CAHKT-TIETEPBYPI'CKUI I'OCYJIAPCTBEHHbBIN YHUBEPCUTET

I[BeTnkoBa Codnsi AHIpeeBHA
AHTAPKTUYECKUE IUAHOBAKTEPUU POJIA PSEUDANABAENA
BrimyckHas kBann¢pukanmonHas paboTa 6akajiaBpa o HalpaBJIeHUIO IOArOTOBKK buonorus

OCHOBHas oOpa3oBarenbHas nporpamma Oakanaspuara 020400 buonorus

Pab6ota BemonHaeHa Ha Kadeape mukpooduonorun Cankr-IlerepOyprekoro I'ocymapcTBeHHOTO

yausepcureta (CII6IY)

Hayunblii pykoBOmWTENb: NOLEHT, K.0.H., ABepuHa CBernana I 'eHHanueBHa

Cankr-IleTepOypr

2018



Conep:xkanue

L 31531 (535 1% (T 4
P O (0] o B0 07 X< 021 1y o) SO PP PR 5
2.1. OcobeHHOCTH aHTAPKTUYECKUX MECTOOOUTAHUMN [IUAHOOAKTEPUM ... 5)
2.1.1. O0mmas XapaKTepruCTUKA AHTAPKTHUCCKUX MECTOOOUTAHUM ...vvvevvvveeinveeerireeenireeanens 5

2.1.2. AHTapKTHUECKHE 0a3UCHI KAK MECTOOOUTAHHUE ITHAHOOAKTEPUH ... 8

2.2. Poct nnaHo0aKTepUil IPU HUBKUX TEMIEPATYPAX .revvvrnreererssreesseesnressseesneassessnesnseessns 10
2.2.1. OnpeneneHue MOHATUS TCUXPODUITHI ......vveveeiirieiieiiieesieesineesiee e sree e nne e 10

2.2.2. MexaHM3MBbl aJanTalui IHaHOOAKTEPHI K HU3KUM TEMIIEPATYPAM....c.vervverreennens 12

2.2.3. Obmas xapakTepucTHKa InaHooakrepuii p. Pseudanabaena...........ccccccevevivneee, 16

3. Matepuaiibl U METOJBI UCCICIOBAHMS .. ..vvirveeriasristiesiiesstsseessessessessbesnssseesreesnessessreesnessnesneenne s 19
R D 015753 16 a2 (o100 (<1 (0 ) : 7 5 0 5 (AU 19

3.2. KynpruBHpoBaHHWE NHMAHOOAKTEpUW M OILEHKAa JAWHAMUKH pPOCTa MPU Pa3IAYHBIX

TEMITEPATYPAX .- vveenreesreasreessreaseesseeasseessee e neessse e seeas e e e seeas et e Ee e ase e e neeae et e ne e nmn e e neeanneereennreenns 21

3.3. Omenka wmopdonornd u pa3mepoB Kiaetok Pseudanabaena sp. npu  pasHbIX

TEMIIEPATYPAX KYJTIBTHUBHPOBAHIS .. .cuvverereesreessreasseessresseessssasesssnsanneessseassessnnsssnesssneassessnnsenns 22

3.4. UccnenoBanue 00pasoB JIHK .........ccoiiiiiiiiiicc s 22
3.4.1. Beigenenne ToTaabHOM JJHK M3 OHOMACCHI .....cccoiuviiiiiiiiiic et 23

3.4.2. AMmmudukanus nmocaeaoBateabHOCTH TeHa 16S pPHK ..., 24

3.4.3. DNEKTPODOPE3 B ATAPOZHOM TEIIC ... veeuvresreesreanreessreasseesseeasseessseassessnesssessneanseens 24

3.4.4. DKCTpaKIUs UCCIEAYEMOTO (PPArMEHTA U3 ATaPO3HOTO TEIIS . .eeevvreeereeerireearinnenns 25

3.5. CexBenupoBanue ¥ aHATH3 16S PIHK .....oooviiiiiiii e 26

4. Pe3yIBTATBI M MX OOCYIKIICHIIC ... e.veeuriseestasresseesteasseaseesneessessessbeassesseeabeassesseesbe e st aneenbeenenseens 27
4.1. OueHka TUHAMUKU POCTA KYJIBTYPbl B 3aBUCUMOCTH OT TEMIIEPATYPBI «...vvvervveereanreeenes 27

4.2. I3MepeHne HaKOTITICHHON OMOMACCHI TTO CYXOMY BECY ...veerveverrvesuesseessesnesseessessnessesnuens 31

4.3. Mopdometpus u aHaIn3 MOPGHOJIOTHH ITAMMOB IIPH PA3IMYHBIX TEMIIEpaTypax pocTad2



4.4. MonekynsipHO-(DUITOTCHETUICCKUM QHAITHS ... .c.vverureeteesnreesseesseeessesssseasseessseassesssnesnsesssnes 39

LT 535 510 1 .5 O 43
(03105 (o100 0 1<) 0121 1 o) SO P R PRT PP 44
TIPHITOTKEHHE Lo e 94
00070 (07 5] £ 1 (ST PSPPSR 58
B 08) 281000 03512 (S SO P PP PR PPRTR 63

TIPHITOTKEHIIE 4.ttt e e st n e aee e e r e nne e e neennneene e 65



1. BBenenune

[{nanobakrepun B COOOMIECTBAX XOJOIHBIX SKOCHCTEM HIPAIOT BAKHYIO POJb, TaK Kak
SIBJISIIOTCSI. OCHOBHBIMHM TPOJYLIEHTaMU, CHOCOOHBI K (DPUKCAIlMM a30Ta, 00pa3yloT MUKPOOHBIE
MarThl, CO3/IaI0T CPeAy sl CHMOMOTHUYECKUX MUKpoopranu3moB (Straka, Stokes, 1960, Pandey et
al., 2004, Zakhia et al., 2008). ®ororpodhHbIE MUKPOOPTaHU3MbI AHTAPKTHKU HE MOABEPrarOTCs
WHTCHCHBHOMY BBICAHUIO TeTepOTpO(aMu, KOHKYPEHIHS C JPYTUMHU TPOMYICHTAMH HH3Kasl.
Bomopocnu u 1nmaHoOOaKTepUU TOJSIPHBIX PETUOHOB SIBISIOTCS IEHHOW W WH(GOPMATHBHOU
MOJIENBIO ISl U3yUeHHUs X0o0BbIX afantanuii (Elster, 2004).

Ha xadenpe mukpobmonorun Cankr-IleTepOyprckoro rocyaapcTBEHHOTO YHHBEPCHTETA
(CIIOT'Y) y»ke HEeCKOJIBKO JIET BEIyTCS MCCIEAOBAHUS ITUAaHOOAKTEPHIA XOJIOIHBIX MECT OOUTAHUSI.
B wuyactHOCTH, cdopmupoBaHa pabodasi KOJUICKIMS I[ITAMMOB, BBIJCIIEHHBIX H3 BOJOEMOB
AHTapkTHAbl. HecKoNbko IMTaMMOB 3TOW KOJUIEKIIMHM CTajdl OOBEKTaMU HCCIEAOBAaHUS Hallen
paboTHI.

Ilenp nmanHOW paboOTBl — XapaKTePHCTUKA AHTApPKTUYECKUX I[HMAaHOOAKTepUil  p.
Pseudanabaena B oTHolIeHMM 0COOCHHOCTEH HMX pOCTa NMPH HU3KUX TEMIIEpPaTypax, a TaKkKe
aHanmu3 WX (PUIOTEHETUYECKOTO POJICTBA C JPYTHMH TMPEICTAaBUTENSIMH poaa. B cBs3m ¢
MOCTABJIEHHOM 11E€BI0 OBLIN CPOPMYIUPOBAHBI CIEAYIOLIUE 3a0a4UH:

1. [IIpoBectu KyIbTUBHpPOBAHUE MPU Pa3HBIX TEMIIEpaTypax aHTapkTuyeckux mrammon (CALU
1773, 1785, 1787, 1791) u mrammoB, BbIAeNIEHHBIX U3 1po0 u3 dunckoro 3anuBa (CALU
1811, 1812).

2. OrmpenenuTh ONTUMAJIBHYIO TEMIeEpaTypy pocTa A KaXJIOro IITaMMa [0 JaHHBIM
M3MEPEHUS] ONTHYECKON TNIOTHOCTH ¥ OMOMACCHI 110 CyXOMY BECY.

3.  OxapakTepu3oBaTh BIUSHUE HEONTHMAILHBIX TEMIIEPaTyp Ha aHTAPKTHUYECKHE ITaMMbI TI0
pesyasrataM MOpGOMETPUH U OLIEHKH MOP(HOIOTHH KIIETOK.

4. TlpoBectu (QumoreHeTHUECKU aHalu3 MCCIEAYEMBIX IITAMMOB C HCIIOJb30BAaHUEM

nocJyenoBarebHOCTeH parmeHToB rera 16S pPHK.



2. O630p JuTEpaTYpPHI
2.1. OcoOeHHOCTH aHTAPKTUYECKIX MECTOOOMTAaHUI IMaHOOAKTEPHit
2.1.1. O61mas XxapakTepuCTHKa AaHTAPKTUIECKUX MECTOOOUTAHUI

AHTapKTHAa ABISETCS HaubOonee yHaleHHBIM OT HAceJIeHHOTO MHUpAa MaTepUKOM,
OJTHOBPEMEHHO SIBIIASCH HEJOCTYNMHBIM [UIsl M3Y4YeHHs Wi 3aceneHus. Ha Tteppuropuu
AHTApKTUKN BCTPEYAIOTCS YETHIPE OCHOBHBIX THTIA JIAHAMA(TA: aHTAPKTUICCKUH JICASHON IINT,
3aHUMAIOIIKI OOJBIIYIO YaCTh IUIONIAIN MaTEePUKa, IIeIb(OBBIE JbIbI, 30HBI OTKPHITOM MOYBHI U
KpaceBOH Je.

XapakTepHON 4epTOol AHTAPKTUABI CUUTAIOTCS JKECTKHUE KIMMATHUYECKHE YCJIOBUS — Ha
TEppUTOpUM cTaHIMU BocTok 3apernctpupoBaHa camas HU3Kasg TeMiieparypa Ha 3emie.llouBsl
AHTapKTUABl 007aaI0T pa3HBIMU XapaKTEPUCTHKAMM: B NPUOPEXKHBIX oOmactsax oHH Bo
BHYTpPEHHEHN 4acTu MaTepuka Temmeparypa Moxet nocturars -80°C, B mpubpexxHoii 3one -70°C.
Jlumb B OTAENBHBIX pETHOHAX B TMEpPUOJ] AHTAPKTUYECKOTO JieTa TeMmIepaTrypa MOXKET
nogauMarbest Boime +10°C. Kpome Temmeparypsl HeOIarompusaTHBIMU (DaKTOpamMul SIBISFOTCS
cunbHbIe BeTpa (de Blij, 1978).

Korna xanutan P.®. CkoTT, He UMEBIIMI MpEACTaBICHUS O MHUKPOOPTaHU3MaX, yBHUAEI
Cyxuie MOaHHBI Mak-Mepao, OH Ha3Baj 3TH 3€MJIH «IOJMHOM cMmeptm» (Scott, 1905, Priscu,
1999). BriepBbie 1aHoOakTepuii B MOJSIPHOM PETHOHE OOHAPYKHJI MIBEAO-(GUHCKHHA YUEHBINA
H.A.D. Hopaenménsa (Nils Adolf Erik Nordenskidld) B apkruueckoii sxcniequimu 1870 roma
(Leslie, 1879). HaiineHHslif UM OCaJ0K, Ha3BaHHBIA «KPHOHHT» M3-32 TEMHOTO IIBETa, CHaYaja
CUMTaJM KaMEHHOM TMbUIbIO, HO TMO3%Ke ObUIO JO0Ka3aHO MPUCYTCTBUE B HEM HUMEHHO
TEMHOOKpalIeHHbIX Inanobakrepuit (Vincent, 2007).

Bbu10 MpoBeEHO MHOXKECTBO MCCIIECIOBAHUMN, MOKA3aBUIMX HAJMYKME U pa3HOOOpasue 3y- U
MPOKAPUOTUYECKUX  MHUKPOOPTraHM3MOB B OMOTOMAax  AHTapKTHABL:  acCollMallid ¢
OJTHOKJIETOYHBIMH BOJOpOCIsaMH Taromiero japaa (MclLean, 1918), cHera, Boabl, JICTHHKOB,
pacTUTEIILHOTO MOKpOBa, MmouBbl, (ekanmii xuBoTHBIX (Darling, Siple, 1941, Straka, Stokes,
1960), xenynouHo-kurieunoro tpakra nruil (Sieburth, 1959), neaa o3epa Bocrok (Priscu, 1999)
(Singh, Elster, 2007).

B mnacrosimee BpeMs OueBHIIHA CIIOCOOHOCTH MHUKPOOPTaHM3MOB K KM3HU TMPH HHU3KHUX

Temreparypax. TeMreparypHbIil JUMHUT KU3HU oneHnBaetcs B -20°C — mpu Takoil Temreparype
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OakTepuH KHUBYT B OTJEIbHBIX KAIUIIX BOJABI BHYTpH Jbaa (D’Amico et al., 2006).

AHTapKTH/Ia SBISETCS SIMHCTBEHHBIM KOHTHHEHTOM, Ha KOTOPOM B KayeCTBE MPOIYIICHTOB
npeodNaaloT MUKPOOPTaHU3MbI  (IIMAHOOAKTEpUHM H  BOJOPOCIIM) W HH3IIME PACTCHUS
(mumaiHuK ¥ MxH). M3BeCTHO TOJBKO JBa BHJIA COCYIMCTBIX PACTCHHIA, BCTPEUAIOUIUXCS B
npuOpeXHBIX — obmacTsax  AHrapktuueckoro  moiyoctpoBa  (Convey, Smith,  2006).
[{nanoOakTepun BCTpEYarOTCs BO BCeX OMOTONAX AHTApKTHKH: CHET, JIeJ, MOPs, IPECHOBOIHBIC
U COJIeHBIC 03epa, ucTouHuKH, mousa (Vincent, 1988). Jlaxxe B yCIOBHSX JIEASHON MyCTBIHU, TIPH
MOYTH TOJTHOM OTCYTCTBHHU JKUJKOW BOJbBI, HEKOTOPHIC TPYIIIBI STHX OPraHU3MOB CIIOCOOHBI K
BBDKMBAaHMIO M HakomieHnio Owomacchl (Quesada, Vincent, 2012). Jns mmaHOOakTepuit
XapakTepHa CTPATETUsl «MEIJICHHOTO POCTay», MO3TOMY B 3(DeMEpHBIX IKOCHUCTEMaX OHH PacTyT
MeHee 3P PEeKTUBHO, YeM B TIOCTOSIHHBIX. HanpumMep, Tarommii CHEr MOXKET JaTh CPeIy IS pocTa
MUKPOOPTaHU3MOB TOJIBKO Ha HECKOJIBKO HEJENb, KPOME TOTO, Tajlas BOJa YTEKAeT U HE MOXKET
HOJJICP)KUBATh TIOCTOSIHHBIM 00beM. Takoe MeCTOOOMTaHHE MOXET OBbITh KOJOHWU3UPOBAHO
9YKapHUOTHYECKUMHU BOIOPOCIISIMHU C OOJIBIIUM yCIIEXoM, ueM Iranobakrepusmu (Vincent, 1988).

[TouBbl AHTapKTHABI 001a1AI0T PA3HBIMH XapAKTEPUCTHKAMH: B TIPUOPEIKHBIX 00JIACTIX OHU
OTHOCHUTEJIbHO 0Orarhl MHTATCIbHBIMU BEHICCTBAMU, B KOHTHHCHTAJBHBIX IYCTBHIHSIX —
onurotTpodHbl. JKecTKre KIMMAaTHYECKUE YCIOBUS CO3AIOT YCIOBUS IS (PYHKIIMOHUPOBAHUS
9KOCHUCTEM C MaJjbIM pa3HOOOpa3sMeM OpraHu3MOB W KOPOTKMMHU ITHIICBBIMU  LIEIISIMH.
CrnencTBHeM JTOTO SIBISICTCSl TETEPOTEHHOE pACHpEeICHHEe MHUKPOOPTraHU3MOB B TIOYBAX.
Haubonee wacto B mouBax AHTapKTUABI BCTpedaroTcsl mpenacraButenu ¢ui Actinobacteria,
Proteobacteria, Bacteroidetes, Acidobacteria, Gemmatimonadetes, Deinococcus-Thermus,
Cyanobacteria (Bottos et al., 2014). Cpean nmanobGakTepuii ymaaoch H30JMPOBATh MITAMMBI
ponos Phormidium u Pseudanabaena (Davey et al., 1991). [Tpu momoinu (uIOreHETHYESCKOTO
aHanu3a mnocaenosarensHocTell 16S pPHK  mukpoopranuzmoB o00pas3ioB MOYBBI  ObUIH
uneHtuuMpoBansl npenacrasutean mnopsakoB Nostocales, Chroococcales u Oscillatoriales
(Wood et al., 2008).

B BepxHHX mMpoTax AHTAPKTHKY [IHAHOOAKTEPUHU BCTPEUAIOTCS B TIOYBE BEUHON MEP3IIOTHI.
Ce30HHOE OTTaMBaHUE MOXKET CIY>KUTh UCTOYHHUKOM BOMBI JJI TaKWX dKocucTteM. Kpome Toro,

IIOKa3aHO, 4YTO I_[I/IaHO6aKTepI/II/I CIIOCOOHBI AKTHBHO nepeMemarbCAa BI‘J'IY6B IIOYBBI M Ha €€



HOBEPXHOCTh B 3aBHCUMOCTH OT KOJIMYECTBA )KUAKOCTU. B X071€ nccnenoBanns ONOIEHO30B MOYB
BCYHON Mep3JI0Thl IIMaHOOAaKTepuu ObUIM OOHapykeHbl BO Bcex obOpasmax (Gilichinsky et al.,
2007). B 3aBHCHMMOCTH OT IIIyOMHBI B TOYBaX AHTApKTHUIbl MpPeoONagaroT pasHble TPYIIIbI
6akrepuii: Acidobacteria, Actinobacteria, Proteobacteria, Bacteroidetes u ¢oroTpodsr
Cyanobacteria u Chloroflexi B Bepxuem cioe, Actinobacteria u Firmicutes na rmy6oune 0,5-2 M,
Betaproteobacteria na ryoune 3—4,2 m (Blanco et al., 2012).

[lnanoOaKkTepun TaKKe MOTYT OOpa30BBIBATh YHHKAIBHBIC «CKPBITBIE HHUIIM» (Cryptic
niches), oOpa3ys CKOIUIeHHs B HEOOJBIINX MOJOCTAX HA MOBEPXHOCTAX KaMHEH (TUIOIUTHI),
CJIOM TTOJ] TIOBEPXHOCTHIO KaMHEH (9HI0JIMTHI) U KOPKU Ha moBepxHocTu moukl (biological soil
crusts, BSC). Takoe pacmonoxenue odecreunBaeT GU3NIECKY0 CTaOMIBHOCTh YKOCHCTEMBI, YTO
CHOCOOCTBYET pa3BUTHIO MEJIEHHOpACTYIMX IaHoOakrepuit. Kpome Toro, skocucrema
OKa3bIBaeTCs Oosiee 3alIMIICHHONW OT aOMOTHYECKUX CTPECCOB (M3iIydeHHs, BeTpoB). [lommmo
[IMaHOOAKTEPH, Takue COOOIEecTBa BKIIOYAIOT OOJBINOE pa3sHoOOpa3ue OakTepuadbHBIX W
rpubHbIX ¢punorunos (Makhalanyane et al., 2015).

