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CraHmapTHBIMHI METOIaMM OIIpeIelieH OMoXuMmudecKuii coctaB Arthrospira (Spirulina) platensis (Nordstedt)
Gomont nocnie JIuTeabHOoro xpaHeHus (4 roga, 17 jiet) B cocTosiHUM aHruapoouo3sa. [lokazaHo, yTo Koauye-
cTBO 6e1IKOB (55.3—61.2%) 1 cymmapHbIX yriieBoaoB (13.0—15.6%) B kiieTKax LIMaHOGAKTEPHUIL COOTBETCTBOBAJIO
JIAHHBIM, U3BECTHBIM M3 JIUTEPATYPhl U MOJTyYSHHBIM HaMU paHee MPU 3aKJIaJiKe 9THX Ke 00pa3iioB Ha XpaHe-
Hue. Conepxanue cBOOOMHBIX HyKIeoTruaoB (1.8—2.6%), numunos (1.3—11.0%) n, oco6eHHO, MUTMEHTOB ObI-
J10 Hu3kuM (0.5—1.3, 0.03—0.12, 1.4—2.0, 0.03—0.05% cOOTBETCTBEHHO, IJIs1 XJIOPOGUILIA d, KAPOTUHOU-
noB, C-pukonmannHa u amropukonuaHuHa). KonmdecTBo HYKJIEMHOBEIX KMCJIOT B IpobOax JOCTUTAJIO:
3.1-24.0 u 0.11-0.16% cootBerctBeHHo, mist PHK u JIHK. IIpy MHUKpPOCKOITMYECKOM KCCIIEIOBAaHUN
A. platensis (17 net xpaHeHUsT) TToKazaHo Hammure 34.2% HeoOpaTUMO MOBPEKICHHBIX U 65.8% MepTBBIX
kJeTok. JJist onpeneneHust KOMMYeCTBEHHBIX U MOP(OIOrnyeckKux nokasareseil accCollMmupoBaHHON MUK-
pOodIOPHI MPETOKEHO UCITOI30BaTh KOMIUIEKCHYIO (DM3UKO-XUMUYECKYI0 00paboTKy (MeTaHOJ, yabTpa-
3BYK, LIEHTPpU(YIrMpOBaHME) CYCIIEH3MM pPEeaKTMBUPOBAHHBLIX LMaHOOakTepuil. B Mopdomoruueckoit
CTPYKTYpE MUKPOOMOMA BBIZIEJICHBI 3 OCHOBHBIE IPYIITHI (TAJIOYKOBUIHBIE, OKPYTJIBIE ¥ U3BUTHIC (DOPMBI).
B coo0liecTBe JOMUHUPOBAIM MAJTOYKOBUAHBIE (DOPMBI: KPYITHBIE MAIOYKKU cocTaBisin 60.5%, menkue
mayiouku — 14.4%. MunennanbHble (DOpMBI (TOHKHWE HUTH), KOKKHW W U3BUTBIE (POPMBI BCTPEYAIUCH PEXKeE.
B cpenHeM 00beM GakTepuaabHOM KiIeTKHU coctaisit 0.27 £ 0.04 mxm>. Bkiiax Gaktepuii cOCTaBisuI ot 3.3
1o 11.3% (B cpenHeM 8.3 + 4.4%) ot Beca cyxoit 6GuomMacchel A. platensis. BbickazaHO TIpeIITOI0XEeHUE, YTO
Ha OMOXMMUYECKHME MTOKA3aTeNU U )KU3HECTTOCOOHOCTh IMAHOOAKTEepU A OKa3blBasla BIUSIHUE COMYTCTBYIO-
mast MUKpodiopa.

KimoueBble cioBa: 1ntmaHo6axkrepun, Arthrospira (Spirulina) platensis, OMOXUMWYECKHUI COCTaB, XKU3HECIIO-
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Ilunano6akrepust Arthrospira (Spirulina) platensis
CONEPKUT OTPOMHOE KOJIMYECTBO OeKa, BUTAMUHOB,
MUHEPAIOB, KUCJIOT, OKOJIO 2 ThIC. (hEPMEHTOB, LI€H-
HBIX IIMTMEHTOB; OHA MCIOJIL3YETCS B MEIULIMHE KaK
OGMOJIOTMYECKN aKTUBHAsI N00aBKa, MPUMEHSIETCS B
KOCMETOJIOTUH, OUETOJIOTUM, SIBISIETCS OOHUM U3
HONYJSIPHBIX 00BeKTOB KyJIbTuBHpoBaHus (Vonshak
1997; Falquet, Hurni, 2006; Liu et al., 2016).

[Inano0aKTepun COXPaHSIOT B aJIbIOJIOTMYECKUX
1 GUOTEXHOJIOTUYECKUX KOJUICKIUSIX C MCIOIb30Ba-
HUEM IINPOKOTO CHEKTpa METOANYECKUX MOIXOIOB.
OIHUM M3 CITOCOOOB SIBJISIETCS IePEBeICHUE KYIbTH-
BUPYEMBIX OPraHM3MOB B COCTOSIHME aHAOMO03a, Jallie
OCYIIECTBJISIEMOE ITyTeM 00e3BOXUBAHMS KJICTOYHO
oroMacchl. XpaHeHUE KYJIbTYP B TOJOOHOM COCTOSIHUM
obecIieunBaeT JOJITOCPOUYHOE COXpPAaHEHUE KIIETOK C
MOAAeP>KaAHUEM HX BBICOKOI XM3HECITOCOOHOCTH,
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MpeaynpexkaaeT MyTallMOHHbIE U3MEHEHUS, T.€. O]~
JIep>X1UBAeT OPraHU3Mbl B MAaKCUMAJIbHO OJIM3KOM K
€CTEeCTBEHHOMY cocTosiHuio (Xapuyk, 2007, 2008).
M3BecTHBI JaHHBIE, YTO MPU TIEPEBOME B COCTOSIHUE
aHTUApOOMO3a B KJIETKaX JOJIKHA OCTaBaThCd BOIA,
YTO ITO3BOJISIET CTPYKTYpaM KJICTKM MEPEUTU B TeJie-
o0pa3HoOe COCTOSTHUE, COXPAHSISI (KM3HECITOCOOHOCTD, a
OGUOXMMUYECKHE TPOLECChl MPUOCTAHABIMBAIOTCS.
IIpu HU3KOM OCTATOYHOM BIIAXKHOCTU ITPOUCXOIUT
JIEeCTPYKLIVS KJIETOUHBIX BJIEMEHTOB, UTO IIPUBOIUT K
rubesin KJIETOK, a IPU BBICOKOM BIAXKHOCTH MOTYT
HayaTh Pa3sBUBAThCsI THUIOCTHEIE TTpouecchl (bekep
U CoaBT., 1981). DKcriepuMeHTalbHbIM ITyTEM ITOKa-
3aHO, YTO JUISI COXPaHEHUS KU3HECITOCOOHOCTHU
A. platensis ocTaToyHas BIaXXHOCTh JTOJIKHA COCTaB-
nath 7—11% (Xapuyk, 2015).
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PaHee ycTaHOBJEHO, YTO B HATHUBHOII IpoGe
A. platensis conepXaHue OCHOBHBIX OMOXUMUYECKUX
MokasaTeJieii — OeJIKOB, JIMIIUIOB U CYMMAapHEBIX yI-
JIEBOJOB; MUTMEHTOB (XJIOpoduiia a U KapOTUHOM -
noB), cBobogHbBIX HykKJIeoTuaoB, JIHK, PHK B 11e1oM
COOTBETCTBOBAJIO JUAIA30HY BEJIUYUH, OMUCAHHBIX
npyrumu aBropamu (Vonshak, 1997; Falquet, Hurni,
2006; Xapuyk, 2008; Liu et al., 2016). B miepBbIii rox
XpaHEeHWUsI Iocjie 00€3BOKUBAHMS, [TO CPABHEHUIO C Ha-
THBHOI P000ii, BOMOXUMUIECKOM cocTaBe A. platensis
He ObUI0 OOHAPYKEHO JOCTOBEPHBIX U3MEHEHU (Xap-
qyk, 2008). YcTaHOBIIEHO, YTO MOCJIe 6-JIETHETO Xpa-
HEHUS TIPU peakTuBauuu A. platensis Tiepexonuniia B
aKTUBHYIO (pa3y pocTa, KJIeTKU NPUCTYNaIu K Jesie-
HUIO, B KYJIBType ObLIIM OOHAapY:KEeHbI MOJIOAbIE TPU-
xoMblI (Xapuayk, 2007, 2008). OmHako ocTaeTCsl HEBBI-
SICHEHHBIM BOIIPOC O MaKCUMAJIbHOU IJIUTEIbHOCTU
XpaHEeHU LIMaHOOaKTepUil B 06E3BOKEHHOM COCTOSI-
HUU, B TeYeHUE KOTOPOI CITOCOOHOCTH K BOCCTAHOB-
JICHUIO U ISJICHUIO KJIETOK OyIeT COXpaHSIThCSI.

