MIHICTEPCTBO OCBITH I HAYKHY YKPAIHU

OJIECBKHMK HALUIOHAJIbHHUU YHIBEPCUTET IMEHI 1.I. MEUHHMKOBA

MIiKPOBIOJIOTIS i BIOTEXHOJIOT i

MICROBIOLOGY & BIOTECHNOLOGY

HayxkoBu#i xypHan
3acHoBaHo y saumnHi 2006 poky

Buxomuth 4 pasu Ha pik

Ne 3(23)
2013

Opmeca
2013



roJIOBHUH PEJIAKTOP
B.O. IBanuus (Opeca, Ykpaina)

3ACTYINHHUK I'OJIOBHOI'O PEJAKTOPA
T.O. ®ininosa (Oneca, Ykpaina)

Bi1NOBiIAJIbHUN CEKPETAP
T.B. Bypnaka (Ogneca, Ykpaina)

PEJAKLLIMHA KOJIET I:
JI.II. Bap6aneup (Kuis, Ykpaina), A.l. Biunikos ([uinponerposcbk, Ykpaina), P.A. Boskos
(YepHiBui, Ykpaina), I0.JI. Boasincbkuii (XapkiB, Ykpaina), b.M. Tankin (Opeca, Ykpaiuna),
A. Tawmian (Bpounas, [Tosbiuia), I1.1. To3psx (Kuis, Ykpaina), C.IT. I'ynss (JIbBiB, YKkpaiua),
T. Eptae (Haunt, ®panuis), IO.I1. 3aiiues (Oneca, Ykpaina), [.O. Iyruncoka (Kuis, Ykpaina),
JI.B. Kanpenbsinu (Opeca, Yxpaina), O.A. Kinpianosa (Kuis, Ykpaina), H.K. Kosasnenxko (Kuis,
Yxpaina), LK. Kypaoum (KuiB, Ykpaiuna), B.I1. Mauemox (Kuis, Ykpaiuna), LII. Meteninuna
(Uikaro, CIIA), I'T. MiniueBa (Opneca, Ykpaina), M. HemsiitoBebkuit (Bapiasa, [Tosbiia),
B.IT. [Tatuka (Kuis, Ykpaina), [Terpos C.A. (Opeca, Ykpaina), B.C. Ilinropcekuit (Kuis, Ykpa-
ina), B.K. Tlosyp (Kuis, ¥Ykpaina), B.IT. [Toximyk (Kuis, Ykpaina), A.A. Cubipuuit (JIbBis,
Ykpaina), FO.M. Cusonan (Opeca, Yxpaina), M.Sl. Cnisak (Kuis, ¥Ykpaina), [.A. TuxoHoBuu
(Canxr-Iletepbypr, Pocis), ®.I. Toskau (Kuis, Ykpaina), B.M. Toupku#i (Oneca, Yxpaina),
B.O. ®enopenko (Kuis, ¥Ykpainn)
HaykoBui penakrop Bunycky B.O. IBanuus

Illpuiinami do Opyky cmammi 0608"A3K080 peueH3dyomoscsa

JKypuan sacnoBanuii
OpecekuM HalioHaIbHUM YHiBepcuTeToM iMeHi I.I. Meunnkosa
Cainourso: cepis KB Ne 19409 Big 17.08.2012 p.

3aTBepKeHo 10 NpyKy BueHoto pamoro
Opecbkoro HauioHanbHOTO YHiBepcuTeTy imeHi I.I. MeunnkoBa

Mocranosoto Mpesuaii BAK Big 27.05.2009 Ne 1-05/2 xypHaa BHeCeHO
J10 nepesiky HayKoBUX (paXoBUX BUAAHb YKpaTHH

3asinyBau penakuieto H.I'. IOprenaiitic
Penakropu: JI.B. Kotasiposa, [.B. Patiko
Anpeca pemakuil
Onechbkuil HalioHanbHuil yuiBepcuter imeni I.1. Meunnkosa,
ByJ. IlBopsiHcbka, 2, Oneca, 65082, Ykpaina. Tes.: +38 (048) 723-28-39,
e-mail: journal.mbt@onu.edu.ua
http://mbt.onu.edu.ua

© Opecbkuil HaLiOHANBHUH YHIBEPCHTET
imeni I.I. Meunukosa, 2013



EDITOR-IN-CHIEF
V.O. Ivanytsia (Odesa, Ukraine)

CO-EDITOR-IN-CHIEF
T.O. Filipova (Odesa, Ukraine)

EXECUTIVE SECRETARY
T.V. Burlaka (Odesa, Ukraine)

EDITORIAL BOARD MEMBERS

V.0O. Fedorenko (Kyiv, Ukraine), B.M. Galkin (Odesa, Ukraine), A. Gamian (Wroclaw, Poland),
P.I. Gvozdyak (Kyiv, Ukraine), S.P. Gudz (Lviv, Ukraine), T. Haertle (Nantes, France),
G.O. lutynska (Kyiv, Ukraine), L.V. Kapreliants (Odesa, Ukraine), O.A. Kiprianova (Kyiv,
Ukraine), N.K. Kovalenko (Kyiv, Ukraine), . K. Kurdish (Kyiv, Ukraine), B.P. Matselyukh
(Kyiv, Ukraine), I.LP. Metelitsyna (Chicago, USA), G.G. Minicheva (Odesa, Ukraine),
M. Niemialtowsky (Warsaw, Poland), V.P. Patyka (Kyiv, Ukraine), Petrov S.A. (Odesa, Ukraine),
V.S. Pidgorskyi (Kyiv, Ukraine), V.P. Polishuk (Kyiv, Ukraine), V.K. Pozur (Kyiv, Ukraine),
M.Ya. Spivak (Kyiv, Ukraine), A.A. Sybirny (Lviv, Ukraine), Yu.M. Sivolap (Odesa, Ukraine),
LA. Tykhonovych (S.-Peterburg, Russia), V.M. Totsky (Odesa, Ukraine), F.I. Tovkach (Kyiv,
Ukraine), L.D. Varbanets (Kyiv, Ukraine), A.1. Vinnikov (Dnipropetrovsk, Ukraine), R.A. Volkov
(Chernivtsi, Ukraine), Yu.L. Volyanskiy (Kharkiv, Ukraine), Yu.P. Zaytsev (Odesa, Ukraine)

Scientific editor V.O. Ivanytsia

Accepted for publishing articles are reviewed

The journal is established
by Odesa National Mechnykov University.
Registration certificate: KB Ne 19409. Date of issue 17.08.2012.

Approved for publishing by Academic Council
of Odesa National Mechnykov University

The journal was included to the list of Ukrainian scientific editions by the
Presidium of High Attestation Commission (Ne 1-05/2 from 27.05.2009).

Publishibing editor N.G. Yurgelaitis
Editors: L.B. Kotlyarova, I.V. Raiko
Address:

Odesa National Mechnykov University,
Dvoryanska str., 2, Odesa, 65082, Ukraine
Tel.: 438 (048) 723-28-39,
e-mail: journal.mbt@onu.edu.ua

http://mbt.onu.edu.ua

© Odesa National Mechnykov
University, 2013



3MICT
EKCIIEPUMEHTAJIbHI TIPAILI

I.B. lopaiiuyk, A.Il. I'epinosuu, O.C. Conoasukin, B.l. Boaotin
PO3POBKA PEKOMBIHAHTHOTO TTO3UTUBHOI'O KOHTPOJIIO
BIPYCY OIAPEI BEJIMKOI POTATOI XYJOBU I TA 11 TUITY OJId
BUKOPHCTAHHS B TIJIP ..o 6

C.4l. Mapuxak
KOHCTPYIOBAHHY LITAMIB — HAAITPOAYLIEHTIB
OOPMAJIBAEITIPEANYKTA3M TEPMOTOJIEPAHTHUX
METHUJIOTPOSHUX APDKI)KIB HANSENULA POLYMORPHA ....... 14

M.O. domina .
BITJIMB J)KEPEJIA HITPOTEHY HA XIMIYHE 3B’13YBAHHY
KYITIPYMY EKTOMIKOPU3HUM I'PUBOM RHIZOPOGON
RUBESCENS ... e, 23

A.l'. Mepaiu, B.O. IBanuuga, H.B. Koporaesa, M.A. 3aatorypcbKa,

H.I0. Bacuabesa, J1.0. ba6enko, H.B. Jlimancbka
LACTOBACILLUS PLANTARUM I3 T'1A BUHOTI'PA LY, 11O
KYJIbTUBYETBCS HA TIIBIAHI YKPAIHW .......ccooovviiiiiiiiee 31

U.H. Kypuenko, E.C. LipiraneHko
CPABHUTEJIbHAS XAPAKTEPUCTHUKA KOMIIJIEKCA
TPUXOTELUEHOBbBIX MUKOTOKCHMHOB IITAMMOB FUSARIUM
POAE (PECK) WOLLENW. PASHbBIX TPOOMYECKUX T'PYTIIT......... 40

I.B. Kywkesny o
JUCUMIJISLUIMHE BIIHOBJIEHHS CYJIb®ATIB PISHHMMU
ITAMAMU DESULFOVIBRIO SP. KNIIEYHUKA JIFOJAWHU ......... 50

M.B. Topimnuii, C.I1. T'yasb
HATPOMADKEHHY BIJIKA Y KJIITUHAX CHLOROBIUM LIMICOLA
IMB K-8 3A PISHUX YMOB MIHEPAJIbHOI'O TA OPTAHIUHOI'O
JKUBJIIEHHST ..o, 64

A.K. Beauroacoka, O.B. denoros
BMICT MEJIAHIHIB Y BA3SWIIAJIbHUX I'PUBIB ITOPYIKIB
POLYPORALES TA AGARICALES ......coooeeeeeeeeeeeeeeeeeeeeeeeeee 72

I.B. lparoso3, H.O. JleonoBa, I.A. )KykoBa, JI.B. ABneeBa
®ITOCTUMYJIIOBAJIbHA AKTUBHICTb EK3OMETABOJIITIB
IITAMA-AHTATOHICTA BACILLUS AMYLOLIQUEFACIENS IMB
B-TA04 ..o 84

H.C. Boasiucbka, b.M. l'aakin, C.B. Boa3incokui, T.O. ®ininosa
AHTUDPATOBA AKTUBHICTb ACMMETPHUYHO-3AMIIIIEHHUX
[TIPUIAJITIOPOIPHHIB ... 94

IHOOPMAUIVMHE IMOBIAOMJIEHHS IJI9 ABTOPIB ....................... 104



CONTENTS
EXPERIMENTAL WORKS

I.V. Goraichuk, A.P. Gerilovych, O.S. Solodiankin, V.I. Bolotin
DEVELOPMENT OF THE RECOMBINANT POSITIVE CONTROLS
OF BOVINE VIRAL DIARRHEA VIRUS 1 AND 2 FOR PCR ASSAY.....6

S.Ya. Paryzhak
CONSTRUCTION OF METHYLOTROPHIC YEAST HANSENULA
POLYMORPHA STRAINS OVERPRODUCING FORMALDEHYDE

RE DU CT T ASE oo e e 14
M.O. Fomina

NITROGEN SOURCE EFFECT ON COPPER SPECIATION WITHIN

ECTOMYCORRHIZAL FUNGUS RHIZOPOGON RUBESCENS .......... 23

A.G. Merlich, V.0. Ivanytsia, N.V. Korotaeva, M.A. Zlatogurska,

N.Yu. Vasylieva, D.O. Babenko, N.V. Limanska
LACTOBACILLUS PLANTARUM FROM BERRIES OF GRAPE
CULTIVATED IN THE SOUTH OF UKRAINE..........cccoooiiiiiiiii, 31

I.M. Kurchenko, K.S. Tsyganenko
COMPARATIVE CHARACTERISTIC OF TRICHOTHECENE
MYCOTOXIN COMPLEX OF FUSARIUM POAE (PECK) WOLLENW.
THE STRAINS FROM DIFFERENT TROPHIC GROUPS ....................... 40

Ivan V. Kushkevych
DISSIMILATORY SULFATE REDUCTION BY VARIOUS
DESULFOVIBRIO SP. STRAINS OF THE HUMAN INTESTINE ......... 50

M.B. Gorishnyi, S.P. Gudz
ACCUMULATION OF PROTEIN IN CHLOROBIUM LIMICOLA
IMB K-8 CELLS .. ..o 64

A.K. Veligodska, O.V. Fedotov
THE TOTAL MELANINS CONTENT OF BASIDIOMYCETES ORDERS
POLYPORALES AND AGARICALES ......cc.cccooiiiiiieiieiieeeeeee e, 72

I.V. Dragovoz, N.O. Leonova, D.A. Zhukova, L.V. Avdeeva
EXOMETABOLITES PHYTOSTIMULATION ACTIVITY
OF ANTAGONISTIC ACTIVE STRAIN BACILLUS
AMYLOLIQUEFACIENS IMV B-T404 .. ... 84

N.S. Vodzinska, B.M. Galkin, S.V. Vodzinskii, T.O. Filipova
ANTIPHAGE ACTIVITY OF ASYMMETRICALLY-SUBSTITUTED
PYRIDYLPORPHYRINS ... e 94

INSTRUCTIONS FOR THE AUTHORS.........ccooiiiiiiiiie, 108



EKCINEPUMEHTAJIbHI MPALLI

EXPERIMENTAL WORKS

UDC: 619:616.98:577.2
I.V. Goraichuk, A.P. Gerilovych, O.S. Solodiankin, V.I. Bolotin

National Scientific Center “Institute of Experimental and Clinical Veterinary Medicine”, 83,
Pushkinska str., Kharkiv, 61023, Ukraine,
tel.: 438 (057) 707 20 31, e-mail: goraichuk@ukr.net

DEVELOPMENT OF THE RECOMBINANT
POSITIVE CONTROLS OF BOVINE VIRAL
DIARRHEA VIRUS 1 AND 2 FOR PCR ASSAY

Aim. The method of amplifying and cloning the E™ gene of Bovine Viral
Diarrhea Virus was developed to obtain the positive controls for polymerase
chain reaction.

Methods. The strains used in this study were BVDV-1b (Ossloss) and
BVDV-2 (Kosice). Viral RNA was extracted by the silica-based extraction
method. Using the specific primers, a part of E™ gene was amplificated.
The PCR product was inserted into the cloning vector pTZ57R/T. Further-
more, E. coli DHI0B bacteria were transformed to amplify the recombinant
plasmid. Recombinant clones were identified by antibiotic selection on agar
plate and confirmed by PCR. Moreover, insert of E™ gene was verified by
restriction enzyme digestion assay using EcoRI and HindlIl.

Results. It was shown that we had constructed the recombinant plasmids
with insertion E™ gene fragment (826 base pair) of BVDV-1 and BVDV-2.
Conclusion. The obtaibed recombinant plasmids can be used as a positive
control for PCR.

Key words: Bovine Viral Diarrhea Virus, PCR, cloning, pTZ57R/T,
restriction enzyme digestion analysis.

Bovine Viral Diarrhea Virus (BVDV) is a member of the genus Pestivirus
within the family Flaviviridae [8]. BVDV comprises two species, type 1
(BVDV-1) and type 2 (BVDV-2) [12]. Other representives of this genus
are classical swine fever virus and border disease virus of sheep. All four
Pestivirus species are closely genetically and antigenically related. Whereas
cattle are naturally infected with BVDV-1 and BVDV-2, sheep can be infected
by both bovine viruses in addition to BDV, and swine can be infected with
all four Pestivirus species. [2].

The pestiviral genome consists of a single-stranded positive-sense RNA
of about 12.3 kb that contains one open reading frame (ORF) coding for a

© LV. Goraichuk, A.P. Gerilovych, O.S. Solodiankin, V.I. Bolotin, 2013
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polyprotein of about 4000 amino acids [3]. The ORF is at both ends flanked
by untranslated regions (UTR) [10]. The nucleocapsid protein C and the
glycoproteins E™, E1, and E2 are structural components of the virion [9].
Both E™ and E2 regions are found on virions [14], induce neutralizing
antibodies [7], and elicit protective immunity in their natural host [13]. The
considerable amount of £ is also secreted from the infected culture cells.

BVDYV has a significant economic impact on the cattle industry due to
abortions, production of weak calves, congenital deformities, respiratory
infections, thrombocytopenia, persistent infections, and mucosal disease
[5]. The strains of BVDV-1 usually cause only mild diarrhea in cattle that
were immunized, whereas some strains of BVDV-2 are highly virulent and
cause severe thrombocytopenia and hemorrhage or mucosal inflamation
illness [6].

Due to the increase of using cellular biotechnology, the risk of viral
contamination of their products rises [1]. For today the control methods for
sterility, in particular, eliminate viral contamination of animal origin raw
materials and ready preparations are important.

In the study of animal origin raw material for the screening of
pestiviruses contamination preferable to use the methods in which there
are not used the culture of the viruses as a positive control. The aim of this
work was to construct a recombinant plasmid vector including insertion of
region E™ gene of BVDV type 1 and 2 for further work on the production of
recombinant positive control used in the polymerase chain reaction (PCR)
diagnostic of BVDV.

Materials and methods

The samples of dried blood on filter papers contained BVDV-1b (strain
Ossloss) and BVDV-2 (strain Kosice) was kindly provided by Prof. Stefan
Vilcek (The University of veterinary medicine and pharmacy in Kosice,
Slovak republic).

Extraction of RNA from dried blood on filter papers was performed using
silica-based extraction method [4]. The second strand cDNA synthesis and
amplification was applied using «GenePak RT-PCR Core» and «GenePak
PCR Core» (Ltd. Lab. Isogene, Russian Federation) accordingly.

The primer sets P1: 5-AACAAACATGGTTGGTGCAACTGGT-3’ (for-
ward primer) and P2: 5-CTTACACAGACATATTTGCCTAGGTTCCA-3’
(reverse primer) designed by D. Sullivan and R. Akkina et al. [11] were used
for PCR amplification of E™ gene. The PCR-amplification was performed
with temperature program consisting of initial denaturation (94 °C, 2 min)
and 35 cycles of denaturation (94 °C, 1 min), primer annealing (55 °C,
1 min) and primer extension (72 °C, 1 min) in an automatic thermalcycler
Biometra T3000. A final step of extension at 72 °C for 10 min. 25 pL of
the PCR products were evaluated by gel electrophoresis in 1% agarose gel
with ethidium bromide (0.1%).

_— ISSN 2076—0558. Mikpobioaocis i 6iomexnoaoeisn. 2013. Ne 3. C. 6—13 —— 7
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DNA products were purified from gel using «Silica Bead DNA Gel Ex-
traction Kit» (Fermentas, Lithuania). Eluted DNA products were ligated
into the plasmid vector pTZ57R/T as recommended by the supplier («In-
sTAclone PCR Cloning Kit», Fermentas, Lithuania). 10 pL. of DNA eluted
from one PCR reaction mixture was ligated to 3 pL of TA vector at 4 °C
overnight with 1uL T4 ligase.

DHI10B E. coli cells were used as the host for cloning experiments with
pTZ57R/T vector. Stock culture was maintained at -70 °C in 25% glycerol.
All culture was grown in LB broth at 37 °C in shaker incubator. In order
to insert recombinant vector into the component cells, «InsTAclone PCR
Cloning Kit» (Fermentas, Lithuania) was used. Transformed E. coli of
DHI10B strain were grown in LB-Ampicillin agar plates at 37 °C.

Transformed bacterial colonies were screened directly for presence of
recombinant plasmids by PCR using primers P1/P2 and M13/pUC_F/R.
Plasmids DNA were purification from recombinant E. coli culture using
«Plasmid Miniprep Kit» (GeneJET, Lithuania). cDNA inserts in plasmids
were further characterized by restriction endonuclease digestion with
restriction endonucleases EcoRl and HindlIll in reaction buffer B2 (Jena
Bioscience, Germany). For confirming 2 puL 10x buffer B2, 14 pL dH,0, 2
pL product and 2 pL of restriction enzymes were mixed and incubated at
37 °C for 16 h. Further the inactivation was conducted by incubating at
65 °C for 20 min. The results were checked by electrophoresis in a 1.5%
agarose gel.

Results and discussion

As the first step of our study the viral RNA from 2 samples of dried
blood on filter papers was used as a template for cDNA synthesis using
reverse transcription followed by specific amplification by the polymerase
chain reaction. The PCR product was checked by agarose gel electrophoresis
followed extraction from gel (fig. 1). In gel electrophoresis the specific bands
were observed at the position corresponding of Erns gene 826 bp in length.

826 bp

Fig. 1. Electrophoregram of PCR amplified product using the primers P1/P2:
M — the DNA marker
(100 bp DNA Ladder, Ltd. Lab. Isogene, Russian Federation);

1 —BVDV 1; 2 — BVDV 2; 3 — negative control.

8 —— ISSN 2076—0558. Mikpob6ioroeisn i 6iomexrnonroeis. 2013. Ne 3. C. 6—13 _—
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The resulting PCR product was inserted into the corresponding site
of cloning vector pTZ57R/T. The constructed plasmids pTZ57R/T-VDI
and pTZ57R/T-VD2 (fig. 2) had fragment of insert £ gene and providing
resistance to ampicillin beta-lactamase gene (bla(Ap¥®)), nucleotide
complementary to primer M13/pUC sequence provided the selection of
bacterial cells containing recombinant plasmids.

Two recombinant plasmids were transformed into the cells of E. coli
DHIOB. Screening of plasmids containing E. coli clones was performed
in selective medium with adding of ampicillin. For eliminating the artifact
DNA structures there were conducted PCR screening of all colonies with
acquired resistance to ampicillin.

Pdil - 127
Adel, Ppu2il - 230
PdmlI - 3390

BtgZI - 242
Hin1l - 3331 Alol - 279
Begl - 3311 Aanl - 358
Seal, Tatl - 3273

NmeAIII - 2918
Gsul - 2880
Eco31I - 2862~
Eam11051I - 2790

HindIII - 1516
Pscl - 1902 Lgul - 1789

Fig. 2. Restriction site map of the pTZ57R/T cloning vector [15]
with insertion of E™

Therefore during amplification of a target gene using the primers P1/
P2 and M13/pUC_F/R there were obtained the clones of E. coli containing
plasmids with predetermined insert (fig. 3).

The presence of target gene in four recombinant clones were further
confirmed by restriction enzyme digestion assay using restriction
endonuclease enzymes EcoRI and HindlIII cut plasmids in relative restriction
sites. According to the results of electrophoregram there were observed the
presence of two fragments of expected length — 2814 and 901 bp (fig. 4).

_— ISSN 2076—05658. Mikpobionoeis i 6iomexnoaocia. 2013. Ne 3. C. 6—13 —— 9
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1 23 456 7 89 M1011 12 13 14 15 16 17 18

826 bp 978 bp

M13/pUC_F/R

Fig. 3. Electrophoregram of PCR amplified product of target gen using the primers
P1/P2 and M13/pUC_F/R:
1—4, 10—13 — recombinant colonies with insertion of Erns gene from BVDV-1;
5—8, 14—17 — recombinant colonies with insertion of Erns gene from BVDV-2;
9, 18 — negative control; M — the DNA marker
(100 bp DNA Ladder, Ltd. Lab, Isogene, Russian Federation).

The culture of E. coli cells including the recombinant plasmids with
insertion fragment of the E™ gene was obtained. The plasmids can be used
as the positive controls for BVDV detection by PCR method.

2000 bp —> «— 2814 bp
1000 bp —*> <«— 901 bp
500bp —*

Fig. 4. Electrophoregram of the plasmids pTZ57R/T-VD after restriction enzyme
digests:
1—2 — recombinant colonies with insertion of Erns gene from BVDV-1;
3—4 — recombinant colonies with insertion of Erns gene from BVDV-2;

M — the DNA marker (FastRuler High Range DNA Ladder, Fermentas, Lithuania).

The authors express appreciation to Prof. Stefan Vilcek (The University
of veterinary medicine and pharmacy in Kosice, Slovak republic) for

kindly providing the samples of BVDV-1b (strain Ossloss) and BVDV-2
(strain Kosice).

The authors are grateful to Swiss National Science Foundation for
support of this study in the frames of the project SCOPES (NF number
1273020 _128050: Epidemiology of BVD in Ukraine: Development of the
control program), from 2011 to 2012.
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I.B. lNopaiiuyk, A.Il. T'epinoBuu, O.C. Conoasukin, B.l. Boaorin

Hauionanbuuii HayKoBu# 1eHTP «[HCTUTYT eKcnepuMeHTaNbHOI Ta KJI{HIYHOT
BeTepHHApHOI MelUUMHU», ByJ. [lyuwkincbka, 83, Xapkis, 61023, Ykpaina,
tes.: +38 (057) 707 20 31, e-mail: goraichuk@ukr.net

PO3POBKA PEKOMBIHAHTHOTO MO3UTUBHOTO KOHTPOJIIO
BIPYCY JIAPET BEJIMKOT POTATOI XYIOBU I TA 11 TUIY JJ15
BUKOPMCTAHHSI B IJIP

Pedepar

Mema. Pospobka metony amnaiikallii Ta kJ10oHyBaHHS reHy E™ Bipycy
niapei BeJUKOI poraToi Xyno6u 3 METOI OTPUMAaHHS TO3UTUBHOTO KOHTPOJIIO
IJIS TI0JTiMepa3Hoi JaHLoropoi peakuii. Memodu. Y po60oTi 6y BUKOPUCTaHi
Bipycu niapei (BJl) BPX I tuny wiram Ossloss Tta Il Tuny mwtam Kosice. Bipyc-
ny PHK ekctparyBanu 3a nornomoroto metony aginHoi cop6uii. Ammnidikarito
Hi1sSiHKY reHy E™ 3nilicHIOBaIM 3 BUKOPUCTAHHSIM ClielM(iyHUX NpaiMepiB.
[1JIP-npoaykT 6yB iHTerpoBanuil 10 BeKTopy A Knonyanus pTZ57R/T. Jlas
HalpauoBaHHA PeKOMOIHAHTHUX IJ1a3Mifl TPOBOAUIN TPAHC(HOPMALLiIO KJIiTHH
6akrepii E. coli DH10B. [1lnasminBmicHi KJ10HH BHSIBJASIN 32 IOMOMOTOIO Ce-
JIEKTUBHOTO MOXKUBHOTO cepenoBullla, BcTaBKy — MetonoM [1JIP. HaaBHicTs
BCTaBKH reHa E™ minTBepaKyBaJju 3a JAOMOMOIOI0 PECTPUKLIHHOTO aHamli3y
3 Bukopuctanuam pectpukrad EcoRI ta HindIll. Pe3yaomamu. B xoni npo-
BeJIeHUX MAOCJiIKeHb Oy/JM CKOHCTPYHOBAHi PeKOMOiHAHTHI M/a3Mminu, sKi
HeCyTb BCTaBKY (parmeHTy reny E™ (826 map nykmneoTtuniB) 36ynHukis BJL
BPX I Ta Il tunis. Bucnogku. Otpumani peKoMOiHAHTHI MJIa3MiId MOXYThb
BUKOPUCTAHI K MO3UTHUBHUU KOHTPOJb aas [TJIP.

KnwouoBi caoBa: BipycHa miapesi Beqaukoi porartoi xymo6u, [1JIP,
knonysanns, pTZ57R/T, pecTpukuifinuii anaiis.

WU.B. Topaiiuyk, A.Il. l'epuaosuu, A.C. Cononankut, B.U. BonoTun

HauvonanbHblll HayuHbIH LHeHTP «MHCTUTYT 9KCcrepUMeHTa bHON W KIHHHYECKOH BeTepUHAPHON
MenuuuHb, yi. [Tywkunckasi, 83, Xapbkos, 61023, YkpauHa,
tes.: +38 (057) 707 20 31, e-mail: goraichuk@ukr.net

PABPABOTKA PEKOMBUHAHTHOI'O NMOJIO)KUTEJIbHOI'O
KOHTPOJIA BUPYCA JUAPEU KPYITHOI'O POIATOIO CKOTA
I U 11 TUHIIA AJ1d UCTTOJIb3OBAHHUSA B TLLP

Pedepar

Lleab. PazpaboTka mMertona amniu@uKalMd W KJAOHUPOBAHUS reHa E™
BHpYyCa JMaped KPYIMHOTO POraToro CKOTa C LeJbI0 MOJYUEHHS TOJ0KUTEb-
HOrO KOHTPOJSI AJs IMoJUMepasHoi uLenHod peakuund. Meroabl. B padote
ucnoab3oBanbl Bupycel auapeu (BI) KPC I tuna wramm Ossloss u 1l tuna
wtamm Kosice. Bupycuyto PHK skcTparupoBasnu ¢ nomouisio Mmetona adgus-
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HOU copOImu. AMnn@uKamo yyacTka reHa E™ OCYIIECTBJISIN C UCIIOJb-
3oBaHueM crneuuduueckux npaimepon. [TLIP-npogykT Obln MHTErpupoBaH B
BEKTOp /sl KaoHMpoBanusi pTZ57R/T. Jlns HakomJeHHs peKOMOMHAHTHBIX
MJ1a3MHUJ IPOBOAUIN TpaHc(opMaLrio KiaeTok 6aktepun E. coli DH10B. [1nas-
MHUCOZEPrKalllie KJIOHBI BBISBJISIM C MTOMOLLBIO CEeJEeKTUBHON MUTATEJNbHOU
cpenbl, Haauuue BctaBku — MetonoM [ILIP. IlpucyrcTBue BcTaBku rena £
MOATBEPKAAIU C UCIOJIb30BAHHEM PECTPUKLUMOHHOIO aHa/IM3a C MOMOLIBIO
pectpuktas EcoRl u Hindlll. Pe3yabtatsl. B X01e npoBeneHHbIX HCCeN0Ba-
HUH CKOHCTPYHUPOBaHbl PeKOMOMHAHTHBIE MJIa3MU[bl, COAeprKallie BCTaBKH
¢parmenta rena E™ (826 nmap HyksaeotunoB) Bo3dOyauteneir BIL KPC I un
II Tunos. BeiBoabl. [TonyyeHHble peKOMOUHAHTHBIE MJAa3MHUIbl MOTYT OBIThb
UCI0/1b30BaHbl B KaueCTBe M0J10KUTeJbHOro KouTposs ans [THP.

KnmoueBbrle cJ 0B a: BUpycHas AMapess KPYMHOTO POraToro CKora,
T1LIP, knounuposanue, pTZ57R/T, pecTpHKLUMOHHbI} aHAJIH3.
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KOHCTPYIOBAHHA WUTAMIB — HAAIIPOAYLUEHTIB
S®OPMAJIbAETI T APELYKTA3U TEPMOTOJIEPAHTHUX
METHJIOTPO®HUX APDKIVKIB HANSENULA
POLYMORPHA

Memorw Odawnoi pobomu 6yro ompumamu peKoMOIHAHMHI wimamu mep-
Momosepanmuux memurompogrux Opincdncis Hansenula polymorpha
Haonpodyuenmis gopmarvdeciopedykmasu (PP), aAki moxymo mamu
bioanarimuure sukopucmanns. Memodu. [pincoxci supouiysaiu Ha curme-
muuromy cepedosuuyi Bepkeoavdepa (CB) 3 nacmynuum ckaadom (y e/r):
KH,PO,— I; (NH,),SO, — 3,60, MgSO x7H,0 — 0,5; CaCl, — 0,1; 3i cman-
dapmnoto Kirekicmio mikpoeaemenmis ma 0,05% (8/0) Opindxcosoeo
excmpaxmy. Joceperom syereyro cayeysaru 1% earokosa (8/0) abo 1%
memaron (no o6’emy). 3aearoni axmusrnocmi hepmermis y 6e3KAIMUHHUX
ekcmpakmax suanauaru cnekmpogomomempuuno (Shimadzu-UV-1650) npu
340 um 3a weudkicmro ymeopennss NADH — oas arkocorvdeziopozenasu
(AAl) uu ymuaizayii NADH — 0as ®P, npu ximnamniti (20—25 °C)
memnepamypi. [Tumomy akmusnicme ([IA) Oasn Koxmrnoeo pepmermy
(8 mrmoav+x8'+me! 6irka) pospaxosysaru 3a gopmyror: [IA =
HAWM,M — HA_Cympm, aKa spaxosye Hecneyuiuni ornosi peakyii. Pe-
3yavmamu. Ckoncmpyiiosarno naadmioy excnpecii p21Sc21, wo micmumo
een ADHI Saccharomyces cerevisiae, ni0 KoOHmpoiem CUALHO20 KOHCHIU-
MymusHo20 npomomopa eeHna eiiyepasviezio-3-¢hocpamoeciopoeenasu
(GAP1) H. polymorpha. [pindwucosi krimunu H. polymorpha NCYC 495
(leul-1) mparncghopmysaru memodom esekmponopayii. Biobip inmeeparnmis
nposoduau 3a peaucmewmuicmio 0o seoyuHy. Hasewicmo y cerHomi
mpancpopmanmis pekombinamuoi naazmiou, wo micmumoe ecen ADHI
S. cerevisiae, nepesipaiu 3a 00NOMO20I0 NONIMEPASHOL AAHUI020801 peakyii
(I1JIP). Bucnosku. Pekombinanmui wmamu xapakmepusysaiuco 8 4—6
pasis suuioro akmusuicmio AL ma & 2—3 pasu suwjoro akmusricmo ®P
8 0e3KAIMUHHUX eKCMPAKMAX NOPi8HAHO 3 8uxiOnum wmamom. CmabirvHi
MPAHCHOPMAHMU BUABUAUCH PE3UCMERMHUMU 00 NIOBULLEHUX KOHUEHMPaUill
¢opmaredecioy (do 10 mM) y pocmosomy memarHorbHOMY cepedosuili.

Kawuwosi carosa: ¢opmarvdeciopedyxmasa, memurompoqri Opisxcdci
Hansenula polymorpha, popmaredeeio, eerHo-iHKceHepHe KOHCMPYOBAHH .

© CJSI. Mapuxkak, 2013
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@opmanbaerin (PA) e yHiBepcaJbHUM MPUPOTHUM MeTAOOJITOM KUBHX
opraHiaMiB i BogHOYaC AyKe TOKCHYHOIO CIIOJYKOIO, Y 3B’ SI3KY 3 UMM BUBUEHHS
LIAXiB MigTpuMaHHa KoHUueHTpauii PA B kiiTuHax Ha GesnedyHoMmy piBHI Ta
neToKcukalii ek3orenHoro ®A mae Bak/iuBe NpukaaaHe 3HayeHHs [7, 10].

MeTtunoTpodHi ApiKIKI MOXKYTb CAYKUTH 3PYUHOI0 MOJEJIIIO /151 BU-
BUEHHS] MeXaHi3MiB yTuiisauii @A, ocKiJbKH 30aTHICTL 10 MeTab0J/i3My OJTHO-
BYIVIELIEBUX CIIOJIYK € YHIKAJIbHOK PUCOI0 LUX HUXKYHUX €BKAPIOTHUX OPraHi3MiB
[11, 12]. ¥V merokcukauii ®A y npixmxkiB 6epyTb yd4acTb MeBHi i30(hepMeHTH
ankorosbaerinporenasu (AIIl). ¥ mekapckux npixkmxkiB Saccharomyces
cerevisiae BimoMo 7 CTPYKTYpHHX TreHiB maHoro (epmenty: ADHI—ADH7
[3, 6]. ITponykt Adhlp — tmrosonbuus izodepment AJI, axuii kKatamisye
HAJIH-3anexxHe BiiHOBJIEHHS alleTabaeriny o etanoqay i ®A no meranosy
6es yuacri riyrariony: CH,0 + NADH(H*) — CH,OH + NAD* [5]. Lo
peaxliilo, 3BOPOTHIO [0 HeTifporeHasHoi, Ha3uBawTh y Bunanky PA, sk cyob-
ctpary, dopmanbaerinpenykrasuow. [3opepment AL Adhlp y S. cerevisiae
romoJsioriuHui popmasnbaerinpenykrasi (PP) metunorpodrux npixmxis [2].

Mertoto po6oTH Oy/I0 CKOHCTPYIOBATH Ta OXapaKTepU3yBaTH MPOAYLEHTH
(hopMasberiipeyKTasu Ha OCHOBI T€PMOTOJIEPAHTHUX METUIOTPOPHUX APixK-
mxiB Hansenula polymorpha.

Martepiaau i metoau

Y po6oti BukopucroByBau mwtam NCYC 495 (leu1-1) TepMmoTosepaHTHHX
MeTUJI0TPpOpHUX ApixkAXKiIB H. polymorpha 3 konekuii IHctutyty 6ioJorii
kaitunn HAH Ykpainu; wram S. cerevisiae BY4742 (MATaleu2-A0lys2-
AOQura3-AOhis3-Al) nwo6’si3n0 Haganu# a-pom . Bekom (yH-T M. Bantimop,
CHIA); Escherichia coli DH5a (wTam pjs KOHCTPYIOBAHHS Ta CeJIeKLil
pekombinaHTHUX Tasmin ¢80d lacZAMI1S, recAl, endAl, gyrA96, thi-1,
hsdR17(r,, m*), supE44, relAl, deoR, A(lacZYA-argF)U169).

[Tnasminu, BuKopucTani B podori: pBluescriptlIKS* (2,9 t.m.1.) BekTOp 3a-
rasbHoro npusnauenHs E. coli (ori ColEl, Ap®, lacZ’); p21 (7,9 T.1m.H.) BeKTOp
ekcrpecii y H. polymorpha 3 GAP npomotopom Ta ZeoR, skuii 3abe3sneuye
ceJleKLilo y ApixKIKax, CKOHCTPYHOBaHUHU ciBpoOiTHULIEIO [HCTUTYTY Hiogorii
kaituad HAH Yxpaian O. Imyk; pBISc6 (4 t.m.1.) noxinaa pBluescriptIIKS*
3 KioHOBaHuM reHoM ADHI S. cerevisiae; p21Sc21 (9,1 t.n.H.) noxinxa p21
3 knoHoBaHuM reHoM ADH1 S. cerevisiae. JIBi octanni (pBISc6 Ta p21Sc21)
6yJI0 OTPUMaAHO B X0li poOOTH.

Jpi>k1>Ki BUpOIILyBa/id HA CHHTETUIHOMY cepenoBHili bepkroabaepa (CbH)
3 HACTYIHUM MiHepaJbHUM CKJaagoM (y r/m): KH,PO, — I; (NH,),SO, — 3,5;
MgSO,x7H,0 — 0,5; CaCl, — 0,1. 3aniso BHOCHIH y cepeNOBHUIIe y BUMIAL
cosli Mopa B xoHuenTtpauii 0,2 Mr/.1, 3i cTaHaapTHOIO KiJAbKicTio MikpoeJe-
mentiB Ta 0,056% (B/0) apixkmxosoro ekctpakrty [2]. JlKepeaoMm ByraeLio
cayrysanu 1% rmokosa (B/0) a6o 1% metanoa (1o 06’emy). Jlo cepeoBHiLa
TpH HeOOXiAHOCTI A0AaBaMy JeHLIMH — 10 KoHueHTpauii 40 mr//1. Arapusosasi
cepenoBulia MicTuau 2% arapy. KyabTypu ApixIKiB BUPOLILYBaJH y T€PMO-
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crarax Ha yawkax [letpi npu temnepatypi 30 °C. KynbTuByBaHHS OpPiKIXKiB
B PiIKHUX cepeloBHLIaX 31ilcHIOBaNU y pobipkax abo Koabax 06’emom 250 M
Ha KpyrosoMmy weiikepi (200 06/x8) 3a Temnepatypu 30 °C (3a 37 °C nas
TEePMOTOJIEPAHTHUX WTaMiB H. polymorpha). ONTHUHY TYCTHHY APiXkKI2KO-
BUX KYyJ/bTyp BHUMipIOBaNU TypOiAMMETPUYHO Ha (POTOEJEKTPOKOJOPHUMETPI
KOK-2MII, i, BukopucTOBY0UM KaJibpyBasbHy KPUBY, BU3HAYaNU iX CYXy
6iomacy B 1 ms1 cepenoBuiLa.

Be3kniTHHHI eKCTPaKTH [/151 BU3HAUEHHS aKTUBHOCTI (pepMEHTIB OTPUMYBa-
JiM sIK onrcaHo B poborti [1]. KonuenTtpauito 6ika B 6€3K/IITUHHUX eKCTpaKTax
BU3Havasnu MetonoM Jloypi. 3aranbHi aKTUBHOCTI (DepMEHTIB y CBi2KHUX Oe3KJIi-
THHHHX €KCTPaKTax BH3HAua/ H criekTpodoTomeTpuuHo (Shimadzu-UV-1650)
npu 340 um 3a wBuakictio yrBopenus HAJIH — mna AL um yruaisauii
HAIH — nna ®P [2]. [lutomy aktuHicTh ([TA) nmasi koxkHoro depmeHTy
(B MKMOJIb - XB~! - Mr~! 6isika) pospaxoByBasu 3a popmysoro: [TA =TTA

eyoerpar 1K@ BPAxXoBye Hecreu@iuni (OHOBI peakuii.

Mertonu KynbTUBYyBaHHS 0akTepiil E. coli Ta MOJIEKY/ISPHO-TeHETHYHI MeTO-
v onucati B [9]. Buninenns cymapnoi JIHK 3 knitun npixknxis H. polymorpha
ta S. cerevisiae npoBoauaH 3a gonomoroio Ha6opy Wizard® Genomic DNA
Purification Kit (Promega, Madison, WI, USA). Ennonykiseasu pectpukuii
Ta Jlirady BUKOPUCTOBYBAJM 3TiHO 3 iHCTpyKUielo BUpoOHUKa (Fermentas,
Vilnius, Lithuania). [Tonimepasny nanitoroy peaktito (I1JIP) snificHioBanu Ha
ammiikatopi Gene Amp© PCR System 9700 (Applied Biosystems, Foster
City, CA, USA), 3 sukopucranuam Platinum® Tag DNA Polymerase High
Fidelity (Invitrogen, Carlsbad, CA, USA) BianosinHo 1o iHCTPYKLil BUPOOHHUKA.
Tpanchopmauito apizKIKOBUX KJIITHH IPOBOAUIN METOIOM eJieKTporiopatlii [4].