Eme ogHo yHUKaNIbHOE MECTOOOUTAHHE MOJSPHBIX MHUKPOOPTaHU3MOB — KPHOKOHUTHL. DTO
HeOOoNpIINe IMIMHAPHYECKUE TOJNOCTH Ha TOBEPXHOCTH JIbAA, 3alOJHEHHBIE BOJOH.
@®opmHpoBaHHE KPHUOKOHUTOB CBSI3aHO C 3aHECEHHWEM BETPOM TBEPABIX YaCTHIl, KOTOpPHIC
TIOMVIONIAIOT COJTHEYHOE M3JIyueHHE M CIIOCOOCTBYIOT JIOKaJbHOMY TasiHHIo Jibaa (Makhalanyane
et al., 2015). Kak npaBuio, nnanoOakTepuu JOMUHHUPYIOT B TAKUX 3KOCHCTEMaxX M Yallle BCEro
npenctasiaensl pomamu Phormidium, Nostoc, Leptolyngbya (Stibal et al., 2006, Cameron et al.,
2012).

Ha marepuke ectp mMHOro osep. PanHue wuccienoBaHus MO3BOJSUIM MPEANOJIIOKUTH, YTO
BOJIHBIE CUCTEMBI AHTApKTH/IBI COAEPIKAT Majloe pasHooOpasue uanodaxkrepuid. Hanpumep, mpu
uccienoBanuu o3epa Opuxcemnn (3emiust Bukropun, cyxue noinuasl Mak-Mepio) Obu10 onucano
JMIIG JBa pofa nmuanobakrepuii — Phormidium u Lyngbya (Wharton et al., 1983). Oxnako uepes
20 meT, ¢ WCHONB30BAaHMEM aHaimu3a mnociuenoBarenbHocTed 16S pPHK w BHyTpeHHuX
TpaHCcKpuOupyeMsIx creiicepoB (internal transcribed spacer, ITS), ynanocs unentudunmpoBars
npencraButeneit 10 ¢umorunoB B MUKpoOHBIX Marax 3Toro osepa: Geitlerinema, Nostoc,
Hydrocoryne, Leptolyngbya, Lyngbya, Pseudanabaena, Phormidium, Oscillatoria, Schizothrix,

Nodularia (Taton et al., 2003).



[Ipu TasHUM JIbJ]a U CHETA BO3HUKAIOT PYYbH, BAKHOH YEPTOW KOTOPBIX SBIISIETCS HATUYHE
NPUJIOHHBIX [HAHOOAKTEpPHAIbHBIX MaToB. Hampumep, MaThbl, MCCIEIOBaHHBIC B MOTOKAaX Ha
NIOBEPXHOCTH  OJICAICHEBIIETO0 mposimBa  Mak-Mepo, COCTOSIIM  NPEUMYIIECTBEHHO W3
nuaHoOakrepuii poma NOStOC, B MeHbIEM KoimuuecTBe mpucyTcTBoBasu Phormidium sp.,
Oscillatoria sp., Microcoleus vaginatus. Kpome toro, B 3toM OHOTONE OBUIH OOHAPYKCHBI
wienku Gloeocapsa kuetzingiana (Howard-Williams et al., 2007).

Kpome JIeTHUKOB BO BHYTPEHHEH YaCTH MATEpUKa €CTh MICTb(OBBIC JIbII HA €r0 TPAHHMIIC.
ITpu jeTHEM MOBBIIICHUH TEMIICPATYPhl Ha MX MOBEPXHOCTH MOXKET OOpa30BBIBATHCS CETh M3
03ep U CBS3BIBAIOIIMX HMX MOTOKOB. O3epa MOBEPXHOCTH INENb(OBBIX JIBIOB MOTYT CHJIBHO
pasznuuaThCcs MEXAy coO0i 1o pasMepy, ITyOnHe, PU3HKO-XMMHUYECKUM cBolicTBaM. Hampumep,
u3-3a OJNM30CTH MOPCKOW BOJBI B 03€paX MOXET 3HAYUTEIBHO pa3IM4aThCs COJCHOCTH.
CriencTBrUEM pa3yinyusi BOZOCMOB SIBISIFOTCS Pa3inyusi B Pa3HOOOpa3UH MPEICTABICHHBIX B HUX
OpraHu3MoB. B OakTepwajbHBIX MaTax TpeX O3ep Ha IMOBEPXHOCTH IIEIb()OBOrO JICAHUKA
Mak-Mepao OblH HaiieHs! pasubie npeacrasurenu pogos Oscillatoria, Phormidium, Lyngbya,

Nostoc, Nodularia (Jungblut et al., 2005).

2.1.2. AHTapKTHYECKHE 0a3UChl KaK MECTOOOUTAHUE [IMAHOOAKTEPUI

Hecmotpst Ha XapakTepHble JUIi AHTapKTHIBl KECTKHE YCIOBHS CpEIbl, BCTPEUAIOTCS U
CBOOOIHBIE OT Jbaa oOnacTu. JIump HeOOMbIIAs YacTh TEPPUTOPUN AHTAPKTUABI HE MOKPHITA
JBJIOM: HEKOTOpbIE MPUOPEKHBIE PETMOHBI M OTJENbHBbIE TOpHBIE BepIIMHBI. OCHOBHAsl 4acTb
CBOOOIIHBIX OT JIbJIa MPUOPEKHBIX 00JACTEH pacmoiiokeHa Ha AHTAPKTUYECKOM IOJIYOCTPOBE U
3emie Buxropuu (de Blij, 1978).

AHTapKTHYECKHE TEPPUTOPUH, CBOOOIHBIC OT JIb/Ia, IPUHATO Ha3bIBaTh OazucamMu. BriepBeie
CJIOBO B ATOM CMBbICIIe ynoTpeoun meteoposior A. CredeHCOH, yuacTBOBABIIMK B OpUTaHCKOU
skcriemiu B 3emumto I'paifaMa M maBmMi OmMcaHWe oas3uca Ha OCTpoBe Ajekcanzapa |
(Stephenson, 1938). bBomee Tounoe ompenenenue oasucam gan  ComomoB  (1967):
AQHTAPKTHYECKHUN 0a3MC — CBOOOIHAS OT JIb/Ia TEPPUTOPHS, OTACICHHASI OT OKPY)KAIOIINX JIHJOB
3oHOU TasHu (ablation zone). B 310 noHsATHE He BKITIOUAIOTCS HyHATaKH (BBICTYTAIOIIME U3-TIO]

JICASIHOTO IIOKpOBa CKaJIUCTBIC IIHMKU H XOJ'IMBI), HpI/I6pe)KHBIC HAHOCBI, BBICTYIIAOINHUC U



HaXOJSIIHECS B MOpe TeppuTopuu (HeOOIbIIHe MoayocTpoBa u octposa) (Gore, Pickard, 2007).
O3epa Takux TeppUTOpUi JeToM, B TedeHne 9-11 Hemenb, HE 3aMep3alOT, YTO CO3JAET
OTHOCHUTEJILHO ONaromnpHsTHYIO Cpefy AJs pa3BUTHs COOOIIECTB MUKpOOpraHu3MoB (Burgess et
al., 1994, Ellis-Evans et al., 1998). Haubosnee KpynHbIMUA aHTAPKTHUECKUMH 0a3UCaAMH SBIISIOTCSI
cyxue nonuHbl Mak-Mepmo (4900 KMZ), oaszuc banrepa (950 KMZ) u oazuc Bectdonna (420 KMZ).
Xommet JIapcemanna (69°25 ro.11., 76°10° B.1.) — 0a3uc ropas3mno MeHbInero pazmepa (50 KMZ), Ha
TEPPUTOPUN KOTOPOTO PACIIONIATAIOTCS TSATh HCCIIENOBATEIbCKUX CTAHIMKA, B TOM 4YHUCIIE
poccuiickue Ilporpecc u Ilporpecc-2. Orta Tteppuropus Oblia oOHapykeHa M onucaHa B 1936
rogy B okcnemunmu Jlanc Kpucrencena. Xommbl JlapcemMaHHa BKJIIOYAlOT B ceOsl  J1Ba
nosiyoctpoBa Stornes u Broknes, dopmupyromux mopckyto rpanuily. C rora oa3uc OrpaHu4eH
JbIaMu, a ¢ BoctouHo# croponsl egaukom Dalk (Gore, Pickard, 2007). Pacnionoxenue X0aMoB
JlapcemaHHa Ha KapTe AHTApKTH/IbI IPEACTABICHO Ha puc. 1.

Ha srtoit Ttepputopum Haxomutcs OGosee 150 mpecHBIX 03ep W TPYAOB, OTIUYAIOLTUXCS
0oraTteIMH SKOCHCTEMaMH IO CpaBHEHHUIO ¢ apyrumu oasucamu (Gore, Pickard, 2007). Camoe
KpPYIHOE 03epOo JaHHOTO oasmca, o3epo [Iporpecc, nmeet miomanas npumepno 10 ra u nryouny
38 M. BONBIIMHCTBO O3ep MHUTAeT BOIA OT TAMIIETO CHETa, HO HEKOTOPBhIC M3 HHUX HMEIOT
BTeKaromue u BeiTekaromnue ucrounuku (Vincent et al., 2008).

OnmHako ® D3TH BOAOEMBI CYHTAIOTCS OJUTOTPO(GHBIMH U yJABTPAOIUTOTPO(HBIMH,
NPOAYKTUBHOCTh HapacTaHus OMoMacchl B HUX KpaiiHe Hu3Kas. [nyOuHa o3ep cocrasiser 3-10
M, YTO TpPU BBICOKOH TIPO3PAYHOCTH BOIBI CO3MACT HEOJAroNPHATHBIC YCIOBHS IS
CYIICCTBOBaHMS TUIAHKTOHA. VI3BECTHO, YTO HU3Kas TeMIepaTypa OKa3blBaeT BIHUSHHE Ha
YYBCTBUTEIHLHOCTh (DOTOCHHTETHUECKIX OPTaHU3MOB K YIbTpaduoneroBoMy m3nmydenuto (Roos,
Vincent, 1998). BeHtocHble co00IIECTBA BKIIOYAKOT I[MAHOOAKTEPHUN, KOTOpPbhIC OOIaIaroT
KOMIIJICKCOM MEXaHH3MOB 3allUThI OT BO3ACUCTBHS yibTpaduoneroBoro usnyuenus (Ellis-Evans,
1996, Vincent, 2007). Hanpumep, B KJI€TKaX MOYET CHHKAThCS KOJIMUYECTBO (DUKOOMIMHOB U
xynopoduiuia @, W3MEHATHCS KOHIIGHTPALUS KApOTWHOWIOB, TIPOUCXOJWTH BBIIBETAHHE
xnopoduiuia (chlorophyll-bleaching), mosienenne akruBHbIX hopm kucaopona (ADPK), akTuBHast
pemapanus JIHK (okciu3uoHHas pemnapanusi U (OTOpPEaKTHBAIUS), MPOMYKIUS THTMEHTOB
IJI0EKaliCKHa, CIIMTOHEMHHA M MHKOcmopuHa (Screening and quenching pigments). Taxoke st

[[MaHOOaKTEepHi MOKa3aHO aKTHBHOE HM30eranuwe n30ObITouHOro W3aydeHus (Quesada, Vincent,
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1997, Zakhia et al., 2008). Kpome Toro, nuaHoOakTepuu 00JIaal0T MPHUCIOCOOIECHHOCTBIO K
HHM3KOM TeMIeparype, HUKJIaM 3aMOpPaKUBAHUSA-OTTAMBAHKS, BBICYIINBAHUIO, W3MEHSIOMIAMCS
YCIOBUSIM OCBEIICHHUS, KOJIEOAHUSAM COJEHOCTH WM COJAEp:KaHHs IHMTATelbHBIX Berrects (Van

Trappen et al., 2002).
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Puc. 1. Xonmel JlapcemanHa Ha kapre AHTapKTHABI OTMEUYEHbl KpacHbIM (B ymiy). CraHuus

IIporpecc-2 ormedeHa 3enenbiM. J{miHa mikanel — 2 kM (o Burgess et al., 1994).

2.2. PocT nmanoOakTepuii Mpu HU3KUX TEMIIepaTypax
2.2.1. OmpeneneHue MOHATHUS TICUXPOPHITUH
[lepBoe ynomMuHaHue O MCUXPO(UIBHBIX MHUKpoopranuzmax orHocutcs K 1840 r, xorna Bo
BpEMs TIEPBOil BOCHHO-MOPCKOM TTOMCKOBO# SKCIeanIny B AHTapKkTHy OoTanuk Xykep (Hooker)
HaOJII0aT BOJIOPOCITH, aCCOIMMPOBAHHBIE C MOPCKUM JIBJIOM M OKparmuBaromniue ero. B 1887 .
Heprec (Certes) coobman o CymiecTBOBaHHHM OaKTEpHid, PacTyIIMX B OCaaKax TPU HU3KUX
temneparypax (Russel, 2009).

O,I[HI/IM U3 ICPBBIX TCPMUH ((HCHXpO(bHHBHBIﬁ)) OTHOCUTCIIbBHO MHUKPOOPraHU3MOB
10



ynotpebun Imuar-Huascon (Schmidt-Nielson, 1902), moapa3ymesasi mogx HHM B TOM YHCJIC
BCeX OakTepuii, KOTOpble CIOCOOHBI HE TOJbKO BbDKMBaTh mpu 0°C, HO M yBEIMYMBATH
YHCICHHOCTh KJIETOK. DTOT TEPMHH TYT K€ MOABEPIcs 00CykaeHnI0: Mionjep He coramaics ¢
HUM Ha OCHOBaHHMHU TOTO, YTO HEKOTOpbIC OAKTEPHH, CIIOCOOHBIC K POCTY U Pa3MHOXCHHUIO TIPU
0°C, umeroT TemreparypHbiii ontuMyMm B auanazone 20-30°C (Muller, 1903). Hecmotps Ha unen
Miomepa, TEPMHUH «IICUXPO(UIBHBIN» TMPOAOIDKAIN HCIOIB30BATh JISI XOJIOI0YCTOWYMBBIX
Oakrepuii. B 1958 romy ®pesep (Frazier) cdopmymupoBall CEMaHTUYCCKHI MapaoKc:
OOJIBIIMHCTBO OAKTEPHi, UMEHYEMBIX TICUXPODUIaAMHU, SIBISIOTCS Me30(HUIaMU Ha OCHOBAaHHH UX
ontuMabHOU Temreparypsl pocta (Eddy, 1960).

Takum o00pa3oM, ¢ MOMEHTa BO3HHUKHOBEHHUS TEpPMHUHA CYIIECTBOBAJA 3HAYUTEIIbHAS
HEOTPEICTICHHOCTh B €ro TMOHWMAaHUHU. ABTOPHI HUCIOJB30BAIA €T0 JUISI XapaKTEPUCTHKU
OakTepuii, IMEIOLINX pa3IMYHbIC KpalHUEe U ONTHUMalbHbIe Temnepatypsl (Tadmuma 1). TouHoe
ompeeIeHUEe TEMIIEPATYPHBIX TPAaHUI] ICUXPOGUIUH Tl OaKTeprii OBLIIO BBEACHO UMb B 1975
roxy (Morita, 1975). OnHako TemmeparypHble paMKd TCHXPO(QHIAU OCTAIOTCS CIIOPHBIMHU 10
cux nop (Cavicchioli, 2016).

Ta0Omuna 1.
OmnpeneneHne TEMIIEPAaTYPHBIX HHTEPBAJIOB LIS ICUXPOMUITBHBIX MEKPOOPTaHIU3MOB Pa3HBIMHU

asTopamu (1o Eddy, 1960, ¢ nomomHeHusMN)

Astop Temmneparypa, °C
MunanmanbHas | OntuMmansHas | MakcumalibHas

Eyre, 1902 0 15 30
Buchanan & Fulmer, 1930 - 18-20 -

Clifton, 1951 0 10-20 30
Ingram, 1951 <0 15-25 -

Oginsky & Umbreit, 1955 0 12-18 25
Jacobs, Gerstein & Walter, 1957 0 <15 30
Ingraham & Stokes, 1959 -10 20-40 <45
Morita, 1975 0 <15 20
Cavicchioli et al., 2009 - - 20

11



Jlis opraHu3MoB, XOpOIIO Pa3BUBAIOIIMXCA MPH HU3KHX TEMIEepaTypax, HO HMMEIOIIUX
MaKCUMaJIbHYIO Temneparypy pocta Beime 20°C, HCTIOIB3YIOT Apyrue TepMUHBI. VX Ha3bIBalOT
«rcuxporpodamm» wim «rcuxportonepantHeiMi» (Cavicchioli et al., 2009, Russel, 2009). [Tpu
3TOM TEPMHUH «IICUXPOTPOd» dYalle HCHONb3YIOT B NHIIEBOW HWHAYCTPUHU B OTHOLICHUU
MUKpPOOPTaHU3MOB, CIIOCOOHBIX BBI3BIBATH MMOPYY 3aMOPOKEHHBIX MPOAYKTOB. TepMuH
«TICUXPOTOJIEPAHTHBIN» HCHOJB3YyeTCd B OKOJOTHYECKOW JIUTEpaType U sBisgerca Oolee

NIPaBUJIBHBIM TPU H3Y4YEHUH TEMIIEPATYPHOIO MHTEPBAJIA POCTAa TAKUX MHUKPOOPIaHMU3MOB

(Russel, 2009).

2.2.2. MexaHu3MBbI aanTaiyy MUaHo0aKTepUi K HU3KUM TeMIIepaTypam

bnaromapst 3ameuarenbHOl CIOCOOHOCTH K TOJIEPAHTHOCTH K aOMOTHYECKHM CTpEccaM,
[IM1aHOOAKTEPUN BCTPEUAIOTCS MOBCEMECTHO. B X0OIOMHBIX 3KOCHCTEMaX 3TH OaKTepUU SBISIOTCS
raBHeIME (otoTpodamu (Straka, Stokes, 1960, Tang et al., 1997, Zakhia et al., 2008). Onnako
poJb IMAHOOAKTEpHl B OMOLIEHO3€ OKa3bIBACTCSI MAJOM3YUCHHOH M Jjake HEJOOLIEHUBAETCA 110
JIBYM TpHYUHAM. BO-TIEpBBIX, UX CIOXKHO M3ydYaTh IO MPUYMHE KpailHe HEOOJBIIOW CKOPOCTH
pocta KyasTyp B naboparopuu. Bo-BTOpBIX, HCCIIEA0BATENN CPAaBHUBAIOT UX C OAHOKIETOYHBIMH
BOJIOPOCTISIMM Te€X >k€ OHOTONOB, CIIOCOOHBIX K Oosiee OBICTPOMY pPOCTY B J1aDOpaTOPHBIX
ycrmosusx (Seaburg et al., 2008).

W3 pa3nnuHbIX MECTOOOMTAHUN OBLIM BBIJENIEHBI IITAMMBbl IUAHOOAKTEPHM, YCTONUMBBIX K
xonony. Cpemm Hux ectb mnpenacraButenu pomoB Oscillatoria, Phormidium, Nostoc,
Synecchocystis (D’Amico et al., 1960, Wada et al., 1990, Vinocur, Pizarro, 1995, Tang et al.,
1997, Nadeau, Castenholz, 2000, Pandey et al., 2004).

Cunraercs, 4Tto OOJBIIMHCTBO LMAHOOAKTEPUM SBISAIOTCA HE NCUXPOPUIBHBIMM, a
IICUXPOTOJIEPAaHTHBIMH, TO €CTh ONTHUMaJbHAs TeMIlepaTypa ux pocra mnpesbimaer 15°C (Zakhia
et al., 2008). B pabote Tang et al. (1997) uccienoBanoch BIUSHHE TEMIIEPATypbl HA CKOPOCTh
pocTa W THWIMEHTHBIM cocTaB MardopMmupyromux nuaHobaktepuii mopsaka Oscillatoriales
BOJIOEMOB apKTUYECKOTO, CyOapKTUYECKOTO W aHTAPKTUIECKOTO pernoHOB. Cpenu UCClieayeMbIX
27 W301ATOB TEMIIEPaTypHBI onTUMyM BapbupoBai oT 15 no 35°C (cpennee 3nauenue 19,9°C),

YTO MOATBEPXKIAET ICUXPOTOIEPAHTHOCTh OOJBIIMHCTBA LMaHOOakTepuil. Jlumb 18 uz 27
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W30JIITOB  TOKa3ayiM BUAWMBIN pocT mnpu Temneparype 5°C. Hecmorps Ha TO, dTO
TEMIIEpaTypHBIA ONTUMYM JBYX IITaMMOB Obul Hmke 15°C, 5TH mITaMMBI HEIb3s HA3BaTh
NCUXPOMIBHBIMHU, TaK KaK TeMIepaTypHbId MakcUMyM uX pocta Bbimie 20°C.

