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EKCNEPUMEHTAJIbHI MPALLI

EXPERIMENTAL WORKS

UDC 579.017.8

S.L. Golembiovska, T.V. Dvornyk, L.M. Yanchenko, B.P. Matseliukh

Institute of Microbiology and Virology, NASU, 154, Zabolotny str.,
Kyiv, Ukraine, e-mail: golembiovska@ukr.net

THE PRODUCTIVITY OF MUTANT STRAIN
STREPTOMYCES GLOBISPORUS 1912-4L.CPHP7
IN THE DIFFERENT CONDITIONS

Aim. To determine the cause of decrease of carotenoid synthesis of lycopene in liquid
medium from 4.2 to 2.8 mg/g of dry biomass in strains of Streptomyces globisporus
1912-4Lcp Hp7 and to select medium components and optimal conditions that con-
tribute to the stabilization of the process. Methods. The selection of the producer was
carried out to the feature of early synthesis of lycopene. Selected culture was cultivated
in different liquid conditions. The biomass was determined gravimetrically, the amount
of lycopene — with spectrophotometric method. Results. The reason for the decreased
activity of the producer of lycopene S. globisporus 1912-4Lcp Hp7 of liquid cultivation
was culture dissociation with formation of uncolor variants, frequency of 1 x 107 that
observed after sieving suspension mycelium on agar medium. As it turned out, their
accumulation was caused by the adding of corn flour into the cultivation medium,
which, combined with oatmeal is used to nowadays, because it was this source of
carbon and energy that contributed to the accumulation of biomass producer. The
conditions for the cultivation of producer were defined: pH 7,0, 28°C, V, 10ml, V100
ml and concentration of salts: MgSO,x 7H,0 — 0,1%, (NH ) ,MoO, — 0,05%, which
stabilized the process of biosynthesis of lycopene in the liquid conditions. It is shown
that lycopene biosynthesis also contributes to using sodium casein and temperature
of 37 °C and KMnO,, which is used for selection of the culture. Conclusions. It was
found the reason for the decrease of lycopene biosynthesis in strains S. globisporus
1912-4 Lep Hp7 and defined medium, optimal conditions and salt, which stabilized
the process of biosynthesis of lycopene in liquid cultivation conditions.

Key words: streptomyces, strain producer, biosynthesis of lycopene.

Lycopene (y -carotene, C, H,,) is a the precursor of all color C, -carotenoids,
including B-carotene, has purple-pink color. Its molecule has 11 conjugated double
bonds, which connect and neutralize free electrons and prevent damage of the cells.
According to clinical studies lycopene reduces growth of cancer cells, especially
reproductive cells and lycopene therapy improves reproductive function [10].

© S.L. Golembiovska, T.V. Dvornyk, L.M. Yanchenko, B.P. Matseliukh, 2014
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The high content of lycopene is in tomatoes (0.4—0.9 mg/g dry weight, depending
on the sort), as well as in grapefruit, persimmon and watermelon. Except the plants,
lycopene is formed fungi and microorganisms. Its industrial producers is Blakeslea
trispora (0.8—1.0 g/l), in which there have been blocked enzymes that convert
lycopene to beta-carotene by diphenylamine [8].

Mutants with constitutively form carotenoids lycopene and beta-carotene were
obtained in colorless strain S. globisporus 1912 in the Department of Genetics of
Microorganisms in 1998, among which the attention was attracted to the variant
S. globisporus 1912-4 Lcp [5]. It accumulates only one carotenoid lycopene in an
amount of 1.5-2.2 mg/g dry biomass (DBM). In 2010, in order to obtain highly
productive and stable mutants — lycopene producers for this strain used a series of
mutagenesis. As a result, there were selected a mutant strain of S. globisporus 1912-4
Lcp Hp7, which obtained the ability to accumulate 4.2 mg/g DBM after of treatment
inoculum by hydrogen peroxide in amount of 0.5% after 24 h of liquid cultivation
[1]. Such accumulation of lycopene was the highest among described in the literature
carotenoid biosynthesis streptomycetes, but during three years synthesis of lycopene
has decreased to 2.8 mg/g DBM. It can be concluded that in spite of the constitutive
character the synthesis of lycopene and presence of stress-factor (H,0,), a producer
needs regular amplification of measures of gene expression of carotenogenesis.

Therefore, our aim was to determine the cause of decreased synthesis of
lycopene in strain S. globisporus 1912-4Lcp Hp7 in liquid medium and to choose
the best component structure of medium and cultivation conditions to stabilize the
carotenogenesis process.

Materials and methods

For work there were used lycopene producer S. globisporus 1912-4Lcp Hp7.
Selection of the culture medium was carried out to using standard culturing for
streptomycetes natural flour: corn, oats, soybean meal, they were compatible
combinations and products of grain processing: wheat and rye bran. Their main
composition is given in Table 1 [4].

Table 1
The composition of the main components of natural substrates (%) [4]
@ 1
= 1 ? E‘ »
Raw material g E g E £ g K Y % b %- b
Corn flour 7.2 1.5 1.3 | 689 | 0.04 | 1.47 | 0.20 | 0.36 | 1.09 | 0.03
Soy flour 349 | 173 | 5.7 3.5 | 0.06 |16.07 | 3.48 | 2.26 | 6.03 | 0.15
Oat flour 10.0 | 6.2 1.1 | 365 | 037 | 421 | 1.17 | 1.35 | 3.61 | 0.05
Wheat bran 12.5 1.9 34 | 61.3 |Traces|Traces| 0.39 | 0.94 | 3.36 | 0.04
Rye bran 10.7 | 1.6 56 | 63.4 | 0.19 |Traces| 0.43 | 0.75 | 2.56 | 0.04

ISSN 2076—0558. Mikpobioaocis i 6iomexnoaoeisn. 2014. Ne . C. 6—14 —— 7
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For monomediums we brought respectively flour 40 g/L. In medium from
soybean we added 10 g/l of starch to balance the carbohydrates with present in it
high rate protein. Combined medium consisted of 20 g/l of the substrates. Salts NaCl
(5.0 g/l) and CaCO, (3.0 g/l) were brought in all medium.

Feature selection of the culture of early and intensive lycopene synthesis
was carried out on agar medium, followed by siftings individual colonies on agar
surface plates. The most productive superficial mycelium (7-10 day) have been
put in the conical Erlenmeyer flask (750 ml) and have been grown for 40—48 h in
liquid continuous. Substrate served with corn-soybean liquid culture medium. The
inoculum in the amount of 10% has been contributed to the appropriate fermentation
medium and cultured on a shaker at 260 rev/min for 72 h 28 °C. The initial value pH
was regulated by HCI or NaOH. The studied temperatures were 21, 28 and 37 °C.

The influence of organic salts in concentration of 0,5 % were determined on
liquid corn-oatmeal medium. The effect of metals on the biosynthesis of lycopene
was observed on agar medium after making in holes 0,1 ml 1% solution of metal
salt: Ca(NO,),, CaCl,, MgCl,, FeCl,, ZnSO,, MgSO,, CuSO,, FeSO,, (NH,),MoO
and except KMnO, — 0,05% after 48 hours of incubation at 28 °C. Then optimal
concentrations of suitable salts were determinated.

The biomass accumulation was determined after washed by distilled water of
medium, centrifugated at 5000 rev/min for 10 minutes, dried at 60 °C to constant
weight and was weighed. Then biomass (10 mg) was ground with quartz sand in
a porcelain pounder, lycopene was extracted by acetone and selected solution was
centrifuged at 12000 rev/min for 3—5 min. The quantitative content of lycopene
(X, g) was defined by the formula [7]:

X = A4 x y/100E,

A —absorption of the sample at 472 nm on a spectrophotometer Beckman DU-8B;
n —the amount of pigment solution, ml; £ — extinction coefficient of lycopene 3450.

Results and discussion

To begin, it should be noted that the method of obtaining in 2010 the mutant strain
S. globisporus 1912-4 Lcp Hp7 was specific. Nearly lethal dose of hydrogen peroxide
(2%) was put in liquid corn-soy media for 24 h culturing strain S. globisporus 1912-4
Lcp, was grown one day and was seeded on similar agar medium. The 28 variants
with able to early synthesis of lycopene (48 h) were selected from the surface of agar,
but only a mutant strain of S. globisporus 1912-4 Lep Hp7 was stable to this sign.
It was observed that after cultivation with the introduction of hydrogen peroxide
mycelium had visually intense color than colonies on agar. It was established that
accumulation of lycopene was 4.2+0.05 mg/g DBM in making hydrogen peroxide
(2%) for 24 h, without making peroxide — 2.8+0.05 mg/g DBM. Contributed to the
intensification of the lycopene synthesis and unlimited biomass concentration of
hydrogen peroxide (0.5%) was picked up. It was thought that peroxide increases of
synthesis of the lycopene in producer cells and limits the growth colorless variants.

8 —— ISSN 2076—0558. Mikpob6ioroeisn i 6iomexrnonrozis. 2014. Ne [. C. 6—14 _—



[MPOAYKTUBHICTb MYTAHTHOI'O LITAMY STREPTOMYCES GLOBISPORUS 1912-4 LCP HP7 ...

Through this practice, while lycopene yield was consistently high and did not need
to change methods of cultivation. But later we began to observe a gradual decrease
in carotenoid synthesis to 2.8 mg/g DBM. It has been suggested that besides intra-
cellular antioxidant components (lycopene) the producer increased the synthesis of
extracellular enzymes protection. Its ability to neutralize oxygen free radicals in the
medium, reduce their impact on the cells that promoted the normal growth of color-
less variants. This hypothesis was suggested but not investigated.

Therefore, based on the property of the strain S. globisporus 1912-4 Lep Hp7 to
accumulate lycopene in an amount of 4.2 mg/g DBM it was decided to begin to define
the optimal culture media for this. As a result of cultivation it was determined that
the accumulation of biomass has contributed the corn meal, due to its high content
of carbohydrate composition (Table 2). The synthesis of lycopene was the highest on
media with soy and especially oat. This parameter may indicate the content material
stress or carotenoids predecessors in the seeds of these plants. Last comes to mind
because of the high lipid content in these natural substrates they are used to enhance
carotenogenesis for cultivation of yeast [6]. Unfortunately, the cultivation of producer
on cheap substrates — wheat and rye bran were justified hope. Probably, it did not
satisfy microorganisms in the required amount of nutrients (Table 1).

Table 2
Accumulation of biomass and synthesis of lycopene
by strain S. globisporus 1912-4 Lcp Hp7
Mo o | | e

Corn 14.8+1.0 2.61+0.05 38.48+1.0
Soy 10.0+1.0 3.54+0.05 35.00+1.0
Oat 14.3+1.0 3.5+0.05 50.05+1.0
Corn-soy 14.8+1.0 2.840.05 41.44+1.0
Corn-oat 14.8+1.0 3.5+0.05 51.80+1.0
Soy-oat 13.0+1.0 3.5+0.05 45.50+1.0
Wheat bran 8.0+ 1.0 1.54+0.05 12.00+1.0
Rye bran 6.5+1.0 1.0+0.05 6.5+1.0

After cultivation of producer into liquid medium the suspension of mycelia was
selected and put on similar agar medium. So visually the cause of the difference
activities in media with corn flour and bran were identified. In the first case, the
reason was the formation of uncolor colonies, and in the second — a decrease of the
synthesis of the metabolite. The frequency of accumulation of uncolor colonies with
using cornmeal was averaged 1x103, which had a negative effect on the result. On
the other hand, it is impossible to refuse from making corn flour, as it contributes to

ISSN 2076—0558. Mikpobioaocis i 6iomexnoaoeisn. 2014. Ne . C. 6—14 —— 9
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the development of surface mycelium and the accumulation of biomass for inoculum.
In addition, surface mycelium on corn media has grown the best and was facilitated
for getting the accumulation of cultivated material. Surface mycelium on soy and
oat medium developed hardly. So corn-oat medium was used for further studies.

After several cultivation in liquid corn-oat medium it was observed that it
eventually lost its effectiveness. It was therefore decided, without changing the media,
to explore necessary conditions substances that would help to stabilize carotenoid
synthesis in submerged conditions.

The analysis of the growth conditions and lycopene synthesis by S. globisporus
1912-4 Lcp Hp7 were started from determination of the initial pH and temperature
of cultivation (Fig. 1a). It is known that rate of pH 7.0—8.0 contributes to lycopene
accumulation, whereas the products of metabolism of streptomycetes are lower
pH [6].

ul}:empene, mg/l

7 S

518432 Is.-EE.-'Dﬂ]]EllE, Ill.g.‘ll J1,B53.2 31,8532

&0

6.5 70 75

pH . 2B
a 0
Fig.1. Yield of lycopene from S. globisporus 1912-4 Lcp Hp7 with different pH (a)
and temperature of cultivation (b)

It is necessary to note that the medium contained a sufficient amount of the
calcium carbonate (CaCO,), which limited the formation of H" ions and prevented
shift pH in the acid area. Synthesis of lycopene appeared to be very sensitive to small
variations pH. Favorable for the accumulation of carotenoid pigment was neutral
initial pH. A slight shift of the neutral reduced productivity of the culture. The fact
of low yield of lycopene after culturing mutant at 21 °C is very interesting. It is only
7 °C lower than the standard temperature of streptomycetes cultivation (28 °C) [4].
The maximal synthesis of lycopene has been expected at 37 °C due to the stress
effects described in the literature [8]. This fact can be used to restore the activity of
the producer in the event of another decrease if it is economically feasible.

It is known that organic acids have a significant impact on carotenoid biosynthesis
[3]. Organic acids were used as sodium salts (Table 3). Ammonium salts in some
cases have reduced the synthesis of lycopene in the producer Hp7. It has previously
been shown by us [2]. At first we were analyzing the pH after cultivation. Potassium-
sodium tartrate 4-aqueous did not contribute to the synthesis of lycopene. Adding of
other sodiums have led to mean pH 8.0-9.0 that has been productively.
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The effect of organic compounds on the performance

of S. globisporus 1912-4 Lcp Hp7

Table 3

Salts of organic acids pH BiO;I/llaSS. L}(fii(;pl‘:;:);zgs/g Lyc:;lpe (:Ez'mmg/l
Control 8.0 14.8+1.0 3.54+0.05 51.80+1.0
Sodium acetate 9.0 15.5+1.0 3.2+0.05 49.60+1.0
Sodium citrate 8.5 16.5+1.0 3.24+0.05 52.80+1.0
Sodium tartrate 4-aqueous 5.5 Traces Traces Traces
Sodium casein 9.0 15.0+1.0 4.24+0.05 63.00+1.0
Sodium succinate 8.5 16.8+1.0 3.2+0.05 53.76+1.0

It was detected that salt can be used to enhance the synthesis of biomass. Citrate
and succinate sodiums have increased biomass by at least 10%, acetate salt by 5%,
but have decreased the synthesis of lycopene. The productive effect on the synthesis
of lycopene has got sodium casein, it may indicate the contents of stress substances
or precursors of carotenoids. On the other hand, the salt is an expensive substrate,
and it can be kept in mind when growing biotech demand producer.

Table 4

The effect of nonorganic salts on synthesis of lycopene and growth

of S. globisporus 1912-4 Lcp Hp7

Salts Growth strain Lycopene biosynthesis
Ca(NO,), Not affected Not affected
CaCl, Not affected Not affected
MnCl, Not affected Not affected
FeCl, Delays in 7 mm Absent
ZnSO, Suppresses Absent
MgSO, Enhances Enhances
CuSO, Delays in 12 mm Absent
FeSO, Delays in 5 mm Absent
KMnO, Enhances Enhances
(NH,),MoO, Enhances Enhances
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Cultivation is economically viable with the introduction of nonorganic salts.
In order to determine the effect of metal ions on the biosynthesis of carotenoids
were tested salt: Ca(NO,),, ZnSO,, MgSO,, CaClz’ MnCl,, FeCl,, FeSO,, KMnO,,
(NH,)2MoO,, CuSO, [3, 6, 8]. Salts of Ca(NO,),, CaCl,, MnCl, did not affect the
strain performance. FeCl,, ZnSO,, CuSO,, FeSO, inhibited the growth of the strain.
MgSO,, KMnO,,(NH,),MoO, have been suitable. The last two are known as oxidants,
and they may contribute to the synthesis of lycopene as stress factors.

(NH,),M00, is used as fertilizer for plants [9]. In further studies, it was found
necessary concentration of metal salts for the cultivation Hp7: MgSO,x7H,0O —
0.1%; (NH,),M00O, - 0.05%; KMnO, — 0.001%. Their combined using has activated
synthesis of lycopene and 4.2 mg/g DBM, which was characteristic for obtained
producer in 2010. (NH,), MoO,, KMnO, improve redox potential, that has affect for
aeration and the ability to obtain good results at medium volume 100—150 ml, while
still working volume did not exceed 60 ml.

Permanganate as a toxic substance was decided to use only for the selection
of the producer, and in the case of performance degradation it could be used for
stimulation of the synthesis of lycopene.

Thus, available components for the performance of the strain S. globisporus
1912-4 Lcp Hp7 have been analyzed, it should continue to be useful in the case
of reducing its activity. At present, selection and obtaining of inoculum producer
and cultivation is carried out by using the medium of the following composition
(g/1): corn flour — 20.0; oat flour — 20.0; NaCl - 5.0; CaCO, - 3.0; MgSO, - 0.1%;
(NH,),M00, — 0.05% and conditions: initial pH 7, 28 °C, V, 10 ml, V__ 100 ml.

C.J. I'onemobioBcbka, T.B. IBopuuk, JI.M. SInyenko, b.I1. Manesrox

[HcTuTyT Mikpobionorii i Bipyconorii HAHY, Byn. 3abomotHoro 154,
Kuis, MCII, 103680, Ykpaina, e-mail: golembiovska@ukr.net

HNPOAYKTUBHICTb MYTAHTHOI'O IITAMY
STREPTOMYCES GLOBISPORUS 1912-4 LCP HP7
3A PI3HUX YMOB KYJIbTUBYBAHHS

Pedepar

Merta. Busnauenns npuvunu 3HUNCEHHS CUHME3Y KapOMuHoioa JNiKoniny 6 ymosax
2nubuHH020 supowysants 3 4,2 0o 2,8 me/e cyxoi biomacu y wmama Streptomyces
globisporus 1912-4Lcp Hp7 ma nio6ip KoMnoHeHmHo20 CKAady cepedosuuya i Onmu-
MATbHUX YMO8, AKI O cnpusau cmabinizayii yvoeo npoyecy. Metomm. Cenexkyiio npo-
oyyenma 30MICHIOBANU 30 O3HAKOIO PAHNbLO2O cunme3y Jikoniny. Cenekyionoeamy Kyib-
Mypy eMUOUHHO SUPOWLYBANU 3d PI3ZHUX YMO6. Biomacy susnavanu 6azo8um memooom,
KLIbKiCmb JIKONIHY — cnekmpogomomempuuno. Pe3yiawrarT. [puuunoo 3HudicenHs
axmuenocmi npodyyenma nikoniny S. globisporus 1912-4Lcp Hp7 6 ymosax enubun-
HO20 GUPOWYBANHS BUABULACA OUCOYIAYIsA KYIbMYPU 3 YMGEOPEHHAM Oe3nieMeHMHUX
sapianmie 3 uacmomoro 1 x 1073, wo cnocmepieanu nicisi po3cigy cycnensii miyeniio na
azapuzosanomy cepedosuwyi. Ak 3’acy8anocs, ix HakonU4enHs GUKIUKAHE BHECEHHAM
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68 cepedosuiye KYIbMUEY8ants KyKypyo3siHo2o 60pouna, ke 8 NOCOHANHI 3 BI6CIHUM
3aCmMoco8yIomy i N0 CbO2OOHIWHIN OeHb, MOMY WO came ye 0xcepelo gyereyro ma
eHepeii cnpusno nHakonuuenHto biomacu npooyyenma. Busnaueno ymosu Kyivmuey-
sanns npooyyenma: pH 7,0, 28°C, VIWI 0 mn, Vcepe o 00 mn ma xonyenmpayii' conei:
MgSO,x 7H,0 - 0,1%, ﬂVH4)2M004 —0,05%, sixi cmabinizyroms npoyec 6iocunmesy
JIKONIHY 6 YMOBax enubunno2o eupowsyeanns. Iloxkaszano, wjo nikoninoeenesy cnpuse
maxodic 6HecenHs kazeinosoxucnozo nampiio i memnepamypa 37 °C ma KMnO , sixuil
3acmocogyioms 07 cenekyii Kyiomypu. BACHOBKU. Bemaroéneno npuyuny 3uudicenHs
biocunmesy nixoniny y wmamy S. globisporus 1912-4 Lep Hp7 ma euznauero cepe-
dosuuje, ONMUMAIbHI YMOBU i COlI, AKi cmabinizyroms npoyec Oiocunmesy JiKOnixy y
npooyyeHma @ yMosax euOUHHO20 SUPOULYEAHHS.

Knwuoei cnoea: cmpenmomiyemu, wumam npooyyenm, CUHmMe3 Jikonity.

C.JL I'onemoOuoBckas, T.B. IBopuuk, JI.M. fAnyenko, b.I1. Maunesarox

WucrutyT Mukpobuonorun u supyconoru HAH Yipaunsl, yi1. 3a6onotHoro 154,
Kues, MCII, 103680, Ykpauna, E-mail: Golembiovska@ ukr.net

IMPOAYKTUBHOCTBb MYTAHTHOI'O HLITAMMA
STREPTOMYCES GLOBISPORUS 1912-4 LCP HP7 B
PA3JIMYHBIX YCJTOBUAX KYJIBTUBUPOBAHUSA

Pedepar

Heanb. Onpedenenue npuuurvl CHUNCEHUS CUHME3A KAPOMUHOUOA TUKONUHA 8 YCLOBUSX
2nybunno2o svipawusanus ¢ 4,2 0o 2,8 me/e cyxou 6uomaccol wmamma Streptomyces
globisporus 1912 4Lcp Hp7 u nodbop KOMNOHEHMHO20 cOCMAsa cpedbl U ONmMu-
MAnbHLIX YCIO08ULL, KOmopule bbl CnOCOOCMB08ANU CIMADUIU3AYUY IMO20 NPoYeccd.
Memoowl. Cenexyuto npooyyeHma ocywjecmensiiy no NPU3HAKy PaHHe20 CUHmesd
nuxonuna. CeneKyuonuposanyio Kyasmypy enyouHHo eblpawyusani npu pasHulix yCio-
susx. buomaccy onpedensiu 6ecogvlm memooom, KOIUYECMB0 TUKONUHA — CHeKMpPOo-
@omomempuuecxu. Pe3yabrarbl. [Ipuyunoil cCHudCeHus: RPOOYKMUGHOCIU ULMAMMA
S. globisporus 1912 4Lcp Hp7 6 ycnosusax enyOounHo2o 6bipaujuéanus oKa3aiach
ouccoyuayus Kyivnmypsl ¢ 00pazosanuem becnuemeHmHule 6apuanmos ¢ 4acmomou
1 x 107, komopyto nabmodanu nocie paccesa CyCneH3uu Muyenust Ha cpeoe ¢ a2apom.
Kaxk evisicnunocw, ux Haxonieuue 6bi36aHO 8HeceHUeM 8 Cpedy KVIbMUSUPOBAHUS
KVKYDY3HOU MYKU, KOMOPYIO 8 COYeMAaHUll ¢ O8CAHOU NPUMEHSION U NO Ce200HAUHUL
0eHb, NOMOMY UMO UMEHHO IMOM UCMOYHUK Y21epo0d U dHepeuu cnocobcmeosai
Hakonexuro duomaccol npooyyernma. Onpeoenensl YCiosus KyIbmusupo8aHus npo-
oyyenma: pH 7,0, 28 °C, V10 mx, Veor 100 mn u xonyenmpayuu coneii: MgSO,x
7H,0—0,1%, (NH ) ,MoO,,— 0 05/0, Komopble cmabunuzupylom npoyecc duocunmesa
JIUKONUHA 8 YCII08UAX 21yOUnH020 8bipawueanus. [lokazano, umo 6uocunmesy auKo-
NUHA CNOCOOCMEYeNn MaKIce BHeCeHUe KA3eUHOBOKUCI020 HAMPUsL U MeMnepamypa
37 °C, a maxace KMnQO,, komopuil npumensiom 01 cenexyuu Kynomypol. BbIBoabI.
Yemanosnena npuuuna crudicenust buocunmesa nukonuna y wimamma S. globisporus
1912-4 Lep Hp7 u onpedenenvt cpeda, onmumaivhbie YCI08Usl U COMU, KOMOpble CMa-
ounUzUPYIOM 3Mom npoyecc y npooyyeHnma 8 YCio8usx 21yOuHH020 blPaAUfUBAHUSL.

Kniwouesvre cnosa: cmpenmomuyemal, mamm npodyueHm, CuHmes JIUKONnuHda.

ISSN 2076—0558. Mikpobionozis i 6iomexnoroeisn. 2014. Ne 2 e

13



REFERENCES

1. Golembiovska S.L., Lavrenchuk V.J., Matselyukh B.P. Selection of high-
performance mutants in lycopene // Achievements and problems of genetics, breeding
and biotechnology. — 2012. V. 4 — P. 334-338.

2. Golembiovska S.L., Tymoshenko S.G., Matselyukh B.P. Influence of carbon
and nitrogen sources on biosynthesis of lycopene in Streptomyces globisporus 4LCP
// Microbiol. Journal —2010. — V. 72, Ne 6. — P. 46-51.

3. Kiritsa Elena. The directed synthesis of carotinoids by yeasts and the perspec-
tives of its use: Dissertation of Dr. in biology. Chisinau — 2005, p.129.

4. Practical medium for aktynomyces and fungi. Directory. / ed. By
S.M.Semenova. — M: Mup, 1978. — 140 p.

5. Matselyukh B.P, Lutchenko V.A., Polishchuk L.V Synthesis of carotenoids
by mutant strains of Streptomyces globisporus 1912 // Microbiol. Journal —2003. —
V65, N 6. — P. 24-30.

6. Feofilova E.P. Fungal carotenoids: biological functions and practical use //
Prikl Biokhim. Mikrobiol. — 1994 — V 30(2) — P. 181-196.

7. Britton G. General carotenoid methods // Meth. Enzymol. — V. 111. Steroids
and Isoprenoids. Part B. / Ed. J.H. Law, H.C. Rilling. — Orlando, San Diego etc.:
Academ. Press. — 1985. — P. 113-149.

8. Choudhari S.M., Ananthanarayan L., Singhal R.S. Use of metabolic stimulators
and inhibitors for enhanced production of beta-carotene and lycopene by Blakeslea
trispora // Bioresour. Technol. —2008. — 99, Ne 8. — P. 3166-3173.

9. http://selo-delo.ru/8-zemelnie-resursi?start=47

10. Stahl W.N. Lycopene: a biological important carotenoid for human. // Arch.
Biochem. Biophys. — 1996. — V. 336. — P. 1-9.

CrarTs Hagidnuia no penakmii 22.04.2014 p.

14 — ISSN 2076—0558. Mikpobionozis i 6iomexnoroeisn. 2014. Ne 2 _—



VK 579.222:579.262
Muchlis Abedalabas, M.B. Galkin, T.O. Filipova

Odesa National Mechnykov University,
2, Dvoryanska str., Odesa, 65082, Ukraine, tel.: +38 (048) 765 33 61,
e-mail: tphilippova@onu.edu.ua

RHAMNOLIPIDS BIOSYNTHESIS IN PSEUDOMONAS
AERUGINOSA ONU 301 IN THE PRESENCE OF
EXOGENOUS SIGNALING QUINOLONE

Aim: Discovery of the P. aeruginosa ONU 301 rhamnolipids biosynthesis and rham-
nosyltransferase 2 activity in presence of Pseudomonas aeruginosa exogenous quorum
sensing signal molecule 2-heptyl-3-hydroxy-4-quinolon (PQS). Methods. Pseudomonas
aeruginosa ONU 302 were cultured in the Giss medium with 2% glucose at 37°C
24 h. All discoveries were performed in «plancton-biofilmy» system with using of the
«Nunclon» 48-well plates. Di- and monorhamnolipids separation conducted by TLC
methods and its content was determined by orcinol test. Rhamnosyltransferase 2 (RhIC)
activity was analysed in P. aeruginosa cell extracts using a rhamnosyltransferase
assay specific for the addition of L-rhamnose to monorhamnolipid. Results. Afier
16 h of growth, there is approximately 4.2 times more biosurfactant in cultures
supplemented with PQOS compared with the control. After 24 hours its level in culture
medium was 16.0 mg/ml in the presence of 80 uM PQS and 3.7 mg/ml in the absence
of POS. The dirhamnolipids content in control culture after 8 hours was less than
the monorhamnolipids. But after 24 hours its level was in 2.86 time higher. The dir-
hamnolipid/monorhamnolipid ratio increased 24 hours later in 1.25; 1.55 and 2.25
times in presence of 40, 60 and 80 uM signaling quinolon concentration, respectively.
The additions of POS at the time of inoculation are sufficient to induce RhIC activity
during the transition to stationary phase. So, after eight hours in the presence of 40,
60 or 80 uM PQS rhamnosyltransferase 2 activity was 1.5, 1.9 and 2.2 times higher
as compared with the control. After 24 hours this enzymatic activity was higher at
45%, 85% and 110%, respectively. Conclusion. It is concluded that, Pseudomonas
aeruginosa quorum sensing signal molecule 2-heptyl-3-hydroxy-4-quinolon (PQS)
can be used in biothechnology to increase the yield of biosurfactants and enrich them
with dirhamnolipids

Key words: Pseudomonas aeruginosa, rhamnolipids, PQS, rhamnosyltransferase 2.

Pseudomonas aeruginosa rhamnolipids have a wide spectra of biological ac-
tivity, especially antimicrobial and antitumor mode of action [10, 13]. Due to its
high emulsifying capacity they can be used in bioremediation of the polluted soil
[8] and for oil recovery enhancement [15]. P. aeruginosa biosurfactants are the
rhamnolipids mixture with different molecular structure that mainly consists of di-
and monorhamnolipids, that have two fatty acid residues in their structure, mostly
B-hydroxydodecanoyl-B-hydroxydodecanoat. Dirhamnolipids are more soluble in
water and posses the highest emulsifying and antitumor activity [9].

© Muchlis Abedalabas, M.B. Galkin, T.O. Filipova, 2014
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We have previously shown that the exogenous signal quinolon (PQS) increased
rhamnolipids biosynthesis and dirhamnolipid/monorhamnolipid ratio in P. aeruginosa
PAO1, and hypothesized that it could activate rhamnosyltransferase 2 [7].

Three enzymatic reactions are required in the final steps of rhamnolipids bio-
synthesis in P. aeruginosa [12]: 1) RhlA is involved in the synthesis of the HAAs,
the fatty acid dimers, from two 3-hydroxyfatty acid precursors; 2) the membrane-
bound RhIB rhamnosyltransferase 1 uses dTDP-L-rhamnose and an HAA molecule
as precursors, yielding monorhamnolipids; 3) these monorhamnolipids are in turn
the substrates, together with dTDP-L-rhamnose, of the RhIC rhamnosyltransferase
2 to produce dirhamnolipids. Unfortunately, few works have characterized these
three enzymes [2, 11].

The aim of this study was discovering of Pseudomonas aeruginosa ONU 301
rhamnolipids biosynthesis and rhamnosyltransferase 2 activity in presence of the
exogenous quorum sensing signal molecule 2-heptyl-3-hydroxy-4-quinolon (PQS).

Materials and Methods

Bacterial strain P. aeruginosa ONU 301 used in this study was obtained from
cultures collections of Department of Microbiology, Virology and Biothechnology
of Odesa National Mechnykov University.

All researches were performed in «plancton-biofilm» system with using of the
«Nunclon» 48-well plates. P. aeruginosa ONU 301 overnight cultures diluted with
sterile saline buffer were added in the plate wells containing 1 ml of Giss media to
final cell concentration equal 10° CFU. The plates were incubated at 37 °C. Optical
density of cultures (A 540 nm) and rhamnolipids content were determined after 8,
16 and 24 hours.

Rhamnolipids separation was performed with TLC method on Alugram Sil G/UV
254 TLC plates (Germany) in chloroform-methanol-water (65:12:2) mixture [14].
Rhamnolipids spots placement was determined by color reaction with rhamnose and
acetic acid—sulphuric acid—anis aldehyde solution (50:1:0.05) and TLC plates were
heated at 80 °C till pink-orange staining appearance.

