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CPABHUTEJIbHASI XAPAKTEPHCTHKA MOP®OJIOTHYECKHX H
DOHU3HO0JIOIO-BHOXUMHYECKHX NMPH3HAKOB TPEX
IWTAMMOB HAEMATOCOCCUS PLUVIALIS FLOTOW
(CHLOROPHYTA, CHLAMYDOMONADALES)

WH W COCTABA BETETATHBHBIX KIETOK H
Py TpeX H pluvialis Flotow B yCAOBHSEX ABYXCTAAHAHON HAKOMHTEILHOR
xymsTypss. T1 HTO H. pluvialis, paYTHIHOE reorpadnueckoe NPOHCXOKICHHE H
B KO KynsTYp P p MOTYT CYMICCTBCHHO PaiANuaThea Mo pray
P W 0 KHX 1P no Gopme u p pamM KNeTOK, OIT

XAPAKTEPUCTHKAM KYALTYP, CKOPOCTH pOCTa Ha Bere ase OF0  UHMKAA, 8 TAKKE

HHTEHCHBHOCTH METABOTHUECKHX 1P 5 hopmup ANMEHOCTIOP.
Kawueswe cnoesa: H pi lis, i PHR KICTOK, POCT KYAbTYPhI,

XHMBHCCKHI COCTAB, BTOPHUHBLIT KAPOTHHOrEHES.
Beenenne

Haematococcus pluvialis Flotow — NOBCEMECTHO pacnpoCTpaHeHHas 3eneHas
OHOKNETOYHAA BONOPOC/b, 0GHTAIONIAR B MENKHX, MEPECHIXAIOUIMX B NETHEE BPEMA
Me3ocanpoGHeIX BonoeMax. BeretHpyeT paHHell BecHoll B Te4eHHWe KOPOTKOTO
NPOMEXYTKA BPEMEHH W B CTPYKTYPE MPECHOBOAHOrO (MTOMIANKTOHA BeaylIeH pomu
He urpaet (Elliot, 1934; Proctor, 1957; Almgren, 1966). TToatomy no nauama 90-x rr.
XX cr. B anbroforHYecKHX MCCIE[OBAHMAX ITOMY BHIY NPHHALNEXANO BeChMa
ckpomHoe MecTo, Onnako B nocaeanue 10-15 neT B CBA3N C MHTEHCHBHBIM PA3BHTHEM
XMMHH KapOTHHOM/IOB M pacliMpPEHHeM HX HCTMONb3OBAHWA B MENHLHHE HWHTEpec K
H. pluvialis cyliecTBEHHO BO3pOC KaK K MEPCNEKTHBHOMY HCTOMHMKY MPHPOAHOrO
actakcanTHHa (3,3 -AMrHAPOKCH-4,4'- IHKETO-P-KaPOTHHA) M MOEALHOMY OBBLEKTY Wis
HCCIIeIOBAHHA MEXaHW3IMOB BTOPHYHOTO KAPOTHHOTeHe3a M (YHKUHOHAIbHBIX CBOHCTB
FHAPOKCH- H KeTokapoTHHounoe y Chlerophyta (Grung et al., 1992; Krishna, Mohanty,
1998; Kobayashi, Sakamoto, 1999; Boussiba, 2000; Griinevald et al., 2001; Eonseon et
al., 2003). Ha mnexonHTalOWMX B CHCTEMax in vitro W in vivo, a Takike B Xoie
KIHHHYECKHX WCTIBITAHHH nokasawa Gonee BeicOkas 3(GEKTUBHOCTL NPHPOAHOTO
ACTAKCAHTHHA, 110 CPABHEHHIO C €ro CHHTETHYECKHM aHANOTOM, MpH npodHunakTHKe
neveHHH pana 3abonesannit yenopeka H kueoTHBIX (Naguib, 2000; Krinsky et al., 2004).
Ocobyo  3HauumocTs npHoOpenu Bompocsl  paspabotkn  dddexTHBHBIX MeTOIOB
MaccoBoro KynsTHBHpoBaHua H. pluvialis (Borowitzka et al., 1991; Kobayashi et al.,
1997; Boussiba, 2000; Fabregas et al., 2000; Cifuentes et al., 2003). Hecmotps Ha
MHOFOYHC/ICHHbIE HCC/ICN0BAHHA W OMpENeNeHHbIe ycnexu B aToit obnacth (Lorenz,
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Cysewski, 2000), obwem MupoBOro mnpou3BoncTBa acTakcaHTuHa W3 H. pluvialis
HEIHAUUTENbHEIN, H OCHOBHBIC NpoGNeMbl, CHEPKHBAIOLLHE €ro pOCT, — HH3Kas
MPOAYKTHBHOCTbL KYJbTYP W CYWIECTBEHHbIE NOTepH GHOMacchl Ha cTaamn Qopmupo-
BaHHA AMTAHOCNIOP NO-NPEXKHEMY OCTAlOTCA akTyanbHsiMH (Margalith, 1999; Cifuentes
et al, 2003). OnAuM U3 NOAXONOB MPH PELICHHH YKa3aHHBIX 3anay MoxeT ObiTh, no
AHANOTMH C IPYTHMH BHIAMH MHKDPOBOIOpOCHEH, NOMCK M BBEICHHE B KYNbTYPY HOBBIX
wramMmos, obnasarowmx Gonee BBICOKMMH CKOPOCTAMM pocta u 0onee LWHPOKHM
NHANAIOHOM TONEPAHTHOCTH K HeHcTBHIO (aKkTOpOB Cpembl, CTHMYJHPYIOUIHX
kapoTHHOrenes. OAHAKoO CBENCHHA, XapakTepHlywiuue sapuabensHocTs Mopdo-
QHu3HONOrHUECKHX H GHOXHMHYECKHX NPHIHAKOB Y padinuHbix wrammos H. pluvialis
NPH OIHHX M TEX € YCIOBHAX BIPAlllHBaHHA, BechMa orpanudeHsl (Pringsheim, 1966;
Borowitzka et al., 1991) u He MO3BOJAMOT HA NAHHOM 3ITANe CHENATH AOCTOBEPHBIH
nporHo3 dakTHueckol pe3yIbTATHBHOCTH HCC/IE10BAHMI TAKOrO MiaHa.

