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B pabote mpoBeneHO nccieI0BaHNE CBOICTB GaKTepHAaTbHOM MUKPO(IOPHI psijia TePMATbHBIX HCTOYHHKOB
CesepHoro [Ipubaiikanbs (baiikanbckas pudroBasi 30Ha), XapaKTePU3YIOIUXCS IIMPOKUM JTHANIa30HOM
TPUPOIHBIX yCinoBuit (pH, Temmeparyp, opraHnueckoro KOMnoHeHra). [IpoBeieHa TAKCOHOMUYECKAST HICH-
TUduKanus 6GakTepuil, MOKa3aHo, YTO JUTIOTUTHUCCKON aKTHBHOCTHIO OONAAF0T H30JSIThI, OTHOCSIIHECS
k BugaM Geobacillus stearothermophilus, Anoxybacillus flavithermus v Thermoactinomyces vulgaris. Vc-
CJIeZIOBaHbI KX MOP(OJIOTHYECKUE, ONOXUMUYECKUE U (PH3HOIOTHYECKUE CBOMCTBA. [I0Ka3aHO, 4TO B LIEJIOM
nojy4yeHHsle mrammbl Geobacillus stearothermophilus pactyt npu Temmeparypax a0 70 °C u ummpoxoM
nuarnaszone 3HadeHuit pH (5-10). lITammel, oTHECeHHBIC K pony Anoxybacillus flavithermus, pociu npu
temneparypax 60—70 °C u no pH 11, a Thermoactinomyces vulgaris Gus-2-1 umen 6osee y3kuil Tuana3oH
pocra mipu 50-60 °C u pH 7-10. B menom u3 BBIACICHHBIX IITAMMOB, O0JIAIAONINX JIUITOIUTAYCCKOM
AKTHBHOCTBIO, HAH0OJIE€ HHTEPECHBIMHE ISl U3yUYEHHUS] CBOMCTB MPOAYIIMPYEMBIX JIUIA3 SIBJSIOTCS TPE-
crasurenu Geobacillus stearothermophilus.

KaroueBnble ciioBa: TGpMO(l)I/IJ'ILHLIe MUKPOOPIraHNU3MBbl, JIMTIOJIUTUYCCKAA aKTUBHOCTD, batikananckas pI/Iq)—

TOBas 30HA.

BBEJIEHME

HUccnenoBanne TepMalbHBIX HUCTOYHUKOB
JUUIS TIOUCKA MUKPOOPTaHU3MOB C YHUKAIbHBI-
MU CBOMCTBaMU SIBJIICTCSl aKTyaJdbHOM 3ajaueit
COBPEMEHHOW MHKpoOuonornu. Mukpoopranms-
MBI, @ Tak)Ke MPOAYLIHPYyEeMbIe UMU (PEPMEHTHI
HaxOIIT MIMPOKOE MPUMEHEHNE B COBPEMEHHOM
ouorexHonorur. OMHUMU U3 TaKUX (PEPMEHTOB
SIBJISTFOTCSL JTUTA3bI, OTHOCAIIMECS K KJIaccy THI-
poJia3, KaTaIU3UPYIOLIUX PEaKLUIO PaCIeTICHUS
MIPUPOIHBIX TPUAIMITITHIIEPHUIOB C 00pa3oBaHUEM
TIUIEPUHA, KUPHBIX KUCIIOT U BOJbl. YHUKAJIHHBIE
CBOMCTBA 3TUX (HEPMEHTOB MTO3BOJISIOT IPUMEHSITH
WX B KayecTBE BBICOKOI(DPEKTUBHBIX pEruo- u
9HAHTHOCENEKTHBHBIX OnokartanuzaropoB (Fish-
man et al., 1998) B peakiuu nepesTepudukanuu
MTUIIEBHIX KUPOB, a TAKKE aMMOHOJIN3E U JPYTUX
xummuuecknx npomeccax (Joseph et al., 2008). B

CBSI3U C ATHM JIMTIa3bl HALIUIK ITUPOKOE MTPUMEHE-
HUE B MPOMBIIUIEHHOCTH, B TOM YHUCJIE TTHIIEBOMH,
(hapManeBTUYECKOM, TEKCTUIBHOM, B MPOU3BO/-
cTBe OBITOBOM XUMHU U Apyrux odnactsix (Houde
et al.,2004), a uzydeHne MpUPOAHBIX MUKPOOHBIX
cOO0OIIECTB [UIs TIOMCKA HOBBIX BAPHAHTOB TEPMO-
CTaOMIBHBIX (PEPMEHTOB MPEACTABIIACT OOIBIION
MPaKTUYECKUHA NHTEPEC.

B psge uccnenoBanuii mokasaHo, 4TO Tep-
MasbHbIe ncTOUHMKH [Ipubaiikanbs u 3abaiikanbs
SIBIISIIOTCS OOTaTBIMU 110 COCTaBY MUKPOQIIOPEI
(Mukpo6usIe coobmiectna ..., 2006). Bompoc o
MOKWCKE B JAHHBIX UCTOYHHKAX MUKPOOPTAHMU3-
MOB, 00JQAAIOMINX JTUIOIUTHICCKOW aKTUBHO-
CTBIO, & TaK)KEe M3YUYEHUHU UX CBOICTB OCTaeTCs
OTKPBITBIM.

