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WccnemoBanu Bausuue sTanosga (KoHeunasa KoHerTpanus 0,3 u 0,5% ) Ha BeIXo 61OMAaCChI, €€ COCTaB
(comep:xkanme HYKJIENHOBBIX KUCJOT, IPOTENHOB, JUINUL0B, XJIOPO(DUIIOB a 1 b, f-KapoTHHA U 9K30II0IU-
caxapumoB) 1 Mopdogoruio KiaeTok Dunaliella viridis B pe;kuMe KBa3WHEIIPEPLIBHOTO KYJIbLTUBUPOBAHUIA.
O0HapPysKeHo, 4TO H0o0AaBJIeHNE B CpeAy KYJIbTHBHUPOBAHMS 3TAaHOJA N0 KOoHeuHOl KoHIeHTpanuu 0,3%
YBEJIMYMBAJIO BBIXOJ OMOMAacChl B 2 pasa II0 CPABHEHWIO ¢ KBAa3WHEIPEPLIBHLIM KYJbTUBUPOBAHKEM 0e3
aTaHoJa 1 B 2,5 pasa 110 CPaBHEHUIO C HAKOMUTEJIbHBIM KYJIbTUBUPOBaHueM. I10BbIIIIeHe KOHIIEHTPAIIUN
aramoJia B cpeme 10 0,5% ymenbiraio Beixon 6unomacesl Dunaliella viridis 110 cpaBHEHUIO ¢ KOHIEHTPAITeH
0,3% . 9TaHOJ yBeJIUUYNBAJ BBIXOJ 9K30II0JUCAXAPULOB B cpele, N3MEeHSII MOPGOJIOTHUI0 U MOABUIKHOCTD
kaeTok Dunaliella viridis.

Kanarouesvre cnosa: buomacca D. viridis, KBasnHeIIPePbIBHOE KYJITUBUPOBAHIIE, BJIUSIHIE dTAHOJIA.

BoabiuHCTBO 3a7a4 GMOTEXHOJOTUU CBO-
OIUTCA K IOJYYEHUI0 MeTa0OJIUTOB WU IeJb-
HOI1 OmoMacchl, KOTOPbIe HAXOJAT IPUMEHEeHe
B (hapMaIeBTUYECKOM 1 ITUIEeBOY ITPOMBIIIJIEH-
HOCTH, B PeIlleHNY Ipo0ieM MOHUTOPUHTA U 3a-
IIUTHI OKPYIKAIOIell cpebl.

IIpencraBurenu poma Dunaliella oTHOCATCA
K KJIaccy 3eJIeHbIX BogopocJyeii. OHU comepIKarT
00JIBITIOE KOJIMUYECTBO KapoTuHOUIoB [1, 2], Bu-
TaMUHOB, IPOTEMHOB U HEHACHIIEHHBIX JKUD-
HBIX KucaoT [3—5]. Ilokasano, uTto B-KapoTuH
Dunaliella B HecKoIbKO pas 3h(PeKTUBHEE TIO-
IaBJIAeT POCT HEKOTOPHIX BUAOB OMYXOJEH IO
CPaBHEHWIO C KapOTUHOWIAMMU APYTUX pacTe-
Hui [4].

Heiae BegyTcsa paboThI IO TTOJTyUYEHUIO O1O-
TOIJIMBA W3 MHKPOBOAOPOCTEH, MOCKOJIbKY
HEKOTOpbIe MX BUJABLI CIOCOOHBI HAKAIJIUBATH
o 50% u 6omee munupos [5, 6] 1 OBITH TPOAY-
meuramu Bomopoza [7]. B Hacrosdliee BpeMs B
MUpEe eKerofHO peaau3yeTcs O0OJBIIOH 00beM
OPOAYKIINU, IIOJIYYEeHHOM M3 MUKPOBOIOPOC-
nei [8].

OpfHaKo Ipu KyJIbTUBUPOBAHNY MUKPOBOIO-
pocJiieii BO3HUKAaeT mpobJyieMa HU3KOTO BBIXOA
O6uromacchl 1 HecTabMJIBHOCTHU ee cocTaBa [8—9].
910 00BACHSIETCA IPOIECCOM AaNaIlTaIllM, UTO
MIPOABJSAETCA B BUJE TeTEPOTEHHOCTU COCTaBa
[10-11]. B cBA3u Cc 3TUM, UMUTHUPYS «JIETKUH

cTpecc» B IIpoliecce KyJbTUBUPOBAHUSI MUKPO-
BOJIOPOCJIEH MJIV IPYTUX KJETOUHBIX KYJIBTYD,
MOYKHO, C OJHOUM CTOPOHBI, «CHUHXPOHU3UPO-
BaThb» KAUECTBEHHBIM W KOJUUYECTBEHHBIN CO-
CcTaB IIOJy4YaeMo# OrmoMacchl, a ¢ IPyrom — pe-
TyJIUPOBATh €e cocTaB. B KauecTBe MHAYKTOPA
TAKOTO «JIETKOTO CTPecca» MJisi MUKPOBOJOPOC-
JIell MOKeT BbICTyIaTh aTano [12—13].