[Tostomy wensio paHHoH paboThl GBITO CPABHHTENbHOE MCCNEIOBAHHE
ocobexHoCcTeli MOP(OIOIHH KIETOK, TEMMOB POCTa KyJAbTYP M XHMHYECKOr0 COCTaBa
BETETATHBHBIX KJIETOK W amuiaHocnop (comepkanua Oeska, NHNKMAOB, YrA€BOIOB,
XN0POQHINOB M KAPOTHHOMIOB) ¥ Tpex wrammoB H. pluvialis, uMelOWNX paznHYHOE
reorpauiieckoe MPOMCXOXKICHHE H WCTOPHIO XPAHEHWA B KOMICKUMAX KYAbTYp
MHKPOBONIOPOCTEH,

MaTepnanbt H METOALI

B paGore ucnonb3oBanu TpH wramma H. pluvialis: IPPAS H-239 (Visher),
LABIK 927-1 (Mainx) u IBSS (Muniok, ['anaroHoBa). HX Bblpauidsany MeToaOM
HAKOMHTENBLHON KyNBTYpbl B KoHHHeckHx konbGax ofwemom 370 mn Ha muuepanbhoi
cpene OHM (Fabregas et al, 2000) npn ecrectsennom ocsewennn (1,3-2,8 k),
Temnepatype cpeasi 22-27 °C W HeNpephIBHON MPOLYBKE CTEPHIILHBIM BOIAYXOM €O
ckopoeteio 100 wamue. JINA monydeHMA WMHOKYNATOB |0-IHEBHbIE KYABTYPHI
WTAMMOB (PHALTPOBANM 4Yepe3 TIAHKTOHHoe chTo (20 MkM), (unbTpar, coaepiatiuii
TONBKO MOHANHBIE KAETKW, ueHTpudyruposanu (1000 06/mMuH, 2 MUH), OCANOK KNETOK
NpoMBIBATH CBeXKell nuTaTenbHON cpenoil, cHOBa UEHTPHOYIHPOBANH H MONYYEHHYIO
CYCTIEH3IHIO MCTIONBLIOBANH JUIA 3aCEBA IKCNEPHMEHTANBHBIX konh, Kaxawifl wramm
KYIbTHBHPOBANH B TpeX MOBTOpHOCTAX. KOHTPONL 3a POCTOM OCYWIECTBAANH TO
WIMEHEHWIO umcnennocTH Knetok (N, xaima') (¢ momommsio Kamepsl [opsiesa),
ONTHYECKOH MIOTHOCTH KyAbTyp B ofmacth 750 ©m (Dis) (Ha doToanekTpo-
konopumetpe KOK-2) n conepxanna abcomotho cyxoro semectsa (ACB, ra') (na
HHTPOLELTIONO3HBIX MemOpanHbiX Quibtpax «Sartoriusy 3 n 8 mkm). Jluselinbie
pasMepbl KIETOK OMPENENANH N0/l CBeTOBbIM MHKpockonom PZO (TMonsiia) ¢ noMoumso
KANMMOPOBAHHOTO  OKYJIAP-MHKPOMETPAa HA KWBOM MaTepuane, 0Ge3BHKEHHOM
pacteopom Jltorons (Schoen, 1988). OGsemsl knetok paccuutsisanu no opmyne: V =
0,5236'D*H, rae ¥ — obsem, mrm’; D, H — wimea ¥ wMpHHa K1eTKH (MKM)
cooteetcteenHo  (Bpamuesa, Kypwioe, 2003). Yucraenwocts sbiGopox (m) ans
onpefiefienns  XapakTepa pacnpeleNieHHMs KIETOK B KyabTypax Mo ofbeMy H
cootHowenmio H/D cocrasasia 100 sksemmaspos. Coaepxkanue Genka B Guomacce
ananusnposanu no Jloypu (Lowry et al., 1951), yrnesonoe — npu nomoluu geHonsHOro
W cepHokMeioTHOrO pearentos (Strickland, Parsons, 1968), aunuaoer - docdo-
BAHMAMHOBBIM MeTonoM (Ahlgren, Merino, 1991). ITurmenTsi skcTparuposanu 90 %-m
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I.C. Muniox u op.