B nannoit pabote OblIIM MPOBEAEHBI UCCIIEIO-
BaHME COCTaBa MUKPOOHUOJIOIMYECKUX COOOIIECTB
ropstanx ucTouHUKOB CeBepHoro IlpuOaiikaibs,
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TIOMCK, a TAK)KE BBIIETIEHUE U CKPUHUHT aKTHBHO-
CTH TepMO(UIBHBIX MUKPOOPT'aHU3MOB, TIPOSIBIISI-
IOIIHUX JINIOJUTHUYECKYI0 aKTHBHOCTh. Bblnenen-
HBIE IITaMMBbI ObUTH WAEHTU(OUIIMPOBAHBI, N3yYCHBI
UX (HUIOTEHETHYECKOE POJICTBO, CIIEKTP aKTUBHO-
CTH U MOP(HOJIOTHYECKHIE XapaKTEPUCTHKH.

MATEPHUAJIBI 1 METO/IbI

Bbllle.]'leﬂl/le MHUKPOOPraHU3MOB
C JIMNOJINTHYECKOI AKTUHBHOCTBLIO
U3 TeEPMAJIbHBIX UCTOYHUKOB

s mony4YeHuss akTUBHBIX HAKOITUTEIBHBIX H
YUCTBIX KYIBTYP TePMO(MUIBHBIX MUKPOOPTaHU3-
MOB U ITOCTICYIOIIETO BBIICTICHHS YUCTHIX KYJIBTYP
MHKPOOPTaHHU3MOB-TIPOTYIICHTOB JIUTTOJTUTHYECKUX
(hepMEeHTOB IPOBOAMIIN COOP MOJCBOr0 MaTepraa
B ropAYuX McTouHMKax balikanbckoil pudToBOH
30HBL. OOpasIbl OTOUpANN C COOMIONEHUEM YCIIO-
BHiA cTeprbHOCTH. CoOpaHHBIe 00pa3Ibl XpaHU-
i ipu +4 °C, Tocie 4ero MpOBOIWIIHA MTOCEB Ha
QJIEKTHUBHBIC CPEJIbI.

KynpruBupoBanue NpupoaHOro MaTepHaa npo-
BOJIMJIM Ha arapu30BaHHbIX cpeaax Jlypus—bepra-
uu (LB), cpene A (r/m): (0,5 NaCl, 0,5 nenrtona, 0,4
MSICHOTO IKCTpakTa, 0,2 IpoxcKeBOTO DKCTPAKTA),
msicorrenToHHOM arape (MITA). KynsruBnpoBanmne
npoBoawIY Iipu Temneparypax 45—70 °C B Teuenue
1-3 cytok. OnpeaeneHue JIUMOIUTUICCKON aKTHUB-
HOCTH HITAMMOB NPOBOJIMJIA HA arapu30BaHHON
cpene Ipennura (r/n): KH,PO, — 0,5; NH,CI —
0,5; MgSO, < 7TH,0 - 0,5; KCIl - 0,5; NaCl - 0,5;
CaCl, x 2H,0—-0,05; NaHCO; — 1,5, conepxamiei
1,5 % tBuH-20, -40 u -80.

HNpenTudpukanus mraMmoB
10 HYKJICOTUAHOM MOC/Ie10BATEIbHOCTH
rena 16S pPHK

Uucrtyro 6akTepraabHyIO KYJIETYPY BRIPAIBa-
nu ripu Temneparype 55-65 °C na cpene LB, co-
nepskaieit 2 % arapa, B Teuenue 12 4. Boigenenue
resomHoit JIHK mpoBoguiu ¢ ucnoiab30BaHUEM
Habopa Wizard SV Genomic DNA Purification
System (Promega, CI1IA), coriacHO HHCTPYKIIUU
npou3BoauTens. AMIundukanuo Gparmenra 16s
pPHK npoBogunu B peakiMoHHOI cMecH 00IIM
oovemoMm 50 mkn, comepxkamei: 20 wr, 0,2 MM
cMecH 4YeThipex aezokcutpudocdaros, 1,5 MM

MgCl,, 0,1 MxM mnpaiimepos 16s-8-f-B 5'-
AGRGTTTGATCCTGGCTCA-3"u 16s-1350-r-B
5'-GACGGGCGGGTGTACAAG-3', 6ydep ans
Taq AHK-nonmumepasst u 1 EA TaqSE JJHK-
nonumepassl («Cubsuzumy», Poccus). TP
MPOBOAWIN TIO cleayroieit nporpamme: 95 °C —
3 muH; 40 mukiaoB (95 °C — 30 ¢, 54 °C — 20 c,
72 °C—1wmwuHn 30 ¢); 72 °C — 10 mun. OtipenencHue
HYKJIEOTHTHOW TIOCIIEIOBATEIHLHOCTH TTPOBOIMIN
Ha npubope 3130XL Genetic Analyzer (Applied
Biosystems) ¢ mcmonb30BaHHEM TpaiiMepa
16s-8-f-B. Ilomy4eHHBIE MOCIEAOBATSIHHOCTH
16S pPHK cpaBHUBamy ¢ U3BECTHBIMHU ITOCIIEI0BA-
TENBHOCTSMH, CofiepkarmMucs B 6aze Genbank, ¢
ucnons3oBanuem anropurma BLAST (http://www.
ncbi.nlm.nih.gov/nuccore).

dujioreHeTHYECKHUI aHAJIN3

BrlpaBHMBaHHE TIOJIyUEHHBIX [1OCIIEI0BATEIb-
Hoctert reHa 16S pPHK npoBoauiu ¢ ucnosib-
3oBanueM nporpammbl ClustualW. IMoctpoenue
(DMITOreHEeTHYECKOTO JIpeBa OBUIO BBITIOJIHEHO C
HCTIOIb30BaHUEM aITOPUTMA OMKaNIIHIX cocesiei,
peanuzoBaHHoro B nporpaMmme MEGAA4. TTposepky
CTaTUCTUYECKON JOCTOBEPHOCTH HMPOBOIMWIN IPU
oMot Oyrerpen tecta (Tamura et al., 2007).