+cyberpar o

Pe3yabTaTh Ta X 06roBOpeHHs

Jns ninBuienns Buxony PP i3 KaiTUH MeTUAOTPODHUX APiKIKiIB, OYJI0
BHPIilLIEHO TIPOBECTH TFeHHO-iHXKeHepHe KOHCTPYIOBAHHS LUTaMy, 3AaTHOTO 10
Hanekcnpecii rena ADH1, sikuit konye ®P. Binomo, o nponykr rena ADH 1
S. cerevisiae KpiM HerinporeHasHUX BJACTHBOCTEH, BOJOMIE€ PelyKTa3HHUMH,
TOMY HaMu OyJ/i0 BUPIlLIEeHO KJIOHYBaTH NAHUH I'eH [J51 HageKcrpecii y reHoMi
npixaxiB H. polymorpha. 3 MeTOI0 KOHCTPYIOBAHHS IJIa3Milu eKcrpecii, 110
mictutb red ADHI, 3a nonomoroto [1JIP, BUKOpUCTOBYIOUM CKOHCTPYHOBaHI
npaiimepu (ScFor5’- (ATCATATGTCTATCCCAGAAACTCAA-3’)/ScRev(5'-
AGCGGCCGCATG

CCG GTAGAGGTGT-3’) i xpomocomuny JAHK S. cerevisiae BY 4742
SIK MaTPHLIO MH aMmIiikyBaad BiIKpUTy pamKy 3uMTyBaHHs reHa ADHI
S. cerevisiae. Ilns nogerwenus IIJIP, xpomocomuy IHK posennioBanu
¢depmentom Xbal. Otpumanu#t hparmMeHT BeHUUHOIO 1,2 T.M.H. KJIOHYBaJH B
niasminy pBluescriptlIKS* sa nonomorowo T/A xnonysanusi. SIK pesy.brar,
orpumano miasminy pBISc6. Ha nactynmHomy etani pobotu ren ADHI S.
cerevisiae, ¢paHkoBaHui caiitamu pectpukuii Ndel i Notl, cybknonyBanu y
MJasMify iHTerpaTuBHOTO TUMY p21 Mig CUABHUE KOHCTUTYTHUBHUN IIPOMOTOP
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TOp TeHa riiuepanbnerin-3-gpocdarnerinporenasu (GAPI) H. polymorpha.
[Tnasmina p21 MiCTHTb MOMiHAHTHHE MapKep CTIHKOCTI 10 3eolnHy ZeoR, sikuit
3abe3neuye cesyeklio y apixkmaxax taren LEUZ S. cerevisiae sik 1o00aTKOBHH
ceJIeKTUBHHUH MapKep 1J1s ayKCOTPo(HOro 3a sedlnHoM wramy H. polymorpha
NCYC 495 (leul-1). Onepxany nmiasminy 6ymno HasBano p21ADH1Sc (puc. 1)
[8]. Pectpuxuitinuii ananis ii niaTBepaus, 1110 HAMH CYOKJIOHOBAHO (hparMeHT,
sakuil Mictutb reH ADHI S. cerevisiae.

Jlnsi KOHCTpylOBaHHA Ta amiIidikauii niasMia Ha BCix eTamax poboTH
6yJsio Bukopuctano wram E. coli DHb5a.

Sall Xbal BamHI
Pstl

Sacl

Sacl EcoRl
Ndel Notl

Kpnl EcoRlI

Pstl fcorl  EcoRl

prom. ADH1 Sc ter. AOX
GAP1

LEU2 Sc

Puc. 1. Jliniina cxema naasmign p21Sc21 (9,1 T.n.H.).

@parment JIHK S. cerevisiae, mo nece ren LEUZ2, mo3HaueHO TOBCTOIO CipOI0 CTPIJKOIO;
GAPI npomorop H. polymorpha no3nadyeHo HezabapBieHnM Binpizkom; Tepminatop AOX
H. polymorpha nosnaueHo TOBCTHM YOpHUM Binpiskom; ren ADHI S. cerevisiae — ToBCTOW0O
CMYTAaCTOIO JiHi€l0; TeH Pe3UCTEeHTHOCTI 10 3€0LHHY — TOBCTOI MYHKTHPHOIO JiHiew; [0xP
MOCJTiTOBHOCTI — TOBCTHMH CBiTJIO-cipuMu Binpiskamu. Caiitu pectpukuii: Pstl, EcoRI,
Kpnl, Sall, Xbal, BamHI, Ndel, Notl, Sacl.

Fig. 1. Linear scheme of plasmid p21Sc21 (9.1 kb).

S. cerevisiae DNA fragment containing gene LEU?2 is marked as a thick grey arrow;
promotor GAPI H. polymorpha gene is marked as a white segment; terminator AOX
H. polymorpha as a thick black line segment; gene ADHI S. cerevisiae as a thick striped
line; gene of resistance to zeocine as a thick dotted line; loxP sequences as thick light
grey lines. Restriction sites: Pstl, EcoRI, Kpnl, Sall, Xbal, BamHI, Ndel, Notl, Sacl.

CkoHctpy#oBany miasminy ekcrpecii p2lADHI1Sc nineapusyBanu pe-
ctpukTtasor BamHI Ta TpaHchopmyBaiu 3a AOMOMOrOK eJeKTpornopauii y
wram H. polymorpha NCYC 495 (lewl-1). Bin6ip Tpanchopmantis/inTerpantis
TPOBOMIM/IM 32 PE3UCTEHTHICTIO 10 3e0LHUHY (3a KoHLeHTpauii 150 MKr/ ms1) Ta
BiZIHOBJIEHHSIM JIeHLIMHOBOI npoToTpodHocTi. Cepents epeKTUBHICTb TpaHC-
dopmauii cranosuia 1,5x10% (uncao ZeoR-rpancpopmantis/mxr JTHK).

Bini6pani wtamu ctabinidyBaju LIISXOM Ky/JAbTUBYBaHHS B HECEJEKTUBHUX
YMOBaX MPOTSrOM BOCBMU-IECSITH reHepalill 3 MofaablUUM IepeHeceHHsIM Ha
cepenoBullle 3 3e0LUMHOM. HasaBHicTb y reHoMi TpaHc(opMaHTiB peKoMOiHATHOI
nJasmind, 1o Mictutb red ADHI S. cerevisiae, TecTyBaiu 3a JOMOMOTOI0
[1JIP. 3a BukopucTanns npaimepis ScFor/ScRev i xpomocomnoi JJHK crabib-

HUX TPaHC(OPMAHTIB SIK MAaTPHL, OTPUMAHO (PparMeHT OUiKyBaHOI BEJHUHUHH
(~1,2 t.m.H.) (puc. 2).
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Puc. 2. Enekrpodoperpamu [MJIP-ananizy tpancpopmanris wramy
H. polymorpha leul-1 naa3minorw p21Sc21.
Jlopizkku: 1 — JJHK ¢ara A poswiennena pectpukTasoio Pstl (A/Pstl)
(posmip ¢parmeHnTa nojaHo B T.M.H.), 2—7 — TpaHC(OPMAHTH,
8 — nosurtuBHU# KoHTposb (xpomocomHa JTHK S. cerevisiae BY4742).

Fig. 2. Electrophoresis of the PCR assay of
H. polymorpha leul-1 transformants with the plasmid p21Sc21.
Lines: 1 — DNA of phage A digested with Pst/ (A/PstI)
(the fragment value is expressed in kb), 2—7 are transformants, 8 — positive control
(chromosomal DNA of S. cerevisiae BY4742).

[HTerpanTH, 110 MICTHIM L0 PEKOMOIHAHTHY KOHCTPYKIIilO, BUBYAJHU Ha
pesuctenTHicTb 10 PA. [Hocaimuau pict BuxigHoro wramy H. polymorpha
leul-1 Ta fioro TpaHc(hOPMAHTIB Y POCTOBOMY METAHOJBHOMY CEPENOBHILI 3
kKoHueHTpauisMu @A 5, 8 Ta 10 mM. BusiBuiocs, 1o npu iHkyOauii apixKaxkis
y npucytHocti PA npotsarom 3 ni6 pocToBa Giomaca TpaHchopMaHTiB Oy.ia B
2 pasu 6isblioo, Hixk BuxigHoro wramy. Haii6inbia pisuuus B 6iomaci cro-
crepiranacek npu 8§ MM i 10 MM DA

o6 mepexoHaTHcs, 110 MiABHIIEeHA pe3ucTeHTHICTb 1o PA 3ymoBseHa
akTuBHicTIO PP, oTprMaHi TpaHc(OPMAaHTH i BUXiIHUH LLITaM BUPOILLyBaad HA
cepenopui 3 1% rmokosomn (Glc) Ta ®A. YV npucytnocti Gle cunres HAJTF
i rmyraTioH-3a/eXXHOI (popMaJibIeriaeriiporeHasy, AKid HaJleXKUTb OCHOBHA
poJb y aucuminsuii i netoxkcukauii @A y npikmxkiB, € penpecoBaHud, TOMY
netokcukauis ®A sfificHIoeTbes 3a iHIIMM MexaHisMoM. KIMoBipHO, came 3a
yuactio P, sika kaTanisye BinHoBaeHHS PA 10 MEHII TOKCHYHOTO METAHOJY.
SIk BUAHO 3 puc. 3, OTpUMaHi TpaHC(OPMAHTH 32 TAKMX YMOB BHPOLLYBaHHS
BUSIBUUCS OiJbII pe3ucTeHTHUMH 10 DA.

leul-1 Tf8 T1 8-2

1,5 MM ®A

2,5 MM @A

Puc. 3. Pe3ucrentHicth BuXinHoro wramy H. polymorpha leul-1 i Tpanchopmanris
(T} 8 Tra Tf 8-2) no ®A npu pocri Ha cepeposuuti 3 1% Glc

(naHocuu no 4 Mxa cycnensii 3 A, 0,27).

Fig. 3. Resistance of parental strain H. polymorpha leul-1 and transformants
(Tf 8 and T} 8-2) growing in the medium with 1% Glc
(add 4 pl of suspension with A_, 0.27) to FA.
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BinibpaHni pekoMOiHAHTHI LITaMK XapaKTepu3yBaauch B 4—6 pasiB BUILI0I0
aktuBHicTio AJII' Ta B 2—3 pasu Builow akTuBHiCTIO OP B 6e3K/IiTHHHUX
eKCTPaKTax MOpPiBHSHO 3 pelLunieHTHUM wTamom H. polymorpha leu 1-1.
AxrtuHocti A/Il' Ta ®P y iHTerpaHTiB 3pocTaiu CHHXPOHHO, ajie He B OJIHA-
KOBill Mipi (puc. 4).
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leu 1-1 Tf 8 Tf 8-2
Wramnm

Puc. 4. lNMuromi aktusHocti ALl i ®P B 0€3KJAITUHHUX €KCTPAKTaX IITAMiB
H. polymorpha leul-1 Ta iioro tpancdopmantis Tf 8, Tf 8-2, BupouieHux Ha
cepenosuuti 3 1% Glc.

Fig. 4. Activities of ADH and FR in the cell-free extracts of H. polymorpha leul-1
and its transformants Tf 8, Tf 8-2 strains, grown in the medium with 1% Glc.

Y pe3ynbTaTi BAKOHaHHS pOOOTH OTPUMAaHO peKOMOiHAHTHI LITaMH TEPMO-
TOJIepaHTHUX MEeTUJIOTPOGHUX ApikIxKiB H. polymorpha 3 nigBuIIeHOIO MPO-
nykuieto ¢popmanbaerinpenykrasu. [lokasano, 1o ogepkati TpancpopMaHTH,
pPEe3UCTEHTHI N0 MiABHUILEHUX KOHUEHTpauit dopmasnbaeriny — pno 10 mM.
CKOHCTpPYHOBaHI 1ITaMHU € MepCrleKTUBHUMHU OpraHiamamu aqs 6iopemenialiii,
NJ151 BAKOPUCTAHHS B LIJIIX aHAJMITHUYHOI Oi0TEXHOJOrii, a TAKOXK MOXKYTb CJYy-
JKUTH JKepeJsioM BuaiseHHs: Ta ouncTkd ®P ta AJIT.

Asmop sucrosaroe nodaky kand. 6ior. nayk [0.B. Pebuyro 3a donomo-

ey Yy nposedeHHi eKCnepumenmanrbHol 4acmunu pobomu, a maxkox npodg.
M.B. Tonuapy 3a 3abe3neuerHs QiHaHcosoi niompumku 0aroi pobomu.
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KOHCTPYUPOBAHHUE IUTAMMOB — CBEPXINIPOAYUEHTOB
S®OPMAJIbAETHAPELYKTA3blI TEPMOTOJIEPAHTHDbIX
METUJIOTPO®HbIX J1POXX)KEW HANSENULA POLYMORPHA

Pedepar

Lleabto nanHo# paboThl OBLIO MOJYUYUTb PEKOMOWHAHTHBIE LITAMMBI
TEPMOTOJIEPAHTHBIX MeTHJOTPOoGHUX npoxkxked Hansenula polymorpha
CBEpPXMPOAYLEHTOB (popmanbaeruapenykrasel (PP), koTopble MOTYT UMETb
6uoaHaIMTHUIECKOe HCTOJb30BaHHe. Mertoabl. J[pox»KW BbIpallMBand Ha
cuHTeTHYecKol cpesie Bepkxo/abaepa cieaymoero coctasa (r/n): KH,PO, —
1; (NH,),SO, — 3,5; MgSO,-7H,0 — 0,5; CaCl, — 0,1; co cranpapTHbIM
comepxxanueM Mukpossementos U 0,05% (B/0) mpoxKiKeBOro sKCTpaxTa.
VcrounukoM yraepoaa cayxuau 1% (8/o) rmoxosa umu 1% metanon (1o
06bemMy). AKTUBHOCTH (hePMEHTOB B OECKJIETOUHBIX SKCTPAKTAX ONpeAeIsi
cnekrpodoromerprdeck (Shimadzu-UV-1650) npu 340 HM 1o ckopocTH
obpasoBanuss HAJIH — nnasi ankorogabnerunporenassl (AI) — nau ero mo-
Tpebaenus nas opmanbaernapenykrasel (PP), npu komHaTHO# (20—25 °C)
Temrepatype. AKTHBHOCTD (A) 1151 KaxKa0ro hepMeHTa (B MKMOJIb - MHH | - M
Oesika) BbUMCHAsIM 1O popmyne: A = A — A . yUHTBIBAIOLIEH
Hecreunduyeckue ¢(oHoBble peakuuu. PesyabtaThl. CKOHCTpyHpOBaHa
nnasmuaa sxcnpeccun p21Sc2l, comepxamas ren ADHI1 Saccharomyces
cerevisiae, TIOJ KOHTPOJIEM CHUJBHOTO KOHCTHTYTHBHOTO NPOMOTOpPA TeHa
rauuepanbaerun-3-gocdarnerunporenassl (GAP1) H. polymorpha.
Hpoxxkesble knetku H. polymorpha NCYC 495 (leul-1) TpanchopmupoBanu
MeToIOM 3JeKTpornopaund. OTOOp HHTErpPaHTOB OCYIIECTBJSIA MO yCTOH-
YUBOCTH K 3eoUuHy. Hannume B reHOMe TpaHC(OPMAHTOB PeKOMOWHAHTHOU
nnasmuabl, conepxauerd ren ADHI S. cerevisiae, mpoBepsiin ¢ MoMOLIbIO
nosuMepasHoit uenHo# peaxkuuu (I1LIP). BoiBoabl. PekoMOGuHaHTHBIE LITAMMbI
XapaKTepH30BaMHCh B 4—6 pa3 BbICLIENd aKTUBHOCTBIO a/KOTOJIbAETUIPOTeHA3bI
(AOl) u B 2—3 pasa BbIClIe# AaKTUBHOCTBIO (POpMaJsbAeruIpeayKTa3bl B
6€eCKJIETOUHBIX SKCTPAKTAX 110 CPABHEHHUIO C HCXOAHBIM ITaMMOM. CTabuIbHbIe
TpaHC(OPMAHThI OKA3a/MMCh PE3UCTEHTHBIMHU K TTOBBILIEHHBIM KOHIIEHTPALUSM
dopmanbaeruna (no 10 MmM) B pocTOBOH MeTaHOJNBHOU cpele.

KnioueBble cnoBa: (Qopmanbaeruapenykrasa, MEeTHIOTPOQHBIE
npoxxu Hansenula polymorpha, dhbopmanbaerun, reHHO-UHKEHEPHOE KOH-
CTPYHpOBaHHE.
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CONSTRUCTION OF METHYLOTROPHIC YEAST
HANSENULA POLYMORPHA STRAINS OVERPRODUCING
FORMALDEHYDE REDUCTASE

Summary

The aim of the presented work was to obtain recombinant strains
of methylotrophic yeast Hansenula polymorpha overproducing formalde-
hyde reductase (FR) which could be used bioanalyticaly. Methods. The
yeast cells were grown in a synthetic Burkholder medium containing
the following (g/1): KH,PO, — 1; (NH,),SO, — 3.5; MgSO, - 7H,0 — 0.5;
CaCl, — 0.1; with the standard content of trace elements and 0.05% (wt/
vol) yeast extract. 1% (wt/vol) glucose or 1% methanol (vol/vol) served
as the sources of carbon. Enzyme activities in the cell-iree extracts were
determined by spectrophotometry (Shimadzu-UV-1650) at 340 nm by the
rates of NADH formation for alcohol dehydrogenase (ADH), or NADH
uptake for formaldehyde reductase (FR) at room temperature (20—25 °C).
The activity (A) for each enzyme (in pumol-min~'-mg~! protein) was cal-
culated by the formula: A=A  —A . taking into account the
nonspecific background reactions. Results. We constructed the expression
plasmid p21ADHI1Sc contained ADH1 Saccharomyces cerevisiae gene
under the strong constitutive promoter of the H. polymorpha glyceralde-
hyde 3-phosphate dehydrogenase gene (GAP1). H. polymorpha NCYC 495
(leul-1) yeast cells were transformed by electroporation. Selection of the
integrants was carried out in accordance with their resistance to zeocine.
Presence of the recombinant plasmid, containing the ADH1 S. cerevisiae
gene, in genome of transformants was checked using polymerase chain
reaction (PCR). Conclusions. Recombinant strains were characterized by
4—6 times higher activity of alcohol dehydrogenase (ADH) and 2—3 times
higher activity of FR in cell-free extracts, compared to the parental strain.
Stable transformants have elevated resistance to formaldehyde (up to 10
mM) in methanol containing medium.

Key words: formaldehyde reductase, methylotrophic yeast Hansenula
polymorpha, formaldehyde, gene-based construction.
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NITROGEN SOURCE EFFECT ON COPPER
SPECIATION WITHIN ECTOMYCORRHIZAL
FUNGUS RHIZOPOGON RUBESCENS

Aim. The aim of this work was to study the effects of nitrogen source on the
speciation of copper accumulated by fungi and ectomycorrhizas grown in
the presence of copper phosphate. Materials and Methods. Ectomycorrhizal
fungus Rhizopogon rubescens and its symbiotic ectomycorrhizal association
with Scots Pine were grown in the presence of copper phosphate at different
nitrogen sources: either ammonium or nitrate. The coordination of copper
released from copper phosphate and bioaccumulated by fungus and ecto-
mycorrhiza was determined by using synchrotron-based X-ray absorption
spectroscopy (XAS). Results. XAS data showed that the change of nitrogen
source from ammonium to nitrate was shifting copper coordination by mixed
oxygen ligands towards oxalate coordination of copper. Conclusions. It
was found that the conditions of growth of fungi and mycorrhizas may
change the nature of ligands available for sequestering toxic metals and
coordination of copper within ectomycorrhizal fungus R. rubescens and its
symbiotic association with pine roots depended on nitrogen source.

Key words: fungi, ectomycorrhiza, copper phosphate, nitrogen, metal
speciation, bioaccumulation, X-ray absorption spectroscopy.

The ability of fungi to create mutualistic symbiotic associations with
plant roots (mycorrhizas) has major consequences for the biogeochemical
cycling of elements [7, 11, 13]. Mycorrhizal fungi solubilize phosphate and
essential metals for the host plant in the course of so called “heterotrophic
leaching” as a result of protonation, chelation and metal accumulation by
the biomass [1, 5, 13]. It has been previously shown that mycorrhizal fungi
were able to solubilize various toxic metal phosphate minerals resulted in
releasing mobile toxic metals into environment and their bioaccumulation
by fungi and mycorrhizas [2, 4].

Copper is one of the most common pollutants of the terrestrial environ-
ments. It has been reported that soluble fraction of copper in sludge-amended
soils found almost exclusively in low molecular weight complexes with
amino acids, small peptides or polycarboxylic acids is a major contributor
to copper mobility and bioavailability threatening lower trophic levels of the
food chain. Fungi can play a significant role in copper transformations and

© M.O. Fomina, 2013
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many soil fungi were able to withstand copper toxicity in heavily contami-
nated soils (500—11.500 mg Cu/kg soil) [3—5]. Nearly 60—70% of tested
mycorrhizal fungal cultures tolerated copper phosphate and cuprite with
more than half of them being able to solubilize copper phosphate and over
40% of them solubilizing cuprite [4].

Because of the amorphous state or poor crystallinity of metal complexes
within biomass and relatively low metal concentrations, the determination
of metal speciation in biological systems remains a challenging problem
with only a few studies on fungal biomass that mainly clarify the nature
of adsorption sites on cell walls [6]. However, synchrotron-based X-ray
absorption spectroscopy (XAS) provides the means for studying element
complexation in environmental samples varying from biological to min-
eralogical in nature and is increasingly used to study biological systems
giving information about the oxidation state of the target element and its
coordination environment, including the number and identity of neighbour-
ing atoms [9, 12].

The aim of this study was to elucidate the eifect ol nitrogen source
on copper speciation by fungal and ectomycorrhizal biomass using X-ray
absorption spectroscopy.

Materials and methods

Biomass used in present work was ectomycorrhizal fungus Rhizopogon
rubescens B320 in axenic culture and its ectomycorrhizal associations with
Scots pine (Pinus sylvestris). Fungus and ectomycorrhiza were exposed
to copper phosphate [Cu,(PO,),-2H,0] at a final metal concentration
equivalent to 15mM. Axenic culture of fungus was grown at 23—25 °C in
sterile Petri-dish microcosms on top of cellophane membranes on modified
Melin-Norkrans medium for mycorrhizal fungi (MMN) [4] and harvested
after 2 months.

Formation of ectomycorrhiza was carried out under sterile conditions
using a test tube technique in autoclaved (120 °C, 60 min) glass tubes
filled with 30 ml vermiculite and peat mixture 5:1 and 10 ml of Ingestad
medium [13].

After successful colonization, uniform pine seedlings were carefully
taken out from the tubes, washed with sterile water and transferred into
sterile square Petri dishes mesocosms. Square Petri dishes were filled with
Ingestad agar amended with copper phosphate to a final metal concentra-
tion equivalent to 15mM. The roots of mycorrhizal seedlings were placed
over sterile cellophane membrane on top of the agar medium. The upper
cellophane membrane and an autoclaved piece of foam, soaked in sterile
water, were placed on top of the roots to prevent them from desiccation
and to fix the position of the root system. The shoot was kept outside by

24 ISSN 2076—0558. Mikpobionozis i 6iomexnoroeisn. 2013. Ne 3. C. 23—30 _—



NITROGEN SOURCE EFFECT ON COPPER SPECIATION WITHIN ECTOMYCORRHIZAL FUNGUS ...

means of a hole in the side of the plastic dish and sealed around the stem
with sterile lanolin.

Mesocosms were incubated for at least 3 months in the growth chamber
with 200 pmolxm?2xs' PAR, at least 60% relative air humidity and at day/
night regime of 18/6 h and a temperature of 23/15 °C. In the experiments
with axenic fungal cultures and the R. rubescens/P. sylvestris associations
we also used a nitrate-only version of MMN and Ingestad media substituting
KNO, (0.8 g-1"and 17.34 mg - I') for (NH,),HPO, and NH,NO,, respectively.

Freshly harvested biomass, enclosed in cellotape and quenched in liquid
nitrogen, was used for X-ray absorption spectrometry.

XAS investigates atomic local structure and electronic states by measur-
ing absorption of the electromagnetic radiation by electrons as a function
of energy, and is usually performed at synchrotron radiation sources (SRS),
provided intense and tunable X-ray beams.

X-ray absorption spectra at Cu K-edges were collected on Station 7.1 at
the CCLRC Daresbury SRS operating at 2 GeV with average current of 140
mA, using a vertically collimating plane mirror and a sagitally bent focuss-
ing Si(111) double crystal monochromator detuned to 80% transmission to
minimize harmonic contamination. Sample data were collected with the
station operating in fluorescence mode using a 9-element solid state Ge
diode detector with high count-rate XPRESS processing electronics. The
monochromator was calibrated using a 5 mm Cu foil. The experiments were
performed using a liquid nitrogen cooled cryostat. Single scans were col-
lected for the model compounds, and 3—4 scans were collected and summed
for each sample. Background-subtracted EXAFS spectra (Extended X-ray
Absorption Fine Structure) were analysed in EXCURV98 using full curved
wave theory. Fourier transformation of EXAFS spectra were used to obtain
an approximate radial distribution function around the central metal (Cu —
the absorber atom): the peaks of Fourier transformations can be related to
the “shells” of surrounding back scattering atoms characterised by atom
type, number of atoms in the shell, the absorber-scatterer distance, and the
Debye-Waller factor (26?). The data were fitted for each sample by defining
the theoretical model and comparing the calculated EXAFS spectrum with
the experimental data. The shells of backscatterers were added around the
absorber and by refining an energy correction Ef (the Fermi energy), the
absorber-scatterer distance, and Debye-Waller factor for each shell, a least
squares residual (the R-factor was minimised). Where appropriate, multiple
scattering effects were included in the fits.

Results and discussion

In the present study, all tested samples of fungal and ectomycorrhizal
biomass grown in the presence of copper phosphate showed Cu coordi-
nation with oxygen ligands (tab. 1). The effect of nitrogen source on the
coordination of accumulated copper was examined for both ectomycorrhizal
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Table 1. Cu K-edge EXAFS parameters®.

Sample Scatterers | r/E | 202 / E? | Residual
Biomass of axenic R. rubescens exposed to copper phosphate:
4x0 1.96 0.012
. . 2x0 2.31 0.022
Grown on nitrate MMN agar medium 4xC 979 0019 29.8
2 x Cu 3.82 0.039
Grown on ammonium MMN 4x0 1.94 0.013 97 1
agar medium 2x0 2.37 0.037 '
Biomass of R. rubescens/P. sylvestris ectomycorrhizas
exposed to copper phosphate:
4x0 1.99 0.021
Grown on nitrate Ingestad agar 2x0 2.39 0.028 979
medium 4xC 2.78 0.006 ’
2 x Cu 3.79 0.028
Grown on ammonium Ingestad agar 4x0 1.94 0.012
medium 2x0 2.42 0.054 33.7
2 x Cu 3.79 0.034

* r is the copper—scatterer distance in Angstroms (+0.02 E inner shells, +0.05 E
outer shells). 202 is the Debye—Waller type factor (+15% inner shells, +30% outer
shells). Residual is a least squares residual from fitting the spectrum of the model to
the experimental data

fungus R. rubescens in axenic culture and in its mycorrhizal association
with Scots pine (tab. 1, fig. 1). The nitrogen source is a factor that can
affect organic acid production by fungi with nitrate considerably increas-
ing oxalate excretion [10, 14]. Biomass of both axenic R. rubescens and its
ectomycorrhizal association grown on nitrate and copper phosphate gave
the best fit to the inner shell with a coordination shell of 4 oxygens bound
to the copper at a distance of 1.96 E and two oxygens bound at 2.31 E. This
is a typical distortion from perfect octahedral symmetry for a six-coordinate
copper (II) centre, and is known as a Jahn-Teller distortion [8]. The EXAFS
contributing to two further peaks in the Fourier transform were best fitted
with 4 carbons at 2.72 E and 2 coppers at 3.82 E, showing carboxylate
coordination close to oxalate (tab. I, fig. 1 d, h).

[f ammonium was used as a nitrogen source, the best fit to the inner
shell was with a Jahn-Teller distorted coordination shell of 4 oxygens at
1.94 E and two oxygens at 2.42 E. There was a small outer shell best fitted
with two coppers at 3.79 E. However, attempts to fit phosphorus atoms at
3.1 E (phosphate) or carbon atoms at 2.7 E (oxalate/carboxylic acid) did
not improve the fit (tab. 1, fig. 1). For other samples of biomass grown
on ammonium-containing medium, the fit with carbons was slightly bet-
ter and more consistent with oxalate coordination than with phosphate,
but was not conclusive probably indicating mixed carboxylate/phosphate
coordination of copper.
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Fig. 1. Copper coordination within fungal biomass: Fourier transforms of Cu
K-edge XANES, EXAFS (solid lines) and fits (broken lines) for standard
compounds (a) Cu(acetate), (b) Cu(gluconate), (c) Cu(malate), (d) Cu(oxalate),
(e) Cu(phosphate), and (f) Cu(l)oxide. Samples are R. rubescens exposed to
copper phosphate grown on MMN agar medium with (g) ammonium or (h)
nitrate. Insert: model of Cu oxalate coordination within biomass of R. rubescens
grown on media containing nitrate.

Thus, the conditions of growth in both in vitro and ex vitro may
change the nature of ligands provided by fungal and mycorrhizal biomass.
The change of nitrogen source from ammonium to nitrate may increase
the proportion of oxalate excretion and subsequently shiit towards oxalate
coordination of toxic metal (copper) within fungal and mycorrhizal biomass.
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Hekan Wallander (Lund University, Sweden) for providing the fungal
strain and Dr John Charnock (University of Manchester, UK) for his
valuable help with EXAFS spectra analysis.
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BMJIUB J)KEPEJIA HITPOTEHY HA XIMIYHE 3B’I3YBAHHSI
KYINIPYMY EKTOMIKOPU3HUM IT'PUBOM RHIZOPOGON
RUBESCENS

Pegepar

Mera. Metoto uiei poboTu 6ys0 BUBUEHHS Aii HKepesa HiTpOreHy Ha
3B’I3yBaHH$ KynpyMmy, 6i0akyMy/JJbOBaHOT0O rpubamu Ta eKTOMiKOPH3010, 110
Oy ¥ BHPOILEHI y MpUCYTHOCTI ¢ocdaty Kynpymy. Martepianau i meToau.
Extomikopusuuii rpud Rhizopogon rubescens ta itioro cuM6ioTHUHA €KTOMIKO-
pH3Ha acouialis 3 COCHOK 3BUYAWHO0 OyJM BUPOLLEH] Y TPUCYTHOCTI ocdarty
KYyNIpyMy Ha Pi3HUX J’KepeJax HiTporeHy: amoHito ado Hitpari. Koopaunauis
KyIpyMy, 3BiJibHEHOro 3 gocgaTy Kynpymy Ta 0i0akyMyJbOBAaHOIO TpUOOM
Ta eKTOMiKOpPH3010, BU3HAUa/aCh 3 BAKOPUCTAHHAM CHHXPOTPOHHOI pEHTreHO-
abcopobuiniHoi crekTpockomii (XAS). Pe3dyabratu. ani XAS nokasanu, 1o
nepemiHa [KepeJia HiTPOreHy 3 aMOHII0 Ha HITpaT 3MiHIOBaJia KOOPAUHALLIO
Ky[IpyMy HEOIHOPiNHUMU OKCHUT'€H-BMICHUMH JiraHIaMu Ha OKcajaTHy. Bu-
CHOBOK. BCTaHOBJ/IEHO, 1110 YMOBM 3pOCTaHHS rpuba Ta MiKOPH3U MOXKYTb
3MiHIOBATH MPUPONY JiraHiB, HASBHUX /AJ5 3B’sI3yBaHHS TOKCUUHUX MeTaJliB.
Koopaunauisi kynpymy B eKTOoMiKopusHoMy rpubi R. rubescens Ta B Horo
CUMOIOTHYHIN acoliallii 3 KOpeHsIMHA COCHM 3aJ/ierKaJjia Bill JxKepeJsa HiTPOreHy.

KnmovyoBi cuaoBa: rpubu, ekromikopusa, ocdar Kynpymy, HiTpo-
reH, XiMiuHe 3B’sI3yBaHHSA MeTasly, OioakyMmyJsilisi, peHTreHo-abcopOuiiiHa
CIIEKTPOCKOTIif.
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BJIMAHUE UCTOYHUKA A3OTA HA XUMHYECKOE CBA3bIBAHUE
MEJH 9KTOMUKOPU3HbIM T'PUBOM RHIZOPOGON
RUBESCENS

Pegepar

Lleab. Llenbio nanHo# paboThl ObLIO H3yYeHHUe AeHCTBUS UCTOUHHUKA a30-
Ta Ha CBSI3bIBaHUE MeaH, OM0AKyMYJHPOBAHHOU TPUOAMU U SKTOMHKOPHU3OH,
KOTOpble OBbLIM BbIpallleHbl B MPUCYTCTBUU (ochaTta mMenu. Marepuadabl u
MeTO/bl. DKTOMUKOPHU3HBIH Irpubd Rhizopogon rubescens u ero cumbuoTHuec-
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Kasi SKTOMHUKOPHM3HAsl aCCOLMALUA C COCHOM OOBIKHOBEHHOH BBIPALIMBAJUCH
B MPUCYTCTBUM (pocaTa Meau Ha pas3/MUHbIX UCTOUYHHUKAX a30Ta: aMMOHHH
unu Hutpate. Koopaunauusi menu, ocBoOOKIEHHOH u3 docdata Meau u
OMOAaKKyMYJHPOBAHHOU TPUOOM U SKTOMUKOPHU30U, OMpenesaach ¢ UCIOJb-
30BaHHWEM CHHXPOTPOHHOH peHTreH0-abcopOLUMOHHOU crieKTpocKonuu (XAS).
Pesyabtarbl. [lanubie XAS nokasasu, 4To mepeMeHa UCTOYHHKA a30Ta C aM-
MOHHS Ha HUTPAT U3MEeHs/1a KOOPAMHALMIO MeId CMelUaHHBbIMU KMCJI0POI0CO-
Jep>KallMMU JUTaHAaMHU Ha OKcasnaTHyoo. BblBOA. ¥ cTaHOB/IEHO, YTO YCI0BUS
pocta rpu6a 1 MUKOPHU3bl MOTYT U3MEHSITh [IPUPOY JUIaHI0B, JOCTYIHBIX 1J15
CBSI3bIBaHUSI TOKCHYHBIX MeTasaoB. KoopauHauus Menud B 3KTOMUKOPU3HOM
rpube R. rubescens v ero CUMOMOTHUECKOH acCOLUMALMKU C KOPHSIMH COCHbI
3aBHceJia OT UCTOUYHHUKA a30Ta.

KnoueBbie caoBa: rpubsl, 3KTOMUKOPU3a, pocdaTt Meau, a3oT, Xu-
MHUYECKOe CBSI3bIBAHHE MeTaJl1a, OMOaKKyMYJISILHS, pEHTIeH0-a0CcopOLMOHHAS
CHEKTPOCKOIHUS.

REFERENCES

l. Burford E.P., Fomina M., Gadd G.M. Fungal involvement in bio-
weathering and biotransformation of rocks and minerals // Mineral. Mag. —
2003. — 67. — P. 1127—1155.

2. Fomina M.A., Alexander 1.J., Hillier S., Gadd G.M. Zinc phosphate
and pyromorphite solubilization by soil plant-symbiotic fungi // Geomicro-
biol. J. - 2004. — 21. — P. 351—-366.

3. Fomina M., Burford E.P., Gadd G.M. Toxic metals and fungal
communities // The Fungal Community. Its Organization and Role in the
Ecosystem / Dighton J., White J.F., Oudemans, P. (eds). — Boca Raton:
CRC Taylor & Francis, 2005. — P. 733—758.

4. Fomina M.A., Alexander 1.J., Colpaert J.V., Gadd, G.M. Solubiliza-
tion of toxic metal minerals and metal tolerance of mycorrhizal fungi //
Soil. Biol. Biochem. — 2005. — 37. — P. 851—866.

5. Fomina M., Hillier S., Charnock J.M., Melville K., Alexander 1.J., Gadd
G.M. Role of oxalic acid over-excretion in toxic metal mineral transforma-
tions by Beauveria caledonica // Appl. Environ. Microbiol. — 2005. — 71. —
P. 371-381.

6. Fourest E., Serre A., Roux J.C. Contribution of carboxylic groups to
heavy metal binding sites in fungal cell walls // Toxicol. Environ. Chem. —
1996. — 54. — P. 1-10.

7. Gadd, G.M., Fomina, M., and Burford, E.P. Fungal roles and func-
tions in rock, mineral and soil transformations // Micro-organisms and
Earth Systems — Advances in Geomicrobiology / Gadd G.M., Semple
K.T., Lappin-Scott H.M. (eds.). - Cambridge: Cambridge University Press,
2005. — P. 201—-232.

8. Greenwood N.N., Earnshaw A. Chemistry of the Elements. — Oxford:
Pergamon Press, 1984. — 1087 p.

_— ISSN 2076—0558. Mikpobionoeis i 6iomexnoaroeisn. 2013. Ne 3. C. 23—30 —— 29



M.O. Fomina

9. Kemner K.M., O'Loughlin E.J., Kelly S.D., Boyanov M.I. Synchrotron
X-ray investigations of mineral-microbe-metal interactions // Elements. —
2005. — 1. — P. 217-221.

10. Lapeyrie F., Ranger J., Vairelles D. Phosphate-solubilizing activity of
ectomycorrhizal fungi in vitro // Can. J. Bot. — 1991. — 69. — P. 342—346.

11.Meharg A.A., Cairney J.W.G. Co-evolution of mycorrhizal symbionts
and their hosts to metal-contaminated environments // Adv. Ecol. Res. —
2000. — 30. — P. 69—112.

12.Sarret G., Schroeder W.H., Marcus M.A., Geoffroy N., Manceau
A. Localization and speciation of Zn in mycorrhized roots by uSXRF and
UEXAFS // J. Phys. IV France. — 2003. — 107. — P. 1193—1196.

13.Smith S.E., Read D.J. Mycorrhizal Symbiosis. - London: Academic
Press, 1997. — 605 p.

14. Whitelaw M.A., Harden T.J., Helyar K.R. Phosphate solubilization
in solution culture by the soil fungus Penicillium radicum // Soil Biol.
Biochem. — 1999/ — 31. — P. 655—665.

Crattst Hapiiimia no pemakuii 20.05.2013 p.

30 —— ISSN 2076—0558. Mikpob6ioroeisn i 6iomexrnonrozis. 2013. Ne 3. C. 23—30 _—



UDK 579.25

A.G. Merlich, V.0. Ivanytsia, N.V. Korotaeva, M.A. Zlatogurska,
N.Yu. Vasylieva, D.O. Babenko, N.V. Limanska

Odesa National I.I. Mechnykov University, 2, Dvorianska str., 65082, Ukraine,
e-mail: limanska@gmail.com

LACTOBACILLUS PLANTARUM FROM BERRIES
OF GRAPE CULTIVATED IN THE SOUTH
OF UKRAINE

The aim of the investigation was the isolation of Lactobacillus plantarum
from berries of grape and the study of their genetic diversity. Materials
and Methods. Lactic acid bacteria were isolated from berries of 14 grape
cultivars grown in the south of Ukraine. PCR-assay and RAPD-PCR were
used for L. plantarum identification and the study of their diversity. The
reconstruction of phylogenetic tree of the studied strains was carried out
with Matlab 7.0 program. Results. Lactobacilli have been isolated from 7
samples of must among 14 of the tested grape cultivars. 80% of the stud-
ied strains belonged to L. plantarum species. Groups of genetic similarity
between L. plantarum strains have been revealed. In the phylogenetic tree
four clusters of the strains grouped by their similarity were formed. The
mentioned results allowed to conclude that L. plantarum strains from must
of grape of different cultivars and territories of grape cultivation could
show the genetic similarity. Opposite, some L. plantarum strains from one
source of origin could demonstrate the genetic diversity.

Key words: lactic acid bacteria, grape must, RAPD-PCR.

Lactic acid bacteria of Lactobacillus genus inhabit various biotopes,
including plant surfaces, where they survive as the representatives of epi-
phytic microbiota and can be characterized by the genetic diversity [3; 9;
13; 15]. Insects fed on flowering grape are the important source of berry
colonization [6]. Bacteria of Lactococcus, Leuconostoc and Lactobacillus
genera have been revealed in gut of bees and wasps [11]. L. plantarum and
Oenococcus oeni from the surfaces of grape berries cause malolactic fermen-
tation in wine and in cases of uncontrolled fermentation they are responsible
for “grape diseases”. Usually malolactic fermentation begins in two-four
weeks after the end of alcohol fermentation [2]. One of the consequences
of this process is less acidity that occurs as a result of decarboxylation of
malic acid to lactic acid. The controlled process of malolactic fermentation
is desirable in wine-making, especially for acid wines, because it gives them

© A.G. Merlich, V.O. Ivanytsia, N.V. Korotaeva, M.A. Zlatogurska, N.Yu. Vasylieva,
D.O. Babenko, N.V. Limanska, 2013

ISSN 2076—0558. Mikpobionoeis i 6iomexnoaroeisn. 2013. Ne 3. C. 31-39 —— 3]



A.G. Merlich, V.O. Ivanytsia, N.V. Korotaeva, M.A. Zlatogurska, N.Yu. Vasylieva and others

more soft taste. For controlled malolactic fermentation, bacteria Oenococ-
cus oeni are used as starter cultures. In case of using lactobacilli, there
is a risk of their rapid growth resulting in non-desirable taste of wine [7].

