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AHHOT anus.

Tomy4enne xomrIekca OGHOIOrHIECKN aKTUBHBIX BEIECTB C aHTHOKCHIAHTHOH aKTHBHOCTBIO U3 NICUXPOMHIIBHBIX MHKPOBOJIOPOCIIEH
Y [IMaHOOAKTEpHil BBI3BIBACT HAYYHBIH MHTEPEC, paCHIUPSAET 00JacTh UX MPOMBIIIICHHOTO MPUMEHEHHUS U OTKPBIBAECT HOBBIE
MIePCTIEKTUBEI MX HCHONIB30BaHusL. [[enbio paboTs! sBIsIICS cOOp M HASHTH(UKAINS ICUXPO(IIFHBIX MUKPOBOIOPOCIICH U IIaHO-
GakTepuii bantuiickoro Mops, a Takke U3y4eHUE UX COCAMHEHUN, KOTOpPBIE MPOSIBISIIOT aHTUOKCUJAaHTHBIE CBOICTBA.
OO0BEKTH HcclieloBaHUs — 00pasibl MCUXpOGUIBHBIX MUKpoBogopociei (Skeletonema pseudocostatum, Thalassiosira
pseudonana v Fragilariopsis kerguelensis) n nunanobakrepuii (Aphanizomenon gracile u Anabaena cylindrica). O6pas3ibt
0TOOpaTN W3 MPUPOJHBIX HCTOYHUKOB B aKBaTOpuHu banruiickoro mops B Kammaunarpanckoit oomactu (Kypuickuit 3anuB u
banrtuiickuii 3anuB) B nepuoa ¢ Mapra 1o mMait 2022 r. AHanu3 BBIJIEIEHHBIX YUCTBIX KYJIBTYp OCyIlecTBIsIN MeToaamu [lactepa
U IPOTOYHOHM IUTO(GIyOpUMETPpUN. AHTHOKCHAAHTHYIO aKTUBHOCTD MCUXPOQUIBLHBIX MUKPOBOIOPOCIEH 1 HaHOOaKTepHit
OTIpeIeNISUIH Iy TeM aHaJIH3a aKTHBHOCTH ITOTJIOMIEHHSI PaJHKalOB, BOCCTAHABINBAIOMIEH CIIOCOOHOCTH U XeJIaTHOH aKTHBHOCTH
C MOMOIIIBIO CIIEKTPOHOTOMETPHUH.

HaunGonpieit aHTHOKCHAAHTHOM aKTHBHOCTBIO IT0 TPEM METOAaM aHaJn3a 00Ja1ana mcuxpoQuiibHas MEKPOBOAOPOCIE S. pseu-
docostatum, xotopas 1o merogy ABTS cocraBnna 17,62 MKMOJIB/T 9KBUBAJIEHTOB TPOJIOKca, o meroxy DPPH 58,16 mxmoss/T
SKBUBAJIICHTOB TPOJIOKca, 1o MeToy FRAP 3,91 MKMOIB/T S5KBUBaJICHTOB TPOJIOKCA. AHTHOKCHAaHTHAS aKTUBHOCTH 1. pseudonana
paBHa 12,08, 12,42 u 3,13 MKMOJIB/T 3KBUBAJICHTOB TpoJjokca. it mcuxpoduinbHOW MUKpOBogopociu F. kerguelensis 3ToT
nokasarenb coctasui 13,53, 11,84 u 1,09 MKMOJIB/T 5KBUBAJICHTOB TPOJIOKCAa. AHTHOKCHAHTHAS aKTUBHOCTH MCUXPOPUIBHOM
nuanobaktepun A. gracile pasHa 15,73, 19,89 u 2,47 MKMOJIB/T 95KBUBAJICHTOB TPOJIOKCA. 3HAUCHHS AHTUOKCHIAHTHOW aKTHBHOCTH
ncuxpoduiabHoi nanodaxkrepuu 4. cylindrica coctaBunu 12,62, 13,16 u 2,16 MKMOJIB/T 9KBHUBaJIEHTOB TPOJIOKCA.
OtoGpanu 00pa3ubl TCHXPOGUIEHBEIX MUKPOBOOPOCIIEH U ITHaHOOAKTepHil N3 MPUPOJHEIX HCTOYHUKOB B akBaTopuu bantuiickoro
Mmopst (Kamununrpanackas 061aacth), KOTOpble NPOIYLHUPYIOT KOMIOHEHTBI C BHICOKON aHTHOKCUIAHTHOI akTUBHOCTHIO. [lomyueHHble
pe3yabTaTHl MOTYT CTaTh OCHOBOMW ISl pa3paboTKH HOBOH (apMaleBTHYECKOI cyOCcTaHIINN.

Kuarouessle ciioBa. Skeletonema pseudocostatum, Thalassiosira pseudonana, Fragilariopsis kerguelensis, Aphanizomenon gracile,
Anabaena cylindrica, MUKpOBOJOPOCITH, OMOJIOIMYECKU aKTHBHBIE BEIECTBA, CKPUHHHT, HACHTH()HUKALNS, aHTHOKCUIAHTHAs
AKTHBHOCTb

®dunancupoBaHue. PaboTa BhIONHEHA NP (b'I/{HaHCOBOI?I noaaepkke MUHUCTEpCTBA HAyKW M BBICIIEr0 O0Opa3oBaHUs
Poccuiickoit @enepaunu (Munobpuayku Poccun)ROR (rpanr [Npesunenra Poceuiickoii ®enepanuu), npoext Ne MK-484.2022.1.4
(cornamenue Ne 075-15-2022-393).
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Abstract. oY

At present, the issue of obtaining a complex of biologically active substances with antioxidant activity from psychrophilic
Psychrophilic microalgae and cyanobacteria are a prospective source of biologically active antioxidant substances. New anti-
oxidant complexes could expand the scope of their industrial application. The research objective was to identify psychrophilic
microalgae and cyanobacteria from the Baltic Sea in order to study their antioxidant properties.

The research featured psychrophilic microalgae and cyanobacteria obtained from the Curonian Lagoon and the Baltic Bay in
the Baltic Sea, Kaliningrad Region, Russia, in March — May 2022. The authors used the Pasteur method and the flow cytometry
method to isolate pure cultures of psychrophilic microalgae and cyanobacteria. The method of spectrophotometry made it
possible to study the antioxidant activity by analyzing radical scavenging, reducing ability, and chelating.

The psychrophilic microalga Skeletonema pseudocostatum demonstrated the highest antioxidant activity in all three methods:
17.62 umol/g trolox equivalents according to the ABTS method, 58.16 umol/g trolox equivalents according to the DPPH method,
and 3.91 pmol/g trolox equivalents according to the FRAP method. The psychrophilic microalga Thalassiosira pseudonana
exhibited the following values of antioxidant activity: 12.08, 12.42, and 3.13 pmol/g trolox equivalents, respectively. The
antioxidant activity of the psychrophilic microalgae Fragilariopsis kerguelensis was 13.53, 11.84, and 1.09 pmol/g trolox
equivalents, respectively. The antioxidant activity of the psychrophilic cyanobacterium Aphanizomenon gracile was 15.73,
19.89, and 2.47 umol/g trolox equivalents, respectively. The antioxidant activity of the psychrophilic cyanobacterium Anabaena
cylindrica was 12.62, 13.16, and 2.16 pmol/g trolox equivalents, respectively.

The samples of psychrophilic microalgae and cyanobacteria obtained from natural environment in the Russian Baltic Sea
demonstrated good antioxidant properties, which makes them a potential raw material for new pharmaceutical substances.

