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HATPOMAJIKEHHSA BIJIKA ¥ KJIITHHAX
CHLOROBIUM LIMICOLA IMB K-8 3A PIBHUX YMOB
MIHEPAJIbBHOTIO TA OPTAHIYHOTI'O )KHUBJIEHHS

Mema docaidmcens — acmanosumu ocobiusocmi nacponadycennn Glika y
waimunax C. limicola IMB K-8 saqemno aid winepaisnoso ma opeaniuios
muny scusienni smikpoopeanismic. Memodu., B pobomi surxopucmiani
sa2ateHonpuirami mikpobioiozivni semody Jociidxcens, cmandapmyud
Memod susHauerna Konyenmpayil Glixa za semodos Joypi, Gloxiviutud
Memod SUIHANERHR KOHWeRmpayil camkosy 56 JoROMO20K QHOATMUNHGE0
wabopy " Hiczuoe-27, nposedena cmamucmunda odpobra donux. Pesyan-
mamy. Bemadosieno, wo cruMpaonuul edenm no npoyect Ha2poMad-
sitennn Glakosus moaexys & waimunay C lUmicola IMB K-8 sunsane ane-
cenna L-zagmanting, L-2agmasamy, L-acnapmamy ma Q-Kemo2iymopany.
Hocaidmenno, wo eoiodysanun no ramionax Fe * 3a yaos sidcymuocmi
Ramionis aMoHio 8 cepedosuiyl Kyanmusyaasna Apussodums do npusHitenns
rpoyecia Hazpomadscennn Glosacy ma Bitka § eaimunay docaidxeyaanoso
wimary. Bemanostedo, wo & adaepolinuy ysosax setenl cipgosi Sarxmepii
C. limicola IMB K-8 edexmusno adiicnwome azomdikeauio, RE 30 yMo8
MEeMpRAL MUK [ ApL OC8IMACHHI.

Kiwuosi caosa: C. limicola IMB K-8, L-ziymasin, L-2agmasam,
L-acrapifiam, sroKosd, sAR02EH.

bortocHHTesyBaNbH] 3eneHi cipkoei Oakrepil poauun Chlorobiaceae €
00JiraTHHMH aHaepohaMH SKi BHKOPHCTOBYIOTE LiOKCHI KapOoHy K OCHOBHE
axepeno syraeuw, [pencrasuukn Chlorobiaceaee cyTTeBO BIIPIZHATLCA 34
3MATHICTIO MeTab0Ji3yBaTH pi3Hi mkepena HiTporeny. 3eneHi cipkobi GakTepii
C. limicola IMB K-8 ehektieHo HarpomapkyioTe Giomacy abarayeHy ByrIeBoamMH
|1, 2] Ta iHWwHMHE NoniMepHHEMHE MOJEKYJAaMH HA JeLIeBHX MiHepaabHHX cyOcTpa-
tax [7, 8]. TlepeTsoperHs aminHOro HiTPOreHy B KAITHHAX 3eJeHHX ciprodakTepii
C. limicola IMB K-8 ta mexauiamu floro perynauii qocaifxeni HeA0eTaTHBO.
Paniure namu Gy/10 BCTAHOBJIEHO, LIO 38 YMOB KYJbTHBYBaHHS 3eqeHi cipko-
OakTepil MOMYTh HArpoMaiKyBaTH 3Ha4Hi KiabkocTi opradiyHoro kapOoHy
|1, 2], uo moxe GYTH BHKOPHCTAHO ¥ GIOTEXHOJOMIYHHX Linax,

Haromicts mertow uiei poBoru Oyno pocaiguty ocobiueocTti Harpoma-
mxenHn binka y knitunax C. limicola IMB K-8 3a pisnnx ymoB MiHepanbHoro
Te IJ[_T]"HH['-JHGFI."] AHBJEHHA.