The aim of the investigation was the isolation of Lactobacillus planta-
rum from grape must and the study of their genetic diversity.

Materials and Methods

Must from berries of 14 grape cultivars grown in the south of Ukraine
in 2011-2012 (Pinot noir, Chardonnay, Riesling, Cardinal, Kishmish, Mol-
dova, Dnistrovskyi rozhevyi, Kesha, Vostorg, Odesa souvenir, Lidia, Isa-
bella, Cabernet Sauvignon and Muscat Hamburg) was incubated under the
room temperature (18—20 °C) for the natural fermentation process. The
isolation of lactobacilli from grape must was carried out on 2—28" days of
fermentation. The quantity of lactobacilli (CFU/ml) in must was evaluated
by inoculating MRS agar with serial dilutions of must, incubation at 30 eC
and counting the grown colonies [8]. All the inoculations have been carried
out in 5 repeats.

The colonies with the typical for lactic acid bacteria morphology have
been selected for the standard tests revealing their belonging to Lactobacil-
lus genus. The next identification of Lactobacillus plantarum was carried
out by the polymerase chain reaction (PCR) [5]. DNA was isolated by the
heat lysis method in modification of Szegedi and Bottka (2002) [14]. PCR
mixture contained 0.8 pl of Mg™ (50 mM, AmpliSens, Russia), 2,0 ul of
dNTP (4 mM each, SibEnzyme, Russia), 1.0 pl of each primer (10 pmol),
and 0.4 pl of Taq-polymerase (5 U/ul) (Primetech, Belorussia) in a standard
PCR buffer (10x) (Tag-polymerase buffer, SibEnzyme, Russia).

The genus specific primers LbLMA-1/R-161 to the sequence of 16s rRNA:
5-CTC AAA ACT AAA CAA AGT TTC-3' and 5-CTT GTA CAC ACC GCC
CGT TCA-3" were used [5]. For identification of Lactobacillus plantarum
species the specific primers to gene recA of L. plantarum — planF (5-CCG
TTT ATG CGG AAC ACC TA-3') and pREV (5-TCG GGA TTA CCA AAC
ATC AC-3') were used [15]. The parameters of amplification were the next:
94 °C — 3 min for the initial denaturation, after 30 cycles at 94 °C — 30 s,
55 °C—10s, 72 °C — 30 s, and final elongation at 72°C for 5 min [5]. PCR
products were analyzed by electrophoresis in 1.5% agarose gel using TBE
buffer with ethidium bromide (AmpliSens, Russia). Markers of molecular
weight — pUC19 DNA/Mspl 110, 147, 190, 242, 331, 404, 489, 501 b.p.;
Lambda DNA/EcoRI4+-HindIIl 564, 831, 947, 1375, 1584, 1904, 2027, 3530,
4268, 4973, 5148, 21226 b.p. (Fermentas, Lithuania) were used.

The control strains L. plantarum UCM B-2709 and L. plantarum UCM
B-2694 irom the Collection of Microorganisms of Zabolotny Institute of Mi-
crobiology and Virology were kindly provided by Professor Kovalenko N.K.

RAPD-PCR were carried out with L. plantarum strains isolated from
must and from the control reference strains L. plantarum UCM B-2709
and L. plantarum UCM B-2694.
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The mixture for RAPD-PCR contained the next components: 1.0 pl
of a primer M13 (10 pmol), 0.8 pl of Mg™ (50 mM, AmpliSens, Russia),
2.0 pl of ANTP (4 mM of each, SibEnzyme, Russia), and 0.4 ul of Taq-
polymerase (5 U/ul) (Primetech, Belorussia) in a standart PCR-buffer (10x)
(Tag-polymerase buffer, SibEnzyme, Russia). Amplification was carried by
the parameters described in Ben Omar et al. (2008). PCR-products were
analyzed in 1% agarose gel using TAE buffer (40 V, 4 hours). Gels were
photographed with GelDoc system (BioRad, USA).

The reconstruction of phylogenetic tree of the studied strains was car-
ried out with Matlab 7.0 program. Cluster analysis based on Spearman’s
correlation coefficient for measuring the distance between the objects and
the method of Ward for constructing a hierarchical tree of binary clusters
were used.

Results and Discussion

Lactobacilli were isolated from 7 samples of must among 14 tested
grape cultivars. The quantity of lactobacilli increased at the end of the 4™
week of fermentation (Table 1).

Table 1
Concentration of bacteria from Lactobacillus genus in grape must
= -
e B 5.2
= . = "; .
. . oo | Place of grapevine - = Concentration of lactoba-
Grape cultivar P cultivation s 3 cilli, CFU/ml
> [ £
g 82
2 (4,3 +2,8) x 103
Chardonnay 2011 Odesa 3 (40 = 1,4)x 103
28 (2,3+1,6)x 10
2 (2,3 +1,8)x 103
2011 Odesa
Lidia 3 (4,3 +1,7) x 10*
2012 Odesa 4 (1,2=+0,5) x 105
2 (2,4 +16)x 10
Pinot noir 2011 Odesa 3 (4,2 +26) x 10
28 (4,3+1,6) x 10
[sabella 2011 Odesa 3 (4,8 +=2,6) x 10*
Moldova 2011 Odesa 3 (4,3 +23) x 10?
Dmstroyskyl 20192 Kiliya d1str.1ct, 19 (3.7 + 3.6) x 10°
rozhevyi Odesa region
Cardinal 2012 Odesa 12 (4,1 =1,2) x 10°
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As it is known from the literature, after some period of time individual
for every certain wine material, cells survived after ethanol fermentation,
start to multiply. Non desirable multiplication of such microorganisms could
happen in vines with pH higher than 3.5 [2]. Under the conditions of low
pH, lactic acid bacteria die rapidly, but when pH is higher than 3.5, they
can continue to multiply and in concentrations 10°—10® cause the spoilage
of wines [2, 4]. In our experiment, fermentation of wine was uncontrolled
and carried out under the conditions that favor the proliferation of lactic
acid bacteria in must (temperature 18—20 °C, absence of anaerobic condi-
tions necessary for ethanol fermentation).

The isolated strains of lactobacilli were first identified by morphological
and biochemical properties. After, PCR-assay with bacterial DNA was carried
out. Amplification product of 250 b.p. size was synthesized in the samples
of DNA from all the tested strains, and this result revealed presence of 16S
rRNA fragment specific for the bacteria of Lactobacillus genus. PCR with
primers planF/pREV [15] resulted in amplicons 318 b.p. in size in case of
80% of the tested Lactobacillus strains that confirmed their belonging to
the species L. plantarum.

[t is known that in the beginning of ethanol fermentation in grape
must L. plantarum and L. casei are mostly occurred [16]. Besides, the
representatives of such species as L. brevis, L. hilgardii, L. curvatus and
L. buchneri can also be revealed in must [13].

Totally 23 strains of lactic acid bacteria have been isolated from grape
must during the investigations; they were identified and studied. In 2011,
strains L. plantarum ONU 12, 311, 312 and 313 were isolated from must of
Pinot noir cultivated in Odesa. In 2012, strains L. plantarum ONU 341—350
were isolated from grape of Lidia cultivar grown in Odesa. From berries of
Cardinal cultivar (Odesa) strains L. plantarum ONU 332—336 and ONU
339, 340 were isolated, and must of Dnistrovskyi rozhevyi cultivated in
Kiliya district of Odesa region was the source of the strains L. plantarum
ONU 337, 338.

The results of RAPD-PCR showed presence of groups of genetic simi-
larity and diversity between the strains of L. plantarum. As it could be
seen from the electrophoretic analysis, amplification products with DNA
of the strains isolated from one source (grapevine of Lidia cultivar) were
very similar (fig. 1).

The results of cluster analysis based on Spearman’s correlation coei-
ficient and the method of Ward used for evaluation the similarity between
the studied lactic acid are presented in fig. 2.

As it could be seen from the presented data, all the strains formed 4
basic clusters grouped by the level of their similarity.

Basing on the obtained data, it can be said that the maximal similarity
showed the strains L. plantarum ONU 338 and L. plantarum ONU 340
forming cluster G3 (the percentage of similarity between the strains —
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65.0%) although these strains were isolated from different sources. Strain
L. plantarum ONU 338 was isolated from grape of Dnistrovskyi rozhevyi
cultivar grown in Kiliya district of Odesa region, and strain L. plantarum
ONU 340 — from grape of Cardinal cultivar from Odesa. This allowed us
to conclude that the genetic similarity of the strains not always coincided
with the territory of grape origin.

Fig. 1. The electrophoretic analysis of amplicons resulted from RAPD-PCR
1—8,10 — amplicons of RAPD-PCR with DNA from L. plantarum ONU 341, 342,
343, 344, 345, 346, 347, 348, 349 and 350, respectively; 11, 12 — the markers of

molecular weight.

Cluster G1 was formed by the strains from wine material of one cul-
tivar and place of cultivation (Lidia, Odesa) (fig. 2). These are the strains
L. plantarum ONU 341, 344, 345, 343, 342, 346 and 350. Three more strains
from the same origin were arranged to other clusters. Strains L. plantarum
ONU 347 and 348 together with the strains L. plantarum ONU 335 and
ONU 334 isolated from wine material of Cardinal cultivar (Odesa) formed
the separate cluster G4 with the similarity between the strains from 48.0
to 52.0%.

Strain L. plantarum ONU 349 also isolated from must of Lidia cultivar
(Odesa) showed the similarity to the strains forming subcluster G2.4 in
a cluster G2. Thus, among the strains L. plantarum from must of Lidia
cultivar grown in Odesa three groups of genetic diversity were revealed.

Cluster G2 joined the biggest amount of the studied strains with dif-
ferent levels of similarity forming subclusters G2.1, G2.2, G2.3 and G2.4
(fig. 2). Thus, to subcluster G2.1 strains L. plantarum ONU 313 and 312
from wine material of Pinot noir (Odesa) and strains L. plantarum ONU
332 and 339 from Cardinal cultivar (Odesa) were arranged. Percentage of
similarity among the strains in this subcluster was relatively high (from
49.0 to 52.0%). Strains L. plantarum ONU 333 and 336 also isolated from
must of Cardinal cultivar (Odesa) formed subcluster G2.2 with the percent-
age of similarity between the strains 50.0%. Subcluster G2.4 joined the
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strains L. plantarum ONU 12 and 311 (Pinot noir, Odesa), L. plantarum
ONU 349 (Lidia, Odesa) and L. plantarum ONU 337 (Dnistrovskyi rozhevyi,
Kiliya district, Odesa region). Similarity between the strains in this case
was evaluated as 36.0%.

Such grouping of the strains one more confirmed that the genetic
similarity of the strains was not always related to the territorial origin. The
control strains L. plantarum UCM B-2694 and L. plantarum UCM B-2709
were ranged to the same cluster G2 (subcluster G2.3), and the level of
similarity between them was established as 49.0% (fig. 2).

I L.plantarum ONU 335

G4 . L.plantarum ONU 334

[ L plantarum ONU 347

L.plantarum ONU 348
G2.3 | L.plantarum UCM B-2694
G2.4 L.plantarum UCJM_' B-2709

I L.plantarum ONU 337

! L.plantarum ONU 311

L.plantarum ONU 349

L. plantarum ONU 12
G2.2 [ L.plantarum ONU 333
' L plantarum ONU 336

G2 | L.plantarum ONU 313
G2 L L.plantarum o..%issz
' L.plantarum ONU 312

L.plantarum ONU 339
G3 " L.plantarum ONU 340

L— I plantarum ONU 338
L. plantarum ONU 341
L.plantarum ONU 344
Gl L.plantarum ONTU 345
| L.plantarum ONU 343
| L.plantarum ONU 342
L. plantarum ONU 346
L.plantarum ONU 350

Fig. 2. The results of RAPD-PCR analysis with the primer M13 presented as the
phylogenetic reconstruction and grouped by cluster analysis based on Spearman’s
correlation coefficient and method of Ward (Matlab 7.0).

Cultivars of grapevine are marked in colors:

Cardinal, Odesa
Duistrovslcyi rozhevyi, Kiliya
district, Odesa region

Liclia cultivar, Odesga

Pinot noir, Odesa
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Besides this, it is needed to be mentioned that the year of isolation of
lactobacilli didn’t influence the topology of cluster formation. For instance,
strains L. plantarum ONU 313 and 31 1were isolated from wine material of
Pinot noir (Odesa) in 2011, but according to their genetic properties they
were ranged into different subclusters of the cluster G2 (fig. 2).

Genetic diversity of the strains is a common feature of L. plantarum
[9]. Thus, it is known that the strains inside the species L. plantarum can
differ in presence of various genes responsible for bacteriocin productions
and in their variations [10]. Besides, the strains of L. plantarum can also be
characterized by the spectrum of antimicrobial activity [1]. The investigators
have shown the presence of 7 genetic groups and 18 subgroups in oeno-
logical L. plantarum strains from one geographical territory (Spain) [12].

In our case the results of RAPD-PCR with the primer M13 have demon-
strated the preferential genetic similarity among the strains of L. plantarum
isolated from the certain sample of grape must, but the strains from grape
collected in distant territories could also be similar. At the same time,
some L. plantarum strains from one source of origin could demonstrate
the genetic diversity.
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LACTOBACILLUS PLANTARUM i3 SITiJl BAHOTPAJLLY,
SIKUA KYJIbTUBYETbCS HA MIBJHI YKPAIHH

Pedepar

MeToto nocaimkenns 6yso Bunisenns 6akrepiin Lactobacillus plantarum
i3 Arin BUHOrpaly Ta BUBUEHHS iX FreHEeTHYHOI pisHOMaHiTHOCTI. MaTepiaau i
metoau. MosouHokuc,i 6axkrepii 6yau BunineHi 3 arin 14 coptis BuHOrpany,
SIKMH KyJ/JbTUBYBaBCS Ha MiBAHI YKpainu. Jnd inentudikauii L. plantarum ta
BHBYEHHSI Pi3HOMAaHITHOCTI LITaMiB 3aCTOCOBYyBa/lu KjaacuuHuil meton [IJIP
ta RAPD-TIJIP. Ilng pekoHCTPyKUii (piloreHeTHUHOTO HepeBa MOCJiIKEeHUX
mramis 6yJso Bukopuctano nporpamy Matlab 7.0. Pesyabratu. bakrepii pony
Lactobacillus 6ynu BunineHi 3 7 mpod BUHOTpAQHOro cycsa cepen 14 npotec-
TOBaHUX cOpTiB BuHOrpamy. 80% M0C/inKeHUX [ITaMiB JaKTOOALK HaleXKalu
no Buny L. plantarum. BusiBjeHO TPYNU TeHETHUHOI CX0XKOCTi MiXK LITaMaMu
L. plantarum. Ha ¢inorenetnuHomy aepesi wramu (hopMyBa/k YOTHPH KJac-
TepH, 3rpPyINoBaHi 3a cTyneHeM ix noAibHocTi. BkasaHi pe3ysnbTaTu 103BOMUIN
3pOOUTH BUCHOBOK NP0 Te, L0 €HeTHYHO MOAIOHMMH MOIJIM OyTH LUITaMH
L. plantarum, BuniseHi 3 BUHOTPALHOTO CycJ/a Pi3HUX COPTIB Ta MiCcLleBOCTEH
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KyJbTUBYBaHHS BUHOTpady. ¥ ToH ke yac wtamu L. plantarum 3 0IHaKOBOTO
JpKepeJia MOXOIKEeHHST MOIVIM BUSBJISITH F€HETHUHY Pi3HOMAHITHICTb.

KnwouoBi cnoBa: mosnouHokucai 6akrepii, Lactobacillus plantarum,
BuHOTpanHe cycyao, RAPD-TIJIP.
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LACTOBACILLUS PLANTARUM U3 1o, BAHOIPAJIA,
KYJbTUBUPYEMOI'O HA IOI'E YKPAHUHDI

Pegepar

Llenablo ucciaenoBanus ObLIO Bhinenenue Lactobacillus plantarum us
SIroJl BUHOT'Pa/a ¥ H3y4yeHue UX reHeTHYecKoro pazHoobpasusi. Marepuadnl u
meToabl. Mosl0YHOKHC/IbIe OaKTepUH ObLIHM BblAeJeHbl U3 Arof 14 copToB BuU-
HOTPaJia, BBIPOILEHHOTO Ha fore YKpaunbl. 15 unentudukaunu L. plantarum
M U3ydyeHUs MX pas3HooOpasus Oblaa MCIONb30BaHA MOJUMepasHas LierHas
peakuyst 1 RAPD-TILIP. PekoHcTpyKuusi (puoreHeTHYECKOro fAepeBa Oblia
nposeneHa npu nomotw nporpamMmsl Matlab 7.0. Pe3yabratsl. JlakTo6auuib!
OblIM BblAe/eHbl B 7 Tpobax cycna U3 14 npoTecTUpPOBaHHBIX COPTOB BUHOIPa-
na. 80% u3ydeHHbIX ITAMMOB NpHHALIEXKAIM K BUAY L. plantarum. Beliua
BBISIBJIEHBI PYTINbl TEHETHYECKOTO CXOCTBA MEXAY Tammamu L. plantarum.
Ha ¢unorenernyeckom nepeBe ITaMMbl 00pa3oBBIBANM UEThIpe KJacTepa,
CTPYTIIUPOBAHHBIX B COOTBETCTBHU C UX MOA0OMEM. Y Ka3aHHbIe Pe3yJIbTaThl
MO3BOJIM/IM CHeNaTh BbIBOJ O TOM, 4TO LITaMMbl L. plantarum u3 cycna
BUHOTpana pPa3/MYHbIX COPTOB M TEPPUTOPUH KyJbTHBUPOBAHHUS BHHOTPALA
MOTJIH TIPOSIBJISITh TeHEeTHUYeCKOe CXOACTBO. HampoTHB, HEKOTOpBIE LITAMMBbI
L. plantarum w3 ogHOTO UCTOUHHUKA MTPOUCXOKIEHUS MOTJIH I€MOHCTPUPOBATh
reHeTHYeCKoe pa3HooOpasue.

KnoueBble cnoBa: MOJOYHOKUC/bIE OAKTEPUH, BUHOTPAHOE CYCJIO,
RAPD-PCR.
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CPABHUTEJIbHASl XAPAKTEPUCTUKA KOMIIJIEKCA

TPUXOTELLEHOBbBIX MUKOTOKCHUHOB LITAMMOB

FUSARIUM POAE (PECK) WOLLENW. PA3HbIX
TPOPUYECKHUX TI'PYIII

Leavro uccredosarnus 6v1.10 cpasHumenrvroe udyienie cnocobHOCMU K CUH-
me3y MoKCUuHo8 mpuxomeuyerosoi npupodel y 15 wumammos Fusarium poae
PASAUUHBIX Mpouueckux epynn: 5 nougeuHolx, 5 dumonamozenHolx U 5
andogpummnolx wmammos. Memoodot. B pabome ucnoavzosamol cmarnodapmuoie
memoOvl svldeseHus U uleHmuukayul MUKOMOKCUHO8, MOHKOCAOUHAS
xpomamoepagus. Pesysomamot. T-2 mokcun sviagien y 4 nousewmnolx, 3
¢pumonamocenroix u 2 andogummoix wmammos F. poae. Ycmarnosirero,
YUMo 8 UeAoM eco co0epiHcanie MAKCUMALLHO | NOUBEHHbLX WUMAMMO8 U 00-
cmueaem 188,8+32,2 Mfce//z, HUdce — I pumonamozenHvlx U ewe Huxe — y
andogummolx wmammos. Codepacanue HT-2 mokcuna w T-2 mempaora
Bbliie Y NOUBEHHbLX, UeM Y (PUMONAMO2eHHbLX 1 IHOODUMHbLY ULMAMMO8, 4
T-2 mpuoara — 8viuie y Qumonamoeceros, wem y no48eHHblX wumammos. T-2
MPUOA BblBAEH AUULL Y 00HO20 U3 IHOODUMHbLY wmammos. Heocorsanuon
npodyyupyrom 3 NOUBEHHbLX U 2 (QUMONAMmMOSeHHbIX WmamMma, 00OHAKO He
curmesupyrom andoummnuole uimammol. Boteoder. Takum obpasom, nokasaro,
ymo andogumot F. poae npodyyupyrom 3nauumerpbHo MeHbule mpuxomeue-
HOBbLX MUKOMOKCUHO8, HeM ULMaMMbL IMo2o 8uda u3 Opyeux mpoguueckux
epynn. Ima gusuoroeuueckas ocobeHHocmo, no-8udUMOMY, NO3BOLACM UM
MYMyarucmuiecKki CoCYuLecmaos8amo ¢ pacmeruamil.

Kawuesovie crosa: Fusarium poae, T-2 mokcun, HT-2 mokcun, T-2
mempaon, T-2 mpuon, HEoCOASLHUOA.

Bun Fusarium poae (Peck) Wollenw. 06b14HO pacrnpocTpaHeH B peruoHax
c yMmepeHHbIM KJauMaToM. OH siB/sieTcsi BO3OyAnUTe/NeM KOPHEBBIX U cTeb.Je-
BBbIX 'HUJIEH pa3HbIX KYJAbTYp, a TaKxKe BXOAUT B KOMILJIEKC (PUTOMATOTEHOB,
BBI3bIBAIOLIMX (Py3apHO3bl 3€pHOBLIX [4, 5, 9].

H3BecTHO, uTO rpubsl pona Fusarium NpoayUUPYIOT psif OUOJOTHUECKU
AKTMBHBIX BellleCTB, B TOM YUCJe U MUKOTOKCHHOB NPEUMYLIECTBEHHO TpH-
XOTelleHOBO# npuponsl (4, 5, 7]. TpuxoTelleHOBblE MUKOTOKCHHBI — LIMPOKO
pacrnpocTpaHeHHass ¥ M3ydyeHHasi rpymnna MeTaboJUTOB IpubOB, ¢ KOTOPOU
CBSI3aHO M TpOsIBJeHHEe (PUTOMATOTEeHHBIX CBOHCTB 3Toro rpuba [9]. Hau-
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6osiee XxapakTepHbIMH A/ F. poae SBJSIOTCS HEOCOJSHHOJ, HHUBAJEHOJ,
IMaLeTOKCUCLUPIIEHO/, MOHOALETHICLUPIIEHOJ, CLUUPIEHO, (Py3apeHoH-X,
T-2, HT-2 u auerun T-2 tokcunsl, dysapun C, OyTeHosaun, aypodysapus
[4, 7, 9]. Buumanue uccienoBateseil 6bII0 COCPENOTOUYEHO B OCHOBHOM Ha
M3y4YeHNH CIIeKTPa TOKCHHOB (PUTOMATOT€HHBIX BUIOB poaa Fusarium, KOTo-
pble MopakaJu 3epHO, a ero ynorpebJeHue B KaueCcTBe KOPMa MPHUBOIUIO
K Ts2KEeJbIM TOKCHKO3aM KHBOTHBIX M U€JIOBEKa, a TAKxKe BHIOB, KOTOpbIE
COXPAaHSJIUCh B TMOYBE KaK MOTEHLHATbHbIE HCTOYHUKHA HH(PEKLUHUH PaCTeHUH
[4, 5, 9]. CpaBHUTe/NbHOE H3YUYeHHE CTIOCOOHOCTH K 06Pa30BaHHIO TOKCHHOB
mrtaMmamMu F. poae, BbleJeHHBIMU U3 Pa3HbIX TPOPUUECKUX TPYII, A0 Ha-
CTOSILIIET0 BpeMeHHM He MPOBOANUIOCH. MUKOTOKCHHBI SIBASIOTCS OTHUM H3
(haKTOPOB MATOreHHOCTH MHMKPOCKOMHYECKHX I'PUOOB, MOTOMY BaKHOEe 3Ha-
YyeHHe UMeeT OTpeie/ieHHe POJIH STHX BELIECTB B COCYILLECTBOBAHUU PACTEHUH
1 MUKPOCKOIMHUYECKUX TPUOOB.

[lenbio nanHoOU pabOThl OBLIO CPAaBHUTEJbHOE HU3yUeHHE CMOCOOHOCTH K
00pa30BaHUIO PSIla TOKCHMHOB TPUXOTELIEHOBOW MPUPOMABI Y MOUYBEHHBIX, (PH-
TOMATOTeHHBIX ¥ SHIO(UTHBIX LITAMMOB F. poae.

Marepuanbl U MeTOAbI

OOvbekTamu uccjenoBaHusl ObLIU BblAeJeHHble U3 PAa3HbIX MeCTOOOUTA-
Hui 15 mwrammoB F. poae, KOTOpble MOAEPKUBAIOTCS B KOJJIEKLNH KYJIbTYP
MHUKPOCKOTIMYECKUX TPUOOB OT/EeNa (DU3HUOJOTHH U CUCTEMATHKH MUKPOMHILIE-
tToB MHCcTHTYTa MUKpoOHooruu u Bupycosoruu uM. J[.K. 3abonornoro HAH
Yxkpaunbl. [TouBeHHBIE ITAMMBI F. poae ObLIM BblIeNEHbl U3 JIECHON TTOUYBHI
B Kuescko#t 0641.: 50660, 50699 u3 nouss! nox Jaumno#, 50700, 50702 us mo-
uBbl oA UBO#, 50705 U3 mouBsl Moja opeurHUKoM. OUTONATOreHHbIE ILITAMMBI
ObLTM H30JUPOBaHbl Takke B Kuesckoit 0641.: 50674, 50673, 50675 u3 3epna
nienutbl, 50697 u3 cemsan sxunaueu, 50701 u3 crebseit abHA. DHIOPUTHI
BBIJIEJISIJIA U3 PA3HBIX OPraHOB OOJIOTHBIX pacTeHuid: H0685 13 KOpHEH KJIOKBHI,
JKuromupckas o61., 50686 u3 sucTheB cabenbHuka, PoBeHckas 0641, 50688
U3 JIUCTbeB KJIOKBBI, JKutomupckast o6s., 50689 u3 crebseit cabesbHUKA,
PoseHnckas o641., 50692 u3 kopueil TpocTHHKA, PoBeHckas 001

T[ToceBHEIM MaTepPHAJIOM CIYKHIa cTannapTusosanHas (1x 108 konumu,/ M)
cycnieHsnst 10-oHEBHOH KyJbTypbl KaXKAOTO M3 LITAMMOB F. poae, KOTOPYIO
BHOCUIHM B KoauuecTBe 10% K 06beMy cpelbl KyJbTHBMPOBaHUSA. I pHObI BbI-
paumBa/u B Kosbax JpiaeHMeriepa oobemoM 0,75 J1, KoTopele conepxkaiu 0,1 1
crangaptHou cpensl Yaneka. KynbTHBHpPOBaHKE OCYIIECTBISIH B CTALIMOHAPHBIX
ycqoBusix npu temmnepatype 27 = 1 °C B tedyenue 21 cyrtox [l]. Buomaccy
rpUbOOB C KYJIbTYPaSbHOU XKUIKOCTBIO (DUIbTPOBAH Yepe3 OyMakHble (PUIbTPbI
(«CHHSIS1 JJeHTa») C MOCJIeYIOLIUM TIPOITyCKAHUEM uepe3 MeMOpaHHble (PUIbTPLI
«Millipore» (I'epmanus) ¢ quamerpom nop 0,4 mxm [1, 3].

KyabTypanbHble (GPUIBTPATHI TPUKIBI B TeUeHHEe 15 MUH SKCTPAardpoBaJH
XJIOPOOPMOM B COOTHOLIEHHWH | : 5 1Jisi MoJydeHUs MpernapaToB MUKOTOK-
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cuHOB. [losyyeHHble 9KCTPaKThl 0OBEAMHSNN U YIIAPUBAJIM MOJ CHUXKEHHBIM
JaBJIEHUEM C UCIIOJb30BaHWEM POTOpHOTO HcapuTess «Rotadest» (Benrpust)
npu Temnepatype 45 °C. [TosyueHHBIN MaCASHUCTBIH 0CAIOK MPEIBAPUTETBHO
OYHMIIA/HU OT HEeMOJISIPHBIX JUITUAHBIX (TPEXKpaTHAs 9KCTPaKLHUS H-TeKCAHOM),
GenkoBbix (ocaxaenue 10%-HbBIM pPacTBOPOM YKCYCHOKHCJIOTO CBHHLA) H
MUIMEHTHBIX TpuMecel (Ha KosoHKe «BAY-1» ¢ akTHBUpPOBAHHBIM yIJIeM H
MOABUKHOU (pa3oit — meTtaHosoMm) [3]. Has ycTpaHeHHs OCTaTOYHOH BJaru
(bUAbTpaAT MPOMyCKa/IM 4epe3 KOJIOHKY C O€3BOAHBIM CYJb(PATOM HATPUSA U
yrnapuBasu Ha poTopHOM Hcraputese. Cyxol ocTaTOK pacTBopsiid B 1 ma
aleTOHAa U MOJYYeHHBbIH pacTBOP MUKOTOKCHHOB pasjiesisiii METOIOM XpoMa-
TorpacupoBaHHUS.

Ha nnactuny «Silufol» (Uexus) pasmepom 15 X 15 c¢m HaHocuau pas-
JIMYHble KOJMYECTBA CTaHAAPTHBIX pacTBopoB -2 Tokcuna, HT-2 Tokcuna,
T-2 tpuona, T-2 terpaona u Heocossinuoaa (1,0; 2,5; 5,0 u 10,0 mxr) u pac-
TBOP CMeCH MHMKOTOKCHHOB B oObemax 5 u 10 mu. Pasronky ocyuectBasiin
B Xpomartorpauyeckod Kamepe, UCHOJb3ys CUCTEMY PaCTBOPHUTEJEH XJIO-
pocopm : metanoa (97 : 3) [3]. [locse pasroHky MaacTHHBI MPOCYLIUBAJIU B
TOKe BO3/lyXa U nomellanu Ha 30 MUH B CyLUWJ/IbHBIH KA Npu TeMnepaType
120 °C. Busyanusauuo niTed MUKOTOKCHHOB OCYLIECTBJISIN C OMOLLbIO 3 Y-
HOro pactBopa 4-(p-HutpobeHnsua)nupuarta B auetone [10] ¢ mocaenyoumm
ONpPBICKMBAHUEM KOHLIEHTPUPOBAHHBIM PaCcTBOPOM aMMHMaKa.

KonnuecTBeHHYI0 OLIEHKY COAep2KaHUSl OTHAeJbHbIX MUKOTOKCHHOB IMpO-
BOJIUJIM MyT€M CPaBHEHHUS MHTEHCUBHOCTH OKPACKH MSITEH OMBITHOIO U CTaH-
naptHoro obpasuos [3, 10, 12].

[TonyueHnble pe3ynbTaThl ObLIM 00pabOTaHbl CTATUCTHYECKU (CpeaHHe
3HauYeHHUs, OLUMOKHU CPeHHUX, CpelHUe KBaJpaTHuHble OTKJOHEHHUs s n=9
npu ypoBHe 3HauuMocTH P>0,95), mpoaHa uM3npoBaHbl C MpUMEHEHUEM MaKe-
ta STATISTICA 6.0 u Microsoft Excel. Ilns onpenesenns pasinuui Mexiy
CpPelHUMH 3HAueHUsIMM Obl1 HCIOJb30BaH KpuTepuil CTbiojgeHTa 15 nN=9
t0.05=2,262.

Pe3yabTaTbl U 00CyKaeHUe

B npenBapuTesbHBIX HCC/IEIOBAHUSIX TIPH TTOMOILK XPOMATOTPauueCKOro
aHa/M3a MO0Ka3aHo, UTO CIEKTP ONpeaessieMblX MUKOTOKCHHOB HM3yYeHHbIX
wtaMmMoB F. poae mnpenctasnen T-2, HT-2 tokcunamu, T-2 tpuosom, T-2
TETPAOJIOM M HEOCOJSTHHOJOM. [Ipu 3TOM yCTaHOBJIEHBI pa3JjHuus Kak Ha
YPOBHE OT/Ie/IbHBIX LITAMMOB, TaK U B TIpeeJsiaX PasHbIX TPOPHUUECKUX TPYIIIL.

B nanpHe#Inx vccienoBaHUSX YCTAHOBJEHO, UTO B LI€JIOM COMEPKAHHE
6azoBoro T-2 TokcuHA OBIIO MAKCHMAJbHBIM y MOYBEHHBIX LITAMMOB H JI0-
crurano 188,8+32,2 mkr/n (tab6..). llltamm F. poae 50660 06pasoBbiBa
CJIe[IOBble KOJIMUECTBA 3TOTO TOKCHHA, a mtaMM 50700 — mocToBepHO MeHbILIHe
KonruectBa 84,9114 Mkr/a (3HaueHus kputepuss CTblOlEHTa COCTABUJIH
t..=3,19ut . = 3,04, yuro 6610 OOJbIIE TAOJUUHOTO 3HAUEHUS t

0,95 0,95 095
2,262). Conepxxanue HT-2 TokcrHa y 1ITaMMOB K3 MOUBBI BAPbUPOBAJIO OT
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28,3+3,9 no 186,6+22,1 Mkr/.1. MakcuManbHOe conepxkanue HT-2 Tokcuna
y mwramma 50660 mn0CTOBEPHO OTJIHYAIOCH OT TaKOBBHIX MITaMMOB 50699,
50700, 50702, 50705 sTo# rpymnmsl (toy95 = 6,27; 5,8; 7,05 u 4,76 coorser-
cTBeHHO). T-2 Tpuos 0OHapy»KeH y Tpex LITaMMOB, €ro ColepKaHue y IITaM-
ma 50699 (24,8--6,2 mxr/n) 6bL10 g0CcTOBepHO BhILIe, ueM y 50700 u 50705
(tyo5 = 3,59; 2,84).

MaxkcumanbHoe comepxkanue T-2 TeTpaosa OTMeUeHO Yy TOYBEHHOTO
mwramma 50660 — 204,5+14,9 Mkr/.1, uTo JNIOCTOBEPHO BhbILLIE, YEM Y IITAMMOB
50699, 50700, 50702, 50705 (t,,, = 2,47; 2,52; 10,57 u 11,98), y wramMmmos
50699 u 50700 — B 1,4—1,6 pasa nuxe (t . = 5,6; 6,37; 3,97 u 4,49) u B
6,9 u 10,5 pas Hmke y mtaMmmoB 50702 u 50705 coOTBETCTBEHHO.

Hanuure HeocossiHUOMA YCTAHOBJIEHO Y TPeX U3 MSATH NMOYBEHHBIX LITAM-
MOB. Pas/inuusi B €ro coep>KaHuu MexKy [TaMMaMu ObLJIO He TOCTOBEPHBIM.

T-2 TOKCHH BBISIBJIEH y Tpex M3 MATH M3yUeHHBIX (DUTOMATOTEHHBIX
mTaMMoB F. poae, ero coaepKaHue 3HAUUTENbHO HUXKE, UeM Yy LITaMMOB,
BbleJleHHbIX U3 TouBbl (Tads.). Conepxkanue HT-2 TokcuHa 3HaYMTEbHO
Gosblie y mramma 50674 (142,7+13,4 mkr/a), yem y mrammos 50673 u
50675, HeCMOTpPs Ha TO, UTO BCE OHHM BbIIEJEHbl M3 3epHA MIIEHULb (t
= 9,62 u 9,27). Ono Takxe Bbille, yeM y mtaMmmoB 50697 u 50701, Bbime-
JIEHHBbIX M3 CeMsIH dXHHaLeH U cTelJIst JIbHA COOTBETCTBEHHO (t) 4, = 4,46 1
6,14). CnenyeT OTMETHTB, UTO 3TH IITAMMBI TaKXKe TOCTOBEPHO PA3/HYAIUCh
no conepxanuio HT-2 Tokenna (. = 5,83; 8,47; 5,47 u 8,16). Kak u mo-
YBEHHBIE LITAMMBbI, T-2 TpHOJ 06pa30BbIBAIU TPU (DUTOMATOTEHHBIX [ITAMMA,
a ero conmepxkanue y mrtamMmma 50673, H30JUPOBAHHOTO W3 3epHA MLIEHULIbI,
cocrapaano 39,6+9,1 mxr/m, uto B 2,2—2,8 pasa Bblllle, 4eM Y ABYX APYIUX
(tyo; = 2,28 1 2,59).

Conepxanue T-2 TeTpaosa y (pUTOMATOreHHBIX ITAMMOB F. poae, Kak H
B cJiydyae TIOUBEHHBIX, 3HAUUTEJbHO BapbUpOBaso. Tak, MakCUMa/IbHBIH ypO-
BEeHb 3TOTO TOKCHHA, KakK U HT-2 Tokcuna, xapakrepen mns mwramma 50674
(191,8+16,2 mxr/n). Ero conepxanue Huxe y mramma 50675, a TakxKe 3Ha-
yutespHo (B 11,5 pasa) muxe y wramma 50673 (t;, = 10,7) u B 2,3 pasa
Hike — y wramma 50697 (t .. =4,7). Hannune HeocosiiHnoIa OTMEUEHO JIHLLb
y IBYX (pUuTOMaTOreHHbIX IITaMMOB. Coziep:KaHNue 3TOr0 TOKCHHA JOCTOBEPHO
Boie B 2,4 pasa (t,; = 6,39) y wramma 50673, yem y 50697 (tadu.).

Hasuune T-2 TokcrHa oTMedeHO Y 2 U3 b 9HAO(PHUTHBIX IITAMMOB F. poae
(tab..). CnenyeTt NoAUEPKHYTh, UYTO €r0 CONEprKaHue Y SHAO(MUTOB MpaKTHYe-
CKHM TaKOe Ke, Kak y (PUTOMATOTEeHOB U 3HAUUTEJbHO HUXKE, YeM Y MOYBEHHBIX
mTamMmoB. Bee usyuenHble mwitTaMMbl 3H10GUTOB 06pasoBbiBaiu HT-2 TokcuH.
MakcumabHOe ero cofeprkanue xapaktepHo 1Jis wramma 50686 — snnoduta
13 qucrta cabesnpHuka (100,6211,1 MKr//1), HECKOBKO HUXKe — y LITaMMOB
50685 (kopeHb K0KBbI) U 50689 (sucT cabebHUKA). Y HAOPUTHOTO LITaMMa
50688, BLIIEJEHHOr0 U3 JIHUCTA KJ/IIOKBBI (‘[0’95 = 3,45), u mramma 50692 —
U3 KopHsl TpocTHHKA (t,,. = 7,37), conepxkanue HT-2 TokcuHa mocToBepHO
HIKe (TabJ.).

0,95
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Tabauua

CojepxKaHue MUKOTOKCHHOB (MKI/Ja) B KyJbTYPajbHbIX (UJIAbTPATAX IITAMMOB
Fusarium poae

Table
Mycotoxin content (ug/l) in the culture filtrates of Fusarium poae strains
;,I.JT:O'V;N; T-2 TokcuH HT-2 tokcun | T-2 Tpuoa T-2 Terpaos Heocoasinuosn
[louBeHHbIE
50660 cJ1eibl 186,6 + 22,1 — 204,5 + 14,9 —
50699 | 1124 +19,6 | 42,6 6,3 |248+6,2| 1444 +19,2 | 439+ 129
50700 | 84,9+ 11,4 | 40,0+123 | 86 +0,8 | 131,8 + 24,7 282 +44
50702 | 157,3 19,6 | 28,3+ 3,9 — 29,6 +7,2 40,1 +6,2
50705 | 188,8 32,2 | 66,1 =123 | 6,9 = 1,1 19,4 += 4,1 —
duronatoreHsl
50674 cJ1e bl 142,7 + 13,4 — 191,8 + 16,2 —
50673 36,6 + 8,4 128 +26 | 39,6 9,1 16,7 = 2,3 298 +23
50675 29,6 =99 17,3 + 1,8 — 145,8 + 23,6 —
50697 cJle bl 69,7 =94 18,3 =21 83,4 = 16,4 126 = 1,4
50701 14477 56,1 =44 | 14237 — —
AHAO0DUTHI

50685 cJIeIbl 81,3 +5,8 - 188,7 = 17,3 —
50686 cJ1eibl 100,6 = 11,1 — 119,3 = 23,4 —
50688 164 + 1,7 542 + 76 — 93,2 + 19,7 —
50689 cJ1e bl 795 +69 |192+24| 110,2+272 —
50692 287 +7,2 169 +24 — 32,7 + 3,1 —

[IpumeuaHue: «—» — TOKCHH He 0OHAPYIKEH; CJIEIbl» — CJIETOBBIE KosuecTBa T-2 TOKCHHA
0OHapYKHUBAIOTCS MOC/Ie HAHECEHNS HA MIACTHHY He MeHee 20 MKJI aHAJIM3UPYyEeMOH CMeCH.