Keywords. Skeletonema pseudocostatum, Thalassiosira pseudonana, Fragilariopsis kerguelensis, Aphanizomenon gracile,
Anabaena cylindrica, microalgae, biologically active substances, screening, identification, antioxidant activity
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BBenenne DTO MOKET BBI3BIBATH MOBPEKICHUE KICTOK, YTO BICYCT
OO0pa3oBaHne akTHBHBIX (POPM KUCIOpOAA NPH He-  3a CO00it pa3BHUTHE psijia MATOJOTMYECKUX H3MeHeHuid [ 1-3].
JIOCTaTOYHON aHTHOKCHIAHTHON 3aIlUTe MTPUBOINT K OKHC- AHTHOKCHJIAHTHAsI CUCTEMa BKIIFOUACT (hepMEHTATHUB-
JIUTENBHOMY CTPECCY WIJIM HapYyLICHUIO NPOOKCHJIAHTHO-  HOE (CYNepoKCHIINCMYTa3a, KaTajiasa, [y TaTHOHIIEPOKCH-
AQHTHOKCHJIAHTHOTO OajlaHca B MOJIb3y MPOOKCHIAHTOB. Jla3a, rIyTaTHOHTpaHcdepasa v Jp.) ¥ He)epMEeHTaTHBHOE
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3BEHO (0-TOKO(EPOII, peTHHON, aCKOPOMHOBAS KHCIOTa
u 1p.). K OnoaHTnokcnaanTam OTHOCSTCS BELIecTBa OMo-
TC€HHOI'O IMPOUCXOKIACHHA, CIOCOOHBIE pyu XUMUYCCKOM
B3aMMOZAEHCTBHU TOPMO3HUTH CBOOOTHOPAJUKAIBLHOE OKHC-
JICHUE, HE3aBHCUMO OT MEXaHH3Ma X JCHCTBUS, HO 0e3
HeoOpaTuMoll MHAKTHBAaUU (DEPMEHTATHUBHBIX U I'€HE-
TUYECKUX CUCTEM. B HOpManbHBIX (PU3MOIOTHIECKUX
KOHIIEHTPALUSIX OHH HEOOXOIUMBI JJISI OCYIIECTBICHHS
OMOOKHUCIICHUS (JIBIXaHUsI, TIINKOJIN3a), CTUMYJIUPYIOT U
HopManu3ytoT ero. Co3naHne cyMMapHO aHTHOKHUCIIH-
TEJIbHON aKTUBHOCTH TKaHEH SIBIISETCS pe3yIbTaTOM COB-
MECTHOT'O JICHCTBHS KUPOPACTBOPUMBIX (0-TOKO(DEpOIT)
U BOJIOPACTBOPUMBIX (CYJIb(OTHIPUIIBHBIC COCTUHEHUS)
rpynn ouoantuokuciurene [4]. [To MmexaHusmy meicT-
BUSI OMOAHTHUOKUCIIUTEIN MOXKHO Pa3/IeIIUTh Ha YEThIpe
rpynmsl: 1) aHTHpagUKalbHble HHTHOUTOPBI (PEeHOIIbI);
2) coOemUHEHNs, KOTOPhIE BOCCTAHABIUBAIOT MEPOKCHIBI
(cepycomepskarmiue); 3) BelIecTBa, KOTOPBIC CBS3BIBAIOT
KaTallM3aTopbl IEPEKUCHOTO OKUCIICHUS JIUITUIOB (MOHBI
METaJUIOB MIEPEMEHHOI BAIEHTHOCTH ); 4) TyIIHTENH, Oe3bI3-
Jy4aTelIbHO MHAKTUBUPYIOIINE CHHIJIETHBIH KHCIOPO/
(a-Toxodepout, kapoTuHoub) [1].

BemecTBa, KOTOpBIe 00J1aaI0T AHTHOKCHIAHTHOM aK-
THUBHOCTBIO, ITMPOKO IIPHUMEHSIOTCS B MEJULIMHE JUIST KOP-
PEKIHMHU TPOLIECCOB CBOOOHOPAIUKAILHOTO OKHCIICHHS
P PA3IMYHBIX 3a00JIEBAHNUAX. AHTHOKCHIAHTBI CIIO-
COOHBI BOCCTAHOBHUTH OKHUCIUTEIIBHBIEC MTPOIIECCHI, 3aIlHU-
1asi MOJICKYJIbI-MUIICHH ¥ yJallsisl U3 CPe/ibl aKTUBHbIE
(hopmbl kucopoaa [5]. B opranusme uenoBeka CyIecTByeT
(m3monornyeckas aHTHOKCHIAHTHASL CUCTEMa, KOTOpast
MOJICP’KUBACT OKHCIIUTEIIbHO-aHTHOKCHAAHTHBIH OaaHc
B opranax u cucremax. OJIHako u3-3a ee CJI0)KHOCTH CyIlle-
CTBYET HU3Kasl BEPOSATHOCTH TOTO, YTO 3a00JICBAHMS COBpE-
MEHHOT0 YeJIOBEeKa Oy IyT SBISTHCS CIEICTBHEM JeHULITa
OJTHOTO €ANHCTBEHHOTO BellecTBa [6]. DHIOTeHHBIN aHTH-
OKCHJIAHTHBIH MEXaHM3M 3aIIUTHl YEIOBEKa, HECMOTPS
Ha cBOIO 9 PEKTHUBHOCTH, HerocTaTtoueH. [ToaTomy Tpedy-
€TCA JOIIOJHUTCIBbHOC BBECACHUC AaHTUOKCUIAHTOB U3BHE.
Teoperndeckne u MpaKTUYECKUE JAAHHBIC TTO3BOJISIOT
TIPEATIOI0KHUTD, YTO UCIOJIb30BAHIE BHEITHUX AaHTHOKCH-
JTAHTOB MOJKET ITPUBECTH K CHIDKEHHIO PHUCKA CEPICYHO-
COCYIUCTHIX 3a00IeBaHNM, paKa M OOJBIION TPYIIIBI IpY-
rux 3a00J€eBaHNN, B KOTOPBIX CBOOOJIHBIC PAUKAIIBI
UTPAIOT BAXXHYIO poJib [7].

IIIupoxuil UHTEpPEC BBI3BIBAET BOIPOC IOJIYUYECHUS
KOMIUIEKCca OMOJIOTHYECKH aKTHBHBIX BEIIECTB C aHTH-
OKCHJIaHTHOHM aKTHBHOCTBIO U3 MAaKpO- 1 MUKPOBOJIOPOC-
Jei. Bogopociau oTiau4aroTesl BBICOKUM COJIEPKAHUEM
Pa3sHOOOPa3HBIX AHTHOKCHUAAHTOB, MOJIEKYJIBI KOTOPBIX
OTHOCSITCSI K HECKOJIbKUM KJlaccaM: NOJIH(EHOIIbI, XJI0-
podLIBl, S-KapOTHHBI (KCAHTOPUIBHBIE KAPOTHUHBI),
CTepOoHIbl, aMHHOKHCIIOTH! U 1p. [8]. boratsrit cocTas
OMOJIOTMYECKH AKTUBHBIX BELIECTB MO3BOJISICT UCIIOIIB30-
BaTh BOAOPOCIIH B KaUeCTBE MEPCIIEKTUBHOTO HCTOYHUKA
KOMITJIEKca aHTHOKCHIaHTOB [9, 10].