Di- and monorhamnolipids were eluted with chlorophorm. The samples were
vortexed at 1500 g for 30 minutes for silica-gel removal. After centrifugation chlo-
roform layer was taken away and evaporated. Residue was diluted at 100 uM and
rhamnolipids concentration were determined using orcinol-assay [4]. Dirhamnolipids/
monorhamnolipids ratio was calculated taking monorhamnolipids content as 1 unit.

Rhamnosyltransferase 2 activity was analysed in P. aeruginosa cell extracts
using rhamnosyltransferase assay specific for the addition of L-rhamnose to mono-
rhamnolipid [11]. Cells from stationary phase cultures were washed with 100 mM
Tris-100 mM NacCl buffer, pH 7, and ruptured by sonication. Whole-cell extracts were
incubated with 0.5 mg of dTDP-L-rhamnose and 1.5 mg of monorhamnolipid for 4 h
at 37 °C. Monorhamnolipid used in the assay was purified from P. aeruginosa strain
ATCC 9027, which lacks the ability to produce dirhamnolipid [16]. Dirhamnolipids
were separated by TLC and determined using orcinol-assay [4]. One transferase unit
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corresponds to the incorporation of one nmol of rhamnose from TDP-rhamnose into
monorhamnolipid per hour. The total protein content of the whole-cell extracts was
determined by using the Lowry method [5].

We used in this work 2-heptyl-3-hydroxy-4-quinolon that was synthesizing in
ONU Biotechnological scientific-educational center, TDP-rhamnose was obtained
from PhD V. Osetrov. PQS was used at concentrations of 40, 60 and 80 uM. Data
about physiological concentration of autoinducers were used while concentrations
choosing.

All experiments were carried out triple with 6 repeats in each case.

Data are reported as the mean = standard deviation. Reliability of differences was
determined by Student's criterion at a significance level of not less than 95% (p=<0.05).
All mathematics calculations were performed using the computer program Excel.

Results and Discussion

McKnight S. et al. have demonstrated that PQS production is also initiated
in early stationary phase [6] and production of rhamnolipids are reduced in PQS-
deficient mutants [3]. All these data suggest an important role of P. aeruginosa
quinolone signal in the synthesis of biosurfactants. Therefore, we studied the effect
of exogenous PQS on the planctonic cells growth and ramnolipids biosynthesis.

The results show that addition of increasing concentrations of PQS does not
affect the growth of P. aeruginosa ONU 301. These results coincide with data [3]
showed that of exogenously added PQS at concentrations from 10 to 100 uM do not
affect the growth of P. aeruginosa PAO1 lecA::lux.

Addition of increasing concentrations of PQS enhanced rhamnolipids content
in a concentration-dependent manner (Fig.).
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Fig. Kinetics of P. aeruginosa ONU 301 rhamnolipids biosynthesis in presence
of quinolone signal molecule

Note: — distinctions are reliable as compared to control
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The results presented in Fig. show that the addition of PQS at concentration 80
UM had the greatest effect on the rhamnolipids biosynthesis. After 16 h of growth,
there is approximately 4.2 times more biosurfactant in cultures supplemented with
PQS compared with the control. After 24 hours its level in culture medium was 16.0
mg/ml in the presence of 80 uM PQS and 3.7 mg/ml in the absence of PQS.

In the presence of 60 uM PQS rhamnolipids content was 8.2 mg/ml — 2.2 times
greater than the control but less than 2 times from result obtained at adding of 80
uM PQS.

The exogenous signal quinolon not only increased total rhamnolipids biosyn-
thesis, but also dirhamnolipid/monorhamnolipid ratio in P. aeruginosa ONU 301.
The data presented in Table 1 show that dirhamnolipids fraction increases with the
time of cultivation and that P. aeruginosa ONU 301 show greatly influences on the
dirhamnolipids biosynthesis at concentration 80 uM.

Table 1
Effect of PQS on dirhamnolipids/monorhamnolipids ratio

8 hour 16 hour 24 hour
Control

0.7:1 14:1 20:1
PQS 40 uM 14:1 2.0:1 25:1
PQS 60 uM 14:1 2.1:1% 3.1:1%
PQS 80 uM 1.7: 1% 32:1% 45:1*

Note: Dirhamnolipids/monorhamnolipids ratio was calculated taking monorhamnolipids content
as 1 unit;
* — distinctions are reliable as compared to control

The dirhamnolipids content in control culture after 8 hours was less than the
monorhamnolipids. But after 24 hours its level was in 2.86 time higher. The ditham-
nolipid/monorhamnolipid ratio increased 24 hours later in 1.25; 1.55 and 2.25 times
in the presence of 40, 60 and 80 uM signaling quinolon concentration, respectively.
Thus, the PQS increases the proportion of dirhamnolipids in the total biosurfactants
mixture which is synthesized by P. aeruginosa ONU 301.

Further there were performed the analysis of activity of rhamnosyltransferase 2
(RhIC), which catalyses the addition of dTDP-L-rhamnose to the monorhamnolipid-
accepting molecule [2]. The study was conducted via 8, 16 and 24 hours of cultiva-
tion (Table 2).

The results indicate that the activity of RhlC increases in control cells 2.7 times
during cultivation from 8 to 24 hours. This increase in activity is not associated with
increased cell contents but due to enhanced expression of 74/C gene that encodes
rhamnosyltransferase 2. The additions of PQS at the time of inoculation are sufficient
to induce RhIC activity during the transition to stationary phase. So, after eight hours
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in the presence of 40, 60 or 80 uM PQS rhamnosyltransferase 2 activity was 1.5, 1.9
and 2.2 times higher as compared with the control. After 24 hours this enzymatic
activity was higher at 45%, 85% and 110%, respectively.

Table 2
Effect of PQS on rhamnosyltransferase 2 activity
in Pseudomonas aeruginosa ONU 301 (units/mg protein)

. Time 8 hour 16 hour 24 hour
Variant
Control 2.9+0.7 5.6+0.9 7.8+23
PQS 40 uM 43+12 7.8+1.3 11.3+£24
PQS 60 uM 56+1.1 10.1+1.8 14.5 +2.9*
PQS 80 uM 6.5+2.0* 12.6 £2.2% 16.4+3.1*%

Note: * — distinctions are reliable as compared to control

We have previously shown that exogenous PQS has the same effect on the
rhamnolipids biosynthesis of other strains of P. aeruginosa [7]. As it is known
P. aeruginosa regulates the transcription of an array of genes by quorum sensing
[11]. In the case of rhamnolipids biosynthesis, the product of RhlI is the signal
butanoyl-homoserine lactone, C4-HSL, which acts as the activating ligand of the
transcriptional regulator RhIR. The RhIR/C4-HSL complex then binds to a specific
sequence in the rh/AB regulatory region to activate the transcription. The level of
expression of rhlAB is thus dependent on the local environmental concentration
of this signal. The expression of the second rhamnosyltransferase, encoded by
rhlC, is coordinately regulated with 74/4B by the same quorum sensing regulatory
pathway. As it has been shown previously, addition of increasing concentrations of
exogenous PQS enhanced C4-HSL levels (3.5 times more C4-HSL in the presence
of 60 uM PQS compared with the control) and the transcription of certain genes in
a concentration-dependent manner [3].

Therefore, PQS controls production of rhamnolipids by stimulating the RhIR/
C4-HSL quorum sensing system. Additionally, PQS act as inducing ligands of PqsR
regulator and PqsE which upregulates r4/AB transcription [1].

It is concluded that, Pseudomonas aeruginosa quorum sensing signal molecule
2-heptyl-3-hydroxy-4-quinolon (PQS) can be used in biothechnology to increase
the yield of biosurfactants and enrich them with dirhamnolipids.
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BIOCUHTE3 PAMHOUJIIIIIIAIB PSEUDOMONAS
AERUGINOSA ONU 301 3A IPUCYTHOCTI
EK30I'EHHOI'O CUT'HAJIBHOI'O XIHOJIOHY

Pedepar

Meta: docnidocenns 6iocunmesy pamuoninioie P. aeruginosa ONU 301 ma
AKMUBHOCMI pAMHO3UIMPancgepasu 2 3a NPUcCymHOCmi eK302eHHOI CUSHATbHOT
monekynu — 2-eenmun-3-eiopokcu-4-xinonony (PQS). Meroau. Pseudomonas
aeruginosa ONU 301 xynomusysanu y cepedosuwi I'icca ¢ 2% enioxosu npu 37 °C
24 200. [ocnioxcenus npogoounu 8 cucmemi NAAHKMOH—OIONIIBKA Y 48-TYHKOGUX
naanwemax «Nunclony. Budinenns oupamnoninioie npogoounu 3a GUKOPUCAHHA
THIX na nracmunax Alugram Sil G/UV 254. JQupamnoniniou enioroeanu 3 niacmu i
BUBHAUANU IX KITbKICHULL 6MICI 30 OONOMO2U OPYUHOB020 mecmy. AKmusHicms pam-
nosurmpancpepasu 2 (RhIC) ananisyéanu y 6eskniimunHomy ekcmpakmi 3a peakyicio
npueOHanHs L-pamnosu 00 MOHOPpAMHONINIOY. 2-eenmui-3-2i0poKcu-4-XiHonoH 6ys
cunmesosanuil y biomexnonociunomy naykoeo-nasuanvrnomy yenmpi OHY imeni 1.1
Meunuxoea. Pesynbratu. Yepes 16 200un emicm pamuoninioie nepeguiyyeas pigeHn
KoHmponro npubnuzno y 4,2 pasu. Yepes 24 coounu emicm oOiocypgakxmanmis 6
npucymnocmi 80 mxM PQOS cmanosus 16,0 me/mn npomu 3,7 me/mn 3a 8iocymuocmi
PQOS. Buicm oupamnoninioie y Konmponshiti Kyiemypi uepesz 8 200 0y8 MeHWUM HidiC
MOHOPAMHONINIOIB, y Mol dce uac, yepes 000y 1ioeo pigens 6y Oinvuium y 2,86 pasy.
Cnisgionowenns oupamHoninio/monopammoninio yepes 24 200 niosuwyeanrocsay 1,25;
1,55 ma 2,25 pasy 3a npucymuocmi 40, 60 i 80 mxM cueranbHo20 XiHONOHY, 8i0N0BIOHO.
Buecenns PQS oonouacno 3 inokynayiero cymmego inoykyeano axmuenicmos RhIC
V nopigHsaHHui 3 Koumponem. Tak, uepes sicim 200un 3a npucymuocmi 40, 60 abo 80
mxM POS axmuenicms pamnosunmpancgepasor 2 spocmana y 1,5; 1,9 i 2,2 pasu 'y
nopisuanni 3 konmponem. Yepes 24 200unu pepmenmamuena akmueHicms nepesuiyy-
sana koumpons Ha 45%, 85% ma 110%, ionosiono. BucHoBkH. CucHanbHUll XIHONOH
Pseudomonas aeruginosa (PQS) mooice bymu sukopucmanuii 6 6iomexnonozii ons
niosuuyeHHs 8uxo0y diocyppakmanmie ma 30aeauents ix cymiuii OUPAMHOLINIOAMU.

Knwuwosi cnoea: Pseudomonas aeruginosa oupammnoniniou, PQS,
pamuosinmparcgepaza 2.

20 —— /sSN 2076-0558. Mikpo6ioroeis i 6iomexnoroeis. 2014. Ne 1. C. 15—23



BIOCUHTE3 PAMHOJIIIIIB PSEUDOMONAS AERUGINOSA ONU 301 ...

Myxauc Adeganadac, H.b. I'aakun, T.O. ®uannnosa

Opecckuil HalMOHANBHBIN yHUBEpcuTeT MMeHu V.M. MeunnkoBa,
ya. IBopsiHcKas, 2, Onecca, 65082, Ykpanna
e-mail: tphilippova@onu.edu.ua

BMOCHHTE3 PAMHOJIMIINIOB PSEUDOMONAS
AERUGINOSA ONU 301 B ITPUCYTCTBUU
IK30I'EHHOT'O CUTHAJIBHOT'O XNHOJIOHA

Pedepar

Hean: usyuenue buocunmesa pamnonunudos P. aeruginosa ONU 301 u akmusnocmu
pamuozunmpancghepasvl 2 6 NPUCYMCMEUU IK302CHHOU CUSHATLHOU MONEKYIbl —
2-eenmun-3-eudpokcu-4-xunonona (PQS). Metonnl. Pseudomonas aeruginosa ONU
301 kynemusupoeanu 6 cpede l'ucca ¢ 2% emoxoswl npu 37°C 24 uaca. Mccredosanus
npoeooUNU 6 cucmeme NIAHKMOH—OUONIEHKA 8 48-1yHounbix nianuwemax « Nunclony.
Buioenenue oupamnonunuooe ocywecmensaiu ¢ nomowvro TCX na naacmunax
Alugram Sil G/UV 254. JJupamnonunudsl s10upo6any ¢ HAACmun U onpeoensiu
UX KOAUHECMBEHHOe COOepIHCaHe ¢ NOMOWbIO OPYUHOB020 mecmd. AKMueHoCmb
pamuosunmpancgepasor 2 (RhIC) ananuzuposanu 6 OeckiemouyHoM dKCmpakme no
peaxyuu npucoedunenus L-pamnoszol K MOHOPAMHOIUNUOY. 2-eenmu-3-2u0poxcu-4-
Xunonon vl cunmesuposan 6 Buomexnonozuueckom nayuno-yueonom yenmpe OHY
umenu U.U. Meunuxosa. Pe3ynwsTathl. Yepes 16 uacos codepoicarue pamHoIunuoos
NpesuIUaIo YPO8eHb KOHMpOs npumepHo 6 4,2 pasa. Yepes 24 uaca cooepoicanue
ouocyppaxmanmos 6 npucymcmeuu 80 mxM PQOS cocmaensno 16,0 me/mn npomug
3,7 me/mn 6 omcymemeuu POS.

Cooeporcanue OupamMHonunuoos 8 KOHMpOILHOU Kyabnype yepes 8 uacos 6vinio MeHb-
WUM YeM MOHOPAMHOIUNUOOE, 8 MO Jice BPEMsl, Hepe3 CYMKU e20 YPO8eHb Dbl gblule
6 2,86 pasza. Coomnouienue OupamHOIUnUO/MoHopamHonunuo yepes 24 yaca ysenudu-
sanocw 6 1,25; 1,55 u 2,25 pasza 6 npucymcmeuu 40, 60 u 80 mxM cuenanvrozo xuno-
JIOHa, coomeemcmeenno. Buecenue POS 00Ho6pemento ¢ uHOKyiAyuel cyuecmeeHHo
unoyyuposano axmuernocmos RhiC no cpasnenuio ¢ konmponem. Tak, uepes ocemvb
uacos 6 npucymemeuu 40, 60 u 80 mxM POS akmusnocms pamnosunmpancghepasvl
2 nosviwanacy 6 1,5, 1,9 u 2,2 paza. Yepes 24 uaca epmenmamugHas akmug-
HOCMb npesviuiana KoHmpoab Ha 45%, 85% u 110%, coomeemcmeenno. BoiBonbl.
Cuenanvuviii xunonon Pseudomonas aeruginosa (PQS) mooicem dvimo ucnonvzoean
6 Ouomexnono2uu 0isi NOBbIULEHUS 8bIX00A OUOCYPDAKMAHMO8 U 0002alUeHUs UX
cmecu OUPAMHOTUNUOAMU.

Knwuesvie cnoea: Pseudomonas aeruginosa, oupamuonunuovet, PQS, pamuo-
sunmpancgepaza 2.
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CYBCTPATHA CHEIIU®IYHICTh CEPUHOBOI JIYKHOI
NENTUIA3U BACILLUS THURINGIENSIS IMB B-7324

Mema. /[ocniooxcenns cybcmpamnoi cneyugpivnocmi cepunogoi Iyduchoi nenmu-
odaszu Bacillus thuringiensis IMB B-7324. Memoou. /[ns susuenns cyocmpamHoi
cneyugiuHocmi UKOPUCTOBY8AU OIIKU: KA3eiH, elacmuH, Qiopun, Qiopunocen,
KONLA2eH, JCelamun, 2emo2noin. Busnauenns nepsunnoi cyocmpammuoi cneyughiunocmi
NPOBOOUNU, BUKOPUCTNOBYIOYU CUHMEMUYHI Xpomocenni cyocmpamu. Makcumans-
ny weuoxicmo (Vmax) ma xoncmanmy Mixaenica (K ) eusnavanu 3a memooom
Jlaunyisepa-bepka i3 kpusoi 3anexdcnocmi weuoOKocmi eH3umMnol peaxkyii 6io0
KoHyenmpayii cyocmpamy, noby0o8aHoo 3a MemoooM NOOSIUHUX 0OEPHEHUX GEIUYUH
6 koopounamax (1/V-1/[S]). Pesynemamu. [lokazano, wo ensum mae cybocmpammy
cneyudiunicms, nodibHy 00 npomeas cyOMuLI3UHOB020 MUNY, WO BUSHAYAEMbCSL
30amuicmio 2ioponizysamu cneyugiuni xpomoeenni cyocmpamu Z-Ala-Ala-Leu-pNa
i Z-Gly-Gly-Phe-pNa, a maxooic 6on0dic ecmepasnoio akmuenicmio. Kinemuuni
napamempu peaxyii 2ioponizy cneyugiunozo cyocmpamy enacmas N-succinyl-Ala-
Ala-Ala-pNa cknaoaiome 0,83 mM (K ) i 20,1 mmone-mn'-xe' (Vmax). Bucnosku.
30amuicme enacmonimuunoi nenmuodazu B. thuringiensis IMB B-7324 zioponizyeamu
WUPOKULL CNEKMP HAMUBHUX OLIKI8 QIOpUIsIPHOI | 2100VIAPHOT NPUPoOU 06yMOsIeHa
il cneyughiunicmio w000 3aMUWIKI6 2IOPOPOOHUX AMIHOKUCIOM — ANLAHIHY, JeUYUHY),
Geninananiny. 3a Kinemuunumu napamempamu UOLIEHUL eH3UM He NOCHIYNAEMbCs
NAHKpeamuuniil enacmasi ma € nepcneKmueHUM OJisk RPAKMUYHO20 3ACMOCY8AHMHSL.

Kniwouoesi cunosa: Bacillus thuringiensis, enacmasa, cyocmpamua cneyug)iunicme,
cuHmemuyHi cyocmpamau.

Enacrasu (abo enacTomiTU4HI MeNTUAA3H) — Le PSIIl eHAONENTH A3, SKi HaJle-
JKaTh J0 PI3HUX KaTaJITHYHHUX THITIB: CEPHHOBUX, IIMCTEIHOBHUX 1 METAJIONENTH A3
[7, 13, 17]. Haiibinp11 BUBYEHUMH € TTAHKpeaTUyHa i JielikonuTapHa enacrazu (KD
3.4.21.36,3.4.21.37 BiANOBIHO) BUIIKUX TBAPHUH, SIKi BITHOCATHCS /IO TUITY CEPUHO-
BUX TIENTH/Ia3 1 crielu(ivHi 10 MeNTHIHUX 3B’ I3KiB, 10 YTBOPEHI KapOOKCHIIEHUMU
rpynamu aJiaHiHa, BajiHa, JISHITUHA, 130JICHITHA, a TAKOXK 3aJTUIITKAaMH 1HIITHX T11po-
¢$oOHMX aMiHOKHKCIIOT. BigoMoCTi Mpo CHHTE3 1 BIACTHBOCTI €JacTa3 MiKpoOHOTO
MOXO/KEHHS PO3pi3HEHi 1 TOCHTh 0OMexeHi. Biomo, 110 Taki eH3MMHU CUHTE3YI0Th
OKpeMi peACTaBHUKU poAiB Pseudomonas, Bacillus, Streptomyces, Aspergillus [3].
Bcranosneno, mo enacrasa P. aeruginosa (K® 3.4.24.26) € 1MHKBMiCHOIO METAJIO-
NENTHIA3010, a MPEICTABHUKH OAIMJI CHHTE3YIOTh JIy>KHI CEpUHOBI €acTONITHYHI

© O.B. Manemox, 2014
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MenTUAa3u. AJie, He TUBJISYNCH Ha BIIMIHHOCTI Y MeXaHi3Mi KaTaJiTHYHOL i, ITi
€H3UMH OJTHAKOBO €()EKTUBHO T1IPOJTi3yIOTh CIACTHH.

Panimie [3] Oysto BuizieHO 1 ouuIIeHo nientuaasy B. thuringiensis IMB B-7324
3 BUCOKOIO €JTaCTa3HOI0 aKTUBHICTIO, BA3HAUYEHO ONTHUMAaJIbHI YMOBH ii JTi1 1 TOKa3aHO
BHCOKY CTaOUTBbHICTh OUHMIIICHOTO IpernapaTy B JOCTDKyBaHUX mianmazoHax pH i
Temrieparyp. Hamu BCTaHOBJIEHO, IO €H3UM, KPiM eJacTa3Hoi, MaB mie i ¢iopu-
HOJIITUYHY aKTUBHICTh. ba3yrounch Ha BIUIMBI CrielU(IYHUX XIMIYHAX PEarcHTIB,
KaTiOHIB METAJIiB 1 aHIOHIB Ha €JIACTOJITHYHY 1 PiOPUHOTITHIHY aKTUBHICTh, HAMHU
OyJ10 3pO0JIEHO TPHUITYIIICHHS, 10 TIENITH A3 B. thuringiensis € METaIaKTUBOBAHOIO
MENTUAA3010 1 MPUCYTHICTh METAITy B CTPYKTYPi MOJICKYJIU € HEOOXiTHOIO B ITEPIITY
4epry JUis 3B’ I3yBaHHS BUCOKOMOJICKYJISIPHUX HATHBHUX CyOCcTpariB. MeToro nanoi
pobotu Oys10 TOCTiHKEHHS CyOCTpaTHOI CIICITM(IIHOCTI CEPUHOBOT JTYKHOT IS TH-
nasu Bacillus thuringiensis IMB B-7324.

Marepiajiu Ta MmeToau

OO0’ exkTOM OCIIHKEHHS OyJ1a IM03aKJIiTHHHA CEpUHOBA JTy)KHA METITHa3a IITa-
My Bacillus thuringiensis IMB B-7324 3 enacra3noro akTuBHICTIO. KylbTHBYBaHHS
[ITaMy Ta OTPUMAaHHS OYMIIEHOTO €H3UMHOTO MPETnapary eIacTONITHIHOI eNTHAa31
TIPOBOJIMIIH, SIK OIMCAHO paHimie [3].

3aranbHy Ka3eiHOMITHYHY aKTHUBHICTh BU3HAYAIHU 32 METOJJOM AHCOHA B MOJIH-
¢ikamii [TeTpoBoi [5], skuit 6a3yeTbcs Ha KUTbKICHOMY BU3HAYCHHI THPO3UHY, 1110
YTBOPIOETHCS TIPH T1IpodIi3i kazeiny mo ['ammepcreny. [IpoxykTn po3mieriieHHs
BU3HadaM Ha ciekrpodoTtomerpi CD-26 mpu novxuHi xBuiti 670 HM. 3a OAMHHUIIIO
aKTUBHOCTI MPUIMAaIH 30aTHICTh eH3UMY 3a | XB mpu Temmeparypi 37 °C nepeTBo-
pIOBaTH Ka3eiH B HEOCAHKEHHI TPUXJIOPOITOBOIO KUCIOTOIO CTaH B KIJIBKOCTI, 110
BiJIITOBiTae 1 MKMOJITb TUPO3HHY. J[71s1 BU3HAUEHHS TeMOTIIO0THOI THIHOT aKTHBHOCTI
AK cyOCTpaT BUKOPHCTOBYBAJIM TeMOITIO0IH, MONEPEAHbO AeHATypoBaHUU 6%
PO3YMHOM cedoBUHH. [10psI0K BU3HAYEHHS aKTUBHOCTI aHAJIOTIYHUN BU3HAYEHHIO
3arajgbHOi Ka3eTHOMITUYHOI akTUBHOCTI [5]. JXKenmarnHa3Hy aKTHBHICTh BU3HAYAIIN
3a MeTo/IoM [BaHOBa, MPUIMAIOUH 32 OJMHHINIO AKTHBHOCTI TaKy KUTBKICTh CH3UMY,
sIKa KaTajli3ye T1APOJIi3 KeJIaTHHH 3 yTBOpeHHsAM 1 mr a3zory 3a 1 rox. Emacrazny
AKTUBHICTh BU3HAYAIA KOJIOPUMETPHYHO 32 IHTCHCHBHICTIO 3a0apBIICHHS PO3YHHY
MPU CH3UMATHYHOMY TiAPOITi3i €JlacTHHY, 3a0apBICHOTO KOHTO 4YepBOHHM [16].
InTencuBHicTh 3abapBiieHHS BUMipoBaiu Ha cuekrpodoromerpi CD-26 npu
JOBXKHHI XBUIIL 515 HM. 32 OAMHUIIO aKTUBHOCTI IPUHMAIIN TaKy KUTbKICTh €H3UMY,
sKa Karai3ye rigpoii3 1 Mr emactuny 3a 1 xB. BuznauenHs ¢iOpuHOTITHIHOT
AKTUBHOCTI TIPOBOIMIIH 32 MeTo/IoM [11], BUKOPUCTOBYIOUHN SIK CyOCTpatr ¢hiOpuH.
YTBOpeHHS MPOIYKTIiB pO3MIETIIeHHs (hiOPUHY BUMIPIOBAIH Ha CIIEKTPO(POTOMETPi
CD-26 ipu 275 aM. 3a opuHUILIO HIOPUHOMITHYHOT AKTUBHOCTI Opajiy TaKy KibKiCTh
€H3UMY, sIKa ITiIBUIIY€ ONITUIHY TYCTUHY peakitiiiHoi cymimi Ha 0,01 3a 1 xB. Busna-
YeHHsI (piOpUHOTESHOTITHYHOT AKTHBHOCTI MPOBOIMIIN aHAIOTTYHO hiOPUHOTITHYHIN
aKTHUBHOCTI, Oepyun 3a cyocTpar (iOpiHoreH. 3a onuHUIIO (HiOPUHOTECHONITHYHOT
AKTUBHOCTI Opajii TaKy KUTbKICTh CH3UMY, sIKa TiABHUIINYE ONITUYHY TYCTHHY peaK-
niao1 cymimn Ha 0,01 3a 1 xB. KomareHa3zHy akTHBHICTh BU3HAYaJIH 32 METOJIOM
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[10]. [IpomyKkTH po3IIEIUIEHHS KOJIareHy BH3HA4Yald B Peakiii 3 HIHT1IPUHOM Ha
cnekrpodoromerpi CD-26 nipu goBxkuHi XxBuii 600 HM. 32 OTUHUITIO KOJTareHa3HOT
AKTUBHOCTI IPUHAMAIIN KITBKICTh MKMOJIEH BUBLIBHEHOTO JICHIIMHY 32 1 XB.

BusHaueHHsI aKTUBHOCTI MENTHJA3 HIOJ0 CHHTETUYHUX CyOCTpaTiB mpo-
Boaunu 3a MeronoM [10]. Konnenrparis BiAIIETUIEHOTO B Pe3yabTaTi peakiii
napa-aitpoanininy (pNA) npornopiiiiHa aKTUBHOCTI MENTH/IA31 1 BA3HAYAETHCS 32
30UTBIIICHHSM TOTTMHAHHS py A0BxkUHI XBHIIT 405410 HM. OUHUII aKTUBHOCTI
pO3paxoByBaliv 3a GOPMYJIOO:

(A410(mevm)f A410(K0Hmpa;zb)) x3xa
8,8x0,1

ne 3 — e 00’eM peakiiiHol CyMinTu, M1, a — (hakTop po3BeACHHS, 8,8 — MiJLTi-
MOJIIPHUH Koe(ilieHT eKCTHHKITIT 17151 pNA, 0,1 — 00’eM mienTua3u B peaxitii, Mil.
B peaxiii 3acTocoByBaid CHHTETHYHI XpoMoreHHi cyOcTpatu («Sigma Aldrichy,
CIIA).

Jlis BU3HAYEHHI €CTepa3HOi aKTUBHOCTI BUKOPUCTOBYBAJIHM €THIIOBUU edip
N-6en30in-D,L-aprininy (BAEE) i metunoBuii edip N-6en3oin-D,L-tupo3uny
(BTME). YTBOpeHHS HmpOAYKTiB TiApoJi3y BU3HAYAIH, BUMIPIOIOYN ONTHYHY
HIUTBHICT Ha cniekTpodoromeTpi CD-26 npu noBxkuHI XBuii 253 HM. OquHULS
ecTepa3Hoi aKTUBHOCTI — MPUPICT ONTUYHOI TYCTUHH peakuiiHoi cymimn Ha 0,001
3a | xB. [TuTOMy aKTHBHICTH BUPaXKaJId B OJI/MI TIPOTEIiHY.

MakcumanbHy mBUAKICTH (V'max) Ta KoncTanty Mixaenica (K ) Bu3Hadanu 3a
metonoM JlaiinyiBepa-bepka i3 KpruBoi 3aJIe)KHOCTI IIBUAKOCTI €H3UMHOI PeaKiii BiJl
KOHIIEHTpAIIii CyOCcTpary, moOyI0BaHOIO 32 METOIOM MOABIHHIX 00CPHEHUX BEJTUYNH
B koopaunatax (1/V — 1/[S]).

VYei gociiu npoBOAMIIN B 3—5 MOBTOPHOCTSIX 1 BPaXOBYBAJU CEPEIHI 3HAUYCHHS
BeNWYUH 1 ctannapTHoi nmoxubku (M+m). 3Hauenns npu P<0,05 posrnsmanu
gk BiporigHi. ['padiuHo mpeacraBieHi pe3yabTaTd OTPUMYBAJIHU 3a JAOMOMOTOIO
nporpamu Microsoft Excel 2010.

00/ mn= R

Pe3yabTaTH Ta iX 00roBopeHHs

BaxnuBoro xapakTEepUCTHKOIO MpernapariB NenTuaa3 € ix cyocTparHa CIieiu-
¢iunicTe. Panime Oyio mokasano, mo enacrasa Bacillus thuringiensis € CEpUHOBOIO
ayx)HOI nenTuaazow [3]. JocmimkeHHs: MBUIKOCTI T1APOI3y Py HATHBHUX
cyOcCTpaTiB Mmokas3ajo, mi0 el eH3MM Ma€ IMIUPOKY CyOCTpaTHy CHeluQidHICTb,
110 € XapaKTePHUM JUIsi CyOTHIII3UHIB, SIKi CHHTE3YI0ThCs OakTepimMu pony Bacillus
[8]. Enacraza B. thuringiensis IMB B-7324 edexTuBHO Tigpoinizye psi OLTKOBUX
cyoctparis sk GpiOpmIIsipHOI, TaK 1 OOYIAPHOT IpUpoAH: enacTiH, GpidpuH, Gpidpu-
HOTEH, Ka3eiH, reMorIo0iH, KojareH i xenatut (puc. 1). Takoxx BCTaHOBIEHO, IO
¢bibpunOTreH, 00poOIeHUH MPOTIToM 15 XB BUALIICHOO MENITHIA3010, BXKE HE 31aTHUI
nepeTBoproBarucs Ha GpiOpuH mix aiero TpoMoOiHA.

