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AHHoOTaNUS
OOBeKTaMu UCCIeIOBaHUS CITYKHIIN TePMOPHITbHBIE OaKTEpUH, OOUTAIOIINE B TOPSINX HCTOYHUKAX
Kapkenta AnmaTHHCKONW 00JacTH. CriocoOHOCTh  ATHX MHUKpPOOPTaHMU3MOB  MOJIEP)KUBATh

KHU3HEACATCIIbHOCTD B SKCTpEMAJIBHBIX YCIIOBUAX JACMOHCTPUPYET Hux IIoTeHIINaJI JJIsL
OMOTEXHOJIOTMYECKUX TMPOILECCOB. BbIeNeHO deThipe OaKTepUaIbHBIX H30JIATa C ONTHMAJIBHOM
temriepatypoir pocra ot 75°C m 85°C. Uersipe OakTepuaIbHBIX H30JATAa OXapPaKTEPU3OBAHBI IIO
MOp(l)OHOI'I/I‘IeCKI/IM, MHKPOCKOITUYECKUM, OMOXMMHMYECKUM I[IOKa3aTensiMu. Bce IMMOJTY4YCHHBIC HU30JIAThI
MMOJBEPTHYThl CKPUHUHTY Ha aMUJIa3HYyl, MPOTEa3Hylo, JIMIAa3HYI0 W IE/UIIOJIa3HYH) aKTHBHOCTb.
[MoyueHHBIE W3OJSTHI MIPENBAPUTENLHO HIAeHTH(UIMpoBanbl Kak Bacillus sp. mo mopdonorndeckum,
OMOXMMHUYECKUM U @HSHOHOFH‘IGCKI/IM XapaKTCPUCTUKAM.
KiroueBble cjioBa: TEPMO3UMBI, I'COTCPMAJIBHBIC HCTOYHUKHU, U30JIAT.

TepmodunbHBIE OaKTEpUH ABISIOTCS OTHON U3 HanOOoJIee OOIMIMPHBIX M aKTUBHO U3Y4aeMbIX
rpynn sKcTpeMo(puiIbHBIX MuKpoopranu3moB [1-3]. TepmodunsHbie M THIEPTEPMOPUIHHBIC
MHUKpPOOPIraHU3Mbl HHTEPECHBI IS OMOTEXHOJIOTHMH, TJABHBIM 00pa3oM, Kak IpOIyLEHTHI
BBICOKOCIICIM(PHUHBIX TEPMOCTAOMIBHBIX (DEPMEHTOB.

[Iponyuupyembie uMH (GEepMEHTHI, TaK Ha3blBa€Mble TEPMO3UMBI, HMEIOT  PsJ
OMOTEXHOJIOTMUECKUX MPEUMYIIECTB: BBICOKAs YCTOMUMBOCTH (PEPMEHTATHUBHBIX PEAKLUN IPH
BBICOKHMX TEMIIEpaTypax, yCTOMYMBOCTh K BBICOKUM KOHIIGHTpALUAM CyOCTpaTa M3-3a CHI)KCHHUS
BSI3KOCTH pacTBOpa M yBeaudeHUs KodhdunreHToB muddysun. TepmocTabuibHbie (GEepMEHTHI
3a4acTyl0 00JIalaloT TOBBINIEHHON YCTOWYMBOCTBIO K JICHATYpUPYIOIIUM areHTam |[2].
[Ipumenenne B  MHAYCTpUM  (EPMEHTATUBHOTO  TUIApOJM3a  OOYCIOBJIEHO  CTPOroi
CHEeU(pUIHOCTHIO U HAIIPABJIEHHBIM JIeiicTBHEM (DEpMEHTOB, U, COOTBETCTBEHHO, BO3MOKHOCTHIO
yIpaBlIeHUs MPOLECCOM TpaHCc(OpMalMK BEUIECTB U MOJIyYEHHUS HA BBIXOJE YHCTOTO IIEJIEBOTO
npoaykra. Kpome toro, npouecc ruzipoiinza ocyuiectsisiercs npu temmeparype 70-80°C. Ito, ¢
OJIHOM  CTOPOHBI, TMPEMATCTBYET pPAa3BUTHUIO TATOTCHHBIX OaKTepuil, KOTOpPhIE MOTYT
MIPUCYTCTBOBATh B ChIpbe s mepepadoTku. C Apyroil CTOpOHBI, MPH TaKOH TemrepaType He
MIPOUCXOIUT pa3pylIeHHs] HE3aMEHUMbBIX aMUHOKHUCIOT [4, 5].

[TocTosIHHBIN MOKCK HOBBIX TEPMO(HUIBHBIX IPOKAPUOT MPOBOAUTCS JIJIsl TOTO, YTOOBI HAUTH
O0akTepuu ¢ OMOTEXHOJIOTHMYECKHU MpPHUBIIEKATEIbHBIMU CBOiicTBamMH. Takum 00pazoMm, MOHMCK
HOBBIX TEpMOGWIBHBIX OakTepuil THIPOIUTHKOB OCTaeTCsl aKTyaJdbHOW mpoOiemoi
HCCIIEIOBAaHUI C HAyYHOU M NIPHUKIAIHOM TOUEK 3peHus [6, 7].