MHUKpPOBOIOPOCIIH, SIBIISISICH OJJHOKJIETOYHBIMH (OTO-
CHUHTE3UPYIOIUMI MUKPOOPTaHN3MaMH, peodpasyoT
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COJTHEUHYIO YHEPTHIO B OnoMaccy 3ppeKTHBHEE, 4eM Ha-
3eMHble pactenus [11, 12]. OcHOBHBIMU POU3BOAMMBIMU
BUJIAMH MUKPOBOIOpOCIICH siBisitoTes Skeletonema pseu-
docostatum, Thalassiosira pseudonana u Fragilariopsis
kerguelensis, a TakKe CHHE-3€JICHbIE MUKPOBOJIOPOCIH
(tmanobakTepun) Aphanizomenon gracile u Anabaena
cylindrica. OHU HaXOIAT MPUMEHEHHE B MPOU3BOJICTBE
KOPMOB TSl PBIOBI U CEThCKOXO03HCTBCHHBIX KUBOTHBIX,
OpPraHMYECKHX yJI00PEHHH, 8 TAK)KE [IEHHBIX SKCTPAKTOB
MOJMHEHACHIIICHHBIX KHUPHBIX KHCJIOT, TUT'MEHTOB, HYT-
PHUIIEBTUKOB, aHTHOKCHAHTOB, IIPOTUBOPAKOBEIX U aHTH-
MUKPOOHBIX arcHTOB [13].

MHUKpPOBOAOPOCIIH PACCMATPUBAIOTCS KAK HOBBIN HC-
TOYHHK IICHHBIX XMMHYECKUX BeecTB. [laHHBINA (akT
NIPUBEJI K Pa3BUTUIO TEXHOJOTHH UX KyJIbTHBHPOBAHHUS
B (poToOMoOpeakTopax ¢ nanbHeiei nepepadboTkoi Ono-
Macchl [ 14]. BO3MOXHOCTH HCTTONTb30BaHUs OMOMACChI MUK-
poBoopocIeit 1 MX MeTabOJIMTOB, TAKMX KaK MOJIcaxa-
PHIBI, B OMOTEXHOJIOTHYECKUX TPOM3BOICTBAX TIPHBOJISIT
K CHIDKEHHIIO Ce0eCTOMMOCTH IIPOIYKTOB OnocuHTe3a [15].
K sykapHoTHYECKUM U TPOKAPUOTHYSCKUM MHKPOBOJIO-
pOCIISIM, TIPOJIYIIMPYIOIIUM M BBIICISIONIMM O0JIbIIOE
KOJITYECTBO MOJIHNCAXAPHOB B OKPYKAIOIIYIO CPEIY, OTHO-
cares S. pseudocostatum, T. pseudonana n F. kerguelensis,
a Take uanodakrepun 4. gracile u A. cylindrica.

DK30MoIucaxapuabl — 3TO BEICOKOMOJICKYJIIPHBIE MO-
JTUMEPBI, COCTOSIINE U3 OCTATKOB CaXxapoB, KOTOPHIC CEK-
PETUPYIOTCSI MUKPOBOZOPOCIISIMHU B OKPYIKAIOIIYIO CPETY
Y MOTYT CJTY’KHTh 0apbepoM MEKTy KJIETKaMH 1 OKPYKaro-
meit cpemoit [16, 17]. DTu coequHEHNS MIPUBICKAIOT K
ceOe BHUMaHHUE B KaUeCTBE MOTCHINAIFHOTO HCTOYHUKA JIe-
KapCTBEHHBIX CYOCTaHIIMMI, TIOCKOJIBKY OHM HE TOKCHYHBI 1
001a1af0T UMMYHOMOTJTUPYIOIINM, aHTHOKCHIAHTHBIM,
MPOTHUBOBOCTIAIINTEILHBIM, aHTHMUKPOOHBIM U aHTHONO-
TUIEHOYHBIM JIeHcTBHUsIMH [ 18]. DK30monucaxapuisl Mop-
CKHX IMAHOOAKTEPHUH M MUKPOBOJOPOCIEH OTIMIAIOTCS
OT MTOJIMCAXaPHJIOB M3 HA3eMHBIX PACTCHUI TEM, UTO IS
HUX MOXXHO CO3/1aTh OIPE/Ie/ICHHbIE BOCIIPOU3BOIUMBIC
KOHTPOJIMPYyEMBIE TapaMeTphl MPOU3BOJICTBA. B pe3yn-
TaTe ATOr0 HCKIF0YACTCS IKOJIOTHISCKOE BO3ICUCTBUE U
JIOCTUTaeTCsl BHICOKOE Ka4eCTBO KOHEUHOTO MpoaykTa [19].
B mocnenHue TOaBI NCCIEAOBAHNS YUCHBIX HAIlCIICHBI
Ha U3yYCHHUE YK30IMOINCaXapUI0B U3 IMHAaHOOAKTePHIA
U MUKpOBOopociei. [IockosibKy 3TH MUKPOOPTraHU3MBI
BBDKHBAIOT B CJIOYKHBIX YCIOBUSIX BBICOKOM MM HU3KOM
TeMIIepaTyphl U BBICOKOTO aTMOC(EPHOTO TaBIICHHUS,
TO HK30TIOJINCaXapH/Ibl, BBIJICIICHHBIC U3 HUX, 00JIaAaloT
YHUKaJIbHBIMU cBoiicTBaMHu [20]. DK30moIucaxapu bl
paccMaTpHuBarOTCs aBTOpaMH He KakK IICHHBIC MOJICKYITHI,
a KaK N0OO0YHbIE POJIYKTHI IIPH MOJTYYEHUH TUTMEHTOB
WJIU TUnuaoB [21].

Brigenenne aHTHOKCHIAHTHOTO KOMIUIEKCA U3 MICUX-
POdMIBHBIX MUKPOBOIOPOCIICH M IIMaHOOAKTEpHii, KOTO-
pHIe ellie He ObUTH U3YYeHbI, MOKET PacIIupUTh 00J1aCTh
UX TIPOMBIIUICHHOTO MPUMEHEHHUS U OTKPHITH HOBBIC
MIePCIIEKTUBHI MCIIONIb30BaHNs. V3-3a pa3HOOOpa3us CHX-
POQHUIBHBIX MUKPOBOJOPOCIEH U IMaHOOAKTEPHH, X
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BBICOKOI METa0OIIYECKON THOKOCTH U Pa3INYHBIX YCIIO-
BUIl KyJIbTHBUPOBAHUS UX PEATBHBII IMOTCHIIMAT €IIe He
OILIEHEH MOJIHOCThIO [22]. IHHOBaLMOHHBIE Pa3pabOTKU
(yHIaMEHTaIBHBIX OCHOB OMOCHHTE3a aHTHOKCHIAaHTHBIX
COEJMHEHHUH TICUXPOGHIEHBIX MUKPOBOJIOPOCIIEH 1 IHAHO-
GaxTepuii, BBEIJIETICHHBIX U3 akBaTOpuH banTuiickoro mops,
1 CO3J]aHMe Ha X OCHOBE HOBBIX (papMaIieBTHYECKUX CyO-
cTaHIui OyIyT BocTpeOOBaHBI B HacTosmIee Bpems [23].

Lenbto paboThI ABIISLICS COOP U UICHTH(OUKALMS IICHX-
podHIBHBIX MUKPOBOIOpOCIEH 1 IIMaHoOakTepuit bai-
THICKOTO MOPSI, @ TAK)KE U3YUECHHE NX COCMHEHNH, KOTO-
pBIE MPOSIBIISTIOT aHTHOKCHIAHTHBIC CBOMCTBA.

HoBwusHa paboTsI 3aKiII04aeTCs B 0TOOpE M U3yUCHUN
AQHTHOKCH/IAHTHBIX CBONCTB MCUXPO(IIBHBIX MHUKPOCKO-
MMYECKUX BOAOPOCIEH M [IMaHOOAKTEpUil U3 aKBaTOPUH
Banruiickoro mops (KanuHuHrpaackas o06yacts) s 1mo-
CJIEYIOIIETO MX MCIOIBb30BAHMS IPU CO3AaHUHM HOBBIX
(apmaneBTHIECKNX CyOCTaHIHH.