M3yuyeHHble 3HIO(UTHBIE [ITAMMbl HE CHHTE3UPOBAJIH HEOCOJSTHHOJ,
a Hajguuue T-2 TpuoJsa 3aUKCHPOBAHO JIHILIbL Y OJHOTO W3 LITAMMOB, TPH-
YyeM ero CofiepKaHhe HHXKe, YeM y TOYBEHHBbIX IITaMMOB H (DUTOMATOreHOB
(tabu.). Conepxanue T-2 TeTpaosa MakCUMa bHO y lITaMMa-3Ha0puTa 50685
u nocturano 188,7-17,3 mxr/.1, uto npesbiano B 1,6—2 pasa nokasatenu
mrraMMmoB 50686, 50688 u 50689 (to,gs = 2,38; 3,64 u 2,44, COOTBETCTBEHHO)
u B 5,8 paza — nais1 50692 (1 .. = 8,88). [Ipuuem wramm 50692 06pasosbiBa
JIOCTOBEPHO MEHbIII€ 3TOT0 TOKCHHA 10 CPaBHEHHIO C IPYTHMH M3yYeHHBIMU
sHpopuTamMu (tada.).
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M3BecTHO, 4TO WITaMMBl F. poae UMEIOT HU3KUH TOKCUI€HHbIH MOTeHLH-
a1, o6pasysa 80 MKr/n auauerokcucuuprnenosa u 240 mxr/n T-2 Tokcuna [4].
JL151 n3yueHHBIX ITAMMOB F. poae XapaKTepHO He3HauuTeJ bHOe COleprKaHne
TPUXOTELIEHOB 110 CPaBHEHWIO C APYrHMM BUAaMmu poaa Fusarium. Tax, nns
wrtamma F. solani M-1-1 yctaHoB/eHo, 4uTo MakcuMyM ob6pa3oBaHus UM -2
TOKCHHA M HEOCOJISIHUOJ1a B YCJAOBUSAX NMyOUHHOTO KYJbTHBUPOBAHUS HaOJIO-
naetcsi Ha 5-e cyTku u pocturaer 20 u 7 mr/a, cootsetcTBenHo [11]. ITpu
3TOM COJep2KaHHe 3THUX TOKCHHOB YBEJHUMBAETCS C BO3paCTaHUEM KOHLEH-
TPaLMK TJIIOKO3bl B cpene. Tak, Mpu KOHLEHTpauuy raokosbl 1% B cpene
oHo coctasasieT 13,5 mr/n T-2 Tokcuna u 2,25 Mr/;n HeocossiHHO/A, a TPH
KOHLIEHTPALUHU TIII0KO3bI 5% COolepKaHne TOKCHHOB YBeJHYMBaeTcs 10 35 U
7,5 mr/n, coorBetcTBeHHO. Takue ypoBHH 06pasoBanus T-2 TOKCHHA LITAMMOM
F. solani Ha oMH — TPU NOpPsIAKA NPEBBILIAIOT MOJyYeHHble HAMH BeJHUHHbI
15 F. poae, a B c/yuyae HEOCOJSIHMOJA €ro He3HauMTesbHOE COJeprKaHue
oOHapy»keHO y b 13 15 M3yyeHHBIX HAMH IITAMMOB, a HAOGHUTHl BOOOIIIE He
CUHTE3MPOBAJIU 3TOT MUKOTOKCHH.

HMHuTepecHo mpocienuTb NUHAMUKY cofepxKaHus T-2 TOKCHHA U OPYTHX
ero MeTaboJIUTOB y MpeAcTaBUTeed pasHbIX Tpodudyeckux rpynmn. O6pauiaer
Ha ce0s BHMMaHHe HHU3KOe, a HHOTJa U CJeloBoe cofepxxaHue T-2 TokcHHa
y OTHeJbHBIX LITaMMOB: ouBeHHoro 50660 u ¢uronatoreHos 50674, 50675.
DTa 3aKOHOMEPHOCTb B GOJIblIel CTerneHU BblpaXkeHa y 3HAO(MUTOB (32 Huc-
kaoueHrneM mramma 50692). Kak npaBuso, c/ienoBble KOJHYECTBA 3TOTO
TOKCHHA KOPPEJUPYIOT ¢ BbICOKUM coneprkanuem HT-2 toxkcuna u T-2 Te-
TpaoJja — OCHOBHBIX MeTa00/MnTOB 6a30BOr0 MUKOTOKCHHA [7, 12], uTo noka-
3aHO U HaMH. DTOT (PaKT MOXKET CBUJETEJNbCTBOBATb O BHICOKOH aKTUBHOCTH
(hepmeHTOB, MeTaboMU3UpyOLIUX T-2 TOKCHH B MeHee TOKCHYHbIe BellleCTBa
1 MOKeT pacCMaTpPUBATbCS KaK 3alLUUTHBIA MEXaHU3M LITAMMOB-TIPOAYLIEHTOB
OT COOCTBEHHBIX TOKCUYHBIX BellecTB. HekoTopele nccsenoBaTen 0ObSCHAOT
3THUM CIIOCOOHOCTb IpUOOB K 00pa30BaHUIO OJMU3KHUX 110 CTPYKTYpe CeMeHUCTB
BTOPHUYHBIX MeTA0OJUTOB, CYLIECTBEHHO PA3JIMYAOLIUXCS 110 OUOJOTMUECKOH
aKTUBHOCTH [6].

Copnep:xanue T-2 Tpuosa Bblllle y (PUTOMATOreHHBIX LITAMMOB, a CPeld
3HI0(UTOB 3TOT TOKCHH OOHaApy:KMBaJsCs JHUILIb Y OfHOro wrtamma. Heoco-
JISHHOJI, KOTOPBIH He Tak 4acTo oOHapy»KUBaeTcs y mtaMMoB F. poae [5, 9],
B HALLUWX UCCJIEIOBAHUSX BBHISIBJAEH y 3 U3 D MOYBEHHBIX LITAMMOB, 2 U3 O —
(bUTOMATOreHHBIX U BOBCE HE BbISIBIEH Y 9HAO(PHUTHBIX.

Hamu ycraHoB/IeHO, UTO COfeprKaHUe HUCCJIe0BAHHBIX TPUXOTELeHOBBIX
TOKCHHOB, 32 UCKJIOUeHHeM T-2 TpuoJa, Bbllle Y HCC/Ie0BAHHBIX MOYBEHHbIX
LITAMMOB, 4eM y (PUTOMATOreHOB U S3HAO(PUTOB. DTOT (PAKT MOXKHO OOBSCHUTD
6H10JOrMYeCKUMH 0COOEHHOCTSIMU Ipub0OB pona Fusarium, KOTOpble He SIBJIS-
I0TCSl OOMUraTHBIMU OUOTpPO(aMH, a yallle OOUTAIOT B MOYBE KaK CapO(UTHI
U/ SBJASIOTCS (haKyJbTaTUBHBIMU Mapasutamu [5, 6, 9]. B gacTHOCTH BULI
F. poae Bblfe/sieTCsl U3 Pa3HbIX THUIOB MOYB M BXOAUT B COCTAaB KOMILJIEKCA
BHJIOB, BbI3bIBAOILMX (Py3apuo3 KoJoca. [ToaTomy, no-Bunumomy, a/s caadbix
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MaTOreHOB OMOJIOTHUECKHU 11eJ1eCO00Pa3HbIM fBJSETCS He «yOUTh» pacTeHHe-
XO035IUH CPa3y C MOMOILbIO BBICOKO aKTHBHBIX (DEPMEHTOB M TOKCHHOB, a 00e-
CreuuThb cebe IJHUTeNbHOe CYLIeCTBOBAaHUE B »KMBOM PAaCTEHMH, UCIOJb3YS,
K NIpUMepy, MeXaHu3M TpaHcdopmaluu 6ojee TOKCHuHOro T-2 TOKCHHA B ero
MeHee TOKCHUHble MPou3BoAHble. [[ouBeHHBIE H30J/I51ThI BBIIOIHAOT (QYHKLHUIO
penyLeHTOB U pa3JsaralT pacTUTesbHbIE U IPyTHe OCTaTKH, OHAKO B 1IaHHOM
c/yyae BO3pacTaeT KOHKYPEHLHMS 32 UCTOUHUKH MUTAHUS C IPYTUMHU MUKPO-
canporpoaMu, YTO B KOHEUYHOM MUTOre MOXKeT MPHUBOAUTb K 00Pa30BaHHUIO
rpubOM CreKTpa TOKCUYHBIX MeTabouTOB [2]. C 3TUM 3KOJ0THUECKUM (haKTOM
COIJIaCYIOTCS MOJIyYeHHble HAMU [aHHble, TOATBepKAaoLe 60Jee BbICOKYIO
TOKCHYHOCTb TOYBEHHBIX WITaMMOB F. poae. K coxkaneHuto, OTCyTCTBYIOT
NaHHble OTHOCHUTEJNBHO 00pa3oBaHUS 3HAOMUTHBIMM LITaMMaMu F. poae
MHUKOTOKCHHOB TPHUXOTELIEHOBOU Npupoabl. Hau nanHble cCBUAETEIbCTBYIOT
0 TOM, UTO MOTEHLHUANbHO SHIO0(PUTHBIE WITAMMbI F. poae MOTYT CUHTE3UpO-
BaTb TPUXOTELlEHOBble MHUKOTOKCHUHBI, XapakTepHble Ass poxa Fusarium B
uesoMm. OHAKO UX coleprKaHue U KaYeCTBEHHbIH COCTaB Y 3TOH TPpopuuecKon
TpyInbl MeHblle, 4yeM Yy (DUTONATOTE€HHBIX M TOYBEHHBIX LITAMMOB. Takas
(huznosornyeckass 0COOEHHOCTb MOXKeT 00ecrneuynBaTh MyTyaJuCTHYECKOe CO-
CYLIeCTBOBaHUE 3HAO0(MUTOB ¢ pacTeHusiMu. CjenyeT UMeTb B BUAY, YTO NPH
HapYLUEHUH 3TOro cOAMaHCUPOBAHHOTO B3aUMO/IEHCTBHUS BCAEACTBUE NeHCTBHUS
OMOTUYECKUX UM aOMOTHYECKUX (PaKTOPOB MOXKET YCHJIUBATHCS HEraTHBHOE
BJIMSIHAE 9HAO(DUTOB Ha pacTeHue [8].

B pesy/brare cpaBHUTE/JbHOTO M3yYeHHUs] CIIOCOOHOCTH K 0OPa30BaHUIO
psila TOKCHMHOB TPUXOTELeHOBOH MPUPO/bl Y MOYBEHHBIX, (PUTOMNATOreHHbIX
U 9HAO(PUTHBIX WITaMMOB F. poae T-2 TOKCUH BbIsIBJeH y 4 MOUBEHHBIX, 3
(bUTOMATOTeHHBIX U 2 3HAOMUTHBIX LITAaMMOB F. poae. B 11e710M ero coneprka-
HHe MaKCHMaJbHO Y MOYBEHHBIX LITAMMOB U pocturaet 188,8 + 32,2 MKT/J1
(TabJ1.), HHXKe — y (PUTOMATOreHHBIX U ellle HUXKe — Y SHIO(PUTHBIX LLITAMMOB.
Conepxanue T-2 Tokcuna, HT-2 Tokcuna u T-2 TeTpaosa 6b10 BbILIE Y M10-
UBEHHBIX, 4YeM Y (DUTONATOreHHbIX U S3HA0(PUTHBIX WTaMMOB. Conep:kanue T-2
TpHOJIa BbIlIe y (DUTONATOrEHOB, YeM Y [TOYBEHHBIX LITAMMOB. ¥ 9HAO(HUTOB
3TOT TOKCHH OblJ1 OTMEUEH JIMILIb Y OHOro lTamma. HeocossitHuosn o6HapyKeH
y TpeX MOYBEHHBIX U ABYX (PUTONATOrEHHbIX LITAMMOB U HE CHHTE3UPOBaJsCs
sHIO0(pUTAMU. DHAOPUTEI CHHTE3UPYIOT F. poae 3HaUUTebHO MeHbllle TPUXO-
TeLIEHOBBIX MUKOTOKCHHOB, YEM LLITAMMbI 3TOI0 BUA U3 APYTUX TPO(PUUECKUX
TPYII, UTO M03BOJISIET UM MYTYalHCTHUECKH COCYLIECTBOBATb C PACTEHUSIMHU.
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MOPIBHSIJIbHA XAPAKTEPUCTUKA KOMILJIEKCY
TPUXOTELLEHOBUX MIKOTOKCHUHIB WUTAMIB FUSARIUM
POAE (PECK) WOLLENW. PI3BHUX TPO®IYHUX T'PYII

Pedepar

Meroto nocnimxkeHb OyJ0 MOpiBHSNbHE BUBYEHHS 3AATHOCTI A0 CHH-
Te3y TOKCHHIB TpPHUXOTeleHOBOI mpupoau y 15 mramiB Fusarium poae
pi3HUX TPO(MIYHUX TPYI: O I'PYHTOBUX, O (hiTOMATOreHHHX Ta O eHAO(ITHHUX
wtamiB. Metoau. B po6oTi BUKOpUCTaHi CTaHAAPTHI METONM BUIIJEHHS Ta
inenTU(ikauii MiKOTOKCHHIB, TOHKollIapoBa xpomartorpadis. PesyabTaTu.
T-2 TokcuH BusiBieHO y 4 IPYHTOBHX, 3 (hiTOMaTOreHHUX Ta 2 eHIO(iTHUX
mramiB F. poae. BcTaHoBseHO, IO B 1LiJIOMY HOTO BMICT MaKCUMaJbHUH Y
I'PYHTOBHX IITaMiB i mocsirae 188,8+32,2 MKT/J1, HI>KUe — y (hiTOMMaTOTeHHUX
i me HuXk4e — y enpoditHux mwrami. Bmict HT-2 Tokcuny i T-2 Tetpaomy
BUIIle y I'PYHTOBUX, HiXK y ¢iTomaToreHHux i eHmodiTHuxX wmwtamiB, a T-2
Tpiosy — BHUILUM y (hiTOMATOTeHIB, HiX)K y I'PYHTOBUX IITamiB. T-2 Tpios BHU-
SIBJI€HO Jnlle y onHoro 3 eHno(iTiB. HeocossiHionn NpoaykyooTh 3 IPyHTOBUX
i 2 (iTomaToreHHUX MWITaMH, i He CHHTE3yIOTh eHIo(DiTHI. BucHOBKU. Takum
YHHOM, 0Ka3aHo, 1o eHnodith F. poae MpoayKylOTh 3HAUYHO MeHILIe TPHU-
XOTEeLleHOBUX MIKOTOKCHHIB, Hi’K WITAMH LbOrO BUAY 3 IHIIMX TPO(idyHUX
rpyn. g ¢isionoriuna oco6aUBiCTb, MOXKJIUBO, 103BOJSIE IM MyTyaaiCTUUHO
CIIiBICHYBATH 3 POCJIMHAMH.

KnwouoBi caoBa: Fusarium poae, T-2 Tokcun, HT-2 Tokcun, T-2
tetpaos, T-2 Tpios, HeoconsTHION.

I.M. Kurchenko, K.S. Tsyganenko

Zabolotny Institute of Microbiology and Virology, NASU, 154, Acad. Zabolotny St., Kyiv,
GSP, D03680, Ukraine,
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COMPARATIVE CHARACTERISTIC OF TRICHOTHECENE
MYCOTOXIN COMPLEX OF FUSARIUM POAE (PECK)
WOLLENW. THE STRAINS FROM DIFFERENT TROPHIC
GROUPS

Summary

Aim. The main goal of our investigation was a comparative study of
the ability to synthesize trichothecene toxins by 15 strains of Fusarium
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poae from different trophic groups: 5 soil strains, 5 plant pathogenic and
5 endophytic strains. Methods. The standard methods of isolation and
identification of mycotoxins were used. Results. It was established that T-2
toxin was detected for 4 soil strains, 3 plant pathogenic and 2 endophytic
strains. It was shown that its content was maximal for soil strains and
reached 188.8+32.2 pg/l, was lower for plant pathogenic ones and the
lowest for endophytic strains. The content of HT-2 toxin and T-2 tetraol was
higher for soil strains than plant pathogenic and endophytic ones, and T-2
triol — higher for plant pathogens than soil strains. T-2 triol was observed
only for one endophytic strain. Neosolaniol is produced by 3 soil and 2
plant pathogenic strains, but not synthesized by endophytes. Conclusions.
Thus, it was established that endophytes F. poae produce significantly less
trichothecene mycotoxins than the strains of this species from other trophic
groups. This physiological peculiarity allows them apparently to be in a
mutualism with the plants.

Key words: Fusarium poae, T-2 toxin, HT-2 toxin, T-2 tetraol, T-2
triol, neosolaniol.
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DISSIMILATORY SULFATE REDUCTION BY
VARIOUS DESULFOVIBRIO SP. STRAINS OF THE
HUMAN INTESTINE

The aim of this research was to study the dissimilatory sulfate reduction
process by various Desulfovibrio sp. strains of the human intestine, such
as bacterial growth, sulfate- and lactate usage, production of sulfide and
acetate by the strains, and carry out cluster and correlation analyses of this
process. Methods. Microbiology methods of the study for bacterial strains
cultivation and photometric methods for determination of bacterial biomass
and hydrogen sulfide concentration were used, sulfate ions concentration
was determined by turbidymetric method, lactate concentration was carried
out by lactate dehydrogenase. Acetate ions accumulation by the strains
was determined by titration. Using the experimental data, the methods of
statistical analysis have been also used. Results. The various Desulfovibrio
sp. strains accumulated different biomass for ten days of cultivation
in modified Kravtsov-Sorokin’s medium. The highest biomass (up to
3.89 g/l) was accumulated by Desulfovibrio sp. strain Vib-7 on the sixth
day of cultivation. Clustering of bacterial growth parameters has showed
the greatest similarity between strains Desulfovibrio sp. strain Vib-7 and
Desulfovibrio sp. strain Vib-9. After using all of the sulfate and lactate from
the medium, the bacteria stopped growing and the stationary growth phase
began. Clustering of the parameters of sulfate usage has showed that strains
Desulfovibrio sp. Vib-1 and Desulfovibrio sp. Vib-2 were combined in one
cluster, and the strains Desulfovibrio sp. Vib-7 and Desulfovibrio sp. Vib-9
were in another cluster. The strong correlation between all parameters of
dissimilatory sulfate reduction (growth, reduction of sulfate, accumulation of
sulfide, use of lactate and accumulation of acetate) by the Desulfovibrio sp.
strains has been determined. Thus, the obtained results may be promising for
further study, in particular for creating ulcerative colitis models, prediction
and prevention of human inflammatory bowel disease.

Key words: sulfate-reducing bacteria, Desulfovibrio, intestinal
microbiocenosis, inflammatory bowel diseases.

Sulfate-reducing bacteria (SRB) of the intestine use different nutrient

substances that a human consumes. Human intestinal microbiocenosis is
formed by the hundreds of bacterial species and subspecies [2, 4, 5, 9, 17].

© Ivan V. Kushkevych, 2013
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It is thought that SRB combined with other infections can cause a variety
of diseases including cholecystitis, brain abscesses and abdominal cavity,
ulcerative enterocolitis, etc. [5, 10; 13]. The species of Desulfovibrio genus
are often isolated among all SRB during illness. Bacteria of Desulfovibrio
genus are also isolated during both mono- and polymicrobial infections of
the gastrointestinal tract [6, 7, 14, 15].

[t is of vital importance to obtain new strains of SRB from different
people while studying the growth of the bacterial strains and the process
of dissimilatory sulfate reduction by SRB. The hydrogen sulfide and acetate
production by the bacterial strains should also be studied in order to clarify
the etiological role of these bacteria in the development of various diseases.
The data on the concentration of hydrogen sulfide and acetate produced by
the strains, are supposed to help in establishing and assessing a toxicity
effect of hydrogen sulfide and acetate on the epithelial cells of the human
intestine. Such studies might help in predicting the possibility of appearance
of the diseases. It is very important for clinical diagnosis of bowel diseases
to get more details on their etiology.

The aim of this research was to study the dissimilatory sulfate reduction
process by various Desulfovibrio sp. strains of the human intestine, such
as bacterial growth, sulfate- and lactate usage, production of sulfide and
acetate by the strains, and carry out the cluster and correlation analyses
of this process.

Material and methods

The object of the study was sulfate-reducing bacteria of various
Desulfovibrio sp. strains (SRB Vib-1, SRB Vib-2, SRB Vib-3, SRB Vib-4,
SRB Vib-5, SRB Vib-6, SRB Vib-7, SRB Vib-8, SRB Vib-9, SRB Vib-10)
obtained from the human large intestine [11].

The bacterial strains were grown in modified Kravtsov-Sorokin’s liquid
nutrition medium of such composition (g/l1): Na, SO, — 0.5; KH,PO, —
0.3; K,HPO, — 0.5; (NH,),SO, — 0.2; NH,CI — 1.0; CaCl,-6H,0 — 0.06;
MgSO,7H,0 — 0.1; C,H,O,Na — 2.0; yeast extract — 1.0; FeSO,-7H,0 —
0.004; sodium citrate-2H,0O — 0.3. Before bacteria seeding in the medium,
0.05 ml/1 of sterile solution of Na,S-9H,0 (1%) was added. To provide pH
7.2 of medium, sterile 10N solution of NaOH (0.9 ml/l) was used. The
medium was heated in boiling water for 30 min in order to obtain an oxygen-
free medium, and cooled to 25 °C. The bacteria were grown for 10 days at
35 °C under anaerobic conditions. The tube was brim-filled with medium
and closed by a rubber plug to provide anaerobic conditions.

Accumulation of biomass by various strains of sulfate-reducing bacteria
in liquid medium (the medium was without Mohr’s salt) was determined
by the turbidity of a dilute suspension of cells by the photometric method.
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The sulfate ion concentration in the medium was determined by the
turbidymetric method after it had been precipitated by barium chloride. To
stabilize the suspension, glycerol was used [8].

Hydrogen sulfide in the culture medium was photometrically determined
using a spectrophotometer (A=665 nm, cuvette with optical path 30 mm).
The reaction mixture had the following composition: zinc citrate (27.3 mM) —
10 ml; distilled water — 1.98 ml; p-aminodimethylaniline solution (5.5 mM) —
4 ml, and 20 ul of test solution. After 5 min, 1 ml of ferric chloride (0.125 M)
was added and methylene blue formation was observed. The concentration
of hydrogen sulfide was established by a calibration curve.

Determination of lactate concentration was carried out through a
dehydrogenation reaction of lactate by lactate dehydrogenase in the presence
of NAD*, with formation of pyruvate and NADH. For determination of
lactate content the following reagents were used: hydrazine—glycine buffer
pH 9.0 (glycine — 0.1 M solution containing 0.1 M hydrazine); NAD* —
0.03 M solution, pH 6.0; lactate dehydrogenase solution (protein content
was about 2 mg/ml). The samples of glycine and hydrazine were dissolved
in a small amount of distilled water, pH of 9.0 was maintained by 2 N
NaOH solution, then the mixture was diluted by distilled water to 100
ml. Solutions of NAD* and lactate dehydrogenase were kept on ice. The
content of the tubes was thoroughly mixed and placed inside a thermostat
at +25°C for 60 min. After incubation, the samples were cooled and then
the optical density of the samples was measured at 340 nm. The quantity
of the lactic acid was subsequently calculated [19].

Accumulation of acetate ions by the bacteria cultures during their
growth in the medium was determined by titration [1].

The correlation analysis of the parameters was carried using packet
Excel program. The main result of correlation is called Pearson’s correlation
coefficient (r) [3] was calculated using Excel program.

Using the experimental data, the basic statistical parameters (M — mean,
m — standard error, M==m) have been calculated. For the estimation of the
reliability between the statistical characteristics, the Student’s #-test was
used. The difference was reliable when p>0.95 [12]. The statistical processing
of the results was performed using packet Excel and Origin computer
programs. The cluster analysis of parameters of the sulfate reduction was
performed using Statistica 6.0 program (Complete Linkage).

Results and Discussion

The results of this research show that all isolated strains were growing
actively using sulfate as an electron acceptor and accumulating hydrogen
sulfide in the medium. These bacterial strains used lactate as the electron
donor; the lactate was actively incompletely oxidized by the bacteria to
acetate. The strains of SRB have been accumulating different biomass for
ten days of cultivation. The different growth rates of the various strains of
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SRB in the modified Kravtsov-Sorokin’s medium have been studied. The
studied SRB with varying intensity used sulfate and lactate, and produced
hydrogen sulfide and acetate. The intense growth of these bacteria depended
on the use of sulfate and lactate, and the accumulation of hydrogen sulfide
and acetate.

Having used all the sulfate and lactate in the medium, the bacteria
stopped growing and the stationary growth phase began. Among all of the
isolated bacteria the highest biomass (up to 3.89 g/l) was accumulated
by Desulfovibrio sp. strain Vib-7 on the sixth day of cultivation. The
lowest biomass (up to 3.41 g/l) among vibrios strains was accumulated by
Desulfovibrio sp. strain Vib-10 on the eighth day of cultivation (fig. 14).
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Fig. 1. Growth of the various Desulfovibrio sp. strains of the human intestine (A)
and dendrogram showing the result of the clustering parameters (B)
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As a result of the clustering of the growth parameters there were formed
three independent clusters. The dendrogram shows the greatest similarity
between strains Desulfovibrio sp. strain Vib-7 and Desulfovibrio sp. strain
Vib-9 by the tested parameter (fig. 1B). The strains Desulfovibrio sp.
Vib-1 and Desulfovibrio sp. Vib-2 as well as Desulfovibrio sp. Vib-5 and
Desulfovibrio sp. Vib-6 are the most varied by tested parameter compared
with strains Desulfovibrio sp. Vib-7 and Desulfovibrio sp. Vib-9, and they
form two separate isolated clusters.

The studied bacterial strains of Desulfovibrio sp. actively reduced
the sulfate ions and the bacteria used these ions as an electron acceptor.
The intensity and the time of sulfate reduction was different in each of
the strains. All of the studied strains fully used sulfate on the sixth day of
cultivation (fig. 24).

The parameters of intensity of utilization sulfate by the studied
strains are the most similar to each other, allowing combining them in
the clusters.
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Fig. 2. Sulfate usage by various Desulfovibrio sp. strains of the human intestine
(A) and the dendrogram showing the result of the clustering parameters (B)
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In this case, there is also the formation of three clusters, combining of
strains Desulfovibrio sp. Vib-1 and Desulfovibrio sp. Vib-2 in one cluster,
and the strains Desulfovibrio sp. Vib-7 and Desulfovibrio sp. Vib-9 in
another cluster (fig. 2B). However, if in this series of the experiments
strains Desulfovibrio sp. Vib-1 and Desulfovibrio sp. Vib-2 still formed
stable isolated cluster then the strain Desulfovibrio sp. Vib-5 was more
similar to the strain Desulfovibrio sp. Vib-8, which was not observed in
the previous series of experiments.

The highest concentration of hydrogen sulfide (up to 3.23 mM) among
the studied strains was produced by bacterial Desulfovibrio sp. strain
Vib-7 on the eighth day of cultivation; while the bacteria used about 98%
of sulfate in the medium, compared to the initial concentration of sulfate.
Desulfovibrio sp. strain Vib-8 produced hydrogen sulfide in the lowest
concentration (up to 2.67 mM) on the sixth day of cultivation compared to
all of the studied strains. Under these conditions about 97% of sulfate ions
were used in the medium compared to its initial concentration (fig. 34).
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Fig. 3. Production of hydrogen sulfide by the various Desulfovibrio sp. strains of
the human intestine (A) and the dendrogram showing the result of the clustering
parameters (B)
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The results clustering of quantitative formation of hydrogen sulfide have
shown that Desulfovibrio sp. strain Vib-9 with Desulfovibrio sp. strain
Vib-3, and Desulfovibrio sp. strain Vib-7 form one cluster, and the strains
Desulfovibrio sp. Vib-5 with Desulfovibrio sp. Vib-10, and Desulfovibrio
sp. Vib-4 form the second cluster, as well as Desulfovibrio sp. strain Vib-
6 and Desulfovibrio sp. Vib-8 form the third cluster. Desulfovibrio sp.
strain Vib-1 and Desulfovibrio sp. strain Vib-2 were formed into one stable
cluster as in the previous series of the experiments.

An important indicator of the bacterial growth was the presence of
organic compounds in the medium. These compounds may simultaneously
be a carbon source and an electron donor in the process of dissimilatory
sulfate reduction [2, 9, 10].

The results of the studies have showed that the presence of lactate and
sulfate in the medium stimulates growth of the studied sulfate-reducing
bacteria Desulfovibrio sp. various strains. Lactate is an electron donor
during dissimilatory sulfate reduction. All studied strains used lactate fully
on the sixth day of cultivation, while there were used about 99% of lactate

for the dissimilation of sulfate (fig. 44).
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Fig. 4. Lactate usage by the various Desulfovibrio sp. strains of the human intestine
(A) and the dendrogram showing the result of the clustering parameters (B)
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The clustering of the parameters of lactate usage by the studied strains
has showed that the strains Desulfovibrio sp. Vib-1 with Desulfovibrio
sp. Vib-9 and Desulfovibrio sp. Vib-10, as well as Desulfovibrio sp. Vib-4
with Desulfovibrio sp. Vib-9 form cluster. Moreover, the Desulfovibrio
sp. strain Vib-3 with Desulfovibrio sp. strain Vib-6 and Desulfovibrio sp.
strain Vib-7 with Desulfovibrio sp. strain Vib-5 as well as Desulfovibrio
sp. strain Vib-8 form another cluster. In this case, there are formed a clear
division into two isolated cluster on the dendrogram (fig. 4B).

Among all of the studied strains, Desulfovibrio sp. strain Vib-7
produced the highest concentration of acetate ions (up to 15.87 mM) on the
fifth day of cultivation; while the bacteria used about 97% of lactate in the
medium, compared to its initial concentration of lactate. The Desulfovibrio
sp. strain Vib-5 produced the lowest concentration (up to 14.36 mM) of
acetate ions on the eighth day of cultivation, compared with the vibrio-
shaped strains. Under these conditions, the strain used about 98% of lactate
in the medium, compared to its initial concentration (fig. 54).
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Fig. 5. Acetate production by the various Desulfovibrio sp. strains of the
human intestine (A) and the dendrogram showing the result of the clustering
parameters (B)

_— ISSN 2076—0558. Mikpobionoeis i 6iomexnoaroeisn. 2013. Ne 3. C. 50—63 —— o7



Ivan V. Kushkevych

The results of the cluster analysis of the parameters of the acetate
production by the strains have showed the formation of two separate clusters
on the dendrogram (fig. 5B). Bacterial strains Desulfovibrio sp. Vib-2 with
Desulfovibrio sp. Vib-4, Desulfovibrio sp. strain Vib-6 with Desulfovibrio
sp. strain Vib-5 and Desulfovibrio sp. Vib-3 as well as Desulfovibrio sp.
Vib-1 form one cluster. The Desulfovibrio sp. strain Vib-7 and Desulfovibrio
sp. strain Vib-8 as well as Desulfovibrio sp. strain Vib-9 with Desulfovibrio
sp. strain Vib-10 form another cluster on the dendrogram by this parameters.

Thus, the results of the studies established that the various studied
isolated bacterial Desulfovibrio sp. strains performed dissimilatory sulfate
reduction intensively. The increased level of sulfates in the intestine
can lead to intensive development of Desulfovibrio sp. strains and the
increase in sulfide and acetate concentrations. Hydrogen sulfide is the
main product of metabolism of these strains and can be accumulated
in significant quantities in the intestine. Increased sulfide and acetate
concentrations can lead to the inhibition of digestive processes in the
human intestine. Hydrogen sulfide can also cause cytotoxic and potential
carcinogenic effects and the development of intestinal diseases [4, 9,
10, 16, 18]. It is known that hydrogen sulfide affects butyrate oxidation
processes and, consequently, can cause damage to the integrity of the
epithelial barrier cells and inflammation of the colon epithelium [13, 14,
15]. It is known from the literature that Desulfovibrio sp. bacteria cause
bloody diarrhea, weight loss and anorexia in animals and human. Under
these conditions, epithelial hyperplasia, abscesses and inflammatory
infiltrates can occur [10, 14, 18].

The correlation coefficients (r) between the parameters of dissimilatory
sulfate reduction by the Desulfovibrio sp. strains were defined (Table).
Between biomass and sulfate (r =-0.975); biomass and lactate (r =-0.974);
sulfate and sulfide (r =-0.97); sulfate and acetate (r =-0.844); lactate and
acetate (r =-0.97); and lactate and sulfide (r =-0.976) a strong inversely
negative correlation has been estimated.

Between biomass and sulfide (r =+40.969); biomass and acetate (r =
+0.85); lactate and sulfate (r = +0.982); acetate and sulfide (r = 40.894)
a strong positive correlation has been estimated.

The correlation coefficient ranges from -1.0 to 4+1.0. The closer ris to +1
or -1, more closely the two variables are related. If r is close to 0, it means
there is no relationship between the variables. If  is positive, it means that
as one variable gets larger the other gets larger. If r is negative it means
that as one gets larger, the other gets smaller (often called an «inverse»
correlation). While the correlation coefficients are normally reported as r =
(a value between -1 and +1), squaring them makes then easier to understand.
The values between 0.7 and 1.0 (-0.7 and -1.0) indicate a strong positive
(negative) linear relationship via a firm linear rule [3].
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Table

Correlation coefficients (r) between dissimilatory sulfate reduction parameters
by the various Desulfovibrio sp. strains

SRB Vib-1 SRB Vib-2
Biomass | Sulfate | Sulfide | Lactate | Acetate Biomass | Sulfate | Sulfide | Lactate | Acetate
Biomass 1 -0.991 | 0.993 | -0.969 0.671 Biomass 1 -0.977 0.98 -0.941 0.698
Sulfate -0.991 1 -0.999 0.979 -0.729 Sulfate -0.977 1 -0.997 0.983 -0.803
Sulfide 0.993 -0.999 1 -0.983 0.731 Sulfide 0.98 -0.997 1 -0.984 0.808
Lactate -0.969 0.979 -0.983 1 -0.832 Lactate -0.941 0.983 -0.984 1 -0.89
Acetate 0.671 -0.729 | 0.731 -0.832 1 Acetate 0.698 -0.803 | 0.808 -0.89 1
SRB Vib-3 SRB Vib-4
Biomass | Sulfate | Sulfide | Lactate | Acetate Biomass | Sulfate | Sulfide | Lactate | Acetate
Biomass 1 -0.986 | 0.9838 | -0.957 0.864 Biomass 1 -0.978 0.98 -0.996 0.9
Sulfate -0.986 1 -0.999 0.987 -0.897 Sulfate -0.978 1 -0.938 0.99 -0.825
Sulfide 0.988 -0.999 1 -0.985 0.896 Sulfide 0.98 -0.938 1 -0.97 0.939
Lactate -0.957 0.987 | -0.985 1 -0.95 Lactate -0.996 0.99 -0.97 1 -0.889
Acetate 0.864 -0.897 | 0.896 -0.95 1 Acetate 0.9 -0.825 | 0.939 | -0.889 1
SRB Vib-5 SRB Vib-6
Biomass | Sulfate | Sulfide | Lactate | Acetate Biomass | Sulfate | Sulfide | Lactate | Acetate
Biomass 1 -0.954 0.98 -0.969 0.891 Biomass 1 -0.943 | 0.932 | -0.957 0.871
Sulfate -0.954 1 -0.982 | 0.979 -0.848 Sulfate -0.943 1 -0.99 0.978 -0.88
Sulfide 0.98 -0.982 1 -0.988 0.916 Sulfide 0.932 -0.99 1 -0.981 0.899
Lactate -0.969 0.979 | -0.988 1 -0.921 Lactate -0.957 0.978 | -0.981 1 -0.947
Acetate 0.891 -0.848 | 0916 | -0.921 1 Acetate 0.871 -0.88 0.899 | -0.947 1
SRB Vib-7 SRB Vib-8
Biomass | Sulfate | Sulfide | Lactate | Acetate Biomass | Sulfate | Sulfide | Lactate | Acetate
Biomass 1 -0.988 0.988 -0.993 0.867 Biomass 1 -0.976 0.981 -0.975 0.934
Sulfate -0.988 1 -0.975 | 0.972 -0.81 Sulfate -0.976 1 -0.99 0.991 -0.934
Sulfide 0.988 -0.975 1 -0.993 0.9 Sulfide 0.981 -0.99 1 -0.972 0.912
Lactate -0.993 0.972 -0.993 1 -0.897 Lactate -0.975 0.991 -0.972 1 -0.966
Acetate 0.867 -0.81 0.9 -0.897 1 Acetate 0.934 -0.934 | 0912 | -0.966 1
SRB Vib-9 SRB Vib-10
Biomass | Sulfate | Sulfide | Lactate | Acetate Biomass | Sulfate | Sulfide | Lactate | Acetate
Biomass 1 -0.983 | 0.972 | -0.988 0.924 Biomass 1 -0.978 0.9 -0.996 0.886
Sulfate -0.983 1 -0.968 0.987 -0.883 Sulfate -0.978 1 -0.862 0.979 -0.827
Sulfide 0.972 -0.968 1 -0.972 0.948 Sulfide 0.9 -0.862 1 -0.93 0.99
Lactate -0.988 0.987 | -0.972 1 -0.924 Lactate -0.996 0.979 -0.93 1 -0.91
Acetate 0.924 -0.883 | 0.948 | -0.924 1 Acetate 0.886 -0.827 0.99 -0.91 1
Total correlation coefficients for all SRB Vib-1-10 bacterial strains
Biomass | Sulfate | Sulfide | Lactate Acetate
Biomass 1 -0.975 0.969 -0.974 0.85
Sulfate -0.975 1 -0.97 0.982 -0.844
Sulfide 0.969 -0.97 1 -0.976 0.894
Lactate -0.974 0.982 -0.976 1 -0.912
Acetate 0.85 -0.844 0.894 -0.912 1

. ISSN 2076—0558. Mikpobionoeis i 6iomexnoaroeisn. 2013. Ne 3. C. 50—63 —— 59



Ivan V. Kushkevych

Taking into consideration all of the obtained results: the studies of
bacterial Desulfovibrio sp. strains growth in the medium, their sulfate and
lactate usage, the production of hydrogen sulfide and acetate by the strains,
and cluster and correlation analyses of the parameters of the growth by the
various Desulfouvibrio sp. strains, the isolated bacteria may cause various
human intestinal diseases and inflammatory bowel processes. Therefore
these bacteria are quite interesting and promising for further studies.

Thus, the intense growth of various Desulfovibrio sp. strains perhaps
depends on the use of sulfate and lactate and the accumulation of hydrogen
sulfide and acetate. Having used all of the sulfate and lactate in the medium,
the bacteria stopped growing and the stationary growth phase began.
Among all of the isolated bacterial strains the highest biomass (up to 3.89
g/l) was accumulated by the Desulfovibrio sp. strain Vib-7. Clustering of
bacterial growth parameters has showed the greatest similarity between
strains Desulfovibrio sp. strain Vib-7 and Desulfovibrio sp. strain Vib-9
by the tested parameter.

The studied bacterial strains of Desulfovibrio genus actively reduce
sulfate ions and use these ions as an electron acceptor. The strains used
sulfate fully on the sixth day of cultivation. Clustering of the parameters
of sulfate usage has showed that the strains Desulfovibrio sp. Vib-1 and
Desulfovibrio sp. Vib-2 were combined in one cluster, and the strains
Desulfovibrio sp. Vib-7 and Desulfovibrio sp. Vib-9 were in another
cluster. The highest concentrations of hydrogen sulfide (up to 3.23 mM)
and acetate ions (up to 15.87 mM) among all the studied strains were
produced by the bacteria Desulfovibrio sp. strain Vib-7. The strong
correlation between parameters of dissimilatory sulfate reduction by the
Desulfovibrio sp. various strains has been estimated.

I.B. KyuikeBuu

YuiBepcuTeT BeTeprHAPHUX Ta (papMalleBTHUHHX HAyK BpHO,
Palackeho 1/3, CZ-61242 Bpro, Yecbka Pecry6uika, Tem: +420732215046,
e-mail: ivan.kushkevych@gmail.com

NTUCUMIJISIWLIMHE BiJHOBJIEHHS CYJIb®ATiB Pi3HUMHU
LUITAMAMU DESULFOVIBRIO SP. KULLEYHUKA JIFO1UHU

Pegepar

MeTot0 naHoro moc/ifKeHHs1 OyJ0 BUBUHUTH NPOLEC AUCHMINSALIAHOIO
BiHOBJIeHHS1 cysbdary pisHumu wramamu Desulfovibrio sp. KulleyHHKa
JIIONIMHU, 30KpeMa picT OakTepil, BAKOPUCTAHHSl HUMU CyJb(daTy i Jakrarty,
YTBOPEHHS TifporeH cyabdiny i aueraTy, a TakKo»K BUKOHATH KJaCTepHUH
Ta KopessiUidHUN aHani3 uporo npouecy. Meroau. Mikpobiosoriyni MeTonu
NOCJiIKeHb BUKOPUCTAHI Mil 4Yac KyJbTHUBYBaHHS LUTaMiB OakTepiu,
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(hoTOMETpHYHI /151 BUSHAYeHHS OaKTepianbHOi 6i0MacH Ta KOHLEHTPALlil TiAporeH
cysbdiny; KOHLEHTpPAUilo iOHIB CyJb(aTy BH3HAYEHO TypOialoOMeTPpHUYHUM
METOJOM, a KIiJIbKICTb JIaKTaTy BCTAHOBJIEHO 32 JIaKTATAEriaApOoreHasol.
[IponykyBaHHS 1ITaMaMH alleTaT iOHiB BU3HAUEHO METOAOM TUTPyBaHHs. Ha
OCHOBI €KCIIePHUMEHTA/NbHUX NAHUX TAKOXK NPOBENEHO CTATHUCTHYHHUU aHaJMi3
oTpuMaHux pesyabratiB. Pedyabratu. Pisui wramu Desulfovibrio sp.
HakomuuyBanau pisHy Oiomacy ynpomoBxk 10 AHIB KyJAbTHUBYBaHHS Yy
monudikoBanomy cepenosulli Kpasuosa-Copokina. Haii6inbiry 6iomacy (o
3,89 r/.1) nakonuuysanu 6akrepii Desulfovibrio sp. wram Vib-7 Ha wocTuit
neHb KyabTuByBaHHSl. Kmacrtepusauisi mapameTpiB GakTepiafibHOr0O POCTY
rokasajia Habijbily momioHicTe Mixk tmramamu Desulfovibrio sp. mram
Vib-7 i Desulfovibrio sp. mram Vib-9. Buxkopucrasiuu cynbgar i Jakrat
cepenoBHlla, OakTepil mepecTaBa/ Iy POCTH i BUXOAU/IHN HA CTalliOHAPHY a3y
pocty. Knacrepusauisi napameTpiB BUKOPUCTaHHS Cyab(aTy MokasaJga, L10
wtamu Desulfovibrio sp. Vib-1 i Desulfovibrio sp. Vib-2 6ymu 06’ennani B
onuH Kaactep, a wramu Desulfovibrio sp. Vib-7 i Desulfovibrio sp. Vib-9
Oy BiHeCeHi 10 iHIIOTO KaacTepy. BcTaHOBIEHO BUCOKHUH CTYMiHb KOPesLii
MiK MmapaMeTpaMyd AUCHUMIJSLIHHOrO BiAHOBJIeHHS CyJb(aTiB (pocToMm,
BiJHOBJIEHHSIM CyJ/b(aTy, HarpOMaJKe€HHAM CipKOBOIHIO, BHKOPHUCTAHHSM
JIakTaTy i yTBopeHHsM atietary) mramamu Desulfovibrio sp. Otxe, oTpuMani
pe3ysnbTaTH MOXKYTb OyTH MEPCHNEKTUBHUMM AJS MOAAJBIIMX AOCJHIAXKEHb,
30Kpema AJ51 CTBOPEHHS MojesJed BUPA3KOBUX KOJiTiB, MPOrHO3YBaHHA i
NOTIepeIPKeHHS 3aNaJbHUX 3aXBOPIOBAHb KULICUHUKA JIIOAWHH.