aueToHoM. [lna onpenenenns KoHueHTpauuy xaopoguaios (XJT) u kapoTuHonaoe (KP)
HcTionB30Bany ypasHenns: XJla, Mmrm”’ = 11,93 Dy — 1,93 Dgyrs XJ1b, Mren™ = 20,36
D47 =5.50 Dysq (Jeffrey, Humphrey, 1975); KP, mrr! = 4,1 Dyso~ 0,0435 XJla — 0,367
XJIb (Rowan, 1989). OrHop npo6 mns Hecen0BaHHA XMMHYECKOTO COCTABA MOHAIHBIX
K/IETOK MPOBOMHIH Ha 21-¢ CYTKH 3KCIIEPHMEHTA, 3PeNbiX amiaHocTop — Ha 35-e CyTKH.
CpenHioln CKOPOCTh HAKOIUIEHHS KAPOTHHOWIOB B KIETKAX HA eIHHMLY KIETOMHOrO
ACB 3a 10T Nepron (v, it KPur' ACB: cyt') paccuntsiBany creayiommm obpasom:
v = (Cgpy— Cip1) / 1, 7€ Cypy 1 Cypy — cpeniHee conepkanvie kapotnHouaos (nr KPour'
ACB) na 2l-¢ w 35-¢ CYTKH COOTBETCTBEHHO, [ — NPOMEKYTOK BPEMEHH MENKIY
onpenenexHuamMu, pasubiit 14 cyTkam. Bee w3Mepenua BHINONHANH B 3-KpaTHoll
MIOBTOPHOCTH, 34 HCKMOYEHHEM CYETa KMETOK, NPH KOTOPOM YHCIO OfpeneneHni s
KadcIo# TOuKH BapbHpoBano or 4 o 8. TpHBeleHHBIE KONHYECTBEHHbIE NAHHBIC
ABJIAIOTCA CPENHNMH H3 3HaueHHH, NONYYEHHBIX MUIA OTAENbHBIX Mapanneneil kaxmoro
BAPHAHTA SKCNIEPHMEHTA.

Pesyabrathl # ofcyxaenne

B GHOTEXHOMOTHHM IS  XAPAKTEPHCTHKH  MHIMBHMAYANbHbIX  IITAMMOB
MHMKpOBOAOPOCEH-NPOAYUEHTOB GHONOIHYECKH AKTHBHBIX BEIECTB C UEMbIO HX
HAeHTH(HKALNH, NACTIOPTH3ALMH WIH MATEHTOBAHUA HCMOMB3YIOT AL MPH3HAKOB, B
YHCNO KOTOPHIX B Ka4yecTBe OOA3ATE/IBHBIX BXOIAT CJICAYIOUIHE: NPOHCXOKIAEHHE
(MCTOMHHK H MECTO BhIZENCHHA WITaMMa), Moponorndeckas o (hH3noNOrHYeckan (B T.4.
KyJBTYpaJibHasn) XapakTepHCTHKH, a Takke Takue OHOTexHomoruueckue csoficTea, Kak
YCNIOBHA  KyJIbTHBHDOBAHMA M CKOPOCTh NpPOAYUHPOBaHHA NOME3HOr0 BElIECTBa
(Metougi ..., 1975; Ipaeuna ..., 2003). 3th kpuTepHu OLLTH HCTIONbIOBAHBI HAMH IR
CPaBHHTENBLHOTO HCCJIEJ0BAHHA ITAMMOB H. p[uvialis, MMEIOIIMXCA B KOJLIEKIHH
MuBIOM HAHY.

llpoucxoxcdenue wWmammos U YCROGUA UX XD Cymect
0CoOEHHOCTBIO ITAMMOB, HCMOJIB3OBAHHLIX B laHHOH paboTe, ARNANOCH TO, HTO ABA H3
HUX OBUTH BbIAENEHbI B KYJILTYPY HeCKOIBKO AECATHICTHIl TOMY Hasaj U ANHTENbHOE
BpeMA MOJIEPKHBANHCH B Pa3HbIX KOJNEKUMAX TNPH pa3HeIX YCNOBHAX, 4YTO B
OMpeieIeHHON Mepe MOTII0 OTPa3HTHCA HA HX CBOWCTBAX. B CBAZW € 3THM MBI COUIH
HeOOXO0IMMBIM MPHBECTH CBENCHNA, KACAIOWMECH TPOMCXOXKASHHA W YCIOBHI XpaHeHHA
wrammoB M. pluvialis B nepHon, npeAWecTBOBABWIMK BHINONHEHHIO JaHHOTO
HCC/IeI0BAHMA.

liramm IPPAS H-239 (Vischer) nonysen B 2004 r. M3 KOMNEKUMH KYIBTYP
Mmukposogopocnei Ma-ta gusnonornn pacrenuit (HOP) PAH. Boinenen s Llse#uapun
(r. Baszens) B 1923 r. B HOP noctynun u3 koanekunn Yexocnosaukoii akanemMuu Hayk
(YCAH) B 1958 r. (A-63) n noazepHBaiCA Ha arapHioBaHHOH cpene [lpata mpu
temneparype 11-12 °C u nocrossHoM ocBemenny 2-4 kik (Braammuposa u ap., 1991).
Hzenrnyen mrammam CALU 333, CAUP G1002, CCAP 34/1D, SAG 34-1d.

LWiramm LABIK 927-1 (Mainx) nonyuen B 2002 r. B3 KOMIEKUMH KYAbTYP
3eIeHbIX Bofopocaei nabopartopun ansrojiorun boranuyeckoro Hh-ta uM. B.J1. Koma-
posa (BHH) PAH. Brinenen B OniBmeil YexocnoBakuu (TOYHOE BpeMA M MeECTO
BhlaeneHHa HenssecTHsl), B BHH nocrynun u3 kowrekuun npodeccopa b.B. I'pomoa
(BeHHH CII6I'Y) B 1977 r., kyna, B cBOW ouepenb, Gein mepesad B 1964 r. 3
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ronnexuun YCAH (A-93) kak Chlorococcum wimmeri Rabenh. Str. Mainx. B
konnexumn LABIK g0 wauana 90-x rr. xpaumics kak Neochloris wimmery (Rabenh.)
Archibald et Bold. Mainx. B buHHWH CII6I'Y comepkancsa Ha arapu3oBaHHOM cpene
Ne 6a (T'pomos, Tutosa, 1991) npm 25 °C, HekyccTBeHHOM ocseueHud 2 kJlk #
doronepuone 8C:16T, B BUH — na arapusosannsix cpenax F u 3N BBM npu 23-26 °C
H HCKYCCTBEHHOM ocBewenun 2,5-3,0 wik, 9C:15T. Wpentiuen wrammam CALU-79,
UTEX 113, CCAP 213/4,'SAG 213-4.