() M.B. Topiweawi, C.I. Tyaae, 2013
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HATMPOMALR EHHS BIITKA Y KJNTHHAX CHLOROBIUM LIMICOLA IMB K-8

Marepianu | metoan

Hocnimxenns 6yix nposenexi 3 BAKOPUCTAHHAM KYJbTYPH 3eleHux doTo-
CHHTe3yBaneHHX cipkoBux Haktepik C. limicola IMB K-8 |2]. Bakrepii ky.b-
THBYBa/AH y pigkomy cepenosHili GSB nporarom 8—10 1i6 npu Temneparypi
27—29 °C. biomacy GakTepiii BH3Ha4amH GoToenekTpokosopuMerpudto 1, 2].
BuicT rioxo3d y HeKNITHHHHX eKCTPAKTAX BHIHAYANH (PePMEHTATHBHO 33
ponoMoroi asanithunoro Hadopy “Miarnok-27 [2]. KonuenTpauio raikoreny
PO3PAXOBYBAIH 33 [JIOKO3010 MICAA NPOBEAEHHA KMCJIOTHOro rigponisy |5
Konuentpauito 6inka BuzHavyanu metogom Jloypi [5]. CratucTHune onpa-
UHYBAHHA DTIIHMEH[‘{K PE‘H}".."II:THTiEl TI[_TDBUILHJTP‘[ 3 BHKU‘PHCTEHHHM ]'[[:ICIFPHMH
“Origin 6.0". BuGip TakTHKH CTATHCTHYHOTO ONPALIOBAHHA | NIArOTOBRY
JAHHX IR aHaMI3Y 3MIHCHIOBAH, DA3yI0YHCE Ha 343 raﬂananﬁHHTHx MEeTOoAX
|4] 3a pisua nocroeiprocti P < 0,05.

PesyabTaT Ta X 00rogopexnn

STiIIHO OTPHMAaHHX pesyabTaTie |2] wTaMm 3eneHHx cipkoBHx OGarTepii
C. limicola IMB K-8 BukopucToBye s Harpomai:keHHs GioMacH JHwwe nes-
HMI cnektp aminokuenoT: L-rayramar, L-acnaprat, L-npoaiu, L-tpunrtodas,
L-rayraminy i L-acnaparis (8 konuestpauii 0,1%). Inwi aminokucnotu ne
CTHMYJAKIOTE picT wraMy, afo iHKONH HaBiThb HOro NPHTHIYYIOTh.

I—II,}HEI-E,E[EHH BHIHAUCHHA BILTHEBY BHILICEKAZIAHHX AMIHOKHCJIOT Ha NpoUecH
HarpoMaiyKeHnHs Oinka B KNiTHHAX focaigxysaHoro wramy (puc. 1). Cuing 3a-
3HAYHTH, LLO CTHMYIKNOYHH eeKT CIPHIHHANO BHECEHHA TAKHX aMiHOKHCIOT:
L-rayraminy, L-royramary ta L-acnapraty, npore nalpuimi pisenb Oinka
criocTepiranu y napaneJi, 1o MicTHAIa onHouacHo L-rayrtamin, L-raoytamar i
L-acnaprar (250 Mr/r.c.B., wo Ha 25% BHWwe Hix ¥ KOHTpOJI).

Puc. 1. Bnaus opradiuysiMx eK30reHHHX
cybcrpartie na GiocwaTes Giaka y
waitnnax C. limicola IMB K-8, A A
A— ﬁioa{aca.zﬂ - 5Lr[|i:-1c'. 1 — (KoH- B B
Tpodb — K}, 2—(K + L-rayTamar),
p3 — (K -|-L-HCI'IH[JTHT},}"1 — (K 4 24
+ L-rmotamin 4 L-rayramar +
L-acnaprar), 5 — (x + L-nponin),
B — (k + L-rpuntogan), 7 — (k +

L-rayramin}, 8 — (k + L-acnapariun).

gﬂ‘?ﬂ.g

| |
| |
g B
KoHi. ouka Mr.

Fig. 1. Effecl of exogenous organic
subsirates upon protein biosynthesis
in the cells of C. fimicola IMB K-8,
A — biomass, B — protein 1 — (con-
trol —]f_J, o ?t{fc: ;—4-glutamatej, % — PR e e et S

{c 4+ L-aspartate), 4 — {c 4 uta-
mine + LPglutanmte +ﬁ.—aspar ate), 12345678
3 — (¢ + L-proline}, 6 — (¢ 4+ L-
tryptophane), 7 — (c + L-glutamine},
8 — (¢ + L-asparagine).
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Takox Hamu Gyaa nepesipeHa MOMKIHBICTE BHPOULYBAHHA AQCTIAMYBA-
HOTO LITAMy Ha pi3HHX OpPraHiyHHX AxKepejiaX KapOoHy, AKi CTHMY/IOBa/H
Harpomamkenns Giomacu [2] 3 nonansbwuM BH3HAUEHHAM Binka B KJIiTHHAX
3elieHHX cipkoBHX Dakrepid (puc. 2).