MHKpOCKOHI/I‘{eCKI/Iﬁ AHAJIN3 ITAMMOB

UccnenoBanne Mop(hOIOTHH BBIACICHHBIX
TaMMOB MHKPOOPTaHU3MOB METOAAMH MHUKPO-
CKOIIMH ITPOBOAMIIN C UCIIOJIB30BAaHUEM CBETOBO-
ro ¥ JIIOMHUHECIIEHTHBIX MHUKPOCKOTIOB (PUPMBI
Karl Zeiss (Axioskop 2 Plus u Axio Skope. Al,
I'epmanus). IlpenapaTel roTOBMIM CTaHJAPTHBI-
Mu MetogamH (IIpakTuKyM Mo MUKpOOHOIOTHH,
2005).

BuoxumMuyeckasi xapakTepucTHKA KYJbTYP

buoxumudeckyio xapakTepHu3aluio IMTaMMOB
MPOBOAUIU C UCIOJIb30BAHUEM TECT-CUCTEMBI
Enterotest-24 (MicroTest, Lachema) B cooTBet-
CTBUH C MHCTPYKLIMEH nmpousBoauTesst. [IpoBoauiu
TECT Ha AKTUBHOCTb YPEeasbl, KaTajaa3bl 1 OKCHIA3BI,
WHJI0JIa, CEpPOBOIOPO/IA, AlIETONHA; CIIOCOOHOCTD K
BOCCTAHOBJICHUIO HUTPATOB, K THAPOJIU3Y Ka3eu-
Ha, JKeJaTHHa, KpaxMmaia, Aerpajaluy TUPO3UHa,
JI€3aMUHUPOBAHHIO (PeHUIIAIAHUHA.
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CkpuHUHT (PU3NOJIOTHYECKUX
CBOIiCTB IITAMMOB, 00J1aA0IIHX
JHUIOJUTHYECKOI AaKTUBHOCTHIO

Ornpenenenue nuanazona 3adeHnii pH u Tem-
neparypsl, IPU KOTOPBIX HAOIIONAIICS POCT KYJb-
TYp BBIICTICHHBIX MHKPOOPTaHU3MOB B YKHJIKOH
cpelie, MPOBOIWIN C HUCHOJIB30BAHUEM CHCTEMBI
MicroFlask (Applikon Biotechnology). IToceBroii
MaTepura BEIpaIMBaIIH ITyTeM BHECEHHS MaTepra-
J1a OT/IEJTBHBIX KOJIOHHH CCIIeTyeMbIX INTaMMOB B
TyHKH 96-TyHOYHOTO IUiaHmieTa B 00beM 180 MK
cpensl LB. KynsruBupoBaHue NpoBOAWIN Ha TEp-
mocrtatupoBanHoM Iueiikepe KS 4000 IC control
C YCTAQHOBJICHHBIMHU JAEPKATEISIMU Ul CUCTEMBI
MicroFlask B Teuenue 16 4 npu 250 00./mMuH, npu
temneparypax ot 40 mo 70 °C. 1o okoHUaHUH
KYJIETHBHPOBAHHS BU3yaJbHO OTMEYAIIH JIYHKH, B
KOTOPBIX HaOMI0aI0Ch YBEIHYCHUE COICPIKAHMUS
Oromacchl.

PE3YJIBTATbI

Boiesnienue TepMOPUIBHBIX OaKTepHii
U MCCJIEI0BAHUE X CBONCTB

B nannoi pabore 1y BBIACICHUS TEPMO-
(UIBHBIX MUKPOOPTAaHU3MOB OBLIH OTOOpaHBI
NpoObI JOHHBIX OCAJKOB BBHICOKOTEMIIEPATyPHBIX
nctounnkoB Asia, ['apra, I'ycuxa, Ces, Ypo (bap-
ry3uHckas jonuHa, CesepHoe [Ipubaiikanbe). B
paboTy ObLTH B35THI 00PA3IIbI U3 TPEX UCTOUHUKOB,

OTJINYABIIHXCS OT OCTAJHHBIX BEICOKUMH 3HAYCHH-
SIMU TEMTIEPATyp Ha BBIXO/IC TEPMAIILHBIX PYUbEB,
OOMJITEHBIM Pa3BUTHEM MHKPOOHBIX COOOIIECTB U
OoraTeIX OpraHMYecCKUM cyocTparoMm. B Tabm. 1
MPUBEJICHO OMUCAHKE YCIOBHUH, MPU KOTOPBIX
ObLTIA 0TOOPAHBI IPUPOIHBIC 00PA3IIbl, U HA3BAHUS
HCTOYHHKOB.