OnHako ecTh JaHHbIE M O IIMAHOOAKTEPUAX, ONTHMaJbHAs TEMIIEpaTypa poCTa KOTOPBIX
Hxke 10°C, To ecTh CBOMCTBO NMCUXPO(MIIHH IEHCTBUTEIIHHO BCTPEUACTCS Y IMAHOOAKTEPHi.
Nadeau u Castenholz (2000) wu3ydanau 3aBHCHMOCTh pPOCTa MHAHOOAKTEPHUH M3 BOIOECMOB
menbdoBoro JeaHnka Mak-Mepzao ot temmeparypsl. J[Ba momyuennsix uzomnsta (Oscillatoria sp.)
umenu ontumyM pocta npu 8°C u He pocau npu Temneparype 24°C, 4To Mo3BOJSET CUUTATh UX
UCTUHHO MCUXPO(UIbHBIMH.

B pabore Tang u Vincent (1999) cpaBuuBatorcst nsa mramma Phormidium sp., ogun u3
KOTOPBIX ABJSETCS NMCUXpoUIbHBIM (onTUMabHas Temneparypa 15°C, poct npu Temmneparypax
5-20°C), a BrOpoit — Me3o¢puibHbIM (onTuManbHas Temneparypa 30°C, poct mpu 10-40°C).
[Toka3aHo, 4TO 3TH IUTaMMBl OOJIAAAIOT PAa3HBIMM MEXaHU3MaMM aJaNTallMd K W3MEHEHHAM
TEMIIepaTypbl: Me30(pHIBHBIN ITAMM CIIOCOOCH M3MEHSTh MUTMEHTHBIA COCTaB W aKTHBHOCTD
¢uKcanuu yriepoaa, a y NCUXpoQuIbHOTO ITaMMa U3MEHSETCS TOJIBKO aKTUBHOCTh (PHKCALIUU
yriiepona.

HenaBHo Obl1 0OHapy»KeH eie OAuH NCHUXpouiIbHbI npeacraButesb poaa Oscillatoria.
OH Obul BbAENIEH B YHCTYIO KyJbTypy U3 HCTOYHMKAa Ha noiayocTpoBe baprtona (o.
Kunr-/Ixopmxk, llernannckue octpoBa, AHTapKTHIA). JlaHHBINA IITAaMM CIIOCOOEH K POCTY INPH
temneparypax 5-20°C u e pacrer npu Temneparype 25°C u Beie (Won Hong et al., 2013).
HecmoTpss Ha JaHHble O pOCTE YKa3aHHBIX TIpYNIl B YCJIOBUSX HHU3KHX TeMIeparyp,
00OCHOBAaHHOCTH HCITOJIb30BAaHHUS TEPMHHA «ICHUXPOQWIBHBI) IS MUAHOOAKTEPUI OcTaeTcs
cnopuoit (Fritsen, Priscu, 1998, Tang, Vincent, 1999, Vincent, 2007, Seaburg et al., 2008).

CnocoOHOCTh K XKHM3HH IIPU HU3KUX TemIeparypax TpeOyeT OT LHUaHOOAKTEepHi pa3IUYHbIX
amantauuid. Huskue Temmeparypbl CHMXKAIOT aKTUBHOCTb (DEPMEHTOB, YMEHBIIAIOT TEKy4eCTb
MeMOpaHbl, TPUBOIAT K COKPAlICHWIO TpaHCIOpTa BemecTB. Kpome TOro, CHIDKEHHE
TEMIepaTypbl MOXET NPUBOAUTH K HENPAaBHIBLHOMY (OJAWHTY M XOJOAOBOW JEHATypaIluH
0enKkoB, (HOPMHUPOBAHUIO JIbAAa BHYTpHU KiIeTKU. IIpu HM3KMX Temmeparypax YBeIMYUBAETCS
PacTBOPUMOCTD Ia30B, BCIEACTBHE 3TOIO MOXKET YBEIMUUBATHCS KOHLIEHTPAIMsI aKTUBHBIX (OpM

kucnopona (ADK) B kierke (D’Amico et al., 2006).
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IIpu wuccnenoBaHUM NCUXPOPMIBHBIX M ICUXPOTOJEPAHTHBIX IMaHOOAKTepuil ObuIM

BBISABJICHBI CJICAYIOIIUEC MOJICKYJIIPHBIC MEXaHU3MBI 3allIUTHI:

1.

[TognepkaHre TeKydecTH MeMOpaHBl OCYIIECTBISIETCS 33 CYET M3MEHEHHUS COACp KaHUs
MOJIMHEHACHIILICHHBIX KUPHBIX KUCJIOT C COKPAIIEHHOM JJIMHOW YINIEPOIHOW LIETIOYKH, C
YIJIEPOIHOMN IETTOYKOM C pa3BETBICHUSIMH WM IIUKIMYeCKUMU 3nemerTamu (D’ Amico et al.,
2006, Morgan-Kiss et al., 2006, Zakhia et al., 2008). Harpumep, Takue sKUpHbIE KHCIOTHI,
kak C16:0 u C18:0, nepeBomsitcss B C16:1 u C18:1 auun-nunuaHsIMU JecaTypa3aMu BO
BpeMsi nocrcuHTeTndeckux Moxupukammii (Chintalapati et al., 2004). IlokazaHo, uTO
MMEHHO M3MCEHCHHE TeKy4eCTH MEeMOpaHbI MMOJ JeHCTBUEM HU3KOW TeMIIepPaTyphl MPHUBOIUT
K M3MCHEHUIO JKCIPECCUH TE€HOB, KOMUPYIOIIUX OENKH OTBETa Ha TEMIIEPATYPHBIH CTpecc
(Los, Murata, 1999). CornacHO COBPEMEHHOM MOJENH, IOJYYCHHOW TIPU H3Yy4YCHHH
Synechocystis sp. PCC 6803, mepemaua curHaga OCYIICCTBISCTCS JIBYXKOMITIOHEHTHOM
cuctemoit (puc. 2). Cencop (ructuanHoBas kuHaza, Hik33) pacnonaraercs B MmemOpane, a
peryastop orBeta (Rerl) — B nwurtorurasme. CHIDKCHHE TEMIIEparyphl IPUBOIWT K
YMEHBIICHUIO JKUIAKOCTHOCTH MeMOpanbl, uto aktuBupyeT HIik33. Beposrtho, naiee
nepeHocoM ¢ocdarHoii rpymmel ¢ nomomibio  Hik19  akrtuBupyercs Oenmok  Rerl,
3allyCKalONMiA TPAHCKPHIIMIO TeHa 0esSB, 4To mnpuBOAMT K CHHTE3y Jecarypasbl.
VYBenmuueHne KOIMYEeCTBa 3TOro (QepMeHTa B MeMOpaHe TPHUBOAWT K YBEITUYCHUIO
KOJTMYECTBA HEHACHIIIICHHBIX JKUPHBIX KHCIOT, YTO TO3BOJISET VYBEIMYUTH TEKYYECTh
memOpanbl. Kpome Ttoro, Rerl 3amyckaer cuHTe3 W Jpyrux O€NKOB, Y4YacTBYIOLIMX B
xomomoBoM otBeTe (Suzuki et al., 2000).

OcmoamanTanus OOJBITMHCTBA MHUKPOOPTAHU3MOB OCYIIECTBISIETCS 332 CUET HAKOIUICHUS
nonos K*, m160 3a cueT mpoayKiuu HeGOMBIINX OPraHMIECKHX MOJEKYJI-0CMOMPOTEKTOPOB.
[Mpomykiust ocmornpoTekTopoB (compatible solutes) Takke MO3BOJIAET CHU3UTH TEMITEPATYPY
TOYKHM 3amep3aHus BHyTpeHHe#t cpenpt kietku (Welsh, 2006, Zakhia et al., 2008).
[{nanobakTepu TMPOAYIHPYIOT TaKUE OCMONPOTEKTOPHI, KaK caxapos3a, Tperaiosa,
mako3urHepos, ruiua Ooertann (Mackay et al., 1984, Reed et al., 1984, Warr et al.,

1984).
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Hik33

-

Puc. 2. Cxema perymsun xonogosoro oreera. (ITo Suzuki et al., 2000).

3.

Mardopmupyromue 1HaHOOAKTEpUU CHOCOOHBI K BBIZCICHHIO OONBIIOT0 KOJIMYECTBA
MYKOITOJIMCaXapua0B BO BHEHIHIOK cpemy (exopolimeric substancies, EPS) (de los Rios et
al., 2004). CuHTe3upoBaHHBIC BHEKJICTOYHBIC BEIIECTBA TAKXKE 3allUIIAIOT KICTKY,
npefoTBpallias HyKJIealMioo Jbaa BOMM3u ee mnoBepxHoctu (Zakhia et al., 2008).
DKCIIEpUMEHTAIBHO JIOKa3aHa HEOOXOJMMOCTh CEKPEUHH MYKOIOJIHCAXapUa0B IS
BeDKHBaHKss NOStOC commune mpu 3amopakuBaHuu 1 ortauBanuu (Tamaru et al., 2005).
Cunte3 PHK-cBs3eiBaromux 6enkoB (Rbp, RNA-binding protein), kortopsie, Kak u Oeaku
xojofoBoro moka apyrux Oaxrepwii (cold-shock proteins, CSP), BbIMOAHSIOT poJib
PHK-manepoHOB W CHOCOOCTBYIOT IOJJICP)KAHUIO YPOBHS TPAHCISIIUU B YCIOBHSAX
xononoBoro ctpecca (Los, Murata, 1999). B sxkciepumenTte Sato (1995) Obuio mokaszaHo, 4To
skcrpeccust matu (rvpAl, rbpA2, rbpA3, rbpB u rbpC) u3 Bocemu renos rbp Anabaena
variabilis (mramm M3) HHIYIIHPYETCS XOJIOIOM.

[Tosinenne B wxietke PHK-remmkasel, mpeno-tBpamaromeil o0pa3oBaHHE BTOPUYHBIX
crpykryp B PHK B ycnoBusx xomomoBoro crpecca (Los, Murata, 1999). ¥V Anabaena sp.
PCC 7120 wunentudunupoano nasa rena PHK-remmkaz — ctrB u ctrC. Ten ctrB
OKCTIPECCUPYETCS TPHU PA3IUYHBIX (OpMax cTpecca (XOJIOIOBOH, COJEBOM, TOJOAAaHUE TI0
a3oTy), B To Bpems Kak reH CtrC »skcmpeccupyercss TOJIBKO B OTBET HA CHUKEHHUE
temmnepatypsl (Chamot et al., 1999).

[Ipenmonaraercs BoBieyeHHWE B (QOJAUHT M MPOLECCHHT HWHAYLUUPYEMBIX XOJIOAOM
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6enkos-traniepoHoB  cemeiicta Clp (Caseinolitic proteases) (Los, Murata, 1999). Tlpwu
XOJIOZIOBOM CTpecce, a Takke mpu obmydenun yiasrpaduonerom (UV-B), y Synecchococcus sp.
PCC 7942 wnakamnuBaercsi Oombioe koimuectBo CIpP1. Tak, depe3 24 waca mocie Havaia

KyJIBTUBHPOBAHUS TIPU HU3KOM TemIeparype, KOJIMYECTBO 3TOro Oeika yBenuuuBaeTcs B 15 pas

(Porankiewicz et al., 2002).

2.2.3. O01mas xapakTepucTHKa IimaHodakrepuit p. Pseudanabaena

Tepmun «umanobakTepumn» (rped. Kvavog — TeMHo-cuHui) npeanoxua P. Ctanuep (Stanier,
Bazine, 1977). IluanobGaktepun — TpaMOTpHIATEIbHBIC OAKTEPUH, COAEpXKAIIME B KJIETKAX
TUJIAKOUHBIE MEMOpaHbl, HA KOTOPBIX PAcIoyiokeH (OTOCHHTETHUECKH anmapar. B ero coctas
BXOSAT JIB€ (POTOCHUCTEMBI (KaK y PACTCHHI), YTO TMO3BOJSET ITUAHOOAKTEPUSIM OCYIIECTBISATH
OKCUTEHHBIA (orocuHTe3. CHHe-3eJeHbI LBET KJIETKaM MPHUAAIOT MHUIMEHTHl (DUKOLUAHUH
(cunuit), amuopukonnanuH (cuHUi) u xmopodmin a. Kpome Toro, B KiIeTkax IHMaHOOAKTEpUit
MOTYT cofiepskaTcst GUKOIPUTPUH (KpacHbIi), peakue Gopmsl xmopoduuios b u d, kapoTuHOHIH,
a TaK)Ke NUTMEHTHI, HE BXOIIIMNE B COCTaB (DOTOCHHTETHUYECKOTO ammapara, Harpumep,
CIIMTOHEMUH (B BBICOKMX KOHIIeHTpaIusx uepHbiii) (Zakhia et al., 2008, Vincent, 2009).

[{uanobakrepun poma Pseudanabaena (mar. pseud — moxHbIA, rped. anabaino -
noAHUMAThCs1) oTHocATes K cyocekmum |, uto coorBerctByer mopsaky Oscillatoriales
(ITuneBuy, 2006). [ns 3TOM Ipynnbl XapakTepHbl IUIUHAPUIECKUE TPUXOMBI, KJIETKU B KOTOPBIX
JIeNATCS. B OJHOM IUIOCKOCTH. TpUXOM MOXET OBITh HMOKPBIT TOHKHM YEXJIOM, & MOXET U He
umets ero (Rippka et al., 1979). KiteTku umMeroT 6040HKOBUIHYIO (DOPMY, BBITSHYTHIC B JJIHHY
WIM HM30UaMeTpUYecKrue, C OKPYIIBIMH KpasMH. [eTeponucT HeT, KJIETKH TpHUXoMa He
CTHECMAIN3UPOBAHBI, OIHAKO aNHMKAJIbHBIE KIETKH MOTYT OBITh 3a0CTpEeHHBIMHU. Jlmamerp
TPUXOMa B KyJbType OOBIYHO cocTaBisieT oT 1 no 3 mkM. Ilpu ¢dopmupoBaHuu momnepedHoi
MEPETOPOAKH B XOJI€ JENCHUS MOXKET OCTaBaThCsl Y3KOE COEAMHEHHE MEXKIY COCEIHUMU
KJIETKaMHU, YTO MPHUAAET TPUXOMY BHUJA OyCHH Ha HHUTKE. TpUXOMBI OOBIYHO NPSMBIC WU
CT1abOM30THYTHIE, MOTYT OBITh KOpoTKHMH (3—10 kieTok) wnm mHHBIME (Oonee 10 KIIeTok)
(Anagnostidis, Komarek, 1988, Pinevich et al., 1997, Castenholz et al., 2001).

PasmHOkeHHE © paccerneHue TmpencraBurteneil poma Pseudanabaena ocymectisiercs
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¢dparmenTanmeil TpuxoMa. YBEIMUYCHHE JUTMHBI TpUXoMa (POCT TPHXOMA) MPOMCXOAMT 3a CUET
yBEIIMYCHUS YnCIIa KJIeTOK B mporiecce aenenus (Castenholz et al., 2001, Rippka et al., 1979).
IIpy  yabTpacTpyKTYpHOM aHAJIM3€ BaXXHOM  XapaKTEPUCTUKOW IpEeACTaBUTEIEH  ponaa
Pseudanabaena siBnsiercst mapauienbHOE KICTOYHOW CTEHKE PACIOJIOKEHHE Mepr(epUuecKux
TWIAKOUJIOB. PA1oM ¢ momnepeyHor Meperopoako enuHass CHCTEMa TUJIIAKOMIO0B MOXKET
NPEpHIBaThCS Ta30BBIMH BE3UKYITaMH. MHOTHE IITaMMBI O0JaNalOT TOJSPHBIMH Ta30BBIMU
BaKyOJISIMH, OJTHAKO 3TOT NMPH3HAK MPOSBISETCS B 3aBUCUMOCTH OT YCIIOBUI KyJIBTUBUPOBAHHSI
(Castenholz et al., 2001).

B 3aBuCHMMOCTH OT IUTMEHTHOTO COCTaBa M30JIATH MOTYT OBITh CHHE-3€JICHOTO, OJINBKOBOTO
u kpacuoro 1Bera (Castenholz et al., 2001). MHorue mTaMMbl CIIOCOOHBI K KOMIUIEMEHTapHOMN
xpoMaTtuueckoi amantammu (complementary chromatic adaptation), To ecth MOryT HU3MEHSTH
NUTMEHTHBI COCTaB B 3aBUCHMOCTH OT YCIOBHH OCBEUIEHH, a HMMEHHO COOTHOLICHHUE
pasnuuHbX hopm purodmunporennos (Kehoe, Gutu, 2006).

W3onatel  nmaHoOakTepuit  poma  Pseudanabaena mony4aror W3 pa3sHOOOpPa3HBIX
MECTOOOUTAHUH: TOPSYME UCTOUYHUKH (0OBIYHO C TeMIepaTypoil Boxkl He Bhitie 55°C), ui u Boaa
MOPCKHX M TIPECHBIX BOJOEMOB, OECKHCIOpPOAHBIEC Cylb(ua-copepxkampe ocaaku. [lomumo
IUTAHKTOHHOTO 00pa3a JKW3HHW, CKOIieHHs TpuxomoB Pseudanabaena moryr ¢opmupoBarsb
TUIEHKH ¥ IJIOTHBIE MaThl, 00pa3yst MaTpukc u3 ciusu (Anagnostidis, Komarek, 1988).

[lnanoGakrepun poxa Pseudanabaena crocoOHBI K CKOJNBXEHUIO CO CKOPOCTBIO MeHee 1
mkm/cek. Onun u3 mopdorunos Pseudanabaena galeata (CCMEE miramm OL-75-Ps) ciocoben
K (OPMHPOBAHMIO CKOJIB3AIIETO arperara TPUXOMOB, MO (opMe HANOMHHAIOIIETO KOMETY
(Castenholz et al., 2001).

Bce wusBectHeie ¢opmbl p. Pseudanabaena seasrorcs doroaBroTpodamm. Hexotopsie
IITaMMBbI CLIOCOOHBI K (hUKCaAIK a30Ta B 0OTCYTCTBUM Kuciaopoaa (Castenholz et al., 2001).
[{nanobakrepun  poma  Pseudanabaena  xapakrepusyiorcsi — OOJBIIUM  T'€HETHUYECKHM
pazHoOOpa3ueM BHYTPH Tpymibl: MoysspHbIA miporieHT GC-map cocraBiser 42-48%, a pasmep
reHoma Bapeupyer ot 2,14x10° o 5,19x10° Jla (Castenholz et al., 2001). Jlokasana
¢uoreHeTndeckas OIU30CTh € IHaHOOAKTepUsAMHU Apyrux pomos (Limnothrix). Anamu3 reHos
16S u 23S pPHK, pubocomansHOro BHyTpUTeHHOTO crieiicepa (ribosomal intergenic spacer, 1GS),

BHYTpEHHEro TpaHckpubOupyemoro creiicepa 1 (internal transcribed spacer 1, ITS-1), onepona
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CPcBA (comep>kuT reHbl cuHTe3a (PUKOIMaHNHA) U BHYTPUTEHHOTO crielicepa Mexy CPCA u cpcB
NOKa3al 3HAYWTENBbHOE pa3HooOpaswe BHYTpH TIpynnbl. @DuioreHeTMueckue aepeBbs,
MOCTPOCHHBIC Ha OCHOBE mocienoBareiabHocTel 16S u 23 S pPHK, cornacyrorces Mexay coOOi.
OnHako IpH UCIOJIb30BAHUHU I1OCIIEA0BATEIbHOCTEN IPYTUX T€HOB CTPYKTypa JepeBa MEHSETCH,
YTO TMO3BOJISIET MPEANOIOKUTh PACHPOCTPAHEHHOCTh PEKOMOWHALIMU BHYTPH A3TOH TPYIIIBI
nmanoOakTepuit (Acinas et al., 2008).