B cBsizu ¢ 3TuM, paHee Hamu Obla chOpMUPOBAaHA YHHKAIbHAS KOJUIEKIHS a3pOOHBIX U
aHa’pOOHBIX TePMODUIBHBIX OAKTepUH, BBIICJICHHBIX U3 TEPMATLHOTO HCTOUYHUKA AJIMAaTHHCKON
obmactu JKapKeHTCKOTO TeO0TepMAlbHOTO TOPSYEro HCTOYHUKA, PACIOJO0XKEHHOTO Ha
43°97°14.93”N, 79°66°12.09"E, 273 kM oT ropojia Anmatsl [§].

Ienp uccnenoBanus - BeACTIEHUE TEPMODUIBHBIX OaKTEPUid U3 TE€OTEPMATIHLHOTO TOPSYETO
HMCTOYHUKA AJMATUHCKON 001acTH, OMNpeaeieHre TEPMOCTOUKOCTH H30JISITOB, MPOBEACHUE
CKPUHUHTA U TIOJIyY€HHUE U30JISITOB C IIUPOKUM CHEKTPOM T'HJIPOJIa3HOM aKTUBHOCTH.
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Mecro uccnenoBanus u coop 06pasios. JKapKkeHTCKUI reoTepMaIbHbIN TOPIYN HCTOUHUK
pacnionoxkeH Ha 43°97°14.93”N, 79°66°12.09"E, 273 kM. oT ropoaa AiMarbl, HE JOXOAS A0
ropoaa XKapkeHt, B 80 kM ot rpanuilsl ¢ Kuraem. Heckosibko CKBaXXUH HaXOJSTCS B Mpeesiax
ropoga JKapkent, Bo BhnaauHax ypouuina JKapkyHak. JKapKyHaKCKoe MECTOPOKIEHUE
MOA3EMHBIX BOJI SIBJIIETCS LEHTPAJbHONW 4acThio JKapKEHTCKOro reoTepMallbHOIO MCTOYHHKA,
BKIITOUaroniero ckBakuHel Ne 5539, 1-PT. Bee ckBakxuHBI pacnioio;KEHBI B IIpeieax TEPPUTOPUN
3emuienionb3oBanus TOO "Baiicepex-Arpo" [8].

Xumunueckuil coctaB ckBaxuHbl Ne 5539 xapakTtepusyeTcs Kak ciabOMUHEpPaTU30BaHHbIN
LIEJIOYHOM, YMEPEHHO PAJOHOBBIN, KDEMHHUCTBIHN, IPEUMYIIIECTBEHHO XJIOPUAHO-OUKapOOHATHO-
HATPUEBBIA C BBICOKOW KOHIIGHTpamueil coiepykanus ¢propa. XapakTepHBIMH OCOOCHHOCTSMU
BOJBI SBISIOTCA crmabas mmHepammsanms (mo 1,0 v/mm®), menounas peaxmms (pH 8,1-9,0),
BBICOKOE cozepskanue ¢ropa (10 10 mr/mm®), GambHEONTOTHYECKM aKTHBHAS KOHIEHTPAIUS
KPEeMHHEBOH KucIoThl (cBbime 50 mr/mm®), Hamuume pajgoHa B KOHIEHTpamusax go 60 nCi/m,
CBOMCTBEHHBIE JJI1 YMEPEHHO PaJIOHOBBIX BOJ [8].

Boigenenue Oakrepuii. [IpoObl BoAbl M OCaJAKOB U3 TOPSYMX MCTOYHHUKOB OTOMpANIUCh B
MJIACTUKOBBIE MpoOupku Tuma «Falcon» o0bemom 15 mi1, 3anosnHss Bech 00beM 03 BO3IYITHBIX
nyctoT. [lepen oTbopoM pod B HCTOUHUKAX OIpeNesuld TeMIeparypy, 3HaueHust pH cpenpl.

[TpoOsl Boabl BHOCHIKCH B Msiconentonnsiii Oynbon (HiMedia, Uumus) mpu 80°C, mo
HCTEYCHUIO 3 CYTOK 00O0TaIlleHHYIO KYJIbTYpY BbICEBaIM Ha muTatenbHbli arap (HiMedia, Muus)
JUIS TIOJTy4eHHS! OTAENbHBIX KOJIOHWH. Bce OakTepuanbHble M30JITHI, TOJydeHHbIE Ha YallKax
[leTpu, oTOMpaINCh U OUUILATHCH METOIOM MCTOIIAIONIEr0 MTpUXa. M304Thl ObLIH ONIpeIeeHbI
KaK YHCThIE MOCJIE€ MUKPOCKOIIUPOBAHUS KOJIOHUHN KYJIBTYP.

