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WccaenoBaHbl pocT, OMOXMMUYECKIUI COCTAB U YILTPACTPYyKTypa MUKpoBoaopocau Tisochrysis lutea B Ha-
KOIUTENbHOM KyJbTYpe B TedeHue 30-cyTouHOoro aKcrepuMmeHTa. YnucieHHOCTh KieTokK 7. lutea Bo3pacrasa
Ha IPOTSKEHU U BCETO OIbITa. B 9KCIMOHEHIIMaILHOM M CTallMOHAPHOM (ha3ax pocTa OTMEUEHO YBeJIMUeHNe
pa3MepoB U KOJIMYECTBA JIUMUIHBIX Kallesb, COAEPXKaINX XKMPHbIE KUCJIOThI 1 KAPOTUHOUIBI, B TOM YHCJIE
(ykoKkcaHTHH. YCTaHOBJIEHO, YTO CyMMapHOe coiep>kaHne KapOTMHOMIOB TOCTUTAaeT MaKCUMyMa Ha cTa-
LIMOHapHO (ha3e n cHUXKaeTcs Ha paze oTMupaHusi. B nepuoz craumoHapHoit ha3bl B KJieTKax HabJrona-
eTCs 9K301LUTO3 C BblAEIeHEeM JIUMTUAHBIX Karelb. HacTosiiee nccienoBaHue 16eMOHCTPUPYET MOTEHLMAI
kioHa 7. lutea MBRU _Tiso-08 u3 buopecypcHoit komnekiuu “Mopckoii onodbank” HHIIMB IBO PAH
B KaueCTBE ChIPbSI ISl OTEUECTBEHHOM OMOTEXHOJIOTUM, HATIPABJIEHHO# Ha COBMECTHOE U3BJIEUeHNE Kapo-
TUHOUAOB (BKJIOUasi (PyKOKCAHTUH) U JIMITUOOB (BKJIOYasl JOKO3areKCaeHOBYIO M 3IKO3aIlleHTaeHOBYIO
KUPHbBIE KUCIOTHI).

Karoueswie croea: Tisochrysis lutea, MUKPOBOJIOPOCIIU, 9K301IMTO3, OMOTEXHOJIOTI S, KAPOTUHOUIBI, (DYKOK-
CAHTHH, XUPHBIE KUCIIOTHI, JOKO3areKCaeHOBas KUCJI0Ta, 9MKOo3areHTaeHOBast KMCI0Ta
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B nocnenHue nBa aecsTUIETASI MUKPOBOIOPOCIU
CTaJld paccMaTpuBaTh KaK peajibHble “KIIETOYHEIC
GabpuKkn” IS TOJTYyISHUST OMOJIOTUYECKN aKTUBHBIX
BemiecTB (De Vera et al., 2018). MukpoBoaopociau
IIPOM3BOMASAT LICHHBIE COSNUHEHMsI, B TOM YMCJIE aH-
TUOKCUIAHTHI, (DEPMEHTHI, OJIUMEPHI, TUITUIBI, IT0-
JIMHEHACHIIIIEHHbIE XXUPHBIC KUCJIOThI, MENTUIbI, BU-
TaMUHBI, TOKCUHEI Y CTePOJIbI, KOTOPhIE IINPOKO HC-
MOJB3YIOTCS B (papMaKoIOruM M KOCMETOJIOTHH,
MPOU3BOACTBE MPOIYKTOB MUTAHUS U KOPMOB, a TaKXKe
B IpPYTrMX OMOTEXHOJIOTMYeCKUX Mpou3BoncTeax (Vi-
gnesh, Barik, 2019). OHu conepkart TaKue IMTMEHTHI,
KaK XJIOpOUJIIbI, KAPOTUHOMIBI, KETO-KAPOTUHOU -
Ibl U (pukobunumnporenHsl (Zullaikah et al., 2019).
MuKpoBOIOPOCIIM XapaKTEPU3YIOTCS aKTUBHBIM PO-
CTOM M KOPOTKMM BpeMeHEM I'eHepalliu, 4To MO3BO-
JISIET UM IIOUTH €XECYTOUHO yABauBaTh OMOMAacCy
KJIETOK. DTO TakKXe YBEJIMYMBAET UX IIPUBJIECKATEIb-
HOCTbB 1151 OMOTEXHOJIOTUYECKOTO MPONU3BOACTBA.

DyKOKCAHTUH OCTaeTCsI OMHUM 13 HanboJiee BOC-
TpeOOBaHHBIX KAPOTUHOUIOB Oj1arogapsi CBOMM aH-
TUOKCUJAHTHBIM, TIPOTUBOOITYXOJIEBLIM U IIPOTUBO-
BOCHIAJIMTENbHBIM cBoiicTBaM (Mohibbullah et al.,

2022). MUKpOBOAOPOCIU pacCMaTpUBAIOT KaK Mep-
CHEKTUBHBIM MCTOUYHUK (DYKOKCAHTUHA HE TOJbKO
13-3a BBICOKOTO COJIEp>XKaHUSI B HUX 3TOTO COEAMHE-
Hus (10 15—40 Mr B 0OTHOM 'paMMe CYXOTro Beca MUK-
poBoaopociieit), Ho U Ojaromapsi BO3MOXHOCTU UX
MacCOBOTO KyJbTUBUPOBAHMUS C IOMOIIIbIO OUOpeaK-
TOPOB U B OTKPBITHIX Npynax (Zarekarizi et al., 2019).