B pabore uccienopanu BausHME IOCIE0BA-
TeJIbHBIX MHOTOKPATHBIX J00aBJIEHUHI 3TAHOIOB
pasuoit Kournenrpamnuu (0,3 u 0,5% ) Ha uHTEH-
CUBHOCTb POCTa, MOP(OJIOTHIO U COCTaB OuO-
maccel KaeTok Dunaliella viridis (comep:kanue
9K30M0JINCAaXapPUJ0B, HYKJEWHOBBIX KHCJIOT,
IIPOTEenHa, JIUIUI0B, KAPOTUHOUIOB) B YCJIOBU-
AX KBa3WHENPEPBIBHOTO KYJbTUBUPOBAHUSI.

Ma’repnam,l n MeTOIabI

Kyavmusuposarnue murpogodopocneii Du-
naliella viridis

B skcnmepuMeHTaxX MCIOJIB30BATIN AJTBIOJOTH-
YeCKU YUCTYI0 KYJIbTYPY OJHOKJETOUHBIX 3eJie-
HBIX MHUKpoBogopociaein D. viridis Teodor. var.
viridis f. euchlora, mramm IBASU-A N29 (u3
KOJLJIEKIITNU KYJbTYP Bogopoceir MucturyTa 60-
ranuku HAH Ykpaunsi, Kues).

MukpoBoZOpPOCIN KYJIbTUBUPOBAJIN B Cpe-
Ie Aprapu B YCJIOBUAX KPYIJIOCYTOUHOTO OC-
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BemeHus (4 KJaK) mpu Temieparype 26—28 °C.
HauanbHasg MOIOTHOCTHD KJETOK IJIA KYJIbBTYDP
D. viridis cocraBiasana 1,3 mun Kja/mia. Kynb-
TUBUPOBAHNE IIPOBOAUJIN B TOPUBOHTAIBHBIX
IJIOCKOIIapaJLIeIbHBIX peakTopax (9x39x27 cm,
00beM KJIeTOUHOII cycneHsuu — 1,5 J1, ToamuHa
KYJbTYypaJbHOTO cjiost — 1,5 cM), 0e3 JOIOoJIHHI-
TeJIbHOTO 0apOOTUPOBAHUS, HO €KEIHEBHO Me-
XaHUUYECKU IepPeMeInBall CYCIeH3UI0 KJIEeTOK
(1 pas B cyTku B Teuenue 5—10 mun). Cpasy mocie
MEeXaHWUYEeCKOro IIepeMeIluBaHusA KJIeTOUHOM
CYCIEH3UM OTOMPAIN AJUKBOTHI AJIs OIpPeesie-
HUSA KOHIIEHTPAI[UU KJIETOK, COJAEPIKAHUA XJIO-
poduioB u sx3omosucaxapumos (IIIC) B cpexe.

Pexcumvr  rkynvmuseuposanus. Haxonu-
meabHoe kyavmueuposarnue (HE)

MwuxpoBomopocn KyJIbTUBUPOBAIU 0€3 OT-
b6opa 6moMacchl 1 J0OaBJICHUS CBEIKUX IIOPIUI
KYJbTYPaNbHON Cpeabl MO BBIXOZA HA CTAIlHO-
HAPHBIA YPOBEHb.

Keasunenpepvisnoe kyaomueuposanue (KHE ).

B sTtom pexume, HaunHasa ¢ 14-x cyT, B ce-
peivHe SKCIOHEHIIMAJTBHOU (askl pocTa, pe-
ryaapao (Kaxkasie 7 cyTt) oroupanu 50% Kie-
TOYHOU CYCIIEH3UU U BHOCUJU TaKOU JKe 00'beM
cBeKell cpenbl Aprapu.

Keasunenpepviénoe Kyibmueuposanue ¢
pezyaaprvim 0obasaeHuem ImaHona 00 KOHeY-
Hoil konuenmpayuu 0,3% (KHK 0,3) u 0,5%
(KHK 0,5)

BoTux peskumax, HaunHasa ¢ 14-X CyT KyJIb-
TUBUPOBAHUA, PETryIAPHO (KayKabie 7 CyT) OT-
oupanu 50% xaeTouHo# cycnensuu D. viridis,
IOo0aBJIANM TaKOU Ke 00beM CBeXell cpembl
Aprapu 1 3TaHOJ 0 KOHEYHON KOHIIEHTPAI[UU
0,3% wnau 0,5% COOTBETCTBEHHO.

s onpenesieHUsA COREPIKAHUA XJIOPODUII-
J0B (a + b), HEUTPATbHBIX JUIUIOB U B-Kapo-
THHA KJIETKU OCAKIATIU IeHTPUPYTUPOBAHUEM
apu 3 000 g, 20 muH. OcagoK IBaKIBI ITPOMBI-
BaJI cpenoil Aprapu Iis yaaJdeHUsd DK30Me-
rabosuroB. Comepsxanue xaopodusios (a + b)
ompeessaan Kak omucaHo B [15].

HefitpanpHble qunuael u B-KapoTuH pasje-
JAJIN METOJOM TOHKOCJOMHOM XpomaTorpaduu
B cHCTeMe TeKCaH : AUATUJIOBBIA adup (4:1,
v/v). Comepskamnme HeNUTPAJbHBIX JUIHAIOB
ycraHaBiauBanau, Kaxk onucauo B [16]. Coxmep-
JKaHUMe 3-KapoTrHa OIPeNeJIaan Ha CIIeKTPodo-
TomeTrpe CP-46 (JIOMO, Poccusi) u Berpaskaam
B MKT/MuH KieToK, [[HK u PHK — mo merony
[17], B Mrr/MaH K. OcagKu Imocje TUAPOIN3a
HYKJENHOBBIX KucJIoT pacTBopsau B 1 N NaOH
U OIlpeiesisaiu IpoTenH mo merony Jloypu [18],
coJep:KaHMe BEIPAKaau B MKT/ MJTH KJI.

