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D9A3 3 KOJ/UVIEKIIUM KUBBIX KYJIBTYP KAPOTUHOTI'EHHBIX
MMKPOBOAOPOCJ/IEM MHBIOM (IBSSCA)
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HccenenoBaHuss BTOPUYHOTO KAapOTHMHOTEHe3a KaK CTPATeTWHM BBDKUBAHUS MHKDPOBOZOPOCEN
Chlorophyta B yci0BUAX IOCTOSHHOTO aOMOTHYECKOTO CTpecca aKTyaJIbHbI 0oJiee TPEX JIeCATHJIETUU.
KapoTtuHoreHHbple MHMKPOBOJOPOCIN IIMPOKO PACHPOCTPAaHEHbI B IMPECHOBOJAHBIX U HA3€MHBIX
OuoIeH03aX, U MOUCK Cpelu HUX Haubosiee MPOAYKTUBHBIX IITAMMOB BBISABJISIET HOBbIE MOTEHIIUAIHHO
IepCIeKTUBHbIE OOBEKThl /I TOJyYeHUS KETOKAPOTHHOWJOB — MOIIHBIX AaHTUOKCHIAHTOB U
UMMYHOMO/IYJIITOPOB, IIPEICTABJISIONINX [IEHHOCTD JJIs UIEBOM U KOCMETUYECKON ITPOMBIIIIEHHOCTH,
dapmakosoruu, ceabckoro xozsiictBa. Ha 06a3ze KOJUIEKIUU KUBBIX KYyJIBTYP KapOTHHOT€HHBIX
MukpoBogiopociieii UHBIOM (IBSSca) mpoBozsaTcss paboThl II0 HCCJIEIOBAHUI0 3KCTPEMOOHMOHTHBIX
KapOTHHOTEHHBIX MHKPOBOZIOPOC/IeN (Pa3jIMUHBIX TAKCOHOMUYECKHX TPYIIN), IOJyYEeHHBIX IIyTeM
MEKKOJUIEKITUOHHOTO OOME€Ha WM COOCTBEHHBIX IIOJIEBBIX COOpOB. l3ywaroTcsi MeXaHU3MBI HX
aZlanTaliii K OCTPOMY abMOTUYECKOMY CTpPecCy, UCIOJIb3YIOTCH MOJIEKYJIIPHO-TeHeTUYeCKHue MeTO/Ibl U
3JICKTPOHHO-MUKDPOCKOIIMYECKHe TEeXHOJIOTHH, II03BOJIAKINYE 3HAYWUTEJbHO YJIYYIIUTh ITIOHUMAaHUe
AIBJIEHUsI BTOPUYHOI'O KapOTHHOTeHe3a. B kosuieKkiuu obecneyrBaeTcsi COXPAHHOCTD IepPCIeKTHUBHBIX
BH/IOB Ha arapu30BaHHBIX MTUTATEJIbHBIX CpelaxX /I JaJbHENIero u3y4yeHus ux 6MOTeXHOJIOTUUECKOTO
IOTeHI[haa KaK IPOAYLIEHTOB BBICOKOIIEHHBIX KETOKAPOTUHOW/OB aCTaKCAHTMHOBOIO PAJZIA, a TaKXKe
IIPUPOJIHBIX UCTOYHUKOB JIUITHJIOB /711 OMOTOIUINBA TPETHETO MTOKOJIEHUS.