Hupokuii cnekTp mpupoAHUX cyOcTpariB, sIKi TiAPOIi3ye enacTasa
B. thuringiensis moxe OyTH 3yMOBIEHHIA OyJOBOIO i KaTaJiTUYHOTO LEHTPY 1 IIH-
POKHM CHEKTPOM aMiHOKHCIIOT, sIKi BIATIOBIAAIOTH ii MEPBUHHIN CIIEU(IIHOCTI.
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Puc. 1. AktuBHicTb enactasu B. thuringiensis IMB B-7324 niomo HaTuBHUX 0iIKiB
1 — emactuH, 2 — GpiOpuH, 3 — piOpuHOTEH, 4 — KONIAreH, 5 — JKeNaThH,
6 — remomn1o0iH, 7 — Ka3ein
Fig. 1. Activity of B. thuringiensis IMV B-7324 elastase toward the native proteins
1 — elastin, 2 — fibrin, 3 — fibrinogen, 4 — collagen, 5 — gelatin,
6 —hemoglobin, 7 — casein

Ji1s1 3’ icyBaHHS IEpPBUHHOI ClIENM(DIYHOCTI e1acTa3u BUKOPUCTOBYBAIN CUHTE-
TUYHI CyOCTpaTH, SIK1 € XapaKTepHUMH U1 IEPBUHHOT CIeNN(IYHOCTI TBAPUHHUX
1 OakTepiaJbHUX CEepUHOBUX mentuaas. byno mokaszano (tabn. 1), mo enacrasza
B. thuringiensis mae cyOcTparHy crieliugiqHICTh, TOIIOHY A0 NeNTHa3 CyOTHUITI3HHO-
BOTO TUIY (IIPO 1110 CBIAYUTH rifpodi3 cyocrparis Z-Ala-Ala-Leu-pNa 1 Z-Gly-Gly-
Phe-pNa), a Takox BoJOAl€ eCcTepa3HO0 aKTUBHICTIO (Tripoini3 cyocrpary BAEE).
Haii011b111 akTUBHO €H3UM TiApOJIi3yBaB TPUIENTHAH 13 3aJIUIIKaMU T1popOOHUX
aMIHOKHUCIIOT ajlaHiHYy, JISHIMHY 1 (peHUIanaHiny B no3uuii S1. 3a copiiHeHICTIO 10
LUX aMIHOKUCIIOT MOXKHa moOyayBatu Takuil psia: Ala>Leu>Phe. [ani cyOcTparu
€ crienu(pIYHIMU TaKOX 1 AJIs eJlacTa3 TBAPMHHOIO MOXOMKEHHs. BaxumBumu ams
rifiponi3y Oynu aMiHOKHMCIOTH 1 BTOPUHHOI cniuiudiynocTi (mo3umii S2 1 S3). Tak,
3amiHa anaHiny (cyoctpatu Suc-Ala-Ala-Ala-pNa 1 Z-Ala-Ala-Phe -pNa) Ha 3a-
numok riinuHy (cyocrparu Z-Gly-Ala-Ala-pNa 1 Z-Gly-Ala-Phe-pNa) B nozumii
S3 mpuBoaMIa 10 3HMKEHHS aKTUBHOCTI Ha Outbiie sik 30-80%. 3amiHa anaHiHy
Ha DIIIMH B ABOX no3uuisx S2 1 S3 (cybctpatu Z-Ala-Ala-Phe-pNa 1 Z-Gly-Gly-
Phe-pNa) npuBoauiia 10 3HMKEHHs aKTUBHOCTI Ha 75%. JlaHi 11010 epeBaKHOTO
TAPOJTI3y MEeNTHIa3010 3a 3aJIUIIKaMU T1IpoPOOHUX aMIHOKUCIOT OyJI0 MiaTBEp-
JDKEHO TaKOXK pe3y/bTaTaMM TOHKOIIAPOBOI Xpomarorpadii Tigpoii3aTiB HAaTUBHUX
OLIKOBUX CyOCTparTiB [4], 1110 OKa3aja HasBHICTb B HUX 3AJIUILKIB aJIaHIHY, JEHIIUHY
1 BasmiHy. Takox 1M MeTo10M OyJI0 BUSIBJICHO HAsIBHICTD B TIPOJTi3aTax 3aMILIKIB
[TyTaMiHO1 aMiHOKHUCIIOTH, ajie 3a BIJICYTHICTIO BIAMOBITHUX XPOMOT€HHUX cyOcTpa-
TIB JJaH1 OPIBHATH HEMOXJIMBO.
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Taomur 1

HIBuaKicTh rigpoJizy CHHTeTHYHHX cyOcTpaTiB
Table 1

The hydrolysis rate of the synthetic substrates

e T TP
Etunosnit edip N-6enzoin- D,L-aprininy (bAEE) 0,8+0,04
Merwunosuii edip N-6en30in-D,L-tuposuny (FTME) 0
Glp-Phe-pNa 0
Z-Ala-Ala-Leu-pNa 5,6+0,28
Z-Ala-Ala-Ileu-pNa 0
Z-Ala-Ala-Phe -pNa 9,4+0,47
Z-Ala-Ala-Ala-pNa 18,5+0,93
Suc-Ala-Ala-Ala-pNa 20,1+1,01
Z-Gly-Ala-Ala-pNa 12,6+0,63
Z-Ala-Ala-Val-pNa 0
Z-Gly-Gly-Phe-pNa 2,340,12
Z-Gly-Ala-Phe-pNa 1,8+0,09
Z-Gly-Ala-Leu-pNa 6,4+0,32
Z-Ala-Ala-Pro-pNa 0

BaxxnuBoro XapakTeprUCTOKOI KaTaTiTHYHOI aKTUBHOCTI €H3UMY € KIHETHYHI
napaMeTpH MIBUAKOCTI Tiapodizy cyocTpary. OmHi€ero 3 mpo0OiieM pyr BUBYCHHI ITPO-
TEOJIITHYHUX €H3UMIB € BCTAHOBIICHHS KIHETUYHUX 3aKOHOMIPHOCTEH B3aEMOIT 1X
3 IPUPOTHUMH O1TKOBUMU CyOCTpaTamu, OCKUTBKH, SIK TPaBUIIO, IIBUIKICTh TAKHX
peaxIiii He miAnopsAAKOBY€EThCs piBHAHHIO Mixaenica-MenTeH. OCHOBHA MpUYMHA
BIJIXMJICHB TIOJISITA€ B CKIIAHOCTI Oy/0BH O1JIKOBOTO CYyOCTpaTy, SIKAi SBIISIE COO0I0
HaOlp MEeNTUIHUX 3B S3KIB, 10 HE JMIIAETHCS MOCTIHHUM B Tiporieci peakirii. [To-
Ka3aHo [1], mo HalmpocTima cxema Ui OMMMCAHHS TaKWuX MPOIECiB BKIIIOYAE J[BA
etanu: 1) copO1ris menTuaa3u Ha IIOBEPXHI CyOCTpaTy, IKa MICTUTh TPYITH — «MiIIIe-
Hi» copOrii; 2) 6e3nmocepeIHhO KaTaliTHIHY PEaKIliio MK €H3UMOM 1 peaKIliitHO-
3MATHAMH TpyHamMu HEPO3UMHHOTO cyOcTpary abo pO3YMHHHMX MENTHIIB, SKi BKE
yTBOpHIHCS. Byno BUBYEHO 3aIeKHICTh MIBUAKOCTI T1IPOJI3y €JIAaCTHHY Bij 4acy
(puc. 2) i moka3zaHo, 10 BOHA HE Ma€ KJIACHYHOTO TiNepOOoIiTHOTO BUTIISTY, III0 MOYKE
OyTH 3yMOBJICHO HE TIJIbKH YTBOPEHHSIM 1 PO3TIaJIOM €H3UM-CyOCTPAaTHOTO KOMILIEKCY
1 yTBOPEHHSIM MPOJYKTIiB PEakKilii, a e i THM, 10 CIIOYaTKy BiZIOyBa€ThCS aacopOItis
€H3MMY Ha HEPO3UMHHOMY CyOCTpaTi IS MOIaIbIIoTo €)eKTHBHOTO HOTO T1IpOITi3y.
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Puc. 2. lunamika rigpoJiisy HATUBHOTO eJacTHHY eJjiacTa3oro B. thuringiensis IMB B-7324

Fig. 2. Dynamic of the native elastin hydrolysis by B. thuringiensis IMV B-7324 elastase

ToMmy st BUBYCHHS KIHETUYHHUX MTApaMeTPiB OyJI0 BUKOPUCTAHO crienuigHmiA
cyocrpar enacta3 N-succinyl-Ala-Ala-Ala-pNa. JlocnikeHHs TOKa3au, 0 KpU-
Bi 3QJI©KHOCTI aKTUBHOCTI Bijl 4acy 1 KOHLEHTpAIii cyOCTpaTy MaloTh 3BUYAHUN
rinepOOTIYHUI BUIIISA 1 TiANOPSIKOBYIOThCS KiHeTHIll Mixaenmica-MeHTeH st
OJTHOCYOCTpATHHUX PEaKI[ii MepIIOro MOPSJIKY, Ie Ma€ MiCIle IIOCTYIOBE 301IbIIICH-
HsI aKTUBHOCTI, aJIe yepe3 JACSKUN Yac IMBHJIKICTh PEakKIlii CTae MOCTIHHOI 1 KPUBI
BUXOJISATH HA 1JiaTo (puc. 3).
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Puc. 3. Innamika rigpoJizy cuateTuunoro cyocrpary N-succinyl-Ala-Ala-Ala-pNa
enacta3ow B. thuringiensis IMB B-7324

Fig. 3. Dynamic of the synthetic substrate N-succinyl-Ala-Ala-Ala-pNa hydrolysis by
B. thuringiensis IMV B-7324 elastase

Ha usomy cybcrTpati Oyniu BU3HaueHI KIHETHUYHI NapaMeTpu peakiii:
K (0,83 MM) i Vmax (20,1 mmonb-Mir'xs™") (puc. 4).
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Puc. 4. 3ane:xknicTh WBHAKOCTI rigpoizy cuHTeTHYHOrO cydcTpary N-succinyl-Ala-
Ala-Ala-pNa esnactasoro B. thuringiensis IMB B-7324 Bin xoHuenTpauii cyécTpary
B o0epHeHUX KoopauHaTax JlaiinyiBepa-bepka

Fig. 4. The concentration dependence of the synthetic substrate N-succinyl-Ala-Ala-
Ala-pNa hydrolysis rate by B. thuringiensis IMV B-7324 elastase in Lineweaver-Burke
reciprocal coordinates

OCKIJIbKY 3aCTOCYBaHHHSI CHHTETHYHUX CyOCTpPATiB JIsi BUBHAUCHHHS aKTHB-
HOCTI € YHIBEpCaJIbHUM 1 JIETKO BiITBOPIOBAHIM METOJIOM, TO KIHETHYHI TTapamMeTpu
T1IpOITi3y IUX CyOCTPaTiB MOYKHA MTOPIBHIOBATH 3 TAKUMHU 3K, OTPUMAHUMH TSI 1HIIIUX
eH3MMIB TIOI0HOI criennpivHoCTi. BukopucToByroun nani 6a3u qannx BRENDA,
OyJ10 TOKa3aHo, O KOHCTaHTa Mixaenica, sika BU3HAYA€E CTYIiHb CIOPIIHEHOCTI
EH3UMY JI0 cyOcTpara, BUAUICHOT enacta3u B. thuringiensis 3HaXOIUTHCS Ha PiBHI
3Ha4YeHb MAaHKPEATHYHOI eJ1acTa3u i € B 5 pa3iB HIKYOKO 3a Km /71 IIbOTO CyOcTpary
npoteinasu K, sika Takox MposIBIIsi€ €1acTa30noAi0Hy aKTUBHICTD (Tal. 2).

Tabmms 2
IopiBusiHHS KoHcTaHT MixaeJica eJ1acTOJITHYHUX NMENTHAA3 PiI3HOIO MOXOIKEHHS
Table 2
Comparison of the elastolytic peptidases Michaelis constants of different origin
IlenTuaasza K ,mM

Enacrasa Bacillus thuringiensis IMB B-7324 0,83
Ipoteinasza K Engyodontium album (EC 3.4.21.64) [14] 4,23%
Axsanizut 1 Thermus aquaticus (EC 3.4.21.111) [15] 1,3*
[Tankpearnuna enacrasa (EC 3.4.21.36) [6] 0,68%*
JleiixonmrapHa enacrasza (EC 3.4.21.37) [12] 3,7*

[Tpumitka: * — nani 06a3u ganux http://www.brenda-enzymes.org/
Note: * — data of data base http://www.brenda-enzymes.org/
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Takum 9rHOM, B pe3ysIbTaTi MPOBEIeHOT pOOOTH BCTAHOBIICHO, IO €1aCTOMITHY-
Ha rienituaasa B. thuringiensis IMB B-7324 rigpomi3ye mMApOKHiA CIICKTP HATUBHUX
O1TKiB (hiOPMIIAPHOI 1 ITIOOYISPHOT IPUPOJIH, IO 3yMOBJICHO 11 CIEIM(DIgHICTIO 1010
3aJTUIIIKIB Tipoh0OHUX aMiHOKHUCIIOT — aJIaHiHY, JISUITUHY, (eHananiny. [Tokazano,
10 eacTa3a Ma€e cyocTparHy crennudivHicTh, TOAIOHY 10 eNTH a3 CyOTHITI3UHO-
BOTO THITY, III0 BU3HAYAETHCS 3ATHICTIO T1APOJI3yBaTH CHEIU(IdHI XpOMOTSHHI
cyocrparu Z-Ala-Ala-Leu-pNa i Z-Gly-Gly-Phe-pNa, a Takox mae ecrepasHy ak-
TUBHICTh. KiHeTHYHI TapaMeTpy peakiii riaposi3y cnemudigHoro cyocTpary enacras
N-succinyl-Ala-Ala-Ala-pNa cknagarors 0,83 MM (K )i20,1 mmons-mr'xs™ (V)

max:

1 3HAXOTHCS HA PiBHI 3HAYCHb NTAaHKPEATHYHOI e1acTas3u, Mo poOUTh BUAUICHUH
CH3HUM TICPCIIEKTUBHUM JUTS IPAKTHYHOTO 3aCTOCYBaHHS.

E.B. Marnearox

WuctutyT Mukpobuonoruu u Bupycoiorud HAH Ykpaunsl, yin. Axkagemuka 3abonotaoro, 154, Kues
I'CIL, 103680, Ykpauna, ten.: +38(044) 526 23 39,
e-mail: oivanko@yahoo.com

CYBCTPATHAS CHEHUPHUYHOCTD CEPUMHOBOM
IMEJJOYHOU NETUAA3DBI BACILLUS THURINGIENSIS
IMB B-7324

Pedepar

Heas. Hccnedosanue cyocmpamnoii cheyuuunocmu cepuno8oll WeioyHol nen-
muoaswl Bacillus thuringiensis IMB B-7324. Metoasbl. /15 uzyyenus cyocmpamnou
cneyupuUHOCMU UCNOIB308ANU DEIKU. KA3eUH, 1ACMUH, uOpuH, pubpuHoceH, Konia-
een. Onpedenenue nepeuunol cyocmpamHou cneyuuunocmu npo8ooUIU, UCHONb3YsL
cunmemuuecKkue xpomozennvie cyocmpameol. Maxcumanonyio ckopocms (Vmax) u
koncmarnmy Muxasnuca (K ) onpedensnu no memoody Jlatinyusepa-bepka us kpueoti
3a8UCUMOCIU CKOPOCTUL Ppeakyuu Om KOHYeHmpayuu cyocmpama, nocmpoeHHol
€ NOMOWBIO Memooa 0BOUHLIX 0Opamublx éenudun 6 koopounamax (1/V-1/[S]).
Pesyabrarsl. [loxkazano, umo sH3um odnadaem cyocmpamuou cneyupuyHocmsio,
NOO0OHOU Nenmudazam CyoOmuIU3UHO8020 MUNd, Ymo onpeoensemcs CnoCOOHOCMbIO
euoponusuposams cneyuguueckue xpomoeernnole cyocmpamol Z-Ala-Ala-Leu-pNa
i Z-Gly-Gly-Phe-pNa, a maxoice nposeisiem scmepasnyio akmuerHocmos. Kunemu-
yeckue napamempvl peakyuy 2uopoau3a cneyu@uieckoco cyocmpama 1acmas
N-succinyl-Ala-Ala-Ala-pNa cocmasnaiom 0,83 mM (K ) u 20,1 MMONL M mun!
( V. ) BeiBoabl. Cnocodonocms snacmonumuyeckou nenmuodasvl B. thuringiensis
IMB B-7324 cudponusuposamse wupoKuil CReKmp HamueHvLx 0e1Kko8 GuopuLIApHOL u
21100y IAPHOU NPUPOObL 00YCII0BNICHA ee CReYUDUUHOCIBIO K OCIAMKAM 2UOPOPOOHbIX
AMUHOKUCIOM — ANAHUHA, 1elyuna, penunaranuna. Ilo kunemuueckum napamempam
OH3UM He yCmynaem NaHKpeamuyeckou nacmase U aeisemcs nepcnekmueHslm s
NPAKMu4eckKo2o0 npUMeHeHus.

Knwuesvie cnoea: Bacillus thuringiensis, snacmasa, cyocmpamuas cneyuguy-
HOCMb, CuUHmemuieckue cyocmpamoi.
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SUBSTRATE SPECIFICITY OF BACILLUS THURINGIENSIS
IMB B-7324 SERINE ALKALINE PEPTIDASE

Summary

Aim. Investigation of substrate specificity of serine alkaline protease from Bacillus
thuringiensis IMV B- 324. Methods. 7o study the substrate specificity of the proteins
there were used: casein, elastin, fibrin, fibrinogen and collagen. Determination of the
primary substrate specificity was carried out using synthetic chromogenic substrates.
The maximal velocity (Vmax) and Michaelis constant (Km) were determined according
to the method of Lineweaver-Burk using the curve of dependence of the reaction rate
from substrate concentration in double reciprocal coordinates (1/V—-1/[S]). Results.
It was demonstrated that enzyme has substrate specificity similar to subtilisin-type
proteases that was determined from the ability to hydrolyze specific chromogenic
substrate Z-Ala-Ala-Leu-pNa i Z-Gly-Gly-Phe-pNa, and it also exhibited the esterase
activity. Kinetic parameters of hydrolysis of the specific elastase substrate N-succinyl-
Ala-Ala-Ala-pNa are 0.83 mM (Km) and 20.1 mmol-ml’-min” (V). Conclusions. The
ability of elastolytic peptidase B. thuringiensis IMV B- 7324 to hydrolyse a wide range
of native fibrillar and globular proteins is caused by its specificity to the hydrophobic
amino acid residues — alanine, leucine, phenylalanine. Kinetic parameters of the
enzyme are the same to pancreatic elastase. Thus enzyme is perspective for practical
applications.

Key words: Bacillus thuringiensis, elastase, substrate specificity, synthetic
substrates.
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OPTIMIZATION OF LACTOBACILLUS ACIDOPHILUS 55
CULTIVATION IN A MEDIUM WITH SODIUM SELENITE

Aim. Optimization of culture conditions of the probiotic strain Lactobacillus
acidophilus 55 in the medium with sodium selenite. Methods. Studies of the influence
of sodium selenite, inoculum size and cultivation time on the concentration of viable
cells of L. acidophilus 55 were performed using a three-level factorial experiment on
Box-Behnken (BBD). Results. It has been found that the inoculum size is the factor that
has the greatest effect on the concentration of viable cells. The optimum conditions to
maximize the concentration of viable cells in the presence of selenium ions were: the
content of sodium selenite in the medium of 8.3%, the amount of inoculum 5.3% and
18 hours of cultivation time. Conclusions. When L. acidophilus 55 was cultured at
optimized conditions, the highest concentration of viable cells was 2.5x10° CFU/ml.

Key words: Lactobacillus acidophilus, sodium selenite, optimization.

Selenium (Se) has received considerable attention as an essential micronutrient.
Biological functions of selenium in the organism are mediated by a variety of
seleno-proteins (iodotrin 5’-deiodinase, glutathione peroxidase, etc.) as the enzymes
involved in key biological processes, such as the AOD, thyroid function, bone
formation, immunity, maintaining of reproductive health and others [3, 7, 11]. In
this regard, currently, the addition of selenium in the diet becomes very popular.
Nutritional supplements based on organic selenium compounds that are safer and
more bioavailable than its inorganic forms have received the highest recognition [3].
Various selenium-enriched biological products, including yeast, eggs, meat, wheat,
fruits and vegetables have been developed [6, 8, 9, 12, 13].

At the same time, the effect of selenium on the representatives of the normal
intestinal microbiota has hardly been studied. So, Calomme M.R. et al [4] first
showed that different types of lactobacilli can accumulate Se in biomass comprising
intracellular selenocysteine and are a potential source of organic selenium. There are
few informations about selenium biotransformation ability of such species of lactic
acid bacteria (LAB) as: Lactobacillus delbrueckii subsp. bulgaricus, L. casei subsp.
casei, L. plantarum, Bifidobacterium sp., Streptococcus thermophilus, Enterococcus
faecium [1,2,4, 14]. Similar data on Lactobacillus acidophilus, which is one of the
most common types of lactobacilli — representatives of normobiota of gastrointestinal
tract of humans, are absent. Such studies are actual and have the prospects of use in
medicine and food industry.

The purpose of this study was to determine the optimal conditions of cultivation
of L. acidophilus strain 55 in the medium with sodium selenite, using statistical
methods of multifactorial experiment planning (Box-Behnken).
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Materials and Methods

The object of the study was active strain Lactobacillus acidophilus 55, isolated
from human intestine. Cultivation of the strain was carried out on MRS medium
at 37 °C.

To determine the tolerance to lactic acid bacteria to Se*", overnight culture of
the test strain has been cultured in 50 ml vials, on MRS medium supplemented with
sodium selenite (Na,SeO,). Na,SeO, solution in sterile distilled water was added to
the sterile culture medium to the final concentration of sodium selenite 1; 2; 3; 4;
6; 8;20; 26 mg/1 [4, 5].

Input data to determine the optimal parameters of growth was determined by
cultivating the lactobacilli in 200 ml flasks containing 50 ml of MRS, supplemented
with sodium selenite at final concentration 1; 8 or 16 mg/l in the medium. The medium
was inoculated with 18-hour culture of lactobacilli grown in MRS and standardized
to 1.5x10* CFU/ml. The inoculum was added into the flasks with the medium in
the amount of 3, 5 or 8%. The results have been processed by counting the colony
forming units (CFU) of Lactobacillus grown on solid MRS medium after 48 hours
of growth.

Dependence of the concentration of viable cells L. acidophilus 55 (Y) from the
concentration of sodium selenite in the culture medium (X ), inoculum size (X,) and
fermentation time (X,) was assessed using regression analysis methods in the theory
of experiment planning on Box-Behnken [10]. This approach allows in the frame of
the same model to estimate the linear and quadratic effects of influence of factors
(X,, X, and X)) on optimization index (¥) and express it as a regression equation:

L] M m
S bt W Y o S B . g R o
i=1 i=1

i=1 i

were a, — constant, a, — linear coefficient, a, — quadratic coefficient, a;- inter-
active coefficient.

The statistical data processing (calculation of the regression coefficients, regres-
sion analysis of variance ANOVA and the construction of response surfaces) was
conducted by using the program Statistica 6.0 (StatSoft Ink., 2002). The obtained
coefficients were considered as statistically significant at p<0.05.

Results and Discussions

At the beginning of the study the ability of the strain Lactobacillus acidophilus
55 to grow on the medium containing various concentrations of selenite ions has
been determined. The ability to accumulate biomass and active acidity of the me-
dium at the end of cultivation were the main parameters characterizing the tolerance
of lactobacilli to Se*". The evaluation of the influence of sodium selenite in a wide
concentration range (1-26 mg/1) on the gowth of the culture showed that the presence
of sodium selenite in the medium at concentrations of 1, 4, 6 and 8 mg/l does not
significantly affect the growth of the culture. At the concentrations of 2 and 3 mg/1
weaker stimulating effect was observed (Fig. 1), while higher concentrations (20
and 26 mg/l) inhibited the accumulation of lactic acid bacteria biomass.
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Fig. 1. Biomass accumulation by L. acidophilus 55 strain in the medium with varying
concentrations of sodium selenite

The intensity of acid formation by culture of L. acidophilus 55 decreased in the
presence of sodium selenite at the concentrations of 20 and 26 mg/l and after 24
hours of growth the pH of the culture medium was detected within 4.0-4.5 (Fig. 2).
For other concentrations of sodium selenite studied pH of the culture medium was

reduced to 3.5.
h I 1 1 ! : 2 1 0
20 8 3

Sodium selenite, mg/l

1
6 4

Fig. 2. The pH of the culture medium L. acidophilus 55 in the medium with varying
concentrations of sodium selenite
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Thus, the concentrations of selenium 20 and 26 mg/l were excluded from
further analysis because they suppressed the growth of lactic acid bacteria and acid

production.

In the further investigation in silico optimization of the parameters of cultivation
of L. acidophilus 55 in the presence of various concentrations of sodium selenite
(1-16 mg/l) was carried out. The investigations were carried out on Box-Behnken
(Table 1). The design of experiment, as well as the variants of factor combinations

and the results obtained are shown in Table 2.

Optimization factors and their values used in Box-Behnken design

Table 1

Factor levels, coded values

Factors
-1 0 +1
Sodium selenite concentration (X)), mg/l 1 8 16
Inoculum size (X,), % 3 5 8
Fermentation time (X)), hour 6 18 30
Table 2
Planning matrix of the experiment of Box-Behnken design
Factors Parameter optimization
v X, X, X, IgCFU/ml

1 1 3 18 9.10

2 16 3 18 7.84

3 1 8 18 7.48

4 16 8 18 7.57

5 1 5 6 7.74

6 16 5 6 7.72

7 1 5 30 7.60

8 16 5 30 7.60

9 8 3 6 7.74

10 8 8 6 7.84

11 8 3 30 7.48

12 8 8 30 7.00

13-15 8 5 18 7.68 £0.075

Note: X, — Sodium selenite concentration, mg/I,
X, — inoculum size, %,
X, — fermentation time, hour
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The level of significance of the effects (linear, quadratic and interaction effects)
was determined by the analysis of variance (ANOVA), which showed that each of
the optimization factors studied (concentration of sodium selenite (X)), inoculum
size (X,) and the fermentation time (X,) ) had significant (p < 0,05) influence on the
concentration of viable cells of lactic acid bacteria (Table 3).

Table 3

Results of ANOVA of depending of CFU of Lactobacillus acidophilus 55 from the factors
and their interaction ***

Factors aires | troedom | amount | F | P

Slzg /f?ﬁi)‘im selenite, 0.22 1 0.22 385 | 0.03
Sodium selenite, mg/l (Q)** 0.15 1 0.15 26.2 0.04
(2) inoculum size, % (L) 0.83 1 0.83 146.9 0.01
(3) Time, hour (L) 0.17 1 0.17 29.4 0.03
Time, hour (Q) 0.33 1 0.33 57.8 0.02
1L by 2L 0.46 | 0.46 80.9 0.01
1L by 2Q 0.25 1 0.25 43.9 0.02
1Q by 2L 0.32 1 0.32 56.7 0.02
Error 0.01 2 0.01

Total sum of squares 2.63 14

*L — linear effects,

*#Q — quadratic effects,

«by» — designation of the combined effect of several factors.

*#* Factors and options combined action of factors that do not have significant influence on the
estimated figure excluded from the analysis and are not presented in the table.

For visual assessment of the effects of ANOVA the Pareto chart, on which the
effects are located according to absolute value descending has been shown in Fig. 3.
This diagram shows that the linear effect of the amount of inoculum has the highest
reliable influence, and the quadratic effect of concentration of sodium selenite has
the lowest reliable influence.

During the analysis of raw data the regression equation has ben obtained, which
has the form of a quadratic polynomial of the second order, taking into account only
statistically significant effects:

Y=11,56-0,57 X,— 1,27 X, + 0,10 X, + 0,01 X,>= 0,002 X +
+0,15 XX, - 0,01 X.X2—0,003 XX,
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ossm 50 e
1Lby2L | 18993341

Time, h(Q) | | 7602720
1Qby2L | |7.528531
1Lby2Q | 6,623088
(1)Sodium selenite, mg/I(L) | -6,20181
(3)Time, h(L) | -5,42505
Sodium selenite, mg/I(Q) -5,11917

2Lby3L | -3,86381
1Qby3L | -3,36696

Inoculum, %(Q) -3,21849
ibysL | 1332347

p=,05

Standardized Effect Estimate (Absolute Value)

Fig. 3. Optimization factors influence on the concentration
of viable cell Lactobacillus acidophilus 55

According to the resulting model contributed amount of inoculum was the most
important factor (F = 146.9, p < 0.01), with the increase of which the concentration
of viable cells of lactobacilli should decrease linearly. Likewise, increase of the
concentration of sodium selenite, with constant other factors, should reduce the
concentration of viable cells. At the same time, the coordinated increase in both
factors will lead to the increase in the concentration of viable cells, which clearly
indicate the need to maintain the balance between the concentration of inoculum
and sodium selenite in the culture medium. Probably, such need arises from the fact
that a large number of inoculum contributes to the rapid acidification of the culture
medium, which leads to the destruction of bacteria. At the same time the positive
effect of the interaction between these two factors can be explained by the decrease
of toxic effects of inorganic selenium by lowering its concentration in the medium
in terms of one CFU of lactobacilli at inoculation of large amounts of inoculum.

According to the response surface of concentration of viable cells of culture
L. acidophilus 55 (Fig. 4), sodium selenite itself has a certain effect, inhibiting
the growth of lactobacilli and the maximum concentration of viable cells will be
achieved in the absence of sodium selenite in the culture medium. However, if the
culture medium still contains sodium selenite, to obtain the maximum concentration
of viable cells strict concentration ratio “sodium selenite concentration: inoculum:
cultivation time” is needed.
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<8

Fig. 4. Response surface concentration of viable cells Lactobacillus acidophilus 55 as a
function of the inoculum size and the concentration of sodium selenite for fixed time
of 18 h of fermentation

Assessing the effect of the concentration of the inoculum and sodium selenite
on the concentration of viable cells, the cultivation time was an important factor
(F=57.8, p <0.02) as well, indicating that the greatest effect on the interaction of
factors studied is achieved after brief cultivation (6—18 h), and after definite time
period (after 18 h), the concentration of viable cells will decline sharply (Fig. 5).

-8
<38
<775
[O<75
B <7,25
<7

Fig. 5. Response surface concentration of viable cells as a function of culture time and the
concentration of sodium selenite at fixed value by the average inoculum size level
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The optimal design values for the studied factors were: sodium selenite 8.3 mg/1
at 5.3% inoculum at 18 h of cultivation (Fig. 6). Deviations from the calculated data
invariably leads to reduction in the titer of viable cells.

Sodium selenite, mg/l Inoculum, % Time, h

10,000

6,5000

Desirability

31856 e ——— -

% 8,2667 16, 3 65,2667 8, 6, 18, 30,
Fig.6. Profiles of the predicted values for the optimal concentration of viable cells of

Lactobacillus acidophilus 55

To confirm the calculated data, concentrations of viable cell of L. acidophilus 55
at cultivation in the medium with 4, 8 and 64 mg/I of sodium selenite at 5% inoculum
within 18 hours (Fig. 7) has been determined. It is shown that in the presence of
8 mg/l sodium selenite concentration of viable cells of L. acidophilus 55 is 17%
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higher than when cultivated with 64 mg/1 but 4% lower than in the medium without
selenite. These results confirm the results of a visual analysis of the response surface
of concentration of viable cells of Lactobacillus acidophilus 55 (Fig. 4)

=
=

Fig.7. Concentration of viable cells L. acidophilus 55 under optimized conditions
of culturing in the medium with varying concentrations of sodium selenite

The given result of the work showed that the optimal concentration of viable
cells (2.5x10®% CFU/ml) can be prepared by culturing L. acidophilus 55 for 18 h in
the presence of 8 mg/l sodium selenite, when making a 5% inoculum.
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ONTUMM3AIINA YCJTOBUHN KYJILTUBUPOBAHUSI
LACTOBACILLUS ACIDOPHILUS 55 B CPEJAE
C CEJIEHUTOM HATPUA

Pedepar

Henb. Onmumusayusa yciosuii KyIbmusupo8anus npooUOmu4ecko2o wmamma
Lactobacillus acidophilus 55 6 cpede ¢ cenenumom nampus. Metonwl. H3yuenue
GAUAHUS CENeHUMA HAMPUs, KOIULeCMEd 6HOCUMO20 UHOKYIIOMA U 8PEMEHU K)Jlb-
MUBUPOBAHUA HA KOHYEHMPAYUIO HCUZHeCnocoOHbIx Kiemok L. acidophilus 55
NPOBOOUNU C NPUMEHEHUEM MPEXyPOBHE8020 (PAKMOPHO20 IKCNEPUMEHMA NO NIAHY
boxca-Benxena (BBD). Pe3yabrarsl. Yemarnosneno, umo Konuyecmso UHOKYIAMA
A619€MCs PaKmopom, KOmopbulii OKA3bl6AL HAUOOIbULEE GIUAHUE HA KOHYEHMPAYUIO
JHCUHECNOCOOHBIX KIIemOK. ONnmumanbHbIMU YCL0BUAMU 05 NOTYYEHUSL MAKCUMATLHOU
KOHYeHmMpayuu JHCusHecnoCOOHbIX KIemoK 6 npUcymcmeue uoHo8 ceiena Oviau: co-
Oeporcanue cenenuma nampus  cpeoe 8,3 %, Konuuecmeo 6HOCUM020 uHoxyoma 5,3%
u 8pems Kynomusuposanus 18 4. BeiBoawl. [Ipu kynemusuposanuu L. acidophilus 55
6 ONMUMUSUPOBANHHBIX YCIOBUAX, MAKCUMANbHAS KOHYEHMPAYUSL HCUSHECTIOCOOHBIX
xaemok cocmaeguna 2,5 % 10° KOE/max.