Pue. 2. Bnane opradidiix eKsoreHHux
cyferpatie na GlocunTes Giaka y
kaitwuax C. lmicola IMB K-8,

A — Giomaca, B — Ginok: | — (koH-
Tpoak — K}, 2 — (K + auerar), 3 —
{k 4+ nipyeat), 4 — (K + oKcaloaueTar),
B — (K 4 a—werorayrapat), B — (kK +
unTpaT), 7 — {k + L—cyxuusar),

8 — (K + (ymapar).

8

UIKa MIVT.C.B

g

Fig. 2. Effect of exogenous organic
substrates upon protein hiosynthesis in
the cells of C. limicola IMB K-8,

A — biomass, B — protein: I—{control —
¢). 2 — (c + acetate), 3 — {c + pyru-
vate), 4 — (¢ + oxaloacetate), b —

(c + a—ketoglutarate), 6 — (c 4 ci-
trate), 7 — (¢ + L—succinate),

8 — (¢ 4+ fumarate).

g8

Biomaca mMr/mn
KoHir. ©

B peayawrarti nposeaexoi pofioTH BCTAHOBARHO, 1110 HAHBHLIIMH CTHMYJIH-
104Hil eeKT Ha MpolecH HArpOMaKeHHA OilKa BUABJAAB G-KETOrJYTapar.
Cnin 3a3HaYMTH, 1110 3@ UHX YMOB KYJBTHBYBaHHS CMOCTEPIranocs 3pocTaHH:
KiNBKOCTI Oinka no 270 mr/r.c.B., o Ha 30—35% 6iabiie MOPIBHAHO 3 MiHe-
paneHHM cepenorHuieM GSB (KoHTpons).

Jns BeTaHoBAEHHA CHIBBIAHOLWEHHA Y HArpoMajKeHHi BIAMHTHMH Kii-
TuHaMu C. limicolg IMB K-8 ennoreHHux Byraepodie Ta Ginka, KAITHHH
OHOYACHO BUPOLLYBAAN 32 YMOB 3POCTAHHA KiNLKOCTI €HAOMeHHHX BYTeBo-
nis, Ha MomudikosaHomy cepenosumi GSB: auetat 0,1% + nipysat 0,1%
-+ i3ouMTpar 0.,05% + Q-KETOTAYTAPAT 0,05% + 50% HITpOreHHe + 504
(ocgopre rononyanns + 50% mMiHepanbhe ronoaysanus + 80% CO, fies
BHECEHHA h"{}ﬁ [1, 2] 3 nopaneuHM BH3HAYEHHAM KOHUEHTPALIT EHIOTEHHHX
BYrAeBoAiB Ta GinKa (puc. 3).

Cnif 383HAYHTH, 1O 38 ONTHMANBHHX YMOB OPTaHiuHOTO TA HEOPTAHIYHOTO
skupnenns C. limicola IMB K-8, vam Baanock Harpomaauth GioMacy y skii
KOHIeHTpalLif raikoredy craHoBuaa 240—250 mr/r.c.B. NpH omHOYACHOMY
3HHIKeHHI KonueuTpauii 6inka go 80—100 mr/r.c.s. OTpuMaHi peaynLTaTH
MOXKYTE OYTH KODHCHHMH TpH Oi0TeXHOJOTIYHOMY BHKOPHCTAHHI LBOTO
LHITAMY.
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HATPOMAIUDEEHHY BUIKA Y KJOTHHAX CHLOROBIUM LIMICOLA IMB K-8
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T ¥ T Y T v T ¥ T Y 1

2 4 6 8 W0 1
e, e
Puc. 3. Harpomajpsenna OLIKOBHX MOJEKY, IIOKO3H TA THKOTEHY
y Kaitumnax C. limicola IMB K-8,
A — nocaiguwi apazok (KoHuewTpalia Giaka), B — nocainpuii apazok (KoHueHTpaiis

raikoreny). C — warpoMamsens raikoreny 3a yMoe KouTpoaw (Minepanehe GSB),
¥ — gowuenTpauia Ginka 3a yMOB KOHTpoa (Minepanere (35B).