KynbTypbl MUKPOOPTraHU3MOB, MONTYYCHHBIC
W3 MPUPOTHBIX 00PA3II0B, OYHIIIAITIH OT COMTYTCTBY-
IOIIMX OPraHU3MOB ITyTeM MHOTOKPATHOTO Tiepe-
ceBa Ha arapusoBaHHOU cpene LB. IlonydyeHHbie
KOJIOHHHU TECTUPOBAJIM HA aKTUBHOCTb 110 OTHOIIIE-
HUIO K TBHH-COJICPIKAIIIUM CyOCTparam B raraso-
He Temneparyp 37-65 °C. Beero 0110 0T00paHO
11 mrramMmoB, 00Ja1aBIIMX HAKMOOJIBIIEH JIMIIO-
JUTHUYECKON aKTUBHOCTBIO, JUIS KOTOPBIX ObLIa
BBITIOJTHEHA TAaKCOHOMHMYECKAst MICHTU(UKALINS
myTeM uccnenoBanud resa 16S pPHK, pesysisrarst
MIPUBEJICHBI B TA0M. 2.

Taxum 00pa3om, BeIJIEIICHHBIE OaKTepHH ObLTH
OTHeceHbl K Bumam Anoxybacillus flavithermus,
Geobacillus stearothermophilus n Thermoactino-
myces vulgaris.

B xo1e paboThI ObLI BBIOJIHEH (DHUIIOTEHETUYEC-
CKUU aHaJM3 POJICTBA BBIJICIICHHBIX MITaMMOB. Ha
pHC. IPECTABICHA ICHPOrPaMMa, OTPaXKaroIast
(UIIOTeHETHYECKUE OTHOIICHHUS UCTIONh30BAHHBIX
B pabote mramMMoB ponoB Geobacillus w Anoxy-
bacillus.

tamwmer G. stearothermophilus B28, B8, B7,
B27 B nenom okazanuch OJU3KUMHU CO IITAMMOM
G. stearothermophilus mt-10 nu oO6pa3oBbIBaIN

Taoanma 1
Orncanne Todek 3a00pa 00pas3roB BOABI U TPYHTA
TepMaJbHBIX HCTOYHUKOB CeBepHoro [Ipubaiikanbs
T'eoxummueckue Komnuuectso
Ne | HazBanue ncTouHuKa Omnucanue npoos!
rapamMeTphbI 00pasioB
. 52-75°C oOpacTanust (MaThl): 3€JICHBIC, OPAHIKEBO-OypHIC
Auuta (ripaBblit Oeper) p ( ) » OP yP 30
1 pH 8,1 u Gesble
Auna (neBbIit Geper) 43-72 °C CO00IIECTBO MUKPOOPTAaHU3MOB, IIBET — 3EJIEHBIN 10
36-74 °C MOIIHOE TI0JIE Pa3HOIBETHBHIX MAaTOB (PO30BEIC,
2 l'apra 15
pH 7,3 4YepHBIE, JKeNTO-3eNeHbIe). TommuHa 5—7 MM
. 25-69 °C MHOT'OCJIOMHBIE Pa3HOIBETHBIE [[HAHOOAKTEPHAIIE-
3 VYpunckuit P H H p 12
HBIE MaThI
43-74 °C HAKHUIIHBIE U IIIaBaolMe HaHOOaKTepHaIbHbIE
4 I'ycuxa fe 1 p 5
pH 8,5 MaThbl
N 49-51 °C MHOTOCJIONHBIE NOHHBIE U NMOBEPXHOCTHBIE
5 Cerolickuit 7
pH 9,7 uaHoOaKkTepraIbHbIe MaThl. TommuHa 10 6 cM
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OJIHY TPYIITY 32 UCKJIIOUeHHeM mramma G. stearo-
thermophilus Gus 2-3. bakrepuu pona Anoxybacil-
lus, BBIETICHHBIC B XOJ¢ pabOTHI, 00pa30BHIBATH
JIBE pa3Hble BHYTPUBUJIOBBIC TPYIIIHI.

HccnenoBanue cBOICTB BbIieIeHHBIX
IITAMMOB 0aKTepHii, 00121210 HX
JIMIIOJIUTHYECKOH AKTHUBHOCTBIO

MopdoTtumer HanOoIee aKTUBHBIX B KYJIBTYPE
mTamMmMoB OakTepuit ponoB Geobacillus v Anoxy-
bacillus, a TakXe COCTaB U KOJUUYECTBO KJIETOK
B 00pa3Iiax u3y4alid C MOMOIIBK MUKPOCKOITHH.
OnucaHue KOJIOHUH TISITH BBIJICIICHHBIX IITAMMOB,
00JTaTal0MuX JTUTTOTUTHIECKOW aKTHBHOCTBIO
(B7, B18, B22, B25, B27), u mopdonoruieckas
XapaKTEePUCTHKA KIIETOK, COTJIACHO OTPEICITUTEIIO
oakrepuii bepmxu (Boone, Castenholz, 2001),
npeACTaBIeHBI B Ta0M. 3.