N3 wynbTypadbHBIX (QUIBTPATOB, KOTO-
phle TOJNyYaau TMocjie OCaKIeHUsS KJIETOK Ipu
12 000 g, 15 muH, Beigenanu IIIC mo metomy
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[19]. Ocanku ITIC pactBopsanu B 50 mM IITA
U OTIPEeeIANN YIJIeBOAbl (heHOJTBHBIM METOL0M
[20]. Comepsxanne IIIC BeIpakanu B MKT IJIIO-
KO3BI/MJI CpPebl.

Cmamucmuueckas obpabomka

IJKcIepuMeHThl ObLIM IIPOBEeINeHbI TpPOe-
KpaTHO B 3—4 OMOJIOTMUECKUX SKCIePUMEHTaxX
IO KaXKIOU 9KCIIEPUMEHTAJIbHON Touku. [lo-
CTOBEPHOCTb pAa3JMUUH yCTaHABJIWBAJIU He-
ImapaMeTpuyecKUM MeToAOM 1o U-KPUTepuio
Mauna-Yurau [21], cranzmapTHble OMINOKU
cpegHUX — 110 MeToxy [22].

Pe3yasTaTsl U 00Cy:KAeHIE

Bausnue smanosia HA HA 8bLX00 OULOMACCHL
D. viridis npu xK8a3unenpepvl6HOM KYJbMUEU-
posarnuu

B Teuenme 56 cyT KBasmHEIIPEPLIBHOTO
KyabTuBupoBanusa D. viridis ¢ 0JHOTO peaxkTo-
pa mojayuaam 3 I CyXoi Gmomacchl. Y AeabHas
npoaykTuBHOCTh (YII) mpum sToM cocraBmia
0,5 r/x (Taba. 1). B Tom cayuae, Koraa B KyJIb-
TYypy BHOCHJIM BTAHOJ IO KOHEUHOIN KOHITeH-
rpamuu 0,3% , BEIXOJ CyXOil GMOMACCHI COCTa-
BuJ 6,2 r ¢ peakTopa ipu ¥YII 1 r/x (Taba. 1).
VYBelnueHre KOHIIEHTPAIIUU STAHOJA B Cpele
KyabTuBupoBauus 10 0,5% yMeHBIIaI0 BBIXO
6uomaccel u YII. CienyeT oTMETUTE, UTO, €CIN
KyJbTypa pocja Bce 56 CyT B HAKONUTEJIHLHOM
pe:xume, 1 cO0p 6MOMAaCChI OCYITIECTBIIAICT He
KaKkawle 7 ¢yT, Kak B cayuae KHEK, a ogun pas
Ha 56-e cyT pocTa, TO BBEIXOJ CYXOii O6MOMACCHI
COCTaBJISAJ TOJBKO 2,5 T' ¢ OAHOTO peaKTopa Ipu
yAeJbHOU MpoayKTUuBHOCTHY 1,6 /1.

CienoBaTesibHO, NOOaBJIeHUE B Cpeny KYyJIb-
TUBUPOBAHUA 5TAHOJA OO0 KOHEUHON KOHIeH-
mparuu 0,3% yBeIMUMBAJIO BBIXOJA OMOMAaCCHI
IpY KBa3WHENPEPLIBHOM KYJIbBTUBUPOBAHUU U
YIEeJbHYIO IIPOAYKTUBHOCTD B 2 pasa. Ilpu aTom
BBISIBJIEHA I030Bas 3aBUCUMOCTbD, T. €. JaJbHell-
Ilee yBeJWUeHMEe KOHIEHTPAIIMM STAHOJa [0
0,5% mOBBIIIIATO 3TH IIOKa3aTeJIW B MeHbIIei
CTeIleH! 110 CPaBHEHUIO ¢ KoHIleHTparuei 0,3% .

Tabauya 1. Beixon cyxoi 6uoMacchl
MHUEKpoBomopociaeit D. viridis
M yJeJbHAd MPOTYKTUBHOCTh
MPH PA3HBIX PEKMMAX KYJIbTUBUPOBAHUSA

Pexxum B/m YnempHast
KyJIbTUBH- / i MPOAYKTUBHOCTS,
poBaHudg T/peaxTop r/a
KHE 3,08=+0,33 0,51+0,08
KHK 0,3 6,28+0,65% 1,05+0,14%
KHK 0,5 5,69+0,64* 0,95+0,13*

ITpumenwanue. * — P < 0,05 mexxny KHK u KHK 0,3
u KHK 0,5 npu KyJIpTUBUPOBAHUY B TeueHre 56 cyT.
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ITocKOMBKY 9TaHOJ BHOCUJIU B KYJIBTYPY
MHOTOKPATHO, KaJable 7 CYT, IIPEICTABJSIO
WHTEPEeC OIeHUTh IUHAMUKY BbIX0/1a 0MOMAaCCHI.

