-
®apabu areiagarsl Kaz¥Y'V 6uorexnonorus kageapachbiHbIH JaKbUIIAP KOJUICKITUSCHIHAH aJTbIHFaH
MHUKPOOPTaHU3MICPAiH TOPT TYPiHE 3epPTTENi: TpaMTepic TasKmatap GpakyabTaTUBTI aHaPOOTHI
Escherichia coli sxone a’po6Ter Pseudomonas aeruginosa, a’spoOThl TpamM-OH CIOpa TY3€TiH
raskmanap Bacillus subtilis sxone ¢axynprarusri-ana’pooTel TpaM-oH kokTap Staphylococcus
aureus. bakrepusnmapra Kapcbl OenceHnuTik arapra aud@y3us OmiCiH KOJAaHy apKbUIbI
anbIKTansl [ 14]. 3eprrey yurin er-nentoH arapsinaa (EITA) 24 carat 6oiibl 37°C Temneparypania
aNJbIH ajla eCIpUIreH MHUKPOOPraHU3MIEpiH Tasza AaKbUiAapbl KoiAaHbulibl. CTaHAApTTHI
OaKTepHsUIBIK cycrien3us crepuibi 0,9% HaTpuil Xmopuai epiTiHaiciae nanbiHaanasl. On yiniH
0aKTEePUOJIOTHSUIIBIK 1JIMEK apKBUTbI 3€PTTEICTIH JAKbLI CTEPHIIB/I1 TY3bI €PITIHAICI Oap CTEPUITBII
npoOupKanapra eHrizisesi »koHe MUKpOOpraHu3mMaep i KoHeHTpauusiceid McFarland 6oiibiaina
nainany craHmapteiHbIH 0,5 Oipiirine nediH >keTkizineni. bankeiteuiran sxoHe 56°C nmeifiH
cankpingaTeuFal EITA opracel Iletpu TtabakmamapeiHa Kyiibiianbl. CTepuuibli Jkarmaiijga
MUTIeTKa KOMEriMeH My3aaThuiraH arapra 1,0 M MUKpOOpraHU3MIEPAIH THICTI CYCIICH3USCHI
[eTpu TabakmanapbiHa eHrizizeni. MUKpoopraHu3Maep/Ii arapablH OyKii OeTiHe OipKemKi xKalbI
eKKEHHEH KeiiH, Oenmme TemriepatypacbiHaa 15-20 mMunyT wHKyOanusmananasl. ComaH KeWiH
MHUKpoopranusmzep erinret Iletpu tabaxmanapsinaars! arap 6erine quamerpi 6,0 MM 5KeTi Tecik
kacanapl. ComaH KeWiH aBTOMATThl MHKPOIIMIIETKA KOMETIMEH anThl Tecikke 20 MK
IMaHo0aKTepHs ChIFBIHABUIAPH eHriziuieni. CreiHamanap 37°C temmeparypana 16 carat 00iibl
uHKyOauusnanaapl. HoTwkenep/i ecenke any caHbpUIayJap/blH aiiHajgachlHaa OakTepusapIbIH
ecyiHiH 00Jybl Hemece 00JIMaybl, CAaHBUIAYIbIH aifHATAChIHIAFbl ©CY/IIH TEKEeIy aiiMaKTapbIHbIH
JUaMETPiH MUJUTMMETPMEH OJIIIeY apKbLIbl aIbIHAIbI.

AHTHOMOTUKANBIK aMOUIUTHH (10 MKT) TUCKiiepi Ce3IMTalIbIKThI aHBIKTAY YINiH OH
9TaJIOH peTiHe naigananpuLbl. ToxipuOe yiI peTTik KauTaibIMIa KYpri3iii.

3epTTenreH JaxkpUIIApIbIH OakTepusra Kapchl HHIEKCI Kemneci ¢opmyna OoibIHIIA
AHBIKTAJIbL:

BakTepusra Kapchl UHACKC = (CHIFBIHABIHBIH OCY/I TeXKEY aiiMarbl/aHTHOMOTHKTEPIIH OCY/Ii
Texey aiimarbl) X 100.

HoTu:kesiep :koHe 0J1apAbl TAJIKbLIAY

Anmamut 001b1CBIHOA2bL AKOANIA ANAOBIHBIH e2ic ATKARMAPbIHbIY Alb20(a0pacsl

Axnana ankaObIHAa KYPIIl aCTBIHAAFRI Cyapy HETi31HEH TY3JaHYIBIH dPTYPIl Jopekesnepi
06ap Takelp TOpI3Al TOMBIPAKTap urepuireH. byn TomblpakTapAblH TY31aHYbl OYpPBIHFBI
TUAPOMOPQTHI TOMBIPAK TY31LTy KE3CHJICPIHEH MypaFa KaJFaH peiauKTi cumartka ue [15]. Ankam
OKIMIIITIK JKaFbIHAH ATTMATHI OOJIBICEIHBIH bankair ayganpiHa xaTaabl. AKqana cyapy aakaObiHaa
KJIUMAT KYpT KOHTHHEHTAJJbl, KYPFaK, TOYNIKTIK >KOHE KBULABIK TEMIEpPAaTypaHbIH YJIKEH
amrumtyaacel 0ap. KbIChl CybIK, Kap a3, »a3bl BICTHIK KOHE KYpFak. bakaHac aybUIbIHIAFbI
METEOCTAHITUSHBIH MOIMETI OOWBIHINIA ayaHBIH €H YKOFaphl OpTallla aijIbIK TeMIeparypacsl 24-
26°C mringene, abcomorTik Makcumym 45°C, eH TemeHri -14-16°C abcomroTTi KaHTapna
Oaitkanaael, MUHUMYM -45°C. Oprama KbUIABIK TeMIepaTypa oH, mamaMmeH 6,6-9,9°C. As3chi3
MayChIMHBIH Y3aKThIFbI 150-160 kyH. TombipakThiH KaTy TepeHairi ogerre 40-45 cM-neH acnaiapl
YKOHE Kap a3 JKayaTbIH KaTThl KbIcTa FaHa | M-re xeTei. KermKbpUIAbIK [UKII/IE XKaybIH-IIaIIbIHHBIH
memuepi 100-gen 360 mM-Te neltin e3repeni, 6ipak oprama ecennex 180-240 mm Kypaiins [16].

3eprTey HOTWXKenepi OOWBIHIIA TOMBIPAK ChIHAMaJapblHAH MHUKPOOAABIPIAp MEH
anob6akrepusapAbH 48 Typi anbIKTanabl. bec Typi capei-kaceun, 21 Typi nuaHobakTepusiap,
8 Typi nuarommaap xoHe 14 Typi xachln 6anapipiap. EH jkui Ke3aeceTiH Typiepre ue Tom S TypAaeH
typanbl: Phormidium autumnale, Nitzschia palea, Chlorella vulgaris scone Nostoc linckia,
Anabaena flos-aguae. Xaceur 6anasipaapasiy apacsiaaa Chlorophyceae (Chlamydomonadaceae
acone Chlorococcaceae) exi KinachlHBIH Typuiepi anbikTangsl Bacillariophyta Gemimine
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Bacillariaceae xone Diadesmidaceae TykpiMaaceiHbIH —ekimaepi  kipai. Capsi-kachul
Botrydiopsidaceae sxone Eustigmataceae TykpiMaacsiHaH OOJIIBI.

AHBIKTaJIFaH [UAHOOAKTEPHSIIApABIH  IHIHIE, TYpAEpAiH OpTYpiauIiri  OoifbIHIIA
Nostocaceae TyKbIMIachl JKETEKI OpbIHFA He, OHBIH imnHae 4 Ttykbimpac (Anabaena,
Anabaenopsis, Aulosira sxone Nostoc). LlsiHbIFa OeKiHIll ©CKEH UAHOOAKTEpUsIIAp OKUIACPIHIH
Herisri yiaeci Anabaena cylindrica, A. oscillarioides, Nostoc commune CHSKTBI reTepOnUCTaIbI
dopmanapman Typansl. Cyanophyta OemimiHiH cupek ke3zeckeH Typiepi Plectonema,
Synechococcus TykeiMaacer epekiienet/i. XKim Topi3ai rerepormctainsl (75%) panobakTepusiap
0ip »kacymransl KOMOHUSUTBIK (14%) *koHe kim Topizai rerepouunctansl emec (11%) dopmanapaa
alKBIH YCTEMJIIK KOPCETTI.

Huanobaxmepuanapoviy anb2on02uAnbIK HCIHE DAKMEPUOIOZUATIBIK MA3A
oakwvL10apvin 061in any

Tannanran TOMBIPAK YITUIEp] HETI31HIe )KUHAKBI JaKbliap Oein any 9iciHiH KeMeTiMeH
[IMaHOOAKTEPHUSIAPIbIH 5 aNblrOJIOTHSIIBIK Ta3a JaKbUIIAphl O6MiHIN abiHABL. Mop]oaorusibiK
Oenrinepre coiikec HaHOOAKTEPHUSIIAP HETI31HEH Il TOPI3/l HeMece KOJIOHUsUIap Ty3el, Tek S4
KYJIbTypachl KOKKa TOpi3i )kacyla MilliHIHEe ne.