KnwodoBi cnoBa: cynabbharsigHoBIOBaIbHI 6akTepil, Desulfovibrio,
MiKpOOiOlLleHO3 KHIIEUYHHKA, 3aMnaJ/ibHi 3aXBOPIOBAHHS KUIIEUHHUKA.

WU.B. KywkeBuu

YHuBEpCHTET BeTepUHAPHBIX U (papMaleBTHYECKHX HayK BpHO,
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JUCCUMHJIIATUBHOE BOCCTAHOBJIEHHUE CYJIb®ATOB
PA3JIMYHBIMHU LUITAMMAMU DESULFOVIBRIO SP.
KUIUEYHHUKA YEJIOBEKA

Pedepar

Lleabto naHHOro ucc/aenoBaHUs ObIIO H3YUUThb NpOLECC AUCCHUMHU-
JISILIMOHHOTO BOCCTAHOBJIEHHS CYy/b(aTa pasHbiMu Wwtammamu Desulfovibrio sp.
KHIIEUYHUKa YeJIOBeKa, B YaCTHOCTHU POCT OAKTepUH, MCIOJb30BAHHE HMH
cyibdaTa M JaKTaTta, HAKOMJeHHe TUAPOreH cynbduna U auerara, a
TaKkXe MPOBECTH KJIACTEPHBIH U KOPPEJSLMOHHBIH aHaNn3 3TOro Mpoliecca.
MeToabl. Mukpo6uoJOrHuecKre MeTOIbl HCCAeJO0BAHUH HCIMOJb30BaAHbI
Npu KYJbTHUBUPOBAHUM IITAaMMOB OakTepuil, poToMeTpHUUeCcKHe A/
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ornpeneseHus: DakTepruaabHOM OMOMACCHI U KOHLIEHTPALUU THAPOreH Cyab(huaa,;
KOHLIEHTPALIMIO HOHOB CyJb(aTa onpesieJeHo TypOruioMeTPUUECKIM METOIOM, a
KOJIMYECTBO JIAKTATa YCTAHOBJIEHO 10 JlaKTaTaeruaporerase. [Iponymposanue
ILITAMMaMH{ aleTaT HOHOB OIpe/ieseHO MeTONOM THTpoBaHMs. Ha ocHoBe
9KCIIePUMEHTANbHbIX NAHHBIX TaKxKe NPOBENEH CTATHUCTHYECKHH aHaJH3
MOJTy4eHHBbIX pe3ynbTaToB. Pesyabratbl. Pasmuunbie mrammbl Desulfovibrio
Sp. HaKamIuBaJ/ M pasanuHylo 6uomaccy B Tedenue 10 nHe# KyJbTHBHPOBAHHUS
B MonuduuuposanHoil cpene Kpasuosa-Copoxkuna. Haunbosbluyo 6uomaccy
(mo 3,89 r/n) naxkanausanu 6axtepuu Desulfovibrio sp. wramm Vib-7 Ha
ILIECTOH IeHb KyJIbTHBHPOBaHUS. Kactepnsauus napameTpoB 6aKTeprasbHOTO
pocTa Tokasasa HauOoJblllee CXOACTBO Mexmy Iutammamu Desulfovibrio
sp. wramm Vib-7 u Desulfovibrio sp. wramm Vib-9. HMcnonbsosas
cysbdat U JakTaT co Cpenbl, OAaKTepHH MpPeKpalland PacTH U BBIXOAUIN Ha
crauroHapHyo (asy pocra. Knacrepusauusi nmapameTpoB HCIIOJNb30BAHUS
cy/ibdara mokasasna, uto mrammbl Desulfovibrio sp. Vib-1 u Desulfovibrio
sp. Vib-2 6buti o6benuHeHbl B OfHH Kjactep, a mrammbl Desulfouvibrio
sp. Vib-7 u Desulfovibrio sp. Vib-9 Obli 0OTHECEHBI K IPYrOMY KJacTepy.
YcraHoBsieHa BBICOKAsl KOPPeJSLIMOHHAS 3aBUCHMOCTb MeXKIy MapaMeTpaMu
IHMCCUMHJISILIOHHOTO BOCCTAHOBJIEHHUST CY/Ib(ATOB (POCTOM, BOCCTAHOBJIEHHEM
cyabdara, HaKOMJeHHEM CEepOBONOPONA, HCIOJb30BAHWEM JaKTaTa |
oOpasoBanueM aterara) mrammamu Desulfovibrio sp. Takum oGpasowm,
MOJIyYeHHble Pe3yJbTaThl MOTYT ObITb MEPCINEKTUBHBIMU [J/I51 HAJbHEHIINX
MCC/e0OBAaHUH, B YACTHOCTH IJsl CO3[aHHUSI MOJesel $I3BeHHBIX KOJHUTOB,
MPOTHO3UPOBAHUS M TIPeNyNpeKIeHHUs BOCHAJUTEJbHbIX 3aboseBaHUH
KHUILIEYHUKA YesOBeKa.

KnioueBbe caoBa: cynabdaT-BOCCTAHOBUTEJNbHBIE OaKTepHH,
Desulfovibrio, MUKpOOHOLIEHO3 KHILIEYHHKA, BOCTANUTENbHbIE 3a00/€BaHUS
KUILIEYHUKA.
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HATPOMA)KEHHS BIJIKA ¥ KJITUHAX
CHLOROBIUM LIMICOLA IMB K-8 3A PI3BHUX YMOB
MIHEPAJIBHOI'O TA OPIT'AHIYHOI'O )KUBJIEHHS

Mema Odocaidacernv — scmanosumu ocobausocmi Haepomaoxcerns 6irka y
kaimunax C. limicola IMB K-8 3aaescro 8i0 MiHepaibHO2c0 Mma 0pearitnoco
muny ocusienns Mmikpoopeariamis. Memodu. B pobomi sukopucmari
3a2aNbHONPULIHAMI MiKPOOIOAOIUHI MemoOu O00CAiONEeHb, CMAHOAPmMHUL
memo0 8u3HaueHHs KoHyenmpayii 6irka 3a memodom Jloypi, 6ioximiuHudl
Mmemo0 8U3BHAUEHHS KOHUEHMpAyii eAtoKo3u 3a 00NOMO20H0 AHAAIMUYHOEO
Habopy “Hiaearok-2", nposedena cmamucmuurna 0bpobka danux. Pe3yao-
mamu. Becmanosaeno, ujo cmumyroouul edpekm Ha npouecu Hazpomao-
acerns 6irkosux morekys 8 kaimunax C. limicola IMB K-8 sussise sne-
cenns L-enymaminy, L-eaymamamy, L-acnapmamy ma a-Kkemoziymapamy.
Hocaidncenro, wo eorodysanns no kamionax Fe ** 3a ymos sidcymmuocmi
KQmionis amonito 8 cepedosutyi Kysomusy8arH s npu3sooums 00 NPueHiueHH s
npouecig Haepomadncerna 6iomacu ma 6iAKa y KaimuHax 00CAI0HY8AHO2O
wmamy. Bcmarnosaerno, uio 8 anaepobrux ymosax 3eseni cipkosi baxmepii
C. limicola IMB K-8 egexmusno 30iiicnioroms azompikcayiro, 1K 3a ymos
mempasy mak i npu OC8IMAEHHI.

Kawuwosi caosa: C. limicola IMB K-8, L-eaymamin, L-eaymamam,
L-acnapmam, eatoKo3a, eAikozen.

doTocuHTe3yBasbHI 3eseHi cipkoBi Gakrtepil ponunun Chlorobiaceae €
oOJliraTHUMHU aHaepoOaMU siKi BAKOPUCTOBYIOTh AiOKCH KapOOHY SIK OCHOBHE
mxepeJsio Byryiewo. [Ipencrasuuku Chlorobiaceaee cyTTEBO BiIpi3HSIOTHCS 32
3naTHicTI0O MeTaboJ1i3yBaTH pi3Hi IxKepeJsia HiTporeny. 3eJieHi cipkoi 6akrepil
C. limicola IMB K-8 epekTHBHO HarpoMaKytoTh 6iomacy 36araueHy ByrJieBogaMu
[1, 2] Ta iHIIMME TTOJIMEPHUMH MOJIEKYJIAMHU Ha JIelIeBUX MiHepaJbHUX CyOCcTpa-
tax 7, 8]. IlepeTBOpeHHs aMiHHOTO HITPOreHY B KJIiTHHAX 3eJIeHUX cipKoOakTepiit
C. limicola IMB K-8 Ta MmexaHiamu #oro peryJsiii 10C/iI1KeHi He10CTATHBO.
Panie Hamu 6yJi0 BCTAHOBJIEHO, 1110 32 YMOB KYJIbTUBYBAaHHS 3€JieHi CipKo-
6akTepil MOXKYTb HarpoMaaKyBaTH 3HAUHI KiJIbKOCTi OpraHiyHOro KapOoHy
[1, 2], mo Moxke OYTH BUKOPUCTAHO Y OiOTEXHOJOTIUHUX LIiJISX.

Hartowmicts mMeToto uiei po6oTu 6y/a0 AOCAIAUTH OCOOJUBOCTI Harpoma-
mKeHHs 6inka y kaitTuHax C. [imicola IMB K-8 3a pi3Hux ymMoB MiHepasbHOTO
Ta OPTraHiuHOTrO XKUBJIEHHS.

© M.B. Topimnuit, C.IT. Tynss, 2013
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HATPOMAJIDKEHHS BIVIKA YV KJITUHAX CHLOROBIUM LIMICOLA IMB K-8 ...

Marepianun i metToau

JocninkeHHs: 6y IpoBesieHi 3 BAKOPUCTAHHSM KYJbTYPH 3e/IeHUX PoTo-
cuHTe3yBanbHuX cipkoBux 6aktepiit C. limicola IMB K-8 [2]. Bakrepii KyJb-
TUBYBa/u y pinkomy cepenoBuilli GSB npotsirom 8—10 ni6 npu temnepatypi
27—29 °C. biomacy 6akTepili BuU3Hauanu (GoToeJeKTPOKOJIOpUMeTpUUHO |1, 2.
BMicT r/10KO3M y HEKJITUHHUX eKCTPaKTax BU3Haualu (pepMeHTaTHBHO 3a
J0TIOMOTrol0 aHaiTuuHoro Habopy “diarmok-2” [2]. KoHueHTpauito riaikoreny
pO3paxoByBaJ/IM 3a TJIFOKO300 TicJ/s MPOBENEHHsST KHCJOTHOTO Timposidy [5].
Konuenrtpauito 6inka BuzHauaaun metonom Jloypi [5]. CraTucTuyHe ompa-
LIOBaHHSl OTPUMAHUX Pe3yJbTaTiB NMPOBOAUIN 3 BUKOPUCTAHHSM IPOrpaMu
“Origin 6.0”. Bubip TakTHKM CTATUCTUUYHOTO ONPALIOBAHHS i MiATOTOBKY
NAHUX [J/151 aHa/i3y 3iHCHIOBa/U, 0A3yIOUUCh HA 3arajJbHONIPUAHATUX METOAAX
[4] 3a piBHs mocToBipHocTi P < 0,05.

Pe3yabTaTH Ta 1X 00roBopeHHs

3riiHo OTpUMaHUX pe3y/abTaTiB [2]| wTaM 3ejeHUX CipKOBUX OakTepii
C. limicola IMB K-8 BukopucToBye 17151 HarpoMamKeHHst 6ioMacy Juiie mnes-
HUH criekTp aMmiHokucaoT: L-rayramar, L-acnaptar, L-npoain, L-tpuntodan,
L-rayraminy i L-acnaparin (B konuentpauii 0,1%). Inwi amiHokucaoTn He
CTUMYJIIOIOTh PiCT WITaMy, a00 iHKOJM HaBiTb HOrO MPUTHIYYIOTh.

[IpoBeneHO BU3HAUEHHS BIJIMBY BHUILIEBKA3aHUX aMiHOKHUCJIOT Ha MPOLIECH
HarpomaikeHHs 6iJika B KJAiTHHAX AOCaiIKyBaHoro wrtamy (puc. 1). Cuin 3a-
3HAYUTH, 110 CTUMYJIIOI0UUH e(heKT CIPUUMHSAIO0 BHECEHHS TaKUX aMiHOKUCJIOT:
L-rayraminy, L-rnyramaty Ta L-acnapraty, npote HalBULIMH piBeHb Oinka
criocTepiranu y mapaJedi, o Mictuaa ogHodyacHo L-rayrawmin, L-rayTtamar i
L-acnapTtat (250 Mr/r.c.B., 10 Ha 25% Bullle HiXK Y KOHTPOJI).

Puc. 1. BnimB opraHiuHuX €K30reHHUX
cybeTpartiB Ha GiocuHTe3 OisKa y
kaitunax C. limicola IMB K-8. A A
A — Giomaca, B — 6inok: 1 — (KoH- m B
Tposb — K), 2—(k + L-riayramar),
3 — ( k +L-acnaprar), 4 — (x
+ L-rmoramin 4+ L-rnyramar +
L-acnaprar), 5 — (k + L-npouin),
6 — (x + L-rpunrtodan), 7 — (x +
L-rnyramin), 8 — (k + L-acnaparin).

»
[l gl
>

s BBE8

Fig. 1. Effect of exogenous organic
substrates upon protein biosynthesis
in the cells of C. limicola IMB K-8.
A — biomass, B — protein 1 — (con-
trol—c),2—(c+L—g1L(1tamate)l,3— 0L ———————

(c + L-aspartate), 4 — (c + L-gluta-
mine 4+ L-glutamate + L-aspartate), 12345678
5 — (¢ + L-proline), 6 — (¢ + L-
tryptophane), 7 — (¢ + L-glutamine),
8 — (¢ + L-asparagine).
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Takox Hamu Oyna mepeBipeHa MOKJHUBICTb BUPOLLYBAHHS IOCJiIKyBa-
HOrO LITaMy Ha Pi3HUX OPTaHiyHUX [Kepesax KapOoHy, sIKi CTHUMYJIIOBAJU
HarpomamxkeHHs1 H6iomacu [2]| 3 momafbliUM BHU3HAUEHHSIM Oifka B KJiTHHAX
3eJieHUX CipKoBuX OakTepiil (puc. 2).

Puc. 2. Bnau opraHiyHMX e€K30reHHHUX
cy6eTpatiB Ha GiocuHTe3 Oiska y

—a- A kaitunax C. limicola IMB K-8.
77 B 30 o A — 6iomaca, B — 6in0k: 1 — (Kon-
1300 Tposb — K), 2 — (K + auerar), 3 —
; 3 '/F“F;\% zio\“ (k + mipyBar), 4 — (K + okcaJsoauerar),
= “7E 5 — (k + a—kerorayTapart), 6 — (x +
= 7 =
= 2] ﬁ 200 uurpar), 7 — (x + L—cykuunar),
§ 1505 8 — (x + dymapar).
C.E'J 71w@- Fig. 2. Effect of exogenous organic
A 1; g substrates upon protein biosynthesis in
'50 © the cells of C. limicola IMB K-8.
0 0 ™ A — biomass, B — protein: 1—(control —

c), 2 — (c + acetate), 3 — (¢ + pyru-
vate), 4 — (¢ + oxaloacetate), 5 —
(¢ + a—ketoglutarate), 6 — (c + ci-
trate), 7 — (¢ + L—succinate),

8 — (¢ + fumarate).

B pesysbTati npoBeneHoi po60TH BCTAHOBJIEHO, 110 HAUBUIIMHA CTUMYJIIO-
IoYMil e(eKT Ha MpoLecH HarpoMajikKeHHs OiJka BUSBJSB A-KeTOrJyTapar.
Cuain 3a3HauMTH, 110 32 LUX YMOB KYJbTHBYBAHHS CIIOCTEPIraaocs 3poCTaHHs
KiJbKoCTi 6inKa 10 270 Mr/r.c.B., wo Ha 30—35% OGiablle MOPiBHAHO 3 MiHe-
panbHuM cepenoBulleM GSB (KOHTpoOJIb).

JIn11 BCTaHOBJIEHHSI CHiBBiAHOLUEHHS Y HarpoMaJXKeHHi BiAMUTUMHU KJi-
tuHamu C. limicola IMB K-8 enporeHHux ByrseBofiB Ta 0inKa, KJIiTHHH
OJIHOYACHO BHUPOIILLyBaJJH 32 YMOB 3POCTaHHS KiJbKOCTi €HIOT€HHUX BYTJIEBO-
nie, Ha mMoaupikoBanomy cepenosuiii GSB: auerar 0,1% + nipysat 0,1%
+ izouurpar 0,05% + a-kerorayrapar 0,05% + 50% nitporenne + 50%
docdopue roonysannst + 50% minepanbre rosonysants + 80% CO, Ges
snecernns NO, [1, 2] 3 mopanbiuyM BU3HaY€HHAM KOHLEHTpALLi €HI0reHHUX
ByTrJIeBONiB Ta Oinka (puc. 3).

CJ/1in 3a3HAUUTH, 110 32 ONTHMAJbHUX YMOB OPTaHiUHOTO Ta HEOPTaHI{UHOro
xkuJseHHs C. limicola IMB K-8, Ham Brasmock HarpoMaauTu 6iomMacy y skiit
KOHLIEHTpaLisi rJikoreny cranounaa 240—250 mr/r.c.B. mpu oaHOYACHOMY
3HUXKeHH] KoHLeHTpauii 6inka 10 80—100 mr/r.c.s. OTpumani pesyabTaT
MOXKYTb OYTH KOPUCHMMH NpH OiOTEXHOJOTriYHOMY BHUKOPHUCTAHHI LIbOTO
Tamy.

66 —— ISSN 2076—0558. Mikpob6ioroeisn i 6iomexrnonrozis. 2013. Ne 3. C. 64—71



HATPOMAJIDKEHHS BIVIKA YV KJITUHAX CHLOROBIUM LIMICOLA IMB K-8 ...

—1— A
- B
—A-C

; A A A

YT RN
*»

Komnm,. aMIiHHOTO a30Ty Ta KOHILI.
TIIKOT€HY Ta I'NIFOKO3U MI/T.C.B

2 4 6 8 10 12
Yac, noda

Puc. 3. HarpomamkeHHs1 6iIKOBUX MOJIeKY.l, IIOKO3M Ta IJiKOTeHY y KJiTHHaX
C. limicola IMB K-8.
A — nocaigHu# 3pasok (KoHueHTpauis 6inka), B — mocainHuii 3pasox (KOHLEHTpAList
riikoreny). C — HarpoMmaj»KeHsl I'JIiKOTeHY 32 YMOB KOHTpoJito (MiHepasnbHe GSB), D —
KOHILIEHTpallisi 6iJKa 3a yMOB KOHTpoJt0 (MiHepanbHe GSB).

Fig. 3. Accumulation of protein molecules, glucose and glycogen in the cells of
C. limicola IMB K-8.
A — prototype (protein concentration), B — prototype (the concentration of glyco-
gen), C — acumulated glycogen in control (mineral GSB), D — protein concentration
in control (mineral GSB).

Takozk 6ysi0 mpoBeneHO foCaiIKeHb i3 BiAMUTUMU KJaiTuHamu C. limicola
IMB K-8 3a ymM0B BHeceHHs iHTiOiTOpa IIIOKOHEOreHe3y MOHOHO/ aueTary B
iHKyOaliliHy CyMilll Ta HAIBHOCTI B Pi3HUX NapaJessax IPOMiKHUX MeTaboJIiTiB
uuKay ApHoHa (pymapaty, Manaty, CyKUMHATY, LUTPATy Ta Q-KETOTJIyTapary).
Uepes 48 romuH iHkyOauii BCTAaHOBU/IM KijlbKicHi 3MiHHM 6ifka B KiTHHaX
C. limicola IMB K-8 (puc. 4).

Cain 3a3HaYuMTH 1110 BHECEHHS MOHOMOJ aleTaTy B iHKyOaLifHy CyMill
C. limicola IMB K-8 (puc. 4 napaJsesb HOMep 6) MPU3BOAUIIO A0 3POCTAHHS
KOHLIeHTpaLli 6ika Ha 50 % nopiBHAHO 3 KoHTpoJseM. [HIi opraHiuni nxKepesa
KapOOHY CTHMYJIOBa/M HarpoMaaKeHHs OijKa 32 LIMX YMOB y MEHIUUX KiJlb-
KocTsx. CTuMy/II0104ni epeKT MOHOHO/ aLeTaTy Ha MpOLEeCH HarpoMaIKeHHS
6inKa MOXKHA, OYeBUJHO, MOSICHUTH {HIIOyBaHHSAM IVIIOKOHEOTreHe3y.

3rigHo 3 JiTepaTypHUMM AaHUMH [4, 5, 6] mepeBaxkHa OiibLIICTL MPO-
KapiOTHUX HITPOreHas3 Ha/leXUTb 10 TPbOX OCHOBHHX THIIB, y SAKHUX Kodep-
MeHTHAa 4aCTHHA BKJ/IOYa€e TaKy KOMOiHaLl0 MiHepa/bHUX eJleMeHTiB — (hepyM-
MOJIiOIeH Neplui THM, (pepyM-BaHanid Apyrui Tun i ¢pepym-pepym TpeTii
tun [5, 6]. Hast wramy C. limicola IMB K-8 6y/i0 npoBeneHo noCaiaKeHHs
3aKOHOMipHOCTEeH HarpoMajkeHHs O6ioMacu Ta OIJKOBUX MOJIEKYJ Ha MiHe-
panbHomy cepenopuili GSB, Ges BuecenHs mxepena Hitporeny NH,* Ta
onHovacHoi BincyTHocTi Fe?t, V i Mo y pisHux nmapasnensix.
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Puc. 4. BniiuB MoHOWOJ alleTaTy Ha NMpPoOLIECM HAarpomMaJKeHHs Oijka
C. limicola IMB K-8.
A — 6iomaca, B — 6inok: 1| — (KoHTposb — K), 2 — (K 4+ L-riyramin + L-rayramat +
L-acnapratr — 3L), 3 — (koHTposb + 3L 4 MoHo#on auerat), 4 — (k + 3L + MoHO#ONI
auerat + okcajoauerar), 5 — (kK + 3L + moHo#on auerart + cykuuHat), 6 — (K 4+ 3L
+ MoHOHoOJ auerat + a—KkeTorayrapat), 7 — (kK + 3L + MoHo#on aueTat + LUMTpaT).
Fig . 4. Effect of monoiodine acetate on the processes of accumulation
of protein in the cells C. limicola IMB K-8.

A — biomass, B — protein: 1 — (control — ¢), 2 — (control + L-glutamine + L-
glutamate + L-aspartate — 3L), 3 — (¢ + 3L +monoiodine acetate), 4 — (¢ + 3L +
oxaloacetate + monoiodine acetate), 5 — (¢ 4+ 3L 4 monoiodine acetate + succinate),
6 — (¢ + 3L + monoiodine acetate + a—ketoglutarate ), 7 — (¢ 4+ 3L + monoiodine
acetate citrate).

Cuatin 3a3HAUUTH, 110 32 LIUX YMOB KyJbTUBYBAHHS BUKOPUCTOBYBAJ/H BU-

KJIFOYHO BOIY MEPLIOTO KJacy IJs TPUroTyBaHHs cepenoBuiua GSB (puc. 5) .

BcranoBieHo, 1110 32 yMoB BHeceHHs1 Fe?t crioctepiraeTbesi picT Ky/abTypu
Ta HarpomajkeHHs Oi/JiKa, HaBiTh 3a BiICyTHOCTI JkepeJsa HitTporeny NH,* B
cepenoBHili KyabTUBYyBaHHS. CJil 3a3HAUUTH, LIO iI€HTUYHI MOKA3HUKHU 6io-
MacH crocTepira/aucs i 3a BiACyTHOCTI, HaBiTb ogHoyacHoi Mo i V. HatowmicTb
oJHOuacHa BiACyTHicTb KationiB Fe** Ta NH,* B cepenosuili Ky1bTuByBaHHSA
npu3Boausa a0 3arubeni MikpooprasismiB. OTpumaHi pesy/bTaTu Aal0Th
MOXKJIUBICTb MPUIYCTUTH, 110, o4yeBUAHO, y KiaituHax C. limicola IMB K-8
JNOMiHYBa/JIbHUM € TPeTill THUIl HITPOT€HA3HOTO KOMILIEKCY — (epyM-hepyM
sanexHa hopma, iHribylouuii eexT Ha Ky CIpuuHHseE, i/a60 BHECEHHs NH,*,
i/a60 BincyTtHicTh Fe2* B cepenoBulli KyJbTHBYBAHHS.

Hocnimxennsivu [3, 5] BCTaHOBJIEHO, L0 HE yCi IITAMY 3€/J€HUX CiPKOBHX
6akTepill 3naTHI 10 aHaepoOHOI a30T(iKcallii K PU OCBiTJ/IeHi Tak i y TeMps-
Bi. [ly1s mepeBipkM LiMX BJIACTUBOCTeH NMPOBEAEHO TaKi A0C/iIKeHHs. BinMuTi
kaituHu C. [imicola IMB K-8 3 norapudmiunoi ¢asu 6ynu nomiiieHi B iHKY-
OaLifiHy CyMill siKa He MiCTHJ/a JxKepeJsa HiTPOreHy, siK 32 YMOB OCBiTJ/IEHHS
Tak i B TempsBi. [licas 48 ronun inky6auii 6yJsno npoBeneHo BU3HAUeHHS 6io-

68 —— ISSN 2076—0558. Mikpob6ioroeisn i 6iomexrnonrozis. 2013. Ne 3. C. 64—71



HATPOMAJIDKEHHS BIVIKA YV KJITUHAX CHLOROBIUM LIMICOLA IMB K-8 ...

A
H B
6- 4°°m
5 1350 0
S " laog
= i & o8 ! " =
=
3 3{ (8
S
g3
K
0

1 2 3 4 5 6 7

Puc. 5. BnauB pi3Horo Tuny MiHepaJibHOrO XKHUBJEHHS HA YTBOPEeHHs1 6GioMacu 3eJleHUMHU
CipKOBMMM OaKTepisiMM Ta HarpomMajKeHHs Oijka.

A — 6iomaca, B — 6inok: 1 — (KoHTposb — MiHepanbHe GSB), 2 — (KOHTpoJb —
NH,"— Fe?"), 3 — (xonutposr — NH,*— Mo + Fe’"), 4 — (koutpoab — NH,*— V +
Fe?"), 5 — (xontposb — NH,*— V — Mo + Fe?"),

6 — (xonrposb — 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 + Fe*), 5 —
(control — NH,*— V — Mo + Fe?"), 6 — (control — NH,*+ V + Mo + Fe*").

MacH Ta KoHLeHTpauii 6inka (puc. 6). BectanoBseHo, 1110 KoHLeHTpaLis 6inka
3Haxoau/JIacs NMPaKTUYHO HA OQHOMY pPiBHi, IK 32 YMOB OCBITJIEHHSI TaK i 3a
yMOB TeMpsBH. [IpoTe 3a ymoB TempsiBu 6iomaca suusunacs Ha 30% (puc. 6)
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Puc. 6. Bniue ocBiT/ieHHs Ta TeMPABM Ha MPOLECH HATPOMA/KEHHS GiJKa y KJITHHAX
C. limicola IMB K-8. A — 6iomaca, B — Gigok.

Fig. 6. Effect of light and darkness on the processes of accumulation of protein in
the cells C. limicola IMB K-8. A — biomass, B — protein.
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Takum uuHOM, B pe3y./bTaTi npoBeneHoi poHOTH BCTAHOBJIEHO, 1110 3eJeHi
cipkosi 6aktepii C. [imicola IMB K-8 echekTuBHO 31iliCHIOIOTh a30TdiKcaLlilo B
aHaepoOHUX YMOBaX, 5K 32 YMOB TeMP$IBU TakK i Npu ocBiTaeHHi. JlocinkeHo,
1110, OUEBUHO, TOMiHYBa/JIbHOK (POPMOIO HiITPOT€HA3HOT0 KOMILIEKCY Y KT THHAX
C. limicola IMB K-8 e ¢pepym-pepym 3anexxna ¢popma. Takoxk BCTAaHOBJIEHO,
110 CTUMYJIOIOYMHA e(eKT Ha MpOoLeCcH HarpoMmaaKeHHs Oi/lKa y KJIITHHAX
3eJIeHUX CipKOOaKTepiil BUABJIAE OJHOYACHE BHECEHHS HU3bKOMOJIEKYJISPHUX
intTepmeniatis L-rmyramaty, L-rmyraminy, L-acnapTarty Ta a-ketorayrapary
B iHKyOaLilHy CyMilll 32 YMOB HasiBHOCTI iHTiOiTOpa IMIIOKOHEOTeHe3y MOHO-
Hon auerary.

M.B. Gorishnyi, S.P. Gudz

Ivan Franko National University of Lviv, 4, Grushevskoho str., Lviv, 79005, Ukraine,
tel.: 438067492 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 effect 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?fions 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 efficiently 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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JIbBOBCKHH HalMOHAIBHBIH yHUBepcHUTeT nMeHn MBana ®panko, yua. I'pymesckoro, 4, JIbBos,
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HAKOIJIEHUE BEJIKA B KJIETKAX
CHLOROBIUM LIMICOLA IMB K-8

Pedepar

Lleab MccaenoBaHMi — M3YyUYUTb OCOOEHHOCTH HAKOIJIEHHs Oeska B
kiaetkax C. [imicola IMB K-8 B 3aBUCHUMOCTH OT MHHEpPasJbHOTO W OPTaHU-

70 —— ISSN 2076—0558. Mikpob6ioroeisn i 6iomexrnonrozis. 2013. Ne 3. C. 64—71 _—



HATPOMAJIDKEHHS BIVIKA YV KJITUHAX CHLOROBIUM LIMICOLA IMB K-8 ...

YeCKOTro THIAa MUTaHUS MUKpooprann3MoB. Metoabl. B pa6ore rcnomb3oBaHbl
OOIIENpPUHSTbIE MUKPOOHOJIOTHYECKHE METOMbI UCCIEN0BAHNMN, CTAHAAP THBIH
MeTO[I OTIpe/ieJIeHNsT KOHLEHTpaLUK OeJiKa 1o MeTony JIoypH, GnoXuMudecKui
MEeTOJL OTIpe/ie/IeHHsT KOHLIEHTPALMHU IJII0OKO3bI C TOMOLIBIO aHATUTHUECKOTO Ha-
6opa “Jluarmok-2», mpoBeneHa cTaTUCTHYeCKast 00paboTKa naHHbIX. Pe3y.ib-
TaTH. Y CTAHOBJIEHO, UTO CTUMYJ/IMPYIOIlee BAUSHUE HA MPOLeChl HAKOMJIEHHS
6eKoBbIX MosieKyJ1 B KiaeTKax C. [imicola IMB K-8 okaseiBaet L-riyTamus,
L-rnmyramar, L-acmaprar u a-kertorsmytapar. MccnenoBanusi rosonanusi mo
kKatuoHam Fe®" B OTCyTCTBHE KAaTHOHOB aMMOHHUSI B KyJ/bTYypasJbHOU cpefe
BbI3bIBaeT HHIUOWPOBaHUE TPOLIECOB HAKOTJIEHUsI OoMachl U HesKa B KJIeT-
KaX HCCJEeLyeMOro LTamMMa. ¥ CTaHOBJIEHO, UTO 3eJieHble CepHble OaKTepuu
C. limicola IMB K-8 ath(heKTUBHO BBITIOJIHSAIOT (PHKCALMIO a30Ta B aHAIPOOHBIX
YCJIOBUSX, KaK TMIPU OCBEIIEHUH TaK ¥ B TEMHOTE.

Knwouesboie caosa: C. limicola IMB K-8, L-rnyramuH, L-rnyramar,
L-acnaprat, riokosa, rJIMKOreH.
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BMICT MEJIAHIHIB ¥ bASUIAJIbHUX I'PUBIB
MNOPANKIB POLYPORALES TA AGARICALES

Memoio pobomu 6yL0 BuBUeHHS 3A2AAbHO20 BMICIY MEAAHIHIB | KApnogho-
pax, miueaii i kyromyparvHomy irempami esxkux 8udis 6a3zudiomiyemis.
Memoou. ExcmpaKkuito Mesarini8 3 MIKOAO2IUHO20 Mamepiaiy nposoouLl
WAAXOM 11020 AYxcHo20 eidporidy 2 N posuunom NaOH y cnisgionoulermi
1:10 3 nodarvwum ocadxennam Kouyenmposarnoro HCI. Ocad, wo ymaso-
puscs nicas 000a8aHH COALHOL KUCAOMuU posuunsiiL 8 &5 ma 2 N posuuny
NaOH. 3acanrvruii emicm niemenmy 8U3HAUAAUL CREKMPODOMOMEMPULHUM
Mmemodom ma po3paxosysanri 3a 00NOMO20H0 KAAIOPYBAAbHOI Kpusoi (3a
nipokamexinom). Buicm meraniny 8 kyrvmyparonomy irempami suznaua-
au npamum homokoropumempysarnam. Pesyasomamu. Busnavero 3azarvHuil
smicm merauinis y kapnogopax 50 sudis 6aszudiomiyemis, 3 akux 27 Ha-
aeaxcame 0o nopsoky Polyporales ma 23 — nopadky Agaricales. Haiisuujuil
smicm mesaHinis sussireno 8 kapnogopax sudie Ganoderma applanatum,
Fomitopsis pinicola, Inonotus obliquus ma Lentinus edodes. Budireno 8
miverianvry kyromypy 30 wmamie 10 sudie 6asudiasvrux epubis, 05
AKUX 8U3HAUEHa OUHAMIKA pOCMY MaA HAKONUYEeHH s MEAAHIHI8 8 Miuell ma
KYAbmyparvHoMy girempami npu KYAbmusysanHi HQ eAHOKO30-NenmoHHOMY
cepedosuiyi. Bucnosox. Ceped 50 sudis 6asudiomiuemis Hatbirouiui smicm
MEAQHIHIB BUABAEHO I NPedcmAasHUKI8 noiinopasvrux sudie — Ganoderma
applanatum, Fomitopsis pinicola ma Inonotus obliquus i acapukaivHux
sudis — Fistulina hepatica ma Lentinus edodes. Bcmarosaero, w0 Hatibirbul
akmusui sudu Fomes fomentarius ma Lentinus edodes — nepcnekmusi
0as nodasviuux 0ocaidxceHb 3 Memoro ONMUMIBAULL YMO8 KYAbMUBYBAHH L
05l OMPUMAHHA MEAAHIHIB MILEAIANbHOCO NOXOOHCeHH L.

Karwuwosi caosa:basudiomiyemu, Kapnopopu, Mesarini, Miyerit, Kyio-
mypanrvHuil girempam

OpnHuM 3 yHiBepca/JbHUX MPOLECiB, 110 MPOTiKae B KMiTHHI € MepeKUCcHe
okucHeHHs Jinigi ([T1OJI) — naHLiOroBe OKMCHEHHSI HEHACHUYEHUX YKUPHUX
KHCJIOT 32 Y4aCTIO MOJIEKYJIIPHOTO KMCHIO, 1O 3a0e3Mnedye pOo3IIHupeHe yTBO-
peHHs BisbHUX paaukadgis [1, 6]. Binomo, mo akTuBauis uux npouecis y Bif-
MOBib HA M1i10 PI3HOMaHITHUX (DAKTOPIB € ONHUM 3 afaNTaLiMHUX MeXaHi3MiB i
CrpsIMOBaHA Ha 30i/bLIEHHS MPOHUKHOCTI KJAITUHHOI MeMOpaHH, MOJIeTLIEeHHS
po6oTH MeMOpaHHUX 6inkiB. OgHAK, BUXOASUM 32 MeBHI MexXi, Ui 3pyLIeHHs
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HaOyBalOTb CaMOCTIHHOIO MATOTeHEeTHYHOro 3HauyeHHs. PiBeHb MpoTikaHHS
npoueciB [TOJI KOHTpOJIIOETHCS aHTHOKCHAAHTHOK CUCTEMOIO OpPraHi3aMy, 10
KO BiiHOCSITbCsl Mesadinu |1, 8]. Lle rpymna BUCOKOMOJIEKYISIPHUX OPraHiqHUX
NirMeHTiB, 110 YTBOPIOIOTHCS MPU OKUCHIN moJimMepusauii (heHoJiB i IHPOKO
po3moBcloKeHi B XKuBid npuponi [4, 5]. MenaHinu nposiBASIOTH pamio- i
(hOTONPOTEKTOPHY, aHTHKaHLepoTreHHy Ta iHwy mii [8]. OTxe, BoHHU Bimirpa-
I0Tb iCTOTHY pOJib y (POPMYBaHHI CTPECOCTIMKOCTI Ta ajanTalii opraHiaMis
no ¢aktopiB cepenoBuiia |2, 11]. BcranoBaeHo, 1110 MOPiBHAHO 3 MITYYHO
CHHTE30BaHUMHM, NPUPOHI MIrMEHTH MeHILI TOKCUYHi Ta Oi/bll e(eKTUBHI MPH
3actocyBaHnHi [11, 14]. fIk Hacnigok, BUcoka 3aTpebyBaHiCTh Ta BapTiCTb Me-
JIAHiHIB 3yMOBJIIO€ MOLIYK MOTEHUIHHUX JKepeJsl IX OTPUMAaHHS, Y TOMY YHUCJIi,
cepen rpubis [8, 11].

KowmnniekcHe BHBYEHHSI 30ATHOCTI IO CHHTE3y MeJIAHIHIB MiKOJIOT{UHHX
006’eKTiB moyasocs HanpukiHi XX CT. i TOPKAETbCS, MEpPeBAXKHO, HUKUUX
rpubiB pomiB Aspergillus, Daldinia, Saccharomyces ta Phycomyces [8].
JocainzkeHo BMICT MeJIaHiHIB B MJOAOBUX TiJax BUIIMX Oa3uniasbHUX rpubiB
BuniB Lentinula edodes, Inonotus obliquus, Phellinus robustus, Ganoderma
applanatum, Fomes fomentarius i in. [3, 11, 14]. Onnak, HasBHi naHi na-
I0Tb HEIOCTaTHbO C(hOPMOBAHE YSBJEHHS MPO KiJIbKiCHUHM BMIiCT MeJIaHiHIB B
NJIOJOBUX TiJax, MilleJsii Ta KyabTypajabHOMY (iibTpaTi 6a3uaioMileTis, 110
00yMOBJIIO€ HEOOXIIHICTh MOAA/BIINX CKPUHIHIOBUX POOIT y LIbOMY HaNPSMKY.

Buxozsiuu 3 BUlLle3a3HaY€HOr0, METO0 poOOTH OyJ/10 BUBUEHHS 3arajlbHOTO
BMICTY MeJIaHiHIB y Kaproopax, MileJii i Ky AbTypaabHOMY (ibTpaTi AesIKHX
BUIB 6a3umioMiLeTiB.

Marepianun i metToau

Marepianom nocnimxkenuss 6yau Kaprnodopu 50 BHAIB MaKpOMIlLETiB, 3
IKUX 27 HasexaTb o nopsinky Polyporales Ta 23 — nopsnky Agaricales,
a TakoxX Miuenai#i Ta KyabrypanbHui ¢inbrpat 30 wramis 10 Bunis Bimmi-
ny Basidiomycetes (taba. 1). B po6oti BukopucToByBanu wtamu Fomes
fomentarius (L. ex Fr.) Gill. (T-10, Ff-09, Ff-1201); Laetiporus sulphureus
(Bull.) Murrill. (Ls-08, Ls-09, Ls-0912); Fistulina hepatica Schff. ex Fr.
(Fh-08, Fh-18); Flammulina velutipes (Curt.: Fr.) Sing. (F-03, F-06, F-1,
F-202); Pleurotus ostreatus (Jacq.: Fr.) P. Kumm. (Hk-35, P-004, P-01,
P-039, P-107, P-192, P-208); Schizophyllum commune Fr..Fr. (Sc-10, Sc-
1101, Sc-1102); Trametes hirsuta (Wulf.:Fr.) Pil. (Th-11), Trichaptum
biforme (Fr.) Ryv. (Tb-11), Ganoderma lucidum (Curtis) P. Karst. (GI-1,
Gl-2, GI-11) Ta Lentinus edodes (Berk.) Pegler (Le-2, Le-4, Le-10) [10]. Lli
mTamu O6yJu BUMIiNEHI B UACTY KYJAbTYypy 3 AuKopocaux mnopoBux Tin (I1T)
6asuniomileTiB, 3i6paHux B pidHUX MicueBocTsax [loneupkoi obaacti. Cuc-
TeMaTHYHe TOJIOKEHHSI NOC/iIKeHUX OasuaioMilleTiB BCTAHOBJEHO 3TilHO
BU3HAuHHUKA [13].