OO0beKThI H METO/IbI HCCIIeI0BAHUS

[IpoBenu 0T60p 00pa3IOB NCUXPODGUITEHBIX MUKPOBO-
JIOpOCIIel 1 IIMaHOOAKTePHi 13 MPUPOTHBIX HCTOYHUKOB
(Boma, mecok, mouysa). OTOOp MPUPOAHBIX 00PA3IIOB OCY-
LIECTBIISUIM B IEPHOJ ¢ MapTa 1o Mait 2022 r. B akBaTOpUHU
Banruiickoro mopst Kanununrpanckoit obnactu (Kypru-
ckuit 3ammB (55°07'00” c.imr. 21°01'00” B.1.) 1 bantuiickuit
3amuB (54°29' c.m. 19°46' B.1.)). OT60p P06 MHUKpPO-
BOJIOPOCTICH TTPOBOIUIIN CIICAYIOIINM 00pa3om [24].

IIpy n3yyeHun MUKpPOBOAOPOCIIEH TOBEPXHOCTHBIX
CJIOEB BOJIBI IPOOBI OTOMpPAITH, 3a4ePIIFIBas BOIY B COCY
orpeneeHHoro oobema. B Bojoemax ¢ OenHbIM (uTO-
IUIAHKTOHOM OTOMpaiu npoObl 00beMoM He MeHee 1 i1
MapajuiebHO C CETEBBIMU COOPaMH, KOTOPBIE MO3BOJISIOT
yJIaBJIMBATh MAJIOYHCIIEHHBIE ¥ CPABHUTEIBHO KPYITHBIC
00BbekThI. B Bogoemax ¢ 6oratsiM (hUTOIIAHKTOHOM 00bhEM
KOJIMYECTBEHHOW MPOOKI ymMeHbImanu a0 0,5 1 u gaxe
10 0,25 71 (Hanpumep, TP «IBETCHUI» BOJIBI).

CrylieHue KoJM4eCTBEHHBIX P00 MUKPOBOIOPOC-
JIel OCYIIECTBIISIIN OCaJOYHBIM METO/IOM I10CTIE UX Tpei-
BapUTEIbHON (PUKCAIINU U OTCTANBAHMS B TEMHOM MECTE
B TeyeHue 15-20 nHell myTem OTCachIBaHUS CPEIHETO
CJIOS BOJIBI C TIOMOIIIBIO CTEKJITHHON TPYOKH, ONH KOHEIl
KOTOPOM 3aTSHYT MEAbHUYHBIM CUTOM Ne 77 B HECKOJIBKO
CJI0€B, @ BTOPOI COEJMHEH C PE3UMHOBBIM HUTaHroM. OT-
CachIBaHUE TIPOBOJMIN MEIJICHHO U OCTOPOKHO, YTOOBI
HE JIOMYCTUTh HApYLICHHUs OCa/lka M 3acachlBaHUs T10-
BEPXHOCTHOTO cJ10s TpoOBI. CryIIEHHYIO0 TaKUM CIOCO-
60oM 1poOy B30ANTHIBAIIN H, 3aMEPUB €€ 00bEM, IEPEHO-
CHITH B COCYJ] MEHBIIIETo pazmMepa. [Tocime 3ab6opa 00pa3irst
UCCIIEZIOBAIH B T€YEHUE 3-X CYTOK.

Bblzienenre YuCThIX KyJIbTYpP ICUXPOQUIBHBIX MUK-
poBoOIOpOCTeH U IHAaHOOAKTEPHU, CITOCOOHBIX aKTHBHO
HaKaruIMBaTh OMoMaccy M LEJICBOM MPOITYKT — aHTHOKCH-
JIQHTHBII KOMIUIEKC — W MPUTOJHBIX JUIS KYJIbTHBHPOBA-
HUS B JJAOOPATOPHBIX YCIIOBUSIX, IIPOBOIMIN U3 HAKOIH-
TEJNBHBIX KYJIbTYP, B KOTOPBIX HAOIrOMaICS UX pocT [25].
Jlist mosrydeHust HAaKOITUTENBHBIX KYJIBTYp HCCIIEayeMble
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00pasIpl TPUPOAHBIX UCTOYHUKOB (BOJIA, TIECOK, TIOYBA)
BHOCWIIM B muTarensHylo cpenxy BBM (OO0 «/lna-My,
Mockga, Poccust) [26]. Mcnionb3oBanu 50 06pa3iioB ncux-
POdUIBHBIX MUKPOBOIOPOCTICH M IITaHOOAKTEPHiA, BBIC-
JICHHBIX B akBaTopuu bantuiickoro Mopsi B pa3ianyHbIX
pernonax Kanmaunrpazickoii oonactu. Y 10 o0pa3nos Ha
MIEPBUYHOM 3Tale TOJIyYSHUS! HAKOMHUTENIBHBIX KYJIbTYP
00HapYXWIM POCT U Pa3BUTHE TCUXPOPUIBHBIX MUKPO-
BOJIOpOCIICH U IMaHOOaKTEepHH.

Brraenenne YncTBIX KyJIbTyp MCUXPOPHUIBHBIX MUK-
poBomopocieit u nnaHoOaKTEepUil N3 HAKOIHTEIHHON
KYJIBTYPBI OCYIIECTBIISUIN JIByMsI METOJAMHU:

— metoqoM [lacTepa, OCHOBaHHBIM Ha MOCIIEIOBATEIEHOM

pa3BeIeHNN NCUXPO(QMIBHBIX MUKPOBOAOPOCIEH U IHa-
HOOAKTEpHH U MOCIIETYIONIEM pa3/ieiIeHHH 00pa3yomMXCs
KOJIOHUM MUKpPOOPraHU3MOB Ha arapM3oBaHHOM MuTa-
TenpHOM cpene BBM [27];

— METOJIOM ITPOTOYHOHN U TO(IYOPUMETPHH, OCHOBAHHBIM
Ha perucTpaiiuy ONTUYCCKUX MapaMETPOB HAXOAAINXCA
B ITOTOKE KJIETOK MO CHUTHAJIaM CBeTopaccesHus U (iyo-
pecuenyy. JIist 1eTeKIMK KIeTOK ITaMMOB CUXPO(DHITb-
HBIX MHUKPOBOJOPOCIIEH U IIMaHOOAKTEPUH MTPOBOINIH
M3MEPEHNUS CBETOBOTO PACCESHUS BIepel U (pIryopecieH-
nuio xjopoduiuia a (KpacHas 00JIaCTh CIIEKTpa, JITHHA
BOJIHBI Oosiee 650 HM) [28].

JItst Toka3aTeNbcTBa CIIOCOOHOCTH MCUXPOGUITBHBIX
MHKPOBOJOPOCIIEH 1 InaHOOaKTEpUH POy INPOBATH I10-
JMcaxapyJibl ONPEAesUTH UX aHTHOKCHAAHTHYIO aKTHB-
HOCTb IYTEM aHaJIM3a AKTUBHOCTH I10 IMOTJIOMICHUIO paaur-
KaJIOB, BOCCTaHABIIMBAIONIEN CIIOCOOHOCTH M XEJIAaTHOMN
akTUBHOCTH [29].