Llenbto naHHOW paOOTHI SBISIETCS OIpPENENCHHE HEKOTOPHIX CBOWMCTB aHTAapPKTUYECKUX
nuaHoOakrepuii poga Pseudanabaena: B 4acTHOCTH, BBISBJICHHE ONTHUMAJbHBIX TEMIEparyp
pocTa, YTO TMO3BOJIUT CJAENaTh BBIBOA 00 OTHECEHMHM WX K TCHXPOQWIBHBIM WIU
MICUXPOTOJIEpHATHRIM OakTepusiM. Kpome Toro, ananus nocnemoBarenbHocTeldt reHa 16S pPHK
UCCIIEyeMbIX [ITAMMOB TIO3BOJIUT OIIGHWUTH CTEMEHb HUX B3aMMHOTO (HIOTEHETHYECKOTO

POZICTBA ¥ CBA3b C IPYTHMMH TpesicTaBuTensimu p. Pseudanabaena.
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3. MarepuaJibl 4 METOAbI HCCJIEIOBAHUSA
3.1. OOBEKT UcCCIIeN0OBaAHNS

OObeKTOM [aHHOTO HCCIICJOBaHUS SBISIFOTCS HMaHoOakTtepun ponxa Pseudanabaena,
nenonuposannbie B koywiekimu CALU (Collection of Algae of Leningrad University) Hayunoro
napka Cankr-IletepOyprckoro rocynapctsennoro yauepcurera. Lltammer 1773, 1785, 1787 u
1791 ObuM BBIIENECHBI U3 TPOO, MOTYYCHHBIX U3 XOJOAHOTO Bomoema (03epo Crerrien, XOIMBbl
Jlapcemanna, Amdrtapktuga, 2014r). Beiaenenue U KyJIbTUBUPOBAaHHME JTHX IITaMMOB
ocymecTBisuiock mpu Temmeparype 8—10 °C. Ipeacrasurenu poma Pseudanabaena otHocsTest k
TPUXOMHBIM OakKTepusiM, HE CIIOCOOHBIM K (opMHpoBaHUIO AUD(HEPEHIIUPOBAHHBIX KJIETOK B
COCTaBe TPHXOMA. TPUXOMBI COCTOST M3 UWIMHAPUYECKHX WM HM30IMAMETPUYECKHX (pexe
JMCKOBHUJIHBIX) KJIETOK, MMEIOMIMX OOYOHKOBUIHYIO (opMy 3a c4eT (OPMHUPOBAHUS XOPOILIO
3aMETHBIX MEPETSHKEK MEXIY COCETHUMHU KieTkaMu. Ha momrocax KJIETOK 4acTo JIOKAIU3YOTCs
arperarbl ra30BbIX BE3UKYJ, (pOpMUpYIOLIHE Ta30BYI0 BaKyOjb, CHIBHO MPEIOMIISIONIYIO CBET.
Jlunelinple pasMepbl M (QopMa KIETOK Yy MPEACTAaBICHHBIX INTAMMOB BapbHPYIOT (puC. 3 H

tabmuia 2).

Puc. 3. Mukpodororpadun anTapkTHdecKux mraMmoB nuaHodakrepuii. a — CALU 1773, 6 —
CALU 1785,8—CALU 1787, r— CALU 1791. /InuHa mKamsl — 2 MKM.
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B kadecTtBe cpaBHeHHs B paboTe HCIonb30BaIich mTaMmmbl Pseudanabaena sp. CALU 1811
u 1812, BbIICIICHHBIE U3 TIPOO, B3ATHIX B MEPUOJI JICTHETO IIBETCHUS BOJbI B MUHCKOM 3aMBE B
patione nepesuu Kanmukrons (. CocHoBblii bop, Jleaunrpaackas obmacts, 2015r1.). Beinenenue
U KyJIbTHBHPOBAHUE ATHX IITAMMOB OCYIIECTBISLIOCH MpH Temmepatype 22-24 °C. Mopdomnorus

OTUX ITAMMOB IIPCACTABJICHA HAa PUCYHKC 4, Pa3MEPhI KIICTOK ITPUBCJCHBI B Ta6J'II/II_Ie 2.

Puc. 4. Mukpodotorpadun mrammo CALU 1811 (a) u 1812 (0). JnmmHa mikaisl — 2 MKM.

B Tabmuie XXX NpUBENCHBI CPEIHUE pPa3Mepbl KIETOK BCEX HCCICAYEMbBIX IITAMMOB IIpU
yKa3aHHBIX BBIIIE Temreparypax KyastuBupoBanusa. Knetku mramma CALU 1791 umeror Gonee
BRITAHYTYI0 (opmy, uyem kieTku mrammoB CALU 1785 m 1787. Iramm CALU 1773
OTJIMYAETCS OT IPyTUX aHTAPKTUYECKUX MITaMMOB 0oJiee KPYIHBIM pa3MepoM KieTok. Hanbonee
BBITSHYTBIC B JUTHHY KieTkd y mramma CALU 1811. Tonpko y mramma CALU 1812 cpennuii
TMaMeTp KJICTOK HEMHOTO OOJIBIIIE ITTHHBI.

Tabnuma 2.
Pa3mepsI KIIETOK HCCIIeyeMBIX IITAMMOB B HICXOJHOM COCTOSIHUH TIPH TEMIIEpaTypax

KyJIBTUBHPOBAHNS B KOJJICKIMH (B CKOOKaX yKa3aHO 3HAUYEHHE CTaHJIAPTHOTO OTKJIOHECHHUS)

1773 1785 1787 1791 1811 1812
Hnuna,

2,43 1,86 1,69 1,96 3,8 231
MM (+0,53) | (+042) | (+0,57) | (+0,6) | (+0.98) | (+0,38)
Juamerp,

2,44 1,86 1,58 1,51 1,19 2,65
M (+036) | (¥0,31) | (*069) | (+0,2) | (x0.12) | (x0,75)

[lITamMmmMbl TIOANEPKUBAIOTCS B KOJJICKIIMM Ha TMOMYXKUIKoM arapuszoBaHHou (0,6%) cpene

BG-11 (tabmuua 3) npu ocemennu 300-500 K myTeM MepHOIUYECKHX MEPECEBOB U XPAHATCS
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npu Temneparype 10-12 °C.

Tabnuna 3.

CocraB moxuduirpoBanHoi cpensl BG-11 s unanodaxrepuii (Rippka, 1988).

BertectBo Konmnenrparus, r/n
NaNO3 0,3
K2HP04'2H20 0,04
CaCl,2H,0 0,036
JIuMoHHas Kuciora 0,006
Fe2(S0O4)3°9H,0 0,006
NH,CI 0,006
NaDIATA 0,001
Na,CO3 0,02
MgSO47H,0 0,075
PacTtBop MukpoanemeHToB (1 mi1/i)

H3BO3 0,286
MnCI2'4HZO 0,181
ZnS04 7H,0 0,0222
Na,Mo0QO,42H,0 0,039
CuS0O,'5H,0 0,0079
Co(NO3),'6H,0 0,0494

3.2. KynsTuBupoBaHue 1iuaHOO0aKTEpUil U OLIEHKA JUHAMHUKYU pPOCTa MPHU Pa3InYHbIX
TeMIEepaTypax

Jlist u3yyeHus JUHAMUKH POCTa UCCIEeyeMbIX IITAMMOB LIMAHOOAKTEPH B 3aBUCUMOCTH OT
TEeMITepaTyphbl TTPOBOIAMWIM KyJIBTUBUpPOBaHUE mpu Temmeparypax 4—6, 8-10, 12-13 u 22-24°C.
[IITaMMBbI BeIpaIiMBaiu B KOHMUECKHUX Koioax oobemMoM 100 mii, conepskanux no 50 M1 sKkuaKon
cpeapl BG-11, B cTaTMUHBIX yCIIOBUSX IPU MOCTOSHHOM OCBEIIEHWU B TeUeHHUE 28 CyTOK IpHU
ocsemienun 500 nk. IloceBHoit matepuan mramMmmoB 1773, 1785, 1787 u 1791 BeipammBancs B
)uakoit cpene npu temreparype 8—10°C, mrammon 1811 u 1812 — npu 22-24°C. Jlnsa kaxaoro
ITaMMa SKCIEPUMEHT MTPOBOAMIICS B IBYX MapajuIeisix KOO, B TpeX U OoJiee TOBTOPHOCTSX.

OmneHka pocta KyabTyp IMAHOOAKTEPUH OCYIIECTBISUIACH IYyTEM H3MEpPEHHs ONTHYECKON
IUIOTHOCTH CYCHEH3MH B MOMEHT IIOCEBa M uepe3 KaxkJble CeMb CYTOK B TEUEHHE 4YeThIpex

Henenb. Jlis W3MepeHuss ONTHUYECKOM IUIOTHOCTH M3 KaKIOM KoJObl OTOMpaiu aJuKBOTY
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oobeMoM 4 mu. M3mepenus npoBoauian Ha crekrpoporomerpe CDP26 (JIOMO) npu anuse
BOJHBI 680 HM (B MakCUMyMe MONIOLIEHUS XJIOPOPUILIA @), B KAU€CTBE KOHTPOJIS UCTIOJIb30BaIN
XKHUIKyto cpeny BG-11.

[Io oxOHUaHMM KyJIBTUBUPOBAHUS OCTaBLIMICA 00bEM KyJNbTyp OBUI HCHOJNB30BaH IS
orpejiesieHus] OMoMaccel MO CyxoMmy Becy. KileTku oTAensim OT KylabTypajJbHOW >KUAKOCTU
nearpudyruposanuem mnpu 5000 06./mun. B Teuenune 10 muuayt (Eppendorf 5810R). Ocamok
kiaetok mnpomeBamu  TE-Oypepom (10 MM  TrisHCl, 1 MM DJTA; pH=8), 3arem
HEeHTPUPYTUpOBAIM TpU Tex ke ycinoBusax. Ocaaku pecyclneHAupoBald B 2 MI
JTUCTWUTUPOBAHHOM BOJBI, MOMEINAIM B METAUNIMUYECKHE COCY/bl C H3BECTHOW Maccoi H
BBICYIIIMBAJIA JI0 MOCTOSTHHOTO Beca npu temmeparype 105-115°C. Coneprkanue 6Guomacchl 1Mo
CYXOMY BECY BBIpa)KaJId B MIJUIMTpaMMax, cofiepammuxcsi B 50 M1 KyJIbTypBl.

JlaHHBIE TIO 3HAYEHHUSM OINTHYECKOW IUIOTHOCTU KYJNBTYP M COIEPKAHHUIO OHOMACCHI,
NOJTY4YEHHBIE 110 pe3yJlbTaTaM HECKOJIbKUX SKCIEPUMEHTOB, YCPEIHSUIMW M PacCUUTHIBAIU
CTaHJApTHOE OTKJIOHEHHE. XpaHEHHe M CTaTUCTUYecKas oOpaboTKa MOIYYEHHBIX JaHHBIX

OCYIIECTBIUTUCH ¢ ucnonb3oBanuem Microsoft Excel u RStudio (R version 3.4.3).

3.3. Ouenka Mop¢osorun 1 pa3mepoB kietok Pseudanabaena sp. npu pasHbIx Temiieparypax
KYJIBTHBUPOBAHUS

Mopdodosoruio kineTok u3ydanu Ha mukpockomne Leica DM2500, mukpodortorpaduu Obuin
cnenanbl pu yBeaumdeHu x 1000 Ha 3TOM e MUKpOCKoIe ¢ moMomrbio kameps! Leica DFC500.
Jlns uzmepenust KIeTok OblM caenanbl Mukpodororpadguu mrammos CALU 1811, 1812, 1773,
1787 n 1791 B Hauane kynasruBupoBanus u mrammoB CALU 1773, 1785, 1787, 1791 B Teuenue
4 "enenb dyepe3 Kaxaplie 7 cyTok. Pasmep kierok m3mepsuin B nporpamme Imaged 1.51j8. s
OTIpEJICJICHUS CPEIHET0 pa3Mepa KIETOK Ha JaHHOM CPOKE KYJIBTHBHPOBAaHUS OBUIO MOIY4YEHO HE
MmeHee 70 u3MepeHuil. AHaNIN3 NONYyYSHHBIX Pe3ylbTatoB ObLT ocyIiecTrieH B cpeae RStudio (R
version 3.4.3).

3.4. Uccnenosanue obpasmnos JJHK

Jlnist MOJIEeKy IsIpHO-(DMIIOT€HETUYECKOTO MCCclieioBaHus Obutn momyudeHsl oopasusl JJHK s
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nocnenoBarenbHocT 16S pPHK mrammoB CALU 1773, 1785, 1787, 1791, 1811, 1812.
[T-omyuenune oOpa3IoB BKIIOUACT CIICAYOIINE dTarbl: BeieneHue TotanbHol JIHK n3 6uomaccsr,
ammumdukarms nociuenosarenpHoctd reHa 16S pPHK, pasmenenwe JIHK snekrpodopezom B

arapo3HOM I'CJIC U SKCTpAKIUA UCCIICAYyEMOTO Q)parMeHTa.

3.4.1. Beinenenwue toransHoi JJHK u3 Gmomaccsr

Hakormenme Oumomaccel mrammoB i Beimenenws JHK — mpoBomwmm — myTtem
KyJBTUBUPOBAHMS IITAMMOB B TedeHHe 14-21 cyTok mpu OoNTHManIbHOW TeMIlepaTrype pocTa,
koropast s mrammoB CALU 1773, 1785, 1787, 1791 cocrasnsana 10-12°C, a pis mTamMMoB
CALU 1811, 1812 — 22-24°C. Ilo OKOHYaHUU KYJIFTUBUPOBAHUS CyCIIEH3UHU KJIETOK ITOMENIAN B
OJTHOpa30BbIe MPOOUpPKU oObeMoM 1,5 M u ocaxnanu Ha ueHtpudyre Eppendorf Centrifuge
5415R (4000 06./mMuH., 5 MuHyT). 3atreM ocaaku 3—4 paza OPOMBIBAIM CTEPUIbHBIM
TE-Oydepom u meHTpudyrupoBaid mpu TexX ke ycioBusx. [lomydeHHBIE Oocagku OMOMACCHI
3aMOpaXHMBAINCh M XpaHWINCh Tpu Temmeparype —20°C mis AampHEHIIEro BBIACICHHUS
toranpHol JJHK.

s Beimencuus toransHo JIHK CTAB-meromom (Murray, Thompson, 1980) ocamku
pa3MOpaXuBajJuCh TPH KOMHATHOW TeMIleparype, Imocie 4dero kK HuM nobaBmsd 500 MK
msupyomiero CTAB-0Oydepa (2% netuntpumerunammonuiiopomus, 0,1 M Tpuc-HCI, pH 8, 20
MM D/ITA, 1,5 M NaCl, 0,2% p-mepkanTtosranon, 2 MKr/mia npotenHasa K) u uHKyOupoBamu
npu Temneparype 65°C ¥ MOCTOSHHOM IepeMelnnBaHiu B TeueHue 2 4acos (Heating/Cooling
Dry Block CH100 (Biosan), Centrifuge&\Vortex SkyLine (EMLI)). K nu3aty kieTok 100aBisin
paBHBI 00BEM XOJIOTHOM CMECH, COJEpIKAIICH XJIOpOPOPM U H30AMUJIOBBIN CITUPT B OOBEMHOM
cootHomeHnun 24:1, cmech mHKyOMpoBamu mnpu temneparype —20°C B teuenue 30 MUHYT,
HIePHOIUYECKHU MepeMelnBas Ha BopTekce. [Tocie atoro cmech nenrpudyruposaau (Eppendorf
Centrifuge 5415C, 15 munyT, 13500 06./muH.). Boguyio ¢asy ¢ JJHK akkyparHo nepeHoCHIH B
qucThie TpoOupku ob6bemom 1,5 w. s ocaxnenus JIHK B mpoOupku  moGamisun
U30MPOIMIIOBBIA CHHPT B KoimuuecTBe 2/3 oT oObema BOAHOW (pa3pl, mepeMemmBaid H
uHKyOupoBanu npu —20°C B Te4eHHE HOYH, MOCJE YEro OCAKAAIN Ha IeHTpUdyre mpu Tex ke

yenoBusix. Ocagok JIHK nBaxnaer mpomsiBamm 500 mxn 86% pacTBOopa 3THIOBOrO CHUpTA,
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ueHTpudyrupys npu tex ke ycnmoBusx. OtmbiThiii ocamox JIHK BeicymmBamu, mocne dero
pactBopsuti B 20 MKJI OuaucTUiUIMpoBaHHON Bojbl. [lomydyennsie obpasnsl JJHK oGpabareiBanu
PHKa3oii, ans storo k HuM nobapmsuim o 3 Mki pactBopa PHKaser (10 mr/mur 8 10 MM
Tpuc-HCI, pH 7,5, 15 MM NaCl) u unkyoupoBanu npu temneparype 37°C B Teuenue 1 yaca.
Ouenky kauectBa u konmuectBa BbiAeneHHor J[HK mpoBomumnm mytem snextpodopesa B

arapo3HoM rele (omrcaHue B paszzaeine 4.3).

3.4.2. Ammun¢ukarus nocnegoBareabHocT reda 16S pPHK

[Tonyuennas JJHK Oblna ncrons3oBaHa B KauecTBE MaTpUIlbl A aMIuddukanuu resa 16S
pPHK. IIIIP mpoBommmack ¢ yHUBepcalbHBIMU OakTepuadbHbIMU TpaiiMepamu 27F u 1492R
(AGAGTTTGATCCTGG CTCAGu ACGGYTACC TTG TTA CGA CTT), n0o3BOJISOIIUMHE
ammuguiposath ydactok 10 1450 m.H. rena 16S pPHK (Lane, 1991; Turner et al., 1999). [Insa
MPOBEICHUS PEaKIIMHU TaKXkKe HCIoIb30Basics Habop ScreenMix-HS (Esporen, Poccus).
B cocraB peakumonHoit cmecum oObemoM 25 Mk Bxomwio mo 0,1 Mk mpaiimepoB (¢
koHeHTpanuei 20 mkmons/Mki) u 1 M JTHK-marpunst. TP nmpoBonumu B Tepmornmkiepe MJ
MiniGradient Thermal Cycler (BioRad). Cxema npoBeaenus IT1IP:

1. TlpenBapurensHas neHatypanus («hotstarty) npu 95°C (5 munyT);

2. 30 nukoB amrmutndukanuu B pexxume: nenaryparnus JJHK mpu 95°C (1 munHyTa); OT>KHT

npaiimepoB npu 54°C (30 cexynn); anonramus ipu 72°C (1 munyta 30 cexyHn);

3. 3axutounTenbHas craaus anoHrauu npu 72°C (10 munyT).