3 MeTol0 BUBUEHHS BMICTy MeJaHiHiB, 3i6paHi Kaprnodopu npomuBal,
BUCYLUYBa/M Ta nozapiodHooBatu no po3mipy vactok 0,140,001 mm. HocainHi
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TaMM KyJbTHBYBaau B 50 MJ TJIIOKO30-TIEITOHHOrO cepenoBHiua (r/ iJ):
rmokosa — 10,0; nenton — 3,0; KH,PO, — 0,6; K,.HPO, — 0,4; MgSO, x
7H,0 — 0,5; CaCl, — 0,05; ZnSO, x 7H,0 — 0,001 [13] (pH 6,5) nosepx-
HeBO B Kosibax Epsenmeiiepa emuictio 250 ms BiponoBxk 6, 9 ta 12 ni6 3a
temnepartypu 27,5 °C [3, 7]. Inokymntomom cayryBaiu 10-tu 1o6oBi Mitiesiaabhi
KyJbTYPH LUTAMIB, BUpOLIeHi Ha cycJo-arapi. [licsia 3akiHueHHSI TepMiHY KYJIb-
THBYBaHHS, OTPUMYyBa/u KyabTypanbHuil dinbrpat (K®) i miueniit mwasxom
¢pinbTpyBanHs KynbTypanabHoi pinunu npu 5+1 °C. Miueniit BucyiyBamu Ha
¢pinbTpyBanbHOMY namnepi no mocTifiHOI Baru i oxosnomkysanu no 1+0,5 °C.
[ligroToBneHuil MiLeifi roMOreHi3yBa/y LIJISIXOM PO3THPAHHS B OXOJIOIKEHIN
ctynui. B mopganbmux nocaimKeHHSIX BUKOPUCTOBYBAJIM MoApiOHEHi Kapro-
dopu (ITK), romorenizopauuit mitenit (MI') ta K®. biomacy I1K Ta miuesniio
BH3HAYa/M BaroBUM METOMOM Tic/isl BUCYLIYBAHHS [0 MOCTilHOI Baru [7].

Menaninu ekcTparyBasu WASIXOM HOTO Jy2KHOTO Trinpodidy 2 N po3unHoM
NaOH vy cniBBigHowenHi 1:10 3 nopa/bliuM ocaiKeHHSIM KOHLIEHTPOBAHOIO
HCI. Ocan, mo yTBOpuBCS Micjsi 10AaBaHHS COJISTHOI KMUCJOTH PO3UHHSIHN B
5 M1 2 N posunny NaOH. 3aranpHu#l BMiCT MirMeHTy BH3HAYaJl CIIEKTPO-
(bOTOMETPUYHUM METOOM Ta PO3PaxoByBaJIM 32 AOMOMOI0I Ka/libpyBasbHOI
KpHUBOIi (3a mipokatexinoM) [5]. BmicT MenaHiHy B Ky/abTypasbHOMY (idbTpaTi
BU3HAUa/ M NMpsiMUM (poTokosopuMeTpyBaHHsam K [5].

MenaninoBi nirMeHTH ineHTU(IKyBaIM 32 JOMOMOrO0 SIKICHUX peakuii 3
KMnO,; posunnu mirmentis — B 0,1 N NaOH y npucytuocti 10% H,0, [5].

JlocainkeHHsI TPOBOAU/IM y TPUKPATHi# moBTOpHOCTi. CTaTHCTHUHE Ofpa-
I[FOBaHHSI MTPOBOAMJIK 3 BUKOPUCTAHHAM niporpam Microsoft Excel Ta nmakety
nporpaum [9] n/st mpoBeneHHsI CTATUCTUYHOT 0OPOOKU pe3y ibTaTiB 6i010riYHUX
€KCIIePUMEHTIB 3 BU3HAUEHHSAM IapaMeTPUUHUX KPUTEPiiB, OMHOPIAHOCTI Ta
3HAUYLIOCTi. 3 METOK BU3HAYEHHS PiBHS KOpeJslii Mi>K BMiCTOM MeJiaHiHiB
y miuenii Ta K® onHOBiKOBUX KyJbTyp BHU3HAuaJM JiHiHHUHA KoedilieHT Ko-
pensiuii. PesynbTaTu npencrtaB/eHi K cepelHEe 3HAUEHHSI 3 MOMPABKOKO Ha
cTaHaapTHy noxubky (M-m). J[ocTOBipHiCTb HaHUX Ta Pi3HULI MiK HUMH
ouiHOBasnu 32 KputepieM CTblofeHTa 3a piBHeM 3Hauyuocti p < 0,05 [9].

Pe3yabTaTH Ta 06roBOpeHHs

Jloc/imKeHHsl TPOBOAM/IM B ABa €TalH, Ha MepLIOMYy 3 KX BH3HAua/H
3arajJbHUH BMICT MeJaHiHiB y 225 Kaprodopax 27 BHIIB MoJinopaibHUX Ta
y 220 xapnodopax 23 BuUAIB arapukajbHuX OasuaiomileTiB. YsaraabHeHi
pe3yJbTaTH LbOr0 AOCJiIKEHHS MpeacTaBJ/aeHi B TabJa. 1, 2.

SIk BunHO 3 TabJ. 1, 2 3aranbHUil BMICT MeJIaHiHIB y 3pa3kax Kaprnodopis
KOJIUBAETHCS SIK y IPUOIB OHOTO BUIY (HANpHUKJ/IaA, AMKOPOCJ/IUX Ta KYJIbTHBO-
BaHux 6asuniomiuetis F. velutipes Ta P. ostreatus), Tak i pi3Hux BuaiB rpubis,
1110 MiATBEpAXKY€e OTPUMaHi AaHi A/ iHIKX BUAIB Oasumiomiuertis [8, 12].

3a BMiCcTOM MeJiaHiHiB B Kaprodopax noJinopasbHi 6asuaiomileT MoKHa
pPO3MONIMUTH HA Tpu rpynu (taba. 1).
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Tabmauug 1

Bmict menaHiniB y kapnodopax 6asuaiomiueriB nopsaky Polyporales

Table 1

Total content of melanins in basidiocarps of Polyporales

Bun Kiabkicts kapnogopie | Bmict menaninis, mr/r

Amyloporia lenis 9 0

Auricularia auricula-judae 12 0,55 + 0,03
Chaetoporus ambiquus 3 0,62 £ 0,02
Daedalea quercina 6 0

Fibuloporia mollusca 9 0,20 £ 0,00
Fomes fomentarius 9 4421 + 1,17
Fomitopsis pinicola 12 63,24 + 2,04
Ganoderma applanatum 9 53,47 £ 1,03
Ganoderma lucidum 9 474 +£0,12
Heterobasidion annosum 12 0

Hydnum ochraceum 3 1,15+ 0,05
Inonotus obliquus 15 83,77 £ 0,22
Irpex lacteus 6 0,20 £ 0,01
Laeticorticium roseum 12 1,38 + 0,10
Laetiporus sulphureus 9 6,28 + 0,12
Phellinus igniarius 12 14,24 £ 1,51
Phellinus pomaceus 9 2,16 £ 0,04
Piptoporus betulinus 6 1,47 £ 0,01
Polyporus squamosus 12 2,92 + 0,01
Sparassis crispa 6 0,45 £ 0,05
Trametes campestris 6 1,84 +£ 0,02
Trametes squalens 3 1,61 £0,01
Trametes versicolor 6 9,45 + 0,15
Trametes zonatus 15 8,43 + 0,04
Tyromyces lacteus 6 0,26 £ 0,01
Tyromyces revolutus 9 0,93 £ 0,01
Tyromyces undosus 3 1,46 + 0,01

[TpumiTka: gocsinkeHo Kaprnopopu TUKOPOCTUX rpubiB.
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Tabauus 2

Bmict menaniniB y kapnodopax 6asuaiomiueriB nopsaaky Agaricales

Table 2

Total content of melanins in basidiocarps of Agaricales

Bup KiabkicTb kapnodopis BmicT menaninis, mr/r

Agaricus arvensis * 5 1,73 £ 0,05
Agaricus bisporus ** 9 1,86 + 0,08
Agaricus campestris * 5 1,00 £ 0,01
Agrocybe cylindracea ** 9 1,42 + 0,01
Coprinus comatus * 15 3,20 + 0,01
Coprinus micaceus * 15 3,00 £ 0,01
Fistulina hepatica * 9 9,34 + 0,17
Flammulina velutipes * 27 6,561 £0,13
Flammulina velutipes ** 3 0,95 + 0,01
Kuehneromyces mutabilis * 9 2,16 + 0,09
Lentinus edodes ** 9 24,67 + 0,21
Lyophyllum connatum * 3 0,90 + 0,02
Lyophyllum loricatum * 3 1,88 £ 0,16
Marasmius oreades * 3 0,91 + 0,03
Pholiota aurivella * 21 0
Pholiota squarrosa * 3 0
Pleurotus citrinopileatus ** 3 0
Pleurotus eryngii ** 6 0,45 + 0,01
Pleurotus ostreatus * 34 2,78 £ 0,09
Pleurotus ostreatus ** 3 0,93 £ 0,02
Pleurotus ostreatus var.Florida ** 3 0,30 + 0,00
Stropharia aeruginosa * 6 1,67 £ 0,03
Stropharia rugosoannulata ** 5 1,15 £ 0,02
Schizophyllum commune * 5 1,71 £ 0,12
Tricholoma flavovirens * 5 3,60 + 1,19
Tricholoma sejunctum * b) 0,90 +£ 0,01
[Tpumitka: “ * 7 — nukopocJsi rpubu, “ ** 7 — KomepuiitHi rpudu.
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Y nepuy rpyny Bxoaath 23% ocC/iKeHUX 6asuioMileTiB, 10 MaKTh
He3HauHWH BMICT MeJIaHiHiB B Kaprogopax, piBeHb SKOT0 3HAXOIUThCS B MexKax
Bin 0,20 mr/r y I. lacteus no 0,93 mr/r y T. revolutus. Jlo apyroi rpynu BigHo-
cutbest 50% BuaiB 3 BMicTOM MesiaHiniB Bin 1,15 mr/ry H. ochraceum no 9,45
mr/r y T. versicolor. Haii6inbluuii BMicT MesaHiHiB BUsIB/IeHO B Kaprnodopax
G. applanatum, F. pinicola ta I. obliquus, mo cknanae 53,47; 63,24 ta 83,77
Mr/T, BifnosigHo. ¥ Kapnogopax TphoX BHAIB NOJINOPOBUX GasHAioMiLeTiB, a
came — D. quercina, H. annosum ta A. lenis MeJlaHiHW He BHSIBJIEHO.

BinbwicTe arapuxkanbHuXx TpubiB MOPIBHAHO 3 MOJNIMOPOBUMH MalOTh
3HAYHO HMXKUMH 3arajibHui BMicT MenaHiniB (Taba. 2). Tax, 30% rpubis mo-
CJiIYKeHUX BUMAIB Mae BMiCT MeJsaHiHiB B Mexkax Big 0,30 mr/r y P. ostreatus
var. Florida no 0,95 mr/r y F. velutipes. Jlo rpynu 3 NMOMipHMM BMicTOM
menaninis Bin 1,0 mr/r y A. campestris no 6,51 mr/r y F. velutipes Mox-
Ha BigHectu 14 Buais. HaliBumiuil sarajnbHuil BMicT MeJaHiniB Big 9,34 mo
24,67 wmr/r, sadikcosano B kaprnodopax F. hepatica ta L. edodes, Biamo-
BinHO. OnHaK, MakCHMaJbHUH piBeHb BMICTy MeJIaHiHIB y arapukoMileTy
L. edodes y 3,4 pa3y HUXKXYMi 32 BMICT LMX PEUOBHH y Kaprodopax TpPyTo-
BuKka /. obliquus. JInsi MopiBHSIHHS 3a3HAUMMO, 1110 CEpPeHill BMiCT MeJIaHiHiB
y 6iomaci Saccharomyces neoformans var. nighcans, 3aporIOHOBaHOTO IJIsi
OTPUMAHHA 1100 TirMeHTy, ckaanae 20—31 mr/r 6iomacu [8].

Ort:xe, HaWBUILIMH BMICT MeJaHiHIB BUSIBJIEHO B Kaprodopax 6asumio-
MileTiB noJinopanbHux BUmiB G. applanatum, F. pinicola, I. obliquus i
arapukaabHux BumiB F. hepatica ta L. edodes.

Bcranosseno, 1o 3a kynbTuByBaHHs Ha [TIC Bci mocqimkyBaHi wtamu
J0CSITal0Th MAaKCUMYMYy HaKonudyeHHs 6iomacu Ha 12-Ty no6y pocty (Ttaba. 3).
HadinponyktuBHimumu € wrtamu S. commune Sc-1101 i Sc-10 ta wram
F. velutipes F-202. Halinu:xui 3HaueHHs1 HaKonmuueHHs1 6iomacu 3adikcoBaHi
st wramiB P. ostreatus P-192 ta F. fomentarius Ff-09.

BcranosaieHo, o GinbwicTs wramis (96% ) 3maTHi 10 MOCTYNOBOro Ha-
KONHUYEeHHsI MeJIaHiHiB B Miuesii Ta 61u3bk0 50% 1ITaMiB — B KyJAbTypaJbHii
pinuni. Bmict menaniniB B KO 3nauno Huxkuuil Hixk B Mitedii. Lle moxkHa nosic-
HUTH POJIJIIO MEJIAHiHIB Y KJIiTHHI Ta 0COOJIMBOCTSIMUA OCMOTPO(HOr0 *KHUBJIEHHS
rpUOHUX OPTraHi3MiB, OCKiJIbKH BOHU O€PYThb y4acThb B aIalITOT€HHUX PeaKILisX
Ha 3MiHM yMOB CepelloBHUIA Ta HelTpasnizalii BinbHUX panukadgiB [1, 8, 14].
Ortxe, BUKOHYIOUM creundiyni yHKUii B rpuOHOMY OpraHismi, Li CroayKu
CHHTE3YyIOTbCS Ta HAKOIUUYIOThCS B MICLISIX JIOKaJi3aLlil 3a3HaYeHUX MPOLEeCiB.

Jlnst Beix wtamiB nopsinky Polyporales xapakTepHUM € HalOisblile HAKOMH-
YeHHs MeJiaHiHiB B MiueJiii Ha 12 no6y pocTy. MakcuManbHU# BMICT MeJIaHiHIB
B MilleJsii 3adikcoBano ans Buny wramy F. fomentarius T-19 — 3,02 mr/r.
[Ilono BmicTy MenaniniB y K@, To /s 6isbliocTi TaMiB MaKCHMaAbHUE BMICT
MX pedoBHH 3adikcoBano Ha 12-Ty, a mas wramy F. fomentarius T-10 — Ha
9-1y no6y kyabTuByBaHHS. Haiibinbume wmenaninis y KO Hakonuuye mram
F. fomentarius Fi-1201 (0,21 mr/mn). Menanin He BusiBieno 8 KO nporsirom
BCbOTO TePMiHY Ky/bTuBYBaHHs wtamiB 1. hirsuta Th-11 ta T. biforme Tb-11.
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Tabauusg 3

JluHamika HakonudeHHs Giomacu (r/a) wramamu Gasuaiomiueris

Table 3

Dynamic of accumulation of absolute dry biomass (g/l) of the strains of
Basidiomycetes

Litam 6 1i6 9 2i6 | 12 2i6
[Topsinok Polyporales
G. lucidum GI-1 0,69 0,07 1,65 = 0,01 2,34 + 0,04
G. lucidum GI-2 0,71 = 0,01 1,91 = 0,08 2,74 += 0,19
G. lucidum GI-11 0,58 =+ 0,04 1,34 = 0,05 2,01 = 0,21
F. fomentarius Fi-09 0,21 = 0,01 0,56 == 0,06 1,46 = 0,10
F. fomentarius T-10 0,32 = 0,02 0,77 = 0,02 2,07 = 0,06
F. fomentarius Fi-1201 1,14 = 0,05 2,33 = 0,08 3,21 = 0,03
L. sulphureus Ls-08 0,34 = 0,09 0,97 = 0,03 1,56 = 0,12
L. sulphureus 1s-09 0,24 0,02 0,65 =+ 0,04 1,24 + 0,08
L. sulphureus Ls-0912 0,56 = 0,05 1,13+ 0,03 1,98 = 0,03
T. hirsuta Th-11 1,77 = 0,04 2,89 + 0,14 3,77 = 0,15
T. biforme Tb-11 1,28 0,01 1,72 + 0,06 3,44 = 0,11
[Topsinox Agaricales
F. hepatica Fh-08 0,72 + 0,04 1,23 0,02 3,45 + 0,24
F. hepatica Fh-09 0,85 =+ 0,06 1,41 = 0,10 3,14 = 0,16
S. commune Sc-10 3,18 = 0,07 5,62 = 0,04 6,48 = 0,42
S. commune Sc-1101 3,56 = 0,03 5,46 += 0,02 7,1 0,28
S. commune Sc-1102 2,88 == 0,02 4,3 +0,03 452 +0,18
F. velutipes F-1 0,67 = 0,05 2,66 =+ 0,03 3,71 = 0,06
F. velutipes F-06 0,42 + 0,02 2,76 = 0,06 3,88 + 0,04
F. velutipes F-03 1,06 = 0,06 2,91 = 0,03 5,56 = 0,07
F. velutipes F-202 0,95 + 0,03 2,43 += 0,02 6,12 = 0,35
P. ostreatus P-004 1,13 +0,01 3,12+0,18 5,55 = 0,26
P. ostreatus P-107 0,87 = 0,04 1,99 = 0,06 4,66 + 0, 31
P. ostreatus P-105 0,53 = 0,07 1,02 = 0,07 1,13 += 0,08
P. ostreatus Hk-35 0,45 + 0,02 2,35+ 0,04 3,67 +=0,14
P. ostreatus P-01 0,55 = 0,05 2,12 = 0,07 4,06 =0,17
P. ostreatus P-208 0,96 +0,02 2,68 =+ 0,03 5,13 = 0,50
P. ostreatus P-039 0,34 0,01 1,98 + 0,07 3,64 += 0,10
P. ostreatus P-192 0,28 = 0,03 0,67 =0,11 1,22 = 0,18
L. edodes Le-10 0,44 + 0,02 1,03 = 0,13 2,14 + 0,13
L. edodes Le-2 0,59 = 0,03 0,95 += 0,16 1,73 = 0,14
L. edodes Le-4 0,61 =0,02 1,11 =0,03 1,91 = 0,05
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3aranbHuil BMiCT MeJsaHiHiB y Mmilenii Ta KO nesakux wramiB 6asumiomi-
LeTiB MpencTaBjeHo y taba. 4, 5.
Tabnuus 4

Bmict menaHinie B miueaii (Mr/r) ta KyabTypajdbHomy ¢iabTpati (Mr/ma) wramis
6asuniomiuetiB nopsiaky Polyporales

Table 4

Dynamic of melanins accumulation of mycelium (mg/g) and culture filtrate
(mg/ml) of Polyporales strains
Miuenin Kyabrypasabhuii disbrpar
6 ni6 9 ni6 12 ni6 6 ni6 9 ni6 12 ni6
022+ | 096+ | 1,55+ | 0,06 = | 0,09+« | 0,09 =
0,03 0,06 0,07 0,01 0,01 0,02

Lram

G. lucidum GI-1

. 0,19+ | 1,11 = | 1,41 = 0,12 =
G. lucidum GI-2 0.05 0.01 0.03 0 0 0.01

. 025+ | 108~ | 149« 0.05= | 0.07 =
G. lucidum Gl-11 0.04 | 002 | 004 0 001 | 002

0,78+ | 1,63+ | 2,18« | 0,03+ | 0,07 = | 0,09 =
0,07 0,12 0,03 0,01 0,01 0,02

1,09+ | 1,86+ | 298+ | 0,04 = | 0,06 = | 0,21 =
0,52 0,23 0,34 0,01 0,01 0,04
1,Ib+= | 145+ | 3,02« | 0,06 = | 0,12+ | 0,18 =

F. fomentarius Fi-09

F. fomentarius Fi-1201

F. jomentarius T-10 004 | 010 | 025 | 001 | 003 | 002
L. sulphureus 1s-08 062,8; 064;7i O&fg; 0 Ob(?gli Ob?g li
L. sulphureus 1s-09 Obl’gli Ob%ggi 06%(1)44; 0 0 Ob(?g]i
L. sulphureus Ls-0912 062’3; 062’(7);: O&fg; 0 0 O002)l 1i
T. hirsuta Th-11 Ob?éli ()E)O,(S)li Ob{éZi 0 0 °

T. biforme Th-11 008+ 0.09% 1 012+ 0 0 0

0,01 0,02 0,04

AHasi3 naHux 3arajJbHOTO BMICTY MEJIAHIHIB Y KyJbTypax arapukagbHUX
rpubiB mMokaszas, WO AJAd OiJbLIOCTI LITaMiB (95%) HaBBUIIMH BMicT LMX
peyoBUH B Millenii mpunagae Ha 12-ty noby Ky/JbTHBYBaHHS. BUHATKOM €
wtam F. hepatica Fh-18, ne Taku#i MakCHMyM CIOCTepiraeTbcs Bxke Ha 9-Ty
no6y pocty. Cepen AOCTiMIKEHUX LITAMIB HAUOIMBLIMKA BMiCT MesaHiHIB 3a-
¢ikcoBano ansa wramiB L. edodes Le-2 i Le-10, saxuil KoqMBaeTbCs B MeKax
Bin 4,66 1o 4,88 mr/r i B 1,5 pasu 6iJblle LIbOr0O NMOKa3HMKA /s LITaMy
F. fomentarius T-10. Menaninu B K® ne BusiBneno mia 47 % noc/IigKeHux
mramiB arapuka/nbHux rpu6is. Cepen mTaMiB, 1110 HAKOMUUYIOTh MeJaHiHH
B K@, cnain BinmitTuTtu L. edodes Le-4 3 HallBUIIMM BMiCTOM LIMX PEUOBHUH Y
0,37 mr/ma Ha 12-Ty 106y KyJAbTHBYBaHHS. ¥ MOMEPeIHiX A0CiIKeHHSIX /15
nepeBaxkHoi OiNBILIOCTI AOCMII’KEHUX LITaMiB 0a3uAioOMiLleTiB TaKOXK [10Ka3aHo
MiIBUIIEHNH BMiCT aHTHOKMCHUX OKCHpemykTas [d, 12].
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Tabauug 5

Bmict MenaHinis B miueaii (Mr/r) ta KyabtypaabHomy ¢iabTpati (mMr/ma) wramis
6asuniomiueriB nopsinky Agaricales

Table 5

Dynamic of melanins accumulation of mycelium (mg/g) and culture filtrate
(mg/ml) of Agaricales strains

Hiram 6 2i6 Méu:iJ;" 12 2i6_| 6 ;(i?”ypzﬂ;?; ) qnﬂbl?i?ﬁ
F. hepatica Fh-08 Ob{g; 0&8; Ob?fggi 0 0 Ob(?gsi
Foepatica s | %6 | 00 | O 1000 Yo | Yaes
F. velutipes F-03 Obly(lmi Obl,gli ObQ’SQi 0 0 0,14+0,03
F. velutipes F-06 Ob?jé; 064,(1)9i Obffli 0 |0,06+0,03|0,12:0,07
F. velutipes F-1 061’84i Ob%gli 063:35i 0 0 0
F. velutipes F-202 065,61" i Obf?ggi Ob?ffli 0 |0,07+0,010,13=0,01
P. ostreatus Hk-35 Ob(?gQi Oblf)li Obl’gQi 0 0 Oi)(?gif
P. ostreatus P-01 Obl,gli Obl,gzi 0028 li 0 0 0
P. ostreatus P-039 Obl,(l); Obl,éli 0028 li 0 0 0
P. ostreatus P-105 Ob(?g; Obl,gli 0’01,84i 0 0 0
P. ostreatus P-107 061,331 0018 2i 0’02’(5)(;: 0 0 Ob(?g?;i
P. ostreatus P-192 Ob(?g; 061’811 061’821 0 0 0
P. ostreatus P-208 Oi)l’(S)li 062’(2)(;: Ob?TiQi 0 000(? 1-_'- 0010141_F
P. ostreatus P-004 069(8) li 06{8; 062,?2i 0 0 0
S. commune Sc-10 061’(1); Ob{éli 062,81i 0 0 0
S. commune Sc-1101 Ob(??)Qi Obl’gli Obl,gli 0 0 0
S. commune Sc-1102 Ob(?g]i ObOSQi Obl’gli 0 0 0
Loedodesier | 17 | B | A 100 Coer | Cvos
L. edodes Le-4 Obg?ggi 1’5? 4i 361725i 0 0’02’(1)7i 063,39i
L. edodes Le-10 1’0583i Qb?ggi 4b§g4i 062,(1) 1i Obl,gli 0&)2,(2)1i
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TakuM yHHOM, BCTAHOBJEHO, 110 OIMBLIICTD HOC/IIKEHUX LITAMIB 31aTHI
[0 HAKOTMMYEHHS LIMX PEeYOBHH B MileJii Ta 6/a1u3bKo noJoBuHd — B KO, ne
BMICT MeJiaHiHIB 3HauHO HMXK4YMU 3a Takuil B MileJii. Cepen 50 BuuiB 6asu-
JioMilleTiB HalOiNbILINK BMICT MeJIaHIHIB BUSIBJEHO y MPeACTABHUKIB MOJINO-
panbHuX BULiB — Ganoderma applanatum, Fomitopsis pinicola ta [nonotus
obliquus i arapukanbHux BUniB — Fistulina hepatica ta Lentinus edodes.
Jln1d mopanblIKMX OCAiAKEeHb 3 ONTUMi3aLii yMOB KyJIbTUBYBaHHS i OTPUMAaHHS
MeJIaHiHiB MillesTiallbHOTO TIOXOKeHHS BifniOpaHo wramu F. fomentarius T-10
ta L. edodes Le-2 i Le-10.

A.K. Beauroackas, O.B. Penoros

JIoHelKHi HAlMOHAJbHBIN YHUBEPCHTET,
ya. YuuBepcurerckas, 24, Honeuk, 83000, Ykpauna,
Tes.: +38 (062) 304 61 84, e-mail: bio.grafi@yandex.ua

COILEP)XAHHUE MEJIAHUHOB B bASUJHAJIbHbBIX 'PUBAX
NOPAAKOB POLYPORALES U AGARICALES

Pedepar

Lleabto paboTbl OblIO U3ydyeHHe OOILEro COAeprKaHUsl MeJaHWUHOB B
Kaprnogopax, MULEJUN U KyJbTypaJbHOM (PUIbTPaTE HEKOTOPBIX BUIOB Oa-
SUIUOMULIETOB. MeTO}lbl. SKCTpaKL[H}O M€JIaHHHOB U3 MHKOJIOTMYECKOI'O Ma-
TepuaJsa MPoBOAUIH MyTeM ero wiesouHoro ruapoausa 2 N pactsopom NaOH
B cooTtHoweHuu 1:10 ¢ mocsmenymoumM oca)KaeHHeM KOHLEHTPUPOBAHHOU
HCI. Ocanok nocjie no6aB/eHnsT COMSHON KUCJAOTHI pacTBOPsiiK B & ma 2 N
pactBopa NaOH. O61uiee coneprkaHue MUrMEHTOB OMpPeIeIsIi ClIeKTPOpOTO-
METPUYECKHUM METOJAOM U paCCUUTLIBAJHU C TTIOMOLIBIO KaJIH6pOBOIIHOI>)I KpI/IBOf/’I
(mo nupokatexuny). ComeprkaHue MejJaHWHA B KyJbTypaJbHOM (DUJIbTpATE
ornpenessiiv MpsMbIM (poToKoJopuMeTprupoBanieM. Pe3yabTrartbl. OnpeneneHo
oblee comepkaHue MesaHuHa B kaprnodopax 50 BUL0B 6a3UTHOMHUIIETOB, U3
KOTOPBIX 27 oTHOCSTCS K nopsinky Polyporales w 23 — x nopsinky Agaricales.
HpOBeﬂeHO CpaBHHTeJIbeIﬁ dHaJiM3 TOJYUYEHHBIX OAHHBIX Ha OCHOBE 4YEro
BbIIesIeHbl Kapriodopsl BUI0B Ganoderma applanatum, Fomitopsis pinicola,
Inonotus obliquus w Lentinus edodes, KOTOpble UMEIOT BBICOKOe o00lee
colep:kaHue MeJaHWHOB. BbimeseHo B mMuuenuanbHylo KyabTypy 30 mram-
mMoB 10 BumoB 6asuauanbHbIX TPUOOB, /151 KOTOPBIX ONpeaeseHa AWHAMHUKA
pOCTa M HAKOIJIEHHS MEJAHUHOB B MHULEJNHUU U KYJbTYpPaJbHOM (PUIbTpaTe
MPU KYJbTUBUPOBAHUM Ha TJIIOKO30-TeNTOHHOH cpene. BoiBoa. M3 50 Bumos
6a3uIMOMHULIETOB HauboJblliee CONeprKaHHe MeJaHWHOB BBISIBJEHO Y Tpe.-
CTaBUTeJIEH MONUNOPaNbHbIX BUIOB — Ganoderma applanatum, Fomitopsis
pinicola u Inonotus obliquus v arapukanbHbIX BUIOB — Fistulina hepatica u
Lentinus edodes. Otobpanbl 1iTaMMbl BUnioB Fomes fomentarius v Lentinus
edodes — mepCcrieKTUBHBIE /I 1aJbHEHILINUX UCCAEOBAHUE C LEJNbIO ONTHMHU-
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3allMH yCJIOBUH KyJbTHBHPOBAHUS [/151 TOJIYU€HHUS] MeJaHUHOB MULIEIHANBbHOrO
IPOMCXOKIEHUS.

KnmouyeBble c/a10Ba: MeJaHHHbl, 023UIMOMULIETHI, KApPOQopkl, MULLe-
JIUH, KyJbTYpaNbHBIA (DUABTPAT.

A.K. Veligodska, O.V. Fedotov

Donetsk National University, 46, Shchorsa str., Donetsk, 83000, Ukraine,
tel.: +38 (062) 304 61 84, e-mail: bio.graff@yandex.ua

THE TOTAL MELANINS CONTENT OF BASIDIOMYCETES
ORDERS POLYPORALES AND AGARICALES

Summary

The aim of the study was to investigate the total content of melanin
in carpophorus, mycelia and culture filtrate species of Basidiomycetes.
Methods. Extraction of melanin mycological material carried by its alkali
hydrolysis 2 N NaOH solution in the ratio of 1:10, followed by precipitation
with concentrated HCI. The precipitate after the addition of hydrochloric
acid dissolved in 5 ml of 2 N solution of NaOH. The total pigment content
was determined by spectrophotometric method and were calculated using
a calibration curve (by pyrocatechol). The melanin content in the culture
filtrate was determined by the direct colorimetry CF. Results. The total
melanin content in fruiting bodies of 50 species of Basidiomycetes, 27 of
which are belonging to order Polyporales and 23 to order Agaricales was
investigated. The comparative analysis on the basis of the obtained data
showed the highest total melanin content in Ganoderma applanatum, Fis-
tulina hepatica and Laetiporus sulfureus carpophorus. Dynamics of growth
and carotenoid synthesis in mycelium and cultural filtrate of 30 strains of 10
basidiomycetes species isolated in mycelial culture was studied on glucose-
peptone medium. Conclusion. Selected strains of Fomes fomentarius and
Lentinus edodes are promising for further studies to optimize the culture
conditions for mycelial melanin origin.

Key words: melanins, basidiomycetes, carpophores, mycelium,
cultural filtrate.
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P ITOCTUMYJHOBAJIbHA AKTUBHICTb
EKSOMETABOJIITIB LUITAMA-AHTATOHICTA
BACILLUS AMYLOLIQUEFACIENS IMB B-7404

Mema. Busisarenns cnekmpy exk3omemaboaimis GimozopmoHasbHOL npu-
podu wmama-anmaeoricma Bacillus amyloliquefaciens IMB B-7404,
w0 8usHauaromos oeo gimocmumysrosarvhy akmusricme. Memodu.
Bumicm ¢imoeopmonis susznavari memooamu cnekmpooeHCUumomempuunol
MOHKOULApOoB8OL xpomamoezpagii ma ea3osoi xpomamoepadii. Peaysomamu.
Bcmarosaerno, wo gimocmumyrrosasvra aKkmusricmo exzomemaborimis
B. amyloliquefaciens IMB B-7404 symosiena npucymmuicmio 8 ix ckaadi
MpPbvOX KAQCI8 20PMOHIB-CMUMYAAmMOpPie (QYKCUHIB, LUMOKIHIHIS,
eibepeninis). [lokasana 30ammuicmoe wmamy curmesdysamu Gimoeopmor-
ineibimopu: abcyusosy xuciomy i emusex. Bucnosku. Pigenv i cnexmp
pimoeopmonis, wio cunmeayromocs wmamom B. amyloliquefaciens IMB
B-7404, sionosidae ocobausocmsm tioco 6ioroeii, a came — canpobioHmHomy
cnocoby icnysanns. Curnmes iHOOAIA-3-04,mO0B80I Kuciomu 8i0iepac 8ancAU8Y
Gizionoeiuny poiv y GoOpMY8arHi ACOUIAMUBHIX B3AEMOBIOHOULEHD LUMAMY
3 pocaunamu y pusocgepi.

Kawuwosi caosa:B. amyloliquefaciens, ekzomemaborimii, ¢imozopmonu,
Gizionroeiuna porv, Gimocmumyso8aibHA AKMUBHICMb.

Binowmo, 1110 6i/bllicTh NTPUPOAHUX PU30CHEPHUX MIKPOOPTaHi3MiB 31aTHI
10 CUHTe3y (PiTOrOPMOHA/NBHUX CNOJYK AJS (DOPMYBaHHS B32€EMOBiIHOLLEHb
3 pocsuHoto [14]. CTBopeHHSs1 epeKTUBHUX OionpenapartiB Ajs POCAUHHULITBA
Ha OCHOBI KMBHUX KyJIbTYp MiKpPOOpPraHi3miB nepenbauae BUBUYEHHS acollia-
TUBHMX 3B’A3KiB MiK 6akTepisiMH Ta pocjuHOol0. Takuiél THN B3aeMoniil oro-
CepeKOBYEeTbCS €K30MeTaboMiTaMy MiKPOOPraHi3MiB 3 (DiTOCTUMYJ/IIOBAJIBLHOIO
akTHBHicTI0. AepoOHi ciopoyTBOpIoBabHi OakTepii pony Bacillus € THTIOBUMH
npeiCcTaBHUKAMM I'PYHTOBOI MIiKpPOOiOTH, cepel SIKMX € K eHAOQITHI, Tak i
BiJIbHOICHYIOUI BUAM. bauunu BBaXKaroTbCs MepCreKTUBHUMHU areHTamu 6io-
KOHTPOJII0, OCKIJIbKY 31aTHi 10 BUCOKOTO aHTAroHi3My 11010 OaraTbox rpuo-
HUX | OaKTepianbHUX (PiTONATOTEHIB 32 paXyHOK CHUHTE3Y LLIHPOKOrO CIEKTPY
BTOPUHHUX MeTaboJIiTiB 3 BUPAXKeHUMHU OAKTEPULMAHUMHU Ta (yHTILMIHUMA

© LB. Hparosos, H.O. Jleonosa, II.A. )Xykosa, JI.B. Asneesa, 2013
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BaactuBocTsIMH [15]. Cepen BTopuHHHX MeTabogiTiB 6akTepitt pony Bacillus
CJIiI BiA3HAUMUTH He JiMlle aHTUOaKTepiasbHi Ta aHTU(PYHraJbHI PEYOBUHH, a
I CIIOMTYKH, 1110 XapaKTepHU3yITbCs (PiTOCTUMYJIIOBAIbHOIO aKTUBHicTIO. Lle, B
CBOIO Uepry, 3yMOBJIIO€ AOLIJIBHICTh BUKOPUCTAHHS LITAMiB OALU/ Y CTBOPEHHI
BUCOKOe(peKTHBHUX OionpenapaTiB LUMPOKOro CIEeKTPY Aii A1 POCTUHHHULITBA.
Paniie Hamu 6yJs10 MoKazaHO MOXKJIUBICTb Ta AOLIIbHICTb BAKOPUCTAHHS LITA-
my B. amyloliquefaciens YKM B-7404 y cknani kommno3utii 6ionpenaparty
IJIS1 3ePHOBUX KYJbTYp 3 METOI NPUTHIYeHHS XBOPOO, 30yIHHKAMH fKHUX €
Fusarium graminearum i Cochliobolus sativus (HeonyOJiikoBaHi naHi).

B 3B’3Ky 3 1LMM, MeTOK Hauoi po6oTH OYyJa0 MOCHIAUTH BHUSIBJEHHS
CIEeKTPYy €eK30MeTaboJIiTiB (piTOropMOHAIBHOI MPUPONM LITAMa-aHTAroHicTa
B. amyloliquefaciens IMB B-7404, 110 Bu3Ha4awTh HOTO (hiTOCTUMYMIOBATBHY
AKTHUBHICTb.

Marepianun i metToau

O6’exkTom nmocnimkeHHs 6yB wrtam B. amyloliquefaciens IMB B-7404
3 KoJeKlii Bigainy aHTHOIOTHKIB [HCTUTYTY MikpobioJiorii i Bipycosorii im.
J.K. 3a6onornoro HAH Ykpaiuu. KynbTuByBaHHS MPOBOAX/IM B MEPiOTUUHNX
yMoBax B Ko/16ax emuictio 750 ma mpu 200 06/x8 ta 37 °C Brpomosx 18—24
roJl Ha PiIKOMY MOXKUBHOMY CUHTeTHYHOMY cepenoBulli [1]. CepenoBule 3a-
ciBaau 18-roguHHO0 KyJAbTYpOIO Oallu/ B eKCMOHeHUilHi# ¢asi pocty. Pinky
KyJbTypy wtamy B. amyloliquefaciens IMB B-7404 uentpudyrysamnu 30 xB
npu 15000g i Temneparypi 4 °C. KyabTypasabHy pigviHy BUKOPHCTOBYBaJH
LISl aHaJIi3y Ha 3arajbHy (PiTOCTUMYJIOBAJNbHY aKTUBHICTb €K30MeTaboMiTiB,
11 crietrdiyHoro 6ioTecTyBaHHS Ta /5 SAKICHOTO i KibKiCHOIO BU3HAUEHHS
(biTOrOpMOHIB (Pi3UKO-XiMiYHUMHU METOLAMH.

Jlss1 pyJIOHHOTO MeTONy BUKOPUCTOBYBAJ/M HACIHHS 03UMOI MILEHUL Cop-
Ty Anb6aTpoc omechbKHi. 3 Li€0 MeTOK Ha MOJieTHIEeHOBI CMyTH PO3MipOM
35x15 cm posknaganu mo 33 HACiHMH, BiICTyMarouu Bii BEPXHBOTO KpParo
5 cM. 3BepxXy Ha HACIHHSA HAKJIANAJU CMYKKY 3BOJIOYKEHOTO (PiIbTPYyBaNbHOTO
nanepy wupuHoo 10—12 cm. CkpyuyBasu B pPYyJOH i CTaBU/IU B CKJASHKH 3
BiICTOSIHOIO BOIOIPOBIAHOI BOAOK Ta ABOMA PO3BEAEHHSIMHU KYJ/bTYPaJIbHOI
pinunu B. amyloliquefaciens IMB B-7404 (1:65 Ta 1:100), nini6panumu exc-
nepuMeHTa bHUM LIIsiXoM. MopdomeTpuuHi BUMipHU MPOPOCTKIB MPOBOAUIU
Ha 7-my no0y. Pe3ysnbTaTu BpaxoByBa/d 3a HapOCTAHHSIM HAaJ3€MHOI Ta KO-
peHeBOI MacH Ta BUpaKaJi y BiICOTKaX BiIHOCHO KOHTpoJto. [IoBTOpHICTH
JOCJIiAiB TPUKpATHA.

Jns pocaipkeHHs1 iHAYKUil puU3oreHe3y BUKOPHUCTOBYBAJ/IHM NBOTHUXKHEBI
»KuBLi KBacoJsi copTy Jlonara. Bapiantamu nocainy 6ynu ekcrepuMeHTa bHO
nini6pani po3BeleHHs KyJbTYypasdbHOI pinuHu wramy B. amyloliquefaciens
IMB B-7404 1:50, 1:75, 1:100. 3a KOHTpPOJb CJyryBajsd BiICTOSIHA BOMIO-
NpoBiIHA BoJAa Ta Mpemnapart-eTasoH — iHmoJin-3-ouroBa kuciora (IOK) y
koHuentpauii 10° M [5]. OcHoBHi mokasHUKH (i3iooriuHOT aKTUBHOCTI 10CIi-
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JUKYBAHUX PO3UMHIB: KiJIbKICTb KOPEHiB, Maca KOPEeHiB Ta JO0BXKHHA [IJISHKH,
110 YTBOPIOBaJa KOPEHi.

[TosakniTuHHI (DITOrOPMOHM BUAIMSAIM 3 KYJbTYypasbHOI PiIUHU LUTAMY
B. amyloliquefaciens IMB B-7404 meTtomom mepeposmnoniny ¢iToropMoHiB
y OBOX (pazax pPO3UMHHHKIB, L0 He 3MillyIOTbcs Mixk coboto [2]. OTpumani
eKCTPaKTH (BUMApeHi Ta Mepepo3ylHEeHi B eTaHOJi) BUKOPUCTOBYBANU MJIsI
crieuudiuHoro 6ioTecTyBaHHS (ayKCHMHOBA, LUTOKiHiHOBAa Ta ribepesoBa ak-
THBHOCTI) i Moaa/blloro xpomarorpadiuHoro ananidy (piToropMmoHiB.