IIpu onpeneneHnn aHTUOKCUIAHTHOM aKTUBHOCTHU
metogoM DPPH 20 mxi o6pasiia ncuxpouiIbHBIX MHAK-
POBOZOpOCIIE U IIMaHOOAKTEPHIA MIT CTaHAAPTHOTO PACT-
Bopa (Tposiokca) cmemuBainy ¢ 300 MKJI CBEKEMPUTOTOB-
nernoro 0,1 MM pactBopa 2,2-nudenun- | -mukpunruapa-
3mna. CMech HHKYOHPOBAIM B TEMHOTE ITPH KOMHATHOM
temreparype B TedeHue 30 MmuH. CHUKEHHE ONITUYECKOM
IJIOTHOCTH, 110 CPABHEHHUIO C KOHTPOJIEM, COCTOSIIIEM
3 0,1 MM pactBOpa 2,2-mudeHr- | -muKpuiaruapasuia
U PacTBOPUTENS (METAHOJIA), PETUCTPUPOBATH C UCTIONb-
30BaHUEM JIBYXJIy4eBOTO criekTpodoromerpa UV-3600
(Shimadzu, Kuoro, fAmonus) mpu 515 um [30].

[1pu onpesenieHn aHTHOKCHIAaHTHOM aKTHBHOCTH METO-
1oM ABTS mpenBapuTensHO TOTOBHIIN PACTBOP C PEaKTH-
BoM ABTS. JlaHHBII pacTBOp IOTyYaITH ITyTEM CMEIITHBaHUS
amukBoT 7,0 MM pactBopa peaxtusa ABTS u 2,45 MM pacrt-
Bopa nepcyibdara kamust. PactBop BeiaepxkuBaiu 16 4 B
TEMHOM MECTE IIpY KOMHATHOM Temneparype. [ 3amycka
peakimu 300 MK pacTBOpa KaTHoHpamKana ABTS+ no6as-
7511 K 20 MKJT ICMXpOGHIBHBIX MUKPOBOZOPOCIIEH U 1Ha-
HOOaKTepHii MM cTaHmapTa (Tpostokc). ONTHYECKYTO TIOT-
HOCTB U3MEPSIIH C UCTIOIb30BAHIEM JIBYXITy4EBOTO CIICKT-
podortomerpa UV-3600 npu 734 HM 10CiIe UHKYOAIHH
cMmecu B Tedenue 15 mun mpu 37 °C B TemHoTe. B xaue-
CTBE KOHTPOJISI NCTIONB30BANIN IPo0Y ¢ peaktnBoM ABTS
Y COOTBETCTBYIOIIUM pacTBopuTesieM (MeTaHoiaom) [31].
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15 onpenienenyst BOCCTaHABJIMBAIOIIEH aKTUBHOCTH
MICUXPOQHUIBHBIX MHUKPOBOIOPOCIICH M IIMaHOOAKTEPHH
HCITOJIB30BATIM CBEKEMPUTOTOBICHHBIN peareHT FRAP.
Ero nonyuanu nyrem cmemmBanus 10 yacreit 0,3 M aue-
tatHoro Oydepa (pH 3,6), onnoit wactu 10 MM pact-
Bopa 2,4,6-tpunmpunmi-s-tpuazuHa B 40 MM HCI u
oaHo# yactu 20 MM BOJIHOTO pacTBOpa XJIOpHUAa XKele3a
FeC13X6H20. Peaxnnto 3amyckanu cmermmBaaneM 300 Mxi
pearenta FRAP 1 20 MKJI HCTIBITY€MOTO aHTHOKCHAHT-
HOTO KOMITJIEKCa MITU CTaHAAPTHOTO pacTBOpa (TPOJIOKC).
Bpewms peakuuu 10 mun npu 37 °C B TemHoTte. OnTuuec-
KYIO IJIOTHOCTh U3MEPSUIN C HCTI0JIb30BaHUEM JIBYXJIyUe-
Boro criekrpodoromerpa UV-3600 mpu 593 um. B kage-
CTBE KOHTPOJISI UCTIONB30BAIN MO0y ¢ peareHToM FRAP
1 COOTBETCTBYIOIIUM PACTBOPUTENEM (METAHOJIOM).

[Tpn n3MepeHun aHTHOKCHIAHTHON aKTUBHOCTH Me-
tonamu DPPH, ABTS u FRAP B kauecTBe cTaHmapt-
HOTO PacTBOPA HCIOIB30BAH PACTBOPHI TPOIOKCA (6-TH-
pokcu-2,5,7,8-reTpaMeTHIXpOMaH-2-KapOOHOBAsT KHC-
JI0Ta) U3BECTHOI KOHIIEHTpPAIUH. Pe3yIbTaThl aHATIH30B
MICUXPOQHIBHBIX MHKPOBOIOPOCIIECH M IIMaHOOAKTEpHA
BBIPA)KaJIM B MKMOJIb HA TPAaMM SKBHBAJIEHTOB TPOJIOKCA
(MKMOJIB/T SKBHBAJICHTOB TpOJIOKca). Bee crekTpodoro-
METPUYECKHE U3MEPEHUS OBLIH BBIIOJHEHBI C HCIIONb-
3oBaHueM yctpoiictBa 1 urenns CLARIOstar (BMG
Labtech, Oprenbepr, I'epmanns) [12].

Bce peakTuBBI YMCTOTOH X.4. U BBIIIE MPUOOPETAIH
B 000 «Jlna-M.

x1,000 Specimen_003-2146 Orig

250

200 Pl

150

FSC-H

100

PR N N N 1

50

TR B

T T TTTT T

10°
PerCP-A

a

=57

T T TTTITTTITT T

0 107

104

T T T TI0 T

10°

PesynabTaTsl 1 uX 00Cy:x1eHHE
AHTHOKCHJAHTHBIN KOMIUIEKC MICUXPOPHIBHBIX MUK-
poBOIOpOCIIEH U IIMaHOOAKTEPHH — 3TO KOMIIIIEKC MOJIH-
caxapuioB, KOTOPBIH 00J1a1aeT CIIOCOOHOCThIO UHTHOU-
pOBaTh OKHUCJIEHHE MOJICKY i IMEET MHOXKECTBO MEIH-
UHCKUX U (apMaKoJIOTHYECKUX IpUMeHeHHH [23].
IIpumep nUTOrpaMMBl, HOAYYEHHONW C TOMOUIBIO IIPO-
toynoro urodayopumerpa CytoFLEX (Beckman Coul-
ter, CILIA), o6pasiia HAKOTTUTETPHON KyJIBTYPHI 10 H ITOCIIE
COPTHPOBKH KIIETOK IICUXPOPHIBHBIX MUKPOBOAOPOCIIEH
U [MaHOOAKTEPHH, JIOKATM30BAHHBIX B HAKOIIUTEIbHOM
KyJIBTyp€, IPEACTaBIICH Ha pucyHke 1. Ha momydueHHbIX -
TOrpaMMax 0OHapyKEHO HECKOJIBKO KJIAaCTEPOB YaCTHUI[ U
KJIETOK MAUKPOOPTaHU3MOB. AHAJIN3 IUTOTPAMM ITO3BOJIHIT
ceaTh BBIBOJ O TOM, YTO HAaKOIMTENbHAs KyJbTypa CcO-
JIEPKUT B ceOe Pa3HOPOAHBIN COCTaB MUKPOOPTaHU3MOB.
Ha pucynke 1 30Ha, KOTOpas XapakTepu3yeTcsi Hau-
GOJIBILINM OTJIOIEHUEM U PACCEMBAHUEM TPH [UTMHE BOJI-
HBI 650 HM, BbIJIEJIEHa KPACHBIM LIBETOM (B IIEHTPE OKPYXK-
HOCTH) M IpecTaBisier coboit obmacts P1. Obmacts Pl
COOTBETCTBYET HAIMYHIO KMBBIX KJIETOK IICHXPOQIIIBHBIX
MHKPOBOAOPOCIEH B HAKOMUTENbHOU KynbType. [locne
COOTBETCTBYIOIIET0 paszeneHust n3 10 HaKOUTENbHBIX
KYyJIBTYP, B KOTOPBIX HaOJIIOJAJICs POCT M Pa3BUTHE MUKPO-
OPraHU3MOB, BBISIBIICHO 5 IITAMMOB IICUXPO(HIBHBIX MHUK-
poBojiopociiell 1 IMaHOOAKTEePHil, KOTOPBIE SIBIISUINCH
AKCEHUYHBIMH U TIOKa3bIBAJIN CTAOMIILHOCTD NPH KYJIBTHBH-
poBaHNY B JIAOOPATOPHBIX ycIoBHUAX. OTOOpan 00pasisl
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B 00JIaCTH HYMHCCUH XJIOPO(DUIIIa MUKPOBOJOPOCIIEit