Onpenenenve TepMOYCTOMYUBOCTH. [[1s1 mccnenoBaHusi TepMO(MUIBHBIX XapaKTEPUCTUK
KK OaKTepuaabHBIA M30JIAT MHOKYIUpoBayics B 10 mi muTaTenbHOW OYJIbOHHOW CpEIIbI
(HiMedia, Mamus) B teuenue 3 aneit mpu 80°C. Kaxmyro OynbOHHYIO KyJAbTYypy OakTepuit
BBICEBAJIM Ha CBEKETIPUTOTOBIICHHYIO TUTATENIbHYIO arapoBylo cpeay U 24 yaca KyJIbTUBUPOBAIU
nmpu 75°C m 80°C. bakTtepuanbHble H30JATHI OTOMPAIMCh W TOBTOPHO TECTUPOBAINUCH Ha
TEPMOCTOUKOCTh TpH OoJiee BBICOKOW Temrepatype, 85°C, B Teuenue 3 cyrok. B wmrore, mus
JalbHENIIero U3y4eHus ObUTM OTOOpaHBI M30JIATHI, KOTOPbIE MOTJIM MEPEHOCUTh TEMIIEPATypy
85°C.

Mopdonoruueckas u OHOXMMHUYECKAs XapaKTEPUCTHKA HU30JSATOB. M3ydeHbl H3O0JISITHI
TepMO(PUIBHBIX OaKTepui MO pa3IUYHBIM MOPQOJOTHYECKUM IpHU3HAKaM, a UMEHHO: IIBET,
okpacka 1o I'pamy, ¢popma, o6pa3oBanre Cop U MOABUKHOCTb.

Ckanupymomas  3JekTpoHHass  mukpockonus (COM)  BBIACICGHHBIX  OaKkTepui.
Mopdonoruueckue MNpU3HAKU BBIACIEHHBIX IITaAMMOB OakTepuil OBLIM JAOMOJHUTEIBHO
uccnenaoBanbl MetogoM COM ananmmsza npu noanepxkke uHctutyra [IBX “HHJIOT” KaszHY.
O6pazen ams COM rotoBuiM MyreM MepeHoca MUKPOOHBIX M30JISTOB B YHCTYIO MPOOUPKY IS
MUKpO(YrUpOBaHuUs, coaepkailyto npumepHo 1,5 ma 3,5% pactBopa riayTapoBOTo ajibAeruja.
3areM wu30yATHl TpombiBau ochataeiM Oybepom (100 mm, pH 7,2), cnemom - H30ISATHI
00€3BOKMBAJIM C UCIOJIB30BAHUEM CIHHPTOBOrO rpaaueHta ot 10 go 95%. Jlanee 06e3BOKEHHBIE
o0pa3iibl BBICYIIMBAIUCh HA BO3JAyXEe M 3aKpeIJIsUIMCh Ha yriepogHoMm Hocutene. OOpasen
MOKPBIBAJIM TOHKUM clioeM cepebpa. [loirotoBiieHHbIE 00pa31bl HCCIIEAOBAINCH O] paCTPOBBIM
AIIEKTPOHHBIM MHUKpOCkorom - Raster electron microscope Quanta 3D 200i Dual system (FEI
Company, USA) SEM.

[IpoBeneHbl OMOXMMHYECKHE HCCIEIOBAaHMS, Takue Kak (epMEeHTalusi caxapos,
oOpazoBanue H:S, oxucnenne Mn u Fe, oTHOLIEHHE K KUCIOpPOXY, WM adpalluy, HaJludue
KaTana3bl U OKCHA3bl 0 METOHMKaM, omucaHHbiM [Ipeckorrom et al [9-11]. Ta3o00pa3oBanue
onpenensui Ha ckomeHHoM TSI arape (HiMedia, Mumaus) [12, 13].

Onenka QepMeHTaTUBHOW MpOoAyKIuH. CKPUHMHT ¥ WACHTH(QHUKALHUIO TEepMO(UIBHBIX
OakTepuid, MPOIYIUPYIOIIUX TUPOJIA3bI, TPOBOJMIHN C UCHOIb30BAHUEM PA3JIMYHBIX CYOCTPaTOB,
TakuX Kak kapookcumeruiiemtono3a (KML) - no Pamenry et al [14], kaprodenbHblit Kpaxmad -
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no biacawm et al [15], tBun 80 - o Jlour-By et al [16], u 06e3xuperHoe MOJIOKO - 1o Xajen et al
[17].

Pe3yabTaThl U 00CyXKIeHHE

N3 JXapkeHTCKOro TeoTepMalbHOIO HMCTOYHUKA BBIJCICHO YeThIpe OaKTepUalbHBIX
M30J15Ta, KOTOPBIM OBLIM TPHCBOCHBI Clieayromue komoBeie Ha3BaHusa: AC2S, AC3S, ACAS,
ACS5S. JIBa 3 HuUX ObUTM OTHECEHBI K TpamoTpuuaTenbHbIM Oaktepusim: AC2S, AC3S; u aBa
n3onsta AC4S, ACSS Obu1H rpamMIionoKUTEIbHbIMHU.