MUKpOBOAOPOCIN MPOAYLUPYIOT TOJUHEHACHI-
HIeHHbIE XUpHbIe KUCTOTHI (®-3 LC-PUFAs), Takue
Kak siiko3aneHTtacHoBas (DI1K) n noko3arekcaeHo-
Bas (JIT'K) (Koller et al., 2014). LleHHOCTb 3TUX KUC-
JIOT 3aKJIFOYACTCST B X CITOCOOHOCTU CHUKATh PUCK
CEepIeUHO-COCYIMCTHIX 3a00JIeBaHM I, TadbeTa 1 apT-
puTa, YIydlllaTh COCTOSIHWE MAllMEHTOB C JeMEHIIUEH,
TMETIPECCUBHBIMUA COCTOSTHUSIMU U aCTMOM. DTHU KHC-
JIOTBI BaXXHBI UISI HOPMAaJbHOTO 3MOPUOHATLHOTO
pasButus opranusMma (Hu et al., 2018). MukpoBoo-
pOCIIM TIPOAYLIMPYIOT M HeHTpaIbHbIC JIMITHIBI, Ha-
npumep Tpuanmiaraunepunsl (TAI') (ComoBueHKO,
2012), mUpoKO UCMOIb3yeMbIe IS MOAyYeHUsT OMo-
tormmBa (Custodio et al., 2014).

Cpenn MOPCKMX MHUKPOBOIOPOCHE Hambonee
BbIcOKUM coaepzkaHueMm JII'K u BITK xapakrepusy-
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JOTCS TIpencTaBuUTeNnn cemeiictBa Isochrysidaceae
(Bendif et al., 2013). VX BbIpalliMBaioT B MApUKYJILTYpPE,
WCHOJB3Ys 3aTeM B KadeCTBE KOpMa ST JIMYMHOK
MOPCKHMX O€CITO3BOHOYHBIX U CHIPhS IS (papMalieB-
TUYECKOM M KOCMETMUYECKOW MNPOMBILILIEHHOCTEMN
(Perez-Garcia et al., 2011). Bun Tisochrysis lutea, pa-
Hee M3BECTHBIN Kak Isochrysis aff. galbana xmon T-ISO
(cm. Bendif et al., 2013), — oguH M3 caMbIX IIIMPOKO
HWCHOJIb3YEMbIX OOBEKTOB OHMOTEXHOJIOTUYECKOIO
npousBonacTBa (Araujo et al., 2021). B xineTkax atoit
BOIOPOCIU B BBICOKUX KOHILIEHTPALMSIX COAEPXKATCS
oMera-3 XupHbIe KUCI0THI, B ToM yuciae JI'K u DITK
(1m0 14% ot ob11ero coaep>KaHusl SKUPHBIX KUCIIOT), a
takke omera-6 sxupHbie kuciotel (Del Pilar San-
chez-Saavedra et al., 2016). YcraHosneHo, uto 7. [u-
fea MOXeT HaKaIlJIMBaTh KAPOTMHOUIBLI B PEKOPIHO
BeICOKMX KoHIeHTpanusax (Alkhamis, Qin, 2016) u
0o0JIafaeT CIOCOOHOCTBIO OTHOBPEMEHHO CUHTE3M-
poBathb (pykokcanTuH 1 JII'K (Premaratne et al., 2021).

e HacTosmIeit pabOTE — MCCIIEIOBATh COCTAB
SKMPHBIX KUCJIOT U (DOTOCUHTETUYECKUE TTUTMEHTHI Y
T. Ilutea n3 buopecypcHoii Koekuun “Mopckoii
onobank” HHIIMbB JIBO PAH, a Takke OlICHUTH
M3MEHEHUS JIMMMUIHBIX Kareiab Ha pa3HbIX (hazax po-
cTa MUKPOBOIOPOCIIH.

MATEPUAIT U METOINKA

OOBEKTOM UCCIECHOBAHUS CITYKWIIA KYJIbTYpa Ofl-
HokyeTouHoIi Bomopociu 7. lutea El M. Bendif &
I. Probert, 2013 wu3 otnena Haptophyta — 1mTamm
MBRU _Tiso-08 n3 bruopecypcHoit komtekimu “Mop-
ckoii 6mobank” HHIIMB JIBO PAH (http://mar-
bank.dvo.ru). KyabTypa BblaeeHa 13 TPUOPEKHBIX
Box 3ai. [lerpa Bemukoro (SIlmonckoe mope) B 2012 1.,
ee UIeHTU(hUKALIMS TTOATBEPXKIeHA C TTIOMOIIBIO MO-
JIEKyJIsIpHO-TeHeThudeckux MetonoB (EdpumoBa u np.,
2016). KynbTypy BeIpallliBaIv Ha cpelie f, MPUTroTOB-
JIEHHOM Ha OCHOBE CTEPUIM30BAHHOI MOPCKOI BO-
Ibl B 250 M1 KoJ16ax DplieHMeliepa ¢ 00beMOM KYJIb-
TypanbHOM cpenbl 100 M, mpu Temnepatype 20°C,
VHTEHCUBHOCTH OCBelleHUsI 70 MKMOJIb/C/M? B 00-
JIACTW BUOVMMOTO CBETAa M CBETO-TEMHOBBIM IT€PHO-
oM 14 g cer : 10 ¥ remHora (Guillard, Ryther, 1962).
B kadecTBe MHOKYJIATA MCTIONB30BAIN KYJIBTYPY Ha
SKCHOHEeHIIMAIbHOM cramnu pocTa. [Tokasarenu pH
KyJbTypajibHOt cpeabl usmepstiui pH-merpom HI
8314F (Hanna Instruments, CIIIA).