Keneci ke3eHme anplHFaH albrOJIOTHSIIBIK Ta3a IHMAHOOAKTEpHS NaKbULIAPHI 1Jecreni
OaxkTepusiap/aH Ta3apTeUiAbl. bakTepuonorusuiblk Tangay OoilblHIIA OapiblK JaKbuigapaa
inecnienti MUKpoduiopa aHbIKTaNAbl. benmiHreH nuaHoOaKTepHsIapblH iecne MHKPOQIOpachl
HETI31HEH TpaM-OH JKOHE TpaM-Tepic OakTepusulapiaH, alIbITKbUIAPAAH JKOHE  3€H
CaHbpIpayKyJlaKTapblHAaH TYpaThlHBl  aHBIKTaNAbl. OKIIaynaHfaH JaKpULAApABl  iJecrelni
MUKpO(DIIOpaiaH Ta3apTy ©Te KUbIH YaKbITThI KQXKET €TETIH IPOIIeCcC, OUTKEH1 IHaH00aKTepHsiIap
MEH OaKTepHsulap apachlHAa ThIFbI3 OHOLEHOTHKAIBIK OaifmaHbicTap Oap eKeHi Oenriii.
[{nanoGakTepusIapaAblH IIBIPBIITE Ka0aTTapbl MHUKPOOPTaHU3MICP YIIIH KOpPEK Ke31 JKoHe
TIPIIUTIK OPTAChl pETiHAe KbI3MET eTel. MyH/aii ThIFbI3 OailflaHbIC MYH/Ial KaYBIMIACTBIKTAPIbI
OKIIIayJIaHFaH JaKbU1apFa 06y IiH KUbIHIBIKTapPbIH aHBIKTaHTbI.

HuanoOakTepusuiapapl  OaKTEPUOJIOTUSUIBIK — Taszajay YIIIH OpPTYpii aHTUOMOTHUKTEp
KOJJIaHbUIAbl. AHTUOMOTHUKTEpAl TOMEH KOHIEHTpauusija KOJJaHFaH Ke3/le 1iecre
MUKPOOPTaHU3MIEP/IiH, AllIBITKBIIAP/IBIH, 3€H CaHBIPAYKYJIAKTAPAbIH, TPaM-OH KOHE TpaM-Tepic
OakTepusIapabIH ocyl o /e OaliKaaraHbl aHBIKTAIIBL. [ecne MUKpodIopaHblH aHTHOMOTHUKKE
Ce3IMTANABIFBIH Tanfay OapbIChIHIA KeiOip OakTepusuiapIblH Keiibip aHTHOMOTHKTEpre, ai
eKIHIIICIHIH OacKajapra ce3IMTaJl eKEHIIT1 aHBIKTAIIbl. Opl Kapai, ijecnen Mukpodopa op
TYpJI aHTUOMOTHKTEpre 9p TYpil Kepi »ayan OepreHIIKTeH Ta3apTy YIIIH aHTUOMOTHUKTEPIiH
KOCIajapbl TaHIAIBI: op TYpJi KOHIIEHTpallusIa TpaM-OH JKOHE TIpaMm-Tepic OaKTepusiapra
Kapchl KEH CHEKTpJl aHTUOMOTHKTEp JKOHE CaHbIpayKYJIaKKa Kapchbl aHTHOMOTHKTED.
CanpIpayKyJIakKa Kapchl aHTUOMOTHK pETiHIE OapibIK HYCKajapaa KeH CIEKTpil (pyHTHITUATIK
AHTUOMOTHK HUCTATUH TaHAAIIbI (KecTe 1).

Kecre 1- IlnanoOakrepusuiapasl iteceni Mukpodiopaaan 6akTepruOIOTHAIIBIK Ta3apTy

AHTHOUOTHUKTED JlaxpL Jaxpu1 Jakpin Hakpin Haxpt
KOCITachl : St - 52 .8-3 : 54 : >3
1M 11 1M 11 M 11 M 11 1M I
1 2 3 4 5 6 7 8 9 10 11
T'erTamurina+
TICHUIUJUTHH+ + - - - + + +
TETPALUKINH+ + - -
HUCTaTUH
Heomunun+
aMITUITAIUTAH . . + - + - -
XJI0paM(peHUKoI+ + - -
HUCTaTUH
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Kecre 1 sxanracel
1 2 3 4 5 6 7 8 9 10 11
KanamunuH+neHunun
WH+ BAaHKOMHUIIUH+ + + + - - - +

HUCTAaTUH

JULR07000705050%05 0
T€HTaMHUILUH+ + - - + - + - + - +
KaHAMHUIIMH+ HUCTaTUH
Eckepty: iM-inecrie Mukpoduiopanbi ecyi, Ll-iinanobakrepus, - ocyaiH 00aMaybl, + TaKbIIIBIH 6CYi.

AHTHOUOTUKTEPIIH KOCIIAChl KOMeTriMeH [IMaHOOAKTEPHUSIIAP IbIH utecneni
MUKPOOPTaHU3MIEPiH KO0 OPEKETi ChIHAIFAH 5 IMaHOOAKTePHUSIIBIK JAKBUIABIH TOPTEYIH]IE COTTI
00161, AHTHOMOTUKTEP/IIH KOCIAChIH KOJJaHFaHHAH KeWiH S-1 KyapTypachl omi je iiecrelni
OaKTepUsIIAPMEH KATThl 3aKbIMIATFAHBl AHBIKTAIIB.. AHTHOMOTHKTEPIIH KOHIICHTPAIUSCHIH
apTTHIPY L1ecnen OaKkTepusiapra 1a, IiaHo0aKTEepHsIIap NaKbUIbIHA J]a OAKTEPUIIHATIK dCEp €TTi.

AHTHOMOTUKTED KOCIAChIMEH OHJAEY HOTIDKeCiHAe OakTepuosIoTHsUIbIK  Taza 4
[IMaHOOaKTepHUsl NaKbUIAapbl anblHABL. [{manoOakTepusutapAblH OMIPIICHIITT €Ki OICIIeH —
MUKPOCKOIUSITBIK KOHE JAKBUIABIK TYypJe TEKCepuiai. AJNbBIHFaH IHAHOOAKTepUsiapIbiH 4
JMAKpUIbl  OAKTEPHOJOTHSIIBIK Ta3a JENM TaHBUIABL, OWTKEHI KyJIbTypalapael  Oeime
TeMIIepaTypachlHa 7 KYH YCTaFaHHAaH KeWiH inecnesni OakTepHsuapIblH 6Cyl aHBIKTaIMaIbl.

bakTepronorusuibIK Taza 1HaHoOaKTepHUsIapAbIH MOPQOIOTHACKIH 3epTTey S-2 Kacylna
KaOBIKIIaaphl, jKYKa, OO3FBUIT KOK-KAaChUI €KEHIH KOpPCETTi. TpUXoMajap HiireH, 6ip-OipiMeH
OpUITEH, KOJIJICHCH KaJKanapbl Oe1HOETeH, YIITaphl )KYKa €MeC JKOHE TY3Yy, alllblK KOK-)KacChLI,
eni 0,6-0,8 mxm ximmeni nuanoOakrepusiap. KeHanTapel Tycci3, Oip-OipiHe >xaObIcalbl.
Kacymamapel mHIMHAP TOpi3fdi, Y3BIHIBIFBI €HiHEH 2-8 ece YIIKeH, KoJACHEH Kajakajlapaa
Ty#ipikci3. XKinTepaiH KambIHIBIFB! Oip/eH, TeK €H YIIbl Te a3/all TapbUIbIl, ¢ OyriireH.
CoHFBI KacyIia I0Fajl KOHYCThI. beriHy 01p jKa3bIKTHIKTA KYpei, OyI1 )KacyIanap IblH ChI3bIKTHIK
opHaslacybIHa okenei. Tycl Kek-Kachll, KIeTKanap TyOiHe bIablc TyOiHe IIerin KajaMmaiibl, TeK
BIIBIC KaObIpFachiHAa OekiHim eceai. KaTThl KOpEKTIK OpTajaa Hamap eceli, oCy JaKblIAay/IbIH 8-
10-mb1 TOyadiri rama GakbulaHa OacTaiimbl. 3appyka cyiielk oprackiaa 22-30 °C  aya
TeMIiepaTypacbiHaa akchl oceni (1-cypet). Mopdonorusnsik Oenriepi OOWBIHIIA - Kiacc:
Oscillatoriophycideae, karap: Oscillatoriales, tykeimumac: Phormidiaceae, tysic: Phormidium,
typ - Phormidium SP S-2 perinzae aHbIKTa1a/1bI.

