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YcTaHOBIICHO, YTO a30THasl HEJIOCTATOYHOCTb, MHHUIMHUPOBAHHAs Ha cTaauu 1mokos Haematococcus pluvialis
(H. pluvialis), B coueTaHAN CO CBETOM BBICOKOW MHTEHCHBHOCTH HE SIBISIETCS 3(PPEKTHBHBIM CTPECCOBBIM (haKTOPOM
JUTSL MHIYKIMK HAaKOIUICHHS acTaKCaHTHHA B KieTKax Bojgopocin. ConepikaHue acTaKCaHTHHA B KieTkax H. pluvialis
IpY OTCYTCTBUH a30Ta ObUIO HIKE, YeM B 00paslax, KyJIbTHBHPYEMBIX Ha MOJIHOM cpene Pynnka, He3aBUCHMO OT HMH-
TEHCUBHOCTH OCBellleH s1. [laHHbIi (hakT yKka3bIBaeT Ha HEOOXOAMMOCTb HAJIMUHsI HEKOTOPOTO KOJIMUECTBA a30Ta B CPe/ie
Jutsl DYHKIIMOHUPOBAHMS CHCTEMbI CHHTE3a IAaHHOTO TMTMeHTa. Kpome Toro, HU3KHiA BBIXOJ] aCTAKCAaHTHHA B BapHaHTax
OIIBITA C UCIIOJI30BAaHUEM HEMOJHOM cpeabl Pyanka, moMuMo HegocTaTKka a3oTa JUlsl ero OMOCHHTE3a, CBS3aH TaKkKe
CO CHI)KEHHMEM YPOBHS dKCIpeccuu reHa PSY, KoAnpyromero Kio4eBoi (pepMeHT Lenu OnocuHTe3a KapoTHHOUIOB —
(huTOCHCHHTA3Y.

Knrouesvie cnosa: Haematococcus pluvialis; CBeT BBICOKOW HHTCHCUBHOCTH; NE(DUIUT a30Ta; aCTAKCAHTHH.
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ASTAXANTHIN ACCUMULATION
IN HAEMATOCOCCUS PLUVIALIS CELLS INDUCED
BY NITROGEN DEFICIENCY AND HIGH LIGHT INTENSITY

T. V.SAMOVICH®, R. G. GONCHARIK®,
E. I. PECHENKINA®, Ya. V. VIAZAU®, N. V. KOZEL*"

Institute of Biophysics and Cell Engineering, National Academy of Sciences of Belarus,
27 Akademicnaja Street, Minsk 220072, Belarus

Corresponding author: T. V. Samovich (samovich77@gmail.com)

It was established that nitrogen deficiency initiated at the resting phase of Haematococcus pluvialis (H. pluvialis) is
not an effective stress factor in combination with high light intensity to induce the accumulation of astaxanthin in algae
cells. The amounts of astaxanthin in H. pluvialis cells in the absence of nitrogen were lower compared to those when
complete Rudic medium was used, regardless of the light intensity. This fact indicates the need for a certain amount of
nitrogen in the medium for the functioning of the astaxanthin synthesis system. In addition, the low yield of astaxanthin
in the experimental variants cultivated on incomplete Rudic medium is associated with the insufficient amount of nitrogen
for its biosynthesis and also with a decrease in the expression level of the PSY gene encoding a key enzyme of the caro-
tenoid biosynthesis chain — phytoene synthase.

Keywords: Haematococcus pluvialis; high light intensity; nitrogen deficiency; astaxanthin.

BBenenue

MuxkpoBonopocib Haematococcus pluvialis (H. pluvialis) paccMatpuBaeTcst kKak Hanbosee 3(pGeKTHBHBIN
MIPOIYLIEHT KAPOTUHOM/IA ACTAKCAHTHHA: €€ KJIETKU CIOCOOHB! HAKAIJIMBATh JAHHBIN MUTMEHT B KpaliHe BBICO-
KHX KommdecTBax (10 5 % ot cyxoit Macchl) [1]. AcTakCaHTHH IIMPOKO UCIIONIB3YETCS B CEITLCKOM XO3SIHCTBE,
MUILEBON U (apMaKOIOTHYECKON MPOMBIIIJICHHOCTH, a TAK)KE€ KOCMETOJIOTUH OJarofaps ero aHTHOKCHIaHT-
HBIM cBoMcTBaM [2]. CeromHs 3HaYUTENbHAS 10JI51 KOMMEPYECKOTO aCTAaKCAaHTUHA UMEET MCKYCCTBEHHOE IPO-
HCXOXKJEHUE, OTHAKO XMMUYECKH CHHTE3UPOBAHHbIM IUIMEHT IPEICTABISET COO0M CMECh U3 TPEX CTEPEOH30-
MEpOB U OTJIMYAETCS OT HATYPaIBHOTO TOPa3/io MEHbIIeH OMOaKTUBHOCTEIO [3; 4]. CyIecTBEHHO BO3POCIIAN
B IIOCJIEIHUE TO/bl HHTEpeC K H. pluvialis cBs3aH ¢ aKTHBU3ALMEN €ro MPOMBIIIEHHOTO IPOU3BOJICTBA B Ka-
YeCcTBE MCTOYHMKA HATypaJbHOIO acTakcaHTUHA. boryee necsTka KpymHBIX OMOTEXHOJIOTHYECKUX KOMIAHUH
[0 BCEMY MHUpY HaJaJWiId MOJTy4YeHHE 3TOr0 aHTHOKCUAAHTa U3 KieTok H. pluvialis. Ho cebecTouMoCTb BbI-
JIeJICHNs] aCTAaKCAHTHUHA M3 BOJAOPOCIIEH B HACTOsILEE BpeMs MOYTH B 3 pasa BbIILIE, YEM 3aTPaThl HA BBIITYCK
CHUHTETHYeCKOro npoaykra [5]. [loatomy nccienoBanus, HarpasaeHHbIE HA YBETMUEHUE KaK IPOAYKTUBHOCTH
H. pluvialis, Tax 1 KapOTHHOT€HE3a B €ro KJIETKaX, SIBJISIIOTCS BEChbMa aKTyaJbHbIMH. bonblioil nHTepec npea-
CTaBJISICT TO3HAHUE MPUPOABI MEXaHU3MOB, KOHTPOJIUPYIOIIKUX Mpouecc OMOCHHTE3a KapOTUHOMAOB B KJIET-
kax H. pluvialis.