I1I1poKo M3BECTHO, YTO IIPU BhIpAIIMBAHUU aJIb-
TOKYJIBTYP B HUX BCerla MPUCYTCTBYET COMYTCTBYIO-
mast mukpodopa (Tapxosa, 2005; Mogale, 2016;
Vardaka et al., 2016), a Tak:ke BO3MOXKXHAa KOHTAMMHA-
LIYST, BO3HMKAIOIIAST BO BpeMsI XpaHEHUsI Cyxoii buomac-
cbl. B 1abopaTopHBIX YCIOBUSIX POCT LIMaHOOAKTEPUiA
A. platensis cOpOBOXIAETCSI Pa3BUTUEM ITPOTEOIH-
TUYECKUX, AaMWIOJIUTUYCCKUX, JIMITOIUTUIECKUX U Ip.
reTepoTPOMHBIX MUKPOOPTaHU3MOB, CPEIU KOTOPBIX
yalile BBIAEISIOT YeThIpe JOMUHUPYIOIUX ponaa: Fla-
vobacterium, Mycobacterium, Achromobacter, Pseudomo-
nas (Tapxosa, 2005). MUKpOOpraH1U3Mbl MOTYT BJIUSITh
Ha XXU3HECITOCOOHOCTh U OMOXUMUYECKIE IToKa3aTe-
JIV aIbIOKYJIBTYP.

Lenpto maHHOK paboOThl OBLIO HCCISIOBAHUE
JKM3HECTIOCOOHOCTU U OMOXMMMYECKOIO COCTaBa
KJIETOK A. platensis npu JJINTETbHOM XpaHEHUU B CO-
CTOSTHUM aHabKo3a, OLleHKAa MOP(MOJIOTMUECKOM CTPYK-
TYypbl COMYTCTBYIOLIEH MUKPOMIOPHI U ee BKJana B
ouomaccy A. platensis.

MATEPHAJIBI U METOAbI MCCIIEJOBAHWA

YeaoBus BoIpanmBaHus v nepeBon A. platensis B co-
cTosHMe aHruapoouosza. OOBEKTOM MCCeNOBaHUS
ciyxwuna Kynbrypa Arthrospira (Spirulina) platensis
(Nordstedt) Gomont (mutamm IBBS—31) 13 komnek-
OUU OTAeIa onoTexHonoruu u puropecypcos GUILL
MubIOM PAH. llnaromnpokapnoThl BEIPAIINBAINCh
B peXXMMe HaKOIUTEIbHOTO KYJIbTUBUPOBAHUS TIPU
MOCTOSIHHOM KPYTJIOCYTOUHOM OCBEIIIEHUU W aBTO-
MaTUYECKOM TIepeMEeITMBAaHUKM C HCITOIb30BaHUEM
Hacoca JJis yaaJleHusl U30bITKa KUCJIOPOIa U3 CPedbl
1 paBHOMEPHOTO MPOrpeBa BCEero CJosl MUTATeIbHOTO
pacTtBopa KyJIbTyphel. bapboTnpoBammm atMochepHBIM
BO3IYXOM C OOLIEH CKOpOCThbIO rogayu 1.42 1 MuH~!,
uro coctaBisio 0.35 1 mun~! 1! KyneTyphl. UHTEH-
CHBHOCTbB CBETa Ha IIOBEPXHOCTH PACTBOPa KYJIbTYPhI

cocrapstia 10.7 KJIK, oJ1st U3MepeHUsT NCTTOJIE30BaJIA
npubop kBaHTomeTrp Li-250A (“Li-Cor”, CIIA).
TemnepaTtypa cpelnbl U3MEHSJIaCh B auama3zoHe 20—
25°C. B kauecTBe nUTaTeNIbHOM cpenbl 11 A. platensis
ucrioinb3oBaim cpeny 3appyka (Faucher etal., 1979).
KynpTuBaTOpaMmu COyKWJIW CTEK/ISIHHbIE CTaKaHBI
00BbeMoM 2 1M3; 00beM cpebl cocTaBisul 1 am’ pu
BBICOTE ci10s1 14—15 cM.

Ha craumoHapHoii ctaguu pocta TpuxoMbl A. plat-
ensis KOHIICHTPUPOBAIN MyTeM UX (IIBTPAIIUU depe3
menbHMIHBIH Ta3 100—105 T1D. CxkoHneHTpUpoOBaH-
HYIO KYJIbTYypy A. platensis IpOMbIBJIM TUCTULIAPO-
BaHHOM BOMOI1 B COOTHOIIIEHNHU 1 : 3 IS TTOJTHOTO OT-
MBIBaHUS OT COJICH Y COXpaHEHMSI KIIETOUHBIX MEMOpaH
1 000JI0YEK; COXPAHHOCTb KJIETOK KOHTPOJMPOBAIU
MUKPOCKOITMPOBaHUEM. 3aTeM TMOJYIeHHYIO IacTy
BOOOPOCJIEeii pa3aesisiii Ha HECKOJILKO YacTeil U BbICY-
IIBAJIU 10 BO3MYIITHO-CYXOTO COCTOSTHUSI B TEpMOCTATe
B TeMIteparypHoM auarna3oHe 30—70°C B TeueHue 24 4
IIPU OCTATOYHOM BIaXXHOCTU 8.5—9.5%. O6e3BOXKEH-
HbIE KJIETKM LIMaHOOAKTEpUil XpaHUJIU B TEPMETUYHO
3aKPBITHIX TTOJUITUIICHOBBIX YITAaKOBKAX B TEMHOTE
npu tremreparype 15—20°C.

Buoxummnueckue uccnenosanus A. platensis. B pa-
00Te UCIIOJIb30BAJIM BRICYIIIEHHYIO Ouomaccy A. plat-
ensis, KoTopasi paHee Obljia UccJieOBaHA B HATUBHOM
COCTOSTHHMU, TTOCJIe 00e3BOXKMBAHMSI 1 Yepe3 OMMH TofI
xpaHeHus (Xapuyk, 2008). PaGoTsI ¢ 3TUIM Xe 00pa3-
110M A. platensis ObIIU MPONOJKEHBI yepe3 4- u 17-
JIETHUE CPOKU XpaHeHUs1. I[Ipobbsl o6padaThIBaIN MO
cxeMe KOMITJIEKCHOTO XMMUYECKOTO aHajin3a TUIPO-
ouoHToB (KombiToB U coaBT., 1985). ConepxkaHue
MUTMEHTOB OIPEIEIISIIN CITeKTPO(MOTOMETPUICCKI-
MU MeTomaMu Ha mpubope CD-2000 (“JIOMO”,
Poccus). Xnopodpunn a (X a) U3 cyxux KIETOK
A. platensis skctparupoBaa 90% aileTOHOM; OTNTH-
YeCKYIO TJIOTHOCTH MOJIyIeHHBIX CYyTIepHATAHTOB pe-
rucTpupoBanu npu 664 u 647 uMm. KapoTuHOUIBI
(KP) orteHMBamy B CcyMMapHOI BBITSKKE TTMTMEHTOB
A. platensis 1o nornomieHuto B ooaactu 480 oM (Rowan,
1989). MaccoBylo noiio 0enka B LIMaHOOAKTEPUIX
onpenesumi o Metonuke Jloypu (Lowry et al., 1951).
KommuecTBo cBobomubix Hyk1eoTunoB (CH), PHK u
JHK omnpenensinu crieKTpo@OTOMETPUUECKUM Me-
tonoM (CrnimpuH, 1958). O6lee conep:kaHue JUMU-
ITIOB HaXOIWJIN CIIEKTPODOTOMETPUIECKIM METOIOM
¢ (ochOoBaHMIMHOBBIM peakTUBOM. OTipeneeHue
YIJIEBOIOB MPOBOIWIIN C TTOMOIIBIO L-TpuntodaHo-
Boro peaktuBa (AraroBa, 2004). C-dukonmaHuH
3KCTPArupoBaJIv AUCTUJLUIMPOBAHHOM BOJIOH, €r0 CO-
IepkaHUe pacCYNUTAIH 110 popMyJie, TIpUBEICHHOM B
pa6ore (I'eBoprm3, Hexopomes, 2017). [Tokazarenu
OMOXMMUYECKOTO COCTAaBa BhIPaXKaJiu B MIPOILIEHTaX B
nepecyere Ha cyxyio Maccy (CM). OctaTo4yHYIO
BJIAXKHOCTD OITPENEIIsUT CTAHIAPTHBIM METOIIOM [TO-
BEJICHUSI 10 TIOCTOSTHHOTO Beca.