S3 nmakpUIBI - Kill TOpi3/i, alKbIH IIBIPBIITH KaOaTsl 0ap, TpUXoMasap >KaJFbl3, OIpTEKTi,
KO0 KOK-)KachlI,)Kacyia ememaepi 2,2 - 2,4-x 4,2-5, 9 mxMm. Tpuxomainap canbICThIpMaIbl TYP/Ie
napaJieslb OpHalIacKaH xKinTepai Kypaitael. Tpuxomanap Ty3y, KesqeHeH OeliMaepae cal HUITeH,
eHl 4-10 MKM, ambIK KOK-)KachbUl, Keije YIITapblHa coi HiIreH Oomazsl. JKacymramapabiy
Y3BIHABIFB 2,6-5 MKM, siFHH eHiHeH 2-3 ece Kpicka. KemneHeH Oemimuepnaeri TYHipIIiKTey
keOiHece alKbIH KopiHei. COHFBI xKacymianap a3Abl-KeITi alKbIH JKapThI Iap TOPI3l, KeHe col
KaJIBIHIaThUIFaH KaObIFbl Oap. beminy Oip jka3bIKTBHIKTA KYpei, Oy xKacyIanapablH ChI3bIKTHIK
OpHajacyblHa oKeneai. Tycl KOK-XKachll, JKacyliajliap ecipy BIIBICTAPBIHBIH — TYOlHE
TyHOaTaHOal b, BIABIC KaObIprackiHAa OekiHinm ecexi. Kartel oprama namap ecemi. Illtamm
aBTOTpOdTHL. I'poMOB cyiibiK KopekTik opranapbeiaaa 22-30 °C aya TemmepaTypachinja sKaKchl
eceni (cyper 1). Mopdonorusiblk cumartamanapsl Ooiibiamma - kimacc: Oscillatoriophycideae,
karap : Oscillatoriales, tykeimnac: Oscillatoriaceae, tysic: Oscillatoria, Typ: Oscillatoria SP S-3
AHBIKTAJIJIBL.

S-4 nmakpuTBl -OMap CYMBIK OpTala »aKChl JaMBIIBI KOHE KOKO KACBUI TYCTI CYCIIEH3HS
6omae1. KaTrThl KOpekTik opTa OeTiHae AYPHIC KOJOHUIIAp Ty3edi. MopdoloTHsubIK Oenriaepre
colikec, oBaJ MiMIiHAL )Kacymianap, Keiae meTTepi cal KUCBIK, epeceK jKacylalapIblH Meepi
3,6-7,7 mxm kypaiiasl. JKacymaneiH OesiHyl Typbic, OOIIHTEHHEH KEHiH CHIIUIeC jKacylanap
Keiie eKi - TOPT jKacyliaiaH TypaThiH Ti30eKTepre KOChUIabl. 3appyKThIH CYHBIK OpTachIiHaa 22-
35° C Temmeparypana xakchl ecei (cyper 1). MopdoNOrHsIbIK cHmaTTaManapsl GOMBIHIIA -
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kiacc: Synechococcophycideae, karap: Synechococcales, Tykeimumac: Synechococcaceae, Tybic:
Synechococcus, Typ: Synechococcus SP S-4. AHBIKTaIIIBI.

S-5 nmakpuTBI- KOIO KOK-)KAChLI TYCTI JKacymanap. Tpuxomanap YIITapbl TapbUIMaraH.
Tpuxomanap JKaiFbl3, TY3y, chepalblKk jKacymamapaaH Typajsl, OJapAblH apachlHAa
reTepolrcTaap >KOHE CHPEK aKuHeTTep Ke3deceni. [erepommcramap Kem Karjaiiia
UHTEPKAIAPIBl  Oonanel. TpuxomanmapaplH auameTpi 2-8 MKM apaibiFbiHaa. beniny 0ip
Ka3bIKTRIKTA Xypeni. CyHbIK opTaaa mbIHBI KaObIprackiHa OekiHin eceni. [lItTaMM aBTOTPOQTHL.
BG-11 cyiibIK *oHe KaTThl opTamapbiaga 22-30°C aya TemmeparypachlHaa KaKchl oceli (Cyper
1). Mopdonorusblk cunarramaiapsl OoibiHIIa - kiace: Nostocophycideae, karap: Nostocales,
tyKeiMaacel: Nostocaceae, Tyeic: Anabaena, typ: Anabaena SP S-5 peTinje aHBIKTaIIBI.

3epTTey HOTHXKeJepi OOMBIHIIA 3epTTENTeH TOIBIPAK YATUIEpIHEH 5 albroJOTHUIBIK Ta3a
[IMaHOOAKTEepPHUsl  JAKbUIAAphl  OOJIHIN  aJbIHBIN, AaHTUOWOTUKTEPMEH OHJICYAeH KeHiH
OaKTEPUOIOTHSIIBIK KOHE AbTOJIOTUSIIBIK Ta3a NaKbULIAp peTiHae 4 Nakbu1 OOJiHII aTbIHIBL.

2000

Phormidium SP S-2 Oscillatoria SP S-3 Synechococcus SP S-4 Anabaena SP S-5

Cyper 1 - llmarnobakTepusuIapIsIH OOJIIHIIT aJbIHFAH ATBTOJIOTHSUIBIK KoHE OaKTepHaTIOTUSIIBIK Ta3a
JaKbUTIAPBI

Huanooakmepuanapovlyy  OKwiay1aHan  OAKbLIOAPLIHLIY, — OaKmepusaza  Kapcol
oencenoinizi

[{nanobakTepusimap — OpTYpJl OWOAKTUBTI MOJICKYyJajdapJblH OHIIPYIIiIepl OObII
caHalajbpl KOHE OJI OVJI OpraHU3MJIepPre IBOJIOLHUSIIBIK APTHIKIIBUILIKTAPIbI KAMTAMACKI3 €TE/Il.
CurHanaslK MeTabOIUTTEPAIH GYHKIUSIIAPBIH OPBIHAANTBIH, COH/Ial-aK 0acka opraHu3MIEep/IiH
ecyl MEH JaMyblHAa ocep eTeTIiH LHUaHOOAKTepUsUIApMEH CHHTE3ENITeH aJUICITOXUMHUSUIIBIK
CHUIIATTaFbl 3aTTap OakTepusIapra Kapchl, 3€H CaHbIpayKyJIaKTapblHa XOHE BUpPYCTapra Kapchl
acepi acep eryi MmymkiH [17,18].

Axpana Kypill ajJKanTapblHaH OeJiHIN aJblHFaH [MAHOOAKTEepUs MaKbUIIAPBIHBIH
OakTepusiFa Kapchl OCJICEHAUTINH 3epTTey YIIIH IMaHoOakTepusiap Ouomaccachl aJIbIHIBL.
[{nanobakTepus TaKbLIAAPBIHBIH OMOMAacCcachlHAH 9P TYPJIl epITKIIITEep KOMETIMEH CHIFBIHIBLIAD
QIBIHABI. AMITUIIUJUTMH aHTHOUOTHT1 OH OaKblIay peTiH/e MaliJalaHbUIIbL. 3epPTTEeY HOTHKECIH IS
OCy aiMaFbIHBIH TEXKETY JUaMETpPi ITHaHO0aKTEPHsUTApAbIH TYPiHE, KOJIAHBUIFAH EPITKIII TYpPIHE
YKOHE ChIHAJIFAaH MUKPOOPTaHU3MEPIiH TypiHe OailaHBICTBI O0IATHIHBI AHBIKTAJIIBI.

3eprrenren makpuiaapabH imriage Oscillatoria SP S-3 sxone Anabaena SP S-5 1aKkbUTbIHBIH
METaHOJI CHIFBIHABUIAPHI OaKTEPHSFa KAPCHI )KOFaphl OCIICEHIUTIKTI KOPCETTI. 3epTTey HOTHXKETepi
oormpmamra Oscillatoria SP S-3 kynbTypachIHBIH METAaHOJ CHIFBIHIBICHIHBIH OaKTepHsFa KapChl
acepiH 3epTTey KesiHjae Texeny aiMarbiHblH auameTpi E. Coli -12 +0,02 MM, Staphylococcus
aureus -11+£0,01 mm. P. aeruginosa sxone B. subtilis 6akTepustapbiama ecyaid Texeny aiMarbl
Hebopi 9,2 =0,03 xone 9,3=0,01 mm Gonsl (kecte 2).

3eprTeyeri e Koraphl OakTepusra Kapchl Oenceraiaik Anabaena SP S-5 KybTypachIHbIH
METaHOJI CBIFBIHIBICHIHBIH dcepi B. subtilis - 12 £0,05 mm xane E. coli -10,8+0,01 MM, conaH keiiin
Staphylococcus aureus - 9,2+0,05 mwm xone P. aeruginosa -8,5+0,06 mm (2-kecte) GakbLIaHIbI.

Oscillatoria SP S3 gakpuisl, 3epTTeNreH MEKPOOPraHU3MIEPIiH TECT ITaMIapblHa OpTalla
OakTepusra Kapchl OEJICEHAUTIKTI KopceTTi (kecte 2).

206



MMKPOBHOJIOI'Us ’KOHE BUPYCOJIOI'UA ISSN 2304-585X Nel (40) 2023  www. imv-journal.kz

BakrepusinappiH 3epTTenreH Tect mraMaapbl Synechococcus SP S-4 nakbUTbIHBIH METaHOI
CHIFBIHBICEIHA TEXKENIYIIH €H a3 alMarblH KepceTTi. OcymiH Texeny aimarbl 0,9-2,5 mm
apajbIFbIHIA OOJIIBL.

Kecre 2 - Dbeminin anplHFaH IMaHOOAKTEPHs NAKbULAAPBIHBIH OPTYPJi CHIFBIHABUIAPBIHA TECT
MHUKPOOPraHU3MICPAIH Ce3IMTAIIBIFBI (6CYiH TeXeNy aiiMarbl, MM).