B HOpManbHBIX yCnoBUsIX KIETKU H. pluvialis IMEIOT 3€leHyI0 OKpPaCKy, OHH MOJBIKHBI U COAEPIKaT He-
OoJbIIOEe KOJTMYECTBO acTaKCaHTHUHA. HakoIieHne 3Toro MUrMeHTa B KJIEeTKaX BOAOPOCIN MPOUCXOAUT MPH
BO3/IEIICTBUU HAa HUX HEOIArONPUATHBIX AJs pocTa (JaKTOPOB (CBET BHICOKOW MHTEHCUBHOCTH, Ae(UIIUT i1e-
MEHTOB MUHEPaJIhHOTO MUTAHNUs, BEICOKAs Temrieparypa u ap.) [6; 7]. B takux ycnoBusx knetku H. pluvialis
NEPEXOAAT B COCTOSIHUE LUCTHI, (POPMUPOBAHUE KOTOPOM COMPOBOXKAACTCS PeNyKIHEH (POTOCHHTETHUECKOTO
anrnapara, YTOJNLICHUEM KJICTOYHOM CTEHKHU U MOSIBJICHWEM B LIUTOIUIA3ME JIMITMAHBIX BKIIOUCHHUH, COAEpIKa-
IIMX aCTaKCaHTHH B opMe 3(PUPOB € )KUPHBIMU KUCIOTAMH.

[Tpu xynsruBupoBanuu H. pluvialis BO3HUKaeT psia TpyAHOCTEH. B uX yrcie HU3KUI BBIXOJ MUTMEHTA, He-
BBICOKAsI CKOPOCTb POCTa, HEYCTOHYMBOCTh CYIIECTBYIOIIUX MITAMMOB K KOHTaMUHAIMAM [6]. B cBsi3u ¢ 3TuM
YCHUJIHMS YUCHBIX HAllpaBJICHbI HA MOJyYEHWE HOBBIX IITAMMOB M HCCIIEIOBAaHUE BO3MOXKHOCTHU MOBBICHTH KO-
JIMYECTBO HAKATTUBAEMOTO aCTAaKCAHTUHA, CO3/1aBas YCIOBUS C Pa3HBIMH KOMOMHALIUSIMH U HHTEHCUBHOCTBIO
CTPECCOBBIX (akTopoB [6; §].

B psige pabot nmokaszaHo, 4TO CBET BBICOKOM MHTEHCUBHOCTH B COYETAHUH C a30THBIM T'OJIOIAHUEM BbI3BIBACT
CYIIECTBEHHOE yBEJIMUYCHUE COJACPIKaHUs acTakcaHTHHA B kieTkax H. pluvialis [9; 10]. Ognako Bo Bcex mo-
JOOHBIX HCCIICIOBAHUAX a30THYIO HEOCTaTOYHOCTh MHULIMUPOBAIHM HA CTAAMU aKTUBHOIO POCTA KYJBTYpHI,
YTO NPUBOAMIIO K MOJTHOMY MIPEKPALLCHUIO ICICHUS KJIETOK U, COOTBETCTBEHHO, yBEJIMUEHHU OMOMacChl BOJO-
pociu [9; 10]. T'opazno 6onee 3¢h(heKTHBHOM € TOUKHU 3pEHUS BBIXOJa aCTAKCAaHTHHA SIBIISICTCS CXeMa MHIYKLUU
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KapOTUHOTEHE3a, COCTOsAIIasl U3 ABYX cramuii. Ha mepBoit cramuu (CTaausi akTHBHOTO POCTa) MOOUBAIOTCS
MaKCHMAaJbHOTO MPUPOCTa OMOMACCHI BOAOPOCIH TIPU HOPMAJIbHBIX YCIOBUSX KYJIBTHUBHPOBAHUS C TOCIIE-
JYFOIIIUM TIEPEX0JI0M KJIETOK B HENOABHIKHOE cocTosiHue. Ha Bropol crajuu (CTajusi MOKOs) MOTYYCHHYIO
KyJIBTYpYy BBIHOCAT Ha CBET BBHICOKOW WHTCHCHBHOCTH JUIsl HHIYKIIMA HAKOITUICHHUS aCTaKCaHTHHA B KJIETKax
BOJIOpOCIH. B HacTosIeM uccieoBaHNH B TOTIOTHEHUE K BO3JEHCTBHIO CBETA BHICOKOW MHTEHCHBHOCTH Ha
BTOPOH cTaauu OblJla MHUIIMMPOBAHA a30THAsI HEAOCTATOYHOCTD.