Briio ob0Hapy:keHO, UTO, eCaAW HauyuHas
¢ 14 cyr (cepegumHa 9KCIOHEHIIMAJIBHON (ha3bl
pocTa KyJbTYpPhl B YCJIOBUAX PeaxTopa) mpu
6 MuIH. KJIeTOK/MJ oroupath 50% KyJIbTypHI,
TO 3a MOCJIEAYIOIre 7 CYyT BOCCTAHABIMBAJIOCH
MCXOAHOEe KOJmUYecTBO KJaeToK (puc. 1). Takoit
IUKJ BOCCTAHOBJEHUS IOUYJIAINNA KJETOK
COXpaHAJCA HA NPOTAKEHUU 56 CyT KyJIbTHU-
BUPOBaHUS, XOTA W HabOJ0manmach HEKOTopas
TeHAEHITNSA K IOCTeIIeHHOMY YMEeHbBIIIEHUIO KO-
JuYecTBa KJeTok (puc. 1).

B ToMm ciyuae, eciu B KyJAbTYPY IIPU Kask-
IIOM IIOCJIeAYIoIleM 0TOoOpe 61oMacCchl BMECTE CO
cpeoil KyJbTUBUPOBAHUSA BHOCUJIU 3TAHOJ 0
KoueuHo# KoHmeHTpamuu 0,3% , KoImuecTBO
KJIETOK YBEJUUYUBAJIOCH IIOCJIEe IEePBOTO M00aB-
JIeHUs Ha 2 MJIH/MJI II0 CPaBHEHUIO C KOHTPOJIEM,
a 1ocJie BTOpOro nobaBieHus — mo 16 murH/mu,
YTO COOTBETCTBOBAJIO UX KOJUUECTBY IIPU HAKO-
MUTEeJHHOM KyJbTuBUpOBaHuu (puc. 1). Oxua-
KO 1mocJie 5-ro u 6-ro gobaBiieHUs 9TaHOJJa KO-
JINYECTBO KJIETOK He BOCCTAHABJIMUBAJIOCH (pHC.
1). IIpakTueCcKu TaKOMU Ke BpeMeHHOH1 3 (PeKT
BIUSAHUA 9TAHOJA COXPAHAJCA U IOCJTEe BHECe-
HUS B cpeny KyabrTuBupoBanus 0,5% sramo-
Jia, OJHAKO KOJIMUECTBEHHO OH ObLI BhIpasKeH
B MeHbIIe# crenenu (puc. 1).

ITocKOIBbKY MHTEHCHUBHOCTH POCTA MUKPO-
BOJIOPOCJEl B BHAUNTEJIbHON CTEIIeHU 3aBUCHUT
oT ()OTOCUHTETUUYECKO aKTUBHOCTH, HA CIEdY-
[OIIeM JTalle OIpeAeaid TNHAMUKY ComeprKa-
HUA XJIOPOGUJIOB a 1 b.

BausiHue amaHoLa Ha codepicarue XJopo-
Quanog a u b 6 pexcume K6a3UHENPEPLLEHO20
KYJLbmueupo8aHus

Comep:xanue XJa0poduiios a u b B KiieTkax
D. viridis npu KyJIbTUBUPOBAHUUN B HAKOIIU-
TEJILHOM pPeKHMe yBeJIMUYMBAJIOCh 10 BBIXOIa

Ha cTanuoHapHyio a3y pocTa U B HaJTbHEHIIIeM
He3HaUNTeJbHO CHIKAJIOCh (puc. 2).

B cayuae KHEK comep:xaHue XJI0pO(pUIIOB
mocJie mepBeIixX 3 cyT 50% -ro or6opa GrmoMAacchl
KJIeTOK YMEHBIIIAJ0Ch U Jajiee 0CTaBaJIoCh J0-
CTOBEPHO HUKe HaKOIMUTEeJIbHOI'0 YPOBHSA (puc.
2). 9TOT IOKas3aTeJb COBIIaIaeT C OTHOCUTEIBHO
HU3KOM MHTEHCUBHOCTBLIO pocTa D. viridis ipu
KHEK.

IMobaBieHue sTaHOJA B CPemny KYyJIbTHUBU-
poBanusa npu KHK compoBokgaiocs yBeamue-
HUEM COJep:KaHUsA XJOPOPUIIOB B KJIETKAX
D. viridis mocie mepBoro 100aBJIEHUS IO CPAB-
"Henuio ¢ KHK 6e3 sTanosa, HO B JaJbHEHIIIEM
mocJyie 3 1 ocobeHHO 4 moOaBJIEHUN yMeHbIIA-
JIOCHh U OBLJIO 3HAUMTEJIbHO HUIKE UX COAepiKa-
Hus o cpaBaHeHuio ¢ KHK 6es sranoaa (puc. 2).

BausHue amanonia Ha OuHAMUKY codepica-
Hus ax3onoaucaxapudos D. viridis 8 ycrosusax
KHE

B mporiecce Ku3HEAEATEIbHOCTU KJIETKU
MUKPOBOJOPOCJell BBIAEISAIOT B Cpefy PasHo-
oOpasHble DK30MeTa0O0JIUTELI, CPeAu KOTOPBIX
BayKHOE MEeCTO 3aHUMAIOT IMOoJIucaxXapuabl. Bbl-
JIO OOHAPYIKEeHOo, UTO 3a BpeMs KYJIbLTUBUPOBA-
uus D.viridis B pexxume KHEK 3a 56 cyT Mmo:xHO
MOJIYYUTDH 35 MT MOJMCAXapUIOB C peaKTopa C
yIeabHBIM BBIXOAOM 6,5 mr/m (Tabua. 2). Ecau
KYJbTUBUPOBAHMNE OCYIIECTBJISAIOCH C MHOTO-
KPaTHBIM IIOCJeNOBaTeIbHBIM H00aBICHUEM
sraHoia 1o xoumneurpanuu 0,3% , seixon IIIC
ow11 B 2,6 pasa, a YII B 2,4 pasa 6oJibiire (Tabu. 2).