. OxmrayanraH ITHaHOOAKTePHS
IImanobakTepus TaKbUIIAPHI MuKpOOpranu3MAep K JaKbUIOAPBIHBIH OKCTPAKThI
TCCT AaKblIIAaphbl
MeTtaHoxn OTtaHon
P. aeruginosa 5,5+0,06 1,3+0,02
Phormidium SP S-2 B. subtilis 4,3+0,01 0,8+0,06
E. coli 3,2+0,04 1,0+0,04
St. aureus 3,5+0,02 1,2+0,02
P. aeruginosa 9,2+0,03 5,6+0,04
. . B. subtilis 9,3+0,01 4,3+0,05
Oscillatoria SP S-3 E. coli 12 0,02 6,620,04
St. aureus 11+0,01 5,3+0,01
P. aeruginosa 2,5+0,01 0,5+0,02
B. subtilis 1,3+0,03 0,2+0,01
Synechococeus SP S-4 E. coli 1,240,01 0,3%0,02
St. aureus 0,9+0,02 0,1+0,02
P. aeruginosa 8,5+0,06 10,2+0,03
B. subtilis 12 +0,05 5,2+0,04
Anabaena SP S-5 E. coli 10,8+0,01 5,5+0,01
St. aureus 9,2+0,05 4,6+0,02

DTaHOJ CHIFBIHIBICH JKaFmaiibiHaa OakTepusra Kapcwsl Ocnmcenaimikti Oscillatoria sp S3
xoHe Anabaena SP S5 nakpuinapsl 1a KepceTTi, Oipak METaHOJ ChHIFBIH/IBICBIMEH CAIBICTBIPFAH 1A
onma aiikeiH emec. Oscillatoria SP S-3 kyabTypachIHBIH 3TaHOJ CHIFBIHIBICHIH Tai1alaHraH
Ke3le ecyiH Texeny aimarbl E. coli - 6,620,04 MM Kypajsl, an atanfaH JaKbUIIBIH METaHOJ
CBIFBIHABICBIHA OCYIIH Texkeny quamerpi 12 £0,02 mm kepceTTi. Bipak ecynin 6encenai Texenyi
P. aeruginosa Gaxrepusiceinga Anabaena SP S5 nakpUIBIHBIH 3TaHOJ CHIFBIHABICBIH 3€pPTTEY
Ke3iHJe Oalkainael skoHe Texkeny amarbl 10,2+0,03 MM GoJizbl, all OCHI JAaKbUIIBIH METaHOJ
CBIFBIH/IBICBIH/IA TECT NAKBUIIBIH OCYiHIH Texeny aiiMarbl 8,5+0,06 mm Gonapl (kecte 2).

On Oakputayna (aMOUIMIUIMH) 3€PTTEIATE€H TECT MHUKPOOPTaHU3MACPAIH OCYIHIH TeXenly
aliMaKTapbl allKbIH KOPiH/I, )KoHE Texeny auameTpi 18-aeH 20 MM apanbIFbiHaa OOJIBI.

Beninin anbiHFaH 1IMAaHOOAKTEPUS JAKbUIIAPBIHBIH CHIFBIH/IBUIAPBIHBIH OaKTepHsFa Kapchl
ocepl  KOMMEPIUSJIBIK aMIUIWIINH  aHTHOMOTHKTEPIMEH  CaJbICTHIPBULABI  KOHE OV
CaNIBICTBIPY/IBIH HATIOKEJIepl OakTepusra Kapchl HHACKC peTinae (kecre 3) kentipiared. Muaekc
nepekrepine coiikec, Oscillatoria SP S-3 sxone Anabaena SP S-5 gakpuiblHaH albIHFAH METAHOJ
CBIFBIH/IBUIAPBIHBIH THIMALTITI, ocipece E. coli-re xatwicThl, 66,6% xone 60% aMIUIMILIMH
aHTHOMOTHUTIHIH THiMUTiriHe *)akeiH. Conmaii-ak Oscillatoria SP S-3 kynbrypacer St aureus -
55% OakTepusichiHa Kapchl OH OenceHaumik kepcerti. Anabaena SP S5 nakeuisl TecT
JTAKbUIAPIBIH OCYIH TEXKEYre KaThICTBl alTapibIKTall OCJICEHIUTIK KOPCETTI oHe OaKkTepusFa
KapChl MHJCKC METAHOJI ChIFbIHABICBIMEH E.COli -60% jkoHe 3TaHOJI ChIFBIHIBICBIMEH
P. aeruginosa -51% kypapl.
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Kecte 3 - Beninin anmbiHFaH IuaHOOAKTEpUs AAKbUIIAPBIHBIH CHIFBIHIBUIAPBIHBIH OaKTepUsFa KapcChl
naaekci %.

. Oxmrananrad MUAHOOAKTEPHST
IImanobakTepus TaKbUIAAPHI Muxpoopranusmaep iz JaKbUIHAPBIHBIH OKCTPAKTHI
TECT MaKbUIAAPBT MeTtanon OTtaHon
P. aeruginosa 27,5 6,5
Phormidium SP S-2 B. subtilis 22,6 4,2
E. coli 17,7 55
St. aureus 17,5 6
P. aeruginosa 46 28
. . B. subtilis 48,9 22,6
Oscillatoria SP S-3 E coli 66.6 36.6
St. aureus 55 26,5
P. aeruginosa 12,5 2,5
B. subtilis 6,8 1,0
Synechococcus SP S-4 E coli 6.6 16
St. aureus 45 0,5
P. aeruginosa 42 5 51
Anabaena SP B. subtilis 63,1 27,3
S-5 E. coli 60 30,5
St. aureus 46 23

3eprTey HOTIXKelepi OOWBIHINIA HUAHOOAKTEPHsUIAPABIH OapiblK OeiHIN albIHFaH
nakeiiapeiaeiy imrage Oscillatoria SP S-3, Anabaena SP S-5 nakeiimapsl TECT mITaMIapbIHBIH
OCYIHIH TeXeNyiHIH €H YJIKeH alMaKTapblH KOpCEeTill, MaKCHMajbJbl OaKTepusra KapcChl
OenCeHaUTIKTI KopceTKeHiH aram eryre 6omambl. Phormidium SP S-2, Synechococcus SP S-4
JMAaKbUIIAPbIHAA 3EPTTEINeH TECT JaKbULAAp KAThIHACBIHIA TOMEHIT OaKTepHsFa Kapchl
oencennuik 6akpuIanabl. KeH crekTpiii aHTHOMOTHK aMITUIIMIIITHH OapJiblK TECT OaKTeprsIapablH
OCYIH TEXKEIl, AKbIH 6CY 30HACBIHBIH TEXEITyl aHBIKTAJIbI.

KopbIThIHABI

[{nanobakTepusiap >kaHa IpemnapaTTapAbl 931pJiiey YIIMiH BIKTUMaJl OaKTepusiapFa KapChl
Oencenpiniri 6ap TabMFU OHIMICPAIH €H MEepCHeKTHBANbI, OipaK MaijanaHelIMaraH Ke3/AepiHiH
Oipi Oonbim caHamampl. OHTAWIBI KapbIK, Cy, TEMIIEpaTypa, BUIFAJABLUIBIK JKOHE KOPEKTIK
3aTTapJblH KOJ SKETIMAUIIr Oap Kypill ajJKanTapblHBIH SKOXKYHenepi muaHoOaKTepusIapaAbH
JKarmap ecyl YIIiH KOJIAMJIBI OpTaHbl KAMTaMachl3 €Tel. 3epTTey HOTHXKeepl OoibIHIIIa AKqama
MAaCCHBIHIH €TiC alKanTapbIHBIH TOMbIPAFbIHAH MUKPOOAIBIpIIap MEH IIHaHOOaKTepHUsIIapbH 48
TYpi, OHBIH imiHae 21 Typi - nnaHoOakTepusiap aHbIKTaaAbl. [{nanobakrepusiap eKiIACpPiHIH
Heri3ri yneci rerepouuctaisl Gopmanap Oomnael. XKim Topi3ai rereporucTansl (hopmanapIbiH
Oacka dopmaniapra (O1p »KacyImIaiabl XKOHE XKIM TIP3/l TETEPOIMCTAIbl €MEeC) YCTEMIITT Kypill
aJIKaNTapbIHBIH Oacka TombIpakTapbiHaa aa Tipkenai [19]. Llnanobakrepusnap TaburaTTa KeH
TapaJFaHbIMEH, T€TePOIMCTAIBl TMOMYJISIUACHIHBIH KOMIIUII OaTHaKThl KYpIll ajdKarTapblHaa
OCeTiHl o1edu MoIiMeTTepae KeNTIpUIreH, OWTKEHI Kypilll alKanTapbl a30TThl OEKiTeTiH
[IHaHOOaKTepHsIApIBIH MOJI 6CYiHE ©Te KOJIaiIbl opTa 00ubin canazaast [20].

AHBIKTAIFaH HAaHOOAKTEpUsIIApIaH 5 ambrOJOTHSUIBIK Ta3a MUaHOOAKTEpHUsS NaKbLIIAPhI
OeJTIHII aNbIH/IBI, OipaK OHBIH TEK TOPT JAKBLIBI 0AKTEPHUONIOTHSIIBIK Ta3a JaKbUT pETiHe OOiHII
QJTBIH/TBIL.