PasMep ki1eTOK U (hiryopeciieHINIO XJIOpodUILia a
n3Mepsii Ha nporodydHoM muromerpe CytoFLEX
(Beckman Coulter, CIIIA). dis aHaiau3a 3aIlMchiBa-
Jmm manHbie 10000 KJ1€TOK BOTOPOCIY B TEYSHUE KaxXK-
noro naMepeHus. I'efiTupoBaHue IJIsT BELIOOPA KIIETOK
M3 00I1ero Yyucia CoOObITUI MPOBOAWIN IO PIyopec-
HeHUuMu xjopodpunia a. PayopecLeHINIO XI0PO-
dwnIa a BO30YKIAIN JIa3€POM C JUTMHOM BOJTHBI 488 HM
u peructpupoBanu mpu 690 + 25 um (MapkuHa,
2019). Pazmep KJ1eTOK BOAOPOCIU OIPENeISiiU C TT0-
MOIIIBIO KaIMOpoBouHbIX OycuH (Molecular Probes,
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CIIIA) mo mokazaTemio MPsSMOIO CBETOPACCESTHUS.
IMonyyeHue NaHHBIX U UX TTIEPBUYHBII aHATIU3 TPOBO-
nunu B mporpamme CytExpert 2.0 (Beckman Coulter,
CHLIA).

st aHanmsa comepkaHusl (POTOCHMHTETUISCKUX
MUTMEHTOB (XJopodMiIa @ U CYMMapHOTO coJiepKa-
HUSI KapOTMHOUWIOB) MCHOJIb30Bad 00Opa3lbl, CO-
OpaHHBIC Ha MeMOpaHHBIN GuILTp. [TNTMEHTHI BKC-
tparupoBain 90%-HbIM alleTOHOM, 3aTeM LIEHTPU-
dyrupoBanu 415 ynajieHUsI B3BECU B TeUeHUE 15 MUH
npu 7000 06/muH. CynepHaTaHT CIUBAJIU U OIIPEae-
JISIIA Ha caeayromx JianHax BoiH: 480, 630, 647, 664
u 750 HM ¢ TToMo1IbIO crieKkTpodoromerpa Shimadzu
UV-2550 (Smonwms). Pacuer KoHueHTpamuii HWT-
MEHTOB MNPOBOAWIU II0 CTaHAAPTHBIM (opMmyJiaM
(Jeffrey, Humphrey, 1975).

Jlunuael 3KCTparupoBajii ¢ MHOMOIIBIO METomIa
bnas u Haiiepa (Bligh, Dyer, 1959) u paznensinu on-
HOMEPHOM TOHKOCJIOIHOIT XpoMaTorpadueit Ha cu-
Jukarese. B kauecTBe cUCTEMbl pacTBOpUTENIEi HC-
MMOIB30BAIM CMECh Te€KCaHa, TUATUJIIOBOro 3dupa u
ykcycHoi KucioTsl (80 : 20 : 1). 30HBI cHUJIMKAaress,
conepxaiue TAT, cpa3y ke coOupaiu miarejaeM 1
3aTeM 3JIIOMPOBANIM JIMIIUIBI CMECHIO XJIopodopMa 1
MeTtaHosa (1 : 1). MetunoBbie 3(pUpPbI XKUPHBIX KUC-
JIOT TIoJIydaiu Tiepeatepubukaneii JUnuaoB Mo us-
BecTHOli MeToauke (Carreau, Dubacq, 1978) u oun-
IIaJIM TOHKOCJIOMHOI XpoMmartorpadueit B 6eH30Je.
MeTtunoBble 3(pUpPHl XKUPHBIX KUCIOT aHAJIU3UPOBa-
1 Ha xpomarorpade Shimadzu GC-14A (SInonus) ¢
IJIAMEHHO-MOHU3ALIMOHHBIM JIETEKTOPOM C UCTIONb-
30BaHMEM KallWUISIPHOII KBaplLIEBOM KOJOHKM, IIpU
temreparype 210°C; ra3-HOCUTENb — TeJIUIA.