Fig. 3. Accumulation of protein molecules, glucose and glycogen
in the cells of C. fimicola |MB K-8,
A — prototype (protein concentration), B — protolype (the concentration
of glycogen), C — acumulated glycogen in control {(mineral G5B},
[ — protein concentration in control (mineral G5B},

Takoxk GyJi0 npoBeneHo NoOCAimKeHb i3 BinMuTHMHA KaitTuHamu C. limicola
IMB K-8 aa ymos sHecenns iHridiTopa rioKoHeoreHesy MOHOHON aUeTaTy B
iHKyGaUuiHHy CyMilll Ta HAABHOCTI B Pi3HHX Napanensax npoMixHux MetaboniTis
uukay ApHoHa (ymapaty, Manaty, CYKUHHATY, UHTPATY Ta A-KETOr/yTapary).
Yepes 48 roaun iHkyOauil BCTAHOBHAM KiNBKICHI 3MiHM Ginka B KiTHHAX
C. limicola IMB K-8 (puc. 4).

Chin 3a3Ha4YHTH 110 BHECEHHA MOHOHON ALETATY B IHKyOauiHHy CyMilL
C. limicola IMB K-8 (puc. 4 napanens Homep 6) NpH3BOAKIO 10 3pOCTAHHSA
KoHUeHTpaLii 6iska na 50% nopisHAHO 3 KoHTpoeM. [nwi opraniuni Lxepena
KapOoHy CTHMYJ/0BaJH HarpoMaKeHHa OiKa 3a LUHX YMOB ¥ MEHIIHX Kib-
KOCTAX. CTHMYAIOWYHH e(QeKT MOHOHOL ALETATY HA [TPOLECH HATPOMALMKEHHH
GiNKa MOMHE, OYEBHIHO, NOACHHTH IHTIOYBAHHAM IJIOKOHEOreHe3y.

3rigHo 3 niteparypHuMu nanmmu |4, 5, 6] nepesaxna GiabwicTs npo-
KAPIOTHHX HITPOreHa3 HaNeMHTb A0 TPbOX OCHOBHHX THIIB, ¥V AKHX Kogep-
MEHTHE YaCTHHA BKIIOYEE TAKY KOMOIHALIK MIHEPAILHHX EJIEMEHTIB — (pepyM-
MoJiOaeH nepwHi THI, depym-BaHalLiil opyrud TN i hepym-depyM TpeTiH
tan |5, 6]. dan wramy C. limicola IMB K-8 6yao nposeneno gocaimgmenns
3aKOHOMipHOCTeH HarpomaikenHsi GioMacH Ta OINKOBHX MOJEKYJ Ha MiHe-
pansHomy cepenosuuli (GSB, Oes snecenns mwxepesa nitporeny NH,' Ta
onxovacHol sigcytHoeti Fe?t, V i Mo y pisuux napanensix.
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Puc. 4. Bnauwe MoHOROA AUETATY HA NPOLECH HATPOM:RENH Biaka
C. limicola IMB K-8,
A — Giomaca, B — 6imok: | — (kKoHTpone — k), 2 — (K + L-raytamid + L-rnytamar +
L-acnapratr — 3L), 3 — (koaTpoas + 3L + mono#ion auetat), 4 — (k + 3L -+ moHolion
auetart -+ okcancaieTat), & — (K + 3L + mouodion auetar + cykusHaT), 6 — (K + 3L
+ Mouoion aueTart + a-—ketorayrapat), 7 — (K + 3L < moHoiion aueTtaT 4 udTpar).
Fig . 4. Effect of monoiodine acetate on the processes of accumulation
of protein in the cells C. limicola IMB K-5.

A — biomass, B — protein; | — (control — ¢). 2 — (control + L-glutamine + L-
glutamate + L-aspartate — 3L), 3 — (¢ + 3L +monoiodine acetate). 4 — (c + 3L +
oxaloacetate 4+ monociodine acetate), 3 — (c 4+ 3L 4 monoiedine acelate 4 succinale),
6 — (¢ + 3L + moneciodine acetate 4 a—ketoglutarate ), 7 — {c¢ + 3L + moneciodine

acetate citrate).

CJlin 3a3Ha4yHTH, WO 33 UMX YMOB KYJBTHBYBAHHA BHKOPHCTOEYBAMH BH-
KTIOYHO BOLY Neplloro Kiacy NS npuroTysadus cepenosriia GSB (puc. 5) .