[IpoBeneHo GpU3NOIOr0-OHOXUMHUYECKOE UCCIIEIOBAHNE H30JISITOB C TOMOIIBIO Pa3IMYHBIX
UACHTU(UKAIIMOHHBIX TECTOB: Ha KaTajlazy W OKCHIa3y, (hepMEHTAIMI0 caxapoB (TJIFOKO3BI,
caxapo3bl, JaKTO3bl), OTHOIICHHE K KUCIopoay (Tabmuia 1).

Tabnuna 1- broxumMudeckast xapakTeprCcTHKa OaKTEpUANTBHBIX H30JITOB, ONYUYEHHBIX U3 JKapKeHTCKOro
reoTEpMaIbHOI0 HCTOYHHKA

Bbroxumudeckue TeCThl AC2S AC3S ACA4S ACHS
CepoBOJIOPOTHBINA TECT - - - -
Karanaza + + + +
Oxkcunasa + - + -
I'maponus kpaxmana + + + +
depMeHTaLMS CaXapoB
I'moko3a + - + +
Caxapo3za - - - -
JlakTo3a - - - -
Oxkwucnerane Mn + + - -
Oxcurnenue Fe - - - -
OO0uratHeIi a3pod - - - -
dakyIbTaTUBHBIN aHA’POO + + + +
ITonBuxHOCTB + + + +
O06pa3oBaHUE HIOCTIOP + + + +
CuMBOIBL: + YKa3bIBAIOT Ha MOJIOKUATENBHBIN ITOKA3aTellb; - OTPHUIIATEbHBIN ITOKa3aTelb

Y CcTaHOBIICHO, YTO BCE UCCIIEIyEeMbIC U30JISITHl HE OTHOCHINCH K OOJIMTaTHBIM a’dpo0am, He
okucisuin Fe, ToKasaim OTpUIATENBHBIM pE3yabTaT HAa CEPOBOJOPOIHBIA TecT. OmHaKo
MOJIOKUTEIFHYIO PEaKIIMI0O OHM MPOSIBIIIM Ha KaTaja3Hyl aKTUBHOCTH, HAa THIPOJIU3 Kpaxmala,
Ha okucienne Mn. Kpome TOro, BBISIBIIEHO, YTO OHU COpaKMBAJIM BCE UCIIBITAHHBIC caxapa,
00pa3oBBIBAJIM OKCHJIA3y U ObLIN (DaKyIbTaTUBHBIMH aHA3POOAMH.

N30514ThI OTIMYATHCH MEXKITY COO0H U 10 MOP(HOJIOTHUECKUM XapaKTEPUCTUKAM: KOJIOHUH
6axtepuit AC4S Obutn OKpalieHbl B 6€7I0-KpeMOBBIN LIBET, POPMBI U CTPYKTYpPbI KOJOHUN ObLIN
HenpaBmwibHON popmbl, a komonuu AC2S, AC3S, AC5S Obutd KPYIJIBIMU C POBHBIMU KpasiMu
(tabauna 2). Y Bcex OaKTepHaIbHBIX U30JIATOB U3y4YaIlCh POCTOBBIC XapaKTEPUCTUKH.

Tabmuma 2 - Mopdororuss KOMOHHMA HW3O0NSATOB, BBIACTIEHHBIX U3 JKapKEHTCKOro TreoTepMalibHOTO
HUCTOYHHUKA

N3onsTel Konucucrenuus dopma Kpas Hpoqmﬂ} IBer
KOJIOHUH
1 2 3 4 5 6

AC2S Cmusucras, ['magkas Kpyrnas PoBHEBIE [Tnockuit KpemoBerit

. beno-
AC3S I'magkas Kpyrmnas Pennedunie [Tnockuit KpemoBbiii

o beno-
AC4S Cnuzucras Henpasunpnas PoBHEIE Beimykmsiit .
KPEMOBBIH

AC5S Cmusucras, ['maakas Kpyrnas PoBHEBIE Brimyknsiit benmit
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Mopdonorudeckne XapaKTEpUCTHKUA BCEX HM30JIATOB ObUTH HcclieoBanbl Ha COM mpu
paznuuHbIX yBenuueHusx ot 6,000X mo 36,556X.
CkaHupyroIIas MeKTpoHHass MUKpOodoTorpadust H30ATOB MPEACTaBICHA Ha pUCyHKe 1.