Knwueswvie cnoea: Lactobacillus acidophilus, cenenum nampus, onmumuzayust.
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OIITUMIBALIA YMOB KYJIbTUBYBAHHS
LACTOBACILLUS ACIDOPHILUS 55 B CEPEJJOBMIII 3
CEJIEHITOM HATPIIO

Pedepar

Meta. Onmumizayia ymos Kyabmugysanus npobiomuunoeo wmamy Lactobacillus
acidophilus 55 6 cepedosuwi 3 cenenimom nampiro. Metomu. Buguenwns eniusy
CeNleHimy Hampiro, KilbKOCHI IHOKYIIOMY, WO 6HOCUMbCA | YaCy KYIbMUEYEBAHHA HA
KOHYeHmpayiro scummezoamuux kuimun L. acidophilus 55 30iticnrosanu 3 3acmocysan-
HAM MPbOXPI6He8020 (haKmopHo2o ekcnepumenmy 3a nianom boxca-benkena (BBD).
Pesyabratu. Bemarnogneno, wo KinbKicme iHOKVIAMY € (Pakmopom, AKull U616
HAUOIILWUL 6NIUE HA KOHYEHMPAYilo JICUMmme30amuux Kiimun. OnmumanioHumu
yMo8amu Ol OMPUMAHHSA MAKCUMATbHOI KOHYEHMPAyii Hcumme30amuux KiimuH
3a npucymnocmi iomie ceneny Oynu: emicm cenenimy nampiio 6 cepedosuwyi 8,3%,
KibKicmb IHOKYIIOMY, wo eHocumuvcs 5,3% ma uac kynvmusgyeanns 18 cooun. Bue-
HOBKHM. [Ipu kynomusysanni L. acidophilus 55 6 onmumizoeanux ymosax, MakxcumaibHa
KOHyenmpayis scummezoamuux kuimun cmanosuna 2,5 x10% KOE/mn.

Knwuoei cnoea: Lactobacillus acidophilus, cenenim nampiro, onmumizayis.
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BIOJIOTTYHI BJIACTUBOCTI .JIAK:FOBAKTEPIFI —
PEJCTABHHUKIB PE3UJIEHTHOI MIKPOBIOTH
IJINBU 3BUYAMHOI

Memoto docniddcenns 6yno euoinenHs wmamie 1axmoodaxmepii 3i ceixcux ma ca-
MOKBACHUX NA0008UX Min enueu 3euyaunoi Pleurotus ostreatus ma eusuenns ixuix
oionozciynux i biomexnonoeiunux enacmugocmei. Memoou. O6'ekmom oocniodcenns
oynu 50 wmamie raxkmobaxmepii, 6UOLIEHUX 3i CBINCUX I CAMOKBACHUX NI000BUX
min epubis enusa 3euuaiina Pleurotus ostreatus. Pooosy ma 6udosy nanesjichHicme
aakmobdaxkmepitl 6CMAHOBIIOANU 3d MOPPON020-KYIbMypaibHUMU, Pizionozo-
bioximivHUMUY 8nacmugocmamu, ma niomeepoicysanu memooom I1L[P 3 euxopucman-
HAM npatimepis 00 dinsanok 16S PHK ma recA. Cmynine KUC10mMoymeopenus umamie
Jakmobayun 00Cai0NCy8anu 3a IHKyoayii'y sHesxcupenomy monoyi ynpooosc 1, 15 ma
24 200uH, 2paHUYHy KUCTOMHICIb — 3d IHKYOayii ynpoooeic MudiCHs, MOJIOYHY KUCTO-
my — mumpoMempuyHumM Memooom. AHmMacoHicMuuHy aKMuGHICMb J1AKMOOAKmMepitl
BUHAUANU MEMOOOM azaposux onokis. Pesynemamu. Bcmanosneno, o Mo1ouHoKuci
baxkmepii 6x00amu cxknady mikpodbiomu niodoeux min epuba Pleurotus ostreatus.
I30nv06ani i3 ceixcux ma gpepmenmoganux epubie 8 wmamie nakmobaxmepiil 3a
MOPGONOSITUHUMU, KYILIYPATbHUMU A (PI3I01020-010XIMIUHUMU O3HAKAMU 8IOHECEHO
0o sudy Lactobacillus plantarum, wjo niomeepoicero memooom I1JIP. [locnioacysani
wimamu aakmobayun 3a 15 200. npodykyroms 6i0 0,5 = 0,1 do 1,4 + 0,2% monounoi
Kuciomu, a 2panudna kucromuicms cknaoae 144—300°T. Bucnosok. [lImaw Lactoba-
cillus plantarum ONU3 135, i301608anuil 3 n10008UX Ml 2MUBU 36UYANIHOL € AKMUBHUM
KUCTOMOYMBOPIOBAYEM 3 AHMALOHICMUYHOIO AKMUBHICTIO BUCOKO20 MA CePEOHbO2O
CMYNEeHi8 w000 YMOBHO NAMO2EHHUX bakmepitl, bakxmepiii npedCcmasHUKie MIKpobiomu
2NUBU, HE NPOAGIAE AHMALOHIZMY 00 MOLOYHOKUCIUX DAKMepill IHWUX 6Uois.

Knwuoei cnoea: Lactobacillus plantarum, anmazonicmuuna akmusHicme, mo-
JIOUHA KUCLIOMA, 2MUBA 36UYALIHA, (hepMenmyeanHs.

Bubip Gakrepiii pony Lactobacillus y sKOCTi 3aKBallyBaJIbHUX KYJIBTYp IUIS
BUPOOHUITBA (DEPMEHTOBAHHUX MPOAYKTIB XapuyBaHHsS OOYyMOBICHHI 3IaTHICTIO
JaKTOOAKTEpPii MEepPenIKoPKATH POSMHOKEHHIO TATOTCHHUX 1 YMOBHO TATOTEHHHUX
MiKpOOpTraHi3MiB, IiIBUIyBaTH IMyHOPE3UCTEHTHICTh MaKpOOpraHi3My Ta IIpHHa-
JISKHICTIO 1X 710 KaTeropii Oe3neynnx mikpoopranizmiB (GRAS) [11].

['muBa 3BMYaliHA € IIIHHUM [DKEPEJIOM EKOJIOTIYHO YHCTOI Xap4OBOi CHPOBUHH,
HU3bKOKAJIOPIMHUM MPOAYKTOM, IO MIBHJKO NCYETHCS Ta MOTpedye mepepoOKH,
HaO1IbII e()eKTUBHUM CITOCOOOM siKOi € hepmenTyBanHs [5]. Ha mnogoBux Tinax
[JIMBH BUSIBIICHO Oaktepii poniB Bacillus, Planococcus, Sporosarcina ta Lactobacil-

© O.B. bacron, I'B. SIm6opko, B.O. IBanus, 2014
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lus [9]. Ilponiec camocCKBaIIyBaHHs 31IHCHIOETHCS MEPEBAXKHO MOJOYHOKUCIUMHU
OaxTepisiMH, 10 BXOJATH 10 CKJIay MiKpOOiOTH TUIOOBHX TiJI, MPOTE iH(OPMAITis
PO HUX MPAKTHUYHO BiJCYTHS.

BincyTHIiCTh KOMEPIITHUX CTapTEPHUX KyIAbTYp OakTepit poxy Lactobacillus 3
BUCOKMMH 010TE€XHOJIOTIYHUMU TIOKa3HUKaMU ISl (hepMEHTYBaHHsI rpuOiB poOUTH
nporec ¢pepMeHTalii He MPOrHO30BaHUM, a KIJTbKICTh 1HAMTCHHUX JIAKTOOAKTEpIin
JUTSL TOMIHYBaHHS MOJIOYHOKHCIIOTO OpOMIHHS € HEeIOCTaTHhOI, BHACIIIOK YOTO
HPOIYKIis BTpayae Oe3MeYHICTb, IOTIPUIYIOTHCS 11 OpraHoJIENTHYHI BIACTUBOCTI.

V 3B’s13Ky 3 UM METOIO JIOCIIIJKSHHS OYyJIO BUJIUICHHS IITaMIB JAaKTOOAKTEPiit
31 CBIKMX Ta CAMOKBAaCHUX IJIOZIOBUX TiJl TNIMBU 3BUUANHOI Pleurotus ostreatus ta
BUBYEHHS IXHIX 01070T1YHUX 1 610TEXHOIOTIYHUX BIACTUBOCTEH.

Marepiaan Ta MmeToaun

O06'exToM gociimkeHHs Oyau 50 mramiB JIakTOOAKTEpil, BUAUICHUX 31 CBIKUX
1 CAaMOKBaCHUX IIOJJOBUX TiJI rpr0iB IMMBa 3BUUaiiHa Pleurotus ostreatus.

JlakroOakTepii BUIUIAIN LUIIXOM BHUCIBY Ha arapu3oBaHe cepenosuiie MRS
3MHUBIB 3 TUIOJIOBHX TiJl CBIXKOI Ta HEKOMEPIIIHHOI CAMOKBAaCHOI TJIMBU 3BUYAWHOT,
KyJIBTUBYBaIH 3a Temreparypu 36 °C BnpomoBx 2 1i0 Ta BU3HAYaIU MPUHATIEHK-
HiCTh 110 pony Lactobacillus 3a TiHKTOpiadTbHUMHU, MOP(DOIOTO-KYIBTYypaTbHUMHU
1 ¢i3ionoro-6ioxiMiYHUMH O3HaKaMH: 3a0apBieHHsIM 3a ['pamom, Gopmoro Ta
PO3MIpOM KIIITHH, PYXJIMBICTIO, HAsSBHICTIO KaTalla3u, 3[aTHICTIO BiJIHOBIIOBATH
HITpaTH B HITPUTH Ta pocTu 3a Temneparyp 4—50 °C [8]. BunoBy npuHanexHicTh
Oaxrepiii poxy Lactobacillus Bu3Ha9anym 3a hepMEeHTAIIIEI0 CTIEKTPY BYIJICBOIIB Ta
IyKpOCHHPTIB 3 BUKOpUCTaHHAM TecT-cucteMu Api 50 Chl Medium. BigHomenns
JI0 TOMO- Ta reTepoepMEHTaTUBHUX JTaKTOOAKTEPiid BUSBISLIN MeTooM Gibson Ta
Ab-el-Malek 3 BUKOpUCTaHHSIM TOMaTHO-TJIFOKO3HOTO arapy [8].

PonoBy Ta BHIOBY NpHUHANIEKHICTD JIAKTOOAKTEPIN MiATBEPKYBAIH METOIOM
MoJTIiMepa3Hoi JTAHIFOTOBOI peaKIlii 3 BUKOPUCTaHHAM ITpaiiMepiB (Tabum. 1) 10 AUIsTHKH
16S PHK, HasiBHO1 y BCix BUiB poay Lactobacillus i 1o ninsiHKku recA, npuTaMaHHOT
JUTSI TIpEACTaBHUKIB BUIYy Lactobacillus plantarum.

JIHK Gakrepiit BUIITISUTH METOIOM TEIUIOBOTO Ji3UCYy OaKTepiadbHUX KIITHH 32
MoaupikoBaHow Metonukoro Szegedi and Bottka [10, 12].

CryniHp KHCIOTOYTBOPEHHSI BU3HAYANIN 32 1HKYOAIli] y 3HES)KUPEHOMY MOJIOL
ynponoBx 1, 15 Tta 24 ronuH, rpaHUYHY KHCJIOTHICTh — 3a 1HKyOamii ympomoBk
TUXKHSI, MOJIOYHY KHCJIOTY — TUTPOMETPUYHUM MeTooMm [1, 3].

AHTaroHiCTUYHY aKTUBHICTb JIAKTOOAKTEP1H BIIHOCHO YMOBHO IaTOI€HHUX Ta
MaTOTeHHUX MIKpOOPTaHi3MiB BU3HAYAJIM METOOM arapoBux OJOKiB [6]. [namka-
TOPHUMH MiKpOOpraHizMamu OyJiv ITaMKA YMOBHO ITaTOT€HHUX OaKTepill Ta TaMu
OakTepiii-IpencTaBHUKIB MiKpOOiOTH, 1301b0BaHI HAMH 3 TUIOAOBUX TiJI TIHBH.

Craructuuny oOpoOKy pe3yibTaTiB 3A1MCHIOBAIM IIISXOM PO3PaxyHKy ce-
peIHiX 3Ha4YeHb MoKa3HuKiB (X') Ta ix craHmapTHOi noxubku (S, ). BiporignicTs
BIIMIHHOCTEH MIXK CepeJHIMU 3HAUYEHHSIMH BH3Ha4ajH 3a kputepiem Ct'roneHra,
OI[IHIOIOYH BiPOTiIHICTh OTPUMAHUX PE3YJIbTATIB 32 PIBHEM 3HAUNMOCTI HE MEHIIIS
95% (p <0,05).
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Taomm 1
IIpaiimepu no giasnok 16S PHK Ta recA
Table 1
Primers to 16S PHK and recA sites
. . . Po3mip .
IIpaiimep IocainoBHicTh aMILTiKoHIB, 1.0, [IpumiTka
LbLMA-1 5'-CTC AA/§ ACT AAA CAA 250
AGTTTC-3 CrinbHui 1y1s 0akTepin
,” pony Lactobacillus
R-161 5'-CTT GTA/CAC ACC GCC 250
CGT TCA-3
lanF 5'-CCG TTT ATG CGG AAC 318
plan ACC TA-3' Crierudivnmii ms
Gaxrepiit BUIY
5'-TCG GGATTA CCA AAC L. pl
. plantarum
pREV ATC AC-3' 318

Pesynbrarn Ta ix 00roBopeHHst

3 mMBH 3BUYaiHOI Oyno BuAIEeHO 50 130J14TiB MOJIOYHOKUCIUX OakTepii, 3
SIKUX I AOCTIPKEHHS BiiOpaHo 8 mTamiB, sIKi MaJld BUCOKY IIBHJIKICTb POCTY.
[3071p0BaHI mITaMU JTaKTOOAKTEPi MpeaCTaBIeHI IPaMIIO3UTHBHUMH MaJHYKaMH
MpaBWIbHOT (HOPMH, 3 TEHEHIIEIO J0 JTAHI[FOTOYy TOBPEHHS, KaTala30HEraTuBHI 1 He-
3[1aTHI /10 BITHOBJICHHS HITPATIB, 1110 I03BOJIMIIO BIAHECTH iX 10 pony Lactobacillus.

Bcranoneno, 1o BigiOpaHi mTaMu JakTo0aKTepiid yTHIIi3yoTh L-apabiHo3y,
D-ranakro3y, D-rmtoko3y, D ta L-kcuno3y, D-nakto3y, D-manit, D-padinosy,
D-cop6it, D-dpykro3y, D-1ieno6io3y, D-irykpo3y Ta He yTuimi3yrooTb L-paMHO3Yy.
VYei KynbsTypu He IPOAYKYIOTh I'a3 13 IIOKO3M 1 pocTyTh 3a Temneparypu 15 °C. L1
O3HAKH XapaKTePHU3YIOTh iX SIK (haKyJIbTaTUBHO-TeTEPOPEPMEHTATHBHI MOJIOYHOKHCITI
OaxTepii, 10 BITHOCATHCS A0 Buny Lactobacillus plantarum.

Sk BuaHO 3 Tabnuni 1, y pesynsrati nposenenns [1JIP 3 JIHK Buninenux mra-
MiB Oakrepiii 3 ponocnenupiyanmu npaiimepamu LbLMA-1 ta R-161 orpumano
aMIUTIKOHU po3MipoM 250 1. 0., 1110 BKa3ylOTh Ha HasgBHICTH NUIsSHOK 16S pPHK,
XapakTepHUX 1Jis OakTepiit pony Lactobacillus. IloniMepa3Ha JIaHIFOTOBA PEAKITis 3
Bupocnenudiuaumu npaiimepamu planF ta pREV 1o pinstHku reny recA niareepania
HaJIeKHICTh BIIIOpaHuX wTamiB 10 BUy Lactobacillus plantarum, Ha 110 BKazyBasia
MPUCYTHICTh aMILTIKOHIB po3Mipom 318 1. o.

TaxuMm YMHOM, BCTaHOBJICHHSI TeHeTHUHUX nociigoBHocTel JIHK makrobakrepiit
MiATBEPANUIIO POIOBY Ta BHIOBY HAJEKHICTh IITaMiB, BU3HAYCHY 3a MOPQOIOTo-
KyJIbTypajJbHUMHU Ta (hi31010r0-010XIMIYHUMH BIACTUBOCTAMH. EnekTpoHHO-
MIKPOCKOITIYHI 3HIMKH JESIKUX 3 TOCIIKYBaHUX IITaMiB HaBEIEHO HA pucC. 1.

[IITaMm MOTOYHOKUCIHX OAaKTEpiii BBAXKAETHCS aKTUBHUM 1 MOXE 3aCTOCOBY-
BaTHCA Ui (pepMeHTallli, SKIIOo 3a 15 roauH KyJIbTUBYBAHHS Ha CEpPElOBUILI BIH
yTBOpioe 0,5% Moa04HOo1 KucaoTH [3]. 3 omisiay Ha e, 0yio JOCiKEHO aKTUBHICTh
KHCJIOTOYTBOPEHHS 130JIbOBAaHUX IITAMIB JJAKTOOAKTEPiil.
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6)

Puc. 1. EJleKTpOHHO-MiKPOCKONIYHiI 3HIMKU MOJTOYHOKHUCINX DaKTepiii

a) Lactobacillus plantarum ONU 314 (x11000);
b) Lactobacillus plantarum ONU 315 (x3800)

Fig. 1. Lactic acid bacteria electron microscopic images

a) Lactobacillus plantarum ONU 314 (x11000);
b) Lactobacillus plantarum ONU 315 (x3800)

Sk BUIHO 3 Ta0M. 2 JOCTIHKYBaHI MITaMU JIAKTOOami 3a 15 roa npoaykyooTh
Bix 0,5+ 0,1 mo 1,4 +0,2% MOJIOYHOT KHCIIOTH.

BcranoBneHo, 110 HalO1IbIIIE MOJIOYHOT KUCJIOTH 3a 15 TOAMH KyJIBTUBYBaHHS
nponykyroTs 6akrepii mramy L. plantarum ONU 315 (1,4 £+ 0,2%).

HaiiBunmMy mokasHUKaMH KHCIIOTOYTBOPEHHS 3a 00y XapaKTepH3yBaJUCs
nakrobakrepii mrramiB L. plantarum ONU 3141 L. plantarum ONU 315, BignoBigHo
145+£5,1°Ti170+4,2 °T.

Binomo, 1o mporiec pepmenTartii rpudiB TPHBAE 3aJI€KHO BiJl yMOB (hepMeHTaIlii
JI0 YOTUPBOX THIKHIB 1 O611b111€, IpU IIboMY pH noHmxyeThes [4, 5]. BpaxoBytoun 1te,
JOLUTLHUM OyJ10 BU3HAUUTH MTOKa3HUKHU IPAaHUYHOI KUCIIOTHOCTI, 1110 HAKOITMYYETHCS
JOCIIHKYBaHUMH IITaMaMH JJakTo0aruil. BusBuocs, o HaifBUIIMMU TTOKa3HUKA-
MU I'paHHYHOT KHCIOTHOCTI — 240 £ 5,2 1 300 £ 9,1 °T xapakrepu3yBaiucs MITaMH
L. plantarum ONU 314 ta L. plantarum ONU 315, BiAnoBigHO, AK1 Oyau BiiOpaHi
JUIS TIOJJAJIBIINX JI0CITIKEHb.

B nopaneiiomy BcTaHOBIIEHO, 10 TOCIIKYBaH1 mramu L. plantarum ONU 314
ta L. plantarum ONU 315 poctyTb 3a Temneparyp 4—50 °C i 3nauens pH 3—7, mo
€ BaYUIMBUM KPUTEPIEM 3a B1AOOPY CTapTEPHUX KYJIBTYp OakTepiil, OCKIIbKHU J10-
3BOJISIE iXHE BUKOPUCTAHHS MPH IINPOKUX Jlialla30Hax TeMIIEpaTyp Ta KUCIOTHOCTI
cepenoBuia [7].

Binomo, 1110 aHTEMiIKpOOHA aKTHBHICTH JJAKTOOAITHIT IO BITHOIIICHHIO JIO 1TaTO-
TeHHHUX T2 YMOBHO MTaTOTE€HHUX MIKPOOPTaHi3MiB MOSICHIOETHCS TIPOAYKILIEIO Opra-
HIYHUX KUCIIOT, IEPEBAKHO MOJIOYHOI, IEPEKUCY BOIAHIO, aHTHOI0THKIB, JII30IIMY
Ta OakrepionuHiB. CIEKTp CIOMYK 3 aHTUOAKTEPI1aIbHOIO aKTUBHICTIO, 110 YTBO-
PIOIOTBCS JTAKTOOAIMIIAMH, 3aJISKUTh BiJl BUY Ta IITaMy MIKpOOpPTaHi3My, YMOB
pocty nomyssii. [lltamu 3 aHTHOI0THYHOO AKTUBHICTIO, SIK IPABUIIO, € OJHOYACHO
1 aKTUBHMMH KUCIIOTOYTBOpIOBauamu [2, 7].
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Tabmums 2
IToka3HMKHN KHCJIOTOYTBOPEHHS JOCTIIKYBaHUX JJaKTo0aKTepiit
Table 2
Studied lactobacilli lactic acid production indicators
Kucaorn
I'pannuna
Tam opraivHi MOJIOYHA KHCJIOTHICTb,
T
“T/1ron 'T/24 rox %/15 ron
L. plantarum
ONU 314 40,5+1,2 145,0 +5,1 1,0£0,2 240,0 £5,2
L. plantarum
+ * + * + * + %
ONU 315 50,7+ 1,1 170,0 + 4,2 1,4+0,2 300,0 + 9,1
L. plantarum
ONU 316 38,5+ 1.4 140,0 44,5 0,7 40,03 232,0+6,7
L. plantarum
ONU 411 36,2+ 1.2 1350+ 5,3 0,7+ 0,01 220,0£5,5
L. plantarum
ONU 412 320+14 120,0+5,3 0,6 0,01 161,0 £ 4.7
L. plantarum
ONU 413 31414 115,0+ 7,3 0,5+ 0,04 158,0 + 4.4
L. plantarum
ONU 414 302+ 1.4 104,0+5.4 0,5+ 0,03 149,0 + 4,7
L. plantarum
ONU 415 30,0+ 1,2 100,0 9,6 0,5+ 0,03 144,0 + 4,8

[Tpumitka: * — pi3HUI TOCTOBIPHA Y TOPIBHAHHI 3 IHIIMMH IITaMaMHU.
Note: * — significant difference in compare with other strains.

VY pe3ynbrati mpoBeIeHOTO JOCTiPKEHHS BCTAHOBIICHA aHTATOHICTHYHA aKTHB-
HicTh mtamiB L. plantarum ONU 314 1 L. plantarum ONU 315 1o BiiHOIIEHHIO 710
YMOBHO MAaTOTEHHHUX OaKTepidl Ta 130JIbOBAHUX MPEICTABHHUKIB MIKpOOIOTH TIIMBU
3BUYaiHOI (Tab. 3).

[TpoBeneHi MOCHIKEHHS MMOKa3aiy, 10 HelTpamizaiis pH KymbTypaibHOTO
CepeoBHUIIIa KapOOHATOM KaJbIIit0 IPU3BOIUTH 0 3HAYHOTO 3HMUKEHHS aHTaroHic-
TUYHOT aKTUBHOCTI JOCIIPKYBaHUX IITAaMiB JAKTOOAKTEPIiii, 10 BKa3ye Ha Te, 110
AHTUMIKpOOHUI e(eKT iX B OCHOBHOMY OOYMOBJICHUH JI€F0 MOJIOYHOT KHCIIOTH, 1
JIUIIIC YACTKOBO — METa0O0IITAMH 1HIIOT TPUPOJIH.

VY xoai momanbIIMX MOCHTIKeHb MOKa3aHO, [0 MITAaMH JIAKTOOaKTepin
L. plantarum ONU 314 i L. plantarum ONU 315 He BUSBIAIOTH aHTaroHiCTUYHOT
AKTUBHOCTI 110 BITHOIIEHHIO /10 60 mMTaMiB JIAKTOOAIIHII 3 KOJICKIIIT KYJIBTYP MIiKPO-
opranizmiB OHY imeni I.I. MeunukoBa, mo Hanmexarb 10 BUAiB: Lactobacillus
plantarum, L. acidophilus, L. brevis, L. casei, L. curvatus, L. delbrueckii subs. del-
brueckii, L. reuteri, L. rhamnosus.
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Taomuws 3
AHTaroHicTHYHAa aKTHUBHICTH JOCTIIKYBaAHUX JIAKTOOAKTepiii
Table 3
Studied lactobacilli antagonistic activity
JliameTp 30HH 3aTPUMKH POCTY
Inguxaropuuii IHIUKATOPHUX MIKPOOPraHi3MiB, MM
MiKpooprasizm
L. plantarum ONU 314 L. plantarum ONU 315
Micrococcus luteus ONU 199 30,2+1,4 32,1+1,3
Pseudomonas aeruginosa ONU 211 241+1,2 343+1,1
Escherichia coli ONU 90 35,1+1,3 342+1,3
Staphylococcus aureus ONU 229 30,2+1,4 32,1+1,3
Proteus vulgaris ONU 91 253+1,5 273+1,4
Bacillus thuringiensis ONU 431 28,4+ 1,1 29,4+1,0
Lysinibacillus sphaericus ONU434 29,2+ 1,3 293+£1,2
Planococcus citreus ONU 421 30,1 1,2 31,2+ 1,0
Sporosarcina ureae ONU 422 29,2+ 1,1 30,1 £ 1,1
Sporosarcina halophila ONU 423 352+1,1 36,3+ 1,0

IIprmiTka: giaMeTp 30HU 3aTPUMKH POCTY i3 BpaXyBaHHAM AiaMeTpy O0moky (16 Mm) < 23 MM —
MIKpPOOPTaHi3MU MaJodyTiuBi; 23—33 MM — uyTuBi; > 33 MM — BHCOKOYYTIIHBI.

Note: stunted growth zone diameter, with block diameter (16 mm) <23 mm — tolerant microorgan-
isms; 23-33 mm — sensitive; > 33 mm — highly sensitive.

Takum 9UHOM, BCTAaHOBJIEHO, 1110 MOJIOYHOKHUCII OakTepii BXOMSITH 10 CKIAmy
MiKp0Oi10TH II0N0BUX TiT Pleurotus ostreatus. 1301b0BaHi 13 CBIXKHUX Ta PepMEHTO-
BaHUX TPUOIB 8 mITaMiB JIAKTOOAKTEPIiH 32 MOPPOIOTIYHUMH, KyIbTypaJTbHUMU Ta
¢bizionoro-0ioxXiMiYHIMH O3HAKaMH BiTHECEHO 10 BUny Lactobacillus plantarum. 3a
HaBUIIMMY TIOKa3HUKAMHU KUCIOTOYTBOPIOBAIBHOI T2 aHTArOHICTUYHOI aKTHBHOC-
teit mram L. plantarum ONU 315 morxe OyTH IepCrieKTUBHAM 17151 (DepMEHTYBaHHS
TJIMBH 3BHYAITHOI, 110 3a0€3MeYNTh JOCATHEHHS MIKpOO10JIOTI4HOT Oe31eku, 30epiran-
HsI TOTOBOTO MPOYKTY TPUBAJIIIIHM, a Iporiec pepMeHTaIrii OUThII POTHO30BAHNM.
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BUOJIOTMYECKUE CBOMCTBA JIAKTOBAKTEPUM —
NPEJCTABUTEJIEN PE3UJAEHTHOM MUKPOBUOTbI
BEIIEHKHA OBLIKHOBEHHOM

Pedepar

Heasro uccnedosanusn 6vi10 bldeNeHUe WMAMMOS LAKMOOAKMEPULL U3 CEEAHCUX U
CaMOKBACHBIX NI000BUX Mell GeuleHKU 00biKHOGeHHOU Pleurotus ostreatus u uzyuenue
ux ouonocuyeckux u ouomexuonocuyeckux ceovicmes. Meroagu. Obwvexmom uccieoo-
sanus Ovlau 50 wWmammos 1akmodaxmeputl, GblOENEHHbIX U3 CEINCUX U CAMOKBACHBIX
NI0008UX mel geuleHKu obvikHoseHHOU Pleurotus ostreatus. Pooosyio u 61008y
NPUHAONEHCHOCTb IAKMOOAKMEPII Y CIMANABIUEANU NO MOPPON020-KYIbIMYPATIbHBIM,
Du3UON020-OUOXUMUYECKUM CBOUCMEAM, U NOOMEepicoau memooom I[P ¢ ucnons-
306anuem npaimepos k yuacmxam 16S PHK u recA. Cmenens kuciomooopasosamus
WMammo8 1aKmoOayuil UCcie008aiu npu UHKYoayuu 8 00e34CUpeHHAM MOJIOKe
Ha npomswicenuu 1, 15 u 24 uacos, npedenbHyr0 KUCIOMHOCMb — APU UHKYOayuu
HAQ NPOMANCEHUU HeOeNU, MOIOUHYIO KUCIOMY — MUMPOMEMPUYECKUM MEMOOOM.
Anmazonucmuyeckyio akmugHOCmy 1AKMOOAKMePULl ONpeoesiiu Memooom azapo-
8bix On10K06. Pe3ynawTarsl. Yemanoseneno, umo monounokucivie baxmepuu 6xo0am
8 cocmag MUKpoobuomuol n10006vix men epuda Pleurotus ostreatus. BviOenennvie co
ceedcux U ghepmenmuposantvlx 2pudos 8 wmammos iakmodbaxmeputi no Moppono-
2UYECKUM, KYIbMYPATbHbIM U (PU3UOI020-OUOXUMULECKUM NPUSHAKAM OMHECEHbl K
sudy Lactobacillus plantarum, ymo noomeepacoeno memooom I1L[P. Hccreoyemvlie
wimammol 1akmobayuin 3a 15 wacos npodyyupyrom om 0,5 = 0,1 0o 1,4 + 0,2% mo-
JIOYHOU KUCTIOMbL, 4 npedenvHas Kuciomuocms cocmasisiem 144—300 °T. BoiBo.
LImamm Lactobacillus plantarum ONU3 15, evbioenentsiti u3z nio008ux mei. 6euleHKu
00bIKHOBEHHOU ABNACMCS AKIMUBHBIM KUCTOMO00pazosameiem ¢ AHma2oHUCmu4ecko
AKMUBHOCMBIO 8bICOKOU U CPEOHell CeneHy N0 OMHOUEHUIO K YCTI08HO RAMOSEHHBIM
baxmepusam, baxmepusm npPeoCmasumensim MUKpoOUomsl euleHKl, He NPOsGIsem
aAHmMaz2onU3Ma K MOLOYHOKUCTBIM OAKMepIiam Opyeux 6U0os.