Uccnenyemble mraMMbl 00pa3yroT OKPYTIIbIC
KOJIOHMM KpeMoBoro 1Beta. Kpas konoHuii Bo-
HUCTBIE FJTH CJIeTKa BOTHUCTHIC. [Ipodhwtb komoHwmit
CJIeTKa BBIMYKJIbII. Pa3Mepbl KOJIOHUI BapbUPYOT
ot 3-5 no 8 mm. KiteTku u3075TOB IPEACTABICHBI
MaJoO4YKaMu, pa3Mepbl KOTOPBIX BapbHPOBAINA OT
2-3 x 7-10 mxm 110 5 % 812 MkM. Y uccneny-
€MBIX IITAMMOB BEISIBIEHO CIOpooOpazoBaHMeE.
DHIOCTIOPH OBaJLHBIC WIN CPEepUUeCKHE, OT
1 1o 2,5 MKM.

B skcriepuMeHTax 1O MCCIIEI0OBAHUI0 OMOXU-
MUYECKHX XapaKTEPUCTUK BBIJICIICHHBIX IIITAMMOB
3a OCHOBY Oblia B3sATa cpena Jlypma—beprpanu
(LB). Omnpenencaue (HhU3U0IOTO-OMOXUMHUIECCKUAX
XapaKTEePUCTUK MPOBOIMIA Ha OCHOBE METOIVK,
OMMCaHHBIX B Meronax oOImeit 0akTepuoIOTHI
(Tepxapn, 1984) u [IpakTukyme Mo MUKpOOHOIIO-
ruu (2005).

100

0,01

Taomuna 2
TakcoHoMu4ecKast HIeHTU(UKAINS IITAMMOB,
BBIJIETIEHHBIX U3 TEPMAJIbHBIX HCTOUHUKOB
Baprys3uHckoi JoTUHBI

[Mramm Taxcon HcTtounuk
B7 Geobacillus Anna
stearothermophilus
B18 Geobacillus Anna
stearothermophilus
B22 Geobacillus Anna
stearothermophilus
B25 Anoxybacillus sp. Aa
B27 Geobacillus Fapruxckuii
stearothermophilus
Uro-2-1 | Anoxybacillus YpuHcknit
flavithermus
Se-1 Anoxybacillus Cerolickuit
flavithermus
Ga-1-1 | Anoxybacillus laprunckuii
flavithermus
Gus-2-1 | Thermoactinomyces I'ycuxunckuit
vulgaris
Gus-2-2 | Anoxybacillus I'ycuxuHCKAH
flavithermus
Gus-2-3 | Geobacillus I'ycnxunCcKni
stearothermophilus

CnopooOpa3oBanue y OaKTepUil BBISBIISIN:
1) mporpeBannem KynbTypsl 10 80 °C B TeueHne
10 MUH U1 TIOCJIEIYIOIINM MTOCEBOM Ha TTUTATEIhb-
HYIO CpEIy TOT'O K€ COCTaBa; 2) MUKPOCKOIIMPOBa-
HUEM CTapbIX KYJIbTyp. [ TecTHpoBaHUs Opaiu
KYJIBTYpPBl JIMMOJIUTUKOB, HHKYOUPYEMBIX TIPH
temrreparype 60 °C Ha cpene LB B Teuenue 24 4.
[IITamMMBI OBITTH IPOBEPEHBI HA CTIOCOOHOCTH K 00-
Pa30BaHMUIO CEPOBOIOPOA, YPEa3HYI0 aKTUBHOCTh
1 VICTIOJIb30BaHUE CIICAYIOIINX CyOCTPaTOB: JIN3UH,

Geobacillus stearothermophilus B 22
Geobacillus stearothermophilus B 8

190} Geobacillus stearothermophilus mt-10 G1:183986840

Geobacillus stearothermophilus B 7
Geobacillus stearothermophilus B 27
Geobatcillus stearothermophilus Gus 2-3

100 | Anoxybacillus flavithermus B 25
Anoxybacillus flavithermus Se 1

[Anoxybacillus flavithermus Uro 2-1

100| | Anoxybacillus flavithermus Gus 2-2
791 Anoxybacillus flavithermus AK1 Gl:455899762

Puc. ®unorenns mrammoB 6axrepwuii p. Geobacillus n Anoxybacillus, BRIIETCHHBIX B X0/€ PaOOTHI.
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Taoauma 3

MOp(I)OJIOFI/I‘lCCKaﬂ XapaKTCPUCTUKaA 6aKTepI/IaJ'H)HLIX mTamMMOB,
O6J'Ia,Z[aIO]J_II/IX JINIOJINTHYCCKON aKTHBHOCTBIO

Mopdosnorust KooHui Mopororus KieTox
HIramm Pasme Mopdorun
dopma P, Ber [Tpodus Kpait pe Pa3meps! ki1eTOK, MKM
MM KJIETOK

B7 Kpymias 3-5 KpPEMOBBIE |  cIerka cJerka najnouku | 2-3 x 7-10 criopoBsle,
BBINYKJIBIN | BOJHHMCTBII d=1,5

B18 Kpyrias 3-5 KpEMOBBIE |  ClIeTKa clerka nanouku | 2-3 x 7-10 crnopossle,
BBIMYKJIBIN | BOJMHUCTBIN d=1,5

B22 KpyTiias 3-5 KpEMOBBIE |  CJIerka cierka nanoyku | 2-3 X 7-10 criopoBsie,
BBITIYKJIBIN | BOJHHCTBIN d=1,5

B25 Kpymias 5 KpEMOBBIE |  CJIerka cJerka najnouku | 5 % 8—12 cropoBeie
BBINYKJIBIN | BOJHHUCTBII