CrekTpbl KOMOMHAIIMOHHOTO PACCESTHUS MOIyJa-
JIU C TIOMOIIIBIO PAMaHOBCKOTO MUKPOCKOMA-CITEKTPO-
Metpa inVia Reflex (Renishaw, Bemkoopuranust), 00b-
eIMHEHHOTO ¢ MUKPOCKOITOM Maalolero ceera Leica
DM2500 M (Leica Microsystems, I'epmanus). s
BO30YXIE€HUSI UCITOJIb30BaIN JUOIHBIN 1a3ep 532 Hm
rnpu 1.0 MBT MoltHOCTH Ha YpOBHE 0OBEKTa M1 BpeMe-
Hu aKkcro3uiu 0.1 ¢ B 100 moBTOpax. JlazepHoe NsATHO
JIUaMETPOM OKoJio 1.6 MKM Ha obOpasiie ¢popMUpoBa-
Jock 00beKkTUBOM X20, NA = 0.6 (Leica). U3amepunu
20 criekTpoB B auanasose ot 100 no 1800 cm~!, B ToM
yucie 10 U3 1meHTpaabHON obylacTh KieTku n 10 u3
nepudepuitHom (IuTorIasMa u Memopana). J1j1s1 00-
pabOTKU CITEKTPOB UCIOIL30BaIN GYHKIIUY CIITAXKU-
BaHUSI, BEIMUTAaHUS 6a30BOIi TMHUU U TTIOATOHKHU MU~
koB (Tschirner et al., 2008). KayecTBeHHY1O0 OLIEHKY
CcoIepsKaHUsI KApOTUHOUIOB B KJIETKAX IIPOBOIUIIN C
y4eTOM OCOOCHHOCTEH aMIUIMTYI pPaMaHOBCKOIO
creKTpa.

st TpaHCMMCCHUOHHOM 3JIEKTPOHHOII MMKpPO-
CKOIMU KJIETKU BOIOPOCIE (DPUKCUPOBAIA B TeUCHUE
24 B 2.5%-HOM TiIyTapaibaeruae, IIpUroTOBICHHOM
Ha ¢ocdarHom 6ydepe (pH 7.4), a 3atem B 1%-Hoit
YeTBIPEXOKUCH OCMHUS Ha TOM 3Ke Oydepe B TeueHue 1 u.
U1 mOBBIIIEHUSI KOHTPACTHOCTH KJIETKU OKpalllu-
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Ban 0.15%-HbIM pacTBOPOM PYyTEHUSI KPACHOTO B TE-
yeHue 15 muH. Martepuan 00e3BOXMBAIM B CEpUU
CIIMPTOB BO3pacTalolleil KOHLICHTPAlIMK U alleTOHAa 1
3aJMBalv B cMech a11oHa 1 apanauta (Fluka, IIBeiiia-
pust) o cranmaptHoit metomuke (Luft, 1961). Cpe3sbl
ToMUHOM 70 HM M3roTaBIMBaIX C ITOMOIIBIO aIMa3-
Horo Hoxa (Diatome, IlIBeiiiapus) Ha yIbTpaMUKPO-
toMme Ultracut-R (Leica Microsystems, I'epmanusi) u
KOHTPacCTUPOBau 2%-HbIM pacTBOPOM ypaHWJIaLleTa-
Ta WM IUATPATOM CBHMHIIA II0 CTAaHAAPTHOM METOMMKE
(Reynolds, 1963). UcciaenoBaHue cpe30B IMIPOBOIUIN
Ha TPAaHCMHUCCHUOHHOM 3JEKTPOHHOM MMKPOCKOIIE
Libra 120 (Carl Zeiss, I'epmanmust), ycKopsioiiee Ha-
npstkeHue 120 xB.

OKCNEpUMEHTbI MPOBEAEHBI B Tpex OuoJiornye-
ckux moBTopHOCTsIX. Ha rpadukax m B Tabauiax
MPEACTABJIICHbl CPEIHWE 3HAYECHUSI U CTAaHIApTHHIC
OTKJIOHEHMUSI.

PE3VJIBTATDBI

YucIeHHOCTh KJIETOK B KynbType 1. lutea yBenu-
ypBanach B TeueHune 30 cyTok. Ha mpoTrsskeHUM Tiep-
BBIX TpeX Helelb KYJIbTUBUPOBAHUS COOTHOILICHUE
KJIETOK pa3zMepoM 2—4 U 5—6 MKM ObUIO OIMHAKO-
BBIM, € 21-X CYTOK 1 IO KOHIIA 3KCIIEPUMEHTA MPpeo6-
JIagajay KJIETKM MeHbIIero pasmepa (puc. 1).

CopepxkaHue XJIOpoUIIIa @ U KAPOTUHOUIOB CO-
OTBETCTBOBAJIO JWHAMUKE YMCICHHOCTH KJIETOK
(tabn. 1). K Havany ctanimoHapHoit a3sl pocTa co-
JIepXaHue XJI0poduilia a U KApOTUHOUAOB YBETUUM -
JIOCh COOTBETCTBEHHO B 4 11 5 pa3 110 CpaBHEHUIO C Ta-
KOBBIM Ha 3KCHOHEHLMaJbHOU (pa3e pocrta. Ha cra-
INU OTMUpaHUsSI colepKaHhe (POTOCHMHTETUUYECKUX
IMUTMEHTOB CHU3UJIOChH.