IToaroroska cycnen3um A. platensis 111 MUKPOCKO-
NUYeCKNX HMCCJIeI0OBAHMI M OLIEHKH BKJIAna OakTepu-
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anpHOl cocTraBigiomeii. YToOB MWHMMHM3NPOBATH
BHEIIIHEEe 3arpsi3HEHME, BCEe UCITONb3yeMble PAaCTBOPHI
(¢bukcatopbl, CTEpUIbHYIO TIMTATEJIbHYIO cpeny 3ap-
pyKa, XUMHUYECKIE peareHThbl) HEIIOCPEACTBEHHO IIeper
paboToit (punbTpoBaIM 4Yepe3d MeMOpaHHBIE (DUIb-
Tpbl ¢ nMameTpoM Top 0.2 Mkm (“Sartorius”, I'epma-
Hus). s pasmauuBanus A. platensis ICIOIb30BaIN
CTepWIbHbIE IUIACTUKOBBIE MPOOUPKHU, B KOTOPHIC
nomeiiaad HaBecKy unaHo6axkrepuit (0.01—0.05r) u
JIoOaBISIIM 3 MJT CTEPWJIBHOM cpennl 3appyka, pa30aB-
JIEHHOM NVCTWJIMPOBAHHOI BOMOI, B COOTHOLLEHUU
(1: 2), mo MeTomuKe, OIMCaHHON paHee (Xapuyk,
2015). Yepe3 60 MUH 5KCITO3ULIMU TIPU KOMHATHOI
TeMIlepaType aJIMKBOTY CYCIIEH3UM KJIETOK A. platen-
sis UKcUpoBaau B TedeHue 60 MUH ITyTapOBbIM TH-
aJIbIECTUIOM IO KOHEYHOI KoHueHTpauuu 2.5% u
KWCHOJIb30BAIN 11 MUKPOCKOMUYECKUX UCCIEI0Ba-
HUII acCOLMUPOBAHHOI MUKPOQIIOPHI C ITOMOIIBIO
CKaHUPYIOLIETO 3JIEKTPOHHOr0 MukKpockomna (COM)
U pacueTa BKIana 6akTepuii B ouomaccy A. platensis Me-
TOOOM B3BelIMBaHMA. OCTaJIbHYIO CYCIIEH3UIO ITPOAOII-
>Kan peakTUBUPOBATh B TedeHHe 30 CyT ¢ exKeTHEBHBIM
onpeneaeHueM XN3HECITOCOOHOCTH KJIETOK (CM. clie-
JIYIOIINIA pa3aen).

Onpenenenne Ku3sHecnocooHocTu A. platensis. Bbi-
SIBJICHUE KUBBIX ¥ MEPTBBIX KJIETOK IIMaHOOAKTEPUIA
OCYIIECTBJISUIA C IOMOIIIBIO CBETOBOTO MUKPOCKOTIA
Carl Zeiss (“Axiostar plus”, I'epmanusi), cHaOXXeHHOTO
Kamepoit (“Canon A 6207, SnoHus) npu yBeande-
Huu ot X200 1o X630 meTomoMm nuddepeHIInaIbHO-
I'o OKpalluBaHUS KJIETOK METUJIEHOBBIM cuHUM (Cu-
peHkKo, 1975). OnHOBpeMEHHO YYUThIBAJIU O011Iee KO-
JIMYECTBO PEAKTUBUPYEMbBIX KJIETOK M OIIPEACIIsSIN
JIOJTIO KJIETOK, COXPAHUBILIMX KU3HECTTOCOOHOCTH (IO
KM3HECIMOCOOHOCTBIO MOoApa3yMeBal CIOCOOHOCTh
A. platensis S5HTOT€HHO IIOIJIONIATh KpacuTesb). Pe-
3yJIBTaTbl UHTEPIPETUPOBAIMN O MeToauke Meiicenst
(Meiicenb u coaBrT., 1961), amanTupoBaHHO aBTOpa-
MU IJIs1 IMaHOOAKTEPHIA.

Onpenenenne 101M 0aKTepmii B KyabType A. platensis
MeTonoM B3BemmBaHWil. CyCIIEH3UIO KJIETOK Cpasy
rocJjie pa3MauynMBaHUs U GUKCUPOBAHUS (KOHTPOJIb),
ocaxXmaiay Ha TIpeaBapUTeIbHO JOBEIeHHBIC IO IT0-
CTOSTHHOTO Beca HUTPOIIEUTIONO3HbIE (DUIBTPHI C
nuameTpoM 1mop 0.2 MKM ((pUIBTPBI 1 BOPOHKM “Sar-
torius”, I'epmanwms). [lapamienbHO aMMKBOTY CyC-
TeH3WM, I OoJiee TIOJTHOTO M3BJIEYEeHUsS MUKPO-
¢b0opbl U3 CyCeH3UU [TUaHOOAKTEePUid, TTOABEpraiu
dusuko-xumMmueckoit oopadorke (Lunau et al., 2005;
Kallmeyer et al., 2008; Rylkova et al., 2019). 115 3T0-
IO CYCIeH3UI0 00padaThbIBAIM METAHOJIOM (KOHEUHAast
KOHIIeHTpaIus B mpode 10%), BHIIEp>KUBAIUA B YiIb-
Tpa3BykoBoit ycraHoBKe (Unitra unima 0ISZTYN
UM-4, VA140, V220, Hz50) B TeueHue 15 MuH mipu
35°C, BcTpsIXMBalIu ¢ MOMOIIBI0 BopTekca (Micro-
spin FV-2400, “Biosan”, JIatBus) B TeueHue 1 MuH u
ueHtpudyruposaiu  (OIMH-3Y4.2, “HACTAH”,
Kwipreizckas Pecniy6biauka) B Tedenue 10 MuH 1mipu
900 g. CymepHaTaHT UCHOJIb30BAIU A1 UCCIEA0Ba-
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HUS ¢ noMolnbio COM (cM. HUKe), a 0CaT0K TPUKIBI
MPOMBIBAJIU CTEPUJIBHOM cpenoii 3appyKa U LIEeHTpHU-
dyruposann (Lunau et al., 2005; Kallmeyer et al.,
2008; Rylkova et al., 2019). Ilpu Takoii o6paboTke
OakTeprUaIbHAas COCTABIISIONIAs OCTaBaIaCh B CyIIep-
HaTaHTe, a MOJy4eHHBbII 0CalioK C KiieTKamu A. platensis,
CBOOOIHBIN OT COITYTCTBYIOIIECH MHUKPOMIOPHI, OT-
(UIBTPOBHIBAI Ha IIPEABAPUTEIIFHO ITOBEICHHBIC
IO TIOCTOSTHHOTO Beca HUTPOILIECJITIONO3HbIEC (DVIBTPHI
¢ nuametpoM nop 0.2 mxm. I[Tocne dunbTpanum Bcex
00pa3loB UX IPOCYIIMBAJIU B CYLIMJIbHOM IKady
(2B-151, Ykpauna) npu temrneparype 105°C B TeueHue
24 4 1 BHOBB B3BelmmBaiau (Sartorius L220S, “Sarto-
rius”, I'epmanus). I1o pazHuIe MeXIy KOHTPOJIEM U
ocajJKaMH, MOABEPriIMMCSI (UUKO-XUMHUYECKOM
06paboTKe, OIpenesIsuIN BKJIaa 6akTepuii B OmomMac-
cy A. platensis.