Litamm IBSS mbiienien Hamu BecHo# 2003 r. B OKPECTHOCTH I. Aiepa B
COCTOSHUH ATUTAHOCIIOPBI H3 CYXOTO HAJETa Ha CTeHKaX mycToro GacceiiHa 1A MpecHoH
Bojb!, TepBoHauaNbHYIO CMEIIAHHYIO (HAKONWTENLHYIO) KyNbTYPy NONyYand Ha cpeme
lipata npH KOMHATHOW TEMNEpAaTYpe W €CTECTBEHHOM ocpewennn 1,0-1,5 kK.
Tpopacranue annaHOCTOp OTMEYEHO Ha 4-€ CYTKH NOC/e ToceBa.

B konnexkunu HHBIOM HAHY Bce mrtammbl H. pluvialis conepxarcs Ha
KuKoif u arapusosannoi (1,5 %) cpene OHM npu ecTeCTBEHHOM OCBELICHHM H
remneparype 16-18 °C.

Moppomempunecxue xapakmepucmuxu xaemox. Y BCeX Tpex ITAMMOB
H. pluvialis moranusie KjieTkH HMEIOT (opmy uHncomuna wik wapa. CoOTHOWEHHE
KIETOK pasnuaHOH (GopMBI B KYIBTYPax 3aBHCHT OT HX BO3PacTa W NPUPOIbl WITAMMOB
(puc. 1, A).

A e cyren NHBSHEEN 13-ccyrkn | B l-ecyrkn 13-¢ cyren

(

6.1% 2.0%

6.1%

Mim =

i 56.6%

6 8- 16 240 8 16 24

LABIK 927-1

= 88 3

Komsuectso knetox, % (n=100)
o

41.2%

0 ; .
B o223 C 16 32 480 16 32 48
HD M a1 B 1506 0Guéy krerok, 103 mrwd

Puc, |. Pacnpeaenchue BEreTaATHBHBIX KICTOK B KYIbTYpax Tpex uiraMmmos Haemalococcus pluvialts Flotow:
A~ no coot ) AHBIX (H/D); 5 - no oGsémy.
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F.C. Muriox u dp.

Tak, y wramma IBSS B mepHon akTHBHOFO pocTa MpeoGianani ymiMHEHHBIe
kaetku ¢ H/D>1,1. X fona B cayqaiinbix BeiGopkax cocrasiana 61-66 %, HO TOABKO ¥
3TOro wramMMa ormevedsl kietkn ¢ H/D, pasabim 1,6. ¥V wramma LABIK 927-1,
naobopot, GonbmMHCTBO KieTok uMenu Qopmy, Gamkyw k wapy (H/D=1,0-1,1), ¢
yinmHeHHble KneTkd ¢ H/D > 1,3 otcyrcreopanu. llitamm IPPAS H-239 no nasxomy
NPH3HAKY 3aHHMAET NPOMENYTOUHOE nosokeHne, [1o0 Mepe cTapeHns KyabTyp KAETKH
H. pluvialis oxkpyraanuce u ypenwuHBanuck B 00béMe, nputem 2To ABneHHe HanGonmee
Bbipaxeno y mramma LABIK 927-1, y xoToporo B l-e CyTKM WHCIEHHOCTb KJETOK,
nmeBwmx 06bEM Gonee 20-10° mkm®, coctasnsna 8 %, a Ha 13-e cyTku — okonio 50 %
(puc. 1, 5). Pasnuuus B pasmepax KIETOK Y HMCCICIOBAHHBIX ITAMMOB HE CBA3&HBI C
reorpauueckoil WHPOTOH MeCTHOCTH, rue oHM Obuin. Bbiaenensl. Cpeanue oObemsl
MoHal y cybrponnueckoro IBSS n nanGonee cepeproro B nawHom pagy LABIK 927-1
Gnu3KH, TOTIA Kak y LeHTpanbHo-eBponeiickoro mramma IPPAS H-239 xnetkn noutH B
nBa paza mesibye (oM. puc. 1, b). MakcuManbHan MX JUTHHA HE MpeBbILACT 35 MKM, Y
ABYX APYrHX WITAMMOB OHA JOCTHraeT 57-60 MKM.

Menkie KAeTKH MOFAOWAIOT H PAcCeMBAlOT CBET B MEHbLUEH CTENeHHW, 4em
KpyTIHBIE, B pesyabTate 4ero Kod(d T Nponop NLHOCTH B YPaBHEHHH
NHHEHHON perpeccHn MeXIy HHCICHHOCTBIO BETETATHBHBIX KJICTOK W ONTHYECKOH
MIOTHOCTHIO KYIbTYp s wramma IPPAS H-239 B 1.5 pasa Boiue, 4eM A8 ITaMMOB
IBSS u LABIK 927-1 (puc. 2). D10 0OCTOATENLCTBO CHEAYET YUMTHIBATH NpH
onpeJesicHHH YHCIEHHOCTH KIETOK B KyNbTYPaX PACHETHBIM METONOM M0 YPaBHEHHAM
MOMYHEHHBIM JUIS APYTHX HITAMMOS.

g‘ 80 FN=751D750—4.5 | N=48,9Dy59—3,1 [ N=489Dyg5—1,7
260 e
e I I u B
40 + - + i
) .i 1 r [ 'f‘
E © 20 f - L ‘.\
72 g weasuan [  1BSS [ #% LABIK 927-1
B e
0. 040:08 ) 120804 08 120 SF04: 0.8 12
Orrmseckas nioTHOCTE Ky nLTYPH, D7so
Pue. 2. 3 MEKIY kaetox (M) u ommueckoll MAOTHOCTSIO KymbTYPsl (Dasa) ¥
pass urramMmos H pluvialis Flotow.