BeraHorneHo, 110 3a yMoB BHeceHHA Fe?* cnocrepiraeTeea picT KyABTYPH
Ta HarpomapxeHHa OinKa, HaBiTh 3a BifcyTHOCTI Kepena witporedy NH * s
CepenoBHlL KyAbTHBYBaHHA. CJil 3a3HAYHTH, 10 iIEHTHYHI MOKa3HHKH Oio-
MACH CMNOCTEPITANHCH | 33 BIACYTHOCTI, HABITEL OJHOYACHOL Mo i V. HatoMmicTe
ofHOYacHA BiACYTHICTE KaTioHie Fe®™ ra NH,* B cepenoBHIli KyIbTHBYBaHHA
NpH3BOAHAA A0 3arufeni mikpoopradizmie. OTpHMmani pesyabTaTH JaWTh
MOM/IHBICTE NPHIYCTHTH, Lo, oYeBHAHO, Vv KiHiTHHax C. [limicola IMB K-8
NOMIHYBANBHHM € TPeTiH THM HITPOTEHA3HOTO KOMIIEKCY — (epyM-epymM
sanexHa dropma, iHribywodui edekT Ha HKY CIPHYHHSE, i/abo BHeCceHHA NH,,
i/afo BincyTHicTs Fe?* B cepeloBHILI KYJbTHBYBAHHS.

Hocaipennnanmu |3, 5] BeTaHOBAEHO, 1O He YCi [ITAMH 32/EHHX CIPROBHX
OaxTepii 3naTHi 0o aHaepodHol asoTgikcauli AK NpH OCBITJAHI TaK i y TeMp#a-
Bi. JLTA nepesipkH UMX BJACTHBOCTEH NPOBEAEHO Taki gocaikerHs. Biavmuri
kaituny C. limicola IMB K-8 3 norapudmiunoi dasy Oyau nomilleni B iHKy-
fauiifHy CyMmill AKa He MIiCTHAA IXKepena HITPOreHy, AK 3a YMOB OCBITIEHHA
Tak i B Tempsei. [Ticas 48 ronun inky6auil 6y10 npoBefeHo BU3HAYeHHA Oio-
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Puc. 5. Bnade piaHore THOY MiHEPAABHOTO MHETEHHE HL YTEOPEHHA GiOMACH IENEHHMH
CipKOBHMH DaKTePiaMK Ta HArpoMaiedda Oinka.

A — diomaca, B — 6inox: | — (koutpoas — minepansue GSB), 2 — (kouTpOaL —
NH,+— Fe¥), 3 — (koutpoas — NH,*— Mo 4 Fe*), 4 — (kourpoas — NH*— V 4
Fe**), 5 — (kontpoae — NH*— V — Mo + Fe*),

6 — (koutpoas — NH,"+ V + Mo + Fe*)

Fig. 5. Effect of different types of mineral nutrition on the formation of biomass by
green sulfur bacteria and  accumulation of proteins.

A — biomass, B — protein: 1 — (control — mineral GSB), 2 — (control — NH *
—Fe*), 3 — (control — NH,*— Mo + Fe®*) 4 — (control — NH*— V 4+ Fe™), 5 —
(control — NH;*— V — Mo + Fe™}, 6 — (control — NH *4 V 4+ Mo + Fe*).

MacH Ta KoHleHTpauil 6iaka (puc. 6). BeranorneHo, 1o KoHleHTpaLia Ginka
JHAXOOMNACH HPHKTH‘[HU Hd U,.'J,HGM}' P]EH[ AK 33 YMOB OCBITJIEHHA TAK 1 3a
yMos TempssH. [porte 3a ymoB TempasH Giomaca 3uuanaacsa Ha 30% (puc. 6)
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Puc. 6. Brane ocgitieHHa TA TEMPABH HA NPOLECH HATPOMALKeHHA Biaka ¥ KAiTHHAaX
C. limicola IMB K-B. A — dGiomaca, B — Ginow.

Fig. 6. Effect of light and darkness on the processes of accumulation of protein in
the cells C. limicola IMB K-58. A — biomass, B — protein.
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Takum ynnoM, B pe3yIeTaTi NpoBeneHol poboTH BCTAHOBJIEHO, 1O 3e0eHi
cipkosi fakrepii C. limicola IMB K-8 edexrupno anificuioints asordikcauiio B
aHaepoOHHX YMOBAX, fK 33 YMOB TeMpsaBH Tak | npH oceitaenHi, Jocnimxeno,
L0, OYEBHIHO, LOMIHYBA/ILHOK (QOPMOI0 HITPOIEHAZHOID KOMIWIEKCY ¥ KAITHHAX
C. limicola IMB K-8 € depym-thepym 3anexua opma. Takox BcTaHoBAEHO,
L0 CTHMYJAWIOUHH eeKT Ha NpouecH HarpoMapMuKeHHs OiaKa y KaiTHHax
3eJleHHX cipkoDaKTepid BHAB/AE ONHOYACHE BHECEHHA HH3BKOMOMEKY/ISPHHX
intepmeniatie L-rnyramaty, L-rayraminy, L-acnapraty ta a-ketorayrapary
B iHKyDaLiiHy CcyMill 338 YMOB HAafBHOCTI iHridiTopa rAlOKOHEOreHe3y MOHO-
HOJL aUeTarTy,

