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U3MEHEHUS MPOTEOJUTHYECKOH AKTUBHOCTU TOMOIEHATOB KJIETOK
CHLORELLA VULGARIS U @®YHKIIMOHAJIBHO-METABOJIMYECKUE
NEPECTPOUKHU KYJbTYPBI ITPU POCTE B IPUCYTCTBUU MnCl;

Pesrome. MemoOom nusuca scenamuna u puopuno2ena 8 MmoHKOM Cloe a2apo8o20 2eisl U3yyeHvl UsMeHe-
Hus npomeoaumuyeckoi akmuenocmu npu pH 3,0, 7,4 u 9,0 comocenamos kremox Chlorella vulgaris na
10, 16, 22 u 40-e cymxu pocma Kyibmypul npu 000asieHuy 8 NUMamenbHy cpedy Xiopuda Mapeaya 0o
koHeunol konyenmpayuu 0,025, 1,0 u 10,0 me/n u conocmasnenvi co co8ueamu YpoGHs GHYMPUKIEMOY-
Hoco benka. [loomeepacoeno nanuuue GyHKYUoHaIbHO-MemaboIuieckux nepecmpoex kiemox. Iloxkasa-
HO, YMO HPOMEONUMULECKAs AKMUBHOCb U YPOGEHL BHYMPUKIEOYHO020 OelKa 8 Yeiom psaoe Caydaes
usmMensomes anmubamno. Bvickazano cysicoenue, umo coguzu npomeoaumuieckol akmueHoCmu HoCsam
De2yNAMOpHbLIL Xapakmep.

Knrwouesvie cnosa: kynomypa xaopesivl, npomeonus, xaopud mapeanya (Il), pacwennenue d6enxos.
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PROTEOLYTIC ACTIVITY CHANGES OF HOMOGENATES OF CHLORELLA
VULGARIS CELLS AND CULTURE FUNCTION-METABOLIC REORGANIZATIONS
AT THE GROWTH IN THE MnCl,; PRESENCE

Summary. The changes of proteolytic activity at pH 3.0, 7.4 and 9.0 of Chlorella vulgaris cell
homogenates were studied by gelatin and fibrinogen lysis method in thin-layer gel at 10, 16, 22 and 40
days of culture growth when manganese chloride was added to the medium to final concentration of
0.025, 1.0 and 10.0 mg/l and were compared with shifts of intracellular protein level. The presence of cell
functional metabolic reorganizations was confirmed. It has been shown that the cell proteolytic activity
and the level of intracellular protein in a number of cases change in antibathic manner. It has been
suggested that these proteolytic activity shifts possess regulatory character.

Keywords: chlorella culture, proteolysis, manganese (I1) chloride, protein cleavage.

Beenenne. [IpoGieMa MacmTabHOTO MPOM3- JIepIKaHUEM JTUITHIOB, SKOJOTHIECKON YUCTOTOM
BOJICTBA «OJHOKJIETOYHOTO» OeKa MpPOIMKTO- MPOU3BOJICTBA U PAIOM JAPYTUX MOMEHTOB [1].
BaJIa MCIIOJb30BAHKE B KAUECTBE €r0 MPOIYIIEH- Kak MbI yXe OTMedYalli B MpeIbIayIei cTa-
ta ¢orocunTesupyromyio Bogopocis Chlorella ThE, B CHJIy 3TOTO BO3HHKAET HACYIIHAs IIO-
vulgaris, xapakTepu3yronIyrocss BBICOKHM CO- TpeOHOCTh M3BICKAHMS IyTeH oboraimieHus: OHo-
JiepkanreM Oesika B GmoMacce, NIMPOKUAM CIIEK- MAacChl XJIOPEJUIbI OEIKOM, B TOM YHCIIE IyTEM
TPOM aMHHOKHCJIOT ¥ BHTAMHUHOB, HU3KUM CO- W3MEHEHHsI COCTaBa MUTaTelbHON cpensl. K mo-
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JOOHBIM IIyTAM OTHOCUTCSI JIOTIOJHUTENBHOE
BBEJCHUE B MUTATENBHYIO CPEAy MHKpPOIJIEMEH-
ToB [2].

OpHuM u3 a0COIIOTHO HEOOXOIUMBIX IS
JKU3HH 3JIEMEHTOB sBIIsieTca MapraHeu. B ¢oro-
CHUHTE3UPYIOIIMX OpraHu3Max OH 4Ype3BBIYaliHO
BakeH Uit (hopMHupoBaHUs W QyHKUUH (HOTO-
cuHTe3upyromero ammapara [3,4]. Tem He me-
Hee, HeCMOTpsI Ha JUINTENIbHOE M3yueHHe, MeXa-
HU3M €ro OMOJIOTHYECKOrO JOEHCTBUSI OCTaeTcs
HEI0CTATOYHO SCHBIM.

Opnako HaMu ObUTO MOKazaHo [2], 4ro mo-
OaBlieHHE XJIOpUAa MapraHiia B IIUPOKOM Jua-
Na30He KOHLEHTPAlMid B NHTATEIbHYIO CpPEdy
Opy  KyJIbTUBHPOBAHUHM (OTOCHHTE3UPYIOLICH
sogopociu Chlorella vulgaris conposoxmanoch
HECKOJIbKUMH (hyHKIMOHATBHO-
METa0O0IMYECKUMHU IEPEeCTPOMKaMHU, BBIPAXKAr0-
HIMMUCS B U3MEHEHUSIX CKOPOCTH POCTa U YPOB-
HSl BHYTPUKJIETOYHOTO O€JiKa, YTO COMPSIKEHO C
M3MEHEHUSIMH MHTEHCHUBHOCTH OMOCHHTE3a Oe-
Ka, IPOHUIIAEMOCTH KJIETOYHOW CTEHKU U YPOB-
HS MPOTEOJIMTHYECKHX MpOoIeccoB. B oraemns-
HBIX CIy4asx yJdaJoch 3a(UKCHpPOBaTh POCT
YPOBHSI BHYTPUKJIETOUHOTO OeJIKa.

Bmecte ¢ Tem, yuutbiBas Oorareiii HabOp
cuaresupyembix  Ch. vulgaris  BuTamuHOB,
BKJIIOYasl IMaHKOOAJIAaMHUH, AHTUOWOTHK «XJIO-
peiunH», UMMyHOMOIyIATOp f-1,3-rmrokan [5—
7], npencrasinsieTcss KpaiiHe HEOOXOIMMBIM HC-
CIIEZIOBAaHME CYLIHOCTH YINOMSHYTBHIX BBIIIE
(yHKIMOHATBHO-META00IMIECKUX [IEPECTPOCK.

Ilens HacTOsIEH PabOTHI — PACKPBITH OCO-
OCHHOCTH H3MEHEHUIl BHYTPUKJIETOYHOH Mpo-
TEOJUTUYECKOH aKTHUBHOCTH KIIETOK XJIOPEJJIbI
Ha 10, 16, 22 u 40-e cyTku pocTa KyJIbTypbl IPU
no0aBIIeHNH B UTATENRHYIO cpexy MNnCl,.

OcnoBHasi yactb. B pabote mcnosib3oBanu
(hubpunoreH yenmoseka («Sigmay, CIIA), xena-
THH («Flukay, ['epmanns), bakrToarap
(«Melford», CIIA), apyrue peakTHUBBl ObUIH
npousBozcTsa ctpan CHI Mapku «xu»’.

UccnenoBannss mposeaenst Ha Chlorella
vulgaris, mrramm IBCE C-19, u3 xoiuteKunu Bo-
nopocneit Mucruryta OMO(U3MKK U KIETOUHOU
umwkenepun HAH Benapycu, mo6e3Hno mpeno-
CTaBJICHHOW COTpyaHHMKaMu PecnyOnmMKaHCKOro
LEHTpPa aNbIOJIOTHH.

Ch.vulgaris BeIpamuBamu B yCIOBUSIX HEpH-
OMYECKOM KYyJIbTYypbl Ha cpene Tamuiiga
(Tamiya), ve conepxaeit JITA u coneir map-
radua (KOHTpOJb), B cocynax oobemom 0,25 i
IpH TeMmIieparype okpyxaromei cpenst 23 °C,

! «XY» — XUMHNYCCKHU YHUCTBIC
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HENpPepsIBHOM  0apOOTHpPOBAHUN  CYCIIEH3HUU
BO3JyXOM CO CKOpOCThEO 20-25 J1/4, OCBElICH-
HOCTHU Ha moBepxHocTH cocyna — 4500-5000 nK,
YepeloBaHUU CBETOBBIX W TEMHOBBIX (a3
124/124. IToceBHas mosa cocrasisuia 7,8 + 0,7
MJIH KJIeTOK. KOHIEHTpaluo KIeTOK XJIOPEesIbl
OTpeNleNisIM € TOMOIIBI0 Kamepsl 'opsieBa. B
MUTATENLHYI0 Cpeay AOMOJHUTENFHO BHOCHIIH
pacTBOp XJIOpHZA MapraHua A0 KOHEYHOH KOH-
nentparuu 0,025, 1,0 u 10,0 mr/n. B nurarens-
HYIO Cpely KOHTPOJILHOTO BapHaHTa COJNb Map-
rasua He 00aBIsUIH.

Ha 10, 16, 22 u 40-e cyTku (Bpems posBIIe-
HUS TIEPECTPOCK KYNBTYPhl) OTOMpaNIH aluKBO-
TBl KyJIbTYpbl, cogepxamue no 50 = 0,43 muH
KJIIETOK, KJIETKH OTACISUTH LEHTPU(PYTHPOBAHU-
em npu 6000 o6/muH B Teuenue 10 MuH, TpH-
JKAbl OTMBIBAJIM OT KYJIbTYPajbHOM >KUAKOCTH
JTUCTWUTMPOBAHHON Bomor. OOpasibl KIETOK
3aMOpaKWBAIM U XPaHWIN MPHU TeMIepaType —
20°C.

KrneTtku xsopenisl pa3pyiiagd B TOMOTEHH-
sarope Ilorrepa-Dnbseiiema npu 4 °C B 0,5 M
OMIUCTUIITMPOBAHHON BOABI.

[IpoTeonuTHYECKYl0 AKTUBHOCTH IIOJIy4YEH-
HBIX TOMOTEHATOB KJIETOK XJIOPEIUIbI ONpeaes-
JM IO JIM3HCY JKelaTMHa WU (puOpuHOTreHa —
Han0oJiee MHTEHCUBHO PACIICIUISIEMBIX IPOTEH-
Ha3aM# XJIOPEUIbl B TOHKOM CJIO€ arapoBOTO
redis, Kak ObUIo MOIpO0HO onrcaHo paxee [2, 8].

Bce uccnenoBanusi NpoBEIEHB CEMUKPATHO.
[TonmyueHHble pe3ynbTaThl 00pabOTAaHBI CTATH-
CTHYECKH C  HWCIOJB30BaHHEM  IPOTpaMMm
Statistica 6.0 o t-kpureputo CThro/ICHTA.

Pe3yabTarhl u ux o0cy:xknenue. Panee mo-
Jy4eHHbIe MaTepuajbl Tabmuiel 1 1 pucyHka 1
YEeTKO IMOKA3bIBAIOT HAIMYUE MEPECTPOCK KYJIb-
TYpBI, IPOSIBUBILMECS B CIBUTaX ypPOBHS BHYT-
pukierouHoro oOenka (tabnuma 1, pucyHok 1).
Kak Op11o oOHapykeHO paHee, B KOHTPOJIHLHOM
BapuaHTe B mHTepBaje 10—16 cyTku ypoBeHb
BHYTPUKJIETOUHOTO Oenka Bo3poc Ha 51% (Tab-
mura 1).

OIHOBPEMEHHO BBISBJICHO MAaJCHUE YPOBHS
JKenaTUHONUTHYECKOW akTuBHOCTH mipu pH 3,0
Ha 37% u (QUOPHUHOTEHOIUTHUECKON AKTUBHO-
ctu ipu pH 9,0 — Ha 28% (Tabmuua 2). YMeHb-
IIEHHWE KOHLEHTPALMH BHYTPUKIIETOUYHOrO Oe-
ka Ha 32% B WHTEpBaJie pocTa KyIbTyphl 16—22
CYTKU acCOLMMPOBAIOCH C YCUJICHHUEM pacllell-
JICHWSl JKENaTHHAa NPOTEMHA3aMU KIETKH XJIO-
pemnst ipu pH 3,0 Ha 32%, a ¢ubpuHOTEHOTH-
THYECKON aKTMBHOCTH TIpoTenHas npu pH 7,4 —
Ha 20% 1 MHTEHCUBHOCTH paciLieITieHHs1 000X ORIKOB Mpr
pH 9,0 Ha 20 1 31% cooTeTCTBEHHO (TalHIIA 2).
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Tabmuua 1 — Cogeprkanue Oenka B KJIETKaxX XJIOPEIUIbl (MKI/MITH KJIETOK) TPH POCTE KyJIbTYPHI
Ha TTUTaTeNbHOU cpene ¢ modasieHuem MnCl,, (n =9), npuseneno 1o [2]

Konent- Bpewmsi KylbTHBUPOBaHUSI, CYTKH
pauus
MnClz,

ME/T 1 10 16 22 40
KonTtpoms | 45,89 +2.84 39,19 +2,78 59,12 +2,24 40,19 + 6,80 57,26 £ 1,45
0,025 23,75+ 1,47* 2440 £ 1,67 96,44 £2,80* | 38,76+ 1,31 97,80 + 1,89*
1,000 41,56 £ 1,43 30,33 £ 1,11 96,94 £2,38* | 53,24+ 0,63 70,18 +2,37*
10,000 105,93 £0,91* 3539+ 1,77 77,97+ 1,56* | 53,41+ 0,58 75,86+ 1,21*

[Iprumeganne: * — M3MEHEHUS CTaTUCTUIECKH AOCTOBepHEI ipu P < 0,05
P/P, % 0O 10 cyrku
320 ~ 16 cyrku
W22 cyTku
240 - B 40 cyrku

160 -

Al IHIHHIMMemY

s

7

Pucynok 1 — UzMeHeHusi ypOBHSI BHYTPHK/IETO4YHOTr0 0eska (% Kk 1-M cyTkaM KyJ1bTHBHPOBAHMS,
npuHATHIM 32 100%) npu 106aBjIeHHH B MUTaTeJabHYIO cpeny MnCly,
(IO )XHMPHBIM KypCHBOM YKa3aHa KOHIICHTpaIMs B MI/J)

Kazanoce Obl, yBenndeHHWE KOHLEHTPALUH
BHYTPUKJIETOUHOTO O€llka B 3TOT WHTEpBal
KyJbTUBHPOBaHUS OOYyCJIOBICH MOIABICHHEM
AKTUBHOCTH IPOTEHHA3.

OpHako HapacTaHue YPOBHs Oesika B MHTEp-
Baje 22—40 cytku Ha 42% BBIIBICHO Kak pa3
NIPY 3HAYUTENHEHO OOIBIIIEM POCTE KENATHHOIU-
TUYECKOW M PUOPUHOTCHOIUTUYECKON aKTHBHO-
creii u ipu pH 7,4 v ipu pH 9,0 na 102 n 361%
COOTBETCTBEHHO.

B cnyyae noGaBieHust B MUTATENBHYIO CPELY
MnCI; Bo Bcex BpeMEHHBIX HHTEPBAJIax YPOBEHb
0enKa M3MEHSUICS B 3aBHCUMOCTH OT KOHIICH-
Tpauun 3¢ ¢exropa (Tadbnuua 1, pucyHok 1).
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Ho B unrepBasie 10—16 cyTku B 3aBUCUMO-
ctu ot koHueHrpauu MnCl, ypoBenb Oenka
BO3POC 3HAYUTEIIbHO CUJIbHEE, YEM B KOHTpOJIE:
Ha 120-295% (maxcuManbHBIA 3QQEKT N0CTH-
rajcst npu KoHueHtpauun 3¢ddexropa 0,025
MT/IT), a ipu KoHIeHTparuu conu 0,025 mMr/in — n
B nHTepBajie 22—40 cytku — Ha 152%.

B mepuon pocra kympTypsl 16—22 cyTku
Npyd BCcEX KOHIEHTPAIUAX XJIOpWAa MapraHia
ObLTO OOHApPYKEHO CHIDKEHHE YPOBHS Oenka Ha
31-60% (Tabnuua 1, pucyHok 1) .



2 o
Tabnuna 2 — Pacmerienue 0enkoB cyOcTpaToB (MM~ 30H JIM3KCa) TOMOT€HATAMH KJICTOK XJIOPEIUIBI IPH POCTE KYJIBTYPhl Ha MUTATEIBHON cpene ¢ To0aBIeHUEM

MI’ZCIZ, (Il = 7)
Bpewms kyabTUBUPOBaHUS, CYTKH
Konnent-
pans 16 22 40
Mn(/jlz, ¢ubpuHOreHa JKeJlaTuHA ¢ubpuHOreHa JKeJlaTuHA ¢ubpuHOreHa JKeJlaTuHA ¢ubpuHOreHa JKeJlaTuHA
Mr/11
pH 3,0
Koutpons | He uccrnen. 69,99 + 2,68 He UCCIE. 44,11 £ 1,19 HE MCCIE. 56,13 +£0,86 He UCCIe. 63,63 +£2,86
0,025 He UCCIe. 53,90 + 1,36* He UCCIE. 49,84 +1,32* HEe MCCIe. 57,42 + 1,41 He UCCIe. 65,59 + 1,69
1,000 He UCCIe. 63,76 £ 0,91 He UCCIE. 41,87 +£1,40 He UCCIE. 50,40 + 1,89* He UCCIe. 85,62 + 3,52%
10,000 HE UCCIIEL. 51,56 +1,35* HE UCCIIEL. 49,94 + 2,84 HE UCCIIEL. 50,91 +2,02* HE UCCIIEL. 48,89 +1,35*
pH 7.4
KonTpoins 119,39 +£2,07 110,91 + 3,53 75,47 +£0,81 79,54 + 2,67 60,72 + 3,10 71,77 £2,87 214,45 £ 10,76 194,93 £ 4,45
0,025 108,69 + 4,02* 94,53 + 3,35% 73,85 +1,35 133,26 = 4,42* 68,58 + 3,43 74,95 £ 2,68 81,55 £1,59*% 131,82 £ 1,67%
1,000 87,82 £1,96* 100,61 + 3,23 77,00 £ 2,90 76,29 + 2,60 62,04 +£3,75 67,63 +£3,47 88,72 £1,37* 88,35 £2,61%
10,000 79,87 £1,61%* 102,25 + 3,53 51,81 +£0,71%* 81,00 £2,51 64,81 +2,80 169,95 + 4,10% 52,06 +£2,67* 59,07 £ 1,96*
pH 9,0
KonTpoins 104,51 +£2,29 90,63 +2,82 75,7 4+ 1,93 82,17 £ 3,48 59,96 + 1,03 56,50 +£2,78 120,86 + 4,36 260,29 + 5,43
0,025 86,48 + 3,74* 86,89 +£1,32 68,66 + 3,14 143,85 + 8,66* 63,07 £2,05 58,57 +3,08 68,46 +2,43* 148,48 + 4,58*
1,000 85,02 £0,80* 91,68 + 3,60 71,84 +£1,02 83,10 £2,62 67,48 £1,97* 68,23 +1,36%* 67,96 + 1,34%* 91,41 +3,36%*
10,000 69,05 £ 1,25% 94,80 +£ 2,22 54,70 £ 3,22% 96,71 + 3,79%* 68,74 £1,02%* 159,24 £ 521% 49,89 + 1,42%* 59,63 +£2,56*

[Mpumeuanue: * — U3MEHEHUS CTATUCTUYECKH JJOCTOBEpHBI pu P < 0,05
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P/P, %
150 +

100

0.025

10

0O 10 cytku
16 cyTkn
W 22 cyTkH
B840 cytku

Pucynok 2 — I3MeHeHNsl YPOBHSI BHYTPUKJIETOYHOr0 feika (% K KOHTpo.I0, npuHsaToMy 3a 100%) npn
A00aBJIEHMH B MUTaTeadbHYI0 cpeny MnCl,, (TI01yKMPHBIM OAYePKHYThIM KYPCHBOM yKa3aHa
KOHLEHTPauus B MI/J1)

CrnenyeT OTMETHTbH, YTO aHAIN3 M3MEHEHHU
YpOBHS O€JIKa M0 OTHOIICHHIO K MEPBBIM CyTKaM
pocra Mmo3BoyIMA 00jiee pelbeHO MPOIESMOHCT-
pUpPOBaTh META0OJIMYECKHE CIBUTH, TOT/a Kak
W3MEHEHUS IO/ JIeHCTBHEM XJIOpHIa MapraHia
M0 OTHOUIICHUIO K KOHTPOJIBHOMY BapHaHTy ObI-
T MEHEe Pe3KH U JIaBajy MHPOpPMAIHA O KOHT-
POIBLHOM BapHaHTe (PUCYHOK 2).

N3MeHeHus: BCeX BUIOB HMPOTEOIUTHYECKON
AKTUBHOCTH B MPHCYTCTBHH 3(pdeKTopa ObLIH
ropa3J0 MEHBIINMH B CPaBHEHHH C TaKOBBIMH
KOHTPOJIBHOTO BapHaHTa U 3aBUCENTU OT KOHIICH-
tparmu MnCl,.

Tak, npu 10OaBICHUN B NUTATEIBHYIO CpPELY
spdexropa B KoHueHTpauuu 0,025 mr/a, co-
TJIACHO MOJYYEeHHBIM HAMH JIaHHBIM, B HHTEPBa-
nmax pocta KyasTypel 10—16, 16—22 u 22—40
CYTOK ypPOBEHb BHYTPHUKJIETOUYHOTO Oenka BO3-
poc B 4 paza, 3aTeM yMeHbIIIICS Ha 60 1 BHOBH
yBenuawics Ha 152% cooTBeTcTBEHHO (TabiuIa
1, pucynok 1). IMeHHO B 3TO#l KOHLEHTpaLUH
XJIOpUJI MapraHiia crocoOCTBOBAI HPOSIBICHUIO
HanboJiee BBIPAKEHHBIX META0OIMUECKHUX Tepe-
CTPOEK, CyIs MO CABHraM KOHLEHTPALUH BHYT-
PUKIETOYHOTO Oenka (pUCyHOK 1).

Pacuieruienme skenaTvHa NMpOTEWHA3aMH BO-
nopocnu nipu pH 3,0 B quHaMHKe KyJIbTHBHPO-
BaHMsI CYIIECTBEHHO HE MEHSIOCH: CIBUTH HE
npesbimany 14%. OmHako MHTEHCHBHOCTD pac-
meTUIeHus JkenaTuHa npu pH 7,4 B mATEepBamax
pocta 10—16, 16—22 u 22—40 cyTox Bo3poc-
na Ha 41, causunack Ha 44 u Bo3pocia Ha 76%
COOTBETCTBEHHO, a npu pH 9,0 yBenwmunnace Ha
67% B paHHMH NepHOJ, yMEHbIIMIACh Ha 41 B
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nepuox 16—22 cyTok W BHOBb BO3pocia B 2,2
pasa B O3IHUI epHO] pocTa.

Pacmennenne xe (uOprHOreHa TOMOTEHA-
tamu Ch. vulgaris npu pH 7,4 B nepuoa Kyib-
tuBupoBaHusa 10—16 CyTOK yMEHBLIMIOCH Ha
31%, B unTepBane 16—22 CyTOK H3MEHSJIOCH
MaJIo, a B KOHEUHOM MHTEpBajie BHOBb BO3POCIIO
Ha 19% coorBercTBeHHO. PUOPUHOTEHOINTHYE-
ckag aktuBHOCTH npu pH 9,0 m3mensiacey mo-
0OHBIM 00pa3zoM: B niepuos 10— 16 cyTok cHU-
sunack Ha 21%, B mHTepBane 16—22 cyrtok
MPaKTHYECKH HE MEHSIach, HO U B MHTEpBase
22—40 cyTOK OHa TaK)Xe MPAaKTUYECKH HE Me-
Hs1ach (Tabmura 2).

Ilpu yBenuveHnn KoHuenTpauuu MnCl,
1,00 mr/n, cyas mo u3MEHEHHUSIM KOHIICHTPAINH
BHYTPHUKJIETOYHOTO O€NKa, TakKe 3aMETHHI Iie-
pecTpoiiku KynbTypsl (pUcyHOK 1). B unTepBane
pocta KyiabTypel 10—16 CyTOK KOHIIGHTpaIus
BHYTPHUKJIETOYHOTO Oenka Bo3pocia B 3,2 pasa,
CHIKanach B MHTepBase 16—22 cytok Ha 45%
1 BHOBb yBenMumiach Ha 32% B KOHEYHBIN Te-
pHOJ pocTa KyIbTyphI (Tadimma 1).

Pacmennienue >xenaTHHa TOMOT'€HATAMHU XJIO-
pesnsl ipu pH 3,0 B 3THUX yCIOBHUSAX B IEPUOJIBI
10—16, 1622 u 22—40 cyTOK CHHU3HUIIOCH Ha
34, zarem BeIpocio Ha 20 um Ha 70% cOOTBET-
ctBeHHo. [Ipu pH 7,4 xenatuHonuTHyeckas ax-
TUBHOCTb T'OMOI€HATOB B TPU IIEpHOAA POCTa
KyJIbTYpHl yTHeTajach Ha 24, 3ateM — Ha 11 u
Bo3pactaga Ha 31% coorBercTBeHHO. JIn3uc
¢ubpuHoreHa B wHTepBaibl 10—16 nl6—22
cyTok cHu3miIca Ha 12 u 21% coOTBETCTBEHHO, a
B 3aKJIIOUUTEIBHBIN MEPUOJ] — aKTUBUPOBAJICS Ha
43%.
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CnBurn pacrmierieHns ooonx 6enkos npu pH
9,0 B uatepBassl 10—16 u 16—22 cyroxk, B 11e-
joM, He mpesblmanu 18%. Jlume nu3uc xena-
TUHA B 3aKJIIOYUTENIbHBIA TEPHOA BO3POC HA
34%, Ttorma kak pacmiemsieane (GUOpHHOTEHA
BOOOIIIE HE H3MEHUIIOCE.

Ho6asnenne MnCl, B konuenrpamuu 10,00
MI/JI IPUBOJWIO K POCTY YPOBHS BHYTpPHUKIIE-
TOYHOrO Oejka B 2,2 pa3a B MEPHUOI KYJIHTHBH-
poBanus xyopeiibl 10—16 CyTOK, CHUXEHUIO
nokasarens K 22-m cytkaMm Ha 31% u noBslie-
HUIO €r0 B 3aKIIOYHTEILHBIN Tepuon (K 40-m
cytkam) Ha 42% (tabmuma 1). Ha pucynke 1
M3MEHEHHUS 3TOTO IOKa3aTessi He CTOJIb JEMOH-
CTPaTHBHBI, KaK B JPYTUX CIIydasX HU3-3a BBICO-
KOrO YpPOBHS BHYTPHKJICTOYHOTO Oecika B l-¢
CYTKH KyJIbTUBUPOBaHUs (Tabmuma 1).

IIpu pH 3,0 xenaTMHOIUTHYECKAs AKTHUB-
HOCTb TOMOT€HATOB IIPAKTUYECKH HE MEHSIACh B
TEYeHHE BCEro OJKclepuMeHTa. B mepuon
10—16 cyTOK BBISIBIEHO CHI)KCHHE 3TOM AKTUB-
HoctH Jinib npu pH 7,4 Ha 21%, a ¢pubpuHoTre-
HOJIUTHUYECKON akTuBHOCTH — Ha 35%. [Ipu pH
9,0 B 3TOT mepHoA TOJNBKO pacuieruienne ¢Guo-
pUHOTeHa yrHeTanoch Ha 21%. B mocnenyrommii
WHTEpBaJ pOCTa KENATHHOIUTHYECKAss aKTHB-
HOCTh 3aMETHO BO3pOCJIa MPpH 000HMX 3HAYEHUSIX
pH: B 1,6-2,1 pa3a, Torna kak yBeIHYEHUE JIU-
3uca QuOpuHOreHa cocraBmio 25-26%. B 3a-
KIIIOUUTEIbHBIE Iepruoa — 22—40 cyTOK pe3Ko —
Ha 73-75% yrHeTamace KEIaTHHOJIUTHYECKAs
AKTUBHOCTHh TOMOT'€HATOB KJIETOK XJIOPEJUIBI IIPU
o0oux 3HaueHusAX pH, B TO BpeMs Kak JIM3HC
(ubpuHOoreHa mojaBisuics TONbKO Ha 20-27%
(Tabmuma 2).

[lonydeHnHsle AaHHBIE CBUAECTEIBCTBYIOT O
TOM, YTO B OONBIIEM KOJHMYECTBE TOYEK H3Me-
HSUIACh WMMEHHO JKEIaTHHOJINTHYECKAasl aKTHB-
HOCTb, NpPUYEM NPEUMYIIECTBEHHO Halmoaa-
JIOCh TIOBBIIIIEHWE €e, TOrjaa Kak Ui JIM3uca
(ubprHOreHa 3TO HEXapaKTEPHO.

Bonee Toro, kak Mbl YKa3blBajH B IIpeaBapu-
TETLHOM KpPaTKOM COOOIICHHWH, KOJICOAHUS aK-
TUBHOCTH BHYTPHKIIETOYHBIX MPOTEHHA3, HaJe-
JICHHBIX KEJIATUHOJIUTHIECKOW B (PUOPUHOTEHO-
JIUTUYECKON aKTUBHOCTBIO IPH yKa3aHHbIX pH,
UMEIOT OoJiee CIIOKHBIA XapakTep, YeM CIBUTH
YPOBHSI BHYTPUKJIETOUHOTO Oesika. DT CIBUTHU
B OOJBIIMHCTBE CIIy4aeB HOCAT CHUMOATHBIH, a
HE aHTUOATHBIA XapakTep W3MEHEHUH TaHHBIX
BUJIOB IIPOTEOIMTHICCKON aKTUBHOCTH [9].

B u3noKeHHBIX BBINIE MaTepHajax JI0cTa-
TOYHO YETKO BMJHO, 4TO, HAlpUMeEp, NpH J0-
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0aBJICHNW B MUTATEIBHYIO Cpely XJIOpHaa Map-
radna B konueHTpauu 0,025 mr/n B uHTEepBase
pocta KyneTypbl 10—16 cyTOK pOCT YpOBHS
BHYTPHUKJIETOYHOTO Oellka COBMAJaeT B CyIIle-
CTBEHHBIM YBEIIMYCHHEM IKEIATHHOIUTHIECKON
aktuBHocTH Tipu pH 7,4 u mpu pH 9,0, a He
CHIDKEHUEM TakoBOMW. 1Ipu 3TOM caBuUru naHHoOM
aKTUBHOCTH B KHCJIOH Cpelie BeChMa HEBEIHKH,
a CHIXcHHE (UOPUHOTCHONMTUYCCKON aKTHB-
HOCTH TI0 BEJIMYMUHE, HECOMHEHHO, 3HAUUTEIHLHO
yCTyMaeT POCTy pacuieryieHus kenaTuHa (—32
mpoTuB +65%).

OTO TMOATBEPKJAET TakKe CONOCTaBJICHHE
W3MEHEHUI YPOBHS BHYTPHUKIETOYHOTO Oelka
0 OTHOIIEHWIO K KOHTPOJIBHOMY BapuaHTy (pH-
CYHOK 2) C TAKUMH K€ U3MEHEHHUSAMHU MPOTEOTH-
TUYECKON aKTUBHOCTH (PUCYHOK 3).

Hanpumep, cHIkeHHe copepikaHWs BHYTPH-
KJICTOYHOTO OeJika npu j00aBieHud dpdekropa
B NHTATENbHYIO cpeay B KoHueHtpauuu 0,025
Mmr/i Ha 10-e CyTKM pocTa COBIaJaeT HE C yBe-
JTUYEHUEM, & CO CHIDKEHHEM BHYTPHKJICTOYHON
JKENATHHOMUTUYECKON W (UOPHHOTEHONIUTHYE-
CKOW aKTHBHOCTHU.

TouHo Tak ke Ha 16-¢ CyTKM NIpU pocTe
YPOBHSI BHYTPHUKJIETOYHOTO Oesika B OOJBIIWH-
CTBE CJIy4aeB MPOHCXOJWIO yBEIWYEHHE, a He
CHI)KCHUE KEIATHHOJIUTUYECKOW aKTUBHOCTH
(Kak MOXXKHO OBLIO OXKHATh, MoOJIaras, 4ro ypo-
BEHb 0€IlKa HENOCPEJCTBEHHO 3aBUCHUT OT YpPOB-
HS TPOTEOIHTUYECKUX IPOIECCOB), TOTJA Kak
CHIDKeHHE Jm3uca (UOpUHOTEHa BBISABICHO
yub ipu pH 9,0.

[Ipu BHeceHMM B HHUTATENbHYIO Cpely XJIo-
puma Mapranna B koHrnentpanuu 10,00 mr/m Ha
22-e CYTKM pOCTa KYJIbTYPBl XJOPEIUIbl YBEIH-
YeHHE COAepKaHWS BHYTPHUKIETOYHOTO Oenka
COBMAJIaeT C HApacTaHHUEM PaCIICTUICHHS JKela-
tiHa nipu pH 7,4 u 9,0, a Taxxke HeOONBIINM
pOCTOM (PUOPUHOTCHOIUTHIECKON aKTUBHOCTH
npu pH 9,0.

[Ipu BHECEHMH B THUTATENBHYIO CpEely XJIO-
puaa Maprania B KoHuenrpauuu 10,00 mr/n Ha
22-e CYTKM pOCTa KYJBTYPBl XJOPEJUIbl YBEIH-
YeHHE COJICPIKaHUS BHYTPUKIETOYHOTO Oelka
COBMAJIaeT C HapacTaHHUEM PAaCIICTICHHUS JKea-
trHa ipu pH 7,4 u 9,0, a Takke HEOOIBITNM
pocToM (PUOPHHOTEHOIIMTHYECKON aKTHBHOCTH
npu pH 9,0.

AHamM3 pUCYHKOB 2 M 3 TIO3BOJIAET BEISIBUTH
PSiA TOT00HBIX TPHUMEPOB.
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Ay % 010 cvrrn
45 16 cyTEI

30 W22 cyTEI

B840 cyvTrm

0,025 Lo

Pucynok 3 — Casurn (% k KoHTpoJII0, NpuHATOMY 32 100%) pacimennenus xeJiaTuHa (a, 6, 2) 1
¢pudpunorena (s, 0) npu pH 3,0 (a), 7,4 (6, 2) nau 9,0 (6, 0) NpoTenHa3aMM KJIETOK XJa0pesuinl yepes 10, 16,
22 u 40 cyToK pocTa Ha MUTATeIbHOI cpee npu nodasaenun MnCl,
(BHH3Y MOTY>KHPHBIM KYpCHBOM yKa3aHa KOHEYHast KOHICHTpaus 3¢ dexkropa B Mr/i)
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3akarouenue. [IpeacraBnennple MaTepuabl
JIOCTaTOYHO AEMOHCTPATHBHO CBHJIETEIbCTBYIOT
0 MPAaBOMEPHOCTH paHee U3JIO0KEHHOIO HAMH B
KPaTKOM BHUJIC MOJIOKEHHUSI O TOM, YTO KYJIbTypa
Chlorella vulgaris B mporiecce pocra 1 pa3BUTHS
MPOXOAUT  (PYHKIMOHATHHO-META0OIUIECKHe
nepectpoiiku [9].

OTO ’Xe TO3BOJSIOT HaOIIOAATh CHABUTH
BHYTPHUKJIETOYHOW MPOTEONIUTUYECKON aKTUBHO-
CTH, TIPUBEJICHHBIC B JaHHOW cTatbe. [[oOaBie-
HUE XJIOpUA MapraHiia B MUTATEIbHYIO CPEIy B
3aBUCHMOCTH OT KOHIEHTpAI[MH CIIOCOOHO H3-
MEHSTh XapaKTep YKa3aHHBIX nepectpoek. Kon-
TPOJIb YPOBHSI OMOMACCHl M BHYTPUKIIETOYHOI'O
Oenka TO3BOJSIET B PAaHHWE CPOKH Pa3BUTHSA
KyJIbTypbl BBIWICHUTH OOJiee TPOAYKTHBHBIC
BapvaHThl N0 O€NKy Npu J00aBJICHUU H3ydae-
Moro 3¢dexropa. Konebanus xe ypoBHS BHYT-
PUKJIETOYHOTO TPOTEONM3a HOCST, Ha HAaIl
B3I/, CKOPEE PETyJIATOPHBIN XapakTep, OIpe-
JeIsAst CKOpoCTh pasMuoxeHus kiaetok Chlorella
vulgaris B KyJbType H, BIIOJHE BO3MOKHO, MTPO-
OYKIUIO psifia APYTuX OMOJOTMYECKH aKTUBHBIX
coenuHeHu. BEISICHEHHE STHUX acHeKTOB CoO-
CTaBIsIeT OOBEMHYIO 3ajady MalbHEHIINX ¥C-
CJI€JOBaHUM.
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