B TeueHMe Bcero meprona HaG OIS HII B KJIeTKaxX
T. lutea oTMeyanu IUNUOHBIC Karuid (puc. 2a, 20),
KOTOpPbIE KCTPArupoBaJIUCh MEXIY OPTaHUYECKUMU
YelryifkaMu, TTOKPBIBAIOINMHU KIIETKY MUKPOBOIO-
pocau (puc. 2r, 21). Ha craumoHapHoii ¢ase pocrta
KyJbTYPbI JIMTTUAHBIE KAIJIU ObLIM OOHAPY>XKEHBI U Y
OakTepuii, acCOUMUPOBAHHBIX C 1. lutea (puc. 2B), u
B KyJIbTypaJibHOM cpene (puc. 2e). Yepes 30 cyT Kyiib-
TUBUPOBAHUS BbleJEHUE JUIIUIHbBIX Kaneab y 1. lu-
tea (puc. 3) XOpoIlI0 3aMETHO Ha CBETOBOM YPOBHE.

OPJIOBA u np.
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Puc. 1. [luHamMuKa YMCIEHHOCTU ToNyasiuuu Tisochrysis
lutea v ee pa3sMepHas CTPYKTypa B TEUEHUE KYJIbTUBUPO-
BaHUSI.

Ha pamaHOBCKMX cCHeKTpaX JUNUTHBIX Kallejb
OTMEYEeHO YBeJIMYCHUE 3HAYCHH 1 TUKOB 3-KapoTrHa
rpu 1157 u 1526 cm~! (puc. 4a, 46). D10 sABICHUE Xa-
PaKTEPHO KaK JJIsl 9KCTIOHEHIIMAJIBHOM, TaK Y CTaLlU-
OHapHoit ¢da3nel poctra. TakKe MHpU HCCIECIOBAaHUU
T. lutea nosryyeHsl Moabl 1525, 1160 u 1010 cM~!, co-
OTBETCTBYIOIIIME M30MepaM KapoTHMHOMIA (PYKOK-
caHTuHa (puc. 5a, 50).

Conepxxanue TAI Ha kiieTky 7. lufea Ha 9KCIIOHEH-
LUMaIbHOM cTamuu pocrta coctasisuio 0.61 nkr/103 kie-
TOK, Ha cTaumoHapHoil — 0.61 nkr/103 xieTok u Ha

CTanuy CHIKeHus unciieHHocty — 0.67 nikr/103 kie-
TOK.

Ha cranum sxcnoHeHIIMaaAbHOTO POCTa 1 B HaYajie
ctaguu ctauuoHapHoro pocta (30 cyTr) B cocraBe
XKUPHBIX KUCHOT 1. lutea (Tabia. 2) mipeodiiagaau mo-
JIMHeHachIeHHbIe XXupHble KucaoThl (ITHXKK), co-
JepxaHue KOTopbix cocTtaBiisiio 40.9%, conepxxaHue
HACBHIIIIEHHBIX W MOHOHeHachimeHHbIX (MHXKK)
XXUPHBIX KHACJIOT OBIO HUXKE. B KOHIIe cranmoHap-
Hoit ¢asbl (60 cyT) conepxkanue [THXKK 65110 BhIIIIE,
yeM compepxanne MHXKK. Cpenu ITH2KK Hanboib-
111as1 KOHIIEHTpAalMs B KJIETKE OTMEUeHa LISl )KUPHBIX
kucior 18:4n-3 (15.3—20.9%) n 22:6n-3 (7.7—11.3%).
Konuenrpauun 20:5n-3 u 20:4n-6 Ha Bcex CTagusIxX
OBLIM MUHUMAJIbHBIMU. MOXHO OTMETUTh 3aMETHBIE
KOHILIeHTpauuu 22:5n-6, comepKaHUe KOTOPOM CO
BpeMeHeM Bospactano. CooTHollleHHe n-3/n-6

Taomuna 1. TTokasarens pH KyabTypaibHOIi cpefbl U comepXaHue (OTOCUHTETUYECKUX ITUTMEHTOB Tisochrysis lutea B

3aBUCHUMOCTH OT (1)213])1 pocTta

Ilokazatens
da3za pocCTa KyJIbTYpPhI H X.HOpOd)I/IJTJT a, Kapo'rp[].[op]z[],[, XJ'IOpO(I)I/UUI a, KapOTI/IHOI/II[bI,
P MKT/JT MKT/JT r/10B Haxietky | 1/10" Ha KiIeTky
DKCNOHEHIIMaIbHAas 8.61 381 £43 482 + 84 1.73 £ 0.08 217 £0.41
CranuoHapHas 8.66 1505 £ 280 2572 + 562 1.65+0.32 2.79 £ 0.67
®daza oTMUpaHus 8.36 561 £ 116 1314 + 271 2.31£0.24 5.54 £0.52
BUOJIOTHA MOPA TOM 49 Ne 3 2023
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Puc. 2. UsMeHeHUs TUNUIHBIX TeJell BHYTPU KJIETOK Tisochrysis lutea v X 3KCKpeLys B cpeny: a, 6 — oOIInit BUI KJIETKU, CO-
nepxkalleil TUIUIHbIe KaIIu (TpaHCMUCCUOHHAS 3JIEKTPOHHAsI MUKPOCKONUs), 1b — munuaoHas Karvist; B — 0aKTepuu, Colep-
JKalllre JUITUIHBIE Kaluli, B KyJIbType MUKPOBOIOPOCIIU; T, I — BbIACJIEHUE JIUMTUAHBIX Kalesb B Cpely; € — JUIMMIHbIC Karuiu

B KYJIBTYpaJIbHOI cpejie.