ConFbl OHXXBUIIBIKTApAa CKPUHUHITIK Oarapiamanap [MHaHOOAKTEpUsIapIblH MEIUIIMHA
MeH (hapMarus YIIiH jkaHa OelceHal 3aTTapblH JeYeTTi Ko31 eKeHIH KOPCeTTl kKoHE KONTereH
OeJiceH 1l KochUTbICTap OeiHIm anbiHABl [21]. DBomtonus mpolecinae nuaHo0akTepusiap 0acka
OpraHu3MJCpAiH OJIIMIHE OKEJEeTIH 3aTTap/bl JETOKCUKAUMAJIAYAbIH JPTYPIi MeXaHU3MJIEPiH
xkacanbl [22]. Tomblpak HHAHOOAKTEPUSIIAPBIHBIH Oocekere KaOUIeTTLNIr:, aram alTKaH7a,
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oNapIblH 0acka MUKPOOPTaHU3MIIEPIiH KOOCIOIH TeKEUTIH OMONMOTUSIIBIK OeJICeH I 3aTTapIbIH
CUHTE31 CUAKTHI KaOljeTIHE HET130EIreH.

3epTTey HOTIXKeNnepi OOMbIHIIIA OaKTEPHOIOTHSUIIBIK Ta3a JaKbUI peTiHe OOIiHIN albIHFaH
nmano6akrepustiapasiy, apaceiHan Oscillatoria SP S-3, Anabaena SP S-5 nmakpuigapbIHBIH
metanon epitingicinae E. coli xone Staphylococcus aureus, B. subtilis ecyinin TexenyiHid eH
YJIKEH ayIaHIapblH KOPCETETE OTHIPHIIT MAaKCHMAJIIBI OaKTEpHsFa KapChl OCICEHIUTIKTI KOPCETTI.
Byn notmwxkenep Osman R. K. et al monmimerrepine coiikec keneni (2015), nnanoOakrepusiapabH
14 Typin cenekTHBTI ipikTey HoTIKenepi Ooiibinima Fisherella sp., Oscillatoria sp. »xone
Anabaena sp. naxkesiapsl rpamrepic 6akrepusuiap E. coli, Pseudomonas aeruginosa, Salmonella
typhimuri rpam-ox Oaktepustiap S. aureus, B. cereus xapchl aHTarOHHCTIK OCICCHIITIKKE HE
oomel [23].

OPTYpAl epiTKIITepAl KOJAaHy apKbUIbl aJbIHFaH I[MaHOOAKTEPHSUIAPIBIH OpTYPII
TYPJCPiHIH CHIFBIHABUIAPHI MATOTEHACP KAThIHACBHIHAA OaKTepusuiapra Kapchl OEICeHIITIKTIH
OPTYPIIi Jopekect KenTereH 9eou ManiMerTepae kenripiired. Tiwari & Sharma 3eprreynepine
Anabaena variabilis sxone Synechococcus nnaHoOakTepusUIBIK CHIFBIHABUIAPEI ENterococcus sp.,
Klebsiella sp. »xone E. coli kapch! aiiTapiabikTaii OakTepusira Kapchl OeIceHaiTiKTi kopcerTi [24].
backa aBropnap B. subtilis xone P. aeruginosa-ra xapcel xi0podopM MEH METaHOJIJIaH AJIbIHFaH
Anabaena variabilis 1akbUTBIHBIH CHIFBIHIABLIAPHI AWTAPIIBIKTAN OaKTepHsFa Kapchl OCICeHIUTITH
Oaitkanpl [25].

bakrepusiapra Kapcel areHTTep peTiHae IHaHo0aKTepHusIapAaH XJIOPEIUTHH TYBIHIbUIAPHI,
aKpHJI KBIIIKBUIBI, anu(aTThl KOCBUIBICTAp, TEPIEHAEP, KYKIPT O0ap rerepoduibii KOCbUIBICTap,
(dbeHo HHruOUTOPIIAPHI XKOHE T. 0. CUSKTHI KOIITETEH 3aTTap aHBIKTAIbI [26].

Omap opTypii OGMOTEXHOJOTHSUIBIK MaHBI3/Ibl KOCBUIBICTAP/ABIH KON MOJIIIEPiH aldy YIIiH
opacas 30p, Oipak o Jie a3 maiJaTaHblIFaH Pecypc OOJIBIN Ta0bLIA b, OUTKEHI OJ1ap dPTYPJIi 9cep
€TeTiH OMOJIOTHSUIBIK OEJICeH I 3aTTap/Abl CUHTE3/ACH I, COHBIH 1IIiH/IE CaHbIPAyKYIaKKa KapChl,
OakTepusira Kapchl )KOHE BUPYCKA KapChl OCICEHAUTIK. AJl ITHaHO0aKTepUsUIapAbIH KaHa TypJIepiH
137eCcTipy JKoHE OKIIayiay *oHe OMOJOTHSUIBIK OEJCeHl 3aTTapiblH MPOAYLEHTTEPIH TYphIC
TaHJay aybll MIApyallbUIBIFBI OMOTEXHOJIOTHSICHIH/IA YIIKEH MYMKIHIIKTEp MEH MepCIeKTHBAIAP
amazapl. TaOMFU TEKTEC KOCHUIBICTAP CHHTETUKAJIBIK KOCBUIBICTAPMEH CAaJIBICTHIPFaHIa OHAW
OMOJIOTHSUTBIK BIJBIPANIBI )KOHE KOPIIIaFaH OpTaFa Kayirci3 KOChUIBICTap OOJIbIT caHanaabl [27].
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Byn sxymeic UPH AP14870201 «Aysbin mapyanbulbiFbl OMOTEXHOJIOTHCHIHA Naiiianany

YIIIH ITHaHOOAKTEPHUSITApAbIH OOalIarkl MOJI KaHa €KIHII PEeTTIK METaOOIUTTEPIH 137Iey JKOHE
3eprTey», AP13068051 «Aybll ImapyambulbIFbl ©CIMIIKTEPIHIH OHIMIUIITIH apTThIpy YIIiH
MUKpOOAIIBIpJIap MEH [HMaHOOAKTepusulap INTaMmaapbl HETi3iHAe Ouompemnaparrap ainy
TEXHOJIOTUSICBIH 931ipJiey» eceOiHeH OPbIHIANIBI.
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BUOPA3HOOBPA3UE MUKPOBO/JOPOCJIEI MOCEBHBIX MJIOIAJEMN
AKJAJUHCKOT'O MACCHUBA M BBIAEJEHUE HMAHOBAKTEPUU C
AHTUBAKTEPUAJBLHON AKTUBHOCTBIO

AHHOTANUA

UzyueHo BumoBoe pa3zHOOOpa3uwe IMaHOOAKTEpHid M MHUKPOBOJOPOCIEH IOCEBHBIX IUIOMIAACH
AKpanMHCKOTO MaccuBa AJMaTHHCKON oOiacTu. bumopasHoobpazme MHUKPOOPTaHH3MOB IPEICTABISCT
co0OH KpyNMHEHIIMA HEUCIONb30BaHHBIM pe3epByap Uil NOTCHUUAIBHOTO OTKPBITHS HOBBIX
NEPCHEKTUBHBIX BHUIOB MHKpPOOpraHum3MoB. lLlempro wuccnenoBaHuii ObUI0O HM3yYEHHE BHIOBOTO
pasHoOOpa3usi MHKPOBOZOpPOCIEH M IMaHOOAKTEpUH U  BbIAEIEHHE MEPCHEKTUBHBIX BUIOB
nuanobakTepuid. Ilo pe3ympraTaM HCCIIeOBaHUI U3 MTOYB MTOCEBHBIX IUIONMIAEH AKTAIMHCKOTO MacCHBa
Obutd BbIENeHBl 48 BUAOB MHUKPOBOJOPOCIEH M IMaHOOAaKTepHid, W3 HUX 21 BHJI - LMAHOOAKTEPHHU.
OCHOBHYIO JOJIO TIPEACTaBHTENICH IMAHOOAKTEpUH COCTABISLIA TETEPONUCTHHIE QopMmbl. U3
OIIpEJICJICHHBIX BUJIOB IIMaHOOAKTEPHii BBIJIEJICHO 5 aIbrOJI0IMYECKU YUCTBIX KYJIBTYp, HO IPH IOITY4YEHUH
0aKTEepPHOIOTHYECKH YHCTHIX KYJIBTYp Mocie 00padOTKH ¢ aHTUOMOTHKAMH 4 KyIbTypbl LMaHOOAKTEpUil
MONy4eHbl B YUCTBHIM Buzae. [lo pesymbraTaM HCCIEIOBAaHMH M3 BBIIEICHHBIX YETBIPEX BHIOB
[IHaHOOAKTEPUIl MAKCHMAITBHYIO aHTHOAKTEpHATBHYIO aKTHBHOCTH MPOsABIsLIN KyapTypsl Oscillatoria SP
S-3, Anabaena SP S-5, nmokaspiBasi HanOOJBIIUE TUIOLIAM YTHETEHUS pocTa TecT-KynbTyp E. coli m
Staphylococcus aureus, B. subtilis ¢ skcrpakTamu meranona. llmanoOakTepuu HpeACTaBISIIOT COOOM
OTPOMHBII, HO €Ille MAaJOHCIIONB3yeMBIHd, pecypc JJisi MONYYSHHUs! OOJBIIOTO KOJIHYECTBA Pa3IMIHBIX
OMOTEXHOJIOTUYECKU BaXKHBIX COCIMHEHHH, 00JaJaroluX aHTH(QYHTralbHOW, aHTHOAKTEPHAIBHOW |
AHTUBUPYCHOM akTHBHOCTHIO. [loMCK 1 BbIIENEHHE HOBBIX BUAOB MAHOOAKTEPUI M NPaBUIBHBINA BEIOOD
MPOJIYIIEHTOB OMOJIOTHYECKH aKTHBHBIX BEIECTB OTKPBIBACT OOJBINNE BO3ZMOXKHOCTH U TEPCIICKTHUBHI B
arpoOHMOTEXHOJIOTHH.