Knwueeswie cnoea: Lactobacillus plantarum, anmaeonucmuueckas akmusHoCHb,
MONOYHASL KUCTOMA, 8eUeHKA 00bIKHOBEHHAS, (hepMeHmayus.
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BIOLOGICAL PROPERTIES OF LACTOBACILLI —
OYSTER MUSHROOM RESIDENTIAL MICROBIOTA
REPRESENTATIVES

Summary

The aim of the investigation was lactobacilli strains isolation from Pleurotus ostreatus
oyster mushroom fresh and fermented fruiting bodies and study of their biological
and biotechnological properties. Methods. Investigation objects were 50 lactobacilli
strains isolated from Pleurotus ostreatus oyster mushroom fresh and fermented fruiting
bodies. Lactobacilli genus and species belonging were determined by morphological,
cultural, physiological, biochemical properties and confirmed by PCR method with
primers to 16S PHK and recA. Lactobacilli strains acid producing degree was inves-
tigated by incubation in skimmed milk for 1, 15 and 24 hours, limit acidity — by week
incubation, lactic acid percentage — by titration method. Lactobacilli antagonism was
determined by agar blocks method. Results. Lactic acid bacteria are considered to be
a part of Pleurotus ostreatus fruiting bodies microbiota. 8 lactobacilli strains, isolated
from fresh and fermented mushrooms, were identified by morphological, cultural and
physiology-biochemical properties as the Lactobacillus plantarum species, that was
confirmed by PCR method. Investigated lactobacilli strains produce from 0.5 + 0.1 to
1.4+ 0.2% of lactic acid for 15 hours, and acidity is 144—300 °T. Conclusion. Strain
L. plantarum ONU315, isolated from Pleurotus ostreatus oyster mushroom fresh and
fermented fruiting bodies, is active acid producer with high and medium level antago-
nistic activity to opportunistic bacteria, bacteria — oyster mushroom representatives,
do not show antagonism to other species lactic acid bacteria.

Key words: Lactobacillus plantarum, antagonistic activity, lactic acid, oyster
mushroom, fermentation.
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ACTIVITY AND KINETIC PROPERTIES OF ADENOSINE
5'-PHOSPHOSULFATE REDUCTASE IN THE INTESTINAL
SULFATE-REDUCING BACTERIA

Adenosine 5'-phosphosulfate (APS) reductase activity and the kinetic properties of
the enzyme from intestinal sulfate-reducing bacteria Desulfovibrio piger Vib-7 and

Desulfomicrobium sp. Rod-9 has never been well-characterized and has not been
studied yet. The aim and background of this work was to investigate the dissimila-
tory APS reductase activity in cell-free extract of intestinal sulfate-reducing bacteria

D. piger Vib-7 and Desulfomicrobium sp. Rod-9 and to carry out the kinetic analysis
of enzymatic reaction. Methods. Microbiological, biochemical, and biophysical meth-
ods of the studies, and statistical processing of the results were used; the obtained
data were compared with those from literature. Results. Dissimilatory APS reductase

activity in the sulfate-reducing bacteria isolated from human intestine was studied.
The highest activity of the enzyme (0.34£0.029 Uxmg' protein) was measured in the

cell-free extract prepared from D. piger Vib-7 cells then from Desulfomicrobium sp.

Rod-9 (0.22+0.018 Uxmg protein). The optimal temperature (+35 °C) and pH (8.0)
Jfor APS reductase reaction were determined. The analysis of the kinetic properties
of the bacterial APS reductase was carried out. The APS reductase activity, initial
(instantaneous) reaction rate (V,) and maximum rate of the APS reductase reaction
(V..J in both D. piger Vib-7 and Desulfomicrobium sp. Rod-9 bacterial strains were
defined. Michaelis constants (K ) of the enzyme reaction (4.33+0.47 and 3.57+0.32 mM

for D. piger Vib-7 and Desulfomicrobium sp. Rod-9, respectively) were determined.
Conclusion. The described results of these studies can be the prospects to clarify the
etiological role of these bacteria in the development of inflammatory bowel diseases
humans and animals.

Key words : activity of APS reductase, kinetic analysis, sulfate-reducing bacteria,
intestinal microbiocenosis, inflammatory bowel diseases, ulcerative colitis.

Sulfate-reducing bacteria produce hydrogen sulfide in the intestine lumen in the
process of dissimilatory sulfate reduction. This process includes many stages where
many different enzymes are involved [2, 7]. One of these enzymes is adenosine
5'-phosphosulfate (APS) reductase catalyzing the two-electron reduction of APS to
sulfite and AMP, and it is a key step in the sulfate assimilation pathway in sulfate-
reducing bacteria [ 13]. The adenylation product, APS, is reduced to sulfite, which is
then further reduced to sulfide [2, 7, 13]. This final metabolic product is carcinogenic

© Ivan V. Kushkevych, 2014
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to intestinal epithelial cells, and can cause inhibition of cytochrome oxidase, colo-
nocytes oxidation of butyrate, destruction of epithelial cells, development of ulcers
and inflammation with subsequent development of colon cancer [4, §].

As far as it is aware, dissimilatory APS reductase from intestinal sulfate-reducing
bacteria D. piger and Desulfomicrobium has never been well-characterized and
has not been studied. In literature, there are some data about APS reductase of the
sulfate-reducing bacteria isolated from environment [12, 13]. However, the data on
activity of this enzyme from intestinal sulfate-reducing bacteria Desulfovibrio piger
and Desulfomicrobium sp. has not been reported yet.

The aim of this work was to investigate the dissimilatory APS reductase activity
in cell-free extract of intestinal sulfate-reducing bacteria D. piger Vib-7 and Desulfo-
microbium sp. Rod-9 and to carry out the kinetic analysis of the enzymatic reaction.

Materials and Methods

The objects of the study were sulfate-reducing bacteria Desulfovibrio piger
Vib-7 and Desulfomicrobium sp. Rod-9 isolated from the human large intestine and
identified [9, 10].

Bacterial growth and cultivation. Bacteria were grown in the nutrition-modified
Kravtsov-Sorokin’s liquid medium [9]. Before bacteria seeding in the medium,
0.05 ml/l of sterile solution of Na,Sx9H,O (1%) was added. A sterile 10N solution
of NaOH (0.9 ml/l) in the medium was used to provide the final pH 7.2. The medium
was heated in boiling water for 30 min in order to obtain an oxygen-free medium,
and then cooled to +30 °C. The bacteria were grown for 72 hours at +37 °C under
anaerobic conditions. The tubes were brim-filled with medium and closed to provide
anaerobic conditions.

Obtaining cell-free extracts. Cells were harvested at the beginning of the station-
ary phase, suspended at 4 °C in buffer containing 50 mM Tris-HCI (pH 8.0), and
passed through a Manton-Gaulin press at 9000 psi. The extracts were centrifuged
at 4 °C for 10 min at 15.000g; the pellet was then used as sedimentary fraction,
and the supernatant obtained was termed the soluble fraction [5]. This extract was
subjected to further centrifugation at 180.000g for 1 h to eliminate the membrane
fraction. A clear supernatant, containing the soluble fraction, was then used as cell-
free extract. Protein concentration in the cell-free extracts was determined by the
Lowry method [11].

Assays for APS reductase activity. Enzyme assays were performed by using
cell-free extracts, soluble and sedimentary fraction. The enzyme was assayed spectro-
photometrically as described in paper [12]. Adenosine 5°-phosphosulfate reductase
utilizes the AMP-dependent reduction of ferricyanide occurring in the presence of
sulfite. The decrease in absorbance at 420 nm was followed at room temperature
(+25 °C). The units of APS reductase were defined as pmoles of ferricyanide reduced
per minute. Specific enzyme activity was expressed as Uxmg™! protein. The activity of
the studied enzyme in the cell-free extracts of both bacterial strains under the effect
of different temperature (+20, +25, +30, +35, +40, +45°C) and pH (4.0, 4.5, 5.0, 5.5,
6.0,6.5,7.0,7.5, 8.0, 8.5,9.0, 9.5, 10.0) in the medium incubation was measured.
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Kinetic analysis. Kinetic analysis of the enzyme reaction was performed in a
standard incubation medium (as it was described above) with modified physical and
chemical characteristics of the respective parameters (the incubation time, substrate
concentration, temperature and pH). The kinetic parameters characterizing the ATP
sulfurylase reaction are the initial (instantaneous) reaction rate (7/,), maximum rate of
the reaction (V ), maximum amount of the reaction product (P__)and characteristic
reaction time (time half saturation) t were determined. The amount of the reaction
product was calculated stoichiometrically. The kinetic parameters characterizing
ATP sulfurylase reactions are Michaelis constant (K ) and maximum reaction rate
of substrate decomposition were determined by Lineweaver-Burk plot [6]. For
analysis of the substrate kinetic mechanism of APS reductase, initial velocity rates
were measured under standard assay conditions with substrate concentrations (APS).
The resulting data were also analysed by global curve fitting in SigmaPlot (Systat
Software, Inc.) to model the kinetic data to rapid equilibrium rate equations describing
ordered sequential, V=(V__ [A][B])/(K, K +K, [A]+[A][B]), and random sequential,
V=(v_. [A][B])/(a K, K +K, [A]+K, [BI+[A] [B]), kinetic mechanisms, where V/
is the initial velocity, V' is the maximum velocity, K, and K, are the K values for
substrates A and B, respectively, and «a is the interaction factor if the binding of one
substrate changes the dissociation constant for the other [14].

Statistical analysis. Kinetic and statistical calculations of the results were carried
out using the software MS Office and Origin computer programs. The research results
were treated by the methods of variation statistics using Student #-test. The equation
of the straight line that the best approximates the experimental data was calculated
by the method of least squares. The absolute value of the correlation coefficient »
was from 0.90 to 0.98. The statistical significance of the calculated parameters of line
was tested by the Fisher’s F-test. The accurate approximation was when P<0.05 [1].

Results and Discussion

Activity of adenosine 5'-phosphosulfate reductase, an important enzyme in the
process of dissimilatory sulfate reduction in sulfate-reducing bacteria, was measured
in different fractions (cell-free extract, soluble, and sedimentary) obtained from
D. piger Vib-7 and Desulfomicrobium sp. Rod-9 cells (Table 1). The results of this
study showed that the highest specific activity of the enzyme was 0.51+0.053 and
0.17£0.016 Uxmg™! protein for D. piger Vib-7 and Desulfomicrobium sp. Rod-9,
respectively, in soluble fraction. Slightly lower activity of APS reductase for both
bacterial strains was detected in the cell-free extract compared to soluble fraction.
Its values designated 0.34+0.029 Uxmg' protein for D. piger Vib-7 and 0.11+0.012
Uxmg™! protein for Desulfomicrobium sp. Rod-9. There was not observed enzyme
activity in sedimentary fraction.

The effect of temperature and pH of the incubation medium on the APS reductase
activity in the cell-free extracts of the sulfate-reducing bacteria was studied (Fig. 1).
The maximum specific activity for both bacterial strains was determined at +35 °C.
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Table 1

APS reductase activity in different fractions obtained from Desulfovibrio piger Vib-7
and Desulfomicrobium sp. Rod-9 cel

Specific activity of APS reductase (Uxmg! protein)

Sulfate-reducing bacteria Individual fractions
Cell-free extract
Soluble Sedimentary
Desulfovibrio piger Vib-7 0.34+0.029 0.5140.053 0
Desulfomicrobium sp. Rod-9 0.11£0.012%%* 0.17£0.016%** 0

Comment: The assays were carried out at protein concentration of 48.12 mg/ml (for D. piger
Vib-7) and 43.75 mg/ml (for Desulfomicrobium sp. Rod-9). Enzyme activity was determined after
30 min of incubation. Statistical significance of the values M+m, n = 3; **P<0.01, ***P<0.001,
compared to D. piger Vib-7 strain.

An increase or decrease in temperature of incubation leads to a decrease of the
activity of studied enzyme in the cell-free bacterial extracts. The highest enzyme
activity of APS reductase was determined in the cell-free extracts of D. piger Vib-7
and Desulfomicrobium sp. Rod-9 at pH 8.0.
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Fig. 1. Effect of temperature (A) and pH (B) on the APS reductase activity in the cell-free
extracts of D. piger Vib-7 and Desulfomicrobium sp. Rod-9

Thus, temperature and pH optimum of this enzyme with APS as a substrate was
+35°C and pH 8.0, respectively. The enzyme activity exhibited typical bell-shaped
curves as a function of temperature and pH.

To study the characteristics and mechanism of APS reductase reaction, the initial
(instantaneous) reaction rate (V ), maximum rate of the reaction (V__ ), maximum
amount of reaction product (P__ ) and reaction time (T ) were defined. Dynamics of
ferricyanide reduction in the presence of sulfite in the cell-free extracts of D. piger
Vib-7 and Desulfomicrobium sp. Rod-9 was studied for investigation of the kinetic
parameters of APS reductase (Fig. 2).
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Fig. 2. Kinetic parameters of APS reductase activity in cell-free extracts
of D. piger Vib-7 and Desulfomicrobium sp. Rod-9

A — dynamics of product accumulation (M + m, n = 3); B — linearization of the curves of product
accumulation in {P/t; P} coordinates (n = 3; R> > 0.9; F <0.02); C — the effect of different APS
concentrations on APS reductase activity (M £ m, n = 3); D — linearization of concentration curves,
which shown in Fig. 2C, in the Lineweaver-Burk plot, where V is rate of APS reductase reaction
and S is substrate concentration (n = 3; R? > 0.95; F < 0.005).

Experimental data showed that the kinetic curves of APS reductase activity
have tendency to saturation (Fig. 24). The analysis of the results allows to reach
the conclusion that the kinetics of APS reductase activity in cell-free extracts of the
sulfate-reducing bacteria was consistent to the zero-order reaction in the range of
0—10 min (the graph of the dependence of product formation on the incubation time
was almost linear in this interval of time). Therefore the duration of the incubation
of bacterial cells extracts was 25 min in subsequent experiments.

Amount of product of APS reductase reaction in the D. piger Vib-7 was higher
compared to the Desulfomicrobium sp. Rod-9 in the entire range of time factor. The
basic kinetic properties of the reaction in the cell-free extracts of the sulfate-reducing
bacteria were calculated by linearization of the data in the {P/t; P} coordinates
(Fig. 2B, Table 2).
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Table 2

Kinetic parameters of the product accumulation in the cell-free extracts
of Desulfovibrio piger Vib-7 and Desulfomicrobium sp. Rod-9

L Sulfate-reducing bacteria
Kinetic
parameters Desulfovibrio piger Vib-7 | Desulfomicrobium sp. Rod-9
V, (umol/minxmg™ protein) 0.675 +£0.062 0.231 £ 0.022%**
P . (umolxmg' protein) 23.37+£2.37 7.05 £ 0.71%**
T (min) 34.60 £3.42 30.58 £3.14

Comment: V is initial (instantaneous) reaction rate; P is maximum amount (plateau) of the
product of reaction; T is the reaction time (half saturation period). Statistical significance of the
values M = m, n = 3; ***P<0.001, compared to the Desulfovibrio piger Vib-7 strain.

The kinetic parameters of APS reductase in cell-free extracts of D. piger Vib-7
and Desulfomicrobium sp. Rod-9 were significantly different. The values of initial
(instantaneous) reaction rate (V) for APS reductase activity in the cell-free extracts
of both bacterial strains were calculated by the maximum amount of the product
reaction (P__ ). As shown in Table 2, V for APS reductase reaction was higher in the
cell-free extracts of D. piger Vib-7 (0.675 £ 0.062 pmol/minxmg™! protein) compared
to Desulfomicrobium sp. Rod-9 (0.231 + 0.022 umol/minxmg! protein). Based on
these data, there is an assumption that the D. piger Vib-7 can consume APS much
faster (approximately three times) in their cells than a Desulfomicrobium sp. Rod-
9. Moreover, this hypothetical assumption can be also confirmed by obtained data
on the product accumulation in enzymatic reaction, its maximum values designated
23.37+2.37 umolxmg! protein for D. piger Vib-7 and 7.05+0.71 pmolxmg™! protein
for Desulfomicrobium sp. Rod-9. However, the reaction time (half saturation period)
for APS reduction was almost similar in both bacterial strains.

The kinetic analysis of APS reductase activity dependence on the substrate
concentration was executed. According to the obtained results, increasing of sulfite
concentrations from 0.5 to 5.0 mM causes a monotonic rise of the studied enzyme
activity and the activity was maintained on unchanged level (plateau) under substrate
concentrations over 5.0 mM (Fig. 2C). The curves of the dependence {1/V; 1/[S]}
were distinguished by the tangent slope and intersect the vertical axis in one point
(Fig. 2D). The basic kinetic parameters of APS reductase activity in D. piger Vib-7
and Desulfomicrobium sp. Rod-9 cell-free extracts were identified by linearization
of the data in the Lineweaver-Burk plot (Table 3).

Calculation of the kinetic parameters of APS reductase activity indicates that the
maximum rate (V) of product accumulation in the cell-free extracts of D. piger
Vib-7 and Desulfomicrobium sp. Rod-9 was significantly different from each other.
The maximum rate of APS reaction for D. piger Vib-7 was designated 0.862+0.084
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pmol/minxmg! protein and 0.282+0.027 pmol/minxmg! protein for Desulfomi-
crobium sp. Rod-9 strain. In this case, Michaelis constants (K ) of APS reductase
for both bacterial strains were also different: 4.33 + 0.47 and 3.57 = 0.32 mM for
D. piger Vib-7 and Desulfomicrobium sp. Rod-9, respectively (Table 3).

Table 3

Kinetic parameters of APS reductase activity dependence on APS
concentration in the incubation medium

Sulfate-reducing bacteria

Kinetic parameters
Desulfovibrio piger Vib-7 | Desulfomicrobium sp. Rod-9

V.. (umol/minxmg" protein) 0.862 + 0.084 0.282 + 0.027***

K_(mM) 4334047 3.57+032

Comment: V__ is maximum rate of the enzyme reaction; K_ is Michaelis constant, determined
by substrate. Statistical significance of the values M = m, n = 3; ***P<(.001, compared to the
Desulfovibrio piger Vib-7 strain.

The obtained parameters of APS reductase reaction in the cell-free extracts of
D. piger Vib-7 were differed to data on the enzymatic activity from P. aeruginosa
defined previously by Bick et al. for APS reductase [3]. The authors have shown that
pH and temperature optimum for studied enzyme is 8.5 and +30 °C, respectively.
However, in our case, pH and temperature optimum for APS reductase activity was
8.0 and +35 °C. These data correspond to conditions which are present in the human
large intestine from where the bacterial strains were isolated. Perhaps, such conditions
provide their intensive development in the gut. Initial enzyme reaction velocity of
P. aeruginosa was also carried out by Bick et al. to determine the kinetic constants
and to compare its activity with that of £. coli. The V__was enzyme reaction was
5.8 pmolxmin'xmg protein and the K [APS] was 1.75 uM [3].

In summary, the APS reductase activity, V , maximum amount of the product
of reaction, APS reaction time (half saturation period), V__ and Michaelis constants
were significantly higher in the D. piger Vib-7 cells compared to the Desulfomicro-
bium sp. Rod-9 strain. The maximum APS reductase activity for both strains has
been determined at +35 °C and at pH 8.0. The increase or decrease in temperature
and pH of incubation leads to decrease of the activity of studied enzyme in the cell-
free bacterial extracts. The kinetic parameters of APS reductase reaction depended
on the substrate concentration. According to the obtained results, increasing of
APS concentrations from 0.5 to 5.0 mM causes a monotonic rise of studied enzyme
activity and the activity was maintained on an unchanged level (plateau) under sub-
strate concentrations over 5.0 mM. Michaelis constants (K ) of the enzyme reaction
(4.3340.47 and 3.57+0.32 mM for D. piger Vib-7 and Desulfomicrobium sp. Rod-9,
respectively) were determined. The studies of the physiological and biochemical

60 —— /sswv 2076-0558. Mikpo6ioroeis i 6iomexnoroeis. 2014. Ne 1. C. 54—63



AKTUBHICTb TA KIHETUYHI BJIACTHBOCTI AJIEHO3UH-5’-OOCDOCYIIbDATPEAYKTA3MN ...

properties of the intestinal sulfate-reducing bacteria, the process of the dissimilatory
sulfate reduction, in particular participation of APS reductase in this process, the
activity and kinetic properties of this enzyme in the D. piger Vib-7 and Desulfomi-
crobium sp. Rod-9 bacterial strains, their production of hydrogen sulfide in detail
can be perspective for clarification of the etiological role of these bacteria in the
development of various diseases of the gastrointestinal tract in humans and animal.
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AKTUBHICTD TA KIHETUYHI BJIACTUBOCTI

AJIEHO3UH-5'-®OCPOCYJIbPATPEYKTA3U

KHUIIKOBUX CYJIb®ATBITHOBJIIOBAJIBHUX
BAKTEPIA

Pedepar

Aoenosun-5"-pocgpocynvgpam (AIIC) pedyxmasa ma KinemuyHi 61acmuocmi ybo2o
Gepmenmy Kumkosux cyrvgpamsionosnrosarvuux oaxmepiu Desulfovibrio piger
Vib-7 i Desulfomicrobium sp. Rod-9 uixkonu ne 6yiu 0obpe oxapaxmepu3osami i
doci Hedocniddceri. MeTa podOTH Odocrnioumu akmusHicms oucuminayitinoi AIIC-
peoyKkmasu y 0e3KAIMUHHUX eKCMPAKmax KUUKO8UX 8i0OHOBII08ANbHUX bakmepill
D. piger Vib-7 i Desulfomicrobium sp. Rod-9, a maxosc suxonamu KiHemuyHuu
auaniz peakyii docnioxcysanoeo gepmenmy. Metoam. V yiti pobomi suxopucmani
Mikpobionoziuni, Gioximiuni ma 0iogizuuni Memoou 00CnioNHceHb, d MAKOHC 3ACMO-
€o8aHa CMamucmuyHa 0opooKa pe3yibmamis;, OmMpUMani pe3ynomamu nopieHAHI 3
Odanumu nimepamypu. Pesyavratu. [Jocnioscero akmugnicmo oucuminayitnoi AIIC-
pedykmasu cynohamseioHo61108AIbHUX ObaKmepill, 8UOLIEHUX 3 KUUEYHUKA TFOOUHU.
Hatisuwa axmugnicms yvoco gepmenny (0,3410,029 Uxme! 6inka) eumipsina y
be3KimuHHOMY eKcmpakmi, ompumarozo 3 kaimuu D. piger Vib-7, a nisxc 3i wimamy
Desulfomicrobium sp. Rod-9 (0,22+0,018 Uxme’ 6inka). Busnaueno onmumanviy
memnepamypy (+35°C) i pH (8,0) 015 peaxyii docniosrcysanozo chepmenmy. [Iposedero
auaniz Kinemuunux enracmueocmetl oaxmepianoroi AIIC-pedykmasu. Jocrioxcero
axmusnicmo AIIC-pedykmasu, nouamxosy (mummesy) weuoxicmo peaxyii (V) i max-
cumanviy weuokicmo AIIC-pedyxmasnoi peaxyii (V, ) 6 000x baxmepianshux uimamie

D. piger Vib-7 i Desulfomicrobium sp. Rod-9. Busnaueno xoncmanmu Mixaenica
(K ) ons gpepmenmamusnoi peaxyii (4.33+0,47 i 3,57+0,32 mM onn D. piger Vib-7
i Desulfomicrobium sp. Rod-9, ionosiono). BucnoBok. Pesyromamu docnioocens

MO2HCYmMb 6ymu nepCnekmusHUMY 0151 3 ACY8ANHS emiono2iuHol poni yux baxmepitl y
PO36UMKY 3ANANbHUX 3AXEOPIOGAHL KUWEUHUKA THOOUHU | MEAPUH.

Knwuoei cnoea: axmusnicme AIIC-pedykxmasu, KinemuyHul aHaulis,

cybhameionosniosanvri 6akmepii, KUUKO8I MIKpOOIOYeHO3U, 3aNalbHi 3aX80PHOBAHHS
KUWMEYHUKA, BUPAZKOBUL KONIM.
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AKTUBHOCTb U KHHETUYECKHUE CBOVMCTBA
AJIEHO3UH-5'-®0CDPOCYJIb®ATPELYKTA3BI
KHUIIEYHBIX CYJIb®ATBOCCTAHABJINUBAIOIINX
BAKTEPUM

Pedepar

Aoenosun-5'"-gpocgpocynvgpam (AIIC) pedyxmasa u KuHemuueckue ceolicmed 3mo2o
Gepmenma kuweuHwvix cynvpameoccmanasiusarowux baxkmepuii Desulfovibrio piger
Vib-7 u Desulfomicrobium sp. Rod-9 nuxoeda e ObLiu Xopouio oxapaxmepu3oeaHbl u
00 cux nop Heucciedosantvie. LlebI0 padoThI 661710 U3)UeHUe AKMUBHOCIIU OUCCUMU-
aayuonnotl AIIC-pedykmaswvl 8 6eCK1emouHbIX IKCMPAKMAX KUUEYHBIX CYIbQAMBOC-
cmanasnusarowux bakmeputi D. piger Vib-7 u Desulfomicrobium sp. Rod-9, a maxaice
BbINOIHUMb KUHEMUYECKUll aHau3 peakyuu ucciedyemoeo gpepmenma. Metoabl. B pa-
bome ucnonb306aHbl MUKpODUONO2UYECKUe, DUOXUMUYECKUe U OUODUUUECcKUe MenOoObl
uccnedosanull, a maxice NPUMEHeHA CMamucmuyeckas oopabomxa pe3ynomanmos,;
NONyUeHHble Pe3yIbIamyl CPAGHEHbl ¢ OaHHbIMU Tumepamypel. Pesyawrarbl. Hecne-
oosaro ouccumunayuonyio AIIC-pedykmasy cynbpameoccmanasnusarouux 6axkmeputl,
6bI0ETEHHBIX U3 KueuHuKa yenosexa. Camas 8biCoKas akmusHOCmy Moo (hepmeHma
(0,34+0,029 Uxme benxa) usmepena 8 OeckiemouHom s3KCmpakme, NOLYHeHHO20 U3
xknemox D. piger Vib-7, uem uz wumamma Desulfomicrobium sp. Rod-9 (0,22+0,018
Uxwme! 6enxa). Onpedeneno onmumanvhyio memnepamypy (+35 °C) u pH (8,0) ona
peaxyuu ucciedyemozo pepmenma. Ilpogedero ananus KUHemu4eckux ceoicms baxme-
puanvrou AIIC-pedyxmassi. Uccnedosano akmusrocms AIIC-pedykmazsvl, HauanibHyo
(menosenyio) ckopocmo peaxyuu (V) u maxcumanstyto ckopocms AIIC-pedyxmasnoii
peaxyuu (V) 6 0boux baxmepuanoivix wmammos D. piger Vib-7 u Desulfomicrobium
sp. Rod-9. Onpedeneno koncmanmor Muxasnuca (K, ) ona ghepmenmamuenoil peakyuu
(4.3310,47 u 3,57+0,32 mM ona D. piger Vib-7 u Desulfomicrobium sp. Rod-9, coom-
semcmeenHo). BoiBon. Pesynvmamul ucciedosanuti mozym Ovimb nepcnekmueHbLMu
07151 BbIACHEHUA SMUOTOUHECKOLU POTU IMUX OAKMeEPULL 6 pA38UMUL 60CTATUINETbHBIX
3a001€6aHUT KUWEYHUKA YeTL08EKA U HCUBOHDBIX.

Knwueswvie cnoea: akmusnocms AIIC-pedykmasvl, KuHemuueckull aHamus,

cyﬂbqbameoccmayaeﬂueaiou;ue 6ai<mepuu, KuuiedHole MMKpO5M014€H03bl, socnaiu-
menvHble 3000/1e68aHUs KuueuHuka, S36EHHbIL KOAUM.
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MOJUPIKAIINHA MIHJIUBICTb AURICULARIA
AURICULA-JUDAE 11PU KYJIbTUBYBAHHI HA
CEPEJOBHUIIAX PI3HOI'O CKJUIAQY

Mema. Busnauenwns ocobnusocmetl MOOUQDIKAYIHOI MIHAUBOCII 8e2eMAMUBHO20
miyenito Auricularia auricula-judae 3anesxcro 6i0 ckady noxicusHo2o cepedosuula 3a
pocmosum Koeghiyienmom, MOp@On02icio KONOHIL Ma MHOICUHHUMU MOLEKVIAPHUMU
dopmamu kapooxcunecmepasz y eecemamugromy miyenii. Memoou. Becemamuenuii miyenitl
Auricularia auricula-judae (Bull.: Fr) Quél. wimamy ONU F201 eupowgysanu na maxux
cepedosuwax: azapuzosane nuste cycio (CA)—KonmponsHutl sapianm, nuueHusHuLl aeap
(T14), eiecsmuti acap (BA), auminnuil aeap (F1A4), epevarui acap (IA), npocanuii aeap (IpA),
KapmonsiHo-2IoKosHutl azap 3 niosuwjenum evicmom emoxosu (KIA 10 %). Busnauanu
Moougikosanuii pocmosutl koeghiyicnm (PKj) ma mopghonoziio ompumanux xonouii. 3a
00nomo2o1o enekmpopopemuuno2o po3oinenus y 7% nouiakpuiamioHomy 2eni 6cma-
HOBI08AIU KLTbKICIb MHONCUHHUX MOAEKVIAPHUX hopm (MM®D) kapbokcunecmepas
y miyenii 3 KodcHo2o éapianmy. Cmamucmuyry 00poOKy 0aHUX npo8ooUnl 32i0HO 3
BUKOPUCTNAHHAM HENApAMempuiHo2o kpumepito Yinkokcona. Pesynomamu. Ilokasano,
Wo 3aneACHO 8I0 CKAady cydcmpamy Xapaxkmep poCmy KOIOHIU MOdCe 3MIHIO8AMUCS
8i0 WiNbHOI, 8aMONOOIOHOL, BUCOKOL, WBUOKO3POCMAOUOI 00 NABYMUHONOOIOHOI,
HeBUCOKOL, NOBLIbHO3POCMAOU0T, KibKicmy i30¢hopm hepmenmy sapitoe 6io 2 0o 10.
Tpuuomy nopsook pandicysanis 3a KilbKicmio i30¢popm He 30icaemvbcs 3 MaKosum 3d
pocmogum koeiyicumom miyenito. Bucnoeku. Becemamueruil miyeniti A. auricula-
Judae sukazye wupoxy mMooupikayitiny MiHAUGICMb NPU KYIbMUBYE8AHHI HA PIZHUX
cepedosuwyax, K 3a MOpGOIOTHHUMU MAK [ 34 DIOXIMIUHUMU O3HAKAMU. 3AT1EACHO 8i0
CKady NodcueHo2o cepedosuwya y miyenii A. auricula-judae excnpecyemucs 6i0 2 00
10 isoghopm kapbokcunecmepasu, 3 akux minoku 06i —3 Rf 0,50 ma 0,54, sussnaomoscs
¥ 8CIX 8apiaHmMax OOCHIOHNCYBAHUX NONCUBHUX CEPed0sULY.

Knwuosi cnoea: Auricularia auricula-judae,mooughikayivina minaugicme, po-
cmosuil koeghiyienm, Mopghonoeis Konowil, i30ghopmu KapooKcuiecmepasu.

Auricularia auricula-judae (Bull.: Fr.) Quél., abo iynuHe Byx0 — IIUPOKO BiJOMHIA
JKapchKuil 023U 10MIIIET, IO TTOCTYIIOBO BBOAUTHCS Y IPOMHUCIIOBE KYJIBTHBYBaHHS
y pi3HUX KpalHax CBITY 3 METOIO OTPUMAaHHs 010JIOTTYHO aKTMBHUX PEYOBHH [ 1, 2].
Y 3B’513Ky 3 MM aKTyaJIbHUM CTA€ JOCIIHKEHHS HOT0 MOIU(DIKAIIHHOT MIHIIMBOCTI
HE TIJIbKU Ha piBHI MOp(oIIorii KooHiH, a i Ha piBHI (HEPMEHTHHX CHCTEM.

SIK AEMOHCTPYIOTH TOCIIIKEHHS, KapOOKCHIIeCTEPA3H, 1110 BITHOCITHCS 10 TPy-
Y HecTienu(piYHUX CEPUHOBUX Ti/IpOJa3 € JOCTaTHBO MOKA30BUMH Y IIbOMY IUIaH1
depmentamu [3—5]. BuB4eHHS €KCIIPECHUBHOCTI MHOKUHHHUX MOJIEKYISIPHUX (hOpM

© C.JI. Mipocs, H.C. boGpemosa, B.O. Kyuepos, K.I1. byra, B.O. Ianuus, 2014
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(hepMEeHTIB pa30oM 3 MIHJIMBICTIO MOP(OIOTIYHUX O3HAK MOXKE JIATH YSBJICHHS PO
Te, Ha SIKOMY CaMe eTalll TPaIUISIOThCS MOAU(IKaIiiHI 3MiHH.

MerToto mociipkeHHs OyJIo BUBYCHHSI 0COONMBOCTEH MOMUDIKAIiHOT MiHIIH-
BOCTI BET€TaTHBHOTO MIIEIit0 A. auricula-judae 3aexHO BiJ CKIIATy TOXHBHOTO
CEPEIOBUIIA 32 POCTOBUM KOE(iIli€HTOM, MOP(OJIOTIEI0 KOJOHIN Ta MHOKHHHUMU
MOJICKYJIIPHUMH (pOpMaMH KapOOKCHIIECTEPa3 Y BETeTAaTUBHOMY MIIIEITil.