B
Mzim =
19,8-102
£1,0:100

YycneHHoCTs KIEToK, %

0 8 16 24 32 82440567288 8 24 40 56 72
O6mem Krerok, Mxm>: 103

Puc. 3. Pacup IPENBIX p o obuémy B KYABTYPEX pads urrammos He
pluvialis Flotow na 35-e cymsu axcnepumenta: A - IPPAS H-239; 5- IBSS; B~ LABIK 927-1.
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B npouecce cospeBaHHA AnAHOCTIOP, HMMEIOWMX APOBHAHYIO (opmy,
HHCAGHHOCTH KPYMHOPa3MEPHLIX KJIACCOB B BADHALMOHHBIX PAAAX BCEX TPeX WITaMMOB
# BEPXHAS rPAHHLIA PA3MAaxXa BAPAPOBAHNA 00hEMa KIETOK BO3PACTAIH.

Ha 35-e cyTku 3KcriepuMenTa cpeannii oGbeM 3penbix aniaHocnop BO BCeX
BapHAHTAX YBEIHUHJICA, MO CpaBHEHMIO ¢ MoHanamu (13-e cyTkn), Ha 30-40 % (puc. 3),
XOTA, 110 JIMTEPATYPHBIM JaHHbIM, ¥ H. pluvialis >T0T nokasatens MOXeT BO3pacTarh
Gonee uem B 6 pas (Zlothnik et al., 1993). IMpu 310oM B Ky/IbTYpax (0cOBEHHO y LITAMMOB
IBSS u LABIK 927-1) BcTpeyanuch eqWHWYHBIE, O4eHb KpYNHble KieTku (V = 76-96-
10° Mxm), NpeBbIIAIINE TO pasMepamM MoJanbHeie Tpynmei B 3-8 pa3. KneTku
wramMa [PPAS-239 w Ha 3TOH CTagHH KIETOYHOTO IMKIA OCTAaBANMCh CAMBIMH
MENKHMH ~ 0KOJI0 45 % aruiaHoctiop B ero Ky/bTypax umenn oGmem (8-10)-10° Mxm’, a
YHCTIEHHOCTS pasMepHOTo Knacca ¢ ofbemom Gonee 20-10° mxm’, xapakTepHoro mis
wrammos IBSS (38 %) n LABIK 927-1 (23 %), cocrasasna miis 2 % (cMm. pHc. 3).

Duzuonozo-Guoxumuveckue npusnaxy. TIpy MaccoBOM KyJbTHBHPOBaHHH C
Uenbio MoNyueHns actakcanTHna H. pluvialis, Kak NpapHIo, BeIPALIMBAKOT B [BA 3Tana.
Ha nepeom Tane co3faloT YCIOBHA [UTA PA3MHOKEHHS BEreTaTHBHLIX KJIETOK, Ha
BTOPOM — KYJIbTYPbl MOIBEPralOT CTPECCOPHOMY BO3NEHCTBMIO, NMpHBOLALIEMY K
00pazoBaniio ANNAHOCTIOP W HAKOMJIEHWIO B HHX BTOPHYHBIX KAPOTHHOMIOR
(Borowitzka et al., 1991; Kobayashi et al., 1997; Boussiba, 2000; Fabregas et al., 2001;
Cifuentes et al., 2003). AnanormdHas cxeMa C HEKOTOPbIMH H3MeHeHHAMH Obina
Henonw3oBana W B aaHHOM pabore. C 1-X o 23-# CYTKH ITAMMbl KYJbTHBHPOBAIH B
HakomuTenbHoM pexcume (puc, 4). DToT nepuwon npumenutensho k H. pluvialis B
JMTEPATYPE HACTO HA3LIBAIOT «BErETATHBHBIM pocToM». [Ipn 3TOM MMeeTcR BBUMAY, YTO
yBeIHMeHne GHOMACCh B KYJILTYpaX MPOMCXOMHT B OCHOBHOM 3a CHET AeNeHHs KIETOK,
4 He 33 CUeT YBEJHYEHHA WX Pa3MEPOB W CONEPKAHNA B HHX CYXOro BEWECTBA, KAK ITO
nporcxoanT B npouecce (opmupopanns anadocnop (Zlothnik et al., 1993; Boussiba et
al, 1999). HaxomurenbHbie KpHBbie BO BCeX BAPHAHTAX OSKCMEPUMEHTA CXONHBI H
OMHCHIBAIOTCH YPaBHEHHAMH NHHelHo# perpeccun (» = 0,97-0,99). B ycnoBuax HH3KoH
OCBEMIEHHOCTH (ECTECTBEHHBIi CBET, CeBEpHOE OKHO) CKopocTe pocta Oonee
MENKOK/IETOMHOTO W TeHemobuBoro wramma IPPAS H-239 (Baanumuposa u ap., 1991)
Gbina HECKONBLKO BBIILE — €ro CPe/IHAR MPOAYKTHBHOCTB 33 YKa3aHHLIH nepuoi coctaBiiIa
27410%2,09-10° eyt nporus 1,97:107£6,01-10° knncyr! y wramma IBSS
2,02:107£1,06:10° knncyr’! y mramma LABIK 927-1. TeM He MeHee, N0 BeTHYHHE
GHoMacce! B | 11 Ky/ABTYPBI B pacueTe Ha cyxoe pemecTso wramm IPPAS H-239 yetynan
Gonee KpymHOKIETOMHBIM WTaMMaM (puc. 5, a), Tak Kak coaepkanne ACB B ero
Knetkax 6110 Ha 60-70 % Hinke (pHC. 5, 6).