Mopdonornyeckre UCCIeI0BAHNSA KJIETOK OAKTepHid.
IIpu noaroroBke oO6pa3loOB IS CKaHUPYIOLIETO
3EKTpOHHOIro Mukpockormna (COM) anukporty (0.5—
2 MJI) HaIOCAIOUYHON KMAKOCTU MOCJe (PU3NKO-X1-
MUYECKOI 06pabOTKM (CM. BBIIIIE) ITPOOBI U3 peakTH-
BUPOBAHHOM KYJIBTYphI A. platensis KOHLIEHTPUPOBAIU
Ha MOJIMKapOOHATHBIN (DUIBTP C AUAMETPOM TIOp
0.2 mxm (“OUAN”, Poccust). Jlanee IIpoOBOOWIN 1€
TUApaTaluIo, UCTIONIb3YS CEPUIO pa3BeAeHUI 3TaHO-
na: 20, 30, 50, 75, 96, 100% (Bratbak et al., 1993). [1ns
CYILIKM 00pas3ioB B KpuTudeckoil Touke (1.5—2.5 v)
ncnoiab3oBanu ycrpoiictBo Leica EM CPD300 (I'ep-
maHus). Hns HanbuieHus (Au/Pd; 0.5—1.0 MuH)
npuMeHsun pudop Leica EM ACE200 (I'epmanms).
ITpocmarpuBaau o6pas3iibl C MOMOIIBIO CKAaHUPYIO-
Iero 3JIEKTpOHHOTO MHMKpockona Hitachi SU3500
(Anonwus) npu yBeanueHuu oT X 5000 no x35000. Ha
40 cirygaifHO BBIOpAHHBIX MOJISIX 3pEHUS OTIPEICISIITN
JIMHEWHbIe pa3Mepbl (JIMHA, LIUPUHA, JUaAMETD)
300 bakTepHaAILHBIX KJIETOK 1 MIPOLIEHT BCTPEUYaAESMO-
CTU Kaxaoi 13 MopdoJiorTuueckux rpymi. Pazmepsl
OakTepuii 10 MHUKpodoTOorpadusM OIIPEIesiin C
nomo1bio rmporpammbl ImageJ 1.50i (National Insti-
tutes of Health, CILIA, Java 1.6.0_20 (32-bit)). O6beM
KOKKOB pacCUMThiBaJIM Mo dhopMmysie oObeMa 11apa,
00beM TMajioueK W M3BUTHIX (DOPM OMNpPEAENIsLIM IO
¢dopmysie oobemMa HMIMHAPA.

CraTucTHyecKMii aHAIM3 TIPOBOJWJIM B IIaKeTe
STATISTICA (data analysis software system),
Bepcus 10 (“StatSoft, Inc.”, www.statsoft.com), mo-
cTpoeHue rpagukoB — B rporpammax SigmaPlot 10.0
(“SYSTAT Software, Inc.”) u Grapher 8 (“Golden Soft-
ware, Inc.”). IlonydeHHBIe JaHHBIE 0OPAOOTaHBI C UC-
MTOJIb30BaHUEM ITapaMETPUUCCKUX KpPUTEPUEB U
MpencTaBleHbl B BUIE cpedHeill apudMeTuuecKoit
(M) 13 T IOBTOPHOCTEH (), CTAaHIAPTHOM OO~
ke cpenHero (mM); OOBEPUTENBHOIO MHTEpBaja
(CI); craTMCTUYECKYIO0 3HAYMMOCTh Pa3IMUMil O1e-
HuBau no -kpurepuio CteroneHTta (p < 0.05).
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(8) 78 ¥t

Puc. 1. UccrenoBaHue KyabTyphl A. platensis iociyie 17-Tu JieT XpaHEeHUsI C TOMOLIBIO CBETOBOM MUKPOCKOITUM: a — cpasy Mocje
peakTtuBaluu; 6 — 3 cyT aKcrepumeHTa; B — 30 cyT akcriepuMeHTa. MaciitabHast auHeiika — 10 MKM.

PE3VJIBTATHI 1 OBCYXIEHUWE

MukpockonuyecKne MCCie0BaHUsl KYJIbTYpbl Ar-
throspira platensis. I1oka3zaHo, 4TO B IIEPBbIE YaChl pe-
akTuBauuMu 4epel 17 jer xpaHeHus1 A. platensis B
00€e3BOXKEHHOM COCTOSHUM TIpeoOjagaad BHEIIHE
HEeTIOBpeXIeHHbIe KJIIETKU IInaHoOaKTepuii (puc. 1a).
ITpu yBenuyeHUU BpeMeHH peaKTUBALUM OOHAPYKEHO
YBEJIMUEHNE OOMU KJIIETOK C Pa3pyLIAOIIMCS TTUT-
MeHToM (puc. 16). Uepes 30 cyT mocie Havyaja 3KCIIe-
pUMEHTa Mbl HAOIIOJAJIM JOMUHUPOBAHUE KJIETOK C
pa3pyLIEHHBIM CONEPKUMbBIM, HO COXPAHUBILUX TPU-
xoMbl (puc. 1B). IIpumMeHeHne K 3TUM ke oOpaslaM
A. platensis amaniTupoBaHHOI Kilaccudukanuu Meii-
cens (1961) mokazanu HaTUYKRe HEOOPATUMO HOBpe-
KIEHHBIX U MEPTBBIX KJIETOK: 65.8 1 34.2% cooTBeT-
CTBEHHO (puc. 2).

Panee ObLJIO OOHAPYKEHO, YTO B 3TUX Ke IMpobax
nociie 1 roga xpaHeHWsI JOMUHUPOBAJIM HETTOBPEXKICH-
HbIE WU CJIeTKa ITOBPEKIEHHbIE KIIETKHU, CITOCOOHBIE K
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Puc. 2. ConepxaHue KJIeTOK Pa3JIMYHBIX TPYIII B KYJIbTY-
pe A. platensis Ha pa3JIMYHBIX CPOKAX XPAaHEHUST B COCTOSI -
HUU aHTUApoOHo3a (MPUBEACHBI JaHHBIE TIPU TeMIlepa-
Type ob6e3BoxuBanus 60°C): I — HernmoBpexXIeHHbIE WX
cjierka rmoBpeskaeHHble KieTKr; 11 — cuibHO moBpekaeH-
uble; 11 — HeoOpaTuMo noBpexaeHHbIe; [V — MepTBbIE
KJ1eTKU. JlaHHbIe no rpobam nocie 1 u 4 roga xpaHeHust
npuBeneHsI no (Xapuyk, 2007), 17 neT xpaHeHUsT — JaH-
HbI€ HACTOSIIIIETO UCCIIENOBAHMSI.

nenenuto (I rpynia); nx moist cocrasisia 76.6%. Ha
HeoOpaTUMO MOBPEXACHHBIC KIJIETKH, MPOIOJIKAI0-
II1e OCYIIECTBISATh HApYILICHHBI OOMEH BeIleCTB,
OBICTPO BOCCTAHABJIMBAIOILIME CBOU HATUBHBIEC Pa3MEPhI
¥ TIepeXOOMBIIE K pernaparii MOBPEKIEHHBIX KITe-
tounbix crpykryp (111 rpyrma), npuxonmnock 16%. Ta-
KO€ BOCCTaHOBJIEHUE ObUIO LIUTEIbHBIM (10 30 cyT),
OIIHAKO K JeJCHUIO KJIETKW HE TTePEeXOIMIIA 1 TTOCTe-
MeHHO paspylannchk. Ha o0 MepTBBIX KIIETOK
(IV rpynma) npuxomwinock 7.4% (Xapuyk, 2007)
(puc. 2). Yepes 4 roga xpaHeHUsI TIPOU30IILIO 3HAYM -
TeJIbHOE TepepaclpencicHie BKIAA0B KJIETOK pas-
JIMYHBIX TPYMIL: coAepkaHue I rpyrmbl CHU3WIOCH B
1.6 pa3za u cocraBuiio 48.6%; TOSBUIVCH KIIETKH
Il rpyrmer (11.4%), cUNBHO TIOBpPEXIEHHBIC, Me-
JIEHHO BOCCTaHaBJuBaloliue (GyHKIIMU, HO CIIOCO0-
HBIE K IEJICHUIO; YBEIUYWIICS BKJam kietok I11 rpyrm-
bl B 1.5 pasza (24.6%) u 1V rpynmsl B 2 paza (15.4%)
(Xapuyk, 2007) (puc. 2).