()

10 MM 10 MM

Puc. 3. Knetku Tisochrysis lutea (CBeTOBasi MUKPOCKOIIHS): & — KJIETKHU B IIPOXOMISIIEM CBeTe; 6 — aBTO(MIyOPECIEHIINS XJTO-
poruiacTa; B — Kiietku ¢ DIC-koHTpacTupoBaHUEeM, CTpeIKaMy 0003HAYEeHbI JTUITUIHbIC KAILIN.
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OPJIOBA u np.
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Puc. 4. PamanoBckuii cniekTp Tisochrysis lutea Ha pa3HbIX pa3ax pocTa KyJbTyphI (a), YepHOM JIMHKEt 0003HaYeHa SKCITOHEH -
uanbHas ¢aza pocta, KpaCHOM — cTallMoHapHasi; 6 — TOuKa MOJyYeHUsI PAMaHOBCKOTO CITeKTpa (JIMIMUAHAS Karis).

—

[\

(=
1

(@)

— o Wb LY 00 o =
SRR R-E-=

[pon3BOIbHAS MHTEHCHBHOCTB, pacuet x 1073

1525

1608

1000 1100 1200 1300 1400
PaMaHOBCKUII CIBUT, cM ™!

1500

1600

Puc. 5. PamanoBckuii criektp Tisochrysis lutea: a — moabl pykokcanTuHa (v1 1525, v2 1160, v3 1010 CM_I); 0 — TouKa MmoJryye-

HUST pAMaHOBCKOTO CITeKTpa (KJIeTKa).

TTH2KK 3HaunTeIbHO YMEHBIIAIOCH B KOHIIE CTalll-
oHapHoi1 pa3sl. KoHIleHTpamsa 1oKo3arekcacHOBOM
KUCJIOTBI, COCTaBJISIBIIIASl Ha SKCIOHEHIIUATbHOM
daze 0.82 Mr/m1, Ha cTallMOHAPHOIT JOCTUTAIa MAaKCH-
myMa (1.62 Mr/71) ¥ ¢ Ha9aJIoM OTMHUPAHUS KYJIBTYPbI
KJIETOK CHMXXaJIaCh 10 3HAYEeHUI B BKCITOHEHIIMAJb-
Hol haze.

Cpenu MH2XKK mpeo0bianmana >KMpHast KUCJIOTa
18:1n-9 (17.1—-28.2%), B mo3aHeit craloHapHOM (a-
3¢ 3HAYMUTEJIPHO YBEJIMYMBAIOCH coaepxkaHme 18:1n-7.

Cpenn HXK npeo6mamanu 14:0 1 16:0 KUCIOTHI, CO-
nepxanne 18:0 Oput0 HeBenmKo. KoHIEHTpaims
22:6n-3, xoTopast Oblla MaKCMMaJIbHOM B Hadaje
cTalMoHapHOM (a3bl, cocTaBIIsIA 1.544 Mr/1 KyJIbTy-
PBI, K KOHITY OITBITa 3aMETHO YMEHBIIAJIACh.

OBCYXIEHUE

MuxkpoBonopocib 1. lutea iponyuupyeT psii Ka-
POTUHOUJIOB, B TOM 4uciie B-KapoTuH 1 byKOKCaH-
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Ta6mma 2. CocTaB XXMPHBIX KUCIOT (% OT CyMMBI XKUPHBIX KUCJIOT) Ha pa3HbIX (pazax pocTa KyJIbTYPbl MUKPOBOIOPOC-

neit Tisochrysis lutea

DKCMOHEHUMaTbHAas CranuoHapHasi ®daza otMupaHus
KupHble KUCTOTBI

N=3 N=4 N=4
14:0 19.7 1.2 14.6 £ 0.6 122 +0.8
15:0 1.2+0.2 0.6 +0.0 0.6 +£0.1
16:1n-7 52%+0.2 3.6%+0.3 3.8+0.1
16:0 141+ 1.9 12.8 £0.3 12.6 £ 0.4
18:4n-3 20928 18.8 £ 0.6 15.3+0.9
18:2n-6 3.4+0.1 1.8 £ 0.0 2.8+0.1
18:3n-3 1.6 £ 0.3 24+04 2.0+0.5
18:1n-9 171 £ 0.4 28.2+0.9 23.8+ 1.2
18:1n-7 1.2+0.1 1.0+ 0.2 7.8 £0.7
18:0 1.1 £0.2 1.0+0.2 29+0.5
19:1n-6 0.0+ 0.0 0.3£0.3 1.9+0.1
20:4n-6 0.2+0.0 0.1 £0.0 0.6+0.2
20:5n-3 0.5+0.0 0.5+0.0 0.5+0.0
21:5n-3 0.5+0.0 0.8 £ 0.1 1.4 £0.0
22:5n-6 2.1£0.3 31+£0.2 4.2+0.1
22:6n-3 11.3+ 1.4 10.5+ 0.5 7.7+0.3
H2KK 35.7 28.6 28.5
MHXK 23.4 33.0 35.8
n-3 IMTHXKXK 35.3 33.4 28.1
n-6 IMTHXK 5.6 5.0 7.6
n-3/n-6 6.0 6.2 34

ITpumeuanne. HXKK — HacbimeHHbIe XupHble Kucsiotel; MH2KK — MoHOHeHachIeHHbIEe XXKUpHBIe KcaoThl; [THXKK — monmnHena-

CBIIICHHBIC 2KUPHbLIC KUCJIOTHI; N — gucio l'Ip06.