JUisi YCKOPEHWA BBIX0/A KYJILTYP Ha CTAUHOHAPHYIO (hasy pocTta M yrnyOnenus
cocTosHMA feuunta azota M docdopa — BakHBIX (HAKTOPOB MHTEHCHOHUKALMM
BTOPHYHOTO KAPOTHHOTEHE3a — B MHTATE/IbHYIO Cpey ABAXLI (Ha 23-H W 25-¢ CYTKH)
BHOCH/IH JIErKOZOCTYITHLI HCTOYHHK yriepona — auetat HaTpHa (NaAc) B KOHUEHT-
payn | mM (Tepenrsesa u ap., 2005). B pesyibrate pocT Ky/bTyp y BCEX WITAMMOB
NPHOCTAHABIMBAJICA, YACTh KJIETOK YTPATH/IA XKTYTHKH H Mepeina B nanbMe/UIeBHAHOE
cocTosHHe. B TOT nepHon B mEpHHYKIEAPHOM MPOCTPAHCTBE LIMTOMNAIMBI MHOFHX
Monan (ocobenno B kynsTypax mrtamma IPPAS H-239) otuerinBo npocmarpHBanuch
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obnacTu, okpameHnnbie kapotuHouaamu. o obGwenpunstomy muenmio (Elliot, 1934;
Borowitzka et al., 1991; Kobayashi et al., 1997; Boussiba, 2000), Hakomnermue
BTOPHYHBIX KapOTHHOMAOB ¥ H. pluvialis npOHCXOMUT TONLKO B AIUIAHOCNOPAX, H JIHIL
HEMHOTHE 3BTOpPHI HAGMIONATA ITOT Npolecc B NoaBmkHLIX kietkax (Lee, Ding, 1994;
Hagen et al., 2001).

0 6 12 18 24 30 36
Bpems, cyTku

Pue. 5. Coseprkanme CyXoro BemecTsa

B KynbTypax (@ 6) n knetkax (s, 2)
KYNBTYPaX PA3THUHBIX Urrammos Haematococcus ")

f occus
pluvialis Flotow npu ABYXCTAZMAHOM KYJIBTH-

supoakmm; | — [PPAS H-239; 2 - LABIK 927-1;
3 ~IBSS.

Puc. 4. JlunamHKa WHHCNCHHOCTH KICTOK B

P
phivialis Flotow na cranmsx serera-
THEHOTO POCTA M 3pENbIX ANJAHOCMOP,

Ha 27-e cyTku Bce KynbTypbi GbUIH MOMBEPTHYTHI KECTKOMY CTPECCOPHOMY
so3aeiictemio (45 mM NaAc + 17 mM NaCl + HenpepsiBHOE IBYXCTOpOHHEE
ocsemenue namnamn «Daylighty FL 36W, = 5,5 xik + ¢ = 28-30 °C), B peaynsTare
KOTOPOro 4acTh KIETOK morubia, a 4acTh mepeluia K oOpa3soBaHHIO AanlaHocrop,
COMpOBOXKIABIIEMYCH HHTEHCH(HKalMel BTOPHYHOrO KapoTHHOrenesa. Hakonenme
KAPOTHHOMIOB MPOHCXCOHIO OT UEHTPA KIeTOK K nepudepun, u depes 7-8 axeit kneTku
BO BCEX KyNbTypax ObUiH MOJHOCTBIO OKpalleHbl B KpacHsifi uBerT 3pHpamu
ACTAKCAHTHHA.

Hanmenbuine notepu Guomaccer (19-23 %) nabmopanuce y wramma [PPAS
H-239. V¥ nmByx apyrax IUTAMMOB COXpaHHTh KH3HecmocobHocTs M obpasosarte
aniaHocnops! cymenn Jininb 30 % pereTaTHBHBIX KaeToK. Takoii pesynstar, no Hamemy
MHEHHIO, CBA3aH HE CTO/IBKO CO CreuH(pHICCKHMH 0CCOEHHOCTAMH KOHKDETHBIX 1ITaM-
MOB, CKONBKO ¢ (hM3HONOrMYECKHM COCTOSHHEM KyNbTYP B MOMEHT CTpecc-BO3JeHcT-
pus. Ha 27-e cyTku skcnepumenta KynbTyphl mTamma IPPAS H-239 na 51-63 %
COCTOAIA M3 MaJbMEN W AnNaHOCOp HA PaHHel CTAaAHH Pa3BHTHA, 4 B Napauiendx
mrammos IBSS u LABIK 927-1 ux xonudectso ne npessiwano 13 %. B npensa-
PHTENBHOM JKCTIEPHMEHTE MPH AHAIOTHYHOM METONe BO3AEHCTBHA Ha AKTHBHO
pacTyude KyJbTyphl, cocTosBwive Ha 95-99 % W3 knetoxk MOHaIHOH CTPYKTYPBI,
XapakTep OTBETHOH peakuMM y BCeX TPeX WTaMMOB OBl ONMHAKOBBIM — BO BCEX
cayqanx npoucxo/iuia Maccosas rubens wietok (75-82,8 %), B To ke Bpems, no HawuM
JaHHbIM, TIPH CTPECCHPOBAHHH MHKCOTPO(HON KynbTypel mTamma LABIK 927-1 wa
fo3Ared cTaimonapHod (ale pocTa NPH NOMHHMPOBAHWH MaJbMENN Hal MOHANAMH
(> 75 %) otxon Knetok coctapun auwb 4 % (MuHOK 1 ap., 2005). DT conocTaBieHHs
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NO3BONMOT TPEATIONOKITD, YTO NS COXpaHeHusA GHOMACCHI, MOJYMEHHON Ha 3Tane
BETCTATHBHONO POCTA, HHTCHCH(HKALUMIO KapOTHHOTEHe3a HeofX0AHMMO NPOBOAMTHL
NocNe CNeUHATLHOr0 MOArOTOBHTENLHOTO MEepHOAa, B TeYeHWe KOTOPOro BOLOPOCHTH
Cle/lyeT MOCTENECHHO TIEPEBECTH B NANbMEJIEBHAHOE COCTOAHHE,