Pucynok 1 - Ckanupyroliast SJIeKTpOHHAs MUKpodoTorpadus U30IITOB.
A. AC2S B. AC3S (8,183X), C. AC4S (6,000X), D. AC5S (36,556X)

Ha mukpodororpadusx BuaHO, uyTo OakTepuanbabie n3oyatel: AC2S, AC3S, AC4S, AC5S
HMEIOT TaJOYKOBUIHYIO ¢dopmy pasmepom 1,8x3,1 x 4,1 -0,6 mxm. [lpu BeIpammBanuu Ha
oOoraieHHOW NHUTATEeIbHOW Cpele HMEIOT BHUJ TOJICTBIX U OONBIIMX Malo4yeK, WHOTIa
PacIoJIOKEHHBIX B IIEMOYKax (pUcyHOK 1).

Ha cnenytoiem stamne MUKpOOHBIE M30ISTHI MTOBEPraliCh CKPUHUHTY HA TEPMOCTOHKOCTh
Ipu pa3IuyHbIX Temreparypax, HaunHas ¢ 40°C go 95°C. na wuzomstoB AC2S, AC3S
ONTHMalbHas TeMIlepaTypa pocra cocrasisiia 75°C, a MakcuMainbHasi 1 MUHUMalbHasA - 95°C u
45°C. na wuzonstoB AC4S, ACSS onrtumaneHas temneparypa cocrtaBisia 85°C, a
MakcumaibHas 1 MuHuUManbHas - 95°C u 40°C.

3areM OakTepualbHBIE U30JISATHl MOJBEPTrajiuCh CKPUHUHTY HAa aMUJIa3HYIO, POTEa3HYIO,
JIMIA3HYIO M [EJUTIOa3HYI0 aKTUBHOCTD (PUCYHOK 2).

A) AC2S/AC3S(75)  AC2S/AC3S (70)
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B) AC2S/ AC4S (70)  AC4S/ ACS5S (65)
M
C) AC4S | AC5S D) AC5S

Pucynok 2 - ®epmeHTaTHBHAS aKTUBHOCTH M30JISITOB, BRIIENEHHBIX U3 JKapKeHTCKOTr0 Te0TepMaIbHOTO
ropsiYero UCTOUHMKA. A) LeJuTroNia3Has aKTUBHOCTh, B) amuiaznas aktuBHOCTh, C) niumnasHas
aKTUBHOCTH, D) mpoTeasHas akTHBHOCTD.

OneHka pe3ynbTaToB MPOBOANIIACH 10 OIIPECIICHUIO JUaMeTpa 30H I'MIPOJIN3a CyoCTpaToB
(pucyHOK 2).

Kak BumHO 13 Tabmuis! 3, Tpu n3onsta (AC2S; AC4S; ACSS) nmponsBoauian aMuiasy mpu
75°C, mpmuém AC2S n ACA4S mposBIANM aMHJIA3HYIO aKTHBHOCTB Ha 52-54% Gomblne, uem
mramm ACS5S mipu 75°C, onmako mpu 80°C n3omsT ACSS nposBIseT aMHNa3HyO 1 IeIUTIONA3HYIO
aKTUBHOCTH Oouible, yeM Ha 75% nipu 75°C. pyrue nea uzossra (AC3S; AC4S) npoayuuposaiu
npoteaszy npu 75°C, ognako npu 80°C y 3TUX U30JISITOB OTCYTCTBOBAJIA IPOTEa3Hast AKTUBHOCT.

Kpome toro, Hu3Kkyro npoteazHyto aktuBHOCTB Tipu 75°C mposiBisumn AC2S u ACA4S, a ipu
80 °C u 85 °C y Bcex M30JITOB IPOTEa3HON aKTUBHOCTH HE HA0I01a10Ch, Y u3oista AC2S mpu
75°C nabmroganach JHMa3Has aKTUBHOCTh, TOTJIa KaK MPU JPYTHX TEMIIEPATYPHBIX PEKHUMaxX
Junasa He MPOU3BOANUIIACS.

B pesynbraTe aHanu3a JaHHBIX, IPEICTABICHHBIX B TaOIUIE 3, MOKHO ClIENaTh BBIBOJ O
TOM, 4TO MPU ONTHUMAJIBLHOM TemIiepaTypHoM pexume, 75°C, nzonsat AC2S MoxkeT mpou3BOIUTh
OJIHOBPEMEHHO 3 pa3IMyHbIX OMOKaTaIN3aTOPa, TAKUE KakK: LeJUIi0a3a, aMuiIas3a 1 JIMIasa.

Takoe ke KOJIWYECTBO TEPMO3UMOB (IIeJUII0JIa3a, aMIiIa3a U npoteas3a) npu 75°C mMoxer
BbLIETATH U U30JsT AC4S, ognako nipu 80°C 3TOT U305 T IPOU3BOUT CO CPEIHEN AKTUBHOCTBHIO
TOJNBKO JBa (epMEHTa - LEJUII0NIa3y W aMuia3y, HalpOTHUB, BBICOKYIO AaKTUBHOCTh K 3THUM
(dbepMeHTaM MpH TAKOM TEMIIEPATYPHOM PEXKHUME MOXKET MPOsBIATH u3oiiat ACSS.