B menax mnomnosiHeHUs KojuteKnuu B 2021 roay OBLI TOJydyeH HOBBIM INITaMM 3eJIEHOUN
Mukposogopociu Mpan DIA3 u3 ®esrepanbHOr0 HAyIHOTO EHTpa 6MOpa3HO00pa3usa Ha3eMHOM OUOTHI
Bocrounoit Azun JIBO PAH (r. BnraguBoctok, Poccus). [IItamm O6bLT U30JITMPOBAH CO CTBOJIA MAJIbMBbI B
2009 roxay (r. Hyp, MpaH) 1 ero TakcOHOMHYeCKHUU cTaTyc B paMmkax otaesia Chlorophyta na momenT
IIOJIydeHHs1 ObLT HEW3BeCTeH. AJIbrOJIOTHYECKH ducTass Kyiabrypa Mpan D9A3 mopnep:xuBaercs B
KOHTDOJIUPYEMBIX YCJIOBHUAX B AKTUBHO BETETHPYIOIIEM COCTOSHUHM METOAOM CYOKYJIbTYpHl Ha
arapu3oBaHHOU nuTaresbHOU cpeie bosza. [Ipu inTessbHOM XpaHEHUH Ha arape BU3yaJIbHO OTMEYEHO
MIOKPAaCHEHUE CTAPEIOIINX KYJIbTYD, UTO ABJIAETCH XapaKTePHONH 0COOEHHOCTHIO KAPOTUHOTEHHBIX BUIOB.
Jina ompenesieHUs TaKCOHOMHYECKOTO IIOJIOXKEHHSA IITaMMa INPUMEHSICA WHTETPATUBHBIA IOJIXOJ,
BKJIIOUAIOIIUNA METOAbl MOJIEKY/IAPHO-TEHETUUECKOTO aHaJIN3a, MUKPOCKONUU M aHaau3 Mopdo-
dusnoIOrNUecKUx XapaKTepUCTHK. DuioreHeTHUUeCKUU aHAJIU3 C HCIOJIb30BAaHHEM CTaHJAPTHBIX
MapkepHbIX TeHOB 18S pPHK u rbcl, xapakrepnsix 1 Chlorophyceae, gasi Bo3M0KHOCTb OTHECTH LITAMM
Hpan D9A3 k cemelictBy Scenedesmaceae. Pe3ynbTaThl MUKPOCKOIIMU IO3BOJIWJIN IIPEANOJIONUTD
IIPUHA/JIEKHOCTH IITaMMa K pozty Coelastrella n3-3a Hayimumsa Ha MOBEPXHOCTU KJIETOK MEPUIMOHATIBHBIX
pebep, cXOAAIUXCA Ha IOJICAX — XapaKTEPHOTO MOP(QOJIOTHYECKOro IMpPHU3HAKa JIaHHOTO poja.
OTMeueHo, YTO MOJIO/ble BeTeTaTUBHBIE KJIETKHU SJJIMIICOUTHON (POPMBI, C allUKIbHBIMHU YTOJIIIIEHUAMH,
WX JUIMHA ¥ IIWPUHA BapbUPYIOT B IIpefenax 7- 14 MKM u 5-9 MKM, COOTBETCTBEHHO. becriosoe
pa3MHOKEHUe OcCylllecTBisAeTcs aBTrocnopamu (mo 2-4 B cnopanruu). IlosioBoe pa3MHOXeHHE U
JKTYTHUKOBas CTa[us He 3aperucrpupoBaHbl. [lo Mepe crapeHHs KpacHble KJIETKH OKPYIJIAIOTCA,
YBEJIMUMBAIOTCA B pa3Mepax, VTOJIIAeTcs KJIeTOuHas o000s0uka. MeTo/oM TOHKOCJIONHOMN
xpoMaTtorpauu B KapOTHHOWJIHOM CIIEKTpe KpAacCHeWoIlel KyJIbTYyphl ObLIN HJIeHTU(DUIIUPOBAHBI
KETOKAapOTMHOW/IbI, XapaKTepHble JMJiA TMpeacTaBUTes el Tmopsaka Sphaeropleales: kaHTakcaHTUH
(momunupyoman dpaknusa, 24% OT CyMMapHBIX KAPOTUHOW/IOB), aJJTOHUKCAHTUH U ACTAKCAHTUH U UX
a¢dupsl. Copep:kaHre KAPOTUHOUIOB B cyXoil 6romacce cocrasisio 0,13%. ITpu mobope onTUMAaTbHBIX
YCJIOBUHM KyJIbTUBUPOBAaHUA U HHTeHCHU(UKANUU BTOPUYHOrO KapoTHHOreHe3a mraMm Vpan D9A3
MOJKET pacCMaTpPUBAThCA KaK IMOTEHIMAJIBHO IEPCIEKTUBHBIA OOBEKT OHOTEXHOJOTUUYECKUX
HCCiIeIOBaHUM, B KaUecTBe MPOyILleHTa BhICOKOLIEHHBIX KeTOKaPOTUHOW/IOB I'PYIIIBI ACTAKCAHTHHA.
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Studies of secondary carotenogenesis as a survival strategy for Chlorophyta microalgae under
abiotic stress conditions have been relevant for more than three decades. Carotenogenic microalgae are
widely distributed in freshwater and terrestrial ecosystems. The search for the most productive strains
among them reveals new promising candidates for the production of ketocarotenoids. These valuable
antioxidants and immunomodulators are widely used in the food, cosmetic, pharmaceutical, and
agricultural industries.