Marepiajin Ta MmeToau

VY po6oTi BUKOpuCTOBYBaNH taM Auricularia auricula-judae (Bull.: Fr.) Quél.
ONU F201. BuBueHHS MIBUIKOCTI POCTY BETETaTHBHOTO MIIENi0, HOrO KyJIbTy-
paTbHUX Ta MOP(OIOTIIHUX 0COOTUBOCTEH MPOBOIMIIN HA MIUIBHUX CePEIOBUIIIAX
(tabmn. 1): arapuzoBane nuBHe cycio (CA) — KOHTPOIBHUIA BapiaHT, MIIICHAYHHUH arap
(TTA), BiBcstamit arap (BA), samianmii arap (S1A), rpedanwmii arap (I'A), npocstHumit arap
(TIpA), KapTOTIISHO-IIIFOKO3HMI arap 3 miBuieHIM BMicToM miroko3u (KTA 10 %).

Taomm 1
KoMnoHeHTH eKcliepUMeHTAIbLHUX OKUBHUX CepeIoBHIL
Table 1
Components of experimental culture media
CepenoBuine KomMnonentu KinbkicTs
Arapuzoane niuBHe cycio (CA) ITuHe cycrno 8 % In
pH 6,0 Arap-arap 20r
. 3epHO MIICHHUITI 100 r
HII{HZHSHIJHHI/I arap (ITA) H,0 1000 st
P, Arap-arap 20T
. . 3epHo BiBca 100 r
BII;?HHH arap (BA) H0 1000 it
P Arap-arap 20r
L 3epHO SUIMEHIO 100
HI‘;N;IZHI/II/I arap (S1A) HO 1000 st
P, Arap-arap 20T
. 3epHO rpeuku 100 r
FpHeiSIagmn arap (I'A) HO 1000 st
P, Arap-arap 20T
. 3epHO Tpoca 100 T
HI§O6CSHI/II/I arap (IIpA) HO 1000 it
PELD, Arap-arap 20T
KapronnsHo-rioko3Huil arap Kaproms 300
(KTA 10 %) H,0 1000 M
H 6.5 I'moxo3a 100 T
PO Arap-arap 20T
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3epHO BIIMOBIIHOTO 3JIaKy 3aJIMBAJIN XOJIOIHOIO BOJOIPOBIIHOIO BOIOKO 1 3a-
mumrany Ha 2-3 roa. HaGpsikie 3epHO HarpiBayii Ha BoAsHIN O6ani 30 XB 1IpH TeM-
nepatypi 60 °C, notiM oxonomkyBaiau Ta (GiasTpyBanu. Jlani BigBap nepenuBain
y CKJISIHI KOJIOW, TOAABalli arap Ta aBTOKJIAByBajw mpu 1 atM BopomoBx 30 XB.
[Ticns crepwizariii cepeoBHINE po3auBaIH B damku [leTpi, 0XomomKyBaan Ta 3a-
CiBaJIl MaTOYHUM MilTesmieM 7 1000BO1 KyabTypu A. auricula-judae, BUpOIIEHOT Ha
cycno-arapi. Bupizanuii arapoBuii 010K 3 BereTaTUBHUM MiLIETIiEM JiaMeTpoM 1 cm
MOMIIIIAJIU Y TIEHTP MOBEPXHi JIOCIITHOTO CePEeIOBUINA Ta MIEPESHOCUIIN y KaMepy 3
temneparyporo 27 °C 6e3 ocBiTiIeHHs. EKcriepuMeHT MPOBOIMIIN Y TPHOX IIOBTOPAX.

MomudikoBanwmii poctoBuii koedimieHT (PKj) po3paxoByBaiu 3a GopmyIioro [6]:

prj =g
t

ne d — nmiaMeTp KOJIOHii, MM; /4 — BHCOTa KOJIOHIi, MM; g — IIIJIBHICTH KOJIO-
Hii B 6anax (OLIHIOIOTHCS 3a TPUOATBHOIO ITKAIO0K: | — maByTHUHHA, 2 — CEepeHs,
3 — mijapHA); j — OHOPIIHICTD KOJIOHIT B 0ajiax (OLIHIOETHCS 32 YOTUPHOX0ATHHOO
MIKaxor: 1 — Mimesniii HeOMHOPITHUH, 3 OCTPOBKAMH HILTHBHOTO, 200 TOBITPSIHOTO
MIIIEi10, 2 — HEOHOPITHA KOJIOHIS, MIIIETIii BiIPI3HAETHCS 32 MOP(OIIOTIEIO TITHKU
B OKpeMill 30H1, 3 — NPUCYTHICTh MILENiI0, SIKUM BIJIPI3HAETHCSA 32 MOP(OIIOTIEIO
HEe3Ha4YHa, 4 — MIIEeTii OTHOPIIHUI); ¢ — BIK KOJIOHIT, 100a.

BuBueHHSI Ky/IbTYpaibHO-MOP(}OIOTIYHIX 03HAK BUIIMX Oa3UTIOMIIICTIB HA Pi3-
HUX arapu30BaHUX CEepelOBHIAX MPOBOANIIHN, BUKOPUCTOBYIOUN KPUTEPIi, OMHMCaH1
A.C. byxamno [7]. BpaxoByBaiu THI KOJIOHIi Ta i1 KOJIip, MIIJTBHICTH KOJIOHIT, Kpai Ta
xapaxTep ii 30BHIIIHBOT JTiHii.

Craructuuny oOpoOKy JaHUX MPOBOAMIM 3TiAHO [§8] 3 BUKOPUCTAHHSAM Hema-
paMETPUYHOTO KPUTEPitO Y IIKOKCOHA.

BusHaueHHsT MHOXMHHMX MoJieKyJsipHUX (popm (MM®) kapbokcunectepas
MPOBOMIIN 32 JOTIOMOTOIO €IeKTPO(POPETUIHOTO PO3aiIeHHs y 7% momiakpuia-
MITHOMY TeJi 3TiJHO CTaHAAPTHOI METOAMKH [9], ONTUMI30BaHOI i BUBYCHHS
kapOokcunecrepas rpubis [10]. BereraruBauii mineniil 1jiss IpUTOTYBaHHS €KC-
TPAaKTiB JuIs esiekTpodopesy Binoupanu 3 yamok [leTpi micis Toro, ik BiH 10CsTaB
MaKCHMaJIBLHOTO JiaMeTpy. Sk exctpareHT BukopuctoByBanu 0,1 M rminua-NaOH
oydep 3 1% tpurony X-100. Onepxani enexrpodoperpamMu CKaHyBaJI 1 aHaITi3yBaJIn
3a JIONOMOTOI0 KOMIT I0TepHOi rporpamu «AHalCy.

Pe3yabTaTn Ta iX 00roBopeHHs

BuBuenHst MOp(hoIOTIYHUX 03HAK JOCIIIKYBAHOTO IMITaMy ITOKa3aJio, M0 3Ha-
YeHHSI MOAM(IKOBAHOTO POCTOBOTO KOE(Illi€EHTY NIPH KyJAbTHUBYBaHHI A. auricula-
Jjudae Ha €TaJJOHHOMY CEPEOBHIIII — CyCII0-arapi, 10 3a3BHYail BUKOPUCTOBYETHCS
JUIS IEpBUHHOI ieHTU(diKalii mramy 3a Mopgooriero MineriansHoi kojoHii [11],
ckiaznano 37,9 (tadm. 2).
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Tabmums 2

3uavyennst MoadiKkoBaHOro pocToBOro koedinieHTy MpH KyJIbTUBYBaHHi A. auricula-judae
ONU F201 na pi3HUX NOKMBHUX CepPeIOBHIAX

Table 2

The value of the modified growth coefficient of A. auricula-judae ONU F201
cultivated on different media

CA KTI'A
(KOHTPOJIB) 10 % TA na SAA BA MpA
37,9 77,6* 56,6 * 37,6 35’6 26’4* 5’0*

[Mpumitka:* — BigMiHHOCTI y 1OpiBHSHHI 3 KOHTposieM (CA) JOCTOBIpHI NMPU CTaTUCTUYHOMY
piBHi 3HauyIoCTI p < 0,05
Note: *— differences compared with controls (CA) are valid at statistical significance level p < 0,05

3a knacudikamiero A.C. Byxano [7] Taky KOJOHIiIO BiTHOCATH NI0 TaKoi, 1110
MOBUIBHO pocTe. Miremii, OTpUMaHui Ha IbOMY CEpEIOBHIII OyB JOCUTH IIUTHHUM Ta
YTBOPIOBaB HEOIHOPIIHY BUCOKY OLTy BaTornomiOHy KosoHito (puc. 1 A). YV iHmumxX Bapi-
aHTax JOCIIKeHb POCTOBUHN KoedilieHT konmBaBcs Bia 5,0 go 77,6.

= |

b — KapromsHo-rmroko3Humii
arap 10 %

B — I'peyanuii arap

J1 — Slaminamii arap

Puc. 1. Mopdonoris kooniii A. auricula-judae ONU F201
HA eKclepuMeHTAJbHUX cepeaoBuiax: 8 xio, 27 °C

Fig. 1.Morphology of A. auricula-judae ONU F201 colonies
from experimental media: 8 days, 27 °C

3 — [Ipocsunii arap
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KapromnsHo-Tiok0o3He arapu3oBaHEe CEPEAOBHINE 3 IMiIBHIIEHUM BMiCTOM
IJTIOKO3M BUSIBUIIOCS HaWKpamuMm 3 AOCHIAHUX 1S A. auricula-judae. Mineniit y
[IbOMY BapiaHTi MaB HalBUIIMN pocToBuil koediwieHT (77,6) XapakTepHUil aJs
KYJIBTY], IO POCTYTh 3 CEPETHBOI0 MBUAKICTIO. Mopdoorist KooHii Oyia momioHa
etaynonHiii (puc. 1 b). Kononis, orpmMana Ha rpedaHoMy arapi Oyiia HUKYOL0, ajie
TaKOX LIUIbHOO, OUTBII PIBHOMIPHOIO 1 BATOMOAIOHOIO, 3 POCTOBUM KOE(II[iEHTOM
56,6 (puc. 1 B).

BapianT Ha nmeHHYHOMY arapi 3a pocTOBUM Koe(illieHTOM HeE BiJpi3HSIBCS Bij
KOHTPOJTIO, aJie yTBOPEHA HUM KOJIOHIs Oysla MEHII IIIJTbHOIO Ta BUCOKOIO 1 OLIBIII
omHopigHOO (puc. 1 T).

Ha staminnomy (puc. 1 [T) Ta BiBcstHOMY arapi (puc. 1 JK) rpu6 yrBoproBaB na-
BYTMHOTIOIIOHI HEBHCOKI KOJIOHI{, III0 MaJIi HU3bKHIA pocToBUi KoedimieHt (35,6
Ta 26,4, BiAnoBinHO). Halripmuii pe3ynbsraT OTpUMaHO Ha MPOCSHOMY arapi, zie
pocroBwii koedimieHT OyB MiHiManbHUM (pHC. 1 3).

JlocHimKeHO MIHIIMBICTh €NEKTPOPOPETHIHHX CIIeKTpiB A. auricula-judae ONU
F201 3anexHo Bij CKIamy MOXKUBHOTO cepenoBuina. Ha puc. 2 HaBeeHO eNeKTpo-
doperpamu kapOoKcHIecTepas y NopsAKy 3MEHIIEHHs KUTBKOCTI iX i30dopM y mo-
CJIiTHUX BapiaHTax.

Cepenosume, 3naueHnst Rf
Kj
0,15 [022 [0,26 [031 [039 046 [048 [0,50 [0,54 0,63
BA
26,4
: D: 2EIID 40‘0 BEIID SDID 1 DIDD 1 2‘00 1 4‘00 1 BIDD
015 | [0,26 [031 [039 [045 [048 [0,52 [054 [0,62]0,64
TA
56,6
DI 2EIID 4EIID BD:D SDID 1 DIDD 1 2:00 1 4‘00 1 BIDD
0,15 (022 [0,26 | 0,39 (045 | 10,50 [0,54 |
SA
35,6
DI 20‘0 40‘0 BDID BEIID 1 DIDD 1 2‘00 1 4‘00 1 BIDD

NnPOO0BICEHHS puc. Ous Ha c. 69
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Cepez;g;;mue, 3nauenus Rf
0,15 | 10,26 (031 [039 | 048 10,50 [0,54 |
A
37,6
DI 20:0 4EIID SDIEI BEIID 1 DIEID 1 2‘00 1 4‘00 1 BIEIEI
| 026 | 039 | | 10,50 [0,54 |
KIA 10 %
77,6
? DI 20:0 4EIID BEIID SDID 1 DIDD 1 2‘00 1 4‘00 1 BIDD
| 026 | 039 | | | 0,54 0,58
IIpA
5.0
| 0.26 | 039 | | | | |
CA
37,9

Puc. 2. Excnipecusnicte MM® kapookcuiiecrepas A. auricula-judae ONU F201 3anexno
Bi/l CKJIaly MOKMBHOTO CepeIoBHIIA

Fig. 2. Expressivity of MMF of A. auricula-judae ONU F201 carboxylesterases depending

on growing media composition

3 HaBeJICHUX JaHUX BUJIHO, 110 HaliMeHIa KiTbKkicth MM® kapOokcunecTepas

(2) crioctepiraeThes y Miledii, o BUpic Ha KOHTpoJbHOMY cepenoBuili CA. AHamno-

Ti4Hi pe3yabTaTH OTPUMAHO Ipu AociikeHHi MM® kapbokcunecrepas G. lucidum

y nonepenHix gocmipkeHHsx [ 10, 12]. Taka 3akoHOMipHICTB, KUMOBIpHO, 00yMOBJICHA
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byHKIisIMU KapOoKcmitecTepas rpru0iB, 0 MOJIATAIOTH Y TiApoTizi ehipHUX 3B’ SI3KIB
IIUPOKOTO CIIEKTPY PEYOBHH 3 HassBHHUX CyOcTpartiB [13].

Ha inmmx cepempoBHmax KiTbKiCTh 1ICHTH(IKOBAHUX 130()OpM KOJIMBajacs 10
10 (BA i TA), mpraoMy MOPSI0K paHKyBaHHS 32 KUTBKICTIO 130(hopM He 30iraeThest
3 TAKUM 32 POCTOBUM KOE(DIIliEHTOM.

3 ycboro criektpy MM, 1o Oysn0 BU3HaU€HO, TUIBKH JBi 130)OpMH, IO CTIO-
cTepiranucst y KOHTposnbHOMY BapianTi (CA) mposBIsUIMCS B YCIX JOCITIIKEHUX
BapiaHTax — 1¢ crnadopyxyimBa Gopma 3 Rf 0,26 ta cepennpopyximba 3 Rf 0,39.
Buxostau 3 IbOro MOXKHA IIPHITYCTHTH, O y A. auricula-judae icHye moHaMEHIIE
JIBa HEAJIeJIbHUX T€HH, SIKi KOMYIOTh KapOoKcwmiiecTepasy. HasBHICTh 1HIINX, BU3HA-
geHUX (HopM MOke OyTH Pe3yIbTaTOM MOCTTPAHCIAIIHHOT Mo diKaIlii IpOoIyKTiB
3a3HaYCHUX TEHIB, TOMY IO MOKa3HUKH IX BIIHOCHOI PYXJUBOCTI 3HAXOMSITHCS
OJIM3BKO 70 BH3HAUYEHUX KOHCTUTYTUBHUX CMYT. [IpHduHOI0 Takux Mommdikarii
MOJKe OyTH 3MiHa CKJIaJy ITO)KMBHOTO CEPEIOBUIINA, ajie HEe BUKIIFOYCHO 1CHYBaHHS
W 1HIINX JIOKYCiB, TCHH SKHX aKTHUBYIOTHCS TUTBKHU MPHU KYIHTHBYBaHHI I'pHOIB Ha
neBHUX cyOcTtparax. [Ipogykramu Takux reHiB MOXKYTh OyTH i30dopmu 3 Rf 0,50
ta 0,54. ToMy HEe MO’KHA HAIICBHO CTBEP/KYBATH YH € BapiaOeIbHI CMyTH Ha €JIeK-
Tpodoperpamax i3oepMeHTaMH, IO PI3HATHCSA HA TCHETUYHOMY PiBHI, YX BJIACHO
MHOKUHHUMH (POpMaMHU, 110 3a3HAJU MOCTTPAHCIIAMIMHOT MOTU(IKAITii.

Bererarusamii mineniii 4. auricula-judae BUKa3zye MUpoOKy MOAHQIKAIiHHY
MIHJIMBICTB TIPH KYJbTHBYBaHHI Ha PI3HUX CEPEIOBHUIIAX, SK 32 MOP(HOIOTIUHUMHU
TakK 1 3a 610XIMIYHUMH O3HAKaMH. 3aJIEXKHO BiJ] CKJIaAy MOKHBHOTO CEPEIOBHILA Y
Mminenii A. auricula-judae excripecyerbes Big 2 o 10 i3odpopm kapOokcmiecTepasu,
3 skuX TUTbKH J1B1 — 3 Rf 0,50 Ta 0,54, BUABIAIOTHCS Y BCIX BapiaHTaxX JOCIIIKYyBa-
HHX CEPEOBUIIL.

C.J1. Mupocs, H.C. boopemosa, B.A. Kyuepos, K.II. Byra,
B.O. UBanbius

Opnecckuil HalMOHANBHBIN yHIBepcuTeT MMeHn V.M. MeunukoBa,
yn. IBopsiackas, 2, Onecca, 65082, Ykpaunna, e- mail: kafgen@onu.edu.ua

MOINPUKALIMOHHASA UIBMEHYUBOCTD
AURICULARIA AURICULA-JUDAE 11PA
KYJIbTUBUPOBAHHNU HA CPEJAX PASHOI'O COCTABA

Pedepar

Heas. Onpeodenenue ocobennocmeri MOOUDUKAYUOHHOU USMEHUUBOCU Ge2emd-
muenozo muyenus A. auricula-judae 6 3aeucumocmu om cocmasa numMamenbHoOu
cpedvl No pocmogoMy Kod(pguyuermy, Mopdonocuu KOTOHUL 1 MHONCECBEHHbIMU
Monexyiapubimu opmamu kapooxcunscmepasvl. MeToabl. Becemamusenuiti muyenuil
Auricularia auricula-judae (Bull.: Fr) Quél. wmamma ONU F201 svipawusanu na
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makux cpedax: azapuzosannoe nusnoe cycio (CA) — KonmpoabHwill éapuanm, nue-
Huunbl acap (I14), oscaunviii acap (BA), sumennviil acap (AA), epewuwnviii acap (I'A),
npocsinoui azap (I1PA), kapmogenbro-2noKko3Hblil azap ¢ NOGbIULEHHBIM COOCPICAHUEM
enokosol (KIA 10%,). Onpedensiiu moouduyuposanmwvlil pocmogoil Kodppuyuenm
(PKj) u mopgponocuro nonyuennvix xononuil. C nomowwto snekmpoghopemuueckoco
pazoenenus 6 7 % NOIUAKPUTAMUOHOM 2elle YCMAHABIUBAIU KOTULECB0 MHOICe-
cmeeHHbIX monekynapuvix gopm (MM®D) kapbokcunscmepasvl 6 muyenuu KaNco02o
sapuanma. Cmamucmuueckyio 06pabomxy OaHHbIX NPOBOOUNU C UCHONb30BAHUEM
Henapamempuuecko2o kpumepus Yunkokcona. Peyabrarol. [lokazano, umo 6 3a6u-
cUMOCmuU Om cocmaesa cyocmpama xapaxmep pocma KOLOHUU MOXNCEM USMEHAMbCS
om NJIOMHOU, 8amMo0OPA3HOL, 8bICOKOU, Oblcmpopacmywell 00 naymuHo0OpasHol,
HeBbICOKOU, MeOJIeHHOpACHywell, KOTU4ecmeo uzopopm gepmenma sapvupyem om
2 00 10. Ilpuuem nopadok paudicuposanus no Koaudecmsy uzogopm e cosnadaem
€ MaKko8viM No pocmosomy Kodp@uyuenmy muyenus. BuiBoabl. BecemamueHulii
muyenuii A. auricula-judae nposignsem wupoxyo MOOUDUKAYUOHHYIO USMEHUUBOCHLb
npU KyIbMUSUPOBAHUN HA PAZTUYHBIX CPEOAX, KaK nO MOPEOL02UHeCKUM MAK U No
ouoxumMuueckum npusnakam. B zasucumocmu om cocmasa numamenvHou cpeovl 6
muyenuu A. auricula-judae sxcnpeccupyemcesi om 2 0o 10 usoghopm kapboxcunrscme-
pasvl, Uz Komopwlx moawvko 0ge — ¢ Rf 0,50 u 0,54, nposeisiromes 60 6cex eapuanmax
uccnedyemMvix NUMamenbHvix cpeo.

Knwuesvie cnoea: Auricularia auricula-judae, moougpuxayuonnas usmenqu-
60CMb, POCMOBOU KOIPDuyuenm, Mop@onocus KOIOHUI, U30OPMbL KAPOOKCUNI-
cmepasvl.

S. Miros, N. Bobreshova, V. Kucherov, V. Ivanytsia

Odesa National Mechnykov University, 2, Dvoryanska str., Odesa,
65082, Ukraine, e-mail: kafgen@onu.edu.ua

MODIFICATION VARIABILITY OF AURICULARIA
AURICULA-JUDAE, CULTURED ON MEDIA OF
DIFFERENT COMPOSITIONS

Summary

Aim. Defining features of modification variability of A. auricula-judae vegetative
mycelium depending on the composition of the nutrient medium at the coefficient
of growth, colony morphology and multiple molecular forms of carboxylesterases.
Methods. Vegetative mycelium of Auricularia auricula-judae (Bull.: Fr.) Quél. ONU
F201 strain was grown in the following environments: wort agar (CA) — control
variant, wheat agar (I14), oatmeal agar (BA), barley agar (AA), buckwheat agar
(I'A), millet agar (IIpA), potato and glucose agar with high glucose content (KI'A
10%). The modified coefficient of growth (PKj) and morphology of the obtained colo-
nies were determined. Using electrophoretic separation on 7% polyacrylamide gels
the number of multiple molecular forms (MMF) of carboxylesterases in mycelium of
each option were established. Ste statistical analysis of the data was performed us-
ing non-parametric Wilcoxon test. The growth character of the colonies ranged from
dense cottony, fast growing to arachnoid, slow growing; the number of isoformes
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of the enzyme varied from 2 to 10, depending on the composition of the substrate.
The rank order of the number of isoformes did not match the rank of the coefficient
of growth of mycelium. Conclusions. Vegetative mycelium of A. auricula-judae has
extensive modification variability cultured on different media, both morphological and
biochemical characteristics. Depending on the composition of the nutrient medium
in the mycelium A. auricula-judae expressed from 2 to 10 isoforms of carboxylester-
ases, only two of which — with Rf 0.50 and 0.54, were determined in all the variants
of studied culture media .

Key words: Auricularia auricula-judae, modification variability, coefficient of
growth, morphology of colonies, carboxylesterase isoformes.
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BILINB MYJIbTUIIPOBIOTUKA
«CUMBITEP ALUUJO®LJIbHUI» HA ®YHKIIOHAJBHY
AKTUBHICTb NEPUTOHEAJBHUX MAKPO®ATIB
L{YPIB HA TJII BBEJAEHHSI AHTUBIOTUKA
LE®TPIAKCOHY

Mema pooomu. Jociioumu eénius npobiomuunozo npenapamy «Cumbimep
ayuoopinbHULly, 3ACMOCOBAH020 HA ML 66€0eHHs. AHMUDIOMUKA YepmpPiaKcoHy
Ha QYHKYIOHAIbHY AKMUBHICMb NEePUMOHEAIbHUX Makpogazcie wypie ainii Wistar.
Memoou. Memaboniunuii cmamyc ma QyHKYIOHATbHY ROAPUZAYIIO NEPUMOHEATbHUX
Makpoghazie xapakmepuzysaiu 3a a02e3icio 00 KyIbmypaibHO20 NiACMUKY,
CNOHMANHHUM | CIMUMYTbOBAHUM KUCEHb3ALEHCHUM MEMAOONIZMOM, AP2iHA3HOIO
akmusnicmio ma npooyxyicto NO. Pesynomamu. Kypcose 6sedenns npenapamy
«Cumbimep ayudo@ineHuily Ha mJi 66e0eHHI AHMUOIOMUKA YeDMPUAKCOHY, MAK
camo K I Kypcoge 66edenHss 000X npenapamie CamoCmilino, Cynpo8oo’Cy8aLoCs
CMUMYTAYIEIO KUCEHB3ANEINCHO20 MEMADONI3MY MAKpoghazie, a makodic NoCUNIEeHHIM
Memabonizmy apeinina 3a M1-gpenomunom, wo y CyKynHocmi 6Kkazye Ha npo3andaivHy
NONAPU3AYIIO AKMUBOBAHUX MOHOHYKIeapHux (azoyumis. Bucnosok. 3acmocysanns
npenapamy «Cumbimep ayuoopineHuily Ha Mii Kypcogo2o 86e0eHH s AHMUOIOmuKa
cnpusie hopmysantio HellmpanbHo20 OAIaHCY MemadorizmMy apeiHiHa NePpUmMoHealb-
HUMU MAKpOpazamu, wo modxice po32na0amucst K 03HAKA 2albMYSAHHsL 3aNdIbHO20
npoyecy, BUKIUKAHO20 MPUBANUM 3ACMOCY8AHHAM AHMUOIOMUKA.

Knwuosi cnoea: npobiomux, anmubiomux, nepumoneaibti Makpogazu, Kuceob-
3a1eACHULL Memaboizm, Memadonizm apeiHina.

CTpyKTypHI Ta KUIbKICHI 3MIHM KHMIIKOBOI MIKpOO1OTH, 1II0 BUHUKAIOTh BHa-
CIIIJIOK 3aCTOCYBaHHSI aHTHO10THKIB, MOXXYTb OyTH NPUYMHOIO 3MIH y (DYHKIIIO-
HyBaHHI iIMyHHOI cucteMu. [Ipu IboMy criocTepiraeTbesi MOpyeHHs GarouTosy
Makpodaris, KigbkocTi T-1, piBaiB JI-2, 1JI-3, IM-KC®. Bussieno no3utusny
KOpeJSILINHHY 3aJIeKHICTh MK 3MEHIIEHHSIM KUIbKOCTI Oidinobakrepiil y kuied-
HUKY 1 3HWKEHHSIM IMYHOJIOT14HOT peakTHUBHOCTI [8]. XpOHIuH1 3anajibHi IpoIecu
y LIUTYHKOBO-KHIIKOBOMY TPAaKTi, MOXKYTb MPU3BOJUTH 10 YTBOPEHHS 3JI0SKICHUX

© A.B. Ilyruikos, M.II. Pynuk, B.B. [To3yp, T.M. ®yp3ikoBa, A.M. Ocramuyk, I.M. Toncranosa,
JI.M. CkiBka, 2014
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MTyXJIMH, [0 aCOIiOBaHI 3 MIIBUIICHOI0 MPOAYKIIE MUTOKIHIB poauau 1JI-6, y
1IbOMY KoMIIapT™MeHTi [13].

[Tpu nikyBaHHi iHEKIi# Ta acoiiiOBaHUX 13 MPUHOMOM aHTHOIOTHKIB Jiapen y
JIOPOCTIUX Ta JIEPTIiH y ITeH KIIHIYHO J0Be/IeHa €(h)eKTUBHICTD ESKUX MPOOIOTHKIB.
Onnak, MexaHi3M TakuX €(eKTiB 3aJUIIA€ThCs M0ci He 3’scoBanuM. Lllonennuit
MPUIOM JIeIKUX IpernapaTiB MpoOiOTUKIB MOMEPEIKaE PO3ZBUTOK Ta MOCIA0II0E
MPOSIBH BUPA3KOBHUX KOJIITIB 1 XBopoOu KpoHa — 3aXBOprOBaHb 3aajabHOI €TiOJOTIi.
Kom6inoBanwmii npuiiom Lactobacillus, Bifidobacterium, Saccharomyces boulardi
Ta 3actocyBaHHsl Escherichia coli Nissle acolilo€eTbCs 3 pEMICIEI0 XPOHIYHUX 3a-
NaJbHUX XBOPOO KHUIIEYHHKA Ta MOCIAOIEHHSAM Mepediry rocTpux BUPAa3KOBHX
KoJiTiB [4]. [lesiki ekcriepuMeHTalIbHI TaHi CBIT4aTh, 110 MPO- Ta MPEOIOTHKH TyKe
e(eKTUBHI B 3HWKEHI XPOHIUHUX 3aMajJbHUX IPOLECIB, TAKKX SK 3allaJIbH1 KUIIKOB1
3aXBOPIOBAHHSI Ta OXKHUPIHHS [6].

[To3utuBHUY edekT mpoOiIOTHKIB Ha TTepedir TaKUX 3aXBOPIOBAHD MOB’ I3YIOTh
13 IX IMyHOMOJYJIATOPHUMH BJIACTUBOCTSIMHU Ha MICIIEBOMY Ta CUCTEMHOMY DPIBHSIX,
a came BILUTUBOM Ha aHTUTUIOYTBOPEHHS Ta PIBEHb LUPKYIIOKOYHX IMyHHUX KOMII-
JIEKCIB, KIITHHHY JIAaHKY IMyHHOI CHCTeMU (TOMyJsIinauil ckiaaa T-miM¢onuTis,
(arouuTapHy aKTUBHICTh HEUTPOQLIiB Ta Makpodaris). Takox BiIoMO, 110 MicCis
MepopasbHOro MpuiioMy MpoOiOTHKIB 3pOCTae MPOAYKIIisl IPOTU3aNalbHUX UTO-
kiHiB (IJI-10) Ta miaBumyeTbes KimbKicTb T-perymstopuux kiuitud [ 10]. leski nani
BKa3ylOTh Ha Te, 110 OKpeMi TaMu Bifidobacterium nposBISIOTH IPOTU3ANATIbHY
Iito, NpurHiayoTh npoaykuito NO ta ®HII makpodaramu. [7].

Mertoro po6oTH Oys0 AOCTIIUTH BIUTHB MPOoOioTHYHOTO npenapary «Cumoitep
a0 UTEHUIY, 3aCTOCOBAHOTO Ha TJIi BBEJACHHS aHTHOI0THKA nedTpiakcoHy Ha
(yHKIIOHAJIbHY aKTUBHICTh [IEPUTOHEATIbHUX Makpodaris 1mypis jdiHii Wistar.

Marepiajin Ta MmeToau

B excniepumenTi Oynu BUKOpUCTaHi camiii 1y piB Jjinii Wistar (m = 180-230 ),
SKUX YyTPUMYBAJIH B cTaHAapTHUX ymoBax BiBapito HHII «IactutyT Giomorii» Ku-
iBChKOTO HalliOHAIBHOTO YHiBepcuTeTy iMeHi Tapaca [lleBuenka (12:12 nukII 1eHb:
HiY, chp = 21°C). TBapunu Oynu po3nojiieHi Ha 4 rpynu: | — KoHTpoIb (LIypam
IIOZICHHO BBOAMJIM BHYPIIIHBOM s130BO (B/M) 0,1 Mi1 Bomu Juist iH’€KIIii, a depes
4 rox — 1 M Boam Juts iH €KIIIH, IepopaibHO (per 0s)), n = &; 11 — nrypam moaeHHo
nipotsiroM 14 1116 BBoauau B/m 0,1 My Bonu [u1st 10’ €KIIii, a uepe3 4 rox — 0,16 mi/kr
«Cumb6iTep anuaodineHui» per os, n = §; 111 — mrypam moaeHHo npoTsarom 14 11io
BBOAWIN BHYpImTHBOM 5130B0 50 Mr/kr niedrpiakcony (BAT «KuiBmenmpemnapary,
VYkpaina), po3BeIeHOT0 Y BOJI sl iH €K1l (cymapHa /1o3a ckiaaana 700 Mr/kr), a
yepes 4 rol1, BBOAUIH per os | Mt Boau Jutst iH’ ek, n = 8; [V — nrypam moneHHo
npotsiroM 14 116 BBommum B/M 50 MI/KT 11epTpiakcoHy, a uepe3 4 Toj1, BBOIWIH per
os 0,16 mn/kr «CumOitep anuaopinbHAI», n = §.