Pucynok 1. [{utorpaMma, moxydeHHas ¢ moMmouisio nporognoro mnuroguryopumerpa CytoFLEX, o6pa3ma HakonuTensHOM
KyJIbTyphI 10 (a) 1 mocie (b) COpTUPOBKH KIETOK MHKPOBOIOPOCIIEH

Figure 1. Cytogram obtained using a CytoFLEX flow cytometer of enrichment culture sample before (a) and after (b) microalgae cell sorting
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MCUXPO(HUIFHBIX MUKPOBOJOPOCTCH M InaHOOAKTEPHid
U3 MPUPOJHBIX UCTOYHUKOB B akBaTOpuM bantuiickoro
mops (Kamuamarpagckas o61acTs) B konmgecTse 50 mT.
VY 10 06pa3noB Ha NEPBHYHOM ATaIe MOJTYyYCHUS HAKOITH-
TENBHBIX KyJIbTYp 0OHAPYKUIIN POCT U Pa3BUTHE IICUXPO-
(UIBHBIX MUKPOBOZOPOCIIEH U IIMaHOOAKTEPH.

Pe3yipTaThl BEIICIEHUS IITAMMOB IICUXPOQIIEHBIX
MHUKpPOBOJIOpOCiIel 1 maHoOakTepuii B akBaTopuu bai-
TUHCKOTO MOPS M3 MPHUPOAHBIX UCTOUYHUKOB KamnHuH-
rpaJICKOl 00J1acTH MpeICTaBICHBI B TabmHIe 1.

Juist uneHTHUKaUN BbIICICHHBIX U3 HAKOIUTEb-
HOU KYJBTYPBI ITAMMOB MICUXPO(IIBHBIX MUKPOBOIOPO-
cieil 1 mmaHo0aKkTepuil ONMpeaenuiIi YaCTHUHbIE MOCIIe-
nmoBarenbHOCTH reHa 18S n/mmm 16S pPHK. [Tocne atoro
MIPOBEH CPABHUTEIBHBIN aHAIHU3 C TOCIEeI0BaTEIBHOC-
Tamu 13 6a3bl Genbank. Pe3ymbTaTel cpaBHUTEIHHOTO
a"anuza nocienoBarenbHoct rena 18S pPHK cBune-
TEJIBCTBYIOT O TOM, YTO B akBaTopuu banruiickoro Mopst
U3 MPUPOHBIX UCTOUYHUKOB (TI0YBA, BOJA, MECOK) BBIJE-
JICHBI 3eJIeHbIe MUKpOBoiopociu Skeletonema pseudocos-
tatum, Thalassiosira pseudonana v Fragilariopsis kergue-
lensis, a TakKe CHHE-3eJIEHBIE MUKPOBOIOPOCIH (ITHAHO-
Oakrepun) Aphanizomenon gracile v Anabaena cylindrica.

Cpenn aHTHOKCHIAHTHBIX COCIWHEHUH MHUKPOBOIO-
pociieit MOKHO BBIJICITUTH ACKOPOMHOBYIO KHUCIIOTY, TITy-
TaTHOH, TOKO(GEpOIbl, (PEHOIBbHBIE COSTUHEHUS U TIUT-
MeHTHI [32]. ACKOpOMHOBAsI KUCIIOTA YYaCTBYET B 3aIUTE
(hOTOCHHTETHYECKOTO ammapara IIoCpECTBOM yJacTHs B
pereHepaniy KapoTHHOMI0B KCAHTO(HUIIIOBOTO LUK
(koakTop BHONTAKCAHTUHIEITIOKCHIA3bI) B 0-TOKO(De-
poJIa, KOTOpBIC CBsI3aHHBI ¢ MeMOpaHamu [33]. [ytaTroH
MPEACTABIIET COOO0M BOOPACTBOpUMBI Tpumentud (1-y-
[Ty TaMAI-1-[UCTEeNHUIITIIMINH ), TIPUCYTCTBYIOIIUI BO
BCEX KJIETOYHBIX KOMITAPTMEHTAaX, KOTOPbIe UTPAIOT pe-

IIAIOIIYIO POJIb B aHTHOKCHAAHTHOM oTBeTe [34]. Toxo-
dbeposbl WM BUTaMUH E U TOKOTPUCHOJIBI SBIISIFOTCS
JKAPOPACTBOPUMBIMH MOJEKYJIAMH, CHHTE3UPYEMBIMHU
TOJIEKO (POTOCHHTE3UPYIOUIUMH OPTaHU3MaMH M PacIio-
JIO’)KEHHBIMH B JIMITUAHBIX OUCIOAX MeMOpaH, TIIaBHBIM
00pa3oM B MeMOpaHaX XJIoporn1actoB. OCHOBHBIME MOJIC-
KyJaMu (EHOJIbHBIX COCTUHEHUN, UICHTH(PHUIIMPOBAH-
HBIMH B MUKPOBOJOPOCIISX, SBISIOTCS (DIOPOTITIONUHOIN,
¢daBoHOUAB ¥ (DEHONBHBIE KUCIOTHI: TallJIOBasi, PO-
TOKaTeXoBas, Ko(eitHas, XJIOPOTCHOBas, BAHIIINHOBAS,
-oKcuOeH30iHas 1 camuiuiosas [35]. Cpean MUTMEHTOB
MOJKHO YIOMSIHYTh MAPCHHHH — 3TO CHHE-3CJICHBIN ITUT-
MECHT, KOTOPbIii ITPOSIBIIACT YHUKAIbHBIC aHTHOKCHIAHTHBIC
CBOIICTBA MIPOTUB CBOOOTHBIX pagnuKaios [32].

PesysbTarhl onpeneacHus KOJIMYSCTBA MOIHCcaxapu-
JTIOB M aHTHOKCUJIAHTHOW aKTUBHOCTH TICHXPO(OUIHHBIX
MHUKpPOBOJIOpOCIIEit 1 inanodakTepuii S. pseudocostatum,
T. pseudonana, F. kerguelensis, A. gracileu A. cylindrica,
IIPeCTaBIICHBI B TA0IHIIE 2.

AHaNM3 SKCIIePUMEHTAITBHBIX TAHHBIX ITOKA3BIBAET, UTO
HarOOJIBIIIeE KOJMUYCCTRBO MOJIMCAXAPUIOB HAKATLTUBACTCS
B KynsTypaisHO# xuakoctu (KXK) S. pseudocostatum
(1,17 £ 0,01 Mr/r c.B.) IpH CpeTHEM COJICPIKAHUH KIIETOK
B KK 1,409 + 0,050 r/n1, Hanmensinee — B KK 7. pseu-
donana (0,45 £ 0,01 Mr/T ¢.B.) IpU CpeTHEM COJICPIKA-
aHun kiaetok B KK 0,790 + 0,030 r/n. IIpu manbonpoem
cpennem coaepxkanuu kinerok B KK A. gracile (1,507 +
0,050 1/m) conepkaHne TMONMCAXapUI0B B JaHHOH Ina-
HoOakTepuu cocraBmwio 1,09 + 0,01 mr/r ¢.B. B Mukposo-
nopociu F. kerguelensis ipu cpeJHEM COICPKaHUH KIETOK
B KK 1,262 + 0,050 r/n HakammBanock 0,89 + 0,01 mr/r c.B.
nonucaxapunoB. B nmanobakrepun 4. cylindrica nipun
cpenHeM conepkannu kiaetok B KK 0,879 + 0,030 r/n
HakaruuBajiock 0,69 + 0,01 Mr/t ¢.B. moaucaxapuaoB.