Ta6unuia 3 — 3oHa ruaponu3a cyocTpaToB (MM) B 3aBUCHMOCTH OT TeMrepatypHoro pexxuma (°C)

H3onsatel TeMnepagypa Ilemmronasa Awmunasa [Iporeasa JInmaza
pocra, C

1 2 3 4 5 6
AC2S 75 39+7 162 - 23+3
AC3S 75 - - 5+1 -
ACA4S 75 25+2 18+2 7+1 -
AC5S 75 9+1 7+1 - -
AC2S 80 - - - -
AC3S 80 - - - -
ACA4S 80 20+2 1542 - -
AC5S 80 35+2 28+1 - -
AC2S 85 - - - -
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[Iponomxkenue Tabnuuel 3

1 2 3 4 5 6
AC3S 85 - - - -
AC4S 85 - - - -
AC5S 85 - - - -

CuMBOIBI: (—) OTCYTCTBHE aKTUBHOCTH.

Takum 00pa3oM, B TIPOBEJCHHBIX HCCIENOBAHMAX IIOJYYCHBI IOTCHIIMAJIbHbIC
MPOMBIIICHHO-TICHHBIE ~ M30JIATHI  TEPMO(UIBHBIX  OaKTEepHii, KOTOpPBIE MOTYT  OBITh
MPOIyLIEHTaMH TEPMO3UMOB JJIs1 OMOTEXHOJIOTHUH.

3akiiloueHue

UccnenoBanue mnokasano, uro JKapkeHTCKHE Topsiuve HCTOYHMKH SBIISIOTCS OOraThiM
NCTOYHUKOM IICHHBIX TepMO(i)I/IJ'II)HI)IX MHUKPOOPTaHU3MOB - IPOAYHCHTOB IMPOMBIIIJICHHO BAXKHBIX
(bepMeHTOB, TEPMO3UMOB, I HCIIOJB30BaHWA HX B PAa3IMYHBIX TMPOMBIIIICHHBIX H
OMOTEXHOJIOTHYECKUX MPOIECCaXx.

DuHAHCUPOBaHUE

[IpoBenennoe uccnenoBanue punancupyercss Komurerom Hayku MuHHCTEpCTBA HAyKu U
Bbiciiero oOpaszoBanusi PecnyOmuku Kazaxcran (Ne rpanta AP14871683 «buorexHonorus
nepepaboTKU  KEpaTHHOBBIX IMOOOYHBIX MPOAYKTOB C TOMOIIBIO HMMMOOMIM30BAaHHBIX
TEPMO(DUIBHBIX OaKTEPHiD»).
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Abstract
The objects of the study were thermophilic bacteria living in the hot springs of Zharkent in the
Almaty region. The ability of these microorganisms to maintain vital activity in extreme conditions
demonstrates their potential for biotechnological processes. Four bacterial isolates were isolated, with an
optimal growth temperature of 75°C and 85°C. Four bacterial isolates were characterized by morphological,
microscopic, and biochemical parameters. All obtained isolates were screened for amylase, protease, lipase
and cellulase activity. The obtained isolates were preliminarily identified as Bacillus sp. according to

morphological, biochemical and physiological characteristics.

Keywords: thermozymes, geothermal sources, isolate.
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Thermophilic bacteria are one of the most extensive and actively studied groups of
extremophilic microorganisms [1-3]. Thermophilic and hyperthermophilic microorganisms are
interesting for biotechnology, mainly as producers of highly specific thermostable enzymes.

The enzymes produced by them, the so-called thermozymes, have several biotechnological
advantages: high stability of enzymatic reactions at high temperatures, resistance to high substrate
concentrations due to a decrease in the viscosity of the solution and an increase in diffusion
coefficients. Thermostable enzymes often have increased resistance to denaturing agents [2]. The
use of enzymatic hydrolysis in the industry is due to the strict specificity and directed action of
enzymes, and, accordingly, the possibility of controlling the process of transformation of
substances and obtaining a pure target product at the output. In addition, the hydrolysis process is
carried out at a temperature of 70-80°C. This, on the one hand, prevents the development of
pathogenic bacteria that may be present in raw materials for processing. On the other hand, at this
temperature, there is no destruction of essential amino acids [4, 5].

The constant search for new thermophilic prokaryotes is carried out to find bacteria with
biotechnologically attractive properties. Thus, the search for new thermophilic hydrolytic bacteria
remains an urgent research problem from a scientific and applied point of view [6, 7].

In this regard, we have formed a unique collection of aerobic and anaerobic thermophilic
bacteria isolated from the thermal spring of the Almaty region of the Zharkent geothermal hot
spring located at 43°97°14.93” N, 79°66°12.09"E, 273 km from the city of Almaty [8].

The study aimed to isolate thermophilic bacteria from the geothermal hot spring of the
Almaty region and determine the heat resistance of the isolates, as well as to screen and obtain
isolates with a wide spectrum of hydrolase activity.