KaroueBble ciaoBa: Ouopa3sHooOpasue, MHUKPOBOJOPOCIH, LHUAHOOAKTEPUH, aAIbIOJIOTHYECKU
YHCTBIC KyJIbTYPbI, aHTHOAKTEpUATbHAS AKTUBHOCTD.
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Abstract

The species diversity of cyanobacteria and microalgae of the acreage of the Akdala valley in the
Almaty region has been studied. Microbial biodiversity represents the largest untapped reservoir for the
potential discovery of new promising species of microorganisms. The aim of the research was to study the
species diversity of microalgae and cyanobacteria and identify promising species of cyanobacteria.
According to the results of the research, 48 species of microalgae and cyanobacteria were identified from
the soils of the acreage of the Akdala valley, where 21 species were cyanobacteria. The main proportion of
representatives of cyanobacteria were heterocystic forms. 5 algological pure cyanobacteria cultures were
isolated from certain types of cyanobacteria, but when obtaining bacteriologically pure cultures after
treatment with antibiotics, 4 cyanobacteria cultures were obtained in pure form. According to the results of
the research, the cultures of Oscillatoria SP S-3, Anabaena SP S-5 showed the maximum antibacterial
activity from the isolated four species of cyanobacteria, also showing the largest areas of growth inhibition
of the test strains of E. coli and Staphylococcus aureus, B. subtilis with methanol extracts. Cyanobacteria
are a huge, but still small-used resource for obtaining a large number of various biotechnologically
important compounds, because they synthesize various biologically active substances, which have
antifungal, antibacterial, anti-virus activity. The search and isolation of new species of cyanobacteria and
the right choice of producers of biologically active substances opens up great opportunities and prospects
in agrobiotechnology.

Keywords: biodiversity, microalgae, cyanobacteria, algologically pure cultures, antibacterial
activity.

The emergence of soil organic matter occurs with the direct participation of microorganisms,
whose multilateral action on plant and animal residues is described by a variety of biochemical
reactions. Filling the spaces unoccupied by higher plants, Cyanobacteria serve as a factor of
additional assimilation of solar energy and a source of additional biomass [1]. They participate in
the formation of soils and affect the physicochemical properties of the formed soils. The functions
of cyanobacteria in soils are determined by the ability to produce organic matter, fix atmospheric
nitrogen, increase the availability of phosphorus and other elements, release phytohormones and
toxins and also provide anti-erosion activity due to mucous substances and filamentous thallomas
[2]. The components producing cyanobacteria are antioxidants and pigments (including
fucoxanthin, carotenoids, lutein, b-carotene, astaxanthin and phycobilliproteins), long-chain
polyunsaturated fatty acids (LC-PUFA) and proteins (essential amino acids methionine, threonine
and tryptophan). These secondary metabolites are widely used in the food, feed, agricultural and
pharmaceutical industries [3].

It is also known that various types of cyanobacteria produce intracellular and extracellular
metabolites with antibacterial and antifungal properties [4]. Antimicrobials are widely used in the
treatment of bacterial infections, but bacteria can become resistant to existing drugs. For this
reason, researchers began searching for natural compounds to discover new antibacterial
compounds [5]. Cyanobacteria are considered as promising biological resources in this area.

Cyanobacteria are the main component of the microbial community in rice fields, contribute
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to the fertility of agricultural ecosystems and potential source of biologically active secondary
metabolites, which are compounds that are not necessary for cellular metabolism [6]. Some
potential applications of cyanobacteria that should be considered are the production of antibacterial
compounds for the pharmaceutical industry and the agricultural sector as biofertilizers and
biocontrol agents. Isolation and screening of cyanobacteria for the presence of antibacterial
substances and other pharmacologically active compounds is for increasing interest as a potential
source of new agrochemical agents [7]. In this regard, the purpose of our research work is to study
the species diversity of cyanobacteria and microalgae of the acreage of the Akdala valley in the
Almaty region and identify promising species of cyanobacteria.

Materials and methods

The object of research is the rice systems of the Akdala rice-growing valley, located on the
delta of the lle River.

Soil sampling was carried out using the envelope method [8]. A total of 28 algological
samples were collected. All collected samples were carefully labelled. The labels indicated the
sample number, the time and place of collection and the name of the collector. In the course of the
study, field collections and laboratory analyses were carried out using methods generally accepted
in algological practice. The qualitative composition of cyanobacteria was analyzed by the fouling
glass method. To do this, the soil samples were placed in Petri dishes, soaked with BG-11 medium
and cover glasses were placed on the surface so that they were in full contact with the soil.

The cups were incubated in natural light and at room temperature, and after 30 days the
glasses were examined for the presence of fouling. Cyanobacteria and microalgae were researched
using «Premere» and «MicrosAustria» light microscopes with magnification from 40 to 100 times.
About 30-40 visual fields were viewed from each water sample on at least 5 preparations. The
results obtained were shown as the number of cells in 1 ml of water. The number of cyanobacteria
and microalgae was estimated on a frequency scale when recalculated by 100 visual fields [9]. The
types of cyanobacteria and microalgae were determined in the native and fixed preparations of
cells. At the same time, formaldehyde and iodine solutions were used as a fixative. The types of
cyanobacteria and microalgae were determined using determinants [10, 11].

The accumulation culture of cyanobacteria was obtained according to the traditional method,
standard microbiological methods were used to isolate an algologically pure culture from the
accumulation cultures [12]. Cyanobacteria were grown in 500 ml flasks under sterile conditions.
The mineral medium of Gromov, Zarruk, IP-11 were used.

To obtain extracts of cyanobacteria, dry biomass of isolated cultures was obtained. Dried
samples were crushed using a sterile mortar and pestle. Then 0.5 g of the crushed sample was
mixed with 10 ml of the solvents used (methanol, ethanol) and kept overnight at room temperature
in a rotating shaker for complete extraction. At 4000 rpm for 15 minutes, the extracts were
centrifuged and concentrated at 50°C at reduced pressure. The concentration was adjusted to 1
mg/ml using the same solvent used for extraction and analyzed for antibacterial activity [13].

The antibacterial activity of isolated cyanobacteria cultures was studied on four types of
microorganisms from the culture collection of the Biotechnology faculty of Al-Farabi Kazakh
National University: gram-negative cocci facultative anaerobes Escherichia coli and aerobic
Pseudomonas aeruginosa, aerobic gram-positive spore-forming cocci Bacillus subtilis and
facultative anaerobic gram-positive cocci Staphylococcus aureus. Antibacterial activity was
determined using the agar diffusion method [14]. For the study, pure cultures of microorganisms
pre-grown on meat-peptone agar (MPA) at a temperature of 37°C for 24 hours were used. The
standard bacterial suspension was prepared on a sterile 0.9% sodium chloride solution. To do this,
the culture was introduced into a sterile vial with sterile saline with a bacteriological loop and the
concentration of microorganisms was brought to a value of 0.5 units of the McFarland turbidity
standard. Melted and cooled until 56°C MPA was poured into Petri dishes. 1.0 ml of the
corresponding suspension of microorganisms was added to the frozen agar using an automatic
pipette under sterile conditions in Petri dishes. After the uniform distribution of microorganisms
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over the entire surface of the agar, the cups were incubated at room temperature for 15-20 minutes.
Then seven holes with a diameter of 6.0 mm were made on a cup with microorganisms. Then, with
the help of an automatic micropipette, cyanobacteria extracts were introduced into six wells by 20
ul. The samples were incubated at a temperature of 37 °C for 16 hours. The results were taken into
account by the presence or absence of bacterial growth around the wells with extraction by
measuring the diameter of the zone around the well in millimeters.

Discs with the antibiotic ampicillin (10 micrograms) were used as a positive reference
standard for determining sensitivity. The experiment was carried out in a triple repetition.

The antibacterial index of the researched cultures was determined by the formula:

Antibacterial index = (extract inhibition zone/antibiotic inhibition zone) x 100.

Results and discussion

Algoflora of acreage of the Akdala valley in the Almaty region

In the Akdala Valley, irrigation under rice is mainly developed takyr-like soils with different
degrees of salinization. The salinization of these soils has a relict character, inherited from earlier
hydromorphic soil formation periods [15]. The valley administratively belongs to the Balkhash
district of the Almaty region. On the Akdala irrigation valley, the climate is sharply continental,
arid with a large amplitude of daily and annual temperatures. Winter is cold, with little snow,
summer is hot and dry. According to the meteorological station in the village of Bakanas, the
highest monthly average air temperature values 24-26°C are observed in July, with an absolute
maximum of 45°C, the lowest minus 14-16°C in January, with an absolute minimum of minus
45°C. The average annual temperature is positive, about 6.6-9.9°C. The duration of the frost-free
season is 150-160 days. The depth of freezing of the soil usually does not exceed 40-45 cm and
only in severe winters with little snow reaches 1 m. The amount of precipitation in the long-term
cycle varies from 100 to 360 mm, but on average is 180-240 mm [16].