TakuMm 00pa3om, Iiesb JJaHHON paboThl — BBISABICHUE OCOOCHHOCTEH KapOTHHOTEHE3a B KJIETKaX remMaro-
kokka (H. pluvialis, mramm IBCE H-17) npu coBMeCTHOM JICHCTBUU JIBYX CTPECCOBBIX (hakTOPOB — aedurinra
a30Ta U CBETa BBICOKOW WHTCHCUBHOCTH.

MarepuaJibl 1 MeTOAbI HCCJIETOBAHUS

B paboTte ncmoap30BaM ambroJOTHUECKH YUCTYIO KYJABTYPY OMHOKIETOTHOM 3€JICHOHW KTYTHKOBOU BO-
nopociu H. pluvialis (mramm IBCE H-17) u3 xomiekiuun MukpoBogopocieit Macturyta 6nopu3nKke u Kie-
tounot unxkenepun HAH benapycu [11]. Knetku remarokokka, B3AThIe U3 alblrOJOTUUECKOM KOJUICKIUH,
CTEpWJIBLHO NepeceBaid HAa yalku llerpu ¢ arapu3oBaHHOM nuTarenbHON cpenoii BBM, nonpammBany Ha
cery B Teuenue 7—10 cyt npu temneparype (23 £ 2) °C, mocine 4ero cMblBajiu ¢ yamek Iletpu crepuiabHOiM
cpenoi Pynuka [12] u BelpaniuBany B HAKONUTEIBHOM PEXUME MPU OCBEUIEHUN JTIOMUHECLIEHTHBIMU JaM-
namu Philips TL-D 36W/54-765 (ocBemennocts 1500 nk, 14 1 cBera/10 4 TEMHOTHI TIpH TeMIIEpaType
B cBeToBOM Tiepuoze (23 £ 2) °C). Uepes 10—14 cyT BbIpanuBaHus CyCleH3UI0 TeMaTOKOKKa, COJIEPIKAIIy 0
oxo10 80 % HemoIBMKHBIX KJIETOK, MCIIOJIb30BaJIM B SKCIIepUMeHTax. [Ipu 3ToM 4acTh KJIETOK MepeBOIUIN
Ha CBEXYIO cpeny Pynuka, ocranbHble — Ha cpeny Pynuka 6e3 a30Ta u KyJbTHUBHPOBAIM 00a BapuaHTa MpU
HOopMansHOM ocBeteHnu (1500 k) u ocBemeHnn Beicokod nHTeHCUBHOCTH (10 000 nk). [Ipn mocTtaHoBKe
JKCIIEpUMEHTA U depe3 21 cyT KyIbTHBUPOBAHUS OTPEEISIA KOITUYECTBO KIETOK B CYCIIEH3HUH, UX pa3Mep
1 colep KaHne acTakcaHTHHA. KonnyecTBO KIETOK B KyJAbTYpe BOJOPOCIH OIEHHUBAIHN C TIOMOIIBIO KaMephl
lopsiea. JlnameTp KIETOK TeMaTOKOKKa ONpeessuiv ¢ ucnoib3oBanneM mukpockomna Nikon Eclipse TS100
¢ kamepoit Nikon DS-Fi2, a Taxxe nporpammuoro obecrieuenusi NIS-Elements Advanced Solutions v. 4.40
(Nikon, Slnonus).