On the basis of the IBSSca (Collection of live cultures of carotenogenic microalgae from the
Kovalevskii Institute of Biology of the Southern Seas), which is continuously updated with new species
through inter-collection exchanges and our own field sampling, research is ongoing to identify new
extremophilic carotenogenic microalgae from various taxonomic groups. Their responses to acute abiotic
stress are being studied to better understand the physiology and adaptive significance of secondary
carotenogenesis.

The collection ensures the preservation of promising species on suitable agar media for further
study of their biotechnological potential as producers of ketocarotenoids (astaxanthin and its synthesis
intermediates) as well as lipid-based third-generation biofuels.

In 2021, the collection was replenished with a new strain of green microalgae, Iran D9A3,
obtained from the Federal Scientific Center of the East Asia Terrestrial Biodiversity, Far Eastern Branch
of the Russian Academy of Sciences (Vladivostok, Russia). This strain was isolated from a palm tree trunk
in 2009 in Nur, Iran, and its taxonomic status within the Chlorophyta was unknown at the time of receipt.

Algologically pure Iran D9AS3 culture is maintained in an active vegetative state on agarized Bold
media under controlled conditions using the subculture method. The reddening of microalgal colonies on
agar slants was visually observed when they were stored for a long time period. This is a characteristic
feature of carotenogenic species. To determine the taxonomic position of the strain, an integrative
approach was employed, including the analysis of molecular genetic, morpho-physiological, and electron
microscopic characteristics.

Molecular phylogenetic analysis using standard 18S rRNA and rbcL marker genes for
Chlorophyceae allows assignment of the Iran D9AS3 strain to the Scenedesmaceae family. The results of
light, scanning electron, and confocal microscopy suggest that the strain belongs to the genus Coelastrella,
due to the presence of meridional ribs on the cell surface that converge at the poles, which is a characteristic
morphological feature of this genus.

It is noted that young vegetative cells have an ellipsoidal shape, with apical thickening. Their length
and width are 7-14 microns and 5-9 microns respectively. Asexual reproduction is carried out by
autospores (2-4 in sporangia). Sexual reproduction and the flagellar stage were not noted.

As cultures age, red cells become rounder and larger, and the cell walls become thicker. Using thin-
layer chromatography, ketocarotenoids characteristic of the Sphaeropleales order were identified in the
carotenoid composition: canthaxanthin (dominant fraction, 24% of total carotenoids), adonixanthin,
astaxanthin, and their esters. Carotenoid content in dry biomass was 0.13%. When selecting optimal
conditions for the cultivation and intensification of secondary carotenogenesis, the Iran D9AS3 strain can
be considered a potentially promising object for biotechnological research as a producer of valuable
ketocarotenoids, astaxanthin biosynthesis intermediates.
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