According to the results of the research, 48 species of microalgae and cyanobacteria were
identified from selected soil samples. Five species are yellow-green, 21 species are cyanobacteria,
8 species are diatoms and 14 species are green. The group that has the most common species is
represented by 5 species: Phormidium autumnale, Nitzschia palea, Chlorella vulgaris and Nostoc
linckia, Anabaena flos-aguae. Two classes of Chlorophyll species (Chlamydomonadaceae and
Chlorococcaceae) have been identified among green algae. The Bacillariophyta division included
representatives of the Bacillariaceae and Diadesmidaceae families. From the yellow-green family
Botrydiopsidae and Eustigmataceae.

Of the certain species of cyanobacteria, the leading position in species diversity is occupied
by the family Nostocaceae, headed by 4 genera (Anabaena, Anabaenopsis, Aulosira and Nostoc).
The main part of representatives of cyanobacteria that grew up attached to glass is Anabaena
cylindrica, A. oscillarioides, Nostoc commune, composed of heterocystic forms. The genera
Plectonema, Synechococcus differ in a smaller number of the Cyanophyta species. Filamentous
heterocystic (75%) cyanobacteria demonstrated clear dominance over unicellular colonial (14%)
and filamentous non-heterocystic (11%) forms.

Isolation of algologically and bacteriologically pure Cyanobacteria cultures

Using the method of accumulative cultures based on selected soil samples, 5 algologically
pure cyanobacteria cultures were isolated. According to morphological features, cyanobacteria are
mostly filamentous or form colonies, only the S-4 culture has a coccoid cell shape.

At the next stage, the obtained algologically pure cyanobacteria cultures were purified from
satellite bacteria. According to the estimates of bacteriological analysis, concomitant microflora
was present in all cultures. It was revealed that the accompanying microflora of isolated
cyanobacteria mainly consists of gram-positive and gram-negative bacteria, yeast and mold. The
purification of isolated cultures from bacteria is a very complex and time-consuming process, since
it is known that there are dense biocenotic connections between cyanobacteria and bacteria. The
mucous membranes of cyanobacteria serve as a source of nutrition and shelters for
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microorganisms. This close relationship determines the difficulties of dividing such communities
into isolated cultures: cyanobacteria and bacteria.

Different antibiotics were used for bacteriological purification of cyanobacteria. It was
determined that when using antibiotics in lower concentrations, the growth of associated
microorganisms, yeast, mold, gram-positive and gram-negative bacteria was still observed.
During the analysis of the antibiotic sensitivity of the associated microflora, it was found that some
bacteria are sensitive to some antibiotics, and the latter to others. Further, mixtures of antibiotics
were selected for purification: broad-spectrum antibiotics, against gram-positive and gram-
negative bacteria, and antifungal antibiotics in various concentrations, since the accompanying
microflora reacted differently to different antibiotics. A broad-spectrum fungicidal antibiotic
nystatin was selected as an antifungal antibiotic in all variants (Table 1).

Table 1 - Bacteriological purification of cyanobacteria from accompanying microflora

Culture Culture Culture Culture Culture
A mixture of antibiotics S-1 S-2 S-3 S-4 S-5
cm C cm C cm C cm C | cm C
Gentam|C|_n+ pen|C|II_|n+ + i i 4 ) 4 i + +
tetracycline+nystatin
NeomyC|n+_amp|C|II|n . + i i N i N i + i +
+chloramphenicol+ nystatin
Ka}namycm_+ pen|C|II_|n+ + i 4 4 4 4 ) i + +
lincomycin+ nystatin
Pen|C|II|n+_ gentamicin+ + i i N i N i + i +
kanamycin+ nystatin

Note: cm - concomitant microflora, C-cyanobacteria, - lack of growth, + culture growth.

These attempts to eliminate the accompanying microflora of cyanobacteria using a mixture
of antibiotics were successful for 4 out of 5 tested cyanobacteria cultures. It was found that after
using a mixture of antibiotics, the S-1 culture was still heavily infected with satellite bacteria. An
increase in the concentration of antibiotics had a bactericidal effect on both satellite bacteria and
cyanobacteria culture.

As a result of treatment with a mixture of antibiotics, 4 cultures of cyanobacteria were
obtained bacteriologically pure. The viability of cyanobacteria was tested in two ways -
microscopically and culturally. The 4 cyanobacteria cultures obtained were recognized as
bacteriologically pure, since the growth of "dormant" satellite bacteria after holding the cultures
at room temperature for 7 days was not detected.

The study of the morphology of bacteriologically pure cyanobacteria showed that the culture
of S-2 turf is leathery, thin, pale blue-green, trichomes are curved, intertwined, laced at the
transverse partitions, not thin and straight at the ends, bright blue-green, 0.6-0.8 microns wide. The
vaginas are colorless, glued together. The cells are cylindrical, their length is 2-8 times greater
than the width, at the transverse partitions without granulations. The threads are the same thickness
throughout, only the very end of it is very slightly narrowed and slightly bent. The terminal cell is
obtusely conical. Division occurs in one plane, which leads to a linear arrangement of cells. The
color is blue-green, the cells do not settle to the bottom, growing only by forming fouling on the
vessel wall. It grows poorly on a solid medium, growth appears only on 8-10 days of cultivation.
It grows well at an air temperature of 22-30°C on the liquid medium of Zarruk (Fig.1). According
to morphological characteristics, it is identified as - class: Oscillatoriophycideae Order:
Oscillatoriales, Family: Phormidiaceae, a genus of Phormidium, species Phormidium SP S-2.

Culture S-3 is filamentous, with a well-defined mucous membrane, single-row trichomes,
dark blue-green, cell sizes 2.2- 2.4-x 4,2-5.9 microns. Trichomes form strands that are located
relatively parallel. The trichomes are straight, slightly laced at the transverse partitions, 4-10
microns wide, bright blue-green, sometimes slightly curved towards the ends. The length of the
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cells is 2.6-5 microns, i.e. 2-3 times shorter than the width. Granulation at the transverse partitions
is mostly clearly noticeable. The terminal cells are more or less clearly hemispherical, sometimes
with a slightly thickened shell. Division occurs in one plane, which leads to a linear arrangement
of cells. The color is blue-green, the cells do not settle to the bottom, growing only by forming
fouling on the vessel wall. It grows poorly on a solid medium, growth appears only on 8-10 days
of cultivation. The strain is autotrophic. It grows well at an air temperature of 22-30°C on liquid
and agarized Gromov medium (Fig.1).

According to morphological characteristics, it is identified as a - Class:
Oscillatoriophycideae Order: Oscillatoriales, Family: Oscillatoriaceae, a genus of Oscillatoria,
species Oscillatoria SP S-3.

Culture S-4 - They developed well in a liquid medium and was a suspension of dark green
color. On the agarized solid nutrient medium, the correct colonies are formed. Morphologically,
the cells are oval in shape with rounded ends, sometimes slightly curved, the size of adult cells is
3.6-7.7 microns in length. Cell division is correct, after division, daughter cells sometimes remain
connected in chains of two or four cells. It grows well at an air temperature of 22-35°C on the
liquid medium of Zarruka (Fig.1). According to morphological characteristics, it is identified as a
- class: Synechococcophycideae, Order: Synechococcales, Family: Synechococcaceae, a genus of
Synechococcus, species Synechococcus SP S-4.

Culture S-5- The turf is dark blue-green. Trichomes are not narrowed at the ends and have
pronounced constrictions in the places of the partitions. Trichomes are single, straight, and consist
of spherical cells, among which heterocysts and, less often, akinets were found. Heterocysts are
intercalary in most cases. The diameter of the trichomes is within 2-8 microns. The division takes
place in one plane. On a liquid medium, it grows forming fouling on the vessel wall. The strain is
autotrophic. It grows well at an air temperature of 22-30°C on liquid and agarized media BG-11
(Figure 1). According to morphological characteristics , it is identified as a - class:
Nostocophycideae, Order: Nostocales, Family: Nostocaceae, a genus of Anabaena, species
Anabaena SP S-5.

According to the results of the research, 5 algologically pure cyanobacteria cultures were
isolated from the researched soil sample, but when obtaining bacteriologically pure cultures after
treatment with antibiotics, 4 cyanobacteria cultures were obtained in pure form.

»O0@

Phormidium SP S-2 Oscillatoria SP S-3 Synechococcus SP S-4 Anabaena SP S-5
Figure 1 - Isolated algologically and bacteriologically pure cyanobacteria cultures

Antibacterial activity of isolated cyanobacteria cultures

Cyanobacteria are producers of various bioactive molecules, the production of which has
provided these organisms with evolutionary advantages. Allelochemical substances synthesized
by cyanobacteria that perform the functions of signaling metabolites, as well as affecting the
growth and development of other organisms, can have a toxic effect. In addition to toxins,
cyanobacteria metabolites are rich in other active compounds with antibacterial, antifungicidal and
antiviral effects [17, 18].