KavecTBeHHYO M KOMTUYECTBEHHYIO OIIEHKY COAECPKAHUS XJIIOPOPHUILIIOB U KAPOTHHOMIOB B 00pasIax mpo-
BOIMJIN C TTIOMOIIBIO Xpomarorpada Beicokoro nasieaus LC-20 Prominence (Shimadzu, SImonus) ¢ xpoMaro-
rpaduaeckoit komoukod Nucleodur C18 Gravity (pa3smep gacTturl 3 MM, aiuHa 15 cMm) GupMmer Macherey-
Nagel (I'epmanust). B ocHOBY MeTO/1a BbIJICIICHHS, Pa3/ACICHUS U HICHTU(UKAIIMN TUTMEHTOB ObUIN TIOJIOKSHBI
METOIUKH, onrcanHble B padotax [13; 14]. CoaepikaHue MUTMEHTOB OIPEACISUIN CIIEKTPO(OTOMETPHUYECKH,
npUMeHsist IeTekTop ¢ auoaHoi marpuneid SPD-M20A (Shimadzu, Slnonus). J{ns Busyanuzauuu npoQuis
XPOMAaTOTPaMMBI BBIJIEISITH CIIEKTp nortomieHus npu 440 M (s pOTOCHHTETHYECKUX TUTMEHTOB) U 475 HM
(mns actakcanTHA). [10Mmany MMKOB XpoMaTorpaMMBbl, HalIEHHBIE C TOMOIIBI0 TPOTPAaMMHOTO obecriede-
vust Shimadzu LC Solution, ACTIONB30BaIH TSI KOJTMYECTBEHHOTO OTIPEICIICHHs] MUTMEHTOB. ACTaKCaHTUH
C JKUPHBIMHU KUCIIOTaMH 00pa3yeT 0oJbIIoe KOInuecTBO 3GupoB. B cBs3H ¢ 3TUM J1JIsl TOYHOTO KOJTMYECTBEH-
HOTO OIIpeeNIeHNs] TTOCIeTHET0 MPOBOAMIN TIpoueaypy camnonudukanuu. [locne canonudukanum KupHbIE
KHCJIOTBI OTILEIUISIOTCS. U aCTAKCAHTUH BBIXOJMT B BHJIE HECKOJIBKUX CTEPEOM30MEPOB, CPEIM KOTOPBIX Mpe-
oOiajaet TpaHcacTakcaHTHH [15].

s onpeneneHus ypoBHS dKcnpeccuu reHoB PSY u CHY, xogupyromux B kietkax H. pluvialis xmode-
Bble epMEHTHI OMOCHHTE3a KAPOTHHOU/IOB — (PUTOCHCUHTA3Y U [3-KapOTHHTUAPOKCHIIA3y COOTBETCTBEHHO,
BoIessun oouryro PHK ¢ momomipio pearenta TRItidy G™ (AppliChem, I'epmanust), cuateznposaiu kK IHK
¢ ucnonb3oBanueM ProtoScript II Reverse Transcriptase (New England BioLabs, CIIIA) B ammmugukarope
MJ Mini (Bio-Rad, CI1IA). YpoBeHb 3kcnpeccuul reHoB omnpenesnsin Mmerogom [1L[P-ananusa B peaabHOM
Bpemenu (I1L[P-PB) ¢ mpumenenneM rencrennuyeckux MpaiMepoB W T€Ha-HOpMaIH3aTopa, KOJUPYIO-
mero akTuH. Peaknmonnas cMmech oo0bemMoM 10 mxi comepykana 1 mxn kJIHK, 10 mMons kaxkmoro mpaii-
Mepa, 4 MK 2,5-KpaTHO# peakunoHHoW cmecu s nposenenus [1LIP-PB B npucyrcTBum kpacurens EVA
Green («CunTonm», Poccust) u Bogy. [11IP-PB npoBoauinu ¢ momomisto Tepmorukiiepa C1000 Touch Thermal
Cycler ¢ ontuueckum peakimoHHbiM MoayiieM CFX96 (Bio-Rad, CIIIA) no cienyromnieit cxeme: mpeaBa-
putenbHas aenatypauus — 95 °C, 5 mun; nnasnenue — 95 °C, 15 c¢; omxur — 55-61 °C, 45 c. KonuuectBo
nukioB amrumdukauu — 40. O0paboTka MOTyYEeHHBIX Pe3yJIbTAaTOB BHITIONHATIACH B porpamme Bio-Rad
CFX Maestro [16].

B crarbe npuBeneHs! cpeHre 3HaYeHUs U3 3—5 9KCIIepUMEHTOB U MX CTaHAapTHBIE OTKIIOHeHH. /s craTu-
CTUYECKOI 00pabOTKH SKCIIEPUMEHTAIIBHBIX IAHHBIX UCIIOIB30BAIIN MMAKEThI Iiporpamm Microsoft Excel 2019,
SigmaPlot 12.0 u cTaTUCTUYECKHUE METOABI, IPUHSATHIE B 00J1aCTH OMOJIOrHYECKUX HCCICAOBaHNH.
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Pe3y.111,TaT1,1 H UX 06cy>lc11e}me

Ha mepBom atarme paboThl OBUTH TIpOaHATH3UPOBAHBI IPOAYKTUBHOCTE H. pluvialis 1 MopdoMeTpruiecKkue
MOKAa3aTelN KIETOK MUKPOBOJIOPOCIIU TIPH COBMECTHOM JICHCTBHY HA HUX JIC(HIIUTA a30Ta B CPE/ie KYJIbTHBHU-
POBaHMUsI U CBETa BHICOKOW HMHTEHCUBHOCTH.