Materials and methods

Place of research and collection of samples. Zharkent geothermal hot spring is located at
43°97°14.93” N, 79°66°12.09" E, 273 km from the city of Almaty, near Zharkent city, and 80 km
away from the border with China. Several wells are located within the Zharkent, in the depressions
of the Zharkunak tract. The Zharkunak underground water deposit is the central part of the
Zharkent geothermal source, including well No. 5539 (1-RT). All wells are located within the land
use territory of LLP "Bayserek-Agro™ [8].

The chemical composition of well No. 5539 is characterized as a weakly mineralized
alkaline, moderately radon, siliceous mainly chloride-bicarbonate-sodium composition with a high
concentration of fluorine content. The characteristic features of this water are weak mineralization
(up to 1.0 g/dm?®), alkaline reaction (pH 8.1-9.0), high fluorine content (up to 10 mg/dmd), the
balneological active concentration of silicic acid (over 50 mg/dm?q), the presence of radon in
concentrations up to 60 nCi/l, characteristic of moderately radon waters [8].

Isolation of bacteria. Samples were taken in Falcon tubes with a volume of 15 ml. Samples
of water and precipitation were taken from hot springs, filling the entire volume of the tube without
air voids. Before sampling, the temperature and pH values of the medium were determined in the
sources.

A water sample was introduced into a meat-peptone broth (HiMedia, India) at 80°C, and for
3 days the enriched culture was sown on nutrient agar (HiMedia, India) to obtain individual
colonies. All bacterial isolates obtained on Petri dishes were selected and purified by the streak
plate method. The isolates were determined to be pure after microscopy of the culture colonies.

Determination of thermal stability. To study the thermophilic characteristics, each bacterial
isolate was inoculated in 10 ml of nutrient broth medium (HiMedia, India) and incubated for 3
days at 80°C. Each broth culture of bacteria was sown on a freshly prepared nutrient agar medium
and cultured at 75°C and 80°C for 24 hours. Bacterial isolates growing in Petri dishes were selected
and retested for heat resistance at a higher temperature of 85°C for 3 days. As a result, isolates that
could tolerate a temperature of 85°C were selected for further study.
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Metabolic and biochemical characteristics of isolates. Isolates of thermophilic bacteria have
been studied according to various morphological characteristics, like colour, Gram staining, shape,
spore formation, and mobility.

Scanning electron microscopy (SEM) of isolated bacteria. Morphological features of the
isolated bacterial strains were further investigated by the SEM analysis method with the support
of the SSE "NNLOT" KazNU Institute. The sample for SEM was prepared by transferring
microbial isolates into a clean microfugation tube containing approximately 1.5 ml of 3.5%
glutaraldehyde solution. Then the isolates were washed with a phosphate buffer (100 mm, pH 7.2).
After the isolates are dehydrated using an alcohol gradient from 10 to 95%. Then the dehydrated
samples were dried in air and fixed on a carbon carrier. The samples were coated with a thin layer
of silver. These samples were then observed under a scanning electron microscope - Raster
electron microscope Quanta 3D 200i Dual system (FEI Company, USA) SEM.

Various biochemical studies have been carried out, such as the fermentation of sugars, the
H2S formation, the oxidation of Mn and Fe, obligate aerobes, facultative anaerobes, and the
presence of catalase and oxidase enzymes investigated by the methods described by Prescott et al.
[9-11]. The gas formation was determined using a TSI slant agar (HiMedia, India) [12, 13].

Evaluation of enzymatic products. Screening and identification of thermophilic bacteria
producing hydrolase were carried out using various carbon sources, such as carboxymethyl
cellulose (CMC) according to Ramesh et al. [14], potato starch according to Blasam et al. [15],
twin 80 according to Dong-Woo et al. [16], and skimmed milk according to Khaled et al. [17].

Results and discussion

Four bacterial isolates were isolated from the Zharkent geothermal source, which was
assigned the following code names: AC2S, AC3S, AC4S, and AC5S. Two of them were classified
as Gram-negative bacteria: AC2, AC3S; and two isolates AC4S, and AC5S were Gram-positive.

Further, a physiological and biochemical study of the isolates was carried out using various
identification tests: for catalase and oxidase, fermentation of sugars (glucose, sucrose, lactose),
and oxygen ratio (Table 1).

Table 1- Biochemical characteristics of bacterial isolates obtained from the Zharkent geothermal source

Biochemical tests AC2S AC3S ACA4S AC5S
Hydrogen sulfide test - - - -
Catalase + + + +
Oxidase + - + -
Starch hydrolysis + + + +
Fermentation of sugars
Glucose + - + +
Sucrose - - - -
Lactose - - - -
Oxidation of Mn + + - -
Oxidation of Fe - - - -
Obligate aerobe - - - -
Facultative anaerobe + + + +
Motility + + + +
Formation of endospores + + + +
Symbols: + indicate a positive indicator; - negative indicator

The studied isolates showed negative results on the hydrogen sulfide test, were not obligate
aerobes and did not oxidize Fe. However, they showed a positive reaction to catalase activity,
starch hydrolysis, and Mn oxidation. In addition, they showed good enzyme reactions to sugars,
and oxidase and were facultative anaerobes.