THH, COoAepXaHHe KOTOPBHIX BapbHPYyeT Ha pa3HBIX
aTamnax pocTa KyJIbTypHI 1 OIIpeIelIsieTcs ITapaMeTpa-
mu KynpTuBupoBaHus (Pajot et al., 2022). CornacHo
TMOJIyYeHHBIM HaMU TaHHBIM, COIepKaHUe JTUTTUIOB
1 KapOTUHOMIOB YBEJIMINBAIOCH Ha CTAIIMOHAPHOMN
dasze pocTa KynbTypHl (Tabma. 1, 2; puc. 4a). Makcu-
MaJIbHOE CONIepXKaHWe JIMMUIOB B HAKOIMUTEITHLHOMN
KYyJbTYype Ha CTall 1 CTAallMOHAPHOTO POCTa ITOKa3aHOo
JIJISI MHOTHX BUIOB MUKpoBoaopocieii. [Tpu cHuke-
HUM KOJIWYECTBA NMUTATEJbHBIX BEIIECTB B Cpejie Ha-
CTYyIIaeT TaK Ha3bIBaeMasi JTUIloreHHas a3a, KoTopast
XapakTepusyeTcsl 3aMelJIeHUEM WIM OCTaHOBKOI
KJIETOYHOTO JeJICHUST M HaKOTUICHUEM HEUTPaTbHBIX
munuaos (ConoBueHko, 2012; Opnosa u ap., 2019).

HauGonrblilee comepXXaHue XUPHBIX KUCIOT B
KynbType T, lutea Taxke periCTpUPOBAIN HA CTALIO-
HapHOI ¢daze. B pazHbix mrrammax Isochrysis galbana
n T. lutea xonuentpauus [TH2KK 22:6n-3 cocraBuia
oT 3.6 10 25.3% ot obuiero comepXaHUsI KUPHBIX
kucioT. Hamu yctaHoBieHo, 4To comepkaHue 18:4n-
3 B kieTtkax 7. lutea 3HAYNTEIILHO TIPEBHIIIATIO TAKO-
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BO€ y OOJIBIIMHCTBA paHEEe MCCIEIOBAHHBIX IITaM-
moB (Liu et al., 2013).

Conepxanne AI'K u DIIK cBugerelbcTBYyeT O
OMOTEXHOJIOTUYECKOM MOTCHIIMAJIC KYyJIbTYPHI, IO~
nepxuBaemoii B buopecypcHoil koyuiekuuu “Mop-
ckoit buobank” HHIIMbB IBO PAH (ta6. 3).

B xone Hamrero skcriepyMeHTa 0OHapy>XKeHO 3Ha-
YUTEJIbHOE YBEIUYEHIE PAa3MEPOB JIUIIUIHBIX Karelb
B KJIETKAX, UTO SIBJISIETCS OTBETOM Ha HETOCTATOK ITH-
TaTeabHbIX BellecTB (CosioBueHKO, 2012). I3BecTHO,
yto y mpencrtaButeneit Isochrysidaceae numuaHbie
KaIlJIi TIPUMBIKAIOT K XJIOPOILUIACTY M MOTYT COIep-
kaThb KaporuHouasl (Pilat et al., 2012).

Ha cranuu crtalimoHapHOro pocTta HaOatomasncs
9K301LIMTO3 — BbIJEJIEHNWE BO BHEUIHIOIO Cpely Juv-
MUIHBIX KalleJib, coaepXallux KapoTuHouabl. Ha
CTaIusIX CTallMoOHapa U OTMUpaHus B KyabType 7. lu-
fea OTMEYEHbI OaKTEPUU, B KJIETKAX KOTOPBIX TaKXKe
CoAepXaUCh TUNUAHbIE Kariu. X KoinyecTBO Ba-
pbupoBajio ot 1 go 3. [fonoGHOe siBeHUE, OTMEYEH-
Hoe paHee Ha mrTammax 7. lutea CCAP 927/14 u
CCAP 927/14 T+, cBsI3bIBaAIOT C YBEJIMYESHUEM BbIIE-
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Taomuuna 3. MakcuManbHOe cofepkaHue noko3arekcacHoBoit (AI'K) u sitko3anenraeHnoBoii (DI1K) kuciaot (% ot cym-
MBI XKMPHBIX KMCJIOT) B KJIETKaX pa3HbIX KIOHOB Tisochrysis lutea

Kion, MecTo conepxxaHust

ATK

JlutepatypHbIit
HUCTOYHUK

BIIK

CCAP 927/14 T+

Institute for Exploitation of the Sea an oceanographic
institution in Brest, France

T-ISO«LB 2307

Collection of Algae at the University of Texas (UTEX)
at Austin, Texas, USA

CCMP 1324

National Center for Marine Algae and Microbiota
(NCMA), East Boothbay, USA

CCMP 1324

National Center for Marine Algae and Microbiota
(NCMA), East Boothbay, USA

Australian National Algae Culture Collection
(ANACC) Hobart CSIRO, Australia

CS-177

Australian National Algae Culture Collection
(ANACC) Hobart CSIRO, Australia

Adelaide, Australia South Australian Research and
Development Institute Aquatic Science Centre, Ade-
laide