Jl51s BU3HAUYeHHSI ayKCMHOBOI aKTMBHOCTI 3aCTOCOBYBAJIM BiIPi3KH KOJIEOTI-
THJIiB 03UMO] MIIeHHLli copTy AnbOaTpoc onecbkuil. Bapiantamu nocainy 6ymnn
pO3BeIeHHsS] eKCTPAKTIB KyJabTypastbHOl pinunu B. amyloliquefaciens IMB
B-7100 1:200, 1:300 ta 1:400. 3a KOHTpOJIb CJaAyryBa/u Mpenapar-eTaaoH —
IOK (10 M) Ta BimcTosiHa BOmOMpOBifHA BOMA.

BusHaueHH$s1 HIUTOKIHIHOBOI aKTUBHOCTI MTPOBOJIU/N HAa €THOJBOBAHUX CEMHU-
n000BUX CiM 10JBHUX JUCTKax oripka copty Penikc. BukopucroByBaau Taki
po3BemeHHs eTaHoJbHOrO ekcTpakty — 1:200, 1:300 1:400, 1:500 Ta 1:600.
Kontponi — npenapar-etanon 6ensusnaminonypud (BAIT) y koHumeHnTpauisx
10* M ta 10° M ra BincTosiHAa BOJAOMPOBiIHA BOAA.

Jlnst Bu3HaueHHs TiGepesoBoi aKTUBHOCTI BUKOPHUCTOBYBAJIM TilOKOTHJI
oripka copty ®eHikc 3a metTonukorw bpaena i Jlemminra B momudikauii Ar-
HicTukoBoi [3]. HocaimkyBanu po3BeneHHsI ribepesoBOro eTaHOJbHOTO €KC-
TPaKTy KyJbTypanbHoi pinuau, a came 1:200, 1:300 1:400, 1:500 Ta 1:600.
Kontposi — npenapar-etanon — ribepenosa kucaora (I'K,) B konuentpauii
10° M Ta BincTosiHa BOIOMPOBifHA BOMA.

OTpuMaHi eTaHOJIbHI eKCTPAKTH KYJIbTYPanbHOi pinunu B. amyloliquefaciens
IMB B-7404 BukopucTOBYBaJ/H AJs IPOBEAEHHS SIKICHOTO i KiJIbKiCHOTO aHa-
Ji3y (hiTOropMOHaJNBbHUX CIIOJNYK METOAOM TOHKOLIApOBOi xpomaTtorpadii [4].
KinbkicHe BH3HAUeHHST ayKCHHIB, LIMTOKiHIHIB Ta abcuu3oBoi KucaoTu (ABK)
MPOBOJUJIHU 32 IOMOMOI00 CKaHYBaJbHOTO crieKTponeHcuTomeTpa «Copodin»
(Pocis). KinbkicTb CHHTE30BaHUX MM03aKMITUHHUX (PiITOTOPMOHIB PO3pPaxoBy-
BaJiM y Mikporpamax Ha 1 r abcosoTHO cyxoi 6iomacu (ACDH) mponyuenra.

CuHTe3 eTuJeHY BH3HadYaJud MeTOAOM razoBoi xpomatorpadii
[10]. TasoBy cymiw aHafi3yBa/Jud Ha razoBomy xpomartorpadi «Xpowm-
5» (Uexist) 3 mosnym’'siHO-ioHi3auiliHUM neTekTopoM (TBepma ¢aza —
B-B’okcunonpomnioniTpu). KiabKicTh eTHIeHY po3paxoByBaJd 3a Kaaiopy-
BaJIbHUM rpadikoM, moOyaOBaHUM 3TiAHO PO3BeleHb €TUJEHY i BUpaxKaJju
y mMosisix 3a roguHy Ha | r ACB nponyuenTta. EkcriepumMeHTH NMPOBOIUIH Y
5-TH KpaTHid aHAJiTHUHI# MOBTOPHOCTI.

JIn1s1 OLiHKK HOCTOBIPHOCTI eKCclepUMeHTaNbHUX AAHUX, IPeICTaBIEHUX B
po0oTi, BUKOPUCTOBYBAJ/IHN MapaMeTPUUHi KPUTepii HOPMAJbHOIO PO3MOMiNY,
pospaxoByroun cepenre apudmeruyne (X ) i cepesie KBagpaTHIHE BiIXHIEH-
Hst (Sy,) 3@ PiBHS 3HAYYLIOCTI <0,05. AHani3 mpoBOAMIIH i3 3aCTOCYBAHHAM
naketa Komm totepaux nporpam STATISTICA 6.0 i Microsoft Excel.
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Pe3yabTaTh i 06roBopeHHs

3 MeTOl BH3HAUeHHS NPUPOAU POCTOBOI AKTHUBHOCTI LITAMY
B. amyloliquefaciens IMB B-7404 nocnimkeHo 3arajbHui piBeHb aKTHBHOCTI
fioro eksomeTtaboJitiB. [Ipu 11bOMy 3a HOMOMOTOI0 PYJOHHOTO METOAY Y BCiX
BapiaHTax gocainy OyJio BUSBJIEHO CTUMYJSLII0 HAPOCTaHHS O6ioMacH siK KO-
peHiB, Tak i maroHiB o3umoi nineHui copty AnbdaTpoc omecbkuil (Taba. 1).

Tabauus 1
3aranabHa picTcTHMYJIOBaJbHA aKTUBHICTb €K30MeTa0O0JiTiB
B. amyloliquefaciens IMB B-7404
Table 1
General growth stimulated activity of B. amyloliquefaciens IMV B-7404
g = S g o S S
_ =0 & s - & g 2
Bapiant =2 5 = 3 5 g g z
pocainy = @ < =2 = = 5 =
2= = & e ° = °
Sz = a = = =
) B © R 5y B
o
Kontpots 0,037+0,006 | 100 | 0,076+0,01 | 100 | 0,113£0,02 | 100
(Boma)
Kynbrypanb-
Ha pinuHa, 0,060+0,01 162 0,092+0,01 121 | 0,152=0,01 135
1:65
KysbTypasns-
Ha pinuHa, 0,052+0,01 140 0,100+0,02 131 | 0,152+0,02 | 135
1:100

Ha#ibinpwmmii ditocTumynioBaibHui e(eKT BiaMiueHO M/ PO3BeNeHHS
KyJbTypaibHOi pimuuu 1:65. Maca kopeHis 36iibyBanaca Ha 62% mo-
piBHSIHO 3 KOHTpoJieM, a Maca napocTkis — Ha 21%. Kopeni muenuwi 6yau
YYTJAUBILIMMHU 0 [ii €eK30MeTaboJIiTiB ITaMy, L0 € LiJKOM 3aKOHOMipHHUM.
[IpoTe 3aranbHuil mpupicT GioMacu MapoCTKiB He MOKa3aB 3a/exHOCTi Bil
KOHLIEHTPaUil KyJbTypaJ/dbHOI PiIMHH, TaK K Maca NapoCTKiB MIleHUL 30i/1b-
myBasacs Ha 34,5% MOpPiBHSAHO 3 KOHTPOJEM B 000X BapiaHTax PO3BEJeHb.

[Ipupict cupoi Giomacu KopeHiB i MapoCTKiB CBiIUUTb NP0 HasiBHICTb
(iTOCTUMYMIOBATBHUX CIOJNYK Y KiJbTypasbHi#l pinuni. Binomo, uio icuye 3
KJIacH (PiTOrOpMOHIB-CTUMYJIATOPIB, ajle BUKOPUCTAHHS PYJOHHOIO METOLY He
Ja€ MOXKJ/JMBOCTI BU3SHAYUTH MPUPOAY (iTOrOPpMOHAIbHOI aKTUBHOCTI (ayKCH-
HOBY, LUTOKiHiHOBY, ribepesnoBy). Tomy, nopaJbliie qocaigKeHHs (GiTOCTUMY-
JIIOBAJIbHOI aKTHUBHOCTI ek3oMeTaboaiTiB wtamy B. amyloliquefaciens IMB
B-7404 npoBoausocst 3a AOMOMOTOI0 crielidiuHux 6ioTecTiB.
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OtpumaHi pesyJbTaTH IOKa3add CTUMYJIOBaJbHHUH BIJIMB €K30MeTa-
6oaitiB wramy B. amyloliquefaciens IMB B-7404 na pusorenes kBacoJi
copty Jlomara (puc. 1). Ilpenapar-erason (IOK, 10° M) ninBuiiyBaB sik
CepeiHI0 KiJbKicTh KopeHiB — Ha 95%, Tak i Ha 41,7% mnpupict Giomacu
KODPEeHIB BiIHOCHO KOHTPOJII0. AHAJIOTiYHA TeHIEHIis CTUMYJSLii pU3oreHesy
criocTepiranacsi Mpu MOCJiI>KeHHI po3BelleHHs KYJbTypasbHoi pinnau 1:50 —
BinOyBasocs 30iJblIeHHs KiJIbKOCTi KOpPeHiB i mpupicT ix Giomacu Ha 13% i
133%, BinmosinHo, Toxi Sk 3acTocyBanHs Ginblux posseaeHs (1:75 ta 1:100)
MPU3BOMJIO 10 3MEHILIEHHS KiJIbKOCTI YTBOPEHUX KOPEHiB, MpoTe ix Oiomaca
3pocTana MopiBHSAHO 3 KoHTposeM Ha 37 % (1:100).

o\o 100 T T T
o 1 1
2

S 80 T

3

o 60 T

Z

2

5 40 T

% 2

® 07 3 4

~

a 0 T |
~

= 20 L

KinbkicTh KOpeHiB Maca kopeHiB

Puc. 1. Bnaus kyabtypadabHoi piguuu B. amyloliquefaciens IMB B-7404 Ha pu3orenes
JXKMBLiB KBacodJi copry Jlonata
1 — IOK y xouuentpauii 105 M; 2 — possenenns 1:50; 3 — posBenennst 1:75;
4 — posBenenns 1:100
Fig. 1. Influence of cultural liquid B. amyloliquefaciens IMV B-7404 rhizogenesis

on bean cultivar “Lopata”
1 —IAA, 10° M; 2 — 1:50 dilution; 3 — 1:75 dilution; 4 — 1:100 dilution

OtpumaHi pe3ysabTaTd CBiguaThb MPO HASBHICTH (PiTOCTUMYJIIOBAIbHUX
pPEeYOBUH ayKCHHOBOI MPUPOIH cepel eK3omeTtabogitiB mwrtamy B. amylolig-
uefaciens IMB B-7404. 1Lle no3Bosisic 3poOUTH MPUITYILIEHHS [IO0 HASBHOCTI
{HILIKUX pPeryJssiTopiB HerOPMOHAJbHOI IPUPOIHU Y KYJAbTypPaJbHIU piAMHI OOC/Ii-
JKYBAHOTO LITaMy, 30KpeMa, BiTaMiHy K, cHHTe3 fIKoro € xapakTepHUM 115
canpob6ioHTiB pony Bacillus [13].

Cneuudiyny O6ioJoridHy akTHBHICTb eK30MeTaboJiTiB LITaMy
B. amyloliquefaciens IMB B-7404 (aykcuHOBOi, LHUTOKiHiHOBOi Ta TriOe-
pesioBOi) BU3HAYa/IM 3a JOMOMOroi Oi0OTeCTyBaHHS, LIO N03BOJISIE OLIHUTH
NPUCYTHICTb MEeBHUX KJACIB (DiTOrOPMOHAJNBHUX CHOJYK 3a 1X (pi3i00TiuHO0
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nieto. bioTecTyBaHHS MPOBOAUIN 3 BUKOPUCTAHHSIM BiAMOBIIHUX €TaHOJbHUX
€KCTPaKTiB, OTPUMAHUX 3 KYJbTYPaJbHOI PIAUHU AOC/IAXKYBAHOIO LITAMY.

[Ipu BUBUEHHI ayKCHHOBOI aKTUBHOCTi OYyJ/I0 MOKAa3aHO MPUPICT NOBXKHUHU
KOJIEOTITUJTIB 03UMO{ MIIEeHUI copTy AJbOATPOC ONECHbKHH 3 BHPaKEHOI
KOHLEHTPALIHHOI 3a/MeKHICTIO (pUC. 2), 110 CBIAUUTD PO HASBHICTb Y KYJIb-
TypaJsbHi# pinuni wramy B. amyloliquefaciens IMB B-7404 nopiBHsSHO BHCO-
KOI KiJIbKOCTi TOpPMOHAJ/IbHUX CITOJYK ayKCHHOBOI MpUpoaU. Tak, 3adikcoBaHo
npupict KoneontuaiB Ha 9—15,8% sanexkHo Bil PO3BENEHHS €TAHOJLHOIO
ekcTpakTy, Toi sk npenapar-etanod (IOK, 10°M) ctumymnioBaB npupicT Ha
32,4% womno KouTpoao (Boxa).

40 T

——

w

o
L
T

N

o
L
T

i

BIZTHOCHO KOHTPOJII0, %0
HH

S
HH

IIpupicT TOBKUHY KOJCOMTIIIIB IIIICHHUITI

0 1

IOK Possenenns 1:200 Possenenns 1:300 Possenenns 1:400

Puc. 2. J1060BUi nNpupicT HOBXKUHU BifApi3KiB KOJIEONTH/IB 03UMOT MILEHULI COPTY
AabGaTpoc oechbKuii 3a 1iT eKCTPakTiB KyJbTypaabHoi piaunu B. amyloliguefaciens
IMB B-7404

Fig. 2. Daily growth of winter wheat coleoptels (cultivar Albatros odesskiy) under
the extract influence of cultural liquid B. amyloliguefaciens IMV B-7404

JocaigkeHHs crneun@iuHoi LUTOKIHIHOBOI aKTHUBHOCTI MOKasaJo, LIO
eK30MeTaboJ/iTH He MPOSIBJASIN BUPAKEHOT0 (PITOCTUMYJII0BAJNBHOTO e(heKTy,
ONOCepeKOBAHOTO HASIBHICTIO LIMTOKiHIHIB. ¥ ribepesoBOMy TeCTi BCTAHOB-
JIEHO aHAJIOTyHy 10 ayKCHHOBOI AKTHBHOCTI KOHLEHTPALiHHY 3a/eXKHICTb
PO3BEeE€Hb €KCTPAKTY KYJbTYPAJIbHOI PiIUHHU.

Taxum unHOM, MeTonaMU criellMiyHOro 6i0TeCTyBaHHS 10Ka3aHO PUCYT-
HiCTb cepen ek3omMeTaboiTiB wtamy B. amyloliguefaciens IMB B-7404 ycix
KJIaciB TOPMOHIB-CcTUMYATOPiB. OTpUMaHi pe3y/bTaTh MiATBEPAXKYIOTh AaHi
JiTepaTypu LOA0 CUHTE3Y BiIOMHUX KJ/ACiB TOPMOHIB-CTUMYJISTOPIB I'PYHTOBH-
MU MiKpOOpraHiaMamu, 3aTHUMU 0 acOLiaTUBHUX 3B’SI3KiB 3 pocauHaMU [8].
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Hactynuum etanom po6otu 6yJio mpoBeneHHs (Pi3nKO-XiMiYHOTO aHaMi3y
¢iToropmoHa bHUX coNyK. BetanoBaewo, o wramy B. amyloliquefaciens
IMB B-7404 nputamaHHu#l cepenHidl piBeHb CUHTE3y ayKCHHiB, 30KpeMa,
(isionoriuno-akrusHoi hopmu — IOK — 122,51 mxr/r ACB, Toxi sik pieHb
CHHTe3y LMTOKiHiHIB BUSIBUBCS 10CUTh HU3bKMM — 11,05 Mxr/r ACB (ta6a. 2).
OkpiM ropMOHiB-CTUMYJISAITOPIB, cepel eK30MeTabo IiTiB TaMy Oy/u BUSIBJIEH]
ropMoHaJIbHi crosykH inribysanbnoi aii: ABK (2,43 mxr/r ACB) ta etunen
(10,4 umosb/ron - r ACB).

Tabauus 2

Bwmict ditoropmonis y Kyabrypaabhiii piaudi B. amyloliquefaciens IMB B-7404
Table 2

Phytohormones content in cultural liquid B. amyloliquefaciens IMV B-740

ditoropmonu MKr/T abCconoTHO cyXxoi Giomacu

[npomnin-3-kapbokcanbaerin 10,28

Ayxcunn > 132,79
IHpouin-3-ouToBa KUCgIOTA 122,51
3eaTtun 9,22

LluToKiHiHK 2. 11,05
[3onenTeHit-anenin 1,83

Ab6cuusoBa KucaoTa 2,43

Ertunen, amoab/ron « r ACB 10,4

Binomo, 1mo cuHTe3 (iTOropMOHa/JbHUX PEYOBHH PO3IJAAAAIOTb K
BaxK/MBUH yMHHUK B3aemonii PGPR-6akrepiit (plant growth promoting rhi-
zobacteria) 3 pocnnHOIO, 110 TTO3UTUBHO BIJIMBa€e Ha ii picT i po3BuTok [11].
3oKpema, BCTAHOBJIEHO, 110 CHHTe3 (i3i0/0riuHO aKTUBHUX (OPM ayKCHHIB
NpUTaMaHHUH Oi/bLIOCTI IPYHTOBUX MiKPOOPTaHi3MiB, 110 MAlOTh aCOLLiaTHBHI
3B’SI3KH 3 POCJIUHOI0. MoJsieKy/M ayKCHHIB BUCTYMAKOTh B POJIi CUIHAJbHUX
MOJIeKYJ Tix 4ac MikpoOHo-pocauHHOI B3aemonii [7]. Came piBeHb CHHTe3y
AayKCHUHIB CcanpoOiOHTaMM BUKOPUCTOBYIOTb §IK CEJEKTHBHUH Mapkep AJs
PGPR-6aktepiit [9]. 3 iHworo 60Ky MokKa3aHo, 110 HaBiTh HU3bKUH pPiBEHb
cunresy IOK acouiatuBHUMH OakTepisiMU 34aT€H CTUMYJIOBATH CHUCTEMHY
CTiMKiCTb POCJHHHU 32 PaxXyHOK NPUCKOPEHHS MPOXOIXKEHHS POCJAUHAMHU
YyTJUBUX 10 iH(DeKuUil pa3 po3BUTKY [8].

Mram B. amyloliquefaciens IMB B-7404 e BinbHOicHYyt0UMM prU3ochepHUM
IPDYHTOBUM MIiKPOOpPraHi3aMOM i HM3bKHHU piBE€Hb CHHTE3Yy LUTOKIHIHIB
BiAMoOBinae crnocoby iCHyBaHHS JAHOrO LITAMy, OCKIJbKHM BiIOMO, 1110 came
CUHTEe3 LUMTOKiHiHiB NMOB’3aHUH 3 eHO0(DITHUM ab0 CUMOIOTUYHUM CIIOCOHOM
icHyBaHHS, a iX piBeHb NPSIMO Kopesioe 3 e(eKTUBHICTIO cUMOio3y Mix
H6akrepiamu i pocauHoo [6, 14].
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OxpiM TOPMOHIB-CTUMYJATOPIB AJS NAHOTO LITAMY € XapaKTepHUM
CHHTEe3 IBOX KJiaciB (piToropmoHiB 3 iHribyBasnbHow nieto — ABK Ta etuseny.
HasiBHicTb cepen eksometabositiB ABK MoxkHa posrsisimatu K 1oaaTKoBUH
(hakTop (popMyBaHHSI acCOLiaTUBHUX 3B’SI3KiB LITAMy 3 POCJHHOIO, OCKIiJIbKU
ABK pusocthepHux MikpoopraHiamiB Bimirpae poJb Memiatopa MiKpoOHO-
pocarHHOI B3aemoyii [6]. 3 iHmoro 60ky, ek3orenna ABK nie Ha pocauny sik
XiMiUHUH IHAYKTOpP PEe3UCTEHTHOCTI 10 30yAHUKIB XBOp0O, 30Kpema 1o Phyto-
phthora Ta Magnaporthe grisea, a Takox BUCTYyTae B POJIi TOPMOHANBbHOTO
peryastopa CTiAKOCTi 00 abiOTHYHUX CTpeciB, 30KpeMa, A0 XOJOoAy Ta
nocyxu [12]. BBaxkaeTbcsl, 1110 eTHIEH TAaKOXK OMOCepenKoBYe (POpPMyBaHHS
acolliaTUBHUX 3B’s13KiB Mi2K POCJHHOIO Ta MikpoopraHiamamu [6]. Tak, eTunen
BiIOMHUH §IK (DITOrOPMOH-iHTiOITOP, MPOTE 32 MaNUX KOHLIEHTPALIiH BiH 31aTeH i
[0 CTUMYJISALIT pocTy pocauHu. OKpiM TOro, eTU/eH PO3rasiaeThCs Ik FTOPMOH
cTpecy i HOro moTpamnysiHHS B POCJUHY INPU B32e€MOAIl 3 aCOLiaTUBHUMH
O6akTepisiMH, UMOBIpPHO, MOXKe BIIJIMBATH HA MiABULIEHHS CTiHKOCTI POCJIUHU
10 abioTHUHUX YUHHHUKIB [8].

Takum unHOM, KiNbKiCHO Ta SIKICHO BU3HAUEHO CIEKTP €K30MeTaboJiTiB
wramy B. amyloliquefaciens IMB B-7404, mo 3ymoB/0O0OTH Horo ¢iTo-
CTUMY/IIOBa/IbHY aKTUBHiCTb. [lokaszaHo, 110 WITaM 31aTeH 10 CHHTe3y TPbOX
KJaciB TOPMOHIB-CTUMYJSATOPIB (ayKCHHIB, LUUTOKiHiHIB, ribepeniniB) Ta
JBOX KJaciB (iToropMoHiB 3 iHridyBasbHOMW nieto, a came ABK Ta etuneny.
OcTaHHi, UMOBipHO, MOXYTb BifirpaBaTH poJb MeAiaTOPHUX MOJIEKYJ TpU
B32€MOJil MiKpOOPraHi3MiB 3 POCJAMHOI Ta J0JATKOBUX YUHHHUKIB CTIHKOCTI 10
abi0TUYHUX YMHHUKIB NOBKiMas. Cepeln ropMOHiB-CTUMYJISATOPIB BiA3HAYEHO
BiTHOCHO BUCOKHH piBeHb CHHTE3Y ayKCHHiB, 30kpeMa, IOK, 110 cBiquuTh npo
il BaXKJ/IMBY (pisiosioriuny poJib y pOpMyBaHHI acOLiaTUBHUX B3aEMOBIAHOLIEHb
LITAMy 3 POCJIHHOIO B pu3ocdepi.

U.B. [dparoso3, H.O. JleonoBa, J1.A. )KykoBa, JI.B. ABneeBa

WHucrtutyT Mukpoouosoruu u Bupycogorun um. J.K. 3a6onornoro HAH Ykpautsi,
ya. 3abosotHoro, 154, Kues, 03680, YkpauHa,
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PUTOCTUMYJINPYIOLLASL AKTUBHOCTD
IK3OMETABOJIUTOB LUITAMA-AHTAITOHHUCTA
BACILLUS AMYLOLIQUEFACIENS UMB B-7404

Pedepar

Llenb. BrisiBieHue crnekTpa 3K30MeTabO0MUTOB (UTOTOPMOHAJIBHOU
NpUpOMdbl ITaMMa-aHTaronucta Bacillus amyloliquefaciens UMB B-7404,
oTpefesTIoIIUX ero (UTOCTUMYJMUPYIOLLYI0 akTUBHOCTb. MeTtoabl. Conep-
JKaHue (PUTOTOPMOHOB OTpPEeNe/Isiii METOJAMHU CIIEKTPOAEHCUTOMETPHUUECKOH
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TOHKOCJIONHOH XpomaTorpaduu u rasoBod xpomatorpaduu. Pesdyabrarbl.
YcTaHoB/E€HO, UTO (DPUTOCTUMYJHMPYIOLLAS aKTHBHOCTb 3K30MeTa0O0JUTOB
B. amyloliquefaciens UMB B- 7404 o6yc/soBieHa MPUCYTCTBHEM B HUX CO-
CTaBe TPexX KJacCOB TOPMOHOB-CTUMYJISITOPOB (ayKCHHOB, LIUTOKMHUHOB, THO-
6epesnnuHoB). [Tokazana cnoco6HOCTD 1ITAMMa CUHTE3UPOBATDH (DUTOTOPMOHbI-
MUHTUOUTOPBI: aOCLU30BYIO KUCJAOTY U 3TH/NEH. BbiBOAbl. ¥ pOBEHb U CIIEKTP
(bUTOrOPMOHOB, CHHTE3HMPYyeMbIX wWTaMMoM B. amyloliquefaciens VIMB
B-7404, cooTBeTCTBYeT 0COOEHHOCTSAM €ro OUOJOTHH, 8 UMEHHO — CanpoOu-
OHTHOMY cnocoOy cyiiecTBoBaHUs. CHHTE3 HHIOMU/I-3-yKCYCHOH KHUCJOTHI
UrpaeT BaKHyI0 (PU3HOJIOTHUECKYIO POJib B (DOPMHPOBAHUM ACCOLMATUBHBIX
B3aUMOOTHOILIEHUH LITaMMa C PAaCTeHUsIMU B pusocdepe.

KnwoueBbie canoBa: B. amyloliqguefaciens, 3k30MeTabOJHUTHI,
(bUTOropMOHBI, (PU3HOJOTHUECKAS POJIb, PUTOCTUMYJJIUPYIOLLAS AKTUBHOCTD

I.V. Dragovoz, N.O. Leonova, D.A. Zhukova, L.V. Avdeeva

Zabolotny Institute of Microbiology and Virology, NASU,
154, Zabolotny St., Kyiv, Ukraine, MSP 03680, e-mail: igordragovoz@ukr.net

EXOMETABOLITES PHYTOSTIMULATION ACTIVITY
OF ANTAGONISTIC ACTIVE STRAIN BACILLUS
AMYLOLIQUEFACIENS IMV B-7404

Summary

Aim. The research of phytohormonal natural exometabolites by strain-
antagonist Bacillus amyloliquefaciens IMV B-7404, which determines its
phytostimulating activity. Methods. General growth activity, induction of
rhizogenesis, specific biological testing, spectrum densitometric thin layer
chromatography, high performance liquid chromatography, gas chroma-
tography. Results. Exometabolites phytostimulating activity of B. amylo-
liguefaciens IMV B-7404 is occurred due presence in its content of three
classes of plant hormones-stimulators: auxins, cytokinins and gibberellins.
The ability of the strain to synthesize phytohormones-inhibitors such as
abscisic acid and ethylene has been shown. Conclusions. The level and
range of phytohormons synthesized by strain B. amyloliquefaciens IMV
B-7404 support the peculiarities of it’s biology, namely saprobiontic mode
of existence. Synthesis of indolyl-3-acetic acid plays an important physi-
ological role in the formation of associative relationships between strains
in the plants rhizosphere.

Key words: B. amyloliquefaciens, exometabolites, phytohormones,
physiological role, phytostimulation activity.
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AHTU®ATOBA AKTUBHICTb ACUMETPHUYHO-
SAMILUEHUX MIPUINUJINTOPPIPUHIB

Mema. BusuenHs aHmuBipycHux siacmusocmeli HOBUX CUHMEMUYHUX
acumempuiHo-samiujerux nopGipuris 3 sukopucmanmusm bakmepiogaeis sk
moldenvrux 8ipycis. Mamepiaau ma memoou. ¥ pobomi susueqo 30amricmo
giavroi ocnosu 5,10,15-mpu (N-memun-4-nipudun)-20-(H-1orir)nopdipura
ma ii Komnaexkcy 3 UUHKOM iHeibysamu QKMmMuBHiCms cmagiiokoKo80eo
¢aea, paca T4 ma gaeca T7. Bakmepiopaeu inKybysaiu y npucymmHocmi
00CAI0HCYBAHUX CNOAYK | MEMHOBUX YMOBAX MA NPU ONPOMIHEeHHi 8Udu-
MUM CBIMAOM, NICAS 4020 iX MUMPYBALU 30 MeMOOOM NOOBILHUX A2aApO8UX
wapis. Kinyesi konyenmpauii nopgipunis ckaradaru 0,1; 1 ma 10 mxM.
Cnekmpu noeauHanmus nop@ipunis sanucysaru nicas inkybauii 3 ¢aeosoro
cycnensito 3a donomoeoro cnekmpogomomempa «Spekol-10> ma oyug-
posysaiu. Peayavmamu. [lokazarno, wjo naiuymausiwum 0o 0ii cnoiyk
€ cmagirokokosull baxmepioghae, aKMUBHICMb IKO20 NPUSHIUYBANACS
BiNbHOMW OCHOB0I0 nopdipuny Ha 68% y memnosux ymosax, ma rna 80% npu
¢pomoakmusayii. L{unkosuil komniekc nop@ipuny nosHicmro iHAKMUBY8aA8
yei ae, ak y memHosux ymosax mak i npu onpominenni. bakmepiogae T4
6y8 wymausiuium 00 0il Q0CAIOHYBAHUX CNOAYK 30 MeMHOBUX ymos. Tak,
30 MeMHOBUX YMOB BHUNMEHHS AKMUBHOCMI (haea y NPUCYmMHOCMI 8iAbHOL
ocrosu nopgipuny docsearo 68%, a uunkosoeo komnaexkcy — 88%, &
moii wac 3a Gomoaxmusayii — 24% ma 35%, sionosiono. Bakmepiopae
T7 nasnaku 6ys uymaiusgiuium 0o 0ii gomoakmusosanux nop@Hipuris.
SHuMeHRS 1020 AKMUBHOCMI | MEMHOBUX YMOBAX BiAbHON OCHOBOH
nopgipury docsearo 21%, a yunkosum xomniexcom — 16%, modi sk sa
onpominenns — 28% ma 53%, idnosiono. Cnexmpockoniumi O0CAiOHcCHH 5L
nokasaau, w0 00cAiOHcy8ani nopgipunu 38 a3yromocs 3 pazamu. Bucnosku.
Cunmemuuni acumempuuro-3amiujeri NOPPIpuUrL NPUeHiLyOMms AKMUBHICMb
docaidamcysarnux bakmepiogacis 3a805KU HOpMYBAHHIO KOMNACKCIB 3 (ha-
208UMU HACMKAMLU.

Kawuosi carosa: anmupazos8a aKmuBHiCMb, ACUMEMPULHO-3AMILUEHT
nopgipunu, 6axmepioghaeu.

KoHTposb Han BipycHUMH iH(EKLISIMU € OfHi€I0 3 HAaUBaKIUBILLIUX MPOO-

JieM cyuyacHoi Hayku. Ha cboronHiluHill neHb nepeBakHa Oi/blUiCTb BipyCHUX
iHdexkuiit Mo cyTi He Mae 3acobiB eTioTpomHOl Tepamii. 3agUIlIaeThCS HE BU-
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pillIeHMM TaKOXK MUTAHHSA XiMioTepamnii BipyCHHX XBOPOO POCJHH Ta TBApHH.
Y mouyky HOBHX IpenapaTiB [J/51 3aCTOCYBaHHS y CiJIbCKOMY TOCIOAAPCTBi
0coOJIUBY pOJib Bilirpae ix ekoJoriuHa GesmneuHicTb. o Toro Xk yci BUpo6-
HMILITBA, 1110 3aCHOBAHi Ha BeJIMKOMACIUTaOHUX OaKTepialbHUX (pepMEeHTaLlisgX
3a3HalOTh LWIKOAM Bil BipyciB OakTepiil — 6akTepiodaris, 60poTbba 3 IKUMHU
€ OMIHI€I0 3 aKTyaJbHUX 3a/ay cyyacHoi H6ioTexHosoril [7].

BukopucToByBaTu nopgipuHu SIK aHTUBIPYCHI areHTH OyJIO 3alpOIOHO-
BaHO, Mepul 3a Bce, AJs CTepuJidauii KpoBi Ta il KoMrnoHeHTiB. PoToceHcH-
6inizauis 3 pornomorot nopdipuHiB BUsiBUAACH e(DEKTUBHOI MPOTH BiJIbHUX
BipyCiB, BHYTPIlUHbOKJ/JIITUHHUX BipycCiB, BipyCTpaHC()OPMOBAHUX KJITHH Ta
BipyCHMX KOHTaMiHaHTiB y KpoBi [8]. Hesiki moxinni nopdipunis 3gatHi iHak-
THBYBATH CriellM(iuHi BipyCHi MillleHi, y TOMY YHCJi PeTPOBIpyCHY 3BOPOTHIO
tTpanckpunrasy i npoteasy BIJI-1 [9, 10]. Ha npuknaani 6akrepiodara T7 gk
MOJeJIbHOTO Bipycy 6e3 cynepkarncuay OyJia nokasaHa MOXKJ/IHUBICTb BUKOPHUC-
TaHHS KaTiOHHUX MOp(ipuHIB 1151 yCYHEHHS BipyciB 3 pinkoro cepenouina [5].

Baaraui, 6akTepiodaru 4acTo BAKOPUCTOBYIOTb SIK MOJIeJIi MTATOT€HHUX Bi-
pYcCiB, OCKiJIbKM BOHH He LIKiA/MBI Ta He MOTPeOyIOTh CreliabHUX AOCiAHULb-
KHX YMOB, a pe3ysbTaTH AOCJiIKeHb 3 OakTepioaraMu NOCTYIHI BXKe yepes
JIeKiIbKa TOJHMH Tic/Is 3apaKeHHs. 1X 3 yCIiXOM BHKOPHCTOBYBAH SK MO
BipyciB NpH OLiHIOBaHHi e(eKTUBHOCTI 6ap’epHUX MaTepiaJiB, A/ epeBipKu
e(eKTUBHOCTI OUULIEHHS MUTHOI BOAH, AJ151 OLIIHIOBAHHS BipyJ/IiLIMAHUX CIOJYK,
IJIs1 BU3HAUEHHS YYTJUBOCTI BipyciB 1o mesiHdekTaHTiB [2, 3, 6].

3 orsgny Ha 3a3HayeHe BHUIE METOW AaHOi poOOTH Oy/0 BHUBUEHHS

AHTUBIPYCHUX BJIACTUBOCTEH HOBUX CHHTETHYHHX ACHMETPUUHO-3aMilLlEeHUX
nopgipuHiB 3 BUKOPUCTAHHAM OakTepiodariB K MOAeJbHUX BipycCiB.

Martepianu Ta MeTOaH

BuBuanacek antugaroa akTUBHICTb BisibHOI 0cHOBH ,10,15-Tpu(N-MeTu-
4-nipunun)-20-(H-HOHIN)opiprHa Ta i KOMIJIEKCY 3 LHHKOM, CHHTE30BaHUX
y [THAJI-5 OHY imeni I.I. Meunukoga.

AHTH]aroBa ais [OCHIIXKYBaHUX CIOJNYK IMepeBipsiacsi HA MOAETbHUX
cucremax S. aureus — noJiiBaJeHTHUH cTadisokokoBUl 6akTepiodar, E. coli —
6aktepioaru T4 ta T7.

[Mram 6aktepii Staphylococcus aureus ATCC 2592 oTpumanuii 3 My3ero
Kadenpu MikpobioJorii, Bipycosorii Ta 6iotexHosorii OHY imeni I.I. Meu-
nHukoBa. IlItam Oakrepii E. coli B Ta 6akrepiodar T4 n106’d3H0 HagaHi 3a-
BinyBaueM Kagenpu BipycoJiorii KuiBCbKOro HallioOHaJbHOIO yHiBEPCUTETY
imeni T.I'. [lleBunko, a.6.H. [Tonimykom B.I1.; 6akrepiodar T7 — 3aBinyBauem
Bimniay MosekyssipHoi 6iosiorii 6akrepiodaris IMB HAHY, n.6.H. ToBka-
yem @.I. KynbruByBanus 6axrepiit S. aureus npoBoauau vHa MIIB, 6akrepii
E. coli —na cepenosuwi LB. [linbui cepenopuwma mictuu 1,4% arap-arapy,
Hanippinki — 0,7% arap-apary. 36epiranu KysJbTypH MiKpOOpraHi3MiB Ta

ISSN 2076—0558. Mikpobioroeis i 6iomexnoaoeis. 2013. Ne 3. C. 94—108 —— 95



H.C. Boagsiucbka, .M. laakin, C.B. Boasincbkuii, T.0O. ®ininosa

H6akTepiodaru 3a temnepatypu 4 °C. KonuentpyBaHHs ¢ariB mpoBoauan 3a
metonom SImomoto [11].

JIs1 BU3HAUEHHSI TEMHOBOIO BILIMBY nmopdipuHy Ha 6akTepiodar daroBy
CYCIIEH3i10 PO3JIMBAJIHM y CTePUJbHI MPOOIpKH Mo 1 MJI 3 pO3BeIeHHS, TIPU IKOMY
H6akTepiodar yTBoproBaB Ha 6akTepiasbHOMY ra3oHi 50—70 HeraTUBHUX KOJIO-
Hiii. Jlo ¢arosoi cycnensii nogaBanu nopgipuHu TakKUM YMHOM, 1100 KiHLEBa
KOHLIEHTpaLisl cronyk y npobipkax ckaagana 0,1; 1 ta 10 mxM. Bubip came
LIMX KOHLEHTpauil 0a3yeTbCcsl Ha MONepeaHiX NaHUX MPO BiACYTHICTb aHTH-
H6akTepiaabHOi il AOCAIAKYBAHUX CMOJYK 32 KoHUeHTpauii 10 MmkM i Huxue.
3a KOHTPOJIb MpaBu/IK (arosi cycrensii 6e3 nogaBaHHS AOCJiIXKYBaHUX pe-
uyoBuH. [licss uboro npobipku iHKyOyBasd y XOJOIUIbHUKY 32 TEMIEpPaTypH
4 °C npotsarom 24 ron. Ilicaa 3akinueHHsi TepMiny iHKybauii 6akTepiodaru
TUTPYBaJd 32 METOJAOM MOABIHHUX arapoBux wwapis [1].

Jlnst BU3HaUeHHS (DOTOIHAYKOBAHOTO BIIMBY MOpQipuHiB Ha HakTepiodar
(haroBy cymill oapasdy K Mic/sl J0AaBaHHS CIOJYK MiAJaBald ONPOMiHEHHIO
JIAMITO0 PO3’KapIOBaHHS eHHOTO cBiT/aa noTyxHicTio 500 Bt mpotsirom 20 xB.
[uTeHcuBHiCTbL onpoMiHenHs ckaagana 40 J/cm? [10]. 3a KoHTpoJb MpaBuaa
(haroBa cycrensis 6e3 noAaBaHHS NOCAIIXKYBaHUX pedyoBUH. Onpasy X micsas
OMPOMiHEHHSI TPOBOJAUJIN TUTPYBaHHSI OakTepiodara 3a MeTOLOM MOABIHHHUX
arapoBux wwapiB. OO6JiK pe3y/abTaTiB NMPOBOAUIN Yyepe3 24 rofn, migpaxoBy-
I0UM KiJbKiCTb HETaTUBHUX KOJIOHIM Ha OakTepialbHOMY Ta3oHi y AOCHiAl Ta
KOHTPOJII.

Jlns crieKTpocKomiuHUX AocaifKeHb BUKopucToByBaau 10 MKM posuunu
nopdipuHiB. ¥ nocaigHi npoOipku BHOCUJHU BiANoBigHi 6akTepiodaru 10 KiH-
LeBoi KoHLeHTpauii 5x 10° BYO,/ma, a y npo6ipku, 110 cIyryBaand KOHTPOJIeM,
N0faBaJy BianoBiaHu# 06’eM ¢isionoriuHoro posuuny. [Ipo6ipku BUTpUMYyBaJIH
30 xB y TemHomy wmicui. CrieKTpH TOTJIMHAHHSI 3aMKCyBa/Md 3a JOTOMOrOI0
cnektpodoromerpa «Spekol-10». OTpumansni nani 6yau ormdpoBaHi 3a mo-
nomoroto nporpam Grafula ta Origin Pro 8.

Pe3yabTaT a0CJAiIKEHHS Ta TX 0OroBOpPeHHs

PesysbTaTu noCHifKeHHS MOKa3a/ju, 110 BUCOKY TEMHOBY aKTHBHICTb
BiJIbHOI OCHOBH JOCJIiI>KyBaHOTr0 NOp(ipuHy 010 cTaiJloOKOKOBOro (hara ta
(bara T4. 3a HaliBU1L0] KOHLEHTpaLlii Mop(ipUHYy 3HUKEHHS aKTUBHOCTI (arin
nocsirano 68%. Halimeniua #oro KoHLeHTpaLisl NPUrHidyBaia iHpeKUifiHicTh
cradinokokosoro (ara Ha 35% Ta ¢ara T4 — na 15%. Ilo BinHOWeHHIO 10
UX (hariB Mae MicLe 4iTKa 3a/1eKHiCTb aKTUBHOCTI CIIOJIYKHU Bill il KOHLEHTpa-
uii. [llono ¢ara T7 Takoi 3anekHoCTi He BUsiBAeHO. MakcuMasibHe 3HHKEHHS
#fioro aktuBHOCTI (Ha 21 %) BinOyBasocs 3a KoHLeHTpawii 1 MKM.

Tennenuisi BO/IMBY LMHKOBOTO KOMILJIEKCY OOCJiAXKyBaHOro mopdipu-
Hy Ha ¢aru Oyna onHakoBow. HaliakTuBHIilIOW BUSIBUIACS KOHLEHTpPALLis
10 MxM, 3a siKoi aKTHBHICTb CTadiJOKOKOBOro (hara mpurHiyyBasacs rmo-
BHICTIO, aKTUBHiCTb (para T4 suuxkysanaca Ha 88%, a dara T7 — na 16%.
Hatimenbl edexktuBHOW OyJaa koHueHTpauis 1 MkM, 3a fKoi akTHBHICTb
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cTadisokokosoro (ara sumxkysanacs Ha 47%, a ¢ara T4 ta T7 — na 22%
ta 7%, BignosinHo (puc. 1).
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[ - cradinokokosuii par - bar T4 - gar T7

Puc. 1. BniuB BinbHOT OCHOBM acuMeTpUuHO-3aMmillleHoro nipuauanopdipuny (a) ta ii
KOMIJIeKcy 3 UMHKOM (0) Ha iHdeKuiliHy akTUBHicTb 6akTepiodariB 3a TeMHOBUX YMOB.
[Tpumitka: K — KoHTposib, * — pi3HMLSA DOCTOBipHA y MOPIiBHAHHI 3 KOHTPOJIEM

Fig. 1. Influence upon asymmetrically substituted pyridylporphyrin free base (a)
and zinc complex (b) bacteriophage activity under the dark conditions.
Note: K — control, * — significantly different from control

Takum uymHOM, 3a cTyrneHeM UyTJMBOCTI 00 TEMHOBOI Hii acUMeTpHUYHO-
3aMillleHuX nop(ipuHiB (haru MOXKHA PO3TalLyBAaTH y TAaKOMY MOPSAKY: CTa-
¢inoxkokoBu dar > ¢ar T4 > ¢ar T7. Builly akTUBHICTb y TEMHOBUX yMOBaXx
BCTAHOBJIEHO /IS METAJIOKOMIIJIEKCY MOP(ipHUHY.