To study the antibacterial activity of the isolated strains of cyanobacteria, the biomass of
cyanobacteria was obtained. Extracts with different solvents were obtained from the biomass of
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cyanobacteria strains. The antibiotic ampicillin was used as a positive control. Obviously, the
diameter of the inhibition zone depends on the type of cyanobacteria, the type of solvent used and
the microorganisms tested.

Of the investigated cultures, the best antibacterial activity was shown by methanol extracts
of Oscillatoria SP S-3 and Anabaena SP S-5 cultures. According to the results of the research, the
diameter of the inhibition zone when searching the antibacterial effect of the methanol extract of
the Oscillatoria SP S-3 culture was E. coli — 12 + 0.02 mm, Staphylococcus aureus - 11 + 0.01
mm. In P. aeruginosa and B. subtilis bacteria, the growth inhibition zone was only 9.2 £0.03 and
9.3+0.01 mm, respectively (Table 2).

The highest antibacterial activity when studying the effect of methanol extract of Anabaena
SP S-5 culture was measured against B. subtilis - 12 £0.05 mm and E. coli -10.8£0.01 mm,
followed by Staphylococcus aureus - 9.2+0.05 mm and P. aeruginosa -8.5£0.06 mm (Table 2).

Culture Oscillatoria SP S-3, showed moderate antibacterial activity against the studied test
cultures of microorganisms (Table 2).

The bacterial strains searched by the test showed the least inhibition zones when studying
the methanol extract of the Synechococcus SP S-4 culture. And the zone of no growth ranged from
0.9to 2.5 mm.

Table 2 - Sensitivity (no growth zone, mm) of test microorganisms to various extracts of isolated
cyanobacteria cultures

Cyanobacteria | Test culture of Extracts of isolated Cyanobacteria cultures
culture microorganisms Methanol Ethanol
Phormidium SP | P. aeruginosa 5,5+0,06 1,3+0,02
S-2 B. subtilis 4,3+0,01 0,8+0,06

E. coli 3,2+0,04 1,0+£0,04

St. aureus 3,5+0,02 1,2+0,02

Oscillatoria SP | P. aeruginosa 9,2+0,03 5,6+0,04
S-3 B. subtilis 9,3+0,01 4,3+0,05

E. coli 12 £0,02 6,6+0,04

St. aureus 11+0,01 5,3+0,01

Synechococcus | P. aeruginosa 2,5+0,01 0,5+0,02
SP S-4 B. subtilis 1,3+£0,03 0,2+0,01

E. coli 1,2+0,01 0,3+0,02

St. aureus 0,9+0,02 0,1+0,02

Anabaena SP | P. aeruginosa 8,5+0,06 10,2+0,03
S-5 B. subtilis 12 £0,05 5,240,04

E. coli 10,8+0,01 5,5+0,01

St. aureus 9,2+0,05 4,6+0,02

In the case of ethanol extract, the cultures Oscillatoria SP S-3 and Anabaena SP S-5 also
showed antibacterial activity, but less pronounced compared to methanol extract. The zone of no
growth of the E. coli bacterium was 6.6£0.04 mm when using the ethanol extract of the
Oscillatoria SP S-3 culture, while the methanol extract of this culture showed an inhibition
diameter of 12 +0.02 mm. But active suppression of growth was noted in the bacterium
P.aeruginosa in the study of ethanol extract of Anabaena SP S5 culture and the inhibition zone
was 10.2+ 0.03 mm, while the absence zone of the test culture of methanol extract of the same
culture was 8.5+ 0.06 mm (Table 2).

Positive control (ampicillin) showed pronounced zones of absence of growth of the
microorganisms investigated by the test and the inhibition diameter ranged from 18 to 20 mm.

The antibacterial effects of extracts of isolated cyanobacteria cultures were compared with
commercial ampicillin antibiotics, and the results of this comparison are given in (Table 3) as an
antibacterial index. According to the index data, the effectiveness of methanol extracts obtained
from the culture of Oscillatoria SP S-3 and Anabaena SP S-5, especially against E. coli, was 66.6%
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and 60% close to the effectiveness of the antibiotic ampicillin. Also, the culture of Oscillatoria SP
S-3 has positive antibacterial activity to St. aureus -55%. Anabaena SP S5 culture also showed
significant activity in inhibiting the growth of the culture and the antibacterial index was E. coli -
60% with methanol extract and P. aeruginosa -51% with ethanol extract.

Table 3 — Antibacterial index of extracts of isolated cyanobacteria cultures in %

Cyanobacteria Test culture of Extracts of isolated Cyanobacteria cultures
culture microorganisms Methanol Ethanol
Phormidium SP | P. aeruginosa 27,5 6,5
S-2 B. subtilis 22,6 4,2
E. coli 17,7 5,5
St. aureus 17,5 6
Oscillatoria SP | P. aeruginosa 46 28
S-3 B. subtilis 48,9 22,6
E. coli 66,6 36,6
St. aureus 55 26,5
Synechococcus | P. aeruginosa 12,5 2,5
SP S-4 B. subtilis 6,8 1,0
E. coli 6,6 1,6
St. aureus 4,5 0,5
Anabaena SP | P. aeruginosa 42,5 51
S-5 B. subtilis 63,1 27,3
E. coli 60 30,5
St. aureus 46 23

Thus, according to the results of the research, it can be noted that of all the isolated strains
of cyanobacteria, the cultures Oscillatoria SP S-3, Anabaena SP S-5 showed the maximum
antibacterial activity, showing the largest areas of inhibition of the growth of test bacterial strains.
Cultures of Phormidium SP S-2, Synechococcus SP S-4 showed low antibacterial activity against
the studied strains of microorganisms. Ampicillin, a broad-spectrum antibiotic, inhibited the
growth of all bacteria and there was a pronounced absence of a growth zone of all bacteria.

Conclusion

Cyanobacteria are considered one of the most promising but unused sources of natural
products with potential antibacterial activity for the development of new drugs. Rice field
ecosystems with their optimal levels of light, water, temperature, humidity and nutrient availability
provide a favorable environment for the mass growth of cyanobacteria. According to the results of
the research, 48 species of microalgae and cyanobacteria were identified from the soils of the
acreage of the Akdala valley, of which 21 species were cyanobacteria. The main proportion of
representatives of cyanobacteria were heterocystic forms. The dominance of filamentous
heterocystic forms over other forms (unicellular and filamentous non-heterocystic) was also
recorded on other soils of rice fields [19]. Although Cyanobacteria are ubiquitous in nature, it is
reported that their greater number, which makes up more than half of the heterocystic population,
grows in swampy rice fields, since rice fields provide very favorable conditions for the abundant
growth of nitrogen-fixing cyanobacteria [20].

5 algological pure cyanobacteria cultures were isolated from certain types of cyanobacteria,
but when obtaining bacteriologically pure cultures after treatment with antibiotics, 4 cyanobacteria
cultures were obtained in pure form.

In recent decades, screening programs have shown that cyanobacteria are a potential source
of new active substances for medicine and pharmacy, and numerous active compounds have been
isolated [21].In the course of evolution, cyanobacteria have developed various mechanisms of
detoxification of substances capable of causing the death of other organisms [22]. The
competitiveness of soil cyanobacteria is based, in particular, on their ability to synthesize
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biologically active substances that suppress the reproduction of other microorganisms.

According to the results of the research, the cultures of Oscillatoria SP S-3, Anabaena SP
S-5 showed the maximum antibacterial activity from the isolated four species of cyanobacteria,
showing the largest areas of growth inhibition of the test strains of E. coli and Staphylococcus
aureus, B. subtilis with methanol extracts. These results are consistent with the data of Osman
R.K. et al. (2015), according to their results of selective selection of 14 species of cyanobacteria
showed that Fisherella sp., Oscillatoria sp. and Anabaena sp. have antagonistic activity against
gram-negative bacteria E. coli, Pseudomonas aeruginosa, Salmonella typhimuri and gram-positive
bacteria S. aureus, B. segei [23].

Extracts of various types of cyanobacteria obtained using various solvents showed different
degrees of antibacterial activity against pathogenic microorganisms and were researched by
different researchers. In a research conducted by Tiwari & Sharma cyanobacterial extracts of
Anabaena variabilis and Synechococcus elongates have shown significant antibacterial activity
against Enterococcus sp., Klebsiella sp. and E.coli [24]. Other authors have observed significant
antibacterial activity of Anabaena variabilis in crude extracts from chloroform and methanol
against B. subtilis and P. Aeruginosa [25].

Numerous substances have been identified as antibacterial agents from cyanobacteria, such
as chlorellin derivatives, acrylic acid, aliphatic compounds, terpenes, sulfur-containing
heterophilic compounds, phenolic inhibitors, etc. [26]. They represent a huge, but still little-used
resource for obtaining a large number of various biotechnologically important compounds, since
they synthesize a variety of biologically active substances with different effects, including
antifungal, antibacterial, and antiviral activity. And the search and isolation of new species of
cyanobacteria and the right choice of producers of biologically active substances opens up great
opportunities and prospects in agrobiotechnology. At the same time, compounds of natural origin,
in comparison with synthetic ones, are easily biodegradable and are safe for the environment [27].
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