3.4.3. Dnekrpodopes B arapo3HOM Telie
Boigenennas u3 kierok JJHK u npoaykTel peakiuu amminukanuy pasaeisuiuch METOI0M
aNEKTpodopesa st OLICHKH KaueCTBa Pe3yNIbTaToB U JJIS BbIACICHHS (PPaArMeHTOB U3 CMECH.
Onekrpodope3 nposoamnu B araposHoMm rene (1%, araposa TopVision, Fermentas) B TAE
oydepe (40 MM Ttpuc-anerart, pH 8; 2 MM D/ITA). Takke B reib 100aBISIN HHTEPKATUPYIOIINNA
Kpacutenb (OpoMucThiii dTHaMiA, 0,5 MKr/min). DnexkTpodope3 MPOBOAMIN TPU MOCTOSHHOM

Hanpsokenun 80B B muHm-kamepe Mini-Sub Cell GT, ucrtounumk HanpspkeHus — Dnbd-4
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(AHK-texnomorust).  IlpocMoTp  pe3ynbraToB  OCYHIECTBISICS € HCIIOJIb30BAaHHEM
UV tpancmumomunaropa (2011 Microvue, LKB) u cuctemsl renb-nokymentanuu Gel Imager-2
(Helicon).

[Tpu pabote ¢ toranphoit JTHK 5 Mk mpoOsl cMermBanu ¢ 1 mxn yrsokenutens (Thermo
Scientific), comepskarero kpacurenab OpOMQpEHOIOBBIN CHHHIA, U HAHOCHJIA B KapMaHbI TelIs.
[Ipu pabore ¢ npogykramu IIL[P 5-25 MKk cMecu BHOCHIIM HaNpsIMyIO B KapMaHbI Ielis, Tak Kak
B coctaB cMecu SCreenMix-HS BXoauT HU3KOMOJIEKYISPHBIA KPAacHTENb M YTSDKENUTEb. Jlist
aHanm3a pa3mepoB uccienyembix gparmentoB /IHK ucnons3oBanm Habopsl JHK-¢pparmenros
n3BectHOM MuHBI U KoHIeHTparuu O’Gene Ruler (100-3000 mn.1.) (Fermentas, JIutea). C 3ToM

LIeJIbIO B O/IMH U3 KapMaHoB reiist BHocwiu 3 Mk JIHK-mapkepa.

3.4.4. DxcTpakuus uccienyeMoro parmMmeHTa u3 arapo3Horo ress

Jlnst manpHenmedn pabotbl ¢ amrumuduupoBaHHbIM (pparmenTom TeHa 16S pPHK ero
HEO0OXOIMMO BBIIEIUTh U3 arapo3Horo reis. Jis u3sieueHus u ouucTku uccinegyemon JTHK
ucnonb3oBanu Habop Nucleospin® Gel & PCR Clean-Up (Macherey Nagel).

I'enp Bu3yanusupoBaiu B yiubTpaduoieTe W M3BIEKaIM (parMeHT reiis, COAepKalui
nponykt IIIP. Ero momemann B MHUKpOUEGHTPU(DYXHYIO TPOOUPKY M B3BEIIMBAIH, 3aTEM
no6asisumn ces3biBaromuii Oydgep NTI (200 mxa Ha 100 mr renst) m makyouposanmu npu 50 °C o
MOJIHOTO pacTBopeHus rens B Tepmoctrare Heating/Cooling Dry Block CH100 (Biosan),
nepeMermBas yepe3 Kaxabie 2—3 MuHyThl Ha BopTekce Centrifuge&Vortex SkyLine (EMLI).
[Tony4yeHHy0 cMech IEPEHOCUIN B CIIMH-KOJIOHKY, IIOMEIEHHYIO B COOMpATEIbHYI0 IPOOUPKY, U
MHKYOHpOBAIN 2 MUHYTHI TIPM KOMHATHON TeMIieparype. 3aTeM cMech HEHTPU(PYTHPOBAIH IS
ancopormu JIHK wa xomonke (Eppendorf Centrifuge 5415R, 30 cexynn, 11000 06./muH.).
CIuH-KOJIOHKY JIBX[bl IMPOMBIBAIM OTMBIBOYHBIM Oydpepom NT3 (500 mki), uentpudyrupys
npu Tex ke ycioBusax. Ocratku Oydepa yqansid BbICYIIMBAHUEM, MOCIE YETrO CIHMH-KOJIOHKY
MEPCHOCHIM B MUKPOLCHTPUPYX HYIO TpoOupky u mpoBoxwian ymonwio JJHK. Jlns storo B
CIHMH-KOJIOHKY 100aBysuin 15 M smoupyromero 6ydepa NE u nakyOupoBanu npu KOMHaTHOU
TeMreparype B TeueHue 1 MuHYTHI, 3aTeM UeHTpudyrupoanu B tedenne 1 munyTsl (11000

00./muH.). [Tomyyennsie 06pasier JJIHK xpanunum npu temnepartype —20°C.
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3.5. CexBenupoBanue u ananus 16S p/IHK

CexBeHnpoBaHre amIUTHPUIIMPOBaHHBIX (parmeHToB reHa 16S pPHK mpoBoawmiocs B
pecypcHoM 1ieHTpe «MoseKymsipHbIe U KiIeTouHble TexHomorum» Hayunoro napka CIIOI'Y.
depmMeHTaTHBHAS peakius CEKBEHHPOBAHMUS IPOBOIIIIACH TOMOIIIBI0 Habopa peaktuBoB BigDye
Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems) mo uHCTpyKiMu K Habopy H
tepmonukiepa BioRad C1000. Ounctka MPOAYKTOB pPEaKIMH CEKBCHHUPOBAHUS  OT
HECBS3aBIIMXCA (DIyOPECIEHTHO MEYCHHBIX JUJIC30KCHHYKIICOTHIOB BBITOIHSIIACH C TOMOIIBIO
peaktuBoB BigDye XTerminator Purification Kit (Applied Biosystems). Pasnenenue
OYUIICHHBIX TMPOAYKTOB pEAKIUU CEKBEHUPOBAHUS MPOBOAMIOCH METOAOM KaMWUJUIIPHOTO
anekTpodopesa ¢ moMomplo reHerndeckoro ananusatopa ABI310 (Applied Biosystems) B
COOTBETCTBHUH C PEKOMEHIALUSIMH K IPHOOPY.

[Tomy4yeHnHble B  XOIe  CEKBEHHPOBAHUS  MOCIEIOBATEIILHOCTH  CPaBHUBAIM  C
nocnenosarenbHocTaMH GenBank, ncnons3yss mporpammy BLAST (Altschul et al., 1990).
[TocTpoeHne QUIOreHETHUYECKUX JEHAPOrpaMM TPOU3BOAWIM C HCHOJIb30BAHMEM I1aKeTa
nporpamm MEGA4 (Tamura et al., 2007) metogom neighbor-joining Ha ocHoBe aHaynmza 1000

aNbTepHATUBHBIX JiepeBbeB (Saitou, Nei., 1987).
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4. Pe3yabTaThl U HX 00CyXK/1eHUE
4.1. OueHka TUHAMUAKH POCTA KYJIBTYpPhI B 3aBUCUMOCTH OT TEMIEPaTyphI

C 1enpio BBISBICHUS ONTHMAJIBHBIX TEMIEpaTyp pocTa JJs HCCIeTYyEeMBIX IITaMMOB OBLIO
MPOBEICHO KyIbTHUBHPOBaHHE B TeueHHe 28 CyTok mpu Temmneparypax 4-6, 8-10, 12-13 u 22—
24°C. B Hauanme KyJIbTHUBHUPOBAaHHUS W Yepe3 KaKIble 7 CYyTOK OCYIIECTBIISIIOCH H3MEpPEHHE
ONITUYECKOHW TUIOTHOCTH KynbTyp. [lomyueHHBIe pe3ynabraTsl MpeacTaBlIeHbl Ha rpadukax (puc.
3-8).

CornacHO TOJY4YeHHbIM pe3yibraraM, Temmeparypa 8-13°C  sBusercs Haumbosee
ONTUMAJILHOM JIJI1 pOCTa aHTapKTHYecKux mrammoB Pseudanabaena (CALU 1773, 1785, 1787
u 1791). Bonee Hm3Kas Temmeparypa KylsTHBHpoBaHUS (4—6°C) NPHBOIUT K 3aMEIJICHUIO
MPOIECCOB POCTAa M HAKOIUIEHHs Omomaccel. Omnako nanst mrammoB 1785, 1787, 1791 npu
temneparype 4-6°C peructpupytorcst 6osiee BBICOKHE 3HAYEHUS ONTHUYECKON IJIOTHOCTH, YeM
npu pocTe B Me30(UIBHBIX YCIOBUAX (22-24°C), 4To yKa3plBaeT HA WX TOJEPAHTHOCTHh K
HU3KUM TemmeparypaM. [lns mramma 1773 moka3aTenw ONTHUYECKOM IIJIOTHOCTH TP
temneparype 22-24°C oxaspiBatorcsi Bbimie, yeM npu 4—-6°C, 4yTo yKas3pIBaeT Ha MeHee
BBIPKEHHYIO YCTOWYMBOCTh K HU3KUM TeMIIepaTypaM y 3TOro IITaMMa.

Jlis mTaMMOB, KOTOpbIE OBUIM BBIJIENEHBI U3 MPOO, MOJYYEHHBIX MpPU LBETEHUU BOJBI
®dwunckoro 3amuBa (CALU 1811, 1812), xapakTepeH akTHBHBIA pOCT Ipu Temiieparype 22-24°C,
npu Temneparype 4-6°C poct oueHb ciaOblii. DTO yKa3blBaeT Ha Me30(MIbHBIE CBOMCTBa
JAHHBIX IITaMMOB.

Hecmotpss Ha To, uto antapkrmueckuid mramm CALU 1773 pacrer akTuBHEE NpH
temreparype 22-24°C, yem npu temneparype 4—-6°C, ero poct B mocieaHem ciydae (puc. 3)
BhIpa)KeH cuibHee, ueM y Me30(duibpHbiX mrammoB CALU 1811 u 1812 (puc. 7 u 8). Xots ero
YCTOHYHMBOCTh K HU3KUM TEMIIepaTypaM BbIpaskeHa ciabee, yem y mrammoB CALU 1785, 1787,

1791, ero Bce k€ MOKHO OTHECTH K IICUXPOTOJIECPAHTHBIM.

27



2004

1.0+

OnTHYeCKAR MNOTHOCTh

0.5 1

l
|
00 »a—a— li

0 7

Temneparypa., 'C
4-6
810
|t
- 2224
1
14 7| 26

Bpema Ky NIbTHEHPOBAHHA, CYTEH

Puc. 3. Jlunamuka pocta mramma Pseudanabaena sp. CALU 1773 B nuana3one temneparyp 4—

24°C.

2.0+

1.0 4

0.5 4 I

OnNTHYECKAR IOTHOCTh

Temmeparypa, “C
46
10

| 3E
- 2324

1.0 4 1§ phomim i lh |

0

14 71 T8

Bpemsa Ky NIbTHEHPOBAHHA, CYTEH

Puc. 4. [lunamuka pocra mramma Pseudanabaena sp. CALU 1785 B auama3zone temmeparyp 4—

24°C.

28



2.0+

Temneparypa. 'C
46
& 10

L0 [ 3E

-
0.5 1 I
1N |
g 1 ekl
0 7 14 7]

] 2 ]
Bpema Ky n1bTHBHPOBAHHA, CYTEH

OnNTHYECKAA MIOTHOCTh

Puc. 5. [lunamuka pocra mramma Pseudanabaena sp. CALU 1787 B auama3zone temmeparyp 4—
24°C.

LRI

Temmeparypa, 'C
I 46
810
L0 | EE
I - 2334
0.5 1 I
|

1
0o woe—m— 1t il

0 7 14 21 2%
Bpemsa KyIbTHEHPOBAHHA, CYTEH

OnTHYeCKaR MNOTHOCTh

Puc. 6. lunamuxka pocta mramma Pseudanabaena sp. CALU 1791 B nuana3zone temneparyp 4—
24°C.

29



2.0+

Temneparypa. 'C
46

& 10
e - _
— P
0.5 1
l]
0.0 = -a—— ! ' '
0 7 14 7]

7 2 28
Bpemsa KyNbTHEHPOBAHHA, CYTKH

OnTHYeCKAA MOTHOCTE

Puc. 7. lunamuka pocta mramma Pseudanabaena sp. CALU 1811 B muamazone temmneparyp 4—
24°C.

Temneparypa, °C
486
& 10

1.0 - 12-13
—
0.5 l
i l :
0.0 = st o R ' '
' 14 7]

0 7 2 %
Bpemsa Ky IbTHEHPOBAHHA, CYTEH

OnTHYECKAR MIOTHOCTh

Puc. 8. [lunamuka pocra mramma Pseudanabaena sp. CALU 1812 B quama3zone temmeparyp 4—
24°C.

30



[Tonmy4yeHHbIE pe3ynbTaThl COTIACYIOTCS C JNaHHBIMH JuTeparypbl. CyuTaercsi, dYTO
OOJIBIIMHCTBO ITMAHOOAKTEpUN SABISAIOTCS HE NCHUXPOQWIBHBIMU, a TCUXPOTPO(QHBIMH, T.C.
onTUMallbHas Temreparypa ux pocra Bbime 15°C, a makcumanbHas Bbiie 20°C. (Tang, Vincent,
1999; Vincent, 2007; Zakhia et al., 2008) OgHako ecTh naHHBIE U O OAaKTEpUSX, ONTUMAJIbHAS
Temreparypa pocra KoTopeix Hmxke 10°C, To ecTh ncuxpoduiust AeCTBUTEIBFHO BCTpEYaeTCs y
rmmanoOakrepuii. (Tang et al., 1997; Nadeau, Castenholz, 2000)

B pa6ore Tang c coasropamu (1997) ObuUIO paccMOTpPeHO BIMSHME TEMIEpPaTypbl B
nuanazone 5-35°C ma poct 27 mrammoB I1manoOakrepuii p. Oscillatoria u Phormidium.
lrammbl ObUTH  BBIZETIEHBI W3 TPOO, MOJMYYCHHBIX B apKTUYECKOM, CyOapKTHYECKOM H
AQHTAPKTHYECKOM peruoHax. JIMHaMuKka pocTa OIIGHHWBANIACh H3MEPEHHUEM ONTHYECKOM
IUIOTHOCTH  CYyCHEH3MH. ABTOpPBl MNPUXOAAT K  BBIBOAY O  paclpoOCTPaHEHHOCTH
MICUXPOTOJIEPAHTHOCTH Y IIMAHOOAKTEpHil: HIb 18 u3 27 mTaMMOB OKa3aJIMCh CIIOCOOHBIMU K

pocty tipu 5°C.

4.2. VI3MepeHune HaKOIJICHHOW OMOMAacChI IO CyXOMY BECY

JInist  TOTIONTHUTENIEHOW XapaKTePUCTUKA POCTa KYJIBTYP YCIOBHO TICHXPOTOJEPAHTHBIX
[IMaHOOAKTEepHUH OLIEHMBAIIOCH KOJIUYECTBO HAKOIUIGHHOW B TpOIECCE KyJIBTUBHUPOBAHMS TPU
pasHbIX Temreparypax Ouomacchl 1Mo cyxomy Becy. [lomydeHHbIe pe3ynabTaThl JUIsl IITAMMOB
CALU 1773, 1785, 1787 u 1791 npencrasiens! Ha rpaduke (puc. 9).

YCTaHOBIICHO, YTO HAUOOJBIIIEEe KOJTMYECTBO OMOMACChI aHTAPKTHUECKHE IITAMMBI
HakarumBaroT nipu temmeparypax 8—13°C. Illrammer CALU 1785, 1787 u 1791 tipm
temmeparype 4—6°C HaKaruIMBarOT OOJbIIee KOIMIECTBO OMoMacchl, ueM mpu 22-24°C. lltamm
1773 pacret aktuBHee npu 22-24°C, yem nipu 4-6°C.

Takum 00pa3om, MOTyYCHHBIC IPU U3MEPEHUH OMOMACCHI IT0 CYXOMY BECY JaHHBIC
COITIACYIOTCS C pe3yJIbTaTaMu, IOyYeHHBIMH MPH U3MEPEHUH ONTHYECKUX TUIOTHOCTEH KyJIBTYP

B XOZI€ SKCIICPUMCHTA.
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Puc. 9. KonnuectBo 6Gromacchl 1o cyxomy Becy (Mr) B niepecuere Ha 50 MIT KyJIBTYpHI,
HakoruieHHoH mrammamu CALU 1773, 1785, 1787 u 1791 npu pa3HbIx Temneparypax
KYJIbTUBUPOBAHUS.

B pa6ore Nadeau, Castenholz (2000) s mnpoBencHHS OLEHKH TEMIIOB pOCTa
[IMaHOOAKTEepUN U3MEPSUTN U PACCUMTHIBAIM KOJIMUYECTBO OMOMAcCCHI 10 CyxoMy Becy. B omnuue
OT HalIEero MCCIe0BaHus, B 3TOM padoTe yaaloch MOATBEPAUTH MCUXPOPUIBLHOCTD JUISL ABYX
mraMMoB manoOaktTepuii p. Oscillatoria: MakcumaabHOE KOJIMYECTBO HAKOIUICHHOH OHMOMAcCChI
noiay4yeHo npu kynsruBupoBaHuu mpu 8°C, mpu 24°C poct orcyrcrBoBai. OJHAKO aBTOPHI
IOPUXOJAT K BBIBONY, UTO SIBJIEHUE MCUXPO(UINU Y IIMaHOOAKTEpUl BCTpeyaeTcs KpaHe penko,

YTO MOATBEPIKIAETCS U B Halel padore.

4.3. MopdomeTpus 1 aHanu3 MOp(HOJIOTHH IITAMMOB IIPH Pa3IMYHBIX TEMIIEpaTypax pocTa
s monTBEp:KIEHUS TOrO, 4YTO HEKOTOPBIE TEMIEPATYphl KyJIbTUBHUPOBAHUS SIBISIOTCS
HeoNnTUMadbHBIMU, I mTammoB CALU 1773, 1785, 1787 wm 1791 Obuia mpoBeneHa
MophOMeTpHUs U OllEHKa M3MEHEHUH B Mopdooruu. Pe3ynsrarsl m3MepeHuid pa3MepoB KIETOK

MOxHO HaiTH B [Ipunoxenun 1.
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CoracHO pe3ynbraTaM HM3MEpeHHsT ONTHYECKOW IUIOTHOCTU KYJBTYPbl M OHMOMAcChl TI0
cyxomy Becy, g mramma CALU 1773 temmeparypsr 8-10°C u 12-13°C naubonee
ONITHMAJIBHBI ISl pOCTa, HAMMEHee ONaronpuaTHOHN JUIs pocTa Okasanach temneparypa 4—6°C.
[Ipy onTHMaNIBHBIX TEMIIEpaTypax IJIMHA M JAUAMETP KJIETOK, a TaK)Ke 3HAUCHHUS! CTAHIAPTHOTO
OTKJIOHCHUSI M3MEHSIFOTCSI MEHBIIIE, YeM MPU KYJIbTUBUPOBAHUH B HEONATOMPUATHBIX JJIsI pOCTa

ycnoBusx (tabmuibl 1 u 2 B [Tpunoxenuu 1, puc. 10).
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Puc. 10. Inura n quametp xinerok mramma CALU 1773 npu pa3HBIX TeMIepaTypax pocTa.

[Ipu Temmeparype 4—6°C TpOUCXOAWT pPE3KOE YBEIWYEHWE JUTMHBI KIIETOK, HO JHAMET]
u3Mensiercs mano (puc. 11, 6). IlpuumHoii 3TOro MoryT OBbITh HapylLIeHHMs B Ipolecce
kieroyHoro neneHus. Ilpu tremneparype 22-24°C mmHa KJIETOK U3MEHSETCS MEHBIIE, YeM MpU
temneparype 4—6°C, HO pe3Ko yBeIMYMBaeTCs AuaMeTp KieTok (puc. 11, B).. DTo mpuBOAUT K
«pa3nyBaHMIO» M JedopMalUy KJIETOK, YTO MOXKET OOBACHATBbCS HapyIIEHHUEM IPOLECCOB

CHHTE3a KOMIIOHEHTOB 000JIOUKH.
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Puc. 11, Mukpodotorpaduu mramma Pseudanabaena sp. CALU 1773. Ocobennoctn
MOpP]OJIOTHH TIPU Pa3HBIX TEMIEpaTypax KyJIbTHBHPOBAHUS: a — 28 CyTOK pocTa Mpu
temneparype 8-10 °C; 6 —14 cyTtok pocta npu temmeparype 4-6 °C, B —28 cyTok pocTa npu

temneparype 22-24 °C. MacmTa0 mKanbl — 2 MKM.