RCC1349

Roscoff Culture Collection of Marine Microalgae
Roscoff, France

MBRU_Tiso-08

buopecypcHas komnekuus “Mopckoit 6ModaHk”
HHIMB IBO PAH, Bnagusoctok, Poccust (The
Resource Collection Marine Biobank on the basis of
the National Scientific Center of Marine Biology
(NSCMB), Far Eastern Branch, Russian Academy of
Sciences Vladivostok, Russia)

18.0£0.5 —

15.21 £0.00

14.4 £ 0.7 —

12.72 £ 0.17 —

10.1 £0.22

11.1 £2.8

8.20 £ 0.10

1.3+ 1.4

Da Costa et al., 2017

343+0.41

Sancez-Saavedra et al., 2015

Lin et al., 2007

Hu et al., 2018

0.5+0.01 Alkhamis, Qin, 2016

0.6+0.2 Mai et al., 2021

0.57 £ 0.06

Rasdi, Qin, 2015

Gnouma et al., 2017

0.5+0.0 Hacrtostiast padora

«

le/lMellaHl/le . — HET JaHHBbIX.

JIeHus1 BTOopuuHbIX MeTadbonutoB (Da Costa et al.,
2017).

Taxkum o6pazom, poct nmonyassuuu 1. lutea po-
noinkaercs 10 30-x cyrok. C yBeJIn4eHUEM BpeMeHU
9KCITO3ULIMU PaCcTeT KOJUYECTBO JUMUIHBIX Karleb,
COepKAITUX JIUTIMIBI U KAPOTUHOUIBI, B TOM YHCIIe
dykokcaHTMH. B mepwonm crammoHapHOW ¢a3el y
OOJIBIIIMHCTBA KJIETOK HAa0JI0/1aeTCs SIBJIEHNE 9K30111-
to3a. [lokazaHo, 4TO cymMMapHOe coaep:KaHue Kapo-
TUHOUIOB YBEIMYMBACTCSI Ha CTallMOHApHOI a3e.
ConepxxaHue TOKO3areKCacHOBOI U 3iiKo3areHTae-
HOBOM XXWUPHBIX KUCJIOT HapacTaeT Ha 9KCITOHEHII-
aJIbHOI M cTallMoHapHO# ha3ax pocra. [lomydeHHBIE
HaMU JaHHbIE CBUACTEIBCTBYIOT O BHICOKOM OMOTEX-
HojyormyeckoM noteHumane mramva MBRU Tiso-08
n3 bropecypcHoii Koutekuu “Mopckoit 6100aHK”
HHIIMB IBO PAH.

KOH®JIUKT UHTEPECOB

ABTODBI 3asIBJISTIOT 00 OTCYTCTBUM KOH(DJIMKTA MHTEPE-
COB.

COBJITIOJEHHWE 5 TUYECKHUX HOPM

Hacrosias craTbst He COOSPKUT OTTMCAHMS KaKNX-JIH -
00 UcCIeIO0BaHU C UCTTOJIL30BAHUEM JIIOJIEH U XKUBOTHBIX
B KauecTBe OOBEKTOB.

OPMHAHCHUPOBAHUME

Pa6orta BhInoHeHa npu (priHAHCOBOI MOMIEPXKKe I'paHTa
Poccuiickoro HayuHoro ¢oHna (rmpoekt Ne 21-74-30004).

BJIIATOJAPHOCTHU

Astopbl 6iarogapsart corpynHuka HHIIMbB JIBO PAH
M.A. CabyuKyto 3a TOMOIIb B TPOBEAEHUM JIEKTPOHHO-
MMKPOCKOITMYECKOTO aHAI13a.
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Biochemical and Ultrastructural Changes in the Microalgae Tisochrysis lutea
(Bendif et Probert) (Haptophyta) at different stages of growth in enhancement culture

T. Yu. Orlova“, Zh. V. Markina?, A. A. Karpenko“, V. I. Kharlamenko“, and A. A. Zinov*

4Zhirmunsky National Scientific Center of Marine Biology, Far Eastern Branch, Russian Academy of Sciences,
Viadivostok 690041, Russia

In our study we investigated the growth, biochemical composition, and ultrastructure of Tisochrysis lutea mi-
croalgae in enrichment culture during 30 days experiment. The number of 7. lufea cells increased throughout
the experiment. We noted an increase in the size and number of lipid droplets containing fatty acids and ca-
rotenoids, including fucoxanthin, in the exponential and stationary phases of their growth. It has been estab-
lished that the total content of carotenoids reaches a maximum in the stationary phase and decreases in the
dying phase. During the stationary phase, exocytosis is observed in cells with the release of lipid droplets. This
study demonstrates the potential of the 7. lutea clone MBRU _Tiso-08 from the Marine Biobank Bioresource
Collection of the NSCMB FEB RAS as a raw material for domestic biotechnology aimed at the combined
extraction of carotenoids (including fucoxanthin) and lipids (including docosahexaenoic and eicosapentae-
noic fatty acids).

Keywords: Tisochrysis lutea, microalgae, exocytosis, biotechnology, carotenoids, fucoxanthin, fatty acids, do-
cosahexaenoic acid, eicosapentaenoic acid
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