B27 Kpyrias 3-5 KpEMOBBIE |  ClIeTKa clerka nanouku | 2—-3 x 7-10 cnopossle,
BBIMYKJIbIN | BOJHUCTBIN d=1,5

Uro-2-1 | xkpymias 7 KpEMOBBIE |  CJIerka cierka nanoyku | 2-3 X 7-10 cropoBsie,
BBITYKJIBIN | BOTHUCTBIN d=2,5

Se-1 Kpynias 5 KpEMOBBIE |  ClIerka BOJIHUCTBHIM | manouku | 2-3 x 7—10 cnopossble,
BBIITYKJIBII d=25

Ga-1-1 | xpymias 5 KpEMOBBIE |  CJIEerKa cJerka nanouku | 2-3 x 7-10 cnopossle,
BBIMYKJIBIN | BOJMHUCTBIN d=25

Gus-2-1 | kpymasi | 108 | KpeMOBBIE |  Cllerka cierka murienuit | CyOcTpaTHbIN MULICTHI

¢ OenbIM | BBIMYKJIBIA | BOJHUCTBIN 0,4-0,8 MKM B TuamMeTpe;
HaJIETOM crioposeie, d = 1,0

Gus-2-2 | xpyrmas 5 KpEMOBBIE |  CJIerka cJerka nanouku | 2-3 x 7-10 crnopossle,
BBIIYKJIBIA | BOJHHMCTBII d=25

Gus-2-3 | kpyras 3-5 KpEMOBBIE cJerka cIerka nanoyku | 2-3 x 7-10 cropossle,
BBIMYKJIBIN | BOJHUCTBIN d=1,5

OpPHHUTHH, aPTUHMH, LUTPAT, MaJIOHAT, HHO3UTOII,
aJJOHUTOJ, Leu1o0no3a, caxaposa, Tperauosa,
MaHHHUTOJ, JCKYJIUH, COPOHUTON, paMHO3a, MEJIH-
0uo3a, padduHo3a, AYIBIUT, DIHOK03a. JInma3Hyro
AKTUBHOCTbH ONpPEIEISUIA MO 00pa30BaHUIO 30H
KpUCTauIM3auuu TBUHA-80 BOKpPYT KOJIOHHUH Ha
IUIOTHBIX arapru3oBaHHBIX cpenax. Bee mraMmbl
o0iagany CIocOOHOCTHIO K POCTY Ha cpefie ¢
KOMIUICKCHBIMHU CyOCTparamMu, BHECCHHBIMH B
KauecTBE €JUHCTBCHHBIX MCTOYHHMKOB yTIEepoja
W DHEPTUH — APOXIKEBOM JKCTPAKTE M MENTOHE.
CIeKTp COeTMHEHHH, Y THIIM3HUPYEMBbIX IITAMMaMHU
B a3pOOHBIX U aHAIPOOHBIX YCIOBHSIX, IPEIICTAB-
JieH B Tal1. 4.

Hccnemyempie mTaMMbl HE 00pa3yroT CEpoBO-
JIOPOJI, HE HCIONB3YIOT [IUTPAT, MAJIOHAT, HHO3H-
TOJI, aJOHUTOII, IIeTUI00M03Y, caxapo3y, Tperaaosy,
MaHHHUTOJI, COPOUTOI, pAaMHO3Y, MEIHOHO03y, pad-

(UHO3Y, TyNBIHUT, TIIOKO3Y. VCHONB3YIOT JIN3UH
1 OPHUTHH. J[AIOT MOJIOKUTEIBHYIO PEaKIUI0 Ha
[B-rajakTo3uaasy M 3CKyJIUH, B psle CIAydacB —
Ha ypea3sy. JlaHHBIE peakIMhu COOTBETCTBYIOT
XapakTepUCTUKe BUIOB Bacillus, mpuBeaecHHBIX
B onpenenutene bepmku. Bee Tectupyembie n3o-
JISITBI OBUTH CXOXH 10 OMOXUMHUYECKHM XapaKTepH-
CTHKaM H CII0COOHOCTH MCII0JIb30BaTh Pa3iHuHbIC
COCIMHEHHUSI yriIepoa JUisi KOHCTPYKTUBHOIO U
SHEPTETHYECKOTO METa00IN3Ma.

Takoke TS BBIICIEHHBIX [IITAMMOB MIPOBOIMIN
HCCIICIOBAHNE ONTHUMYyMa POCTa KyIbTYPhI MpH
Pa3MUUHBIX TeMIIeparypax u 3HaueHusx pH cpespl,
pe3yibTaThl IPUBEACHBI B TA0I. 5.

s mrammoB Buna Geobacillus stearother-
mophilus B 3aBUCUMOCTH OT UCTOYHHKA CBOMCTBA
HE3HAYUTETbHO OTIIHYATHCE, B TOM YHCIIC [IITAMMBI
B7,B18, B22, BeaeIcHHBIE W3 HCTOUHHKA AJa, U
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Taoauna 4

buoxumudeckas akTUBHOCTD BBIICJICHHBIX IIITAMMOB

[HITamMmMBI

AKTHBHOCTB/

Geobacillus stearothermophilus
cyocrpar

Anoxyba-
cillus sp.