"3 PE3YJIbTATOB U3MCPCHUA ONTUYECKOM INIOTHOCTH KYJIBTYPEL U Oromacchl CJICOYCT, 4YTO

HanOosnee akTuBHBIN pocT mrtammoB CALU 1785, 1787 u 1791 nabntonaercs npu Temmeparypax

8-13°C, nambonee cmadwiii — npu 22-24°C. [Ipu onTUMadbHBIX TEMIEpaTypax pocTa Mo Mepe

pa3BUTUS KYJIbTyp HE IPOUCXOAMT 3HAYUTEIIBHOIO M3MEHEHHs pa3MepoB KieTok. To, 4ro

temmneparypa 22-24°C sBASeTCS CTPECCOBOWM i JTHX IITaMMOB,

pesynbraramu Mophomerpuu (Tadmuis 3-8 B [Ipunoxennn 1, puc. 12-14).

ﬂ
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HCXE.

Puc. 12. Pa3zmepsl kietok mrtamma CALU 1785 mpu pasHbIX Temneparypax pocTa.
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Puc. 14. Pa3zmeps! kinerok mramma CALU 1791 nmpu pa3HbIX TemmepaTypax pocra.

[Mpu xyneruBupoBannu mTtamma CALU 1785 npnwHa KJI€TOK OKa3biBaeTcs OoibIie
UCXOJIHBIX 3HAYCHMH HE3aBUCHMO OT TEeMIIEpaTypbl KylbTHBHpoBaHUs (puc. 12). OnnHako mpu
onTuManbHBIX Temneparypax (8—13°C) pe3koe yBenuueHHe CpelHel JUIMHBI KJIETOK MPOUCXOIUT
TOJIBKO TOCJI€ TpPeTheill Heleiau KyIbTUBHPOBAHUS, YTO MOATBEPKAAET ONIArONPHUSTHOCTH ATHX
TEMIeparyp Ijs pocTa InTtamMma. BHemHsss MopQoiorus KIETOK TPUXOMOB COXPaHSIETCS
HEU3MEHHOW Ha MPOTSHKEHUH BCETO MEepuojia KyIBTUBUPOBaHUs Tipu Temneparypax 4—6°C (puc.
15, a), 8-10°C (puc. 15, a, B) u 12-13°C (puc 15, r u puc. 16 6).

Heontumanshas temneparypa pocta 22—-24°C npuBOIUT K YBEIUYCHHUIO JUTMHBI KJIETOK Ha
paHHHX dTanax pocra (puc.15, 6) u k nanpHeimen nedhopmanuu kietok (puc. 15, o u puc. 16, B,
L, 1). [Ipn 5TOM HameTp KiIeTok (pakTHIeCcKH He U3MEHSETCS B XO/1€ KyIbTHBHUPOBAHUS, A
M3MEHEHUE TTUH KJIETOK MPENOI0KHTEIHO CBA3aHO C HAPYIIEHHUEM MPOIIECCOB JIEICHHUS.

BepositHo, nedopmarnivs KI€TOK B KOHIIE KyJIbTUBUPOBAHUS CBsI3aHA CO CTAPEHUEM KYJBTYphI U
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HCTOIICHHUCM MUTaTeIbHON Cpcabl.

e —— e

Puc.15. Mukpodororpaduu mramma Pseudanabaena sp. CALU 1785. OcobennocTr
MOpP(OJIOTHH IIPU PA3HBIX TEMIIEPATYpaxX KYJIbTUBUPOBAHUS: a, 0 — 7 CyTOK pOCTa IpH
temneparypax 8—10°C u 22-24°C cOOTBETCTBEHHO; B, T, 1 — 21 CyTKH pocTa IpH TeMIIeparypax
8-10°C, 12-13 °C u 22-24°C coOTBETCTBEHHO, CTPEIIKU YKa3bIBAIOT HA KJIETKU C HAPYIICHUEM
mporecca aeneHus. Macmtad mKkaibl — 2 MKM.

~ N

Puc.16. Mukpodotrorpaduu mramma Pseudanabaena sp. CALU 1785. OcobenHoctu
Mop(hosoruu mpu pas3HbIX TeMIepaTypax KyJIbTUBUPOBAHUA: 28 CYTOK pOCTa MpU TeMIEpaType
4-6°C (a); 12-13°C (6) m 22-24°C (B, T, 1) COOTBETCTBEHHO, CTPEJIKU YKa3bIBAIOT HA KJIIETKHU C
HapyIIeHUEM TpoIiecca AeneHus. MaciTad mIKajabl — 2 MKM.
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B mpouecce KynbTHUBHpOBaHHS NpPU KOMHATHOM TeMIieparype MPOUCXOIUT YBEIHUEHUE
JUTMHBL KJIETOK M YyMEHblleHHe ux nuamerpa y mramma CALU 1787, To ecTh KIETKH
nedopmupytorest (puc. 13 u puc. 17, r, 1). HecMoTps Ha TO, 9TO STOT MITaMM pacTeT MpHU
temneparype 4-6°C nydiie Ipyrux, HCIOIb3YeMBIX B JKCIEPUMEHTE, B 3TOM JHAla3oHe
TeMriepatyp MopdoJIoTHs KIETOK Takxke u3MeHsercs. [[nmmHa kmeroxk mramma CALU 1787
CTAaHOBHTCS OOJBINE, YeM MPH IPYTHX TEeMIIeparypax KYJIBTUBHPOBAHUS, IMUPHHA MPH STOM
m3mMensercs Mano (puc. 13). Bo3MOKHO, IPUYMHON ITOTO SBISIFOTCS HApyIIEHUS B Mpolecce

KJIETOYHOTO JiejieHusl. B kiieTkax BHAHBI MHOTOUHCIICHHBIE BKITIoUueHus (puc. 17, 0, B).

Puc. 17, Mukpodotorpaduu mramma Pseudanabaena sp. CALU 1787. OcobennocTu
MOP(hOJIOTHH TIPH PA3HBIX TEMIIEpaTypax KyJIbTHBHPOBaHUS: a — 21 CyTKH pocTa mpu
temneparype 12-13°C; 6, B — poct npu temneparype 4—6°C (21 u 28 cyTtok pocra
COOTBETCTBEHHO), CTPEJIKH YKa3bIBalOT HA BKIIOUEHUS; T, 1 -- pOCT Ipu Temreparype 22-24°C
(21 cyTku pocTa), CTpENIKH yKa3blBalOT Ha KJIETKH ¢ HapyILlIeHHEeM Mpolecca AejaeHus. Macmrad
IIKaJIbl — 2 MKM.

Y mramma CALU 1791 npu temneparypax 8-13°C mopdosorusi KIeTok coxpaHsercs
HEWM3MEHHOM B TEUEHHE BCEro BpeMEHM KyibTBHpoBaHus (puc. 18). B mpomecce pocra mpu
KOMHATHOW TeMIleparype pe3Ko YBEIHMYMBACTCS JIMHA KIETOK M WX TUAMETP, YTO TaKKe
CBUJIETENBCTBYET O aedopmarmu kietok (puc. 14). K koHIy neprona KyJIbTHBHPOBAHUS B
KyJIbTYpe HAaKaIUIMBAIOTCS B OOJIBIIOM KOJIMYECTBE MHBOIOLMOHHBIE (popMbl KineTok (puc. 19, a,
0). Jlnmuna n nuamerp kierok mramma CALU 1791 npu Temneparype 4-6°C (akTHUecKu He

HU3MCHACTCA B CPAaBHCHUM C ITapaMCTpPaMU KJICTOK IPU ONITUMAJIBHBIX TEMIICpATypax pocCTa.
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Puc. 18, Mukpodotorpaduu mramma Pseudanabaena sp. CALU 1791. Mopdosorust TpuxoMoB,
pactymmux npu temmeparype: 8—10°C B Teuenue 14 (a) u 21 cyrok (0); 12—-13°C B TeucHme 28
cyToK (B). Macmirab — 2 MKMm.

Puc. 19. Mukpodotorpadpun mramma Pseudanabaena sp. CALU 1791. OcobenHocTn
MOP(hOJIOTHH KIIETOK: a — 7 CyTOK, O — 28 cyTok pocTa npu temneparype 22-24°C; KJIeTKu ¢
HapyIleHHEeM Ipoliecca AeJeHHs], pa3JyBaHue KJIeTOK. MacmTad mKaibl — 2 MKM.
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JlaHHbIe MOP(QOMETPUH U BU3yalIbHBIM aHAJIN3 MOP(OIOTUU KJIETOK B MPOLEcCe pocTa Ipu
pasHBIX TeMIIeparypax IMO3BOJISIIOT €mle pa3 MOAYEPKHYTh, YTO AHTAPKTUYECKHE INTAaMMBI P.
Pseudanabaena siBistorcst He ICUXpOPUIBHBIMHU, @ ICUXPOTOJIEpaHTHBIMU (hopmamu. Haubonee
ONTUMAJILHBIMU Ui UX pOCTa M pa3BUTHs sBIsAIOTCS Temmeparypbl 8—13°C, mpu KOTOpPBIX
COXpaHSIOTCA KJIaccuueckas MOpP(OJOrUs U HE MPOMCXOJUT HAPYLIEHUs IMPOLECCOB pocTa U
pasmuoxkeHus. Hecmorpst Ha cioco6HocTh mtammoB CALU 1773, 1785, 1787 u 1791 pactu npu
KOMHATHOW TeMIepaType, B KyJIbTypax HaONIOAal0TCsl 3HAYUTENIbHBIE HCKaXKEHUsI B MOP(OJIOTHU
KJIETOK, YTO MOXET CBMJCTEIbCTBOBaTb O HEONTHUMAJIBHOCTH YCJIOBUH KyJIbTHBHUPOBAHMS.
Temneparypbl 4—6°C oAAEpKUBAIOT POCT IMITAMMOB aHTAPKTUYECKUX IIMAHOOAKTEpUi, HO NP

9TOM BO3MOXHBI HCKOTOPLIC N3SMCHCHUA MOp(bOHOFHH KIICTOK.

4.4. MonekynsipHO-(DUIOTeHETHUECKUIN aHaTN3

Jlnst mpoBeneHus (GUIOTeHETHYECKOTO aHaIM3a aHTAPKTUYECKHUX IITaMMOB ITHAHOOAKTEPHIA
pona Pseudanabaena mnpocekBenupoBanbl (parmentsl renoB 16S pPHK anTapkTHyecknx
mrrammoB (CALU 1773, 1785, 1787, 1791) u mrammoB cpaBaenus (CALU 1811, 1812). lnuna
MOJYYCHHBIX ~TOCIENoBaTeIbHOCTe coctaBmwia okoio 1350 mH. IlocnemoBarenbHOCTH
npuBeAacHsl B [lpunokenun 2. Ilpu mocTpoeHHM (PHIIOTEHETHYECKOTO JepeBa TakkKe
UCIIONIb30BAINCH MOCIIEI0BATEIbHOCTH, HaiieHHbIe B Oaze GenBank Nucleotide mpu momoru
noucka BLAST (The Basic Local Alignment Search Tool) (ITpunoxkenne 3). Bce mrammsi,
nocienoBarensHocTH TeHa 16S pPHK koTophix ObUTH B3ThI M3 0a3bl gaHHbIX GenBank, umerot
NPOMCXOKACHHE M3 Me30QHIbHBIX MecTooOuTanmii (kpome mrammoB Leptolyngbya frigida
ANT.L53B.2 wu Phormidesmis priestleyi ANT.LG2.4, wuMmeoommMx aHTapKTHYECKOE
IIPOUCXOXKICHHUE).

CreneHp CXOACTBa TOCIEAOBAaTeIbHOCTEW W3 0a3bl maHHbIX GenBank u wcciemyeMbix
ITaMMOB OIICHUBajachk ¢ ucnoib3oBanrueM BLAST. Pesynwsrarer npuBenens! B [Ipunoxenuu 4.
brmkaiinme roMosioru uccieyeMbIX MITaMMOB CO CTENIEHBIO ¢x0AcTBa 98% u Oosiee mpuUBEIEHBI

B Tabmuie 4.
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Brmkaiiiue roMoorn uccieayeMbIx ITaMMoB 13 0a3el janubix GenBank.

Tabnuua

4.

Hccnenyemslii mramm

Bawxkaiimue romosiorn w3 0aspl  TAHHBIX

GenBank

CreneHp CXOICTBA

CALU 1773

Pseudanabaena sp. PCC 6903
Pseudanabaena limnetica NIVVA-CYA276/6

98%

CALU 1785

Pseudanabaena catenata SAG1464
Pseudanabaena galeata SAG13.83
Pseudanabaena catenata PCC7408
Pseudanabaena foetida PTG, NIES-512
Pseudanabaena sp. PS1303
Pseudanabaena sp. Ak1201
Pseudanabaena sp. 0830-3

Pseudanabaena limnetica NIVA-CYA276/6
Limnothrix redekei CCAP 1443/1

98%

CALU 1787

Pseudanabaena limnetica NIVA-CYAZ276/6
Limnothrix redekei CCAP 1443/1

98%

CALU 1791

Pseudanabaena catenata SAG1464
Pseudanabaena catenata PCC7408
Pseudanabaena sp. PS1303
Pseudanabaena sp. Ak1201
Pseudanabaena sp. 0830-3
Pseudanabaena galeata SAG13.83
Pseudanabaena limnetica NIVA-CYA276/6
Pseudanabaena foetida PTG
Pseudanabaena foetida NIES-512
Limnothrix redekei CCAP 1443/1
Limnothrix sp. Sai002

98%

CALU 1811

Pseudanabaena catenata SAG1464
Pseudanabaena catenata PCC7408
Pseudanabaena sp. PS1303
Pseudanabaena sp. Ak1201
Pseudanabaena sp. 0830-3
Pseudanabaena sp. CZS_47H
Limnothrix redekei CCAP 1443/1

99%

CALU 1812

Pseudanabaena limnetica NIVA-CYA276/6
Pseudanabaena foetida PTG
Pseudanabaena foetida NIES-512

99%
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JanHble, npexacraBieHHble B IlpunoxeHun 4, CBHUIETEIbCTBYIOT O BBICOKOM YPOBHE
TeHETUYECKOTro pasHooOpa3us BHyTpH rpymmnsl Pseudanabaena. Tak, mramm CALU 1773, umeer
CTENEHb CXOACTBA C JIPYI'MMM NPEACTaBUTENSAMHU poaa B mpernenax 89-98%, B To BpeMs Kak
cremneHb cxoncTsa ¢ Synechococcus sp. PCC7009 cocrasisietr 86%.

[TomyyeHHble  pe3yabTaTbl  TakKe  MOATBEPXKIAIOT  (PUIOIEHETHYECKYH0  OIM30CTh
nanobakrepuii poma Pseudanabaena c¢ mpeacraButensmu p. Limnothrix. s mrammoB ¢
ManuHOBOM okpackoit kierok CALU 1785, 1787, 1791 ypoBeHb CXOACTBa MOCIEA0BATENIbHOCTH
rena 16S pPHK ¢ cootBeTcTBytonmmMu nocienoBareiapHoctsiMu Limnothrix sp. cocrapmiser 98%,
a mma mramma CALU 1811 - 99%. Takum o00pa3oM, BBICOKasi CTEMEHb CXOJICTBAa C
nocieaoBarebHOCTIMU Limnothrix xapakrepHa MMEHHO ISl IITAMMOB C MaJIMHOBOM OKPACKO#
KJIETOK.

Ha pucynke 20 mnpexncraBieHa JeHIporpamma, OTpaxaromas (QUIOreHeTHYeCKHe
OTHOLIEHHS MEXIy HCCIEeIyeMbIMU IITaMMAaMH M HITAMMaMH, IOCIEI0BaTeIbHOCTU reHa 16S
pPHK xotopsix 3anenonupoBansl B GenBank. IlocnenoBaTenbHOCTH aHTapKTUYECKUX LITAMMOB
nanobakrepuil p. Pseudanabaena, uMeronmx MajJHMHOBYIO OKpacKy kietok (mrammbel CALU
1785, 1787, 1791) ob6pa3yioT oraenbHy0 BeTBb. llITaMM aHTapKTHUECKHX IIMaHOOAKTEpUIl C
cune-3eneHoit okpackor (CALU 1773) 3aHMMaeT cocemHee ¢ BBIINICYKa3aHHOHW BETBBIO
MOJIOKEHUE M HECKOJIBKO yhasieH oT Me3odmibHoro mramMa Pseudanabaena sp. CALU 1812,
UMEIOILET0 AaHAJOTMYHBIA NHMIMEHTHBIH cocTaB. Bce yka3aHHbIE IITaMMBI JIOKAJIHU30BaHBI
obocobneHHo ot pedepencHbix (opm poma Pseudanabaena (mrrammor komnekuun PCC).
MesodubHblii npeacraBurenb Pseudanabaena sp. CALU 1811 mocTtoBepHO JIOKanM3yeTcs B
JPYrOM ydYacTKe ICHIPOrpaMMbI COBMECTHO ¢ pedepeHcHbIM mTamMoM Pseudanabaena sp.
PCC7408, Bxomsmum B kiaactep 3 B coctaBe p. Pseudanabaena B cooTBeTcTBHM C pyKOBOACTBOM
bepru. IlpencraButenu Apyrux KiacTepoB BHyTpu p. Pseudanabaena: Pseudanabaena sp.
PCC6903 (kmactep 1), Pseudanabaena sp. PCC7367 (xmacrep 2), Pseudanabaena sp.
PCC7403 (xmactep 4), Pseudanabaena sp. PCC6802 (kmactep 5), pacmojoKeHbl B APYTHX

yactsax nepesa (Castenholz et al., 2001).
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KMOD20005 Pseudanabaena catenata SAG 1484
ga - ABO39020 Pseudanabaena PCCT408  Knacrep 3
LCO16775 Pseudanabeena sp. P51303
LCO16774 Pseudanabaena sp. Ak1201
Pseudanabaena sp. CALU1811 Y
ABSIETTT Psavdanabasna sp. 0830-3
AJSE000T Limnothrlx redekel CCAP 144379
K.Y 37888 Pseudanabasna sp, CIS 4TH
ABDES01T Peeudanabaena PCCESDS KnacTep 1
GUE35351 Limnothrix sp. Sai002
LCMMGTTE Pseudanabaena galeata SAGT3.82
Paeudanabaena sp. CALUITIN
Pseudanabeena sp. CALU 1787 i
Pseudanabaena sp. CALU1TBES
——— Pseudanabaena sp. CALUATTS *
LCOMETTE Peeudanabaena limnetica NIVA-CY
Pseudanabaena sp. CALUB12 *

100

99
&1 LCO1677T3 Pseudanabaena foelida PTG

gL LC153790 Pseudanabasna foatida MIES-512

ABOZH018 Pseudanabaena PCCTI67 Knactep 2
E_?'_[ ABD39018 Pseudanabaena sp. PCCBE02 KnacTep 5

BT AB039019 Pseudanabaena PCCT403 KnacTep 4
AFZ216945 Synechococcus sp. PCCTD09
AY40ASTE Leptolyngbya figida Ant L5382
?{ AY 453580 Phormidesmis pnestleyi Ant. G2

Puc. 20. ®unoreHeTHyecKoe IepeBO, MOCTPOSHHOE TSI HCCIIETYEMBIX IITAMMOB ITHAHOOAKTEPUI
pona Pseudanabaena. Mccienyembie mTaMMbl IIOMEYEHBI 3BE3[J0YKOM, €€ I[BET COOTBETCTBYET
[[BETYy KJIETOK B KyJbType. AHTApKTHUECKHE LMAHOOAKTEPHH, UMEIOLINE MAJIMHOBYIO OKpPAaCKY,
00pa3yloT Kjactep (BbLAEICHBI MAJIMHOBBIM MPSIMOYTOIBHUKOM). J[JIsl IITaMMOB U3 KOJUIEKIIMU
PCC ykazaHa npuHaUIe)KHOCTh KiacTepaMm mo bepru (Castenholz et al., 2001). [lenaporpamma
noctpoeHa merozom heighbor-joining, ¢ ucmons30BaHMEM MOCEI0BATEILHOCTENH (parMeHTOB
rera 16S pPHK pasmepom okoso 1350 . H. Macmmtal rmoka3pIiBacT BOIIOIMOHHOE PAaCCTOSHUE,
cooTBeTcTBytolee 1 3ameHe Ha Kaxasle 100 HYKJIEOTH/IOB. [Mudppamu moKazaHa
nocroBepHocTh BeTBieHHss 1000  anbTepHATUBHBIX JIEPEBbEB, YCTAHOBJICHHAs C IOMOIIBIO
bootstrap-ananuza (3HaueHus ke 50% He MOKa3aHbI).
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5. BLIBOIBI

Amntapktuueckne mrammel CALU 1773, CALU 1785, CALU 1787 u CALU 1791
nuaHoOakTepuit p. Pseudanabaena xapakTepu3yroTcs Kak MCHXPOTOJIEPAHTHBIC (POPMBI, T.K.
OHM onTUMaibHO pactyT npu 8—13°C u moryT pactu nipu Temneparype > 20°C.