ConepKanue OMOXMMHUYECKHX COEIMHEHHIA B KJIETKAX
A. platensis. Panee ycTaHOBJICEHO, YTO B HAaTHMBHOM
npooe A. platensis, iepen ee 06e3BOXXKUBAHUEM U 3a-
KJIaAKOI Ha XpaHeHUe, coAdepKaHe OCHOBHBIX O10-
XUMMYECKUX ITOKa3aTeJieil coctapisuio: 58, 14.8 1 17.3%
COOTBETCTBEHHO, IS OEJKOB, JIMIIMIOB U CyMMap-
HBIX YIJIEeBOAOB. Ko/MuecTBO MUTMEHTOB COCTABIISIIIO
1.8 1 0.6% (mwra xmopodwuia ¢ U KapOTUHOUIOB),
cBoOoaHbBIX HyKJeoTnnoB — 4.7%, JHK — 0.13% u
PHK — 2.5%. Cpa3sy 1iociie o6e3BoxuBanust A. plat-
ensis KOIWYECTBO OejIKa, CyYMMAapHBIX YIJIEBOIOB,
MUTMEHTHBIN cocTaB U coaepxanue JHK npakrTuuae-
CKU He MEHSUIMCh, JJIsl JIMITUAOB M CBOOOIHBIX HYK-
JIEOTUAOB OOHAPYKEHO HEOOJIBIIIOE CHIDKEHHE, a IJIs
oenka u PHK — yBemuuenue conepxanus. Yepes 1 ron
XpaHEHMsI OTMEUYEHO CTaOMJIbHOE CoaepkKaHue OeKa
U YIJICBOJIOB, HE3HAUYUTEIILHOE CHIDKEHNE OCTaIbHBIX
TokaszareJieii, 3a uckimodeHueM coaepxanus JHK n
PHK. OnHako Bce BeJIMYMHBI IJISI 3TUX IEPUOI0B I10
CpPaBHEHUIO C HATMBHOI MPOOOI ObLIN CTaTUCTHYE-
CKM He3HauyMMBbl (TIapHbIi 7-Tect, p > 0.05) (Xapuyk,
2008) (puc. 3).

YcraHoBneHo, 4To 00e3BOXMBaHUE LIMAHOOAKTE-
PUIi C EJTBIO COXpAaHEHMS X B JKM3HECITOCOOHOM CO-
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Puc. 3. buoxumuueckuii cocraB A. platensis (% OT cyxoit Guomaccsl) pu TeMmreparype obe3poxubanus 60°C. HK — cymmap-
HbIe HyKJIeMHOBBIEe KUCIOTH; CH — cBoGomHbIe HyKIecoTnabl; CYB — cymMapHbIe yriieBoabl. JIaHHEIE TT0 HATUBHOM, 00€3BO-
XeHHOI Tpo6aM u nocJie 1 roma xpaHeHus npuBeneHbI Mo (Xapuyk, 2008), uepes 4 rona, 17 jieT XxpaHeHUsI — TaHHbIC HACTOSI-

IIETO UCCIICJOBaHUA.

CTOSTHMM HEOOXOIMMO MPOBOJIUTH B TEMIIEPATyPHOM
nunama3oHe 30—60°C (Xapuyk, 2015, 2018). B nanHOM
HUCCIIEJOBAaHUM JJIsSI BCeX OMOXMMUUECKUX IT0Ka3aTe-
Jeii A. platensis oTCyTCTBOBaJIa IOCTOBEPHAs pa3HUIIA
pu TemrrepaTtype ooe3poxkuBanust 30 u 60°C (TmapHbIit
t-tect, p > 0.05). IIpu cpaBHEeHUN OUOXMMMUYECKUX
MOKa3aTeJIei, MOTyYEeHHBIX IJIS Pa3HBIX CPOKOB XpaHe-
HUSI, Mbl OPUEHTUPOBAJIVCH Ha ONTUMAJIbHYIO TEMIIE-
parypy cymiku 60°C ¥ yCTAaHOBJIIEHHYIO OCTATOYHYIO
BJIAXKHOCTb JIJIST MCCIIeIyeMbIX 00pa3LioB 8.5—9.5%.

ITo cpaBHEeHUIO ¢ 00€3BOXEHHOI IMpo6oit (puc. 3)
ISt 00pa3uoB A. platensis nociie 4-x u 17-tu net xpa-
HeHUSI 0OHAPY>KEHO HEAOCTOBEPHOE CHIKEHUE CO-
nepxkanus 6enka (¢ 61.2 = 0.8 1o 55.3 + 1.2%), cym-

MapHbIx yriieBonoB (¢ 15.6 £ 0.3 go 13.0 £ 0.4%) u
CBOOOMHBIX HyKjeoTuaoB (¢ 2.6 = 0.02 mo 1.8 %
+ 0.15%); Bo Bcex cirydyasix TTapHbIit -tect, p > 0.05.

KonmdecTBo TMUMMIOB 32 3TOT TIEPHO CHU3UIOCH
B 83 paza ¢ 11.0 £ 0.03 mo 1.3 *= 0.11%,
xjaopodmiuia a — moutu BTpoe (¢ 1.3 = 0.01 mo
0.46 £ 0.02%), KapoTUHOUIOB — B 4YeThIpe pa3a (c
0.12 £ 0.01 10 0.03 £ 0.002%). Bo Bcex ciy4asax pas-
JIMuust ObUIM JOCTOBEPHBIMU (HapHbIii #-TecT, p < 0.05)
(tabmn. 1, puc. 3).

®dukobwmmunporenHbl (PBIT) A. platensis, Bxonsi-
1IMe B MyJ1 OCIKOBBIX BEIIECTB, ObLIM MPEACTaBICHBI
C-¢duxkonuanmaoM (C-PK) u annodukomaHUHOM
(ADLI) (Crampuuyk, 1990). IIpu nauTeabHOM Xpa-

Ta6mmua 1. buoxuMuyeckuii cocTaB U MokKasaTesl XXU3HECIIOCOOHOCTU KJIETOK LUaHOOaKTepuii Arthrospira platensis,
nocJye 4 u 17 1eT XxpaHeHUsI B COCTOSIHUM aHTUApoOuro3a (IpUBeIeHbI CpeaHre 3HAUSHUSI C TOBEPUTEIbHBIM MHTEPBAIOM

npu TeMneparype ooe3Boxubanus 60°C)

Bbuoxumnyeckue nokasarenu, % CB 4 roma 17 net
Bemok 61.2+0.8 553+1.2
JInnuast 11.0 £ 0.03 1.3 £0.11
CyMMapHBbI€ YIJIEBOIBI 156 £0.3 13.0+0.4
Xnopodwin a 1.3+ 0.01 0.46 £ 0.02
KapotuHounmst 0.12 £0.01 0.03 £0.002
C-dukolaHuH 2.0 £0.15 1.4 £0.07
AtodpuxkonmaHuH 0.05 £ 0.01 0.03 £0.01
CBOOOIHBIE HYKJIEOTUIBI 2.6 £0.02 1.8 £ 0.15
PHK 3.1£0.05 240+ 1.4
JHK 0.11 £ 0.01 0.16 = 0.03

MUKPOBUMOJIOTHUA tomM 92 Nel 2023



36 XAPYYK u ap.

HEHUM HaMu oTMeueHa nectpykuust C-DPK (cHumke-
Hue comepxanusi ¢ 2.0 £ 0.1510 1.4 £0.07%) u moutu
moimHoe paspymenne ADIL (¢ 0.05 = 0.01% no
0.03 £ 0.01%) (tadm. 1).

KomuectBo JIHK Bospacrano ¢ 0.11 = 0.005 oo
0.16 £ 0.03%, a PHK mocToBepHO yBEIMYMBAIOCH B
7.9 pas, ¢ 3.1 £ 0.05 1o 24.0 £ 1.41% (mapHbIii t-TECT, p
< 0.05). Heo6x0mMo OTMETUTD, YTO JaHHBIE IO CO-
IEepXXaHUI0 HYKJIEWMHOBBIX KHWUCJIOT ST KJIETOK
A. platensis HEeMHOTOYMCJICHHBI, OTHAKO U3BECTHO, YTO
kommyectBo PHK B 3—4 pa3za 6ombiie, ywem JIHK (Ci-
ferri, 1983). BemunHbl BceX OMOXUMUYECKMX TTOKa-
3areneil A. platensis, coxpaHsieMoii 4 rona u 17 et B
COCTOSIHUM aHTUAPOOU03a, IpecTaBlIeHbI B Ta0I. 1.