YcraHoBieHO, uTO Yepe3 21 CyT SKCIeprMEeHTa KOJIMYEeCTBO KIETOK B CYyCIIEH3UM YMEHBIIHIIOCH BO BCEX
OTBITHBIX BapuaHTax. boyee 3HaYMTENLHOE CHUKEHUE OTMEUEHO B 00pasiax, KyJbTUBHPYEMbIX Ha MOITHON
cpene Pynuka, BHE 3aBUCHMOCTH OT HHTEHCUBHOCTH OocBemieHus (puc. 1, a). B aTux ke oOpasmnax Habmroma-
JIOCh YBEJIIMYCHHUE JAMaMeTpa KIETOK BOJOPOCIH, YTO SIBISIETCS] MPU3HAKOM CTPECCOBOTO COCTOSHHUS TTOCIE-
Hux [17]. B BapuaHTax skcriepuMenTa Ha cpene Pyamka 6e3 a30Ta KoJHdecTBO KIIETOK HECKOIBKO CHIKAIOCH,
HO UX JUaMETP HE U3MEHSIICS 110 CPAaBHEHHIO C HAYAIBHBIMU 3HAYCHISIMH (CM. pHC. 1, 6).
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Puc. 1. KonmuectBo (a) u guametp (0) kinetok H. pluvialis B Hayane (KOHTPOIb) U depe3 21 cyT SKCIepruMeHTa
Ha IoJHOM cpexne Pynuka (BapuanTs! 1, 3) u cpene Pynuka 6e3 azora (BapuaHTsl 2, 4)
nipu ocBemmenHocTr 1500 nx (Bapuants! 1, 2) n 10 000 5k (BapuanTsl 3, 4)

Fig. 1. The number of H. pluvialis cells in 1 ml of suspension (a) and their diameter (b)
at the beginning (control) and after 21 d of the experiment in complete Rudik
medium (cultures 1, 3) and in Rudik medium without nitrogen (cultures 2, 4)

with illuminance of 1500 Ix (cultures 1, 2) and 10 000 Ix (cultures 3, 4)

Coneprkanue xJopoduiuia i KapOTHHOUIOB B KieTKax H. pluvialis onpenensim METOIOM BBICOKOI(PEKTHB-
HOW >KHIKOCTHOM XpoMarorpadur. AHAIN3 MMTMEHTHBIX SKCTPAKTOB CycrieH3un H. pluvialis T03BOIII BEITBUTH
B HCCJIEIyeMbIX Mpernaparax HaJu4ue KapOTHHOUIOB (HEOKCAHTHHA, BUOJIAKCAHTHHA, JIFOTCHHA U [B-KapoTHHa)
1 xjopousuioB a u b (Tadm. 1).

[ToxazaHno, 4To wepe3 21 cyT dKCIEpUMEHTa BO BCEX OMBITHBIX BapHMaHTaX MPOUCXOAWIIO CYIIECTBEHHOE
CHIDKEHHUE COZIepKaHus KaK XJIopo(pHIUIoB @ 1 b, TaKk M KAPOTHHOWIOB 10 CPABHEHHIO C UCXOIHOHN KYIBTYPOH
(cm. Tabm. 1). OgHako HanOombIIas YOBUTE MUTMEHTOB ObLIa 3apUKCHpOBaHA IJIT BApHAHTOB C ME(MUITMTOM
azora. Tak, ecnmi B oOpasiax, KyJsTUBHPYEMBIX Ha MOJHOHM cpene Pymuka, gepes 21 cyT comeprkanue HoTo-
CHHTETHYECKUX MMUTMEHTOB CHMXAJIOCh B 3—4 pasa Mo CpPaBHEHHUIO C MCXOMHOHN KyJIbTypoil, To B 0Opa3max,
KYJIETUBUPYEMBIX Ha cpefie, TePHUITUTHON 0 a30Ty, — B 5—7 pas.

Tabnuma 1

Conep:xanue NUrMeHTOB B KieTkax H. pluvialis na nonHoi cpene Pynuka (Bapuanrsl 1, 3)
U cpee Pynnka 6e3 azora (Bapuanrsl 2, 4) mocjie HHKy0anuu B Tedenue 21 cyt
Ha HOpMaJIbHOM cBeTy (1500 1k, BapuanTsl 1 1 2) u cBeTy
BbICOKOIT nHTeHcUBHOCTH (10 000 1K, BapuanThl 3 M 4), MKT Ha 1 M1 cycnieH3un

Table 1

The pigment content in H. pluvialis cells in complete Rudik medium (cultures 1, 3)
and Rudik medium without nitrogen (cultures 2, 4) after incubation
for 21 d under normal light (1500 Ix, cultures 1 and 2)
and in high-intensity light (10 000 Ix, cultures 3 and 4), pg in 1 mL of suspension

Ucxonnas Bapuanrs! onbiTa

KyIETYpa 1 2 3 4

IIurmeHTHI

HeoxkcanTna

0,150 £ 0,006

0,043 £ 0,004

0,035 £ 0,001

0,056 £ 0,021

0,027 £ 0,004

Buonakcantun

0,091 £ 0,022

0,037 £ 0,006

0,032 £ 0,005

0,046 £ 0,022

0,023 £ 0,006
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OkoHuaHue Tabm. 1