Thermoactino-

Anoxybacillus flavithermus .
myces vulgaris

B7 |B18| B22 | B27 | Gus-2-3

B25

Uro-2-1 | Se-1 | Ga-1-1 | Gus-2-2 Gus-2-1

CepoBoaopo

JInzun +— | +— | +— +
+— +
+

+—
+

+—
+

OpHUTHH
VYpeasa
ApruHuH
Hutpar
CumMmmoHca
Manonar
B-ramakro3nmas
Hnoszuron
AJTOHUTON
ennobuosa
Caxapo3a
Tperanosza
Mannurton
DCKYIUH
CopbuTon
Pamuo3za
Menubnosa
Paddunoza
Jyabuut
['mroko3a

4
+—

J’_

+ + + +
+ + + +

+ o+ o+ o+

IIpumeganue. «+» [ToIOKUTEIBHBIN POCT; «—» OTPUIATEIBHBIA POCT; «+—» CIA0bIA POCT.

mramm Geobacillus stearothermophilus B27, Boinie-
JIEHHBIH 13 ["aprUHCKOTO NCTOYHNKA, B 3aBUCIMOCTH
ot temmieparypsl (40—70 °C) pocnu B quamazoHe
pH 6-10. B omtnume ot Hux, mramm Geobacillus
stearothermophilus (Gus-2-3, BBIJICIICHHBIA U3 HC-
TouHMKa [ 'ycuxuHCKHi, 001a1a1 crniocoOHOCTBIO K
pocty ipu 6osee HU3KuX 3HadeHusx pH 5-9.

HIrammer Anoxybacillus flavithermus Uro-2-1
u Anoxybacillus flavithermus Ga-1-1, BelIeIeHHBIC
13 UCTOYHMKOB YpUHCKUU M ['apra, cOOTBETCT-
BEHHO 00J1aJal0T CXOKMMH CBOHCTBaMH (pocT
npu pH 6—11 u temneparype 40-70 °C). ltamm
Anoxybacillus flavithermus Se-1, BeIeneHHbBIA 13
ncrounnka Ceroiickuii, u mramm Anoxybacillus
sp. B25, BeIenneHABIN U3 NCTOYHHKA AJIIa, UMETTH
CKJIOHHOCTB K POCTY B O0Jiee IIETIOUHBIX YCIOBHUSIX
(pH 8-11) u nmpu Temneparype 40—60 °C.

tamm Thermoactinomyces vulgaris, nccne-
JIOBaHHBIN B paboTe, IMEIT Y3KUH TeMITepaTypHBIH
nuana3oH pocta (50-60 °C) mpu pH 7-10.

OBCYKJIEHUE

Psim panee mpoBeseHHBIX paboT O U3YYEHHUIO
cocTtaBa MHKPOQIIOPHI TepPMAIbHBIX HCTOYHHKOB
Cesepnoro [Ipubaiikaibs yka3pIBaeT Ha Pa3BUTHE B
HUX MUKPOOPTaHU3MOB, 00JIaIaI0IINX Pa3InIHbI-
MU akTuBHOCTSIMU. Tak, B pabote M.IO. CycnoBoii
¢ coaBr. (2008) mokaszaHo, 4TO U3 TEPMaIbHBIX HC-
TOYHUKOB B OCHOBHOM BBIJIENISIOTCS OaKTEPHUH pojia
Bacillus, obnamaromue pocdara3zHoii, mpoTenHas-
HOM, JIMIIa3HOW U IPYIMMH aKTUBHOCTSIMU. Makcu-
MaJIbHOM MTPOTEOJIMTUYECKON aKTUBHOCTBIO, KaK 1
JIUIOJIMTHYECKON, oOnafanu OakTepuu, BblIeIICH-
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Tabauna 5
Hccnenosanue pocra KyabTyp BBIAEIEHHBIX MUKPOOPTaHU3MOB
MIpU pa3InYHBIX 3HaUeHUsIX pH u TemnepaTypsl
Temmepartypa, °C
[Iramm

40 45 50 60 70
Geobacillus stearothermophilus B7 8* 6-8%* 6-8* 6-10 7-10
Geobacillus stearothermophilus B18 8* 6-8%* 6-8* 6-10 8-10
Geobacillus stearothermophilus B22 8* 6-8%* 6-8* 6-10 8-10
Anoxybacillus sp. B25 89 8-10 7-11 811 -
Geobacillus stearothermophilus B27 8* 6-8%* 6-8* 6-10 8-10
Anoxybacillus flavithermus Uro-2-1 7-11 7-11 7-11 7-11 89
Anoxybacillus flavithermusSe-1 89 8-10 8-11 811 —
Anoxybacillus flavithermus Ga-1-1 6-11 7-11 7-11 7-11 7-9
Thermoactinomyces vulgaris Gus-2-1 - - 89 7-10 -
Anoxybacillus flavithermus Gus-2-2 611 7-11 7-11 7-11 7-9
Geobacillus stearothermophilus Gus-2-3 6 67 5-8 5-9 6-9

pumeuanue. * OrmeyeH cnadblid poCT.