HobaByenue B cpeny 0OJIbIlleil KOHIIEHTPA-
nuu (0,5%) cOmpoOBOKIAIOCH YyBEJINUYEHUEM
comep:xanusa IIIC B KyJabTypaJIbHOIL cpene B 3,
a YII — B 2,7 pasa (tabua. 2). ITomryuenHbie
pes3yJIbTaThl IMO3BOJAIOT 3aKJIIUYUTDL, UTO 3Ta-
HOJ BJUSET Ha OSKCKPETOPHYI0 AKTUBHOCTH
KJeToK D. viridis, u 3T0 B KaKON-TO Mepe MO-
JKeT oTpasKaTh M3MeHeHUe BCero cocrasa Ouo-
MAacChbI.
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Puc. 1. KomuuecTtBo KiaeTok D. viridis mpu: HaKOIUTEeIbHOM KyJbTuUBUPOBaHuU (1), KBaduHenpepbiBHOM (2),
KBa3WHEIIPEPBIBHOM II0CJIe MHOTOKPATHBIX ITOCIEJ0BATEIbHBIX 100aBJIeHNI dTaHo A (YKAa3aHO CTPeJIKaMM) 10
KOHEeUHOIT KoHIleHTpanuu atanosa 0,3 (3) u 0,5% (4).

3nech u ganee: * — P < 0,05 MeKay HAKONMUTEJIHHBIM 1 KBA3WHENIPEPHIBHBIM KYJIbTUBUPOBAHUEM
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Puc. 2. Cogep:xanne xjgopoduios (a +b )
B kjaeTkax D. viridis B pa3IUYHBIX YCIOBUAX
KYJbTUBUPOBAHUS:
1 — makomnwuresbHoe KyabTuBupoBaunue; 2 — KHK;
3 — KHK 0,3; 4 — KHK 0,5.

Tao6auya 2. Cymmapusrtii Berxon I1IC
(mr riaoko3sr/peakTop) u ¥ IIIC (Mr riawKo3s1/ )
B KyJbType MUKpoBomopocieil D. viridis
NpH Pa3IUYHBIX PEKUMAaX KyJIbTHBHPOBAHUS

Brixop 9IIC, ¥ BIIC,
PK MT I'JIFOKO3BI/
MT TJIFOKO3bI/JI
peakTop
KHK 1 35,0+5,3 6,5+1,1
KHK 0,3 94,2+17,5% 15,7+3,0%
KHK 0,5 104,1+16,4* 17,8+2,6%

Bausanue amanona Ha cocmas 6uomaccot D.
viridis na 56-e cym Kea3uHenpepvL6HO20 KYJb-
Mmueupo8aHus

CocraB 6momaccel D. viridis onpenensiu Ha
56-e cyT KyJbTUBUPOBaHHUSA. BbLIO 0oOHapy:Ke-
HO, UTO COCTaB OmMOMAacchl, IIOJYUEHHON B IIPU-
CYTCTBUU 9TAHOJIA, OTJUYAJICA 10 COOTHOIIIEHUIO
OCHOBHBIX MeTa00JUTOB (HYKJEMHOBBIX KHUCJOT,
MPOTENHOB, JUIKUAOB WM IUTMEHTOB) IO CpPaBHE-
HUIO ¢ KOHTpoJgeM. IIpu 5ToM OH OBLI PasHBIM B
3aBHCUMOCTH OT KOHIIEHTPAIIH 9TaHoJa (puc. 3).

Tak, comepsxkanme [IHK B OGuomacce, 1mo-
JydeHHO mpu KyJuabruBupoBaHuu ¢ 0,3% -m
9TAHOJIOM, OBLJIO yBeJWUYeHo B 2,2 pasa, a IIpu
0,5%-m — B 2,7 pasa.

B rakoii ke cTemeHu ObLIO YBEJIMUYEHO U CO-
nep:xaunue PHK (puc. 3).

Comep:xkaHue mMpoTenHa He M3MEHSJIOCH TI0
CPaBHEHUIO C KOHTPOJEM MPU KOHIIEHTPAIIUU
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aranoisa 0,3% u OBLIO YBeIUYEHO B 2 pasa mpu
kounenrpanuu 0,5% (puc. 3). Coxmep:xkanue
2(UPOB CTEPOUIOB yBEJIWUYUBAJIOCH B 2 pasa
TOJNBKO IIPKU KoHIeHTpamuu staHoaa 0,5%.
B To :xe Bpema comep:kanue TT BospacTasio mpu
MeHbIITell KoHIleHTpanuu B 2 pasa (puc. 3).

Pasnnunble M3MEeHEHUS HCCIAEAYEMBIX IIO-
KasaTesiel MpU Pa3HBIX KOHI[EHTPAIMAX BTa-
HOJIa B cpejfie KYJIbTUBUPOBAHUSA MOYKET YKa3hI-
BATh HA Pasjauyue B IIOPOTe YYBCTBUTEIHLHOCTHU
MIPOTENHOBOTO, JUIUIHOTO W HYKJIEUHOBOTO
obmena y Dunaliella.