[Ipu KyIBTHBUPOBAHUM aHTAPKTHYSCKUX IITaMMOB p. Pseudanabaena B cyOonTUMaIbHBIX
yenoBusix (4-6°C u 22-24°C) napymarloTcsi pocT U pa3MHOXKEHHE LUAHOOAKTEPHi, UYTO
BBIpa)KaeTCsl B U3MEHEHHUH pa3Mepa U MOP(OIOrun KIETOK.

AxrapkTrdeckue mrTammbl  p.  Pseudanabaena  xapakrepu3yroTcs — 3HaYHTEIBHBIM
nomumopdmsmom rena 16S pPHK wu kimacrepusyroTcss COBMECTHO € MeE30(HIBHBIMHU

mTaMMaMH.
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IIpunoxenue 1

Tab6muna 1.

Cpennue 3HaueHus JuinH kinetok mramma CALU 1773 ¢ ykazaHueM 3HaueHUN CTaHAapTHOTO

OTKJIOHEHUS.
Bpems
Hauano
KYJIbTUBUPOBAHHUS 7 cytok | 14 cytok | 21 cytku | 28 cyTOK
KyJIbTUBUPOBAHHUS
/ Temmeparypa
46 °C 4,08 3,87
+ - +
2,43 (+0,53) 079) | > D | 409
8-10 °C 2,38 2,75 2,78 2,34
+
2,43 (£0,53) (£0,65) | (+0,62) (+0,62) (£0,52)
12-13 °C 2,71 2,7 2,57 2,48
243 (+ ’ ! ’ ’
A3(053) 1 068y | (20.73) | (£061) | (055)
22-24 °C 2,52 2,44 3,19 2,88
243 (+ ’ ’ ’ ’
30531 4o50) | (20,64) | (2074) | (2081
Tabmumna 2.

Cpennue 3na4eHus auameTpoB kinetok mramma CALU 1773 ¢ ykazanueMm 3HaYeHUH

CTAaHAAPTHOTO OTKJIIOHCHUS .

Bpewms
Hagano
KYJIETUBUPOBAHUS 7 cytok | 14 cytok | 21 cytku | 28 cyToK
KyJIbTUBUPOBaHU
/ Temmnieparypa
4-6 °C 2,47 2,72 2,51
2,44 (+ - ’ ’ ’
44 (+0,36) (x0,21) (x0,19) (x0,49)
8-10 °C 2,03 2,17 2,24 2,17
2,44 (+ ’ ’ ’ ’
44 (+0,36) (x0,28) | (%0,26) (x0,23) (x0,41)
12-13 °C 1,57 2,12 2,12 2,34
+
2,44 (x0,36) (£0,26) | (%0,28) (z0,20) (0,34)
22-24 °C 2,20 2,56 2,65 3,12
+
2,44 (0,36) (£0,26) | (+0,26) (0,83) (0,8)
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Tabmumna 3.

Cpennue 3HaueHus JuinH kineTok mramma CALU 1785 ¢ ykazaHueM 3HaueHUN CTaHAapTHOTO

CTAaHAAPTHOTO OTKJIIOHCHUS .

OTKJIOHEHHUS.
Bpems
Hagano
KYJIETUBUPOBAHUS 7 cytok | 14 cytok | 21 cytku | 28 cyTok
KyJIbTUBUPOBaHUS
/ Temmeparypa
4-6 °C 2,63 2,94 2,83
+ -
1,86 (x042) (%0,70) (%0,78) (0,61)
8-10 °C 1,94 2,02 2,28 2,54
+
1,86 (x0.42) (x0,47) | (x0,50) (x0,61) (z0,76)
12-13 °C 2,20 1,99 2,15 2,51
1 +0,42 ’ ’ ’ ’
86 (0.42) (x0,54) | (%0,49) (x0,59) (+0,61)
22-24 °C 3,11 2,86 2,75 2,91
+
1,86 (x0.42) (x0,9) (£1,47) (0,95) (£1,31)
Tab6muna 4.

Cpennue 3Ha4eHUS quaMeTpoB kietok mramma CALU 1785 ¢ ykazanuem 3HaueHUI

Bpewms
Hauaino
KYJIETUBUPOBAHUS 7 cytok | 14 cytok | 21 cytku | 28 cyTok
KyJBTUBUPOBAHUS
/ Temmeparypa
4-6 °C 1,53 1,59 1,47
1 i 1 _ i) k) i)
86 (0.31) (x0,17) (x0,18) (x0,13)
8-10 °C 1,43 1,38 1,50 1,41
+
1,86 (x0,31) (x0,13) | (0,15) (x0,13) (x0,16)
12-13°C 1,63 1,54 1,36 1,32
+
1,86 (x0.31) (x0,17) | (0,14) (x0,12) (x0,12)
22-24 °C 1,57 1,51 1,46 1,63
+
1,86 (x0.31) (x0,17) | (x0,18) | (x0,17) (0,24)
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TaOmuma 5.

Cpennue 3Hauenus uinH kietok mramma CALU 1787 ¢ ykazanuem 3Ha4€HUI CTaHAAPTHOTO

OTKJIOHEHHSI.
Bpewms
Hauaino
KYJIbTUBUPOBAHHUS 7 cyTOK 14 cytoxk | 21 cytkm | 28 cyTok
KyJBTUBUPOBAHHS
/ Temmeparypa
4-6 °C 2,95 3,02
+ - +
1,69 (x0,57) (+1,01) (20,74) 3 (x0,88)
8-10 °C 2,23 2,19 2,31 2,30
+
1,69 (£0.57) (x0,57) (£0,76) (£0,5) (0,68)
12-13°C 2,13 2,03 2,02 1,95
+
1,69 (x0.57) (0,56) (£0,56) (x0,56) (x0,53)
22-24 °C 2,36 1,7 2,34 2,44
1 i 7 ) ) ) )
69 (+0.57) (x0,97) (0,58) (£1,22) (x1,25)
Tabmuna 6.
Cpennue 3na4eHus AuameTpoB kinetok mramma CALU 1787 ¢ ykazanueMm 3HaueHUH
CTaH/IapTHOIO OTKJIOHEHHS.
Bpewms
Havano
KYJIbTUBUPOBAHUSA 7 cytok | 14 cyrok | 21 cytku | 28 cyTok
KyJBTUBUPOBAHUS
/ Temmeparypa
4-6 °C 1,8 (£ 1,41 1,51
+ -
1,58 (0,69) 0,79) (x0,16) (x0,2)
8-10 °C 1,33 1,4 1,27 1,23
l i i) 1 i) i)
58 (+0,69) (0,16) (0,35) (x0,14) (x0,13)
12-13 °C 1,29 1,34 1,31 1,37
1 + ’ ’ ’ ’
58 (+0,69) (0,15) (0,15) (0,15) (0,16)
22-24°C 1,35 2,49 1,41 1,32
+
1,58 (0,69) (0,2) (x1,77) (0,18) (x0,21)
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Tabmuma 7.

Cpennue 3HaueHus JuinH kinetok mramma CALU 1791 ¢ ykazaHueM 3HaueHUN CTaHAapTHOTO

OTKJIOHEHHUS.
Bpems
Hauaio
KYJIETUBUPOBAHUS 7 cytok | 14 cyrok | 21 cytku | 28 cyTok
KyJBTUBUPOBAHUS
/ Temmeparypa
4-6 °C 2,56 2,69 2,69
+ -
1,96 (x0.6) (0,56) (0,67) (%0,75)
8-10 °C 2,42 2,38 2,36 2,41
+
1,96 (x0.6) (x0,83) | (x0,72) (x0,56) (x0,61)
12-13 °C 2,08 2,23 2,54 2,36
1 i H i) k) i)
196 (£0,6) (x0,66) | (x0,56) | (%0,61) (£0,53)
22-24 °C 4,81 3,29 3,53 3,27
+
1,96 (x0.6) (£3,25) | (x2,45) (£2,18) (£2,18)
Tabmuna 8.

Cpennue 3HaueHUs quamMeTpoB kietok mramma CALU 1791 ¢ ykazanuem 3HaueHUI

CTAaHJApPTHOTO OTKJIOHCHUA.

Bpewms
Hauaino
KYJIbTUBUPOBAHHUS 7 cytok | 14 cytok | 21 cyTku | 28 cyToK
KyJBTUBUPOBAHUS
/ Temmeparypa
4-6 °C 1,64 1,71 1,6
1,51 (20,2 - ’ ’ ’
S1(=02) (x0,22) (x0,19) (x0,22)
8-10 °C 1,59 14 1,6 1,5
+
151 (20.2) (x0,21) | (x0,17) (z0,26) (£0,23)
12-13°C 1,5 1,58 1,51 1,5
+
1,51 (02) (x0,2) | (x0,28) (x0,22) (x0,19)
22-24 °C 1,74 1,64 1,81 1,75
+
1,51 (0.2) (x0,29) | (0,30) (x0,30) (x0,32)
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IIpunoxenue 2

Hyxneorunanas mnocnemoBarensHocTh TeHa 16S pPHK mramma CALU 1773  (nnuna
ocyen0BaTeIbHOCTH - 1392 1.H.).
CGGTGGGGAAGCTTACACATGCAGTCGAACGGTCTCTTCGGAGATAGTGGCGGACG
GGTGAGTAACGCGTAAGAATCTACCTACAGGTTCGGGACAACAGTTAGAAATGGACT
GCTAATACCGGATGTGCCGAGAGGTGAAAGCTTTAGTGCCTGTAGATGAGCTTGCGT
CCGATTAGCTAGATGGTGGGGTAACGGCCTACCATGGCGACGATCGGTAGCTTGGTC
TGAGAGGATGACCAGTCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGG
CAGCAGTGGGGAATTTTCCGCAATGGGCGAAAGCCTGACGGAGCAATACCGCGTGA
GGGACGAAGGTCTGTGGATTGTAAACCTCTTTTGTTGGGGAAGATAATGACGGTACC
CAACGAATAAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAAGACGGAGGATGC
AAGCGTTATCCGGAATTATTGGGCGTAAAGCGTACGTAGGCTGTTTCATAAGTCTGTT
GTCAAAGCGCGAGGCTCAACCTTGTAAAGGCAATGGAAACTGCGAGACTAGAGAGA
GATAGGGGCAGGAGGAATTCCAGGTGTAGCGGTGAAATGCGTAGATATCTGGAAGA
ACACCAGTGGCGAAAGCGTCCTGCTGGATCTCAACTGACGCTGAAGTACGAAAGCT
AGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCGTAAACGATGGGTACTA
GGTGTTGGTCGTATCGACCCGATCAGTGCCGTAGCTAACGCGTTAAGTACCCCGCCT
GGGGAGTACGGTCGCAA-GATTGAAACTCAAAGGAATTGACGGGGGCCC-GCACAAG
C-GGTGGAGTATGTGGTTTAATT-CGATGCAACGCGAAGAA---CCTTACCAAGGCTTGA
CATGTCTGGAATCCTCTTGAAAGGGAGGAGTGCCTTCGGGAGCCAGAACACAGGTG
GTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGC
GCAACCCTCGTTTTTAGTTGCCATCATTAAGTTGGGCACTCTAGAGAGACTGCCGGT
GACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGCCCCTTACGCCTTGG
GCTACACACGTACTACAATGGCCGGGACAAAGAGTCGCAAGCATGCGAATGCAAGC
TAATCTCATAAACCCGGTCTTAGTTCAGATTGCAGGCTGCAACTCGCCTGCATGAAG
GCGGAATCGCTAGTAATCGCAGGTCAGCATACTGCGGTGAATACGTTCCCGGGCCTT
GTACACACCGCCCGTCACACCATGGAAGCTGGTCACGCCCGAAGTCGTTATCTCAAC
CCGTAAGGGAGGGAGGCGCCTAAGCTGTCG

Hyxneorunnas mnocnemoBarensHocTh TeHa 16S pPHK mramma CALU 1785 (nnuna
nocaenoBarenbHOCTH - 1381 1m.H.).
CGTCGGCAGCTTACACATGCAAGTCGAACGAAGTTTTCGGACTTAGTGGCGGACGG
GTGAGTAACGCGTAAGAATCTACCTATAGGTTCGGGACAACAGTTAGAAATGACTGC
TAATACCGGATGTGCCTTCGGGTGAAAGTTTTAATGCCTGTAGATGAGCTTGCGTTCG
ATTAGCTAGATGGTGAGGTAATGGCTCACCATGGCGACGATCGATAACTGGTCTGAG
AGGATGACCAGTCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGC
AGTGGGGAATTTTCCGCAATGGGCGAAAGCCTGACGGAGCAATACCGCGTGAGGGA
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CGAAGGTCTGTGGATTGTAAACCTCTTTTGTTGGGGAAGATAATGACGGTACCCAAC
GAATAAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAAGACGGAGGATGCAAGC
GTTATCCGGAATTATTGGGCGTAAAGCGTACGTAGGCTGTTTCATAAGTCTGTTGTCA
AAGCGCGAGGCTCAACCTTGTAAAGGCAATGGAAACTGCGAGACTAGAGAGAGATA
GGGGCAGGAGGAATTCCAGGTGTAGCGGTGAAATGCGTAGATATCTGGAAGAACAC
CAGTGGCGAAAGCGTCCTGCTGGATCTCAACTGACGCTGAAGTACGAAAGCTAGGG
GAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCGTAAACGATGGGTACTAGGTG
TTGGTCGTATCGACCCGATCAGTGCCGTAGCTAACGCGTTAAGTACCCCGCCTGGGG
AGTACGGTCGCAAGATTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTG
GAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAAGGCTTGACATGTCG
TGAATCCTCTTGAAAGGGAGGAGTGCCTTCGGGAGCACGAACACAGGTGGTGCATG
GCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCC
TCGTATTTAGTTGCCATCATTCAGTTGGGCACTCTAGATAGACTGCCGGTGACAAACC
GGAGGAAGGTGGGGATGACGTCAAGTCATCATGCCCCTTACGCCTTGGGCTACACAC
GTACTACAATGGCCGGGACAAAGAGTTGCGAGCATGCGAATGCAAGCTAATCTCATA
AACCCCGTCTTAGTTCAGATTGCAGGCTGCAACTCGCCTGCATGAAGGCGGAATCGC
TAGTAATCGCAGGTCAGCATACTGCGGTGAATACGTTCCCGGGCCTTGTACACACCG
CCCGTCACACCATGGAAGCTGGTCACGCCCGAAGTCGTTATCTCAACCCGTAAGGGA
GGGAGGCGCCTAAGTCTGT

Hyxneorunanas mocnemnoBarensHocTh TeHa 16S pPHK mramma CALU 1787 (mmHa
nocJenoBaTebHOCTH -1376 1.H.)
GGCGCAGCTTACCATGCAGTCGACGAAGTTTTCGGACTTAGTGGCGGACGGGTGAGT
AACGCGTAAGAATCTACCTATAGGTTCGGGACAACAGTTAGAAATGACTGCTAATAC
CGGATGTGCCTTCGGGTGAAAGTTTTAATGCCTGTAGATGAGCTTGCGTTCGATTAGC
TAGATGGTGAGGTAATGGCTCATGGCCGACGGATCCGATAACTGGTCTGAGAGGATG
ACCAGTCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGG
GGAATTTTCCGCAATGGGCGAAAGCCTGACGGAGCAATACCGCGTGAGGGACGAAG
GTCTGTGGATTGTAAACCTCTTTTGTTGGGGAAGATAATGACGGTACCCAACGAATA
AGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAAGACGGAGGATGCAAGCGTTAT
CCGGAATTATTGGGCGTAAAGCGTACGTAGGCTGTTTCATAAGTCTGTTGTCAAAGC
GCGAGGCTCAACCTTGTAAAGGCAATGGAAACTGCGAGACTAGAGAGAGATAGGGG
CAGGAGGAATTCCAGGTGTAGCGGTGAAATGCGTAGATATCTGGAAGAACACCAGT
GGCGAAAGCGTCCTGCTGGATCTCAACTGACGCTGAAGTACGAAAGCTAGGGGAGC
GAATGGGATTAGATACCCCAGTAGTCCTAGCCGTAAACGATGGGTACTAGGTGTTGGT
CGTATCGACCCGATCAGTGCCGTAGCTAACGCGTTAAGTACCCCGCCTGGGGAGTAC
GGTCGCAAGATTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTA

TGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAAGGCTTGACATGTCGTGAAT
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CCTCTTGAAAGGGAGGAGTGCCTTCGGGAGCACGAACACAGGTGGTGCATGGCTGT
CGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTA
TTTAGTTGCCATCATTCAGTTGGGCACTCTAGATAGACTGCCGGTGACAAACCGGAG
GAAGGTGGGGATGACGTCAAGTCATCATGCCCCTTACGCCTTGGGCTACACACGTAC
TACAATGGCCGGGACAAAGAGTTGCGAGCATGCGAATGCAAGCTAATCTCATAAACC
CGGTCTTAGTTCAGATTGCAGGCTGCAACTCTCCTGCATGAAGGCGGAATCGCTAGT
AATCGCAGGTCAGCATACTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCG
TCACACCATGGAAGCTGGTCACGCCCGAAGTCGTTATCTCAACCCGTAAGGGAGGG
AGGCGCTAACGTCTGT