The obtained isolates differed among themselves in morphological characteristics: the
colonies of AC4S bacteria were coloured white-cream, the shapes and structures of the colonies
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were irregular, and the colonies of AC2S, AC3S, AC5S were round with even edges (Table 2).
Growth characteristics were studied in all bacterial isolates.

Table 2 - Morphology of colonies of four isolates isolated from the Zharkent geothermal source

Isolates Consistency Form Edges Colony type Color
AC2S Slimy, Smooth Round Smooth Flat Creamy
AC3S Smooth Round Wavy Flat White and
creamy
ACAS Slimy Irregular Smooth Convex White and
creamy
ACS5S Slimy, Smooth Round Smooth Convex White

Further, the morphological characteristics of all isolates were studied on SEM at various
magnifications from 6,000X to 36,556X.
Scanning electron micrography of isolates is shown in Fig. 1.

Figure 1 - Scanning electron micrography of isolates.
A. AC2S B. AC3S (8,183X), C. AC4S (6,000X), D. AC5S (36,556X)

Microphotographs showed that bacterial isolates: AC2S, A3S, AC4S, and AC5S had a rod-
shaped shape with a size of 1.8x3.1 x 4.1 -0.6 microns. When grown on an enriched medium, they
look like thick and large sticks, sometimes arranged in chains (Fig. 1).

At the next stage, microbial isolates were screened for heat resistance at various temperatures
ranging from 40 ° C to 95 ° C. For AC2S and AC3S isolates, the optimal growth temperature was
75°C, and the maximum and minimum were 95°C and 45°C. For AC4S and ACS5S isolates, the
optimal temperature was 85°C, and the maximum and minimum were 95°C and 40°C.

Then bacterial isolates isolated from the hot spring were screened for amylase, protease,
lipase and cellulase activity (Fig.2).
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Isolates were screened for the content of enzymes. 4 isolated microorganisms were tested
for the presence of secreted cellulase, amylase, protease and lipase. The results were evaluated by
determining the diameter of the hydrolysis zones of the substrates shown in Figure 2.

Among the four identified isolates, at least two extracellular hydrolyzed enzymes were
produced by each isolate (Table 3).

As can be seen from Table 3, three isolates (AC2S; AC4S; AC5S) produced amylase at
75°C, and AC2S and AC4S showed amylase activity by 52-54% more than the AC5S strain at
75°C, however, at 80°C, the ACS5S isolate shows amylase and cellulase activity by more than 75%
at 75°C. The other two isolates (AC3S; AC4S) produced protease at 75°C, but at 80°C these
isolates had no protease activity.

In addition, low protease activity at 75°C showed AC2S and AC4S, and at 80°C and 85°C,
protease activity was not observed in all isolates, and lipase activity was observed in AC2S isolate
at 75°C at other temperature conditions, lipase was not produced.

As a result of the analysis of the data presented in Table 3, it can be concluded that at an
optimal temperature regime of 75°C with AC2S isolates, it can simultaneously produce 3 different
biocatalysts, such as cellulase, amylase and lipase.

The same number of enzymes (cellulase, amylase and protease) at 75°C can also secrete
ACA4S isolate, but at 80°C this isolate can produce only two enzymes with average activity
cellulase and amylase, on the contrary, AC5S isolate can show high activity to these enzymes at
this temperature regime.

l 1

A) AC2S/AC3S (75)  AC2S/AC3S (70)

AC2S/ AC4S (70)  AC4S/ ACSS (65)

C) AC4S | AC5S D)AC5S

Figure 2 - Enzymatic activity of isolates obtained from the Zharkent geothermal hot spring.
A) cellulase activity, B) amylase activity, C) lipase activity, D) protease activity.
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Table 3- The zone of hydrolysis of substrates (mm) depending on the temperature regime (° C)

Isolates Optimal Cellulase Amylase Protease Lipase
temperature
AC2S 75 39+7 16+2 - 23+3
AC3S 75 - - 5+1 -
ACAS 75 25+2 18+2 7+1 -
AC5S 75 9+1 7+1 - -
AC2S 80 - - - -
AC3S 80 - - - -
AC4S 80 2042 15+2 - -
AC5S 80 3542 28+1 - -
AC2S 85 - - - -
AC3S 85 - - - -
AC4S 85 - - - -
AC5S 85 - - - -
Symbols: (-) No activity.

Thus, in our research, we have obtained potential industrially valuable isolates of
thermophilic bacteria that may be attractive for biotechnology.

Conclusion

The study showed that the Zharkent hot springs are a rich source of many thermophilic
microorganisms and should be investigated to obtain industrially important enzymes. These
isolates can be used in various extreme industrial and biotechnological processes after studying
and cloning their genes.
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