HbIE U3 UCTOYHUKOB KOTeIbHUKOBCKUI 1 XaKyChl.
B pa6ote E.B. JIaBpentbeBoii ¢ coasr. (2009) Tak-
Ke OBLIO TIPOBECHO MCCIIeIOBaHNE COCTaBa MHK-
podItophl TepMaNBEHBIX HCTOYHUKOB [ Iprbaiikaibsi.
ITokazaHo, 4TO BBIZIETICHHBIE TIPE/ICTABUTEIH TAKKE
oTHOCSTCH K p. Bacillus (B. hemicellulosolyticum,
B. licheniformis, Anoxybacillus flavithermus,
Anoxybacillus pushchinoensis) n 0061anarT Mpo-
Tea3HOW aKTUBHOCTHIO. B pabore A.A. Pannary-
pyeBoii (2009) Ob1a MccnegoBaHa MPOTEa3HAs
AKTUBHOCTh MHUKPOOPTAaHU3MOB, BXOJSIINX B
COCTaB MHUKPOOHBIX MaTOB W WJIOB TePMaTbHBIX
ncrounukoB Amna, Ces, Ymxel, ['ycuxa u [apra.
IToka3zaHo, 4YTO MUKPOOPraHU3MBbI U3 OHON U TOI
K€ CTaHLIHMM O0NaNaloT pa3InudHON CeKpeluei
npoTeas, MaKCUMaJlbHAs U3 HUX ObUIAa OTMEUeHa y
Oaxrepuit nctounuka Ces.

B nmanHoit paboTe OBLIO BBIIEICHO W OXapak-
Tepu3zoBaHo 11 mTamMmMoB TepMO(DHUIBHBIX MHK-
pPOOPraHUu3MOB, O0NAAIOUINX JTUTOTUTHYECKOH
AKTUBHOCTbHIO. DUIIOTEHETUUECKUI aHAIU3 POA-
CTBa [TOKAa3aJl, YTO BbI/ICICHHbIE MUKPOOPTaHU3MbI
OTHOCATCS K BumaMm Anoxybacillus flavithermus,
Geobacillus stearothermophilus n Thermoactino-
myces vulgaris.

HccnenoBanne QU3HONIOTHYECKUX XapaKTe-
pUCTUK TaMMOB (BiusHUEe pH U TemmepaTypsl
Ha POCT KyJIBTYp) MOKAa3ajo, YTO B LIEJIOM ILITaM-
™Mbl Geobacillus stearothermophilus oOnamanu
CMOCOOHOCTBIO K POCTY B IIMPOKOM JHAIa30HE

pH 5-10 u temneparypst (o 70 °C). LlTammsr
p. Anoxybacillus pocnu no Temneparypst 60—70 °C
u pH 11. Beinenennsnii mramm 7hermoactinomy-
ces vulgaris oTIIMYAINCs OT OCTAIBHBIX 10 CBOMM
XapaKTEPUCTHKAM.

Takum 06pazomM, 1o pe3yasTaTaM MPOBEACHHBIX
HCCIIeI0OBaHUM ObLTH BBISBICHBI IITAMMBI, IIPOALY-
LUPYIOLINE TEPMOCTAOMIBHBIC JIUMA3bI, KOTOPhIE
SIBJISIFOTCSL IEPCIICKTUBHBIMU U1 MCIIOIb30BaHUS
B OMOTEXHOJIOTHH, B TOM YHCIIE JUIS MPOIECCOB
nepeatepudukaiyy. PaznooOpasue ycioBuii pocra
LITAMMOB TTO3BOJISIET 3aKIIOUUTh, YTO MX JIMIIA3bI
OynyT 00s1a1aTh ITMPOKUM HAOOPOM IOJIE3HBIX Xa-
PaKTEpUCTHK, B TOM YUCIIE TEPMOCTAOMIIBHOCTBIO U
YCTOMYUBOCTHIO B ITUPOKOM JIMaria30HEe 3HAYCHU I
pH (ot 5 no 11). Haubonee mepcreKTUBHBIE U3
M30JIMPOBAHHBIX HNITAMMOB-IIPOIYIIEHTOB JIUIIA3,
TakuM 00pa3oM, oTHoOcsTCA K BURy Geobacillus
stearothermophilus.

BJIATOJAPHOCTH

Pabora BbImoNTHEHA ITPpY (PHHAHCOBOW MOIACPHK-
ke MuHmcrepcTBa 00pazoBanus u Hayku Poccuii-
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ISOLATION AND INVESTIGATION OF BACTERIA
WITH LIPOLYTIC ACTIVITY FROM HOT SPRINGS
IN THE NORTHERN BAIKAL REGION

K.N. Sorokina, A.S. Rozanov, A.V. Bryanskaya, S.E. Peltek

Institute of Cytology and Genetics SB RAS, Novosibirsk, Russia,
e-mail: peltek@bionet.nsc.ru

Summary

We have studied properties of bacterial strains isolated from hot springs in the Northern Baikal region, Baikal
Rift Zone, known to have a wide range of growth conditions (pH, temperature, and carbon sources). The
phylogenetic analysis and microbiological studies show that thermophilic strains belonging to the Geobacillus
stearothermophilus, Anoxybacillus flavithermus, and Thermoactinomyces vulgaris species express lipolytic
activity. The isolated Geobacillus stearothermophilus strains grow atup to 70 °C in a wide pH range (5-10).
The isolates of the Anoxybacillus genus can grow at 60—70 °C and pH < 11. Thermoactinomyces vulgaris
Gus-2-1 has a narrower growth condition range: 50-60 °C and pH 7-10. Of the strains with lipolytic
activity isolated in this study, Geobacillus stearothermophilus is the most promising for further studies of

secreted lipases.

Key words: thermophilic bacteria, lipolytic activity, Baikal Rift Zone.