TaGnuua 1. Pe3ynbTaThl BBIJCICHHS IITAMMOB IICUXPOQUIBHBIX MUKPOBOJIOPOCIHEH U IHaHOOAKTEPH B aKBATOPUU
banTuiickoro Mopst U3 NpUPOIHBIX HCTOUYHHKOB KasmHUHTpaacKoit obiactu

Table 1. Strains of psychrophilic microalgae and cyanobacteria isolated from the Russian Baltic Sea

HaumenoBanue mynkra coopa obpasua | KommuectBo Konn4ecTBo HAKOMUTEIBHBIX Konn4ecTBo BBIZIEICHHBIX
0TOOpaHHBIX KyJbTYp, B KOTOPBIX HaOIIOAaNICs KyJIBTYP HCUXPO(QUITEHBIX
o0pasios POCT ¥ pa3BUTHE NCUXPOPUITBHBIX MHKPOBOZOPOCIICH
MHKPOBOZOPOCIICH 1 [IMaHOOAKTepUit 1 nuaHobakTepuit
Kypmickwuii 3anmuB, mocenok Mopckoe 13 2 1
(mecok, movBa v BOAa)
Kypmickwuii 3anmuB, mocenok JlecHoit 8 1 0
(mouBa 1 Bozia)
Kypuickuii 3anuB, nocenok Marpocoso 4 2 1
(mouBa u BozA)
Kyprckwuii 3amuB, nocenox Peroaumnii 7 1 1
(mouBa 1 Boz1a)
Banruiickuii 3anuB, nocenok JlusHoe 8 1 0
(mouBa u BOzA)
Banruiickuii 3anuB, nocenok L{BeTHOE 3 2 2
(mecok, rmoysa 1 Boja)
Banruiickuii 3a1mB, mocenok JlyHuHO 7 1 0
(mouBa, Boza)
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Tabmuma 2. ConepxaHue MoIMCcaxapua0B U aHTHOKCHIAHTHASI aKTUBHOCTD TICUXPO(UIBHBIX MUKPOBOJOPOCIICH U IHaHOOAKTepHit

Table 2. Polysaccharide content and antioxidant activity of psychrophilic microalgae and cyanobacteria

Ha3Banue Cpennee conep:kaHue Cpennee ob1ee AHTHOKCHIAHTHAsI aKTUBHOCTh, MKMOJIB/T

NCUXPOPUITEHBIX kietok B KK (OI1 750) B | comeprxaHue Moarcaxapuion SKBHBAJIEHTOB TPOJIOKCA

MHKPOBOZIOpOCIel | KoHIe KynbTuBupoBanus, r/n | B KX (OII 750) B koHie ABTS DPPH FRAP

U IMAaHOOAKTEPHi KYJIBTHBHUPOBAHUSL, MI/T C.B.
Skeletonema 1,409 + 0,050 1,17+0,01 17,62+ 0,91 | 58,16 +3,90 | 3,91+0,12
pseudocostatum
Thalassiosira 0,790 + 0,030 0,45 +0,01 12,08 £0,62 | 12,42+0,43 | 3,13+0,26
pseudonana
Fragilariopsis 1,262 + 0,050 0,89+ 0,01 13,53 +0,73 | 11,84 +0,36 | 1,09+0,13
kerguelensis
Aphanizomenon 1,507 £ 0,050 1,09+ 0,01 15,73+ 0,82 | 19,89 £0,97 | 2,47 +0,23
gracile
Anabaena cylindrica 0,879 + 0,030 0,69 +0,01 12,62 +0,64 | 13,16+0,53 | 2,16 +0,24

IMpumeuanue: KX — kyabrypanbHas xuakocts; OIl — onTudeckas mioTHOCTb.

Note: KK — culture fluid; OIT — optical density.

CornacHo JaHHBIM TaOIHIEI 2 HanOOJIBIIEH aHTHOK-
CHJIaHTHOW aKTUBHOCTBIO 110 BCEM TPEM METOzIaM 00J1a/1aeT
ncuxpoduiIbHas MUKPOBOJOPOCIb S. pseudocostatum.
AHTHOKCHIAHTHAS aKTUBHOCTH 110 MeToxy ABTS mns nan-
HOW MHKpPOBOIOPOCIH cocTaBmia 17,62 + 0,91 MkMoIB/T
SKBUBAJIEHTOB Tposokca, no meronqy DPPH — 58,16 +
3,90 MKMOJIB/T SKBUBAJIEHTOB TPOJIOKCA, 110 MeToty FRAP —
3,91 £ 0,12 MKMOITB/T SKBUBAJICHTOB Tposiokca. Ilcuxpo-
(upHasE MEKPOBOIOPOCHE 1. pseudonana nposBIIsia
CJIeyIoNe 3HaYCHNs] aHTUOKCHJAHTHOW aKTUBHOCTH:
12,08 £0,62, 12,42 +0,43 1 3,13 + 0,26 MKMOJIL/T DKBHBa-
JICHTOB TPOJIOKCA. AHTHOKCHIAHTHAsI aKTHBHOCTH TICHXPO-
(unbHOI MUKpoBonopociu F. kerguelensis coctaBuiia
13,53 +0,73, 11,84+ 0,36 u 1,09 + 0,13 MKMOJIB/T DKBH-
BAJICHTOB TPOJIOKCA. AHTHOKCHIAHTHASI aKTHBHOCTH TICHX-
podunsHOI InanobakTepnn 4. gracile coctaBmna 15,73 £
0,82, 19,89 +£0,97 u 2,47 £+ 0,23 MKMOJIL/T SKBHBaJICH-
TOB TpoOJIoKca. BennunHa aHTHOKCHUIAHTHOM aKTUBHOCTHU
ICUXPOQUIBHON InaHoOakTepuu A. cylindrica oxa3anach
paBHo# 12,62 + 0,64, 13,16 + 0,53 u 2,16 = 0,24 MKMOJIB/T
9KBUBAJICHTOB TPOJIOKCA.

[ToBBIIeHHAs AaHTHOKCHUIAHTHASI aKTHBHOCTD BBIJIE-
JICHHBIX M OYHIIECHHBIX IICUXPO(PHIIEHBIX MIKPOBOIOPOC-
neit v imanoo6akrepuii S. pseudocostatum, T. pseudonana,
F. kerguelensis, A. gracile u A. cylindrica cBsi3aHa co B3a-
MMHBIM 3KpaHUPOBAaHHWEM BOCCTAHABIMBAIONINX LIEHT-
POB aHTHOKCHIIAHTHOTO KOMILIEKca (3K30- M YHOJIOTIO-
JIMCaxXapyuI0B) ¥ YBEIUUECHHEM UX JOCTYITHOCTH 32 CYET
KOH(OPMALIMOHHBIX U3MEHEHU I MaKpOMOJIEKYJI, BHI3BaH-
HBIX 00pa30BaHUEM BHYTPH- I MEKMOJICKYISIPHBIX BOJIO-
POIHBIX cBsi3elt [36].