Conep:xaHue [-KapoTMHA B IPUCYTCTBUU
9TaHOJIa CYIIeCTBEHHO YMEHbIIAJI0Ch. HKcau
B KOHTPOJIBbHON KYJIbType IPU KBa3UHEIPEePLIB-
HOM KYJbTUBUPOBAHUU €T0 COMep:;KaHUe Co-
craBiasano 8,3 + 1,2 mrr/108 kixerox D. viridis, To
B npucytcTBuu 0,3 % -T0 3TaHOJIAa YMEHBIIIATIOCH
B 2,1 pasa, a npu Koneunoii Kounenrpaunuu 0,5%
OH He BBIABJIAJICA B KieTKax D. viridis (puc. 3).

CiemoBaTeIbHO, IPUCYTCTBYE TAHOJIA B CPe-
e KyJbTUBUPOBAHUS COIIPOBOMKIAETCS HE TOJb-
KO M3MEeHEeHNeM CKOPOCTH HAKOILIeHUA OroMac-
cel D. viridis, H0 u cocTaBoM OmoMaccesl (puc. 3).

Mopgonozus xwaemorx D. viridis npu pas-
HBLX PeHCUMAX KYLbMUBUPOBAHUS

Biausinue MHOTOKpaTHOTrO H06AaBJIEHUS JTa-
HOJIa Ha MHTEHCUBHOCTDL POCTA, COCTAB OromMac-
Chl, aKTUBHOCTEL 3KcKpenuu IIIC cBumeresnb-
CTBYET O TOM, UYTO STAHOJ HHIAYIUPYET TIyDo-
KHe IIePEeCTPOMKM MeTaboIm3Ma MHKPOBOIO-
pocieii. HeoOxoamuMo OBIIO OIPEIESUTh BO3-
MOKHYIO B3aMMOCBS3b 9TUX META00JUUECKUX
u3MeHeHuit ¢ Mop(oJIoTHell KIeTOK.

Panee HaMu OBIJIO BRICKA3AaHO IIPE/IOI0MKE-
HUE O TOM, UTO KOOIepaTUBHBIE IePeCTPORKU
SIUTEHOTUIIA MOTYT HPOUCXOAUTL HE JIMHEeH-
HO, a OUCKPETHBIMHU CTPYKTYPHO-MOP(OJIOTH-
YeCKMMHU HN3MEHEHUSMHN Ha YPOBHE CTPYKTY-

et

PHE THE

-raporun

O KHE (0,5% 91) [ KHK DKHE (0,3% 31)

Puc. 3. CoctaB 6uomaccs! D. viridis Ha 56-e cyt
pocTa mpu Pa3IMYHBIX PEKUMAaX HAKOIMUTEIHHOTO
KyJIbTHBUPOBAHUS:

TAT — TpHUaIUITIUIIEPUIBI;

IAcT — 9QUPHI CTEPOUTOB
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poo0pasyIoIux KOMIIOHEHTOB KJIETKHU (MeM-
OpaHHBI IIUTOCKEJIET, COeqUHNTEIbHAST TKAHD
u 1p.) [23].

WsBecTHO, UTO B J1a00PATOPHOU KYJILTYpPE
U B IPUPOAHBIX OMOTOIIAX AJS KJIETOUHOH II0-
nyaamun D. viridis xapakTepHa BbICOKas MOP-
(homornueckasi reTeporeHHOCTH: KJETKU pas-
JUYalOTCSa 0 pasMepaM u (opme (COOTHOIIe-
Hue 00JbIIoro u MaJioro nuamerpa) [24]. Kpo-
Me TOro, MmopdoJsoruueckue Kjaaccel D. viridis
XapaKkTepus3yITCA pPa3InYHON IBUTATEIbHON
aKTUBHOCTBIO, UTO MOJKET OTpPa’kaTh pasJiu-
yus B UHTEHCUBHOCTHU MeTaboinm3Ma 1, B YacT-
"HOocTHU, cuHTe3a ATP.

B ycioBusiX KBasMHENPEPHIBHOTO KYJIHTHU-
BUPOBaHUA Ha 56-e cyT pocTa KJIETKHU 110 (hopMme
U pasMepam ObLIM JOCTATOYHO PA3HOOOPA3HEI.
Eciu mpencraBuTh UX KaKk MOP(doOJIOTHUYeCKUe
KJIacChl OTHOCHUTEJNbHO maumameTpoB dl/d2 wu
S, TO TaKMX OCHOBHBIX MOJYKHO BBIJEJIUTH 6—8
(puc. 4). B Tom ciyuae, eciiu KyJbTYPbI POCIHT
Ha cpelie C 9TaHOJOM, TO Ha 56-e cyT oHU OLLIN
IIpeCTaBJIeHbI ABYMS OCHOBHBIMHY KJIACCAMU I10
IJIOIITAAY U BCe OBLIIM OKPYTJIBIMU U HEIIOABUK-
mHeiMu (d1/d2 = 1). Takue mopdosornuecKkue
mepecTporKy KaeTok D. viridis He 3aBUCEJN OT
KOHITEeHTPAIIMU 9TaHoJa B cpene (puc. 4).