Ending table 1

UcxonHas BapuanTs! onbita
[TurmMenTs

KylpTypa 1 2 3 4
Jlrorenn 1,001 + 0,068 0,210 £ 0,021 0,216 £0,008 | 0,344+0,163 | 0,204£0,013
Xaopodwn b 3,252+0,420 | 0,733£0,130 | 0,467+0,013 | 0,712+£0,330 | 0,428 £0,065
Xaopodpwi a 6,223 £0,310 1,503 + 0,245 1,049 + 0,031 1,691 £0,737 | 0,886+ 0,129
B-Kaporux 0,600 + 0,012 0,373 £0,218 | 0,100+ 0,004 | 0,186 0,084 | 0,088 +0,016
Cymma xiopoduiion 9,475+0,738 | 2,237+0,374 1,515+ 0,044 | 2,403 +1,063 1,315+ 0,195
CyMMa KapOTHHOHUI0B 1,841 + 0,085 0,663 £0,223 | 0,383 +£0,015 | 0,631+0,290 | 0,343 +£0,036
OTHOIIIEHHE KapOTHHOUIOB 0.19 0.29 025 026 0,26
K xJIopousiam

[Ipu uccnenoBanuu 3h(HEeKTUBHOCTH KapOTHHOTeHE3a B KIeTKax H. pluvialis BaXXHBIM SIBISETCS MOKa-
3arenb, OTPaKAIOUIMK OTHOLIEHHE OOIIero COAEPIKaHUS KapOTHHOMIIOB K OOLIeMy COAEP:KaHUIO XJIOpPO-
¢unnoB. B Hammx sKCepUMEHTax MbI 3apETUCTPUPOBAIN YBEIUYEHHE AaHHOTO mokaszareist Ha 30-50 %
B 3aBUCHUMOCTHU OT yCJIOBHH KyJIbTUBHPOBAHUS [0 CPABHEHHUIO C UCXOAHOH KynbTypoit (cM. Tadm. 1). Iox-
JepKaHue IPUMEPHO MOCTOSHHOTO 3HAYSHHsI OTHOIIEHUS! KAPOTHHOMIOB K XJIOPOHUIIIaM B HOPMAIbHBIX
YCIIOBUSIX KylbTHBHpOBaHUs H. pluvialis oObsCHSIETCS TEM, YTO B HOPME B KJIETKAX MPUCYTCTBYIOT TOJIBKO
KapOTHHOUIBI, aCCOLIMUPOBAHHBIE C (DOTOCHHTETUYECKUM allapaToM IJIACTH] B MUTMEHT-OCIKOBBIX KOM-
miekcax. Mexay pa3lTuYHbIMH KOMIOHEHTAMH MTUTMEHT-0EIKOBBIX KOMIUIEKCOB (POTOCHHTETHYECKOTO arl-
napara coOJIIoJaeTCs CTPOrasi CTEXMOMETPHS, 32 CUCT YEero COXPaHIETCsl COOTHOIIEHHE MUTrMeHToB [18; 19].
Wnaykuns GpopMHUpOBaHUSI TeMaTOLUCT, COMPOBOKAAIONIASNCS WHAYKIMEH CHHTE3a acTaKCaHTHHA, CTPYK-
TYpHO M (QYHKIMOHAJIHHO HE CBA3aHHOTO C (POTOCHHTETHYECKHM ammaparoM (T. €. COOTBETCTBYIOILETO
OTIPENEICHUIO BTOPHYHBIX KAPOTHHOUIOB), MPUBOJUT K HAPYIICHUIO CTEXHOMETPUH MEXKy MUTMEHTaMH,
B pe3yjbTaTe 4ero OTHOLICHHWE KapOTHHOUAOB K XJIOpPOQMIITIaM BO3PACTaeT, YTO TaKKe IMOATBEPIKIACTCS
JUTEPATYPHBIMU TaHHBIMU [20].

B mensx umccrnemoBaHUs NMEPCINEKTUBHOCTH HMCIIOIB30BAaHMS COYCTAHHOTO JCHCTBHUS JeQUIMTA a30Ta
U CBETa BHICOKOW MHTEHCHBHOCTH B KaUu€CTBE MHIYKTOPa HAKOTUICHHUS aCTaKCaHTUHA B KileTkax H. pluvialis
OTIPEJIENISIIN KOJIMYECTBO HEMOCPECTBEHHO HAKOMMBIIETrOCs B KJIETKaX BOAOPOCIM MUTMeHTa. B ncxonnoi
KyJbType (Hauajo SKCIeprMeHTa) ObLIN 3apEerUCTPUPOBAHBI CIIEJOBBIE KOJIMYECTBA acTakcaHTHHA. OQHAKO
nocie 21 cyT KyJIbTUBHPOBAHMS B BapuUaHTaxX OIbITa Ha MOJHOM cpene Pyauka kak Ha sSipKOM CBETY, Tak
U [IPY HOPMAaJIbHOM OCBEILICHHH BBISBICHO 3HAYUTEIbHOE HAKOIUIGHUE ITOrO MUTMEHTa B KieTkax H. plu-
vialis (puc. 2). B BapuaHTax 3KCIEPUMEHTA, MOJHOCTBHIO JHUIICHHBIX a30Ta, COJCPKAHWE aCTaKCaHTHHA
B KJIETKax OBUIO CYLIECTBEHHO HIKE (Oosee ueM B 5 pa3) 1O CpaBHEHHIO C ONBITHHIMH BapHaHTaMH Ha
MoJIHOM cpene Pynnka HE3aBUCUMO OT MHTEHCHUBHOCTH OCBEIIEHMSI, UYTO BUJIHO B TOM YHCIIE U [0 OKpacke
KyJabTypHl (puc. 3). lanHblii (akT yKa3blBaeT Ha HEOOXOIUMOCTh HAJIWYHsI HEKOTOPOTO KOJIMYECTBA a30Ta
B cpese Asi QyHKIMOHUPOBAHUS CUCTEMBbl CHHTE3a aCTaKCAHTHUHA, YTO MOATBEPKAACTCS JINTEPaTyPHBIMH
JaHHbIMH [8].