«Cumbirtep aumnodineauiiny (SYMBITER® ACIDOPHILUS, TOB «IIpoui-
COK», YKpaiHa) MICTHTb KUBI KIITHHH MPOOIOTUYHUX MiKpoopranizmis, KYO/mi:
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JaKToOanMIH i JakTokoku — 1,0x10°, 6idimodakrepii — 1,0x10%, mpormioHOBOKHUCITI
6axrtepii — 3,0x107, orrroBokmcii 6akrepii — 1,0x10°[1].

[Tepuroneansui Mmakpodaru (IIMD), 1110 aIre3yroTh 10 TUTACTHKY, OYJIM OTpUMaHi
13 IEPUTOHEATTBHOTO EKCYIaTy 3riTHO MeTouku Zhang X. etal. [15]. s nporo 2% 10°
KJIITHH Y PO3UMHI XEHKCa BHOCWIIM Y TuTacTUKOBI vamiku [lerpi (miamerpoMm 3 cm),
inkyOyBann ynponosxk 30 xB npu 37 °C 1a 5% CO,. Knitunu, Mo He aaresysai,
BHJIAJSUTA Ta TiapaxoByBaiu. Kucenszanexuuii metadonizm [IM® Bu3Hadam B
HCT-recri, koTpwmii mpoBoxmiu 3rigHo metoauku [lepenepiit B.I i3 cmiBas. [2]. Sk
CTUMYJISTOP «KHCHEBOTO BHOYXY» Ta MPOMYKITiT HITPUTIB BUKOPUCTOBYBAIH 3MIMO3aH
(Sigma-Aldrich, CIIA ) y xonnentpaii 3mr/mi. OmiHKy apriHa3HOi aKTHBHOCTI
MOHOHYKJICApHUX (ParonuTiB NPOBOAMIN CTAHAAPTHUM METOJIOM 33 BH3HAYECHHSIM
KoHIeHTpanii ceuoBunH [9]. ns xapakrepuctuku npoaykuii NO [IM® Buznavanm
piBEeHB MPOIYKITii HUMH HITPUTIB y peakiii [ pica [9]. PiBeHb HITpUTIB, BU3HAYCHUI
3 BUKOPUCTAHHSM €KCTPAITOJIAIli 3HAYCHb €KCTUHIIIT Ha KamiOpyBaabHy KpUBY, TIPE/I-
CTaBIISIM 3 po3paxyHKy Ha 10° sxuBHX KIiTHH [9].

Craructuuny oOpOOKy pe3ynbTaTiB MPOBOAMIN 3 BUKOPUCTAHHSM t-KpUTepi
CreronenTa. [lani npeacrasieHi y BUDAAi M+m, n — KiIbKICTh TBapuH y TPYIIL.
CTaTuCTUYHO 3HAYYIIO PI3HUIEIO TSI BCIX MOKa3HHKIB BBaykanu 3HadueHHs p<0,05.

Pe3yabraTu Ta iX 00roBOpeHHs

MeTaboniuauii craryc Ta QYHKIIOHAJIbHY IMOJApHU3AIi0 Makpodaris
XapakTepu3yBald 3a aAre3i€r0 10 KyJIbTypajdbHOTO IUIACTHUKY, CIOHTAHHUM 1
CTUMYJIbOBAaHUM KHCEHB3AJIC)KHUM METa0O0JII3MOM, apriHa3HOK aKTHUBHICTIO Ta
nponykiiero NO. Anresist 10 KyJIbTypajJbHOTO TUTACTHKY € OIHIEIO 13 BIACTUBOCTEN
Makpodaris, KOTpa XapakTepH3ye iX aAre3uBHy aKTHBHICTh. BBaxkaeTbcs, mo 90 %
KJTITHH a/Ir€30BaHO1 ()paKIIii, OTPUMAHO] 3 IEPUTOHEATLHOT ITOPOKHUHH, CKIIa/IAal0Th
Mmakpodaru [15].

Sk moKa3aim pe3ysbTaTh A0CTiKeHb (pHC. 1), y KOHTPOJIBHUX TBAPUH BiTHOCHA
KIUTBKICTB a/I'€30BaHUX KIITHH cTaHOBUIIA 24%. VY 1IypiB TOCITIIHUX TPYI MOKa3HUKU
XapaKTepU3yBaJIUCS 3HAYHOIO 1H/AMBIIyalbHOIO BapiaOenbHICTIO. Y TBapHH, SKi
OTpPUMYBAJIH Kypc BBeieHb «CuMOiTep anmuao(iibHI», criocTepiraiacs TeHaewis
110 30utbmeHHs (y 1,6 pasy) BiTHOCHOT KUTBKOCTI aJIre30BaHUX KIIITHH Y TIOPIBHSHHI
3 [OKA3HMKAMHU B TPYIi iHTAKTHUX TBApHH. MIMOBIPHOIO HPHYMHOIO 30iIbIICHHS
BiJTHOCHO{ KUTBKOCTI a/Ir€3UBHHUX KJIITHH Y TICPUTOHEAIEHOMY €KCY/IaTi MOXe OyTH
3[aTHICTh OaKTepialbHUX aHTUTeHIB, 110 BXOAATH JI0 CKIIaay npenapaty «Cumoitep
a0 UTEHUI», CIPUYMHSTH MIrpallito (peKpyTHHT ) Makpoaris i/a0o i IBUIIyBaTH
piBeHb ix aare3uBHOi akTuBHOCTI [12]. 3acTocyBaHHs 1e(hTpiakCOHY MPU3BOAMIO JI0
HE3HAYHOTO 3MEHILEHHS YMCIia a/Ire30BaHUX KIITHH y IEPUTOHEATBHOMY eKCy/ari
y TIOPIBHSIHHI 3 IHTAaKTUM KOHTPOJIEM, [0 MOKE OYTH MOSICHEHO IMYHOTOKCHYHOO
Ji€ro aHTuoOioTHKa [5] 1/a00 HOro HEraTHBHUM BIUIMBOM Ha aJre3WBHY aKTUBHICTh
MoHOHYKJIeapHuX (parorutis [ 11]. [Tpn koMOiHOBaHOMY 3acTOCYBaHHI e TPIaKCOHY
ta «CumOiTep aruaopinbHANY, KUTBKICTh air€30BaHUX KIIITHH Y IEPUTOHEAIbHIN
MOPOKHUHI OyJIa TMOPIBHSIHOK 13 BIAMOBIAHUMHU 3HAYCHHSMHU y TBApHH, IO
OTpUMYBaIH 1Ie(PTPIaKCOH.
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Puc. 1. Bnius npotiornka «Cumoéitep anunodinbHuii» Ha BiTHOCHY KiIbKiCTh
aJre30BaHNX KJITHH y MePUTOHeATbHIil MOPOKHUHI IIypiB
Ha TJ1i BBe/leHHs ne(Tpiakcony
I — xonTposbHi mypu (n = 8); Il — mypwu, siki orpumyBanu «CumbdiTep anupodinsaui» (n = §),
I — mypwu, sixum BBommH 1iedrpiakcod (n = 8), IV — mypu, skuM BBoauIH e TpiakcoH Ta
«Cumbitep anmnodiapaui» (n = 8).
Fig. 1. Effect of the probiotic «Symbiter acidophilic» on the relative amount of adherent
cells in peritoneal cavity of rats under the course of ceftriaxone injections

I — control rats (n = 8); II — rats which received «Symbiter acidophilic» (n = 8);
IIT — rats which were injected with ceftriaxone (n = 8); IV — rats which received «Symbiter
acidophilic» and ceftriaxone.

@OyHKIIIOHATBHUH CTaH (DarolyTiB TPAIUIIIIHO XapaKTEPU3yIOTh 3a IEKiITbKOMa
MOKa3HUKAMU: aKTUBOBAHI UM B CTaHI CIIOKOIO (y TMOPIBHSHHI 3 KOHTPOJIEM), HasIB-
HICTh (PYHKIIIOHATBHOTO pe3epBy (BIAMOBII HA JONATKOBY CTUMYIISIIIO in Vitro),
a TaKoX 3a CIPSIMOBAHICTIO aKTHBaLlii. AKTHUBAIisl (arouTiB CyNPOBOIKY€ETHCS
3HaYHUMHU MOpdosioriyHIMHU, Oi0XIMIYHUMU Ta Oiodi3MuHUME X TepeOynoBaMH.
Haii0inpim sickpaBuM QyHKITIOHATLHIM MTPOSIBOM B32€MO/Ii1 ()aroITiB 3 MOIYJISATOP-
HUMH YUHHUKaMU € (POpPMYBaHHS TaK 3BAHOTO «KHCHEBOTO BHOYXY», 3yMOBJICHOTO
axtuBanieo HAJI®H-3anexxHoi okcraa3u Ta GepMEeHTIB reKCO30MOHO(POCHaTHOTO
LIYHTY 3 YTBOPEHHSIM SIK BHY TPIIIHBOKTITUHHUX, TaK 1 MO3aKJIITHHHUX PEAKTUBHHUX
¢dopm kucHro. ToMy TpaauiiiHO cTaH GYHKIIOHATHHOT aKTHBAIii (ParonuTiB Xapak-
TEPHU3YIOTh CaMe 3a 1X KHCEHB3aJe)KHUM MeTabo0Ii3MOM. 3a pe3yJbTaTaMH HalluX
JOCTIKeHb (pUC. 2), CTUMYJISILIIS in Vitro IEpUTOHEATbHIX Makpo(dariB iHTAKTHUX
TBapHH 3MMO3aHOM BHKIIMKaJIa MOCHJICHHS iX METaOOJIIYHOI aKTUBHOCTI Ha 68%,
10 CBIUUTH MPO HAsBHICTH (PyHKIIOHATIBHOTO pe3epBy 1 MepeOyBaHHS KIITHH Y
HelTpanbHOMY (HeakTHBOBaHOMY) cTaHi. Kypc nepopanbaux BBeieHb «CumoiTepy
anua0(pIBHOrO» HIypaM CIPHUYUHSB AKTUBALII0 KHCEHB3AJIEKHOTO METaboNi3My
MEepPUTOHEATLHUX MakpodariB. Y mpobax KIITHH TBapWH W€l TPYNU MOKA3HUKU
CTIOHTAHHOTO KHCHEBOTO BHOYXY MEPEBHIIYBaIH TaKi Y KOHTPOJIbHUX IHTAKTHHX
TBapuH Ha 40%.
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Puc. 2. Bniins npo6ioTnka «Cumoéitep anunaodinbHuii» Ha KHCeHb3aJeKHHI MeTa00J1i3M
NMePUTOHeATbHUX MaKpodariB y mypiB Ha TJi BBeJeHHs HedTpiakcony
I — xonTpobHi uypu (n = 8); I — mypwu, siki orpumyBanu «Cumoditep auunodiapHui» (n = §),
I — mrypwu, sxiM BBomwH edrpiakcoH (n = 8), IV — mypu, sxum BBoIMIHN nepTpiakcoH Ta
«Cumbirep anppodinbaui» (n = 8).
IIpumitka: * — p<0,05, y mopiBHAHHI 3 TOKa3HUKAMHU HECTHUMYIbOBAHUX KJIITHH y IIypiB
KOHTPOJIBHOT TPYTIH.

Fig. 2. Effect of the probiotic «Symbiter acidophilic» on rat macrophage oxidative
metabolism under the course of ceftriaxone injections

I — control rats (n = 8); II — rats which received «Symbiter acidophilic» (n = 8);
IIT — rats which were injected with ceftriaxone (n = 8); IV — rats that received
«Symbiter acidophilic» and ceftriaxone.
Note: * — p<0,05 compared with the values of the non-stimulated cells from control rats.

JlonaTkoBa CTUMYJISIIIS 3MIMO3aHOM BUKJIMKAJIa HE3HaYHE (CTATUCTHUYHO HENlO0-
CTOBIpHE) MOCUJICHHSI METa0OIYHOI aKTUBHOCTI. BBeneHHs e TpiakCoHy TaKoX
CHPUYMHSAIIO TIOCTOBIPHE 301IBIIEHHS TOKA3HUKIB CIOHTAHHOTO KHCEHB3aJIeKHOTO
MeTaboIi3My (GaromnuTiB MypiB Ha 67% MOPIBHIHO 3 AaHATIOTITYHUMH TTOKa3HUKAMHU
KOHTpouTt0. JlogaBaHHs 3MMO3aHy in Vifro He BUKJIMKAJIO CTUMYJIIOBAHHS iX QyHK-
[[IOHAJIbHOT AKTUBHOCTI y MTOPIBHSAHHI 3 HEOOPOOJIEHUMH KIIITHHAMM, 1110 BKa3ye Ha
BIJICYTHICTb (DyHKLIOHAJILHOTO Pe3€pBY KIIITHH, 3yMOBJICHY NepeOyBaHHIM B aKTH-
BOBaHOMY cTaH1. BBenienns npenapary «Cumoitep anu10(piabHUD Ha T KypCOBOTO
BBE/ICHHS aHTHOIOTHKA TaKOX CYNPOBOKYBAJIOCS aKTHBALIIEI0 KUCEHB3AJIEKHOTO
MeTa00s113My NEpUTOHEATbHUX MaKkpo(aris, ajie piBeHb [UX 3MiH OyB HUXKUMM I10-
PIBHSHO 3 TPYMOI0, 1[0 OTpUMYBaIU LedTpiakcoH. Peakuis KIITHH Y TBapuH i€l
IPYIU Ha T0JaTKOBY CTUMYIISLIIO 3MMO3aHOM in Vifro XapaKTepH3yBaacs MOsSBOO
(bYHKIIOHATTLHOTO PE3EpPBY.

ITocunenns npoxykuii peakTUBHUX (OpM KHCHIO IMEPUTOHEATbHUMH MaKpo-
(aramu y JOCTiAHUX TBapWH CBITYHUTH MPO TE, IO YCi 3aCTOCOBAaHI YNHHHUKH BU-
KJIMKAIOTh aKTUBAIIIF0 METa00ITi3My ITUX KIITHH. AJie OTpPHUMaHi pe3yIbTaTH He Jal0Th
BIJIMTOBIII HA MMUTAHHS TIPO CIPSIMOBAHICTh TAKO1 aKTHUBAIIIT.

3rifiHoO 13 Cy4aCHUMHU YSBICHHAMHU, MaKpodaru 3a (QyHKIIIOHAIbHOIO aKTUBHIC-
TIO IOAUISAIOTH HA ABi cyOmomynsii. Ha mo4aTkoBUX CTadisiX pO3BUTKY 3allajeHHs
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BOHU MPOIYKYIOTh PEaKTUBHI (DOPMH KHCHIO, TTPO3aIajbHi IMTOKIHA Ta XeMOKIHH,
1 PO3MISATAIOTECS SIK «KJIACUYHO aKTUBOBaHI» ab0 «kinepHi» makpodarn M1. Ha
Mi3HIX CTaisIX 3aMajlbHOTrO MPOIECy Ls CyOmomymsiis 3MiHloe henorun Ha M2
«aJBTEPHATHBHO aKTHBOBAaHI» Makpodaru. IX QyHKIis monsrac B OUMIIEHHI Bij
nebpucy, akTUBAIlli aHT10TeHe3y Ta pereHepaTHBHUX mponecis [3]. Y BiAMOBiAb Ha
3anaibHI CTUMYIU M1-Makpodaru npoayKyroTh IHAyHUOENbHY CUHTETa3y OKCUIY
azory (iNOS), sika BukopucToBye L-apriHiH ik cyOCcTpar /Uisi yTBOPEHHS OKCHIY
azoty (NO). M2-makpodaru KOHCTUTYTUBHO IPOYKYIOTh (hepMeHT apriHasy I, sika
KOHKYPEHTHO 3B’s13y€ L-aprinin, 3amobiratoun ioro B3aemosii 3 iNOS, aiist CHHTE3Y
OPHITHHY Ta CEYOBHHU. TOMY JIJIsl XapaKTEPUCTUKN (PYHKITIOHATHHOI TOJISIpU3AIil
Makpo@dariB KOMIUIEKCHO JOCIIKYIOTh MOKa3HUKU apriHa3HOI aKTUBHOCTI IMX
KIIITHH Ta KoHIeHTpaiiro NO B cepefoBulli ix KynbTuByBaHHs [ 14].

KypcoBe BBenneHHs Tpo0ioTHKa, aHTHOI0THKA Ta OJJHOYACHE 3aCTOCYBaHHS 000X
[IpernapariB MPU3BOIWIO J0 3HIKEHHSI aKTUBHOCTI apriHa3y y JIOCHITHUX TBApUH
Ha 22%, 36% Tta 30%, BIAMOBITHO, TOPIBHIHO 13 3HAYSHHSM ISl HECTUMYJTbOBAaHHX
KJIITUH TBapUH KOHTPOJBHOI rpymu (puc. 3).

0,16

B HecTumMmynboBaHi

0,14 T
T CTMMynboBaHi
0,12 - *
T x
0,1 *
0,08 {
*
0,06 - { ——
0,04 - —
0,02 - —
I Il 11

vV .
Fpynu wypis

AKTHBHicTB aprinasu (MM ce4oBHH!
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Puc. 3. Bniiue npodiotnka «Cumoéitep anunoginbHuii» Ha aprinasHy akTHBHICTh
MepUTOHeATbHUX MaKpo(ariB y miypiB Ha TJ1i BBeJeHHs HedTpiakcony
I — xouTposbHi mypu (n = 8); II — mypw, siki orpumyBanu «CumoiTep anupodinbaui» (n = 8),
I — myypu, sxkum BBomuH nedrpiakcoH (n = 8), IV — urypu, sikuM BBOAMIN He(TPIaKCOH Ta
«CumOitep armnodinpHUR (n = §).
[pumitka: * — p<0,05, y nopiBHIHHI 3 MOKa3HMKAMHU HECTHMYJIbOBAHUX KIITHH Y IIypiB
KOHTPOJIBHOT TPYIIH.

Fig. 3. Effect of the probiotic «Symbiter acidophilic» on arginase activity of rat peritoneal
macrophages under the course of ceftriaxone injections

I — control rats (n = 8); II — rats which received «Symbiter acidophilic» (n = 8);
IIT — rats which were injected with ceftriaxone (n = 8); IV — rats which received
«Symbiter acidophilic» and ceftriaxone.

Note: * — p<0,05 compared with the values of the non-stimulated cells from control rats.
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Haromicte, npoaykuis NO y TBapuH ycCiX AOCHIIHUX Tpym Oyina JOCTOBIPHO
BUIIIOIO 33 aHAJIOTIYHUI MOKAa3HMK IIypiB KOHTPOIbHOI rpynu (puc. 4). OTpumani
pe3yibTaTH BKa3yIOTh Ha TIPpo3anaibHy MOJISpH3aIlito (haroruTiB JOCIITHIX TBAPHH.
OpnHak, y TBapHH Pi3HUX AOCTIIHUX IPYN MU CIIOCTEPIrany pi3HUHN XapakTep 3MiH
apriHa3zHoi akTUBHOCTI Ta npoxaykiii NO y BiANOBiAb HA TOJATKOBY CTUMYIISIIIO
in vitro Ipo3anaJbHUM YUHHUKOM — 3MIMO3aHOM. Y KOHTPOJIbHUX TBAPUH JI0JaBaHHS
3MMO3aHy BUKJIMKAJIO CTaTUCTHYHO BIPOTiHE 3HKCHHS apriHa3HOi aKTHBHOCTI 3
OJTHOYACHHUM JIOCTOBIpHUM MOCHICHHAM mpoaykiii NO, 1110 Bkazye Ha HEUTpaIbHUN
OayraHc MeTabOoIi3My apPTiHIHY y IIUX KIITHH.

VY TBapuH, mo orpuMyBainu «CumOiTep auuaopiIbHANY, apriHa3Ha aKTUBHICTD
NepUTOHEATbHUX MakpodariB OyJia 3HWKEHA MTOPIBHIHO 3 TAKOIO Y IHTAKTHUX TBa-
puH Ha 22%. JlogaTkoBa CTUMYIISIIS 3MMO3aHOM HE BUKITMKAIA 3MiH METa0oIi3My
apriviny, sIK OMOCEPEIKOBAHOTO apriHa3ol0, Tak i onocepeakoBanoro iNOS.
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Puc. 4. BnuiuB npobioTuka «CumoiTep auuaopiibHUin HA NPOAYKIiI0 OKCHAY a30TY
NnepuTOHEeaTbHUMH MaKpodaraMu y uypiB Ha TJIi BBeJleHHs e TpiakcoHy
I — xorTpoONEHI mIypH (n = 8); Il — mrypwu, sxi orpumyBanu «CuM6iTep annnopiTbHAN (n = §),
IIT — uypwu, sikum BBoawuIK 1edrpiakcod (n = 8), IV — mypu, sskuM BBOIMIN e TPiakCoH Ta
«Cumbirtep anunodinpHui» (n = §).
[pumitka: * — p<0,05, y mopiBHAHHI 3 MOKa3HUKaMH HECTHMYJIbOBAHHMX KIITHH y IIypiB
KOHTposbHOL Tpymw, ** — p<0,05, y mopiBHSIHHI 3 TOKa3HUKAMH HECTUMYIIbOBAHUX KIITHH Y
mypiB I rpymm.
Fig. 4 Effect of the probiotic «Symbiter acidophilic» on NO production
by rat peritoneal macrophages under the course of ceftriaxone injections

I — control rats (n = 8); II — rats which received «Symbiter acidophilic» (n = 8);
IIT — rats which were injected with ceftriaxone (n = 8); IV — rats which received
«Symbiter acidophilic» and ceftriaxone.
Notes: * — p<0,05 compared with the values of the non-stimulated cells from control rats;
** — p<0,05 compared with the values of the non-stimulated cells from rats of the III group.
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VY rpyni TBapuH, SKUM BBOIWIN e TPiaKCOH, CIOHTAHHUNA PIBEHb apriHa3HOL
aKTHUBHOCTI MEpUTOHEAIbHUX (haronutiB OyB Ha 36% MEHIINM, HK y IHTAaKTHHX
TBapuH. Toxi sk, cuaTe3 NO B mepuToHeanbHIX Makpodarax Ii€i rpynu mypis me-
PEBHIIYBaB IOKa3HUKU KOHTPOITIO B 2,3 pa3y. JlofaTkoBa CTUMYIISIIIS 3MMO3aHOM HE
BIUTMBAJIa HA YTHIII3AIiI0 apTiHIHY apriHa3010 1 BUKIIMKaJa He3HaYHe (CTaTUCTUIHO
HEJ0CTOBIPHE) MMOCWJICHHS MPOAYKIIiT HITPUTIB.

[Ticna kypcy komOiHOBaHOI Tepamii nedrpiakcony 3 npemnaparoMm «CumoOiTep
a0 ITBHUN) CIOCTEpITaAIM 3HIWKEHHS ¢(EeKTHBHOCTI MEeTabOoIi3My apriHiHy
(TIepeTBOPEHHS 10 KIHIIEBOTO MPOIYKTY — CEUOBUHHU ), MTOAI0HE IO TAKOTO B 1HIIMX
JOCTIIHUX Tpymax, i 30inbiienns cuaresy NO, K y TBapHH, SIKUM 31HCHIOBAIN
OKpeMe BBeJIeHHs TpodioTrka. OnHak, 00poOka mepuToHeaaTbHUX Makpodaris HIypis,
10 3a3HaJIM KOMOIHOBAaHOTO BIUIMBY OOOX IpernapariB, 3MMO3aHOM i1 Vitro CIpH-
YHHsUTA 3HDKCHHS apTiHA3HOI aKTHBHOCTI IIUX KIIITHH 3 OJHOYACHUM ITOCHJICHHIM
npoxnykuii NO. Li 3MiHu Oyiu aHaJoOriuHi A0 TaKUX Y KOHTPOJIbHUX TBapuH. Cirij
3a3HAYUTH, 110 3MIHU apTiHa3HOT aKTUBHOCTI Ta mpoaykiii NO neputoHeanbHUMU
MakpodaraMmu TBapuH II€l TOCTITHOT TPYIH XapaKTePU3yBAINCS 3HAYHOIO 1HIUBI-
JyaJTbHOIO BapiaOeTbHICTIO.

TakuM 4YMHOM, KypCcOBE BBEIEHH MPOOIOTHUHOTO npenapary «Cumbitep arm-
nogUTbHMIT» Ha TJIi BBEIEHHS aHTHOI0THKA Ie(TPIaKCOHY, TaK caMo 5K 1 KypcoBe
BBEJICHHST 000X IperapaTiB CaMOCTIHHO, CYTPOBOHKYBAJIOCS aKTUBAITIEI KHCCHb-
3aJICKHOTO MeTaboi3My Makpodaris, a TaKOXK aKTHBAIIIEI0 META00II3MY apTiHiHY
3 moJsipu3antiero 10 M1-eHoTwury, o y CyKyImHOCTI BKa3ye Ha Mpo3araibHy I0-
JSPU3AIliI0 aKTUBOBAHUX MOHOHYKJICAPHHUX (DAaronuTiB ITi/I BIUIMBOM 3a3HaYeHUX
ynHHUKIB. OJJHAK, aHaJIi3 peaKiii MepuTOHEATbHUX MaKpoQariB TBAPHH 10 CITITHIX
TPyl Ha JOJATKOBY CTHMYJISIIIO MPO3aNalibHUM YHHHUKOM 1 Vifro BHUSBUB, IO
3MiHH y MeTa0omi3Mi apriiny MakpodariB y TBapuH, siki orpumanu «CumoOitep
a0 UTEHUI Ha T KYpCOBOTO BBEICHHS aHTHO10THKA, IMOMIOHI 0 TaKUX, 3a-
PEECTPOBAaHUX Y KOHTPOJBHUX TBapHH. He3Baxkaroum Ha Te, 10 3a3HAYCHI 3MIHH
nepeOyBaJii Ha MeXi JIOCTOBIPHOCTI, OTpUMaHi pe3yJIbTaTH CBi4aTh Ha KOPHUCTh
TOTO, 110 3aCTOCYBAaHHS MYJIBTUIIPOOIOTHYHOTO nieprapary «CuMoOiTep anuaopian-
HUI» Ha TJI1 KypCOBOTO BBEJICHHS aHTHO10THKA CTIpusie (POPMYBAHHIO HEUTPATHLHOTO
OayraHcy MeTaboITi3My apriHiHy EpUTOHCATBHIMH MakpodaraMu i MOXe po3Tiis-
JaTHcs K O3HaKa rajJbMyBaHHS 3allalIbHOTO MPOIECY, 0 BHUKIUKAHUN TPUBAUM
3aCTOCYBAHHSIM aHTHOIOTHKA. VIMOBIPHOIO IPHYMHOIO 3a3HAYCHOTO SBHUIA MOXKE
OyTH TIOTIOBHEHHS TIOMYJIAIIT KIITHH MEPUTOHCATBHOTO eKCcynary (DyHKI[IOHAIBHO
HEUTPaTbHIMU MOHOIIUTAMH, 1[0 IIUPKYITIOIOTh PEKPyTOBAaHNMH aHTUTEHAMU Oak-
Tepiit HOPMOOIOTH y CKJIa Il TPOOIOTUIHOTO TIperapary.
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BJIMAHUE MYJbTUITPOBUOTUKA « CUMBUTEP
ALIUTO®UIbHBIN» HA ®YHKIIMOHAJIBHYIO
AKTUBHOCTDB IEPUTOHEAJIBHBIX MAKPO®AI'OB
KPbIC HA ®OHE BBEJAEHHUA AHTUBUOTUKA
HEPTPUAKCOHA

Pedepar

Heaw padoTel. Hccnedosams érusinue npoduomuueckoeo npenapama « Cumoumep
ayuUoOPUILHBIILY, NPUMEHEHHO20 HA (POHE KYPCOB020 86€0eHUsl AHMUOUOMUKA Yed-
MPUAKCOHA, HA DYHKYUOHATILHYIO AKMUBHOCHb NREPUMOHEAIbHBIX MAKPOGDAL08 KPbiC
unuu Wistar. MeTonbl. Memab6onuueckuti cmaniyc u (hyHKYUOHATbHYIO RONAPUZAYUIO
NePUMOHEANbHbIX MAKPOPA208 XapaKmepu306aiu no ad2e3uu K KyibmypalbHOMY
NAACIMUKY, CROHIMAHHOMY U CIUMYTUPOSAHHOMY KUCTOPOO3AGUCUMOMY MEMADONUZMY,
apeunaznou akmusnocmu u npooykyuu NO. Pe3yawbTaTtbl. Kypcosoe 6sedenue npena-
pama « Cumbumep ayudo@uibHulily Ha POHe 66e0eHUsT AHMUOUOMUKA YeQMPUAKCOHA,
MAK Jice KaK u Kypcogoe 66e0eHie 0boux npenapamos 0OmoeibHo, COnPOBOACOANOCH
cmumynsiyueli KUCI0po03a8UucuUmMo2o Memabonusma Makpopazos, a maxice yCUuieHu-
em memabonuzma apeununa no M1-genomuny, wmo 6 cOOKYNHOCIU YKA3bIEAem HA
nPOBOCHANUMETLHYIO NOTAPUAYUIO AKINUBUPOBAHHBIX MOHOHYKIEAPHBIX Pazoyumos.
BwuiBon. /lpumenenue npenapama « Cumbumep ayudo@uibHblily HA JoHE KYPCOBO2O
66€0€CHUsL AHMUOUOMUKA CNOCOOCMBOBANO POPMUPOBAHUIO HEUMPATbHO20 OANAHCA
MemabonuzMa apeUHUHA NEePUMOHEAIbHBIMU MAKPOpazamu, umo Moxicem paccma-
MPUSAMBCS KAK NPUSHAK MOPMONCEHUS. GOCHATUMENLHO20 NPOYECCd, BbI36AHHO20
ONUMETLHBIM UCNONb3068AHUEM AHMUOUOMUKA.

Knwuesvie cnosa: npo6u0muk, aHmu6u0muK, nepumoneajlbivlie Makpoqbazu,
KMCJZOpOOS’(I@MCWl/leZZ Mema60ﬂu3M, Memabonuzm apeuHuna.
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EFFECT OF MULTIPROBIOTIC «<SYMBITER
ACIDOPHILIC» USED AGAINST THE BACKGROUND
OF THE COURSE OF INJECTIONS OF CEFTRIAXONE

ANTIBIOTIC ON PERITONEAL MACROPHAGE
FUNCTIONAL ACTIVITY IN RAT

Summary

The aim of the work was to investigate the effect of probiotic preparation “Symbiter
acidophilic” used against the background of the course of injection of ceftriaxone
antibiotic on macrophage functional activity in Wistar rats. Methods. Metabolic
state and functional polarization of peritoneal macrophages were characterized by
measurement of their adhesion to the cultural plastic, spontaneous and stimulated
oxidative metabolism, arginase activity and NO production. Results. The course of
injection of the preparation “Symbiter acidophilic” against the background of the
course of injection cefiriaxone antibiotic, as well as administration of both preparations
separately, was associated with the stimulation of macrophage oxidative metabolism
accompanied by MI-polarization of arginine metabolism. All together it indicates
proinflammatory polarization of activated mononuclear phagocytes. Conclusion.
Administration of the preparation “Symbiter acidophilic” against the background
of the course of injection of ceftriaxone antibiotic promoted the forming of neutral
balance of arginine metabolism in peritoneal macrophages that can be considered as
a sign of inhibition of antibiotic-induced inflammatory process.

Key words: probiotic, antibiotic, peritoneal macrophages, oxidative metabolism,
arginine metabolism.

CIIMCOK BUKOPUCTAHOI JIITEPATYPH

1. Bonocoseyv O.I1., Ilpoxoposa M.I1., Kpusonycmos C.I1., buuxosa H.I,
Cnrocap H.A. EdextuBHicTs MynabTunpoOiotnka «CumoOiTep» y KOMILIEKCHOMY
JIIKyBaHH1 aTOMIYHOTO JEPMATUTY Ta J€PMATOPECIIPATOPHOTO CUHIPOMY Yy JiTeit //
Cospemennas neguarpust —2010. — T. 1, Ne 29. — C. 168-171.

2. ITlepenepmii B.I'., 3emckoB A.M., berukoBa H.I, 3emckoB B.M. UMMyHHBI!
CTaTyC, MPHUHIUIBI €r0 OIEHKU U KOPPEKIMH UMMYHHBIX HapymieHui. — K. :
3nopoB’s, 1995. - 211 c.