Takum o6pazoM, depe3 4 roga XxpaHeHUsT 00pa3LIoB
OBLIU BBISIBJICHBI 3HAUMMbIE U3MEHEHUS OMOXUMMU-
YeCKOIo cocTaBa limaHoOakTepuii. [To cpaBHEHMIO ¢
TOJIBKO 4TO OOE3BOXEHHOM Mpo6oii, Ha ¢oHe cTa-
OMJIBHOTO coaepkaHue Oenka 1 yIriieBoJoB, 0OHapy-
K€HO CHMXKEHUE BeJIMYMH OCTaJIbHBIX ITOKa3aTelieil B
1.2—4.5 pa3za; 1 TMIUa0B, CBOOOTHBIX HYKJIEOTUIOB
U TIMTMEHTOB Pa3indus OBIJIN JOCTOBEPHBIMU (Tap-
HbIi £-TecT, p < 0.05) (puc. 3, Tabn. 1). BeposiTHo,
STOT IEePUOJ SIBJISUICS TIEPEIOMHBIM MPU XpaHEHUU
KJIETOK B 00€3BOKEHHOM COCTOSIHUM.

ITocie 17-Ti J1eT XpaHEeHWS B aHTUIPOOMO3HOM
COCTOSIHUM (110 CPpaBHEHUIO ¢ 00E€3BOXEHHOI Mpo-
60i1; Xapuyk, 2008) Hamu 3a(pKCHPOBaHbI CTAOUIb-
Hoe cojaepXaHue 6elKa U CyMMapHBIX YIJIEBOIOB;
OIHAKO KOJIMYECTBO JIMITUAOB CHU3WIOCH Ha TIOPSI-
JIOK, CBOOOIHBIX HYKJIEOTUIOB — B 1.4 pa3a; IJIsl XJ10-
poduiia U KapOTUHOUIOB CHIDKEHHE COCTABIISLIO
3.8 u 18 pa3 coorBeTcTBEeHHO (puc. 3, Tada. 1). Kpome
TOr0, OTMEYEHO CHIKeHUE B 4—12 pa3 comepKaHUs
C-®lI, 6enka GOTOCUHTETUYECKOTO armapara, co-
Oupalolero CBeT U CBs3bIBaolero murMeHTsl (Liu
et al., 2016); aToUKOIIMAHMH Pa3pyIIICS TTPaKTH-
YeCKM IIOJTHOCTBIO (Tabi1. 1) (mapHsiii £-tecT, p < 0.05).
H3BectHO, uTro C-®DII yyBCcTBUTENIEH K I€iiCTBUIO
MpoTeas, cBeTa, KUCIOPOoAa, BIaru U TeMIlepaTyphl,
TO €CTh JIETKO Pa3JlaraeTcs B €CTeCTBEHHOM COCTOSTHUU
(Kannaujiya, Sinha, 2015). CootHoireHue C-®LI/APIL]
ornpeaessieT MepeHOC dHEPruu OT (PUKOOMIMCOM K
xjgopodmiuly a Bo BpeMsi (porocuHTe3a (Vonshak,
1997). BeposiTHO, nmojlydeHHbIE HAMU HU3KUE BEJIU-
YUHBI COAEPKAHUS JIMITUAOB U IMMUTMEHTOB (XJIOPO-
dwnna a, kaporunounon, C-PLI, ADII) B KireTKax
LMaHOIIPOKapuoT (TadJ. 1, puc. 3) KOCBEHHO yKa3bl-
BaIOT Ha JECTPYKLUIO MUTMEHTHO-JTUITUAHOTO KOM-
IIeKca.

H3BecTHO, uTO A. platensis 061a7a€T MOITHBIM I10-
TeHLUAJIOM aMWHOKHUCIIOTHOTO CHUHTE3a, MO3TOMY
YPOBEHb O€JIKa MOXET JIOCTUTaTh YPE3BBIYAilHO BbI-
cokux BelmuuH 10 70—74% cyxoro Belectsa (Vonshak,
1997). beaku cocTaBisioT 60jee ITOJOBUHBI CyXOTO
BeIlECTBA LIUTOINIa3MaTUYECKOIT MeMOpaHbl IaHO-
MMPOKAPUOT, BXOASIT B COCTAB KIJIETOYHOU OOOJIOUKM.
DdukobmnunporenHbl GHOTOCUHTETUYECKOIO ara-

paTa (KOTOpHIE TOXE BXOAST B OCIKOBBIN ITyJI) MOTYT
mocturath 20% Macchl BCeEX BOIOPACTBOPUMBIX Oell-
KOB, BBIIIOJTHSISI TIPU 3TOM POJIb PE3EPBHBIX BEIIECTB
(Rowan, 1989; Cragauuyk, 1990). OogHako, KaK yKa-
3bIBAJIOCh BHILIE, TIPU JJIMTEIbHOM XpaHEHUW HaMU
OOHapyXeHBbl KpaiiHe HU3Kue BeIuyuHbl C-ODII,
A®DII. BeposiTHO, OTHOCUTEIHLHO BBICOKUE MOKA3aTEIN
comepxaHus Geiaka (55.3—61.2%) B kieTkKax Lu-
aHOOAKTEPUil MPU JJIUTETHHOM XpaHEHUU OOBSICHSI-
I0TCS ApyrUMU (DaKTOpaMU.

Crenyetr OTMETUTb, UTO TOCie 4-X JIET XpaHEHUs
A. platensis konnuectBo PHK mpaktuyecku He nzme-
HWJIOCH 10 CPABHEHMUIO C TOJIbKO UTO 00€3BOXKEHHOM
mpo6oii (Xapuyk, 2008), a yuepe3 17 1eT HabMOOaIOCh
IIOCTOBEPHOE YBEIMYEHHUE coiepkaHus B 6.9 pas
(nmapHsblii £-TecT, p < 0.05) (puc. 3, Tada. 1). Boamox-
HO, BBICOKME MOKa3aTeJIv ColiepKaHUsl OeiKa B 00e3-
BOXEHHOI OroMacce IMaHOOAKTepUii, a TaKXKe yBe-
muuenue coaepxkanuss PHK (oOHapyxeHHOe yepe3
17 neT) MOXXHO OOBSICHSITh BKJIaJIOM aCCOLIMMPOBAH-
HOM MUKPO(]IOPHL.

MuKkpockonuyecKue HccaeI0BaHUA MHUKPO(QIOpHI,
aCCOUMMPOBAHHON C KYIbTYpoii A. platensis. YuuTbIBasi,
YTO UCCIIeIOBaHUS ObUIM BBIMTOJTHEHBI HA AJIbIOJIOThYe-
CKH YHCTOI, HO He aKCEeHUYIHOM KyJIbTYpe IMaHOOAKTe-
puii, MBI TIPEAMNOJIOXKWIIN, YTO HA UBMEHEHNE OMOXU-
MUYECKMX MoKa3aTejeid M Ha KM3HEeCIOCOOHOCTH
KJIETOK A. platensis NeiCTBUTENbHO MOTJ1a BIUSTD CO-
NyTCTBYIOLIAss MUKpOdIopa.

[MpsMBIM MeTOIOM B3BEITMBAHUIM TTOKa3aHO, YTO
JI0JIsI MUKPOMDI0pHI ITpH PU3NKO-XUMUIECKOM 00pa-
0OTKE METAHOJIOM, YJIbTPA3BYKOM U LIEHTPUDYTUPO-
BaHUeM cocTaBiisia 8.3 + 4.4% (ripu nuama3one 3.3—
11.3%).

ITo JaHHBIM 3JEKTPOHHOM MUKPOCKOIINU OaKTe-
pHajbHBIE KIIETKU ObLIM OOHApYXKEeHBI BHE KJIIETOK
A. platensis (puc 4a), a TakKe B CIM3eBOM uexJie (puc. 40)
¥ Ha ITOBEPXHOCTHU MaHoOakTepuii (puc. 48). B Mop-
domornueckoii CTpyKType MUKPOMIOPHI B KYIBType
A. platensis, peaKTUBUPOBAHHOI IIOCJE COCTOSIHUS
aHabno3a, HaMU BBIOEJIEHBI 3 OCHOBHBIE TPYIIIIHI
(Tabn. 2): maJlOYKOBHAHBIE, OKPYIJIBIE M W3BUTHIC
dopwmel (Inerens, 1987; Cauzens u coasnrt., 2020). B
coo0l1ecTBe peobaagaiy MaJToYKOBUAHbIE (DOPMBI,
Cpely KOTOPBIX TOMUHMPOBAJIU KPYITHBIE MATOUKHU
(60.5%) oobemom 0.33 £ 0.05 MKM?; mIMHA KIETOK
uzMeHsuiach ot 0.44 no 12.54 mxm, mpunHa — ot 0.19
1o 1.19 mxwm (Tabs. 2, puc. 5a, 56, 5t). Menkue rnajouyku
o6beMoMm 0.13 £ 0.02 mxm?, mmHoit 0.45—2.01 MKM U1
mmpuHoit 0.26—0.58 MkM (puc. 5K) BCTpedaluch C
yactoToit 14.4%. MuuienvanbHble (DOpMbI (TOHKUE HU-
™) nHoM 1.08—8.49 Mxwm, mmpuHoii 0.13—0.25 MKM 1
oonemom 0.11 £ 0.03 mxm? cocrapnsanu 12.4% ot 06-
1IIero yucjia MUKpoopraHusmoB (puc. 5a, 5B). Eie
pexKe Tonafganrch OKpyriible GopMbI (KOKKM) (puc. Sm)
muametpoM 0.14—0.82 Mxm, 0obemom 0.10 + 0.04 Mxm?
(6.5%) n n3utbie ¢hopmbl (4.4%) obobemom 0.22 +
+ 0.10 mxm? (puc. 5¢). ETMHUYHBIMY OBbUIA LEMOYKHU
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Puc. 4. DitekTpoHHBbIE MUKPO(DOTOTpacr COMYTCTBYIOIIE MUKPOMIIOPHI B KYJIbTYpe A. platensis: a — oO61IUi1 BUI MUKPOOUO-
Ma; 6 — 6aKTepuaibHble KJIETKU B CJIO€ CJIM3U; B — OaKTepUM Ha MOBEPXHOCTU CIM3eBOro uexia A. platensis. MaciurabHast -
Heiika: a — 3 MKM; 6, B — 1 MKM.