HecMoTpa Ha TO, 9TO Ha 3aK/THOYHTENBHOM 3Tane IKCNEPHMEHTa YHCAEHHOCTh
WIETOK B Ky/1bTypax mramma IBSS Gbina MHHHMANbHOH, BuIxo GHOMacch! B pacueTe Ha
CyX0e BEIIECTBO Y 3TOr0 mTamma Obil NpakTHYECKH TAKHM Ke, KAk M ABYX APYFHX
(puc. 5, 6), Tax kak comepxanue ACB B ero annanocnopax (12,7£1,1 nrkn’') 6o B
3,5 1 1,5 pasa Buitue, yem y IPPAS H-239 n LABIK 927-1 cootseTcTBEHHO (pHE. 5, 2).

Jlamanst, ar 102101

Vrnesosst, ar-102kn.-!
[
o

10 2
0 L

IPPAS IBSS LABIK

Puc. 6. C Genxa (A), (5) v yrnesonios (B) b 8EreTaTHBHLIX KIETKAX () H annanocnopax

&)y p iX IDTAMMOB us pluvialis Flotow.

VeTaHOB/CHHBIE PA3HYHA JIHIIE YACTHYHO CBA3aHBLI C TEM, YTO Y aJepcKoro
MTAMMA 10J151 KPYTHBIX AIUiaHoCop B KynbTypax (bia Heckonbko Builwe. boaee BawHO
10, uto comepianve ACB B pacuere Ha enuHMIly o0beMa KNETKH 31ech TAKKe Camoe
Bhcokoe - 55107 nr/mim’ (npotus 33-10° /M y IPPAS H-239 1 43-107 nr/mis’
y LABIK 927-1) u, ciemoBaTeNbHO, HHTEHCHBHOCTS MeTaGoNMYecKHX NpPOLECCOB,
ofiecrie-unBABINMX MEPeXo/l BETETATHBHBIX KIETOK B (hasy mokos, y wramma IBSS Guuna
seime, Hakonnende cyxXoro BeWECTBA TIPH CO3PEBAHHH anNjiaHOCTIOpP MPOMCXOAWAD B
OCHOBHOM 32 CUeT YBEJWYEHWS YPOBHS yrueBogos (puc. 6, B), uro y H. pluvialis
oTMesaniock HW apyrumu  astopamm  (Boussiba, 2000). Tlpu 3tom aGcomoTHoe
CofiepkaHHe YrieBonos B knerkax wramma IBSS Bospocno B 15 pas (0 46,7+1,1 %
ACB), y 6nmakoro no pasmepam LABIK 927-1 — B 10 pa3 (a0 44,1x0,3 % ACB), a y
Menkoknerouroro IPPAS H-239 — nuws B 7 pas (10 37,3£1,5 % ACB) (cM. puc. 6, B).
Conepikanrie CyMMapHbIX JIMITHIOB B alaHocmiopax (B pacueTe Ha KNETKy) Takke
CYWECTBEHHO BhIWle, YeM B MoHazax (cM. puc. 6, 5). OcoGeHHo 4eTko 370 pasnuyue
BHp@KEHO y wramma IBSS — 3anacel THIHIOB B ero CMOpax 3a BpeMs HX CO3PEBaHHA
ysemumiace B 3,5 pasa, a y IPPAS H-239 w LABIK 927-1 - 8 2 u 2,4 pasa
COOTBETCTBEHHO.

[Mo conepxkanuio Genxa B pacueTe Ha KJIETKY MOHA/IbI W 3pefibie annaHocnopsl y
K@KIOTO M3 HMCCENIOBAHHLIX INTAMMOB NPAKTHYECKH He pasnmuamucs (cM. puc. 6, A).
B 10 xe Bpems ero maccoBas mona B cyxoM semectse (% ACB) B nepuoa
OPMUPOBAHNA ATUIAHOCTIOP Y BCEX WITAMMOB CYIIECTBEHHO CHW3Mmack ¢ 32-35 a0
5-6 % (nocToBepHEIE PARTHYHA MEXIY ITAMMAMH He BHIABNIEHHI).

Bemymum daktopoM, OnpenenHBLnM NaHHOM JKCMEPHMEHTE XapaxkTep
HIMEHEHHH B XMMHUECKOM COCTAaBE BOAOPOCIH HA Pa3HbIX CTAIMAX KNETOYHOrO LMKAA,
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€. Mumox u 0p.