Taxke HaMu OBLIO MTPOBEACHO UCCIIEIOBAaHUE YPOBHS dKcipeccuu reHoB PSY u CHY, koqupyroomux ¢ep-
MEHTbI OMOCHHTE3a aCTaKCAaHTHHA — (PUTOCHCHHTA3y U [3-KapOTHHIHAPOKCHIIA3y COOTBETCTBEHHO, B KIETKAX
H. pluvialis npu coBMecTHOM JeficTBUU e(UIIUTA a30Ta B Cpee KyIbTHBUPOBAHHS U CBETA BHICOKOW MHTECH-
cuBHOCTH B Teuenue 21 cyt. [locnenoBarenbHOCTH NpaitMepoB, cienuuuHbIX K reHam PSY u CHY, a takke
K IeHy, KOAUPYIOLeMy aKTUH (T€H-HOPMaJIN3aTop), PACCUUTHIBAIIM U ONTUMHU3MPOBAIM B YKa3aHHBIX yCIIO-
BHSIX, MCIIOJIB3Ysl JINTEpaTypHble aanHbie [21] (Tadm. 2). [IpaiiMepsl cuHTe3upoBasiv B jadoparopun JJHK-
npaiimepoB MHcTuTyTa OM0dU3NKN 1 KieTouHoi nwkenepun HAH benapycu.

B BapuanTax omnbiTa Ha cpefe Pynuka 6e3 a30Ta He3aBUCHMO OT HHTEHCUBHOCTH OCBEIICHHS Mbl PETHUCT-
pUpPOBaJH CYLIECTBEHHOE CHIKEHHE B KieTkax H. pluvialis ypoBHs 3Kcnipeccuu reHa PSY OTHOCUTENBHO
koHTpOJIst (Tabm. 3). [Ipu 3TOoM 3kcnpeccust rena CHY Obliia 3HAYUTEIBHO BBINIC B BapHaHTaX OTbBITA, JIH-
IIEHHBIX a30Ta, BHE 3aBUCUMOCTH OT MHTCHCHUBHOCTH OCBelleHUs (CM. Tabm. 3). OTMeTHUM, 4TO Karaliu-
3upyemMas GPUTOCHCHHTA30M KOHJCHCALUs IBYX MOJIEKYJ repaHuIrepanuinupodocdara ¢ ooOpasoBaHueM
(huTOCHA MOXKET SIBIATHCS JIMMUATUPYIOLICH cTaanel OnoCcuHTe3a KApOTHHOUA0B, IIOCKOIBKY ATOT PepMEHT
€CTh TOJBKO y de novo CHHTE3UPYIOMIMX KapOTUHOU Bl OpraHu3MoB. CHUKEHHE YPOBHS SKCIIPECCHH IreHa
PSY Moxer ObITh TPUYMHON HU3KOTO BBIXOJ]a ACTAKCAHTHHA B BapUAHTAaX OIbITA C a30THOM HEJOCTATOY-
HOCTBIO.
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TaGunuua 2
XapaKkTepUCTHKH HCII0/Ib3yeMbIX NIPaiiMepoB
Table 2
Characteristics of the primers used
L Hyxieornanas mocieoBareibHOCTh Temmeparypa Jlmiaa
CHBI Y
(5'-3") orxwra, °C MPOIYKTA, II. H.
FW — CTACACCACAGCGGCAAGTA
CHY 55 521
RV — GCCTCACCTGATCCTACCAA
FW — ATGTACCATCCCAAGGCAAC
PSY 60 402
RV - CTGGACCAGGCCTACGAC
I'en akTunHa FW - AGCGGGAGATAGTGCGGGACA 61 200
(HOpMaM3arop) RV - ATGCCCACCGCCTCCATGC

[Mpumeuganue. FW — npsamoii mpaiimep; RV — oOparHeIii mpaiiMep; 1. H. — nap HyKJICOTHIOB.