OCOOCHHOCTh HAKOIUICHUSI OMOMAacChl MUKPOBOJIO-
pociieli 3aKIr09aeTcsl B HaJTMYUH B HEHl OOJIBIIOTO KOJHU-
YecTBa OMOJOTHYECKH aKTHBHBIX BEIIECTB, TAOMIBHBIX
K pa3IMYHBIM yclioBHsM. KonmuecTBo OnoMacchl MEKpO-
BOJIOPOCIIeH BO3pACTAET B BECEHHNUE MECSILIBI C YBEITMYCHH-
€M KOJIMYECTBa OCBEIICHUS M MPOTEKaHUEM TIpoIecca
(doTtocunTe3a. Ha BeceHHHE MECSIBI IPUXOTUTCS JIOTa-
pudmudeckast Gpaza pa3BUTHS — HAHOOJbIIIEE HAKOTUICHNE
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OMOMACCHI M COEMHEHNH, 00JIaar0MX aHTHOKCHIAHTHOM
akTHBHOCTHIO [37]. Jlanmbime HacTymaroT (asa 3aMeIeHUs
U cTanuoHapHas Qasa.

K aHTHOKCHAaHTHBIM COSTMHEHUSM OTHOCATCS TAKKE
peayupyonme (BOCCTaHABIUBAOIINE) caXapa MUKPO-
BOJIOPOCJIEH — 3TO OMOMOJICKYJIBI, KOTOPBIC JICHCTBYIOT
KaK BOCCTAHOBUTENH, T. €. OHU MOTYT OT/IaBaTh dJIEK-
TPOHBI APYTOM MOJIEKYJIE.

[Togo6HO KIETOYHBIM aHaTU3aM OIICHKA aHTHOKCH-
JIAaHTHOW aKTUBHOCTH DKCTPAKTOB MUKPOBOJIOPOCTEH
B DKCIIEPUMEHTAX in Vivo OTPAaHUYEHA 110 CPABHEHUIO
C aHAIM3aMH| in vitro. B 3TUX UCCIETOBaHUAX HCIIOIb-
30BaJIMCh PA3INYHBIC AHAIN3BI AHTUOKCHIIAHTOB i1 VIlro
B COUYCTAHUU C APYTHUMH (DU3HOIOTHUCCKUMH U3MEPCHH-
SIMH, TAKIMH KaK aKTHBHOCTb aHTHOKCHIAHTHBIX (pepMEH-
TOB Ha Pa3IMYHBIX MOJCIISX )KHBOTHBIX (HAaIIpUMep, Kpe-
BETKH, KYPHIIbI, COMBI, KPBICHI, TAITYCHI WK (HOPEIIH)
JUTSI OLIEHKHU BIMSTHUSL MUKpoBogopociiel [38, 39]. Mukpo-
Bozopociu (Schizochytrium sp., Chlorella vulgaris, Am-
phora coffeaformis, Schizochytrium limacinum, Acutodes-
mus obliquus, Nannochloropsis spp., Tetraselmis chuii
u Botryococcus braunii) BKITIOUAIUCh B KOPM KUBOTHBIM B
BUJIE CYXHUX MHKPOBOJIOPOCTICH C IIPOLIEHTOM BKITFOUCHHS
ot 1 10 10 % unu B BUJE MOJIEKYJISIPHOTO DKBUBAJICHTA J1aH-
HBIX AHTUOKCHIAHTHBIX COCIMHEHU. Pe3ysIbTaThl Baphbu-
pOBAaJUCH B 3aBHCHUMOCTH OT BHIa MUKPOBOIOPOCIEH
W3-32 OTCYTCTBHUS MTPOTECTHPOBAHHBIX MUKPOBOIOPOCIICH
K CHIDKEHUIO TT0Ka3aTenel OKUCIUTEIbHOrO CTpecca, Ta-
KHX KaK COJIep’)KaHhe MaJOHOBOTO JTUANIbJICTHIa UITH Tie-
peKucH BOAOPO/A, MM K YMEHBIICHUIO TIOBPEKICHIS
JHK [39-41]. Bxitouenrue MUKPOBOAOPOCIEH B KOpM
MOJIOKUTEIILHO BIIUSCT HA (PU3HOIOTHIO )KUBOTHBIX. DTO
SBIIACTCS TEPCIIEKTUBHBIM JIJISl HCIIOJIB30BAHMS MUKPO-
BOJIOPOCIICH B THINEBOW MPOMBIIIJICHHOCTH KaK B MTUTA-
HUW JIIOJICH, TaK M )KUBOTHBIX B KAUCCTBE (DYHKIIMOHAIb-
HBIX UHTPEJUEHTOB. DTO MOJHUMAET BOMPOC 0 OHO0-
CTYITHOCTH aHTHOKCHJAHTHOTO COCAMHEHUS B MATPHIIC
BOJOPOCTICH U MepeBapUBAEMOCTH IPOTECTHPOBAHHBIX
MUKpOBOOpocieit [42].
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BriBoabI

BbisiBuitH 5 mtaMMoB ICUXpO(UITBHBIX MUKPOBOJIOPO-
clieil ¥ IMaHOOAKTePHid, KOTOPBIE SBILUINCH aKCCHIYHBIMU
¥ TIOKa3bIBAJIM CTAOMIBHOCTD ITPU KyJIbTUBHPOBAHUH B JTa-
OopatopHbIX ycinoBusiX. C MOMOLIbIO CPABHUTEIHHOTO
aHam3a MmociienoBarelbHoCTH reHoB 168 ribosomal RNA u
18S rRNA unenTHduImpoBay 3 mraMma IICHXpodHITEHEIX
3eJIeHBIX MUKpOBOopocieit Skeletonema pseudocostatum,
Thalassiosira pseudonana n Fragilariopsis kerguelensis,
a TakoKe 2 MmTaMMa IICUXPOPUIIBHBIX CHHE-3eNIEHBIX MUKPO-
BojlopocIieit (timanodakrepuit) Aphanizomenon gracile
u Anabaena cylindrica.

W3yunnu criocoOHOCTh MCUXPOPHIEHBIX MUKPOBO-
nopocieit u nuanodaktepuit S. pseudocostatum, T. pseu-
donana, F. kerguelensis, A. gracile u A. cylindrica npo-
JOYUHPOBATh AHTHOKCHAAHTHBIN KOMILIEKC, B COCTAB KO-
TOPOTO BXOJSIT MOJIMCAXAPHUbL: JHI0- M DK30IO0JIMcaxa-
puel. CriocoGHOCTB MCUXPOPHUIBHBIX MHKPOBOIOPOCITEH
n nnanobaxkrepuit S. pseudocostatum, T. pseudonana,
F. kerguelensis, A. gracile n A. cylindrica npogyuupo-
BaTh AHTHOKCHJAHTHBIH KOMIUIEKC JOKa3aHa HAJIHYHEM
AQHTHOKCHJAHTHOW aKTHBHOCTHU MCHXPOMHUIBHBIX MUKDPO-
BOJIOPOCIICH U IHaHOOAKTepUid. AHTHOKCHIAHTHYIO aK-
THUBHOCTb ONPENeIIIN METOAAMH yIaJICHUS PAJNKaJIOB

¢ 2,2-mudeHnn- | -MUKpUITHAPA3UIOM U BOCCTaHOBIIES-
HHUS ¢ MOHAMH XKene3a U pacTBopa 2,4,6-TpUNHPUIUI-
s-Tpua3uHoM. HambombIeil aHTHOKCHIAHTHOW aKTHB-
HOCTBIO 00JIaiaeT McuXpopuiibHasT MUKPOBOIOPOCITH
S. pseudocostatum.
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