Hyxkneotunanas mnocnemnoBarensHOocTh TreHa 16S pPHK mramma CALU 1791 (anuna
nocyenoBaTebHOCTH - 1377 1m.H.).
GCGGTATGCTTAACACATGCAAGTCGAACGAAGTTTTCGGACTTAGTGGCGGACGGG
TGAGTAACGCGTAAGAATCTACCTATAGGTTCGGGACAACAGTTAGAAATGACTGCT
AATACCGGATGTGCCTTCGGGTGAAAGTTTTAATGCCTGTAGATGAGCTTGCGTTCGA
TTAGCTAGATGGTGAGGTAATGGCTCACCATGGCGACGATCGATAACTGGTCTGAGA
GGATGACCAGTCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCA
GTGGGGAATTTTCCGCAATGGGCGAAAGCCTGACGGAGCAATACCGCGTGAGGGAC
GAAGGTCTGTGGATTGTAAACCTCTTTTGTTGGGGAAGATAATGACGGTACCCAACG
AATAAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAAGACGGAGGATGCAAGCG
TTATCCGGAATTATTGGGCGTAAAGCGTACGTAGGCTGTTTCATAAGTCTGTTGTCAA
AGCGCGAGGCTCAACCTTGTAAAGGCAATGGAAACTGCGAGACTAGAGAGAGATAG
GGGCAGGAGGAATTCCAGGTGTAGCGGTGAAATGCGTAGATATCTGGAAGAACACC
AGTGGCGAAAGCGTCCTGCTGGATCTCAACTGACGCTGAAGTACGAAAGCTAGGGG
AGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCGTAAACGATGGGTACTAGGTGT
TGGTCGTATCGACCCGATCAGTGCCGTAGCTAACGCGTTAAGTACCCCGCCTGGGGA
GTACGGTCGCAAGATTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGG
AGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAAGGCTTGACATGTCGT
GAATCCTCTTGAAAGGGAGGAGTGCCTTCGGGAGCACGAACACAGGTGGTGCATGG
CTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCT
CGTATTTAGTTGCCATCATTCAGTTGGGCACTCTAGATAGACTGCCGGTGACAAACCG
GAGGAAGGTGGGGATGACGTCAAGTCATCATGCCCCTTACGCCTTGGGCTACACACG
TACTACAATGGCCGGGACAAAGAGTTGCGAGCATGCGAATGCAAGCTAATCTCATAA
ACCCGGTCTTAGTTCAGATTGCAGGCTGCAACTCGCCTGCATGAAGGCGGAATCGCT
AGTAATCGCAGGTCAGCATACTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGC
CCGTCACACCATGGAAGCTGGTCACGCCCGAAGTCGTTATCTCAACCCGTAAGGGAG
GGAGGCGCTAAGGC
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Hyxneorunanas mnocnemoBatensHocTh TeHa 16S pPHK mramma CALU 1811 (nnuna
rocyeaoBaTenbHOCTH - 1383 1.H.).
GTATGCTTAACACATGCAAGTCGAAACGAAGTCTTCGGACTTAGTGGCGGACGGGTG
AGTAACGCGTAAGAATCTACCTATAGGTTCGGGACAACAGTTAGAAATGACTGCTAAT
ACCGGATATGCCTTCGGGTGAAAGTTTTAATGCCTGTAGATGAGCTTGCGTTCGATTA
GCTAGATGGTGGGGTAACGGCTTACCATGGCGACGATCGATAACTGGTCTGAGAGGA
TGACCAGTCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTG
GGGAATTTTCCGCAATGGGCGAAAGCCTGACGGAGCAATACCGCGTGAGGGACGAA
GGCCTGTGGGTTGTAAACCTCTTTTGTTAGGGAAGATAATGACGGTACCTAACGAATA
AGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAAGACGGAGGATGCAAGCGTTAT
CCGGAATTATTGGGCGTAAAGCGTACGTAGGCTGTTTGATAAGTCTGTTGTCAAAGC
CCGAGGCTCAACCTTGGATCGGCAATGGAAACTGTGAGACTAGAGAGAGATAGGGG
CAGGAGGAATTCCAGGTGTAGCGGTGAAATGCGTAGATATCTGGAAGAACACCAGT
GGCGAAAGCGTCCTGCTGGATCTCAACTGACGCTGAAGTACGAAAGCTAGGGGAGG
GAATGGGATTAGATACCCCAGTAGTCCTAGCCGTAAACGATGGACACTAGGTGTTGG
CCGTATCGACCCGGTCAGTGCCGTAGCTAACGCGTTAAGTGTCCCGCCTGGGGAGTA
CGGTCGCAAGATTGAAACTCAAAGGAATTGACGGGGGCCCGCCCAAGCGGTGGAGT
ATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAAGGCTTGACATGTCGTGAA
TCCTCTTGAAAGGGAGGAGTGCCTTCGGGAGCACGAACACAGGTGGTGCATGGCTG
TCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGT
TTTTAGTTGCCATCATTAAGTTGGGCACTCTAGAGAGACTGCCGGTGACAAACCGGA
GGAAGGTGGGGATGACGTCAAGTCATCATGCCCCTTACGCCTTGGGCTACACACGTA
CTACAATGGTCGGGACAAAGAGTCGCAAGCATGCGAATGCAAGCTAATTTCATAAAC
CCGGTCTTAGTTCAGATTGCAGGCTGCAACTCGCGTGCATGAAGGCGGAATCGCTAG
TAATCGCAGGTCAGCATACTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCC
GTCACACCATGGAAGCTGGTCACGCCCGAAGTCGTTATCTCAACCCGCAAGGGAGG
GAGGCGCCTACGGCTGTTCGG

Hyxkneorunnas mnocnemnoBarensbHocTh TreHa 16S pPHK mramma CALU 1812 (anuna
MoCJIeI0BaTeIbHOCTH - 1368 11.H.).
TACACATGCAGTCGAACGGGTACTTCGGTACTAGTGGCGGACGGGTGAGTAACGCGT
AAGAATCTACCTATAGGTTCGGGACAACAGTTAGAAATGACTGCTAATACCGGATATG
CCGAGAGGTGAAAGTTTTAATGCCTATAGATGAGCTTGCGTCCGATTAGCTAGATGGA
GTGGTAACGGCACACCATGGCGACGATCGGTAGCTGGTCTGAGAGGATGACCAGTCA
CACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTC
CGCAATGGGCGAAAGCCTGACGGAGCAATACCGCGTGAGGGACGAAGGTCTGTGGA

TTGTAAACCTCTTTTGTTAGGGAAGATAATGACGGTACCTAACGAATAAGCATCGGCT
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AACTCCGTGCCAGCAGCCGCGGTAAGACGGAGGATGCAAGCGTTATCCGGAATTATT
GGGCGTAAAGCGTACGTAGGCTGTTAGATAAGTCTGTTGTCAAAGCGCGAGGCTCAA
CCTTGTAAAGGCAATGGAAACTGTTTGACTAGAGAGAGATAGGGGCAGGAGGAATTC
CAGGTGTAGCGGTGAAATGCGTAGATATCTGGAAGAACACCAGTGGCGAAAGCGTCC
TGCTGGATCTCAACTGACGCTGAAGTACGAAAGCTAAGGGAGGGAATGGGATTAGAT
ACCCCAGTAGTCCTAGCCGTAAACGATGGGTACTAGGTGTTGGTCGTATCGACCCGAT
CAGTGCCGTAGCTAACGCGTTAAGTACCCCGCCTGGGGAGTACGGTCGCAAGATTGA
AACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGA
TGCAACGCGAAGAACCTTACCAAGGCTTGACATGTCGTGAATCCTCTTGAAAGGGAG
GAGTGCCTTCGGGAGCACGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGT
GAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTATTTAGTTGCCATCATTA
AGTTGGGCACTCTAGATAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACG
TCAAGTCATCATGCCCCTTACGCCTTGGGCTACACACGTACTACAATGGTCGGGACAA
AGAGTTGCGAGCATGCGAATGCAAGGTAATTTCATAAACCCGGTCTTAGTTCAGATTG
CAGTCTGCAACTCGCCTGCATGAAGGCGGAATCGCTAGTAATCGCAGGTCAGCATAC
TGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGAAGCTGG
TCACGCCCGAAGTCAGTTATCTCAACCCGTAAGGGAGGAGGCGCCTACCGTCA
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Hpuioxenue 3

Tabmuma 1.

ITammel, mocnenoBarenbHocTy rera 16S pPHK kotopeix 6putn 3a1enonupoBansl B GenBank u

HCIIOJIb30BaHbl B JAHHOM HCCJICJOBAaHHNU.

[Iramm Wnentuduxarop | [Ipoucxoxnenue DKOJIOTHYECKHE
HOCJIEAOBATENBH | IITaMMa 0COOCHHOCTH
octu B GenBank
Pseudanabaena KMO020005 BenukoOpuranus, BbolziesieH U3 mpecHOBOIHOTO
catenata SAG1464 KaHaBa OKOJIO | BOJJOEMa B 30HE YMEPEHHOTO
Oxcdopna KJINMaTa

Pseudanabaena AB039020 BenukoOpuranusi, p. | BelaeneH u3 mpecHOBOJHOTO

catenata PCC7408 Tem3a BOJIOEMa B 30HE YMEPEHHOIO
KJIMMaTa

Pseudanabaena sp. | LC016775 Slnonus, 0. | Beigenen U3 mpecHOBOIHOTO

PS1303 Kacymuraypa BOJIOEMa B 30HE YMEPEHHOTO
KJIMMaTa

Pseudanabaena sp. | LC016774 SInonus, o. busa BhizeneH U3 npecHOBOIHOTO

Ak1201 BOJIOEMa B 30HE YMEPEHHOTO
KJIMMaTa

Pseudanabaena  sp. | AB936777 SInonwus, 0. | BeleneH u3 nmpecHOBOJHOTO

0830-3 Xaruporara BOJIOEMa B 30HE YMEPEHHOTO
KIIMMaTa

Pseudanabaena sp. | KY379886 I'epmanus, aryHa | Beigenen u3 JaryH

CZS_47H Hapc-Llunrcrep Bbanrtuiickoro mops

bonnenkerre

Pseudanabaena sp. | AB039017 ? ?

PCC 6903

Pseudanabaena LC016778 Asctpus, 0. O0ep Belaenen n3 npecHOBOJHOTO

galeata SAG13.83 BOJIOEMA B 30HE YMEPEHHOTO
KJIMMaTa

Pseudanabaena LC016776 [IBerus, 0. | Belenen u3 mMpecHOBOIHOIO

limnetica Menapen BOJIOEMa B 30HE YMEPEHHOTO

NIVA-CYA276/6 KIIuMarta

Pseudanabaena LC016773 SInonusi, o. busa Beinenen u3 npecHOBOIHOTO

foetida PTG BOZIOEMA B 30HE YMEPEHHOTO
KJIMMaTa

Pseudanabaena LC153790 Snonwus, o. busa BbhiziesieH U3 mpecHOBOIHOTO

foetida NIES-512

BOJIOEMa B 30HE YMEPEHHOTO
KiipMara
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Tabmuna 1 (mpomormkeHue).

Pseudanabaena sp. | AB039016 CoeMHEHHBIC Bhizenen U3 npecHOBOIHOTO
PCC6802 Irater  Amepukwu, | Bogoema B 30HE
mrar Kanupopaus | cpenu3eMHOMOPCKOTO

KJIMMaTa

Pseudanabaena sp. | AB039018 Mekcuka, BeimenieH W3 COJIEHOTO

PCC7367 mooepexbe MECTOOOUTaHUS c
TPOIHYECKUM WK
YMEPECHHBIM KJIMaTOM

Pseudanabaena  sp. | AB039019 IBeiinapus Beinenen U3 npecHOBOIHOTO

PCC7403 BomoeMa (00J0TO) B 30HE
KOHTHHEHTAJIBHOTO KJINMAaTa

Limnothrix  redekei | AJ580007 Hunepnaumsr, 0. | Belenen U3 MpecHOBOIHOIO

CCAP 1443/1 Jlocnpextce-Ilnac BOJIOEMa B 30HE YMEPEHHOTO
KJIUMara

Limnothrix sp. Sai002 | GU935351 lepmanus,  pydeii | BeigeneH u3 mpecHOBOIHOTO

3aiinenbax BOJIOEMa B 30HE YMEPEHHOIO

KJIMMaTa

Synechococcus  sp. | AF216945 ? ?

PCC7009

Leptolyngbya frigida | AY493576 AHTapKTHIA, XOJIMBI | BeigenmeH M3 MPECHBIX

ANT.L53B.2 JlapcemanHna BOIOEMOB XOJIOIHBIX
MEeCTOOOUTAHMIA

Phormidesmis AY493580 AHTapKTHAa, XOIMBI | Beiennen M3 TpPecHBIX

priestleyi ANT.LG2.4 JlapcemanHa BOJIOEMOB XOJIOAHBIX
MECTOOOUTaHUH
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Ipuioxenue 4.

Tabmuma 1.
CpaBHeHI/Ie HYKJICOTUAHBIX HOCJ'ICI[OB&TCJ'IBHOCTCﬁ HCCICAYEMBIX mTaMMOB n
nocienoBarenbHocTeit m3 GenBank
HOMep HCCIICAYyEMOTI'O HazBanue mTaMMa u HOMCEp Cremnenn
mramma, CALU nocnenosarepbHocTy U3 GenBank CXOJCTBa
CALU 1773 Pseudanabaena catenata SAG1464, KM020005 97%
Pseudanabaena catenata PCC7408, AB039020 97%
Pseudanabaena sp. PS1303, LC016775 97%
Pseudanabaena sp. Ak1201, LC016774 97%
Pseudanabaena sp. 0830-3, AB936777 97%
Pseudanabaena sp. CZS_47H, KY 379886 97%
Pseudanabaena sp. PCC 6903, AB039017 98%
Pseudanabaena galeata SAG13.83, LC016778 96%
Pseudanabaena limnetica NIVA-CYA276/6,
LC016776 98%
Pseudanabaena foetida PTG, LC016773 97%
Pseudanabaena foetida NIES-512, LC153790 97%
Pseudanabaena sp. PCC7367, AB039018 89%
Pseudanabaena sp. PCC6802, AB039016 91%
Pseudanabaena sp. PCC7403, AB039019 91%
Limnothrix redekei CCAP 1443/1, AJ580007 97%
Limnothrix sp. Sai002, GU935351 97%
Synechococcus sp. PCC7009, AF216945 86%
Leptolyngbya frigida ANT.L53B.2, AY493576 90%
Phormidesmis priestleyi ANT.LG2.4, AY493580 89%
CALU 1785 Pseudanabaena catenata SAG1464, KM020005 98%
Pseudanabaena catenata PCC7408, AB039020 98%
Pseudanabaena sp. PS1303, LC016775 98%
Pseudanabaena sp. Ak1201, LC016774 98%
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Tabmuna 1 (mpomormkeHue).

Pseudanabaena sp. 0830-3, AB936777 98%
Pseudanabaena sp. CZS_47H, KY 379886 97%
Pseudanabaena sp. PCC 6903, AB039017 97%
Pseudanabaena galeata SAG13.83, LC016778 98%
Pseudanabaena limnetica NIVA-CYA276/6, 98%
LC016776
Pseudanabaena foetida PTG, LC016773 98%
Pseudanabaena foetida NIES-512, LC153790 98%
Pseudanabaena sp. PCC7367, AB039018 88%
Pseudanabaena sp. PCC6802, AB039016 91%
Pseudanabaena sp. PCC7403, AB039019 91%
Limnothrix redekei CCAP 1443/1, AJ580007 98%
Limnothrix sp. Sai002, GU935351 97%
Synechococcus sp. PCC7009, AF216945 86%
Leptolyngbya frigida ANT.L53B.2, AY493576 90%
Phormidesmis priestleyi ANT.LG2.4, AY493580 89%
CALU 1787 Pseudanabaena catenata SAG1464, KM020005 97%
Pseudanabaena catenata PCC7408, AB039020 97%
Pseudanabaena sp. PS1303, LC016775 97%
Pseudanabaena sp. Ak1201, LC016774 97%
Pseudanabaena sp. 0830-3, AB936777 97%
Pseudanabaena sp. CZS_47H, KY 379886 97%
Pseudanabaena sp. PCC 6903, AB039017 97%
Pseudanabaena galeata SAG13.83, LC016778 97%
Pseudanabaena limnetica NIVA-CYA276/6, 98%
LCO016776
Pseudanabaena foetida PTG, LC016773 97%
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Tabnuma 1 (mpomomxeHue)

Pseudanabaena foetida NIES-512, LC153790 97%
Pseudanabaena sp. PCC7367, AB039018 88%
Pseudanabaena sp. PCC6802, AB039016 90%
Pseudanabaena sp. PCC7403, AB039019 91%
Limnothrix redekei CCAP 1443/1, AJ580007 98%
Limnothrix sp. Sai002, GU935351 97%
Synechococcus sp. PCC7009, AF216945 85%
Leptolyngbya frigida ANT.L53B.2, AY493576 89%
Phormidesmis priestleyi ANT.LG2.4, AY493580 88%
CALU 1791 Pseudanabaena catenata SAG1464, KM020005 98%
Pseudanabaena catenata PCC7408, AB039020 98%
Pseudanabaena sp. PS1303, LC016775 98%
Pseudanabaena sp. Ak1201, LC016774 98%
Pseudanabaena sp. 0830-3, AB936777 98%
Pseudanabaena sp. CZS_47H, KY 379886 97%
Pseudanabaena sp. PCC 6903, AB039017 97%
Pseudanabaena galeata SAG13.83, LC016778 98%
Pseudanabaena limnetica NIVA-CYA276/6, 98%
LC016776
Pseudanabaena foetida PTG, LC016773 98%
Pseudanabaena foetida NIES-512, LC153790 98%
Pseudanabaena sp. PCC7367, AB039018 88%
Pseudanabaena sp. PCC6802, AB039016 90%
Pseudanabaena sp. PCC7403, AB039019 91%
Limnothrix redekei CCAP 1443/1, AJ580007 98%
Limnothrix sp. Sai002, GU935351 98%
Synechococcus sp. PCC7009, AF216945 86%
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Tabmuna 1 (mpomormkeHue).

Leptolyngbya frigida ANT.L53B.2, AY493576 90%
Phormidesmis priestleyi ANT.LG2.4, AY493580 89%
CALU 1811 Pseudanabaena catenata SAG1464, KM020005 99%
Pseudanabaena catenata PCC7408, AB039020 99%
Pseudanabaena sp. PS1303, LC016775 99%
Pseudanabaena sp. Ak1201, LC016774 99%
Pseudanabaena sp. 0830-3, AB936777 99%
Pseudanabaena sp. CZS_47H, KY 379886 99%
Pseudanabaena sp. PCC 6903, AB039017 98%
Pseudanabaena galeata SAG13.83, LC016778 97%
Pseudanabaena limnetica NIVA-CYA276/6, 97%
LC016776
Pseudanabaena foetida PTG, LC016773 97%
Pseudanabaena foetida NIES-512, LC153790 97%
Pseudanabaena sp. PCC7367, AB039018 89%
Pseudanabaena sp. PCC6802, AB039016 90%
Pseudanabaena sp. PCC7403, AB039019 91%
Limnothrix redekei CCAP 1443/1, AJ580007 99%
Limnothrix sp. Sai002, GU935351 98%
Synechococcus sp. PCC7009, AF216945 86%
Leptolyngbya frigida ANT.L53B.2, AY493576 89%
Phormidesmis priestleyi ANT.LG2.4, AY493580 90%
CALU 1812 Pseudanabaena catenata SAG1464, KM020005 96%
Pseudanabaena catenata PCC7408, AB039020 96%
Pseudanabaena sp. PS1303, LC016775 96%
Pseudanabaena sp. Ak1201, LC016774 96%
Pseudanabaena sp. 0830-3, AB936777 97%
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Tabnuma 1 (mpomomxeHue)

Pseudanabaena sp. CZS_47H, KY 379886 97%
Pseudanabaena sp. PCC 6903, AB039017 96%
Pseudanabaena galeata SAG13.83, LC016778 97%
Pseudanabaena limnetica NIVA-CYA276/6, 99%
LC016776

Pseudanabaena foetida PTG, LC016773 99%
Pseudanabaena foetida NIES-512, LC153790 99%
Pseudanabaena sp. PCC7367, AB039018 88%
Pseudanabaena sp. PCC6802, AB039016 91%
Pseudanabaena sp. PCC7403, AB039019 91%
Limnothrix redekei CCAP 1443/1, AJ580007 97%
Limnothrix sp. Sai002, GU935351 97%
Synechococcus sp. PCC7009, AF216945 85%
Leptolyngbya frigida ANT.L53B.2, AY493576 89%
Phormidesmis priestleyi ANT.LG2.4, AY493580 88%
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