OTH. ell. Ha | KiIeTKy

CO}Iep)KaHI/Ie aCTaKCaHTHHa,

1 2 3
Bapuants! onbiTa

Puc. 2. KonmuecTBo acTakcaHTHHA B KieTkax H. pluvialis uepes 21 cyT skcniepuMeHTa
Ha nosiHoit cpene Pynuka (Bapuantsr 1, 3) u cpene Pyauka 6e3 a3ota (BapuanTs 2, 4),

nipu ocsemmenHocTr 1500 ik (Bapuants! 1, 2) n 10 000 sk (BapuanTsl 3, 4)

Fig. 2. The amount of astaxanthin in H. pluvialis cells after 21 d of the experiment
in complete Rudik medium (cultures 1, 3) and in Rudik medium without nitrogen (cultures 2, 4),

with illumination of 1500 Ix (cultures 1, 2) and 10 000 Ix (cultures 3, 4)

2

Puc. 3. Cycniensust H. pluvialis na nonsoii cpene Pynuka (Bapuantsl 1, 3)

u cpene Pynuka 6e3 a3ora (BapuaHThI 2, 4) ocie HHKyOanuu B TeueHue 21 cyr
Ha HopMaibHOM cBeTy (1500 nk, BapuaHTsl 1 1 2)
u cBeTy Bbicokoi mHTeHcuBHOCTH (10 000 JK, BapHaHTh 3 1 4)

Fig. 3. Suspension of H. pluvialis in complete Rudik medium (cultures 1, 3) and in Rudik medium

without nitrogen (cultures 2, 4) after incubation for 21 d under normal light (1500 Ix, cultures 1 and 2)
and in high-intensity light (10 000 Ix, cultures 3 and 4)
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Tabnuma 3

JKcnpeccHsi reHoB -KapoTHHIMIAPOKCHIA3BI U (pUTOeHCHHTA3bl B KiaeTkax H. pluvialis
Ha NnoJiHoi cpene Pynuka (Bapuantsl 1, 3) u cpene Pynuka 6e3 azora (BapuaHtsl 2, 4)
nocJjie HHKy0auum B TeyeHue 21 cyT Ha HopMaabHOM cBeTy (1500 a1k, BapuaHTsl 1 1 2)
H cBeTy Bbicokoii nHTeHcuBHoCcTH (10 000 sk, BapuanThl 3 u 4)

Table 3

Expression of the f-carotene hydroxylase and phytoene synthase genes
in H. pluvialis cells in complete Rudik medium (cultures 1, 3)
and in Rudik medium without nitrogen (cultures 2, 4) after incubation
for 21 d in normal light (1500 Ix, cultures 1 and 2)
and in high-intensity light (10 000 Ix, cultures 3 and 4)

szn I/;‘;{;H DuUTOCHCUHTA3a B-Kaporunruapokcuiasa
1 2,62+ 1,84 1,2+0,21
2 0,71 £ 0,44 20,6 £ 8,19
3 4,39+2,79 2,03+ 1,04
4 0,15+ 0,06 6,27+ 1,75
3akiarouenune

TakuMm 00pa3oM, yCTAHOBJICHO, YTO a30THASI HEJOCTATOYHOCTD, MHUIIMUPOBAHHAS HA CTA MU TIOKOs1 H. plu-
vialis, B COYETaHUH CO CBETOM BBHICOKOW WHTEHCHBHOCTHU HE SIBISICTCS dPPEKTUBHBIM CTPECCOBBIM (HaKTOPOM
JUTSL MHTYKIMHA aCTAaKCAHTHHA B KIIETKaX BOAOPOCHH. [Ipy 3TOM BaYKHO OTMETHUTb, YTO KOJUYECTBA aCTAKCAH-
TUHA B KieTkax H. pluvialis npu OTCYTCTBUU a30Ta ObUIM HUXKE, UeM B 00pasiax, KyJIbTUBUPYEMbIX Ha TOJ-
HOW cpeie Pynnka, HE3aBUCUMO OT MHTEHCUBHOCTH OCBEIICHHS. JTOT (aKT yKa3bIBaeT Ha HEOOXOAMMOCTh
HaJM4YUsl HEKOTOPOTO KOJIMYeCTBa a30Ta B cpeje Uil (PyHKIIMOHUPOBAHUS CUCTEMbI CUHTE3a aCTAKCAHTHHA,
YTO MOATBEPIKAACTCS INTEPATYPHBIMH TaHHBIMUA. KpoMe TOro, HU3KHi BBIXO/I ACTAKCAHTHHA B BApUAHTAX dKC-
MEPUMEHTA C MCIOJIb30BaHHEM HEMOIHON cpenbl Pyauka, MOMHMO HEAOCTAaTKa a30Ta Jjisl ero OMOCHHTE3a,
CBSI3aH TAKKE CO CHIDKCHHEM YPOBHS dKcIpeccuu reHa PSY, KOAUPYIOIIEro KIr4YeBoi (hepMeHT 1enu O1o-
CUHTE3a KapOTUHOMJIOB — (PUTOCHCUHTA3Y.
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