3. Benoit M., Desnues B., Mege J.L. Macrophage polarization in bacterial
infections // J. Immunol. — 2008. — 181, Ne 6. — P. 3733-3739.

4. Dylag K., Hubalewska-Mazgaj M., Szmyd M.S., Brzozowski T. Probiotics in
the mechanism of protection against gut inflammation and therapy of gastrointestinal
disorders // Curr. Pharm. Des. —2014. — V. 20, Ne 7. —P. 1149-1155.

ISSN 2076—0558. Mikpobionozis i 6iomexnoaroeis. 2014. Ne 1. C. 74—84 —— 83



A.B. Ilyrhikos, ML.II. Pynuk, B.B. [To3yp, T.M. ®yp3ikosa, A.M. Ocranuyk, .M. To;icranosa, JI.M. CkiBka

5. Furuhama K., Benson R.W., Knowles B.J., Roberts D.W. Immunotoxicity of
cephalosporins in mice // Chemotherapy. — 1993. — 39, No 4. — P. 278-285.

6. Jirillo E., Jirillo F., Magrone T. Healthy effects exerted by prebiotics, pro-
biotics, and symbiotics with special reference to their impact on the immune system
// Int. J. Vitam. Nutr. Res. —2012. — V. 82, Ne 3. — P. 200-208.

7. Lee D.K., Kim M.J., Ham JW., An HM., Cha M K., Lee S.W., Park C.I,
Shin S.H., Lee K.O., Kim K.J., Ha N.J. In vitro evaluation of antibacterial activities
and anti-inflammatory effects of Bifidobacterium spp. addressing acne vulgaris //
Arch. Pharm. Res. —2012. — V. 35, Ne 6. — P. 1065-1071.

8. Liang Q.H., Zhang L., Duan S.C., Wang P, Zhang Y.C., Luo J.Z., Pang Y.
Influence of intestinal dysbacteriosis on immune and hematopoietec function in mice
// Zhonghua Er Ke Za Zhi. — 2004. — V. 42, Ne 9. — P. 708-711.

9. Macrophages and dendritic cells. Methods and Protocols / Edited by Neil
E.Reiner. — NY: Humana Press, 2009. — 368 p.

10. Marranzino G., Villena J., Salva S., Alvarez S. Stimulation of macrophages
by immunobiotic Lactobacillus strains: influence beyond the intestinal tract // Mi-
crobiol. Immunol. —2012. - V. 56, Ne 11. — P. 771-781.

11. Sanz M.J., Nabah Y.N., Cerda-Nicoldas M., O’Connor J.E., Issekutz A.C.,
Cortijo J., Morcillo E.J. Erythromycin exerts in vivo anti-inflammatory activity
downregulating cell adhesion molecule expression // Br. J. Pharmacol. — 2005. — 144,
Ne 2. —P. 190-201.

12. Siegmund B., Zeitz M. Therapeutic approaches in inflammatory bowel disease
based on the immunopathogenesis // Rocz. Akad. Med. Bialymst. — 2004. — 49. —
P. 22-30.

13. Thiem S., Pierce TP, Palmieri M., Putoczki T.L., Buchert M., Preaudet A.,
Farid R.O., Love C., Catimel B., Lei Z., Rozen S., Gopalakrishnan V., Schaper F,
Hallek M., Boussioutas A., Tan P, Jarnicki A., Ernst M. mTORC1 inhibition restricts
inflammation-associated gastrointestinal tumorigenesis in mice // J. Clin. Invest. —
2013.-V. 123, Ne 2. - P. 767-781.

14. Weisser S.B., McLarren K. W., Kuroda E., Sly L.M. Generation and charac-
terization of murine alternatively activated macrophages // Methods Mol. Biol. —
2013.-946. - P. 225-239.

15. Zhang X., Goncalves R., Mosser D.M. The isolation and characterization of
murine macrophages // Curr. Protoc. Immunol. — 2008. — Chapter 14:Unit 14.1. —
P. 1411-14114.

Crarrts Hanpiina no penakuii 30.01.2014 p.

84 — /ssw2076-0558. Mikpobioaoeis i 6iomexnonocis. 2014. Ne 1. C. 74—84 _—



VK 579.841.11:579.873:579.832

A.H. lyasra, M.B. IIpucraii, U.B. Kapnenko, H.C. lllerioBa,
P.U. BuibaanoBa
Otnenenne Gu3uKo-XuMuH roprounx uckonaeMeix THOOY um. JI.M. JlurBunenko HAH Ykpaunsr,

JIbBOB, yi1. Hayunas 3a, 79060, Ykpauna, Temn.: +38 (032) 264 07 40,
e-mail: alexshulga@hotmail.com

BJIMAHUE AJIIOMOKAJIMEBBIX KBACIIOB HA
CHHTE3 MUKPOBHbIX HOBEPXHOCTHO-AKTHBHbIX
COEAMHEHNHU

I{ens. Hccnedosanue cmumynupyroweeo 61uanus aromMoraiuessvix keacyos (AK)
Ha cunme3 OUO2eHHbBIX NOBEPXHOCHO-AKMUSHbIX seujecme (ouollAB) 6akmepusmu
PasnudHbIX makconomuueckux epynn. Memoowt. bakmepuu Pseudomonas sp. PS- 17,
Bacillus subtilis F, Rhodococcus erythropolis Au-1 kynemueuposaiu Ha numamenibHbIx
cpedax ¢ dobasnenuem AK. Buomaccy onpedensinu epasgumempuieckum memooom,
00wLe TUNUObLL IKCMPALUPOBATILL CMECHIO XTI0pogopm:memanon (2: 1), konyenmpayuro
PAMHOIUNUOOB ONPEOEIANU OPYUHOBLIM MEMOOOM, NENMULOONUNUO08 — 0OPA308AHUEM
KOMNJIEKCA ¢ MEMULEHOBbIM CUHUM, IK30NONUCAXAPUOOB — BECOBLLM MEMOOOM, OUO-
Komniaekc PS (cmecv pamuorunudos ¢ nonucaxapuoamu) ocaxicoanu nOOKUCIeHuem
cynepHamanma KyavmypanibHou scuokocmu 0o pH 3. Pesynomameut. [lokazarno, umo
AK 6 konyenmpayuu 0,5-2,0 o/n cmumynupyrom nHaxkonienue buomaccol baxmepuii u
cunmes ouollAB: pamnonunuoos wmamma Pseudomonas sp. PS- 17, nenmudonunuoos
wmamma B. subtilis F u mpeeanozonunuonwix 6uollAB wmamma R. erythropolis Au-1
Ha 49-100%. Be16oo. Ycmanosneno, umo AK cmumynupyrom cunmes 6uollAB uccne-
oyemvimu 6akmepuamu. Ha ocnose sxcnepumenmanbubix u 1umepamypHulx OAHHbIX
COeNaHo NpeononodiceHue 0o UHUYUUPOBAHUU Y HUX CUCTEMbL «qUOTUM SeNnSing» noo
Oeticmeuem AK. Hcnonvsosanue AK mooicem no3eonums onmumuzupos8ams mexHo-
Jo2uneckue npoyeccol guloenenus ouollAB u cnuzumo cebecmoumocms nPooyKma.

Knwuegvie c106a:anomokaiesple Keacybl, PAMHOIUNUObL, MPE2aro30IUNUObL,
nenmuooIUNUObL.

buorenHsle MmoOBepXHOCTHO-aKTHBHBIE BenlecTBa (Ouorennsie [IAB, 6uollAB)
MPEACTABIAIOT 000l ampuduIbHBIE COCTUHEHHS, KOTOPbIE CHHTE3UPYIOTCS
Pa3IUYHBIMU MUKpPOOpraHu3MaMu. Takue BellecTBa CHHKAIOT MMOBEPXHOCTHOE U
Mesk(hazHOE HATSHKEHUE BOTHBIX PACTBOPOB, COMOOMIM3UPYIOT THAPO(HOOHBIE COe/TH-
HEHUS, @ TAK)KE MOBBIIIAI0T CMAYMBAEMOCTb Pa3IMYHbIX OBEpXHOCTE!. briaronaps
CBOEH BBICOKOH 3()(heKTUBHOCTH H, B TO K€ BPEMs HU3KOH TOKCHYHOCTH, OMOT€HHBIE
[TAB sBRSIFOTCSI BAKHBIMU IPOYKTaMU OMOTEXHOIOTHU. OTHIM M3 OCHOBHBIX IIpe-
umytiectB OnoreHHbIX [TAB 1o cpaBHEHHIO ¢ XUMHUYECKUMH aHAJIOTAMHU SIBIISIETCS KX
crocoOHOCTH K Onozerpanamu. buolIAB MoryT ObITh HCIIONB30BaHbI P CO3IAHUN
COBPEMEHHBIX JKOJOTHMUYECKH Oe30MAaCHBIX TEXHOJIOTHH UIs He(Ted00bIBAIOIICH,

© A.H. llynera, M.B. Ilpucraii, .B. Kapneaxo, H.C. Illerosa, P.1. Bunpnanosa, 2014
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MUTIEBOM, KOCMETHYECKON W (hapMarleBTHUCCKON MPOMBIITUICHHOCTH, CEIIbCKOTO
X03sMCTBA, MEIUITUHEI [12].

HawnbGonee mepcnekTuBHBIMY MTpoyTieHTaMu OnoreHHbIX [TAB sBisiroTcst 6ak-
Tepuu ponoB Pseudomonas n Bacillus, KOTOpble CHHTE3UPYIOT COOTBETCTBECHHO
BHEKJIETOUHBIE PAMHOJIMIIH/IBI M IETITHIOTIUITUABL. BONBIION HHTEpeC MpeacTaBiIsioT
TaKXKe KIIETOYHO-CBsI3aHHbIe Tperanozomunuaabie [IAB 6akrepwii poma Rhodococcus
[13]. OnHaxko, mpakTHYeCKoe MpUMEeHeHHe MUKPOOHBIX [TAB mumuTHpyeTcs HU3KuM
BBIXO/IOM MPOYKTA U €r0 BBICOKOH ce0eCcTOMMOCTBI0. B CBsI3M ¢ 3THM, Hapsdy ¢ mo-
MCKOM HOBBIX 2()()EKTUBHBIX IIITAMMOB MUKPOOPTaHU3MOB-TTpoAyIieHTOB OMOITAB
aKTyaJIbHOUM MpoOiIeMoii sSBIsSETCS pa3paboTKa METOOB IMOBHINICHUS OMOCHHTE3a
ATHX COEIMHEHHMH, a TAK)KE MX BBIJCICHHS.

MarepuaJjbl 1 METOABI

B pabore ucmons30Baiim MEKpOOPTaHU3MBI-TTPOyTIeHTH 00l [AB 13 xomnekmmm
ODXTY Na®OY mm. JI.M. JlutBunenko HAH VYkpaunsr: mrammer Pseudomonas
sp. PS-17, Bacillus subtilis F, a Takxxe Rhodococcus erythropolis Au-1 n3 Ykpans-
CKOHM KOJUIEKIIMM MUKPOOPTaHn3MOB VHCTHTYyTa MUKPOOHOIOTUN U BUPYCOIOTHH
M. JI.K. 3a6omorHoro HAH Vkpaussr.

[tamm Pseudomonas sp. PS-17 kymsTHBUpOBAIH Ha TUTATEIHHON cpene (T/11):
omanepud — 20,05 NaNO, - 3,0; aposokesoii sxkcrpakt — 1,0; K. HPO,x3H,0 - 2,0;
KH,PO, - 1,2; MgSO,x7H,0 - 0,5; uurpar narpus — 5,0 (pH 6,8-7,0) [16]. Tns
R. erythropolis Au-1 ncnonp30BajIM MATATENBHYIO cpeny (T/7): rekcaaekan — 25,0;
CO(NH,), - 1,5; mpoxxesoit skctpakt — 1,0; K. HPO,x3H,0 - 2,0; KH,PO, —
1,2; MgSO,x7H,0 - 0,5; uurpar narpus — 1,0 (pH 6,8-7,0); a nna mramma
B. subtilis F mararensryto cpeny (r/m): caxaposa — 20; NH,NO, —4; KH,PO,~1,2;
K HPO,x3H,0 -2,0; MgSO,x7H,0 -0,5; CaCl,x2H,0 - 0,0008; nutpar Harpus —
4,0 (pH 6,8-7,0).

KynpTuBupoBaHre MHUKPOOPTAaHU3MOB MPOBOJWIHN B Kobax DpieHmeiepa
(750 mur) B 150 mur mutaTenbHON cpenbl Ha poTarmoHHoN kadanke (200 00./MuH.)
mipu Temrieparype 28—30 °C B TeueHue 5 cyTok. B paboTe ucmonb3oBany 1yOnIsHbIC
BellecTBa — amoMokanueBbie KBacipl (AK), kKoTopsie BHOCHIN B CTEPHIIBHYIO TTH-
TaTeNBHYIO cpemy B KoHIeHTpanusax ot 0,75 mo 5,40 r/m.

AbcomoTHO cyxyro 6momaccy Oakrtepuii (ACB) ompenensnu rpaBUMETpH-
yeckuM meTozioM [1]. [ToBepxHOCTHOE HATSIKEHUE BOJHBIX PACTBOPOB — METOJIOM
Jro-Hyn ¢ momomisio miaTHHOBOTo Kombia Ha Tersnomerpe KRUSS-K6 (KRUSS
GmbH, Germany). OMynbrupyrontyto aktTuBHOCTE (E,,) cynepnaranTa KynsTypaiis-
Ho kuakoctu Oakrepmii (CKXX) onmpenensumm meromoMm, ommcanabiM B. Gutnick
[7]. BHekneTounbiec u KIeTOYHO-cBsA3aHHbIe OMOIIAB Beiacasanu uz CKXK mnn
KJICTOYHOW MacChl OaKTEPHil METOIOM IKCTPAKIIUN CMECHIO XJI0PO(OpPM:METAHOI
(2:1) c mocneyromuM BHITAPUBAHAEM OPTaHUIECKOTO PACTBOPUTEIS IO BAKYYyMOM
JI0 TIOCTOSIHHOM Macchl dKCTpakTa. KOHIEHTpalnio paMHOIUIIHIOB ONPEASISIIN
OpPIIMHOBBIM METOIOM Ha criekTpodoromerpe UVmini-1240 (Shimadzu, Japan) [6];
NENTUOIUITNAOB — METOJIOM Ha OCHOBE 00pa30BaHus KOMIUIEKCA ETTHAOIUITHIOB
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¢ MeTHJIEHOBBIM cuHUM [4]. Bruokommieke PS (cMech paMHOMUNHIIOB U ONMHCAaXapH-
noB) ocaxaanu u3 CKXX Pseudomonas sp. PS-17 no6asnennem 1N HCI no pH 3,0
[16]. Konnenrpanuro nonucaxapuoB B CKXK onpenensinu BecoBsiM meTosiom [14].

Bce sxcniepuMeHTHI IPOBOAMIIN B TPEX OBTOPHOCTSIX. Pe3ysbprarsl uccnenona-
HUI1 00pabaThIBaIN CTATUCTHYECKH C UCTIONB30BAHNEM KOMITBIOTEPHOM MPOTpaMMBbl
Microsoft Excel 2010, pa3auiry Mexxay CpeTHIMH BETHINHAMH CYUTAIN JOCTOBEP-
Hou mipu p < 0,05.

Pe3yabrarsl 1 UX 00Cy:KAeHUE

Panee Hamu ObLTO MOKa3aHo, 4TO TaMM Pseudomonas sp. PS-17 cuntesupy-
€T BHEKJICTOUHBIEC TIOBEPXHOCTHO-aKTUBHBIE PAMHOJIMITUIBI, CIIOCOOHBIE CHUKAThH
MMOBEPXHOCTHOE HATSHKEHHUE BOIHBIX pacTBOPOB 10 28 MH/M. OnHuM u3 Hanboiee
MEPCIEKTUBHBIX MPOIYKTOB OMOCHHTE3a TAHHOTO IITAMMA SIBIISIETCS KOMILJIEKC paM-
HOJIMITUIOB ¢ OMOTIONMMEPAaMU aJIbITMHATHOM prpos! (OnokoMmiuieke PS), kotopsrit
o0yazaeT sipKo BBIPAKEHHBIMU MOBEPXHOCTHO-aKTUBHBIMU U AMYIBIHPYIOIIUMHU
coiictBamu [ 16]. it ctumynmpoBanus cuHTe3a 0nolIAB nccieayeMbiM mramMmmMmom
B IMUTATENIbHYIO cpexy BHOCHIN AK B pa3nuuHbIX KOHIIEHTpaIusax (Taom. 1).

Ta6muma 1
Biausinue ajloMoKaaueBbIX KBACLOB HA HAKOMJIeHHE GHOMACChI
U CHHTe3 PAMHOJMNHUIOB IITaMMOM Pseudomonas sp. PS-17
Table 1
Influence of potassium alum on the accumulation of biomass
and synthesis of rhamnolipids by Pseudomonas sp. PS-17 strain
Konuentpanus ACB, buoxommiexc PamHoIMnmasbl, Hponyxrusuocrs,
PaMHOJIMNNI0B/
AK, r/a I/ PS, r/n r/a
ACB, r/r
0,00 4,81+0,38 7,13+0,31 6,12+0,30 1,27
0,50 5,14+0,48 8,12+0,38 6,62+0,35 1,29
0,75 5,42+0,49 8,3140,45 7,75+0,38 1,43
1,50 5,83+0,44 9,05+0,39 8,56+0,34 1,47
1,80 6,02+0,29* 10,52+0,28%* 9,13+0,35* 1,52
2,00 6,85+0,31* 10,26+0,29* 8,954+0,37* 1,31
3,50 5,63+0,38 10,24+0,56* 6,53+0,36 1,16
5,00 1,82+0,18* 3,06+0,12* 2,14+0,10%* 1,17

[Tpumeuanue:* — pa3nuuust JOCTOBEPHBI IO CPABHEHHIO C KOHTPOJIEM.
Note: * — the differences are significant compared to a control.
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YcranoBneHa onTuMalbHas KoHIeHTpanus AK B mutarensHoM cpeae — 1,8 /1,
NIPU KOTOPOH YBEITMUMBACTCS CHHTE3 PaMHOJMIIUIOB IITaMMoM Pseudomonas sp.
PS-17 na 49,2% u Guoxomiiexkca PS — na 47,5%. Ilpu 5TOM npoayKTUBHOCTH TIO
munuaam Bospactaet Ha 19,7%. Ilpu BHecennn AK B Gosiee BRICOKMX KOHIIGHTpa-
USX KOJIMYeCTBO OMKoMIuiekca PS yBennumBanoch, 0JJHaKO 3TO ObLTO CBSA3aHO C
MTOBBIIIIEHUEM COICPKAHMS B HEM ITOJIMMEPOB, & HE PaMHOJIUITUIOB (TaoJI. 2).

Tabmura 2

Biusinue ajioMoKaJueBbIX KBACIIOB HA COCTAB
BHeEKJIETOUHOro dOnoxommiekca PS mramma Pseudomonas sp. PS-17

Table 2

Influence of potassium alum on the composition of extracellular
biocomplex of Pseudomonas sp. PS-17 strain

Konuentpamus AK, Cocras dnokomiiekca PS, %
r/n PaMHOIHIHABI Ioaucaxapuab
0 86,7£3.,9 13,3+0,58
1,8 87,4+4,0 13,6+0,51
2,0 87,242 12,8+0,48
3,5 53,1+2,2* 46,9+0,60%*

[MpumMeyanue: * — pa3nudus JOCTOBEPHBI MO0 CPABHEHHUIO C KOHTPOJIEM.
Note: * — the differences are significant compared to a control.

Jlo6asnenue AK B nuTatenbHyI0 cpey CriocoOCTBOBAIIO TAKKE 3HAUUTEIILHOMY
COKpallleHUI0 BpeMeHH ocaxaenust ouoxkomruiekca PS uz CKK, uyto, mo Hamemy
MHEHUI0, MOXKET IIPOUCXOIUTD 32 CUET KOATrYJISILIUU PAMHOJIUIINIOB U ITOJIMCAXapUIOB
B nipucyrcrBun AK. Tak, B aureparype npuBoasTcs JaHHbIe 0 ToM, uTo AK o6mna-
JIAI0T CIOCOOHOCTBIO CBSI3bIBATh PA3IMYHbIE COCIUHEHMSI, HAXOASIUECS B BOJIHOM
pacTBope, OGiarogaps 4eMy OHHU HOJIYYHJIM HIMPOKOE IPHUMEHEHHE B Pa3JIMYHbIX
o0JacTsX, B TOM 4MCiie MEAULIMHE, U1 OYMCTKH BOJBI U T.1. [3].

Crumynupyrtomiee neiictsue AK Ha cunTte3 BHeki1eTouHbIx 6MolIAB nokazano
TaK)K€ Ha MpUMepe MeNnTUAoIUNuIoB mramma B. subtilis F. YctaHoBineHo, uTo
HNeNTUIOIUNIUBI B KOHIIEHTpauuu 1,0 I/ CHIXKAIOT MOBEPXHOCTHOE HaTsKEHUE
Bob! 10 30 MH/M. BHecenue B nuTarenbHyo cpefy uccienyemslx 6akrepuit AK
B koHueHTpauusax 0,5-1,0 r/n cnocoOCTByeT yBeandeHU0 OMomacchl MTamma
B. subtilis F na 7,7 u 14,4% cooTBEeTCTBEHHO. YCTaHOBJIEHA ONTUMAaJIbHAS KOHIIEH-
tpauus AK — 0,5 r/n, BHECeHHe KOTOpOil cr1ocoOCTBYET MOBBILIEHUIO OMOCHHTE3a
MENTUI0JIMIUIOB B 2,6 pa3a v MPOYKTUBHOCTH IO JIMNIUAaM B 2 paza (Tabm. 3). [lpu
JnanbHeieM ysenuuenuu konuentpanun AK (1,5-2,0 r/i) ormedaercs CHIKEHUE
6uomaccel 6akTepuil u cogepxxanus nentugonunuaos B CKXK.

[Toxa3zano Takxe, 4yro BHeceHHe AK B nuTareiabHyI0 Cpey KyJIbTUBUPOBAHMS
mramMma R. erythropolis Au-1 ciocoOCTBYeT CUHTE3Y KI€TOYHO-CBS3aHHBIX JIUITUJIOB,
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OCHOBHasl (ppakivsl KOTOPBIX MPEACTaBlIeHa Tperaitozonunuaamu [2]. Bonusrii pa-
ctBOp 3TUX OMOITAB B koHIIEHTpanuu 1,0 1/11 CHUKaeT MOBEPXHOCTHOE HATSKEHUE
Bozbl 10 30 MH/M 1 obnanaeT smynbrupyromei aktuBHOCTEIO (E,, 85%).

Tabmuma 3

Bausinue a0oMOKAaJIMEBbIX KBACIOB HA CHHTE3 BHEKJIETOYHBIX eNTHA0JIUIIHI0B
M HAKOIIeHHe OmoMacchl mramma B. subtilis F

Table 3

Influence of potassium alum on the extracellular peptidolipids synthesis and
accumulation of biomass by B. subtilis F strain

Konuenrpauus AK, r/a AS;;’ MenTuaoaunuabl, I/ HenTI:lg;);J’n:/nrnabl/
0 1,95+0,09 0,288+0,180 0,15
0,5 2,10+0,10 0,830+0,388* 0,39*
1,0 2,23+0,10 0,652+0,245* 0,29*
1,5 1,89+0,08 0,317+0,125 0,17
2,0 1,86+0,08 0,277+0,138 0,15

[MpumMeuanue: * — pa3muyrs TOCTOBEPHBI M0 CPABHEHHUIO € KOHTPOJIEM.
Note: * — the differences are significant compared to a control.

Ycranosnena ontuManbHas koHieHtpamusi AK (2 r/m) B cocraBe muTarens-
HOHW cpelbl, KOTopas CIOCOOCTBYeT yBennuyeHuto cunreza 0mollAB mrTammom
R. erythropolis Au-1 na 68%. Ilpu sToM GMoMacca GakTepuii MPaKTUIECKH HE Me-
HSI€TCS OTHOCUTEIJIHO KOHTPOJISA, a IPOAYKTUBHOCTS I10 JIMMHIaM YBEJINUMBaeTCs Ha
17,7% (puc. 1). lanbHeiimee yBenuuenue konueHTpauuu AK B nutarenbHoM cpene
MHTHOUPOBaJo pocT 6akTepuit u cunTe3 6uollAB, uTo, Mo HaMIEMy MHEHUIO, CBS3a-
HO C aHTUMHUKPOOHBIM JieiicTBreM AK B JaHHBIX KOHIIEHTpALUAX Ha HcCieyeMble
MHUKPOOPTI'aHNU3MBI.

brnaronaps cBonM (huznko-xuMudecknm cBoiictBam AK BbI3bIBatOT (MIIOKYIISLINIO
KJIETOK Pa3JIMYHBIX MUKPOOPTaHU3MOB, YTO 3HAYUTEJILHO 00JIErdaeT ux OTAeIeHUe
OT KYJIBTYpaJbHOU JKUAKOCTH. DTOT MPOIECC OCOOCHHO Ba)KEH IPH BBIJCIECHUU
6uollAB u3 kinerok R. erythropolis Au-1, xoTtopble 00pa3yloT arioMeparsl Npu
pocTe Ha MUTATeNbHBIX cpesax ¢ rupododHsMu cyocTparamu. [lpumenenne AK
MIO3BOJISIET JIETKO OTAEIUTh OMomaccy Oakrepuit R. erythropolis Au-1 oT KynbTy-
paJIbHOM )KUJKOCTH MUHYS CTaJUI0 LIEHTpU(yruposanus. VI3BecTHO, 4TO 3Ta cTaaus
SIBJISICTCSI HEPTOEMKHUM IPOLECCOM U TpeOyeT TOMOIHUTEIBLHOIO 000pyIOBaHHUS
Ha nmpou3BoAcTBe. TakuMm o0pa3oM, ucnonb3oBanrne AK B TEXHOJIIOTHYECKOM MPO-
1ecce MO3BOJINT CHU3UTh C€0ECTOMMOCTh MPOAYKTa, YTO MOXKET UMETh OOJbIIOoe
3HauYeHUe s pa3paboTKU TEXHOJIOTUU MOdy4YeHHs Tperanozonunuaneix [1AB B
MIPOMBIIIJICHHBIX YCIOBHSIX.
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Puc. 1. Biusinue ajgroMoKaJaneBbIX KBacloB Ha cuHTe3 0uolIAB
U HAKOILIeHne Ouomaccnl iraMmoM R. erythropolis Au-1
[Ipumeuanue: *— pa3nuuaust JOCTOBEPHBI IO CPABHEHHIO C KOHTPOJIEM.
Fig.1. Influence of potassium alum on the biosurfactants synthesis
and accumulation of biomass by R. erythropolis Au-1 strain

Note: * — the differences are significant compared to a control.

W3BecTHO, YTO Yy MUKPOOPIaHU3MOB CYIIIECTBYET CUCTEMA MEXKKJIETOYHOTO B3a-
MMOZICHUCTBUS «quUOrum sensing», KOTopas 3arycKaeTcs MpH J0CTaTOYHO BHICOKOH
KOHIIEHTPAIMK KIIETOK, U yNpaBIsieT pa3HOOOpa3HbIMU (U3HUOJIOIMUECKUMU TIPO-
1eccaMu, BKJI0Yasi OMOCHMHTE3 aHTHUOMOTHKOB, dK3o0monucaxapuaos, OuolIAB u
Ipyrux BTOpuuHbIX MeTabonutoB [13]. Tak, y rpamoTpunarenbHbIXx OakTepuit
Yersinia enterocolitica [ 5] u Pseudomonas syringae [11] cuctema «quorum sensing»
peryinupyeT HOABMKHOCTb KJIETOK Ha TBEPJOW MOBEPXHOCTH, a TAK)KE MPUHUMAET
ydacTHe B KOHTpOJIE arperanuu KJIeTOK y MUKPOOPraHU3MOB Yersinia pseudotu-
berculosis [5], Pseudomonas aerofaciens [15] u Rhodobacter sphaeroides [10].
N3BectHo [13], yTOo paMHONUNUILI KyIbTYphl Pseudomonas aeruginosa, CUHTE3
KOTOPBIX TaKXKe KOHTPOJIUPYETCS CUCTEMOM «quorum sensingy, criocoOCTBYIOT I10-
JIBKHOCTH OakTepuid. Takum 00pazom, cucTemMa «quorum sensing» MHUIHHPYET
HOJBM)KHOCTh OaKTepUaIbHBIX KJIETOK U CBSI3aHHBIM C 3TUM IPOLECCOM CHUHTE3
MOBEPXHOCTHO-AKTUBHBIX COEUHEHUH.

W3 nurepatypbl U3BECTHO, YTO 1yOMIIbHBIE BEIIECTBA CIIOCOOCTBYIOT arperaiuu
OaKkTepHalbHBIX KJIETOK, & TAK)Ke OrPaHUYEHUI0 UX NoABMKHOCTU. [lokazaHo [8],
YTO OHM UHTUOUPYIOT MOJIBUXKHOCTD OakTepuil Bacillus cereus B KuUIKOH cpenie, CIo-
COOCTBYIOT YBEJIMUEHHIO FHJIPOPOOHOCTH KIETOUHON CTEHKH, @ TAK)KE CTUMYITUPYIOT
poct 6akrepuii. O’May u np. [9] moka3zanu, YTO TAHUHBI, BBIJICICHHBIE U3 KIIOKBBI
U IpaHara, CocOOHbI OJOKMPOBATh ABUIaTEIbHYIO aKTUBHOCTH PsiJla MUKPOOpra-
HU3MOB. B Toke Bpems BHECEHUE B TUTATENIbHYIO CpeJly TOBEPXHOCTHO-AKTUBHBIX
PaMHOJIUIIN/IOB BOCCTAHABIMBAJIO UX IMOABMXXKHOCTH. [l0 JaHHBIM IuTEpaTyphl
[8] BHECEHHE TyOMIIBHBIX BEIIECTB B MUTATEIbHYIO CpeLy MPHU KyJIbTUBUPOBAHUU
psina 6akrepuii, B yactHoctu Prevotella ruminicola B14, BbI3pIBano cBs3bIBaHUE
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(cxyilenBaHME) KJIETOK MEXIY COOON BHEKICTOUHBIMU MOJMMEPAMH, YTO CHIDKAIIO
JIBUTATENbHYI0 aKTUBHOCTh MUKPOOPTaHU3MOB.

AHanu3upys SKCIiepUMEHTabHBIE JAHHBIE, MBI IPEATIOIOKHIIIN, YTO arperaris
MUKPOOHBIX KIJIETOK ITOJ] BIUSHUEM JTyOMIBHBIX BEIIecTB, B yacTHOCcTH AK Moxer
CHOCOOCTBOBATH MHHUIIMAIIUN CHCTEMBI «qUOTUM SeNsing» W yBEIWYCHUIO CUHTE3a
ounorennbix [IAB. B ciryyae HemoaBmkHBIX 6akTepuit poga Rhodococcus BHECeHNE
AK B muTaTeIbHYIO CpEy, BEpOATHO, MOXKET BIHMSTH HA arperaruio OakTepruatbHbIX
KJIICTOK BCJICACTBUE YBEIHUEHHS TUAPO(HOOHOCTH KIETOUHON CTEHKH, a YBEITHYCHHE
CHHTE3a KJIIETOYHO-CBSI3aHHBIX Tperano3onunuaabix [IAB HanpaBneHo Ha CHIDKeHHE
ee TuapohoOHOCTH.

Taxum obpazom, mokazano, 4to AK B konmentparuu 0,5-2,0 r/n cTumynupy-
IOT POCT OaKkTepuil U CHHTE3 BHEKJIETOYHBIX M KJIETOYHO-CBSI3aHHBIX OMOTCHHBIX
ITAB: pamuaosmunuoB mramMmma Pseudomonas sp. PS-17, nenTumomnmyaoB mraMma
B. subtilis F u Tperano3onunuioB mramma R. erythropolis Au-1. IIpu 3ToM Takxke
BO3pacTalia MpOAYKTUBHOCTS 1o Jinnuaam: Ha 18—20% mis mrammoB Pseudomonas
sp. PS-17 u R. erythropolis Au-1 u B 