CnenmoBatesbHO, HA mo3aHUX sranmax KHE
mocJe 6-1o 100aBIeHU S 9TaHOJIA, KOTA YACIeH-
HOCTB KJIETOK MUKDPOBOJOPOCJEll pe3KO CHUMKA-
Jjach, (hOpMUPOBAJIACH CIleIu(pUUEecKas CTPYK-
Typa MONyJAIUN MHUKpOBomopocyeir — 95%
KJIETOK OBLIM HEIOABUKHBI U MMEJU OKPYT-
ayio ¢popmy. XapaKTepHON 0COGeHHOCTHIO 0110-
Macchl MUKPOBOJOPOCTEH Ha STOM 9Tale KyJIb-
TuBUPOBaHUS (56-e cyT) OBIIO BEICOKOE COIEep-
sxkaaue JHK n PHK, muskoe — [(-kapoTuHa
¥ yBeJIUUYEHHOEe — IIPOTenHA.

ITonyueHHbIe pPe3yJbTATHI MMOKAa3aJM, UTO
9TAHOJ MOJKeT OBITh MCIIOJIB30BAH KaK HecIIe-
IU(PUUECKUN PeryadaTop IposudepaTuBHON U
MeTaboauuecKoi akTuBHocTtu D. viridis. Buo-

A 5 B =

40

M. %

JOoTMYeCcKUH 9p(PeKT sTaHoIa 3aBUCUT HE TOJIb-
KO OT KOHEUYHOM KOHIIEHTPAIlN! B cpeje KYJb-
TUBUPOBAHUSA, HO U OT CXE€MBI €T0 JOOABJIEHNUA.

Mexaunusm pgeficTBuUsA STaHOJA HA PaCTU-
TeJbHbIEe KJIETKU MPaKTUYeCKU He NCCIeTOBaH.
OpHako ero geiicTBue Ha MeTabOJIM3M KHUBOT-
HBIX KJIETOK HU3y4YeHO. ¥ HUX 9TAHOJ yBeJH-
ymBaJl MHTeHCUBHOCTh cuHTesa [THK nHa 38%,
B KJIETKaX pereHepUpyIollei meueHu MHIYIIN-
poBax cuntes MPHEK, xomupyorieii YHUKAIb-
HBIN IpoTenH ¢ M. M. 47 k[a [25].

XpoHnYyecKoe BBeJeHNE 9TAHOJIA ITPUBOIHU-
JIO K YMEHBIIIEHUIO COIepP:KaHusA TJIyTaTHOHA
B MUTOXOHIPHUAX U YBEJIUUYUBAJIO ITPOAYKITHIO
cBOOOLHBIX paxukaiioB [26]. I3BecTHO, YTO OH
OKas3bIBaeT BHIPA’KeHHOe JelicTBue Ha MeTabo-
JIU3M JUnugoB [27].

YuursiBas gaHHBIE Halleil paboThl, MOMKHO
MIPENIOJ0KUTb, YTO 9TAHOJ TPOSIBJIAET TOJIU-
(GyHKIIMOHAJIBLHOE AefiCTBUE Ha MeTaboJIn3M He
TOJBKO KMBOTHBIX, HO W PACTUTENLHBIX KJe-
TOK. MOKHO BBIJI€IUTh HECKOJIbKO CTAANN WU
9TAIIOB €T0 N030BpeMeHHbIX a(pderTor. Ha mep-
BOII cTaauy OMOJOTMYECKOTo HeHCTBUS, II0CJIe
IIepBOTo A00aBJIeHUA B OTHOCUTEIHHO HEe0OJIb-
III0# KOHIIEHTPAIINH, OH UCII0JIb3yeTcd KaK J0-
TIOJTHUTENbHBIN MCTOUYHUK YTJIePOAa, UTO BBI-
paskaeTcs BO BKJIIOueHHH ‘C-sraHoia B COCTAB
OHEK, PHEK, mporennoB u gpyrux moJiekya[13].
B T0 Ke BpemMsa OH MOKeT CHEIM(DUUECKU CTHU-
MYJHUPOBATh P META00JUUYECKUX ITPOIECCOB, B
YaCTHOCTHY YBEJIUUYMBATH COMEPIKAaHNe XJIOPODUII-
Jia, TPOTEeNHOB U APYTUX COeIUHEHUI. ITO IPOAB-
JISJIOCH B YCUJIEHUU IIpoaudepanuu KJIeTOK (Ko-
JINYECTBO KJETOK YBeJIWUMBAJIOCh A0 16 MJH/MJI
o cpaBHenuio ¢ 8—10 B KouTpose). Ha BTOpPOIH
CTaguU JeHCTBUA Mocje 3—4 MocJief0BaATeIbHBIX
I00aBJIEHUNA STAHOJ IIPOABIAT CTAOUIN3UPYIO-
muit et moanepKaHus UCCaAeIyeMbIX IOKa-
3aTeJieil Ha OTHOCUTEJNHHO IIOCTOAHHOM YPOBHE.

Ha rtpetbeit craguu, mocie 5—6 mocJeno-
BaTeJIbHBIX J00ABJIEHUHM HAOJIIOZAaeTCsa ero

Puc. 4. Pacnpenenenue MOp(oJOTHYECKNX KJIACCOB B KJIETOYHON MOMYJIAIUUA MUKpPOBoaopocaei D. viridis B
Pa3INMYHBIX YCAOBUAX KYJIbTUBHPOBAHUA HA 56-e cyT:

A — KBa3WHENPEPHIBHOE KYJIbTUBUPOBAHUE;

B — KBasuHENPEePbIBHOE KYJIbTUBUPOBAHUE C J00ABJIEHNEM 3TaHOJIA N0 KOHeuHOM KoHienTpanuu 0,3% ;
B — KBasuHeIpephIBHOE KYJIbTUBUPOBAHIE C JOOABJIEHIEM 3TaHOJIA 0 KoHeuHol KoHienTparuu 0,5%
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TOKCUYecKU#l dhGeKT: MHrmdupyercsa WHTEH-
CUBHOCTB ITpoaudepalim, yMeHbIIaeTCA COIeP-
JKaHue XJI0poduIa 1 0co0eHHO KaPOTUHOUIO0B.
KaeTKku TepsioT MOABUIKHOCTD U OKPYTJIAIOTCS.
Jra peakIua MOMKET WHAYIVMPOBATH II0JOBOE
pasmuoskenue D. viridis. BpemeHHOIT XapaKTep
MPOSIBJICHU CTAAUH OMOJIOTUUECKOTr0 AeHCTBUA
3aBUCUT OT KOHEUYHOU KOHIIEHTPAIIY dTAaHOJIA.

Takum 06pa3oM, IOJIyUeHHBIE PE3YJIbTATHI I10-
KasaJju, YTO BHeCeHNeE B Ccpeay KyJIbTUBUPOBAHUS
D. viridis sTaHoJIa O KOHEUHON KOHIIEHTPAIUN
0,3% yBeanuuBaao BeIX0OJ Omomaccwl D. viridis
B 2 pasa. OmpHAKO mocje MHOTOKPATHBIX ITOCJIEeI0-
BaTeJbHBIX [00ABJIEHUHN TPOLYKTUBHOCTh YMEHb-
majiach, a mocjye 5—6, ¢ ceMUAHEBHBIM WHTEPBA-
JIoM, KyJbTypa morubaJsia; IPUCYTCTBHE dTAHOJIa
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BIIJIUB ETAHOJIY HA CKJIAZL TA BUXIT
BIOMACH Dunaliella viridis Teodor.
3A KBA3IHEIIEPEPBHOI'O
RYJBbTHBYBAHHSA

A.I. Boxckros
H.I'.Mensanosa
€.1.Cucenko

HIII 6iosorii XapKiBchbKOT0 HAI[iOHAJIBHOTO
yHiBepcurety imeni B. H. Kapasina, Ykpaina

E-mail: bozhkov@univer.kharkov.ua

HocimxyBany BIJINB eTaHoJy (KiHIleBa KOH-
menrparia 0,31 0,5 % ) na Buxizg 6iomacu, ii ckJIan
(BMicT HYKJEIHOBUX KHCJIOT, IIPOTEIHIB, JimigiB,
xJyopodinis a i b, f-kaporuny i eksomosicaxapu-
niB) Ta mopdosorito kaitua Dunaliella viridis
y peXuMi KBasiHelmepepBHOIO KYJIbTUBYBaHHSA.
Bussieno, 1110 gofaBaHHsS [0 CepefoBUINA KYJIb-
TUBYBAHHS €TaHOJIy OO0 KiHIIeBOI KOHIIeHTpAaIlii
0,3 % s6imbpmryBaso BuUXix y 2 pasu MOPiBHAHO
3 KBasiHemepepBHUM KYJLTUBYBAaHHAM 0e3 eTa-
HOJIY i B 2,5 pas3a MOPiBHAHO 3 HAKOINYYBAJILHUM
KYJAbTUBYBAaHHAM. J30iJbIlIeHHA KOHIeHTpAaIlii
eranoay B cepenoBuiii 10 0,5 % 3MeHINIyBaJiO BU-
xig 6iomacu Dunaliella viridis TOpiBHAHO 3 KOH-
mnenTtpartieio 0,3 % . Eramos 36iabI1yBaB BUXiT K-
30I0JIicaxapuiB y cepeloBUIIL Ta 3MiHIOBaB MOD-
doutorito i pyxauBicts KaiTun Dunaliella viridis.

Kamwuwoei cnosa: 6iomaca D. viridis, BILIUB eTUJIO-
BOTO €TAHOJY, KBasiHelepepBHe KYJIbTUBYBAHHSI.

INFLUENCE OF ETHANOL
ON COMPOSITION AND OUTPUT
OF BIOMASS OF Dunaliella viridis Teodor.
IN QUASI-CONTINUOUS CULTIVATION

A.I. Bozhkov
N.G. Menzyanova
E.I.Sysenko

Research Institute of Biology of Karazin
Kharkiv National University, Ukraine

E-mail: bozhkov@univer.kEharkov.ua

The effect of ethanol (final concentration is
0.3 and 0.5%) on biomass yield and composition
(content of nucleic acids, proteins, lipids, and
chlorophyll a and b, B-carotene, and exopolysac-
charides) and morphology of the cells Dunaliella
viridis in a quasi-mode of cultivation was investi-
gated. It has been found that addition of ethanol
in the culture medium to a final concentration of
0.3% increased output 2-fold compared with the
quasi-continuous cultivation without alcohol and
2.5 times compared with a cumulative cultiva-
tion. Increasing the concentration of ethanol in
the medium to 0.5% reduced the biomass yield
of Dunaliella viridis compared with 0.3% alcohol
concentration. Ethanol increased the output exo-
polysaccharides into culture medium and changed
morphology and Dunaliella viridis motility.

Key words: D. viridis biomass, quasi-continuous
cultivation, effect of ethanol.
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