3a choToakTuBAaLllil BiJIbHOI OCHOBH IOCJIiI?>KYBaHOTO TTIOP(ipHUHY MPHUTHIUEH-
HSl aKTUBHOCTI CTa]iJOKOKOBOro (para npsimMo 3asexaJso Bin ii KOHLeHTpauil
i cranoBuso 31—80%. AHasoriuni pesy/nbTaTH OTPUMAHO i MPU BU3HAUEHH]
(hoTOAMHAMIYHOI iHAKTUBALIl BipyCiB B MPUCYTHOCTI KAaTiOHHUX MOP()ipHHIB.
BBakaeTbcs, 110 TPONOPUIHHO 10 3pOCTAaHHS KOHLEHTpauil (oToceHcubimi-
3aTOpiB MiABHUILYETbCS YTBOPEHHS CHUHIVIETHOIO KHMCHIO, SIKHH MOLIKOIXKYE
CTPYKTYpPHi KommoHeHTH BipyciB [12]. Tlpu ompomiHeHHi 3a mpucyTHOCTI
1bOro nopipuHy 3HUXKeHHs akTHBHOCTI (hara T4 me mepesuuryBaso 24%.
doroinakrupauis dara T7 nix aiero BinbHOI ocHOBH Oysa y Mexxax 16—28%.
®0TOAKTUBOBaHUH LIMHKOBHUH KOMILJIEKC NOC/iIXKYBaHOTO MOP(ipUHY MOBHICTIO
NpUrHiuyBaB aKTHUBHICTb cTadisokokoBoro (ara 3a koHueHTtpauii 10 MmxM.
3HMKEHHS aKTHBHOCTI LIbOro (hary ckiaagano 3a konuentpauii 0,1 MmxM 41%,
a 3a xoHuentpauii 1 MkM — 19% (puc. 2).

[Ipu onpominenHi ¢ariB T4 ta T7 y npucytHocTti 10 MKM naHoro metasno-
KOMIIEKCY iX iH(eKLiiHicTh 3HMKyBanaca Ha 35% T1a 53%, a 3a HaiimeHIIO]
koHueHTpauii — Ha 12% Ta 8%, Binnosigno. OTxe, dar T4 € 6iabL uyTIH-
BUM 10 TEMHOBOI il CITOJYK.
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Konnenrparis nopdipunis, MKkM
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Puc. 2. BnauB BisibHOT OCHOBU acuMeTpUUHO-3aMillleHOro nipuauanopdipuny (a)
Ta 11 KoMnJekcy 3 uMHKom (0) Ha iHdeKuUiiiHy akTMBHicTb 6akTepiodariB 3a ymoB
(dborToakTuBaLii.

[Tpumitka: K — KoHTpOB, * — pi3HHLIA DOCTOBipHA MOPIBHSHO 3 KOHTPOJEM

Fig. 2. Influence upon asymmetrically substituted pyridylporphyrin free base (a)
and zinc complex (b) on bacteriophage activity after photoactivation.
Note: K — control, * — significantly different from control

Binomo, 1mo nopgipunu 3naTtHi GopMyBaTH Pi3HOMAHITHI KOMILJIEKCH 3
JHK. Pesynbratu gocaimxens [4] nokasyoTs, 1110 BoHU 3B’s3yt0Thes 3 JJHK
He3aJ/Ie2KHO BiJl TOIO UM € MOJIHYKJAEOTH/] YaCTUHO HYKJ/IEONPOTEIHOBOIO KOMII-
JIEKCY UM Hi. BUKOpUCTOBYI0YM CIIEKTPOCKOMIYHI METOIU IOC/IiI?KEeHHSI MOXKHA
BH3HAUNTH HASIBHICTb Ta XapaKTep 3B’s3yBaHHsS MOP(ipuHIB 3 HYKJIEIHOBOIO
KHUCJIOTOI0 200 HYKJIEONPOTEeIHOBUM KOMILJIEKCOM, SIKHM € (paroBa 4acTKa.
Jlns nopdipuHiB y CKaaAi KOMIJIEKCIB HaHOibll XapakKTepHUMH 3MiHaAMH €
3pyieHHsi cmyrd Cope 10 OiJbLIMX NOBXKUH XBUJIb, sIKA CYIPOBOIKYETHCS
rinoXpoMHUM abo0 rinepXpoMHUM eeKToM (ToOTO 3MeHIIeHHs a00 30i/blIeHHS
eKkcTUHKUIT) [14].

BcraHnoBisieHo, 1110 3a B3aeMoaii ¢aris i3 10C/IiIXKYBaHUMU NopdiprHaAMH
BiOyBaIOThCS ME€BHI 3MiHHU IX CIIEKTPaNbHUX XapaKTepUCTUK. MaKCUMyM CMyru
Cope BibHOI OCHOBH y TIpUCYTHOCTI (hariB 3pyuryBaBest Ha 0,7 HM, Ta B ycix
BUIAJKaxX CrocTepirabcs rinoxpoMuuii edext: 3,3 % g cTadiJOKOKOBOro
dara, 7% — nna ¢ara T4 ta 10,7% — naa dara T7 (puc. 3).

3HauHU# 3CyB Y uepBOHUH OiK criekTpy cmyrd Cope LIMHKOBOI'O KOMIJIEK-
cy —Ha 12 HM — criocTepiraBcsl y mpUcyTHOCTI cTadisokokoBoro ¢ara ta ara
T4, npuyoMy iHTEHCUBHICTb MOIVIMHAHHS CBiTJ/Ia NTOP(ipUHOM 32 MPUCYTHOCTI
nepuioro (para He 3MiHIOBaJacCs, a 3a IPUCYTHOCTI APYroro 3HUXyBaJsacs Ha
2,3%. Hait6inbmmii runoxpomiam — 11,4% — crocrepirases 3a BzaeMofii
crniostyku 3 parom T7, ane npu upomy BinOyBaBcst He3HAuHUH (Ha 1,5 HM) 3CyB
cmyru Cope nopipuna.
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Puc. 3. CnekTpu norJuHaHHs BiJbHOT OCHOBM aCMMETPHYHO-3aMillleHOro
nipuananopepipuny (A) ta i1 Komnaekcy 3 unHkom (B) y npucytHocti 6akrepiodaris.

Fig. 3. Asymmetrically substituted pyridylporphyrin free base (A) and zinc
complex (B) absorption spectra in presence of bacteriophages.

Takum umHOM, pe3y/abTaTH CHEKTPOCKOMIYHUX MOCJiAKEeHb CBiAYaThb
npo 3B’si3yBaHHA NopdipuHiB 3 ¢aramu. 3a AaHUMHU JiTepaTypH BiLoMO, LI0
dopMHu 3B’SI3yBaHHS, a caMe iHTepKaJsllisi Ta 30BHILIHE HeiHTepKaJSITUBHE
3B’s13yBaHH4, 5K 3 i3oaboBanow0 JAHK, Tak i 3 JIHK Bcepenuni dharosoro kar-
cupa, cxoxi [14]. Becranosaeno, 1o B isonboBaniil JIHK i ¢arosux yactkax
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pO3MOMi/ Ta CNiBBiAHOLIEHHS (JOpM 3B’sI3yBaHHS aHAJIOT{UHi, aje JOCTYIMHICThb
CalTiB 3B’s3yBaHHS 3ajexUuTb Bif cTpykTypu JTHK.

CtpykTypa npoTeiHOBOro KOMILJIIEKCY TaKOX Bilirpae BaKJWBY pOJib
y B3aeMomii mopgipuHiB 3 HYK/IEONPOTeIHOM, HaBiThb SKIIO0 HeMa MPSIMOro
3B’si3yBaHHsl nopdipuny 3 Oinkamu [13]. LluM MOXKHa MOSICHUTH Pi3HULIO Y
4y TJMBOCTI (pariB 10 Ail CrOJYK, OCKIJMIBKU yCi NOCHAIAKYBaHi paru HajnexaTb
[0 Pi3HUX POJMH Ta MaIOTh Pi3HY Mopdosoriuny 6ynoBy. OnHak 3B’s13yBaHHS
3 IOp(ipUHOM He 3aBXKAM BIIMBAE HA CTPYKTYPY Kalcuay abo Ha B3a€MOJiI0
JHK 3 6inkom y ¢arosiit vactui [4].

Ha Binminy Bim TemHOBUX edeKTiB mopdipuHiB 3a (oToakTuBalii LHUX
CMOJIYK CYTTE€BO 3MiHIOETbCS CTPYKTypa OifKiB HYK/JIEONPOTEIHOBOTO KOMII-
aekcy. Cioin 3a3HauuTH, 110 3B’A3yBaHHS NOpQipUHY 3 (PAroBo 4acTKOK He
€ HeoOXiqHOK yMOBOIO e(eKTUBHOI poToceHcubinizytouoi aii. Lle moxHa mo-
SICHUTH THUM, 1110 MOJIEKYJ/IH BiJbHUX NOP(ipUHiB Oi/blI aKTHBHO yTBOPKIOTh
CUHTJIETHUH KuceHb [12].

Taxkum unHOM, NpoBeneHi NoCAiIXKeHHS T0Ka3aslu, 110 HAaHOiJIbLI Yy TAUBUM
[0 TEMHOBOTO Ta (DOTOIHAYKOBAHOTO BIJIMBY MOP(QipUHIB € CTA(iJTOKOKOBUH
H6akTepiodar, B To# yac gk ¢ar T7 BHUSIB/IsSIe BUCOKY CTiHKiCTb A0 Aii LUX
croJyk. 3B’s13yBaHHs BisbHOT ocHOBH D,10,15-Tpu(N-meTuna-4-nipuawn)-20-(H-
HOHi/)opipuHy 3 AOC/iAXKYBAaHUMH (paraMu CyNpOBOIXKY€EThCS IOXPOMHUM
e(eKToM, KU /I LIMHKOBOIO KOMILIEKCY BHUSIBJICHO JIMLIE 34 MPUCYTHOCTI
tara T7. nsa cradinokokoBoro ta T4 daris BusiBieHO 6aTOXPOMHHUH e(peKT —
3cyB cmyru Cope MeTasoKOMIJIEKCY Y UepBOHUH OiK CIEKTPy.

H.C. Boasuunckas, b.H. 'aakun, C.B. Boasuuckuii, T.O. ®duaunnosa

Opecckuil HauWoHaNbHBIH yHUBepcuTeT uMeHu .M. Meunukosa,
ya. JIBopsinckasi, 2, Onecca, 65082, YkpauHa,
test.: +38 (048)765 33 61, e-mail: tphilippova@ukr.net

AHTU®ATOBASI AKTUBHOCTb ACUMMETPUYHO-3AMELLUEHHBIX
NMUPUIANJITNTOPPHPUHOB

Pegepar

Leab. M3yueHne aHTHBUPYCHBIX CBOMCTB HOBBIX CHHTETHYECKHX
ACHMMETPHUYHO-3aMeLEHHBIX TOP(MUPHUHOB C UCTIOIb30BaHUEM OaKTEpPUO(aros
B KauecTBe MOJIe/IbHbIX BUpycoB. MaTepuasbl U meToabl. B padore usyuanacb
crocobHOCTh cBobGomHOro ocHoBauus 5,10,15-Tpu(N-metun-4-mupunn.)-20-
(H-HOHUM)Op(HPHHA U ero KOMILJIeKca ¢ LMHKOM HHIMOUPOBAaTh aKTUBHOCTD
cTaduaoKokkoBoro (ara, (ara T4 u para T7. bakrepuodarn nuky6upoBasu B
MPUCYTCTBUHU HCCEAyeMbIX COeIMHEHUH B TEMHOBbIX YCJOBHSIX U IIpH 00J1yye-
HHUHU BUJMMBIM CBETOM, [10CJI€ Yero UX THTPOBAJH METOJIOM IBOMHBIX arapoBbIX
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cioeB. Koneunble KoHUeHTpauuu noppuputHoB coctapasau 0,1 mkM, 1 mkM
u 10 MmxM. CriekTpbl norJollieHnst nopGhUPUHOB 3aMUCHIBAIN T0CAe HHKyOa-
K ¢ (paroBoil cycreH3uel ¢ momolibio crnektpodoromerpa «Spekol-10» u
ouudposbiBanu. Pesyabrarel. [Tokasano, uto Hanbosee 4yBCTBUTEIbHBIM K
JEACTBUIO COEMHEHNH 0Ka3aJ/Ccs CTa(PUIOKOKKOBBIA OakTepuodar akTHBHOCTb
KOTOPOTO TMO0AaBJ/sJach CBOOOIHBIM OCHOBAHHEM HCCJeIyeMOro noppupruHa
Ha 68% B TeMHOBBIX ycaoBusx, ¥ Ha 80% npu (oToakTuBauuu. LIMHKOBBI
KOMIIJIEKC MOop(HpHHA MOJHOCTbIO HHAKTUBUPOBAJ 3TOT (par, Kak B TEMHOBBIX
YCJIOBUSIX TaK U pu obsayueHud. bakrepuodar T4 6b11 60see UyBCTBUTEIbHBIM
K NEHUCTBUIO COeMHEHUH NPU TEMHOBBbIX yCJOBHUSIX. Tak, B TEMHOBBIX yCJO-
BUSIX CHMKEHHMe aKTHBHOCTH (para B MPUCYTCTBUHU CBOOOJHOTO OCHOBAHMS
nopgupuna nocturano 68%, a uMHKOBOro Kommaekca — 88%, Torna Kak npu
poroakTuBaumu — 24 % u 35%, cootBeTcTBeHHO. BakTepuodar T7 Hao60pOT
Obls1 O0JIee UyBCTBUTEIbHBIM K 1€HCTBUIO (DOTOAKTUBUPOBAHHBIX CO€IMHEHHUH.
CHMKeHMe ero akTHBHOCTH B TE€MHOBBIX YCJIOBHUSIX CBOOOJHBIM OCHOBaHHEM
uceenyemoro nopgupuna gocturano 21 %, a LMHKOBBIM KOMILIeKcoM — 16 %,
Torna Kak npu obsydennd — 28 % u 53 %, cootBercTBeHHO0. CIEKTPOCKONHYeC-
KHe UCCJIeIOBAHUS [T0KA3aJ/H, YTO UCCJIelyeMble MOP(UPHUHBI CBSI3bIBAIOTCS C
(paramu. BbiBoabl. CuHTeTHYECKHE aCHMMETPUYHO-3aMelleHHble TOP(QHUPUHBI
YTHETAT aKTUBHOCTb UCCJenyeMbIX OakTepuodaros 61arogaps (opMupoBa-
HHMIO KOMIIJIEKCOB C (haroBbIMH YaCTHLAMH.

KnoueBbe camoBa: aHTu(aroBass akTUBHOCTb, aCUMMeTpPUUYHO-
3aMellleHHble TOP(pUPUHBI, OaKTepuodaru.
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ANTIPHAGE ACTIVITY OF ASYMMETRICALLY-
SUBSTITUTED PYRIDYLPORPHYRINS

Summary

Aim. Study of the new synthetic asymmetrically-substituted porphy-
rins antiviral properties with the use of bacteriophages as model viruses.
Materials and methods. In this work the ability of 5,10,15-tri(N-methyl-
4-pyridyl)-20-(n-nonyl) porphyrin free base and its zinc complex to inhibit
staphylococcal phage, phage T4 and T7 activity had been studied. Bacte-
riophages were incubated in presence of studied porphyrins in the dark
and during irradiation, and then plated using the standard double-layer
method. Final porphyrin concentrations were 0,1 M, 1 M and 10 M.
Porphyrin absorption spectra were recorded after incubation with phage
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suspension with spectrophotometer “Spekol-10” and then were digitized.
Results. It was shown, that staphylococcal phage is more sensible to the
porphyrin action. Porphyrin free base suppress its activity on 68% in the
dark and 80% after photoactivation. Phage inactivation with porphyrin
zinc complex reached up to 100% in the dark and after irradiation. Phage
T4 is more sensible to the porphyrins action in the dark. Decrease of the
phage activity in the dark reached up to 68% in presence of porphyrin
free base, and 88% in presence of porphyrin zinc complex, and 24% and
35%, respectively, after photoactivation. Inversely, phage T7 is more sen-
sible to the photoactivated compounds action. Decrease of its activity in
the dark reached up 21% in presence of porphyrin free base, and 16% in
presence of porphyrin zinc complex, and 28% and 53%, respectively, after
irradiation. Spectroscopic studies show that studied porphyrins bind to the
phage nucleoproteins. Conclusion. Synthetic asymmetrically-substituted
porphyrins affect the studied bacteriophage activity due to complex forma-
tion with phage particles.

Key words: antiphage activity, asymmetrically-substituted porphy-
rins, bacteriophages.
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IHOGOPMALLIMHE MOBIJAOMJIEHHS J1J11 ABTOPIB

Haykosuii scyprar «Mikpobioroeis i 6iomexHonroeisiy 3anpoulye Bac
do cnisnpayi 3 NUMAaHb BUCBIMAEHH A PE3YLbMaAmMi8 HAYKOBUX OOCAIONHCEHb
Yy eaaysi mikpobionroeii i 6iomexHoaoaii.

[lporpamHi Wi BUAAHHS: BUCBIT/JIEHHS Pe3y/bTATiB HayKOBHUX MOCJIi-
JDKEHb Yy rasny3si MikpobioJiorii Ta 6ioTexHOJI0Tii, 00’€KTaMU IKHX € MPOKaPioTHi
(6akTepii, apxebakTepii) Ta eykapioTHi (MiKpOCKOMiuHi TpuOH, MiKPOCKOMIUHI
BOJIOPOCTi, HAWMPOCTillli) MiKpOOpTaHi3MH, BipyCH.

TemaTnuna cnpsimoBaHicTb: MiKpoGioJsoris, BipycoJorisi, iMyHOJOris,
MOJIEKYJISIpHAa Oi0TeXHOJIOTisl, CTBOPEHHSI Ta CeJeKLisl HOBUX LITaMiB MiKpoO-
oprasisamiB, MiKpoOHi IpenapaTH, aHTUMiKpoOHi 3acobu, 6ioceHcopH, AiarHoc-
TUKYMH, MiKpOOHI T€XHOJIOT] B CiJIbCBKOMY IOCIIOAAPCTBI, MIKpOOHI TeXHOJIOTIT
y Xap4yoBil MPOMHUCJIOBOCTI; 3aXUCT Ta 0310POBJIEHHS HABKOJMILIHBOIO Cepel-
OBHIIa; OTPUMAHHSI €HEProHOCIIB Ta HOBUX MaTepiaJjiiB TOLIO.

MoBa (MOBM) BMAAHHSA: YKpaiHCbKa, pocilicbKa, aHTJIilCbKa.

Py6puku xkypHaay: «Oryisnosi Ta TeopeTuuHi ctatTi», «EkcrniepuMeHTaNbHi
npatti», «Iluckycii», «KopoTki noBinomieHHs1», «XpoHiKa HAYKOBOTO KUTTSI»,
«Cropinku ictopii», «lOBinei i natu», «Peuensii», «KanxkoBa mosunis».

Jlo cTarTi nonaeTbcs peKOMeHIallisl YCTAaHOB, OpraHisalliil, y SIKUX BH-
KOHYBaJiacsi pob6oTa, 3a MiANUCOM KepiBHMKA Ta MHCbMOBA 3rojla KepiBHUKIB
yCTaHOB, OpraHi3alii, ae NpaLoTh CIiBABTOPH.

Bumoru 10 opopmieHHs cTaTel, AKi NOJAIOTLCS 10 peJaKLii XKypHaJy:

CraTTs Mae BiNoBigaTH TeMaTUYHOMY CIIPSIMYBaHHIO XKypHaJy i, BiIrosia-
Ho o 1. 3 Tlocranosu BAK Ykpainu ig 15.01.2003 p. Ne7-05/1, BK./110uaTH
TaKi CTPYKTYPHi eJleMeHTH: MOCTaHOBKA MPoOJeMH y 3arajJbHOMY BUIJISIAI Ta
il 3B'5130K i3 BaKJIMBUMH HAYKOBUMHU UM TPAKTHUYHUMH 3aBIAHHSIMH; aHaJi3
OCTaHHIX AOCHiIKeHb i Mybaikalliii, B SKUX 3ar04aTKOBAHO BUPillleHHS NaHO1
npo6JeMu i Ha §IKi OMMpPaeTbCs aBTOP; BUOKPEMJIEHHSI paHillle He BUPilleHUX
YaCTHUH 3arajbHoi NpoOJieMH, KOTPUM NPUCBSAYYETHCS CTATTS; (POPMYJIIOBAH-
HS1 LiJied cTaTTi (MOCTAaHOBKA 3aBIAHHS); BUKJAL OCHOBHOTO MaTepiany mo-
CJIIKEHHS 3 MOBHUM OOIPYHTYBAaHHSIM HAyKOBHUX pPe3YJbTaTiB; BUCHOBKHU 3
JAHOTO AOCJIIKeHHS i MepPCNeKTUBY MOAAJbLINX MTOWYKIB Y JAHOMY HalpPsMI.

Jo npyky npuiimaroTbcs cTaTTi (2 npuMipHHKH) oOcsarom He Oinblie 8
CTOPiHOK (3 ypaxyBaHHSIM PUCYHKiB, TaOJulb i MiANKCIB 10 HUX, aHOTALLl,
pecdepaty, CIUCKY JiTepaTypH), orasiod — 10 15 cTop., peuensii — mo 3 ctop.,
KOPOTKi MOBiIOMJIEHHS — 10 2 CTOP.

Jlo pykonucy nonaeTbCsl eNeKTPOHHUM BapiaHT CTATTi Ha AUCKOBI (LLIPUPT
Times New Roman, kersib 14, inTepBas aBToMmatudynui, He 6isbiie 30 psakiB
Ha CTOpiHLI, MOJs O 2 CM).

[pu HanucaHHi cTaTTi HEOOXiAHO AOTPUMYBATUCS TAKOrO MJaHY:

— inpgekc YK y niBoMy BepXHbOMY KYTKY MEpLIOro apKylla;
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— npi3BulIa Ta iHilliaau aBTOpa (aBTOPiB) MOBOIO OpUriHAJY, Micle po-
60TH KOXKHOT0 aBTOpA; MOBHA TOLITOBA a/ipeca YCTAHOBH (32 Mi>KHAPOIHUMH
cTaHmaptamu); tegaedoH, eJeKTpoHHa anapeca (e-mail). [1pisBuiua aBTopis Ta
Ha3BU YCTaHOB, [leé BOHU IPALIOIOTh, I03HAYAIOThb OAHUM i THM CaMHUM LHU}-
pOBUM iHIEKCOM (Bropi);

— HasBa CTaTTi BEJUKUMHU JiTepaMy,

— aHoTallis i3 3a3HaueHHSM HOBU3HU pocaimkenHs (200—250 chiB);

— KJIIOYOBi cjoBa (He OiJjblie M STH);

TekcT crarTi Mae BKJIOYATH TaKi CKJALO0BI:

BCTYII, MaTepianu i METONH; pe3yNbTaTH Ta X 0OrOBOPEHHS; BUCHOBKHY,
Jitepartypa.

JIo KO>KHOro MpUMipHUKa CTATTi NOAAETHCS aHOTALLisi MOBOIO OpHTiHATY
Ta pedepaTu yKpaiHCHbKOK / pociiicbKolo (B 3a/1€XKHOCTi BiZl MOBH ODHTiHAJTY
CTaTTi), Ta aHIVIIHCBKOIO MOBaMH (KO)KeH pedepaT Ha OKpeMOMYy apKylli).
Ocob6MBYy yBary cJif MPUAINSTH HAMKUCAHHIO Pe3foMe CTaTTi aHTJIiHCBKOIO
MOBOI0. [l LIbOro AOLINBHO KOPUCTYBATUCS MOCJyraMu KBasipikoBaHUX
crienianicTiB-iHrBiCTiB 3 MOAAJBIIMM HAayKOBHUM peLAaryBaHHAM TEKCTY
aBTopoM(-amu). [lepen cioBoMm «pedepaT» HeoOXigHO HAMUCATH MPi3BHILA Ta
iHiLianu aBTOpiB, HA3BU YCTAHOB, MOBHY HA3BY CTATTi BiAIOBIAHOK MOBOI.
Pegepar o6csarom 200—250 caiB Mae OyTH CTPYKTYpOBaHMM: MeTa (UiTKO
c(hopMy/IbOBAHA), METOIH NOCJiI?KEHHSI, Pe3y/bTaTH NOCAiIKEHHS (CTUCJO),
y3arajbHeHHs1 a6o BucHoOBKHU. [licas Texkcty pedepaty 3 ab3aily po3milily-
I0TbCH KJIIOYOBIi CJI0BA.

Y KiHLi TeKCTy CTaTTi yKasaTu Npi3BHlla, iMeHa Ta Mo 0aTbKOBi ycCix
aBTOPIB, MOWITOBY anpecy, TejaedoH, dake, e-mail (115 KopecmoHIeHLIT).

CrarTsi Mae 6yTH mignucaHa aBTOpoM (yciMa aBTOpaMHu) 3 3a3HAUEHHSIM
JlaTHW Ha OCTAHHIA CTOPiHLI.

ABTOpY HeCyTb MOBHY BiANOBifa/NbHICTh 32 6€310raHHe MOBHE O(OpPMJIEH-
HSl TEKCTY, 0COOJIMBO 32 MpPaBUJIbHY HAyKOBY TepMiHoJsoTito (ii cain 3BipsaTn
32 ()aXOBUMHU TE€PMiHOJIOTIUHUMHU CJIOBHUKAMH).

JlaTuHCBKI 6ioJIOriuHi Ha3BU BUIIB, POIiB MOAAIOTHCS KYPCHBOM JIATHHH-
LeI0.

$IK110 4acTO MOBTOPIOBAHI Y TEKCTi CJIOBOCIOJYUYEHHS aBTOp BBaXKae 3a
noTpiOHe CKOPOTUTH, TO abpeBiaTypH 3a MepLIOro BXKUBaHHS 00YMOBJIIOIOTH
y nyxkax. Hanpuknan: nosnimepasna Jjaunioroa peakuis (I1JIP).

[Tocunanus Ha qniTepaTypy NOAAKTHCS Yy TEKCTi CTATTI, LUPpaMu y KBa-
NpaTHUX AYKKax, 3TiIHO 3 MOPSIAKOBUM HOMEPOM Y CIIUCKY JiTepaTypH.

Tabnuui matoTh OyTH KOMMAKTHUMH, MaTH TOPSIKOBUH HOMep; rpadu,
KOJIOHKH MaloTb OyTH TOYHO BU3HAYEHUMHU JIOTiUHO i rpadiuno. Marepiana ta-
6auUb (K i pUCYHKIB) Mae OyTH 3pO3yMiauM i He nybOJ/i0BAaTH TEKCT CTATTI.
LludpoBuil MaTepian TabaULb CJIiI ONPALIOBATH CTAaTUCTUYHO.

PUCyHKM BHKOHYIOTbCSl y BUIJISIAI UiTKUX KpecJeHb (3a IOMOMOTOI0
KOMIT ' foTepHOro rpadgiunoro pemakropa y ¢opmati Word, TIF, JPG). Oci
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KOOpAMHAT Ha rpadikax MamoTb OyTH Mo3HadyeHi. PUCYyHKH po3MillyloTbCs y
TeKCTi cTaTTi Ta AyOJ0I0Thes oKpeMuM (ainom Ha CD.

Posnin «PesynbraTti nocaimxeHb Ta ix 00roBopeHHs1» Mae 6yTH HAUCaHUH
KOPOTKO: HEOOXiAHO UiTKO BUKJIACTH BUSIBJEHI e(heKTH, TOKA3ATH PUUUHHO-
pe3yJ/IbTaTUBHI 3B’ I3KW Mi>K HUMH, TIOPiBHSAITH OTPUMaHy iH(popMaLLiio 3 TaHUMHU
JiTepaTypH, AaTH BiANOBiAb HA NMUTAHHS, [TOCTABJIEHI Y BCTYIII.

Crniucok JiTepaTypH CKIAAAEThCS 32 aA(aBiTHO-XPOHONOTIUHUM MOPSIIKOM
(cro4aTKy KMPHUJHLS, MOTiM JIATUHHULS) i pO3MIilllyeThCs B KiHLi cTaTTi. SKI10
NePLIUK aBTOP Y AEKINBbKOX MPalsiX OMH i TOU CaMHUH, TO pali pO3MillyIOTbCS
y XpoHoJioriyHoMy nopsiaky. CIHMCOK MocunaHb Tpeba MpOHyMepyBaTH, a y
TeKCTi MoCUJIaTHCs Ha BiAMOBIAHUN HOMeD mxKepesa JiTepaTypu (y KBagpart-
HUX TyXKKax).

Y nocunaHHi MUIIYTh MPi3BHILA yciX aBTopiB. B ekcnepumeHTaIbHUX
npausix Mmae OyTu He Oinblie 15 MocuaaHb JiTepaTypHUX IKeped.

[TaTeHTHI MOKyMeHTH PO3MILLYIOTbCS Y KiHLi CIHUCKY MOCUJIAHb.

3PA3KH MMOCUJIAHDb JIITEPATYPH

Ha kHuru

Bexipuux K.M. Mikpo6iosoria 3 ocHoBamu BipycoJorii. — K.: JIu6inb,
2001. — 312 c.

I[Tamuka B.I1., Tuxonosuu I.A. MikpoopraHiamMu i ajbTepHATHBHE 3€M-
nepoberBo. — K. ¥Ypoxaii, 1993. — 176 c.

Hpomviwrernnas mukpoduonorus / Ion pen. H.C. Eroposa. — M.: Bricii.
wk., 1989. — 688 c.

Memoob. obueii 6axmepuosoeuu: B 3 1. / Ton pen. ®. Tepxapara. —
M. Mup, 1983. —T. 1. =536 c.; T. 2. —470 c.; — T. 3. — 263 c.

Llnreeerv I'. Obuwas mukpoduosorus. — M.: Mup, 1987. — 566 c.

Bergey’s Manual of Systematic Bacteriology. — 9" ed. — Baltimore;
London, 1986. — Vol. 2. — 1599 p.

Rogers H., Perkins H., Ward I. Microbial cell walls and membranes. —
London; New York: Feid. Press, 1980. — 364 p.

Ha »xypHaabHi crarri

[Todeopckuii B.C. CucTemaTnyecKoe TMoJI0KEeHHE, IKOJOTHUECKHe aceKThl
U (U3UOJOTO-OMOXUMHYECKHEe OCOOEHHOCTH MHUKPOOPTaHM3MOB, HUMEOLIUX
npoMbllIeHHOe 3HaueHde // Mikpo6ion. xypH. — 1998. — 60, Ne 5. —
C. 27-42.

Anodperox E.H., Kosarosa H.A., Poxanckas A.M. Mukpobuosoruueckas
KOPPO3HS CTPOMTE/bHbIX MaTepuasnoB // BuomopexaeHus B CTPOMTE/b-
ctBe. — M.: Crpoitusnar, 1984. — C. 209-221.

I'a06a JI.1., [lodopsar H.I. BioTexHoJsoris ounlleHHs] 3a0pyQHEHOI NPHU-
pPOIHOI BOIH // Bicuuk OHY. — 2001. — . 6, B. 4. — C. 65-67.
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Eaton R.W., Ribbons D.V. Utilization of phtalate esters by micrococci //
Arch. Microbiol. — 1982. — 132, Ne 2. — P. 185-188.

Ha Te3u nonosineu

Mauyentox B.I1. Pospo6ka 6iotexHoJorii onep:anus jgaugomiuuny E //

MixunaponHa Hayk. KoH®. ,Mikpo6Hi 6ioTexHoJsorii» (Opmeca, BepeceHb,
2006 p.): tes. pon. — O.: ,,Actponpunt», 2006. — C. 17.

Ha nenoHoBaHi HayKoBi po6oTH

1. Jlonamuna H.B., Tepeumves A.H., Hamaaruu JI.A., SIneyros I.Y.
OnTuMHU3alys MUTATENbHON CPeIbl /51 KyJIbTUBUPOBAHNS BAKLIHHHOTO ILITAM-
Ma 4yMHOTO MUKPOOa ¢ MpUMeHeHHeM MeTOIa MaTeMaTHIeCKOTO TJIAHUPOBAHHUS
skcnepumenta / Penkos. «Mukpo6uoa. xypu.» — K., 1991. — 7 c. — Jlen.
B BUHWTH 03.01.92, Ne 1-B92.

Ha cranpaprtu
T'OCT 20264.4-89. Ilpenapatbl ¢epmeHTHble. MeTonbl omnpeneeHus
amunoIuTHIecKod akTuBHOCTH. — M.: M3n-Bo cranpgapros, 1989. — 17 c.

Ha aBtropedepartu nuceprauin
Onuujernxko O.M. TakcoHowmist i aHTHOIOTHUHA aKTHBHiCTh Alteromonas-

noni6buux G6aktepiii HopHoro mopsi: ABToped. auc. ... Kaum. 6ios. Hayk. K.,
2003. — 21 c.

JlaToto HanXOMKEeHHS CTaTTi BBaXKAIOTh JeHb, KOJU 10 penkoJerii Hamiil-
LI0B OCTATOYHUU BApiaHT TEKCTYy CTATTi MiCJS PELEeH3yBaHHSI.

[licasi onep»KaHHS KOPeKTYypH CTATTi aBTOP MOBUHEH BUIIPABUTH JHLIE
MOMMJIKH (4iTKO, CHMHBOIO ab0 YOPHOIO PYYKOIO HelpaBUJIbHE 3aKPECaUTH, a
Mopsi/i 3 MM Ha MoJli HalmKucaTH NMpaBUIbHUN BapiaHT) i TepMiHOBO Bimicjatu
CTaTTIO Ha afpecy peakoJierii abo MOBiAOMUTH PO CBOI MPAaBKH MO TeJe(OoHy
YH €JIEKTPOHHOIO MOLUTO.

Y pasi 3aTpUMKH pefakllisi, NOoAep:KYyluuch rpadika, 3anuiiae 3a co-
6010 MpaBo 31aTH KOPEKTYPY A0 APYKapHi (y BUPOOHHULTBO) 6€3 aBTOPChKHUX
NIPaBOK.

[linnuc aBTOpa y KiHLi cTaTTi 03HAYaE, 1110 aBTOP Mepeae npaBa Ha BU-
JaHHsS CBOEi cTaTTi pemakuii. ABTOp rapaHTye, 110 CTATTsl OpPHUTriHAJNbHA; Hi
CTaTTS, Hi PUCYHKH OO0 Hei He OyJiu onyOJIiKOBaHI B iHIUMX BUIAHHSX.

Binxuneni cTaTTi He OBEPTAIOTHCS.

Pepakuisi mpuiiMae [0 IpyKy Ha CTOpPiHKax i oOKJaJMHKAX »KYypHaJdy
NJIATHI peKJIaMHi OTOJIOLIEeHHS Oi0TeXHOJIOTIYHOr0 Ta MEeOUYHOrO HampsIMiB;
BUPOOHUKIB J1a0OPAaTOPHOro O0OJalHAHHS, NTUATHOCTUKYMIB, PEAKTHUBIB TOLLO
IJIS1 HAYKOBUX NOCJiIXKEHb.
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Instructions for the authors

Scientific journal «Microbiology and Biotechnologys invites you to
spotlight the results of scientific investigations in the field of microbiology
and biotechnology

Aims. Journal «Microbiology and Biotechnology» publishes primary
research papers on microbiology and biotechnology of prokaryotic
(bacteria, archaea) and eucaryotic (fungi, microscopic algae, protozoans)
microorganisms, viruses.

Topics: microbiology, virology, molecular biotechnology, development
and selection of new microbial strains, microbial preparations, antimicrobial
preparations, biosensors, diagnosticums, microbial technologies in
agriculture, microbial technologies in food production, environment
protection and enhancement, development of energy vectors and new raw
materials, etc.

Languages: Ukrainian, Russian, English.

Types of publications: «Reviews», «Experimental works», «Reviews»,
«Original Research Papers», «Discussions», «Short communications», «Con-
ferences, congresses, trend schools», «Scientific life chronicles», «Pages of
history», «Anniversaries», «Book reviews», «Bookshelf».

The manuscript should be accompanied with a letter from an institution
expert commission that should state that the paper is suitable for publication
in MSM, and comprise a recommendation of the institution where the
research was carried out, signed by the chief and a signed agreement of
institution leader.

Article appearance:

The manuscript should satisiy journal topics and according to Resolution
of Higher Attestation Commission of Ukraine (15.01.2003, Ne 7-05/1,
p. 3) must contain the following elements: problem definition with the
reference to main scientific and practical tasks; analysis of recent studies
and publications that form a basis for problem decision; highlighting of
main unsolved tasks; article task; narrative of main results with their full
substantiation; conclusions and main challenges in given area of focus.

The following articles are accepted:

— original research papers — at most 10 pages (with pictures, tables,
and captions, summary, bibliography)

— reviews — at most 15 pages

— book reviews — at most 3 pages

— short communications — at most 2 pages.
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The manuscript should be given in 2 carbon copies with an electronic
variant on CD (Word, font Times New Roman, 14, line spacing automatic,
at most 30 lines per page, page margins — 2 cm on all sides).

While writing the manuscript the author(s) have to keep the following
plan :

— UDC index on the first page top left;

— author(s) full name(s) in source language, name(s) of institution(s),
institution postal address (in international format), contact phone number,
e-mail address. Authors names and institutions they represent should be
clearly stated by using superscript numbers;

— article title uppercase;

— article abstract (200—250 words);

— key words pertaining to the subject matter (5 maximum).

The manuscript should be divided into the following sections:
Introduction, Materials and methods, Resuts and discussion, Concluding
remarks, and References.

Abstracts in source language, Ukrainian/Russian (depending on article
language) and English (each one on a single page) should be attached to
every copy of an article. Author(s) name(s), institution(s) and article
title should be followed by word «Abstract», abstract itself and key words
(new paragraph).

Particular attention should be given to writing the abstract to the
manuscripts written in English. For this purpose the author(s) should use
the services of the qualified linguists with further scientific editing the
text by the author (s). Before the word «Abstract» it should be written the
names and initials of the authors , name of the scientific establishment,
full title of the article in the appropriate language. Abstract volume of 200-
250 words should be structured: the goal (articulated), research methods,
findings (brieily), synthesis and conclusions. After the text of the abstract
there should be given the key words.

Next to the article text the contact details should be set: names of all
the authors, institution names, postal address, phone/fax number, e-mail.

The manuscript should be signed by the author (all the authors) and
dated on the last page.

Manuscripts must be grammatically and linguistically correct.

Biological taxonomic names must be given in Latin, italics.

Repeated word-combinations can be abbreviated. An abbreviation is set
in brackets when first introduced, e. g. polimerase chain reaction (PCR).

Bibliography references should be numeral and are given in the text in
square brackets according to their order in the bibliography list.

Tables should be compact, and numbered with Arabic numerals; all
columns and rows should be arranged in logical and graphical order. All
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material presented in the tables (figures) should be clear and should not
duplicate an article text. Results should be processed statistically.

All pictures should be presented in TIFF or JRG format, axes named.
Figures should be placed in article body with electronic copies on CD in
separate file.

Section «Results and Discussion» should clearly state revealed effects,
cause-effect relations, compare obtained data with literature data and give
the answers on questions specified in the introduction.

References should be numbered sequentially in alphabetical-chronological
order (Cyrillic first, then Latin) at the end of the manuscript. If the first
author in several references is the same, all these references are arranged
in chronological order. Reference list should be numbered. The numbers
should be set in square brackets in the text, i. e. [2, 15].

References should contain all the authors’ names. Original research
papers should contain at most 15 references. Patent documents should be
mentioned at the end of the list.

Books

Bergey's Manual of Systematic Bacteriology. — 9" ed. — Baltimore;
London, 1986. — Vol. 2. — 1599 p.

Rogers H., Perkins H., Ward I. Microbial cell walls and membranes. —
London; New York: Feld. Press, 1980. — 364 p.

Journals
Eaton R.W., Ribbons D.V. Utilization of phtalate esters by micro-
cocci // Arch. Microbiol. — 1982. — 132, Ne 2. — P. 185 — 188.

Theses of reports

Deposited scientific works

Standards

Thesis abstracts

Online Resources
http://www.foodnetwork.com/article/perfect_souffle. 20 February 2013.

The date of article acceptance is that one when the final variant comes
to the publisher after a prepublication review.

After obtaining the proof sheet the author should correct mistakes
(clearly cancel incorrect variant with blue or black ink and put the correct
variant on border) and send the revised variant to the editor (by post,
e-mail or phone).

In case of delays, editors keeping to the schedule have a right to publish
the revised variant without author’s proofreading.
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Author’s signature vouches that author grants a copyright to the
publisher. Author vouches that the work has not been published elsewhere,
either completely, or in part and has not been submitted to another journal.

Not accepted manuscripts will not be returned.

The publisher accepts paid-for advertisement on biotechnology,
medicine, laboratory equipment, research diagnosticums, tests, reagents
for publication on the cover or journal pages.
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