6ein NaAc, wrpapmuii npu BeicokoH koHuentpauuu (45 mM) poas unruGutopa
torocunresa (puc. 7, A) M, ONHOBPEMEHHO € 3THM, HCTOYHWKA yriepoja Ins
MHKCOTPO(HOT0 GHOCHHTE3a 3aNacHbIX BELIECTB W BTOPHUHBIX KapOTHHOM/OB (Droop,
1961; Pringsheim, 1966; Kobayashi et al., 1997; Cifuentes et al., 2003). B otcytcTue
auetaTa Jake MNPH BLICOKOH oOCBelmleHHOCTH M rayGokoM neduuute GuoreHop
NPONOIKHTEABLHOCTS NepHoaa co3pesanus aranocniop v H. pluvialis, no nawnre-
PaTypHBIM JaHHbIM, focTHraeT 2-4 Henens (Zlothnik et al., 1993; Boussiba et al., 1999;
Fébregas et al., 2001).

“5 50 a . % 300 s X 1.0
20 [A 7 b 0.8
E 1 g
g30 6 X 06
6 k -3 i

20 6 =3 =L g 04 :

10 i 3 02

o [EET | | o i :. o //

IPPAS IBSS LABIK IPPAS IBSS LABIK IPPAS IBSS LABIK

Puc. 7. Conepianue MATMenTon (4, 5) B BEreTATBHBIX KIETKAX (@) W anaHoCniopax (6) i cpenHss CKOpocTs
HAKOTUICHHA KApOTHHOAOB (B) ¥ p wrammon H pluvialis Flotow.

XapakTepHo, 4TO M N0 HHTEHCHBHOCTH KapoOTHHOrenesa, waubonee BaxHOMY
NS NAHHOTO BHMAA TNPH3HAKY, Takke nuauposan wramm IBSS. AGcomoTHoe
colepKaHHe CYMMAapHBIX KApOTHHOMJIOB B €ro Knerkax 3a 8 cyTok ¢ MOMeHTa
CTpeccopHoro Bo3aeiicTBrA ypenuyunock ¢ 11 go 250 nrxn’ (T.e. 823 pasa) (puc. 7, B),
a cpenuss ckopoctTh nakomwrenus KP B kaerxkax (B pacuere va ACB) Gbina Ha 60-66 %
BBIIE, YEM Y KOJUIEKIIHOHHBIX mTamMMoB (puc. 7, B). Conepxanne KP B cyxoit Gnomacce
wramma IBSS cocrapuno 2 % ACB nporue 1,3 % y wramma IPPAS H-239 u 1,5 % y
wramma LABIK 927-1. B koHeuHOM WTOre, HECMOTPA HA BHICOKYIO rufenb KneTok B
NOCTCTPECCOPHBIH MepHol B KyAbTypax wramMa IBSS, Beixon kapotuHommoB w3 | n
KynabTyph! (34,541,2 Mror') B JaHHOM BapuanTe GbiUT BbILE, YeM B APYrHX Ha 42-47 %.

3aknouenne

B yCHOBHAX HAKOMMTENBLHOH [BYXCTAAMHHOW Ky/AbTYPhl HCClEN0BaHHBIE
wraMMbl Haematococcus pluvialis painualotca Mexay coboif Kak Mo HeKOTOPbIM
MOp(OMETPHIECKHM NPU3HAKAM (COOTHOIICHHIO JUTHHB! ¥ LIHPHHbI MOHAIHLIX KAETOK,
cpeaneMy ofbeMy MOHa M 2IJIAHOCTOP, PA3MEPHOH CTPYKTYpe nonynauuii KIeTok Ha
OfHHX M TeX e CTaJHAX pa3BUTHA Ky[AbTyp), Tak W mo pany (usmonoro-6no-
XHMHYECKHX 4epT (MPOLYKTHBHOCTH Ky/IbTYP HA BEreTATHBHOI CTaAMH pocTa, CKOPOCTH
HAKOIUICHAA OCHOBHBIX KOMIOHEHTOB CYXOro BeLIeCTBA H BTOPHYHLIX KaPOTHHOWIOB
npy opmuposanuy annasocnop). Hanbosee HHTEHCHBHO MHIYUMDOBAHHbIH BTOpHY-
Hbllf KAPOTHHOTEHE3 NMpoTeKaeT B kneTkax wramma IBSS. IMpu ontuMu3aunu cnocoba v
BpEMEHH NPHMEHEHHA CTPECCOPHOr0 BO3ACHCTBAA HA KyIbTYPY 3TOT IITAMM MOMKET
TpeCcTaBAATL HHTEPEC /UM MACCOBOT0 KYTbTHBHPOBAHHA.
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G.S. Minyuk, N.V. Terentyeva, I.V. Drobetskaya

AO. Kovalevsky Institute of Biology of the Southern Seas, NAS of Ukraine,
2, Nakhimov St., 99011 Sevastopol, Crimea, Ukraine

THE COMPARATIVE CHARACTERISTIC OF MORPHOLOGICAL, PHYSIOLOGICAL AND

BIOCHEMICAL FEATURES OF THREE HAEMATOCOCCUS PLUVIALIS FLOTOW

(CHLOROPHYTA, CHLAMYDOMONADALES) STRAINS

The features of morphology and chemical position of vegetative cells and aplanospores in three
Haematococcus pluvialis Flotow (Chlorophyta) strains under conditions of two stage batch culture were
investigated. It is shown that H. pluvialis strains with various geographical origin and history of storage in

microalgae collections may differ significantly in a number of mory gical, physiological and bi
features: cell shape and sizes, optical characteristics of cultures, growth rate on a vegetative phase of life cycle
and intensity of the metabolic processes providing transformation of vegetative cells to resting stage and
aecumulation of secondary carotenoids.

Keywords: Haematococcus pluvialis, cell morphometry, culture growth, chemistry, secondary

carolenogenesis.
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