Tabomuna 2. Mopdosiornuyeckre nokasarejn COmyTCTBYIONIEH MUKPOMIIOPHI B KyJIbType TIpU peakTuBaluu A. platensis

Pasmepsr, MKM
MopdoTumnst % BCTpEYaEMOCTU O6beM, MKM?
IUTUHA/IuaMeTp IIUpUHA

N 60.5 1.53£0.23 0.48 £ 0.06 0.33 £0.05
by ’ 0.44-12.54 0.19-1.19 0.04-1.92
MesIKie HaiouKH 14.4 0.95+£0.09 0.41£0.03 0.13+£0.02
’ 0.45-2.01 0.26-0.58 0.04-0.20

aT0UKI B LEHOUKAX 18 0.87 £0.08 0.36 £0.01 0.11£0.01
t ) 0.63-1.32 0.29-0.40 0.03-0.16
0.51£0.10 0.10 £ 0.04

OKpyribie GOpMBI (KOKKH) 6.5 0.14-0.82 - 0.001-0.29
3.14£1.17 0.30 £ 0.09 0.22£0.10
141 4.4 = e LLs 2 Y10
3BITHIE OPMET 0.27-6.13 0.11-0.59 0.01-0.61
MuuenuanbHbie GOpMbl 2.4 3.54 £0.72 0.20 £ 0.01 0.11+0.03
(TOHKUE HUTH) ’ 1.08-8.49 0.13-0.25 0.02-0.33
+

Cpennuii 00beM OaKkTepUii %
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Puc. 5. DnekTpoHHBIE MUKpOGhOTOrpaduu COImyTCTBYIOIIEH MUKPOMIIOPHI B KYJITYpE peaKTUBUPOBaHHOM A. platensis: a — Ge-
JIOIi CTpeiKoi 0003HaueHa KpyInHasi najo4yka; YepHOM CTPEIKO — IMajlouyKu, OObeAMHEHHbIE B 1IETIOUKY; 010l CTPEJIKOM C
MYHKTUPHBIMU JIMHUSIMU — MULIEMaIbHast (hopMa MUKPOOPraHU3MOB (TOHKAast HUTh); 6 — KpYITHAas MajioyKa; B — MULIEINAb-
Has (popma; I — KpynHbIe MAJIOUYKU; I — KOKK; € — U3BUTasl popma; K — MesIKKe Majlouku. MaciurabHasi IuHeika — 1 MKM.

nanouek mmmHoi 0.63—1.32 MM, mmpuHoi 0.29—
0.40 MxM 1 o6bemoM 0.11—0.01 MxM>; IIMHA Takux
Henodex gocruraia 7.38—27.06 Mkm (puc. 5a).

B cpenHeM o6beM OaKkTepualbHOM KIIETKU, pac-
CUMTaHHBIN 110 n3MepeHusiM 300 KIeToK, COCTaBJISLI
0.27 £ 0.04 Mmxm? (u3menssacs 0.001—2.86 mxm?). M-
TEPECHO OTMETHUTh, UTO CpeAy KPYIHBIX MajlouyeK U
M3BUTHIX (POPM YACTO BCTPEUAIUCh KIIETKU C BBEIPO-
CTaMHu, MPEAIOJ0XUTEIbHO, MWIAMU (OEIKOBOTO
MPOUCXOXACHNS) WM IOJMCaXapUIHBIMU TSDKaMU
(puc. 50, 5e).

N3BecTHO, uTO MUKpOQIIOpa, CBI3aHHAS C KYyJIb-
Typamu A. platensis, Kak TpaBUIO, HEMHOTOUYMCJIEHHA
¥ HeTaToreHHa. BrIcoKast MeI0YHOCTD KyJIbTypallb-
Hoit cpennl (pH 8.5—11.0) saBnasercsa 6apbepom mIst
MPOHUKHOBEHUST GaKTEepUid, IpOXKeil, rpudoB Win
Bomopocieii. HekoTopbie BelllecTBa, BBIIEIsSICMBIC
A. platensis wiau comepxaiuecss B Heli, 00JamaioT
OaKTepULIMAHBIM WU OaKTEPUOCTATUYECKUM Jeii-
crBueM (Falquet, Hurni, 2006). ComracHo ymTepa-
TYPHBIM ITaHHBIM, B KYJIbType CITUPYJIUHBI OOBITHO
conepxurcs ot 3 X 10* mo 6 x 10° k1. mur!; B cyxoit
6roMacce cripyymHbl — oT 103 1o 10° K13HECTTOCOOHBIX
opranu3moB Ha 1 r (Velji, Albright, 1986; Falquet,
Hurni, 2006). Heo6xonuMo OTMETHTh, YTO TOT00-
HBbIEe HWCCIIeTOBaHWsA OBUIM BBITIOJHEHBI KilaccHde-
CKMMU MUKPOOMOJIOTUIECKUMU METONAMU TTOCEBOB
OakTepuil Ha uTaTesbHble cpeabl. [1o mTaHHBIM MPo-
TOYHOM IIMTOMETPUM IJIST KYITBTYp Pa3sTUIHBIX MUK-
pOBOIOpOCEi YMCISHHOCTh OaKTEepUil CcOCTaBIIsLIa
okosio 10°—107 xu1. M~ ! (PaysH u coasr., 2011). Ha-

MU TaKXKe MOATBEPKICHO HaJu4re OOJIbIIOro KOJIM-
yecTBa OaKTepUAJIbHBIX KJIETOK B CYCIIEH3MU PEAKTU -
BUpOBaHHOU A. platensis (puc. 4a).

Takum oOpa3oMm, M3MEHEHUSI OMOXMMHYECKOTO
cocraBa (pa3pylIieHHe JUITUIHO-TIMTMEHTHOTO KOM-
IJIeKca), a TakKe IoKa3aTeJM >XKM3HECIIOCOOHOCTU
KJIETOK LIMaHOOaKTepuii (0obliasi 1051 MEPTBBIX U
HeoOpaTMO MOBPEKIEHHBIX KJIIETOK) TIPH ITUTSITEHOM
xpaHeHUUu A. platensis B 00€3BOXKEHHOM COCTOSTHUM
YKa3bIBAIOT Ha IIOOATbHbIE HETaTUBHBIC MEPECTPONKU
B Ky/IbType LIMaHOOaKTepuii. 3a cueT pas3pylleHHbIX
KIIETOK A. platensis TIOBBIIIIAETCS IIyJI OPTaHUYECKUX
cyOCTpaTOB, YTO MOKET CTATh TOJTYKOM LTSI Pa3BUTHSI
rerepoTpodHbIX MUKpoopraHusmos (Tapxoa, 2008;
Mogale, 2016; Vardaka et al., 2016). BoamoxHO, no-
JIydeHHOE HaMU IOCTaTOYHO CTaOMJIbHOE cofepxKa-
HUe 0ejKa U YBeJIMYeHUE KOJTMYeCTBa HYKJIEMHOBBIX
KHCJIOT B TpUXoMax A. platensis ipy IJINTEILHOM Xpa-
HEHUU U OOBSICHSIETCS pa3BUTUEM acCOLUMPOBAaH-
HOIT MUKpodIopsl. M3BECTHO, YTO B IPOLICHTHOM
OTHOIIIEHNH OT CYXOTrO BelllecTBa (B 1IeJIOM ST OaK-
TepUAIbHBIX KJIETOK) NOJs1 Oenka gocruraer 72—78%,
KOJIMYECTBO JIMIUIOB U HYKJIEMHOBBIX KMUCJOT CO-
craBister 1.5—3 1 8—16% coorBercTBeHHO (Nalage et al.,
2016).

Takum o6pa3zoM, odbuire MUKpodIOpEl, 0OHApY-
KEHHOM B KyJIbTYpe peaKTUBUPOBAHHBIX LIMaHOOAK-
Tepuit (puc. 4a), U pacCUUTaHHBIN BKJIAI OaKTepHU-
anmpHOM cocrapmsomeit (3.3—11.3%) B Guomaccy
COUPYIUHBI YKA3bIBAET HA TO, YTO BIIUSIHUE aCCOLIV-
MPOBAHHON MUKPOQIOPEl Ha OMOXMMHWYECKHIT CO-

MUKPOBHOJIOITNA  Ttom 92 Nel 2023



COCTOAHUE LHMAHOBAKTEPUUN ARTHROSPIRA PLATENSIS 39

CTaB BBICYIIICHHOM OmMoMacchl A. platensis mpu mimv-
TEJIbHOM €€ XpaHEHUU B 00€3BOXKEHHOM COCTOSIHUU
HeJb3sT UTHOpUpoBaTh. KpoMe TOro, KOHTpOJb KO-
JIMJeCcTBa TeTepOTPOPHBIX OaKTepUii B CyXoil OMO-
macce A. platensis sIBJISIETCS OTIIPaBHOM TOYKOM IS
JaJbHEWINX MCCIeNOBAaHUIA II0 BBIpAlllMBAaHUIO U
nepepadboTKe OMoMacchl IIMaHOOAKTEPUIi B KOMMEP-
yeckux nensax (Vardaka et al., 2016).

Takum o00pa3oM, pe3ysbTaTbl OMOXWMUYECKOTO
aHayu3a A. platensis, COXpaHsIeMOI B COCTOSTHUM aHT U~
pobuo3a gurtesibHOe BpeMsl (4 roma u 17 j1eT), mokasa-
JI, 9TO KOJIM4IecTBO Gelka (55.3—61.2%) 1 cyMMapHBIX
yraeBonoB (13.0—15.6%) B LieIOM COOTBETCTBOBAJIO
JaHHBIM, TIOJIyUeHHBIM paHee MPU 3aKJIaJAKe ITHUX Ke
0o0pa3uoB Ha xpaHeHue. CoaepxxaHue TunuaosB (1.3—
11.0%), cBoGomHBIX HyKJIeOTUIOB (1.8—2.6%) 1 1! T-
MeHTOB ObLT10 HU3KUM (0.46—1.3 1 0.03—0.12% coot-
BETCTBEHHO [JIsl XJopoduia @ U KapOTUHOUIOB).
OtmeyeHa necrpykuus C-¢pukonmanuta go 1.4—2.0%
M MOYTHU MOJHOE paspyllieHue aioUKOoLIMaHWuHA
0.03—0.05%, 4uro ABNAETCS KOCBEHHBIM MPU3HAKOM
paspyuieHus1 GOTOCUHTETUYECKOM cUcTeMbl. MUK-
POCKOTIMYECKUE UCCSIOBaHUS MOKA3aJIu, UTO B pe-
aKTUBUPOBAHHOI KynbType A. platensis (17 net xpa-
HEHUS ) JOMUHUPOBAIIU MepTBhIe (65.8%) u HeoOpa-
TUMO MoBpexaeHHble KieTku (34.3%). KonuuecTBo
AHK (uepe3 4 r. u 17 net xpaHeHUs1) yBEIUUNBAIOCh
¢ 0.11 10 0.16%, a PHK nocrturaino 3.1-24.0%. Bepo-
SITHO, CTAOMJIbHOE coAep>kKaHue OeiKa U Bo3pacTaHue
KOJIMUYeCTBa HYKJIIEMHOBBIX K1cyoT (ocodeHHo PHK)
MPOUCXOJMJIO 32 CYET AKTUBHOTO PA3BUTUS COITYTCTBY-
10111eif MUKPOGIIOPHI, aCCOLIMUPOBAHHOM C A. platensis.
B Mopdonornueckoii cTpykType MUKpobroma (rocie
17 net xpaHeHUsI cyxoit onomacchl A. platensis) Boinemne-
HbI 3 OCHOBHBIE TPYIIIThI (TAJIOUKOBUIHBIE, OKPYTJIBIE U
U3BUTBIE (POPMBI), Cpear KOTOPbHIX JOMUHUPOBAIU
najouykoBuHbie ¢opMmbl. KpyrHble TNajllouku coO-
craBiasuin 60.5%, Menkue IaJo4yKu, HUTEBUIHBIE,
U3BUTBIE U OKPYTJble (popMbl (KOKKH) BCTpeYaIucCh
pexe. B cpenHeM o0beM OaKTepHMaIbHOI KJIETKHA CO-
crassut 0.27 + 0.04 mxm3; BKI1az 6akTepuii B GuoMaccy
A. platensis namensiics ot 3.3 no 11.3% (B cpenHem
8.3 4.4%) or cyxoro BellecTBa LIMAaHOOAKTEPUIA.
BrickazaHo mipenrnosyioxeHre, YTo Ha OMOXMMUYECKUe
MoKa3aTelId M KM3HECIIOCOOHOCTh IIMaHOOaKTepUit
OKas3bIBaJjla BIUsSIHME COMYTCTBYOIIAsl MUKpodIIopa.

Ha ocHoBaHuM moOJIydeHHBIX Pe3yJIbTAaTOB ITOKa-
3aHO, UTO XpaHeHue A. platensis B 00€3BOXKEHHOM CO-
CTOSIHUU B TeueHue 17 et saBaseTcs Hellejiecooopas-
HBIM. /)11 IIUTENTbHOrO XpaHeHUsI PEKOMEHI0BAHO
HMCMOJIb30BaTh MOHOKYJITYPY LIMAHOOAKTEpUid, OUr-
IIEHHYIO OT COITYTCTBYIOLIE MUKPOMJIOPHI U B CTE-
PWJIBHBIX BAKYYMHBIX YITAKOBKAaX.
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State of Cyanobacteria Arthrospira platensis and of Associated Microflora
during Long-Term Storage in the State of Anhydrobiosis
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Abstract—The biochemical composition of Arthrospira (Spirulina) platensis (Nordstedt) Gomont after long-
term storage in the state of anhydrobiosis (4 years, 17 years) was determined by the standard methods. It was
shown that protein content (55.3—61.2%) and total carbohydrates content (13.0—15.6%) in cyanobacterial
cells were in agreement with the data known from the literature and with our results obtained at the onset of
storage. The biomass had low content of free nucleotides (1.8—2.6%), lipids (1.3—11.0%), and especially pig-
ments (0.5—1.3, 0.03—0.12, 1.4—2.0, 0.03—0.05% for chlorophyll a, carotenoids, C-phycocyanin, and allo-
phycocyanin, respectively). The content of nucleic acids content was 3.1—24.0 and 0.11—0.16% for RNA and
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DNA, respectively. Microscopic examination of A. platensis (17 years of storage) showed high numbers of ir-
reversibly damaged and dead cells (34.2 and 65.8%, respectively). To determine the quantitative and morpho-
logical parameters of associated microflora, a complex physicochemical treatment (methanol, ultrasound,
and centrifugation) of the reactivated cyanobacterial suspension proved the most efficient. Three main
groups were distinguished in the morphological structure of the microbiome (rod-shaped, rounded, and con-
voluted forms). The community was dominated by rod-shaped forms: large and small rods accounted for 60.5
and 14.4%, respectively. Mycelial forms (thin filaments), cocci, and convoluted forms were less common. On
average, the volume of a bacterial cell was 0.27 £ 0.04 um?>. The contribution of bacteria to the biomass of
A. platensis varied from 3.3 to 11.3% (8.3 + 4.4% on average) of the dry weight of A. platensis. It has been sug-
gested that the biochemical parameters and viability of cyanobacteria were affected by the accompanying mi-
croflora.

Keywords: cyanobacteria, Arthrospira (Spirulina) platensis, biochemical composition, cell viability, associated
microflora, anhydrobiosis
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