M.B. Gorishnyi, S.P. Gudz

Ivan Franko National University of Lviv, 4. Grushevzkoho str., Lviv, 79005, Ukraine,
tel: +38067492 76 81, e-mail: m_gorishniy@ukr.net

ACCUMULATION OF PROTEIN IN CHLOROBIUM
LIMICOLA IMB K-8 CELLS

Summary

The purpose of research — to investigate certain features of protein
accumulation in C. limicola IMB K-8 cells, depending on the type of
mineral and organic nutrition. Methods. The paper used conventional
microbiological methods of research, the standard method for determining
the protein concentration by the method of Lowry, biochemical method
for determining glucose concentration using analytical set “Diagluk-2",
statistical analysis of data is performed. Results. Stimulating eifect on the
processes of accumulation of protein molecules in C. limicola IMB K-8 cells
has L-glutamine, L-glutamate, L-aspartate and a-ketoglutarate. Fasting on
Fe*ions in the absence of ammonium ions in the culture medium caused
inhibition of the processes of biomass and protein accumulation in the cells
of the test strain. It is shown that green sulfur bacteria C. limicola IMB
K-8 efiiciently perform nitrogen fixation under anaerobic conditions, both
in the terms of darkness and light.

Key words: C. limicola IMB K-8, L-glutamine, L-glutamate,
L-aspartate, glucose, glycogen.
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HAKOIJIEHHE BEJIKA B KJIETKAX
CHLOROBIUM LIMICOLA IMB K-8

Pedepar

llear wccaenopaHuid — H3Y4HTL OCODEHHOCTH HakonaeHWs Oefka B
kiaetkax C. limicola IMB K-8 B 3aBHCHMOCTH OT MHHEPANLHOrO W OpPraHu-
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YECKOrD THNEA MHTAHHA MHKPOORTaHH3IMOB, METD..'J.H. B PEﬁETE HCNMWIBEIOBAHE
00IIeNpPHHATEIE MHKPODHOMOTHYECKHE METOLBI HCC/ARI0BAHHH, CTAHIAPTHBIH
MeTO[ onpefeeHus KOHUeHTpaun fenka no Mmetony Jloypu, SHoXMMHYeCKHH
METOMI, ﬂT[PE‘}J,E..‘l@HHH HOHLUEHTPALUHH FNTHORO3L C TOMOUIBE aHATHTHHECKOTD Ha-
dopa " [lnarnwok-2», npoBeneHa ctaTHcTHIeCKasa obpatoTKa faHHbex. Pesyab-
TATH. Y CTAHOBMEHO, YTO CTHMYJHPYIOLIEE BAHSAHHE HA NPoLEech HAKOMIeHHs
Oenkoselx Moaekya B knetkax C. limicola IMB K-8 okaseBaer L-rnyTtamun,
L-rnyramar, L-acnaprat u a-ketormytapat. Mccnenosanua rononanus no
KaTHoHam Fe® B oTCyTCTBHe KATHOHOB aMMOHHS B KY/AbTYPaJbHOH cpene
BRIZLIBAET HH]"HﬁHFrUE‘dHHE HPDIJ.ECUE HaKomnJaeHHa OMoMACck H OBIKA B KAeT-
Kax HCCAedyemoro TaMmMa. Y CTaHOBJAeHO, YTO 3e/leHble CepHbie DakTepHH
C. limicola IMB K-8 stpdexTiBHO BLINOAHAIT (PHKCALIMID 330Ta B aHA3POGHLIX
YCAOBHAX, KAK IPH OCBELWEHHH TaK H B TEMHOTE,

Knwueswe caosa: C. limicola IMB K-8, L-rnyramun, L-rayTtamar,
L-acnaprar, rioxo3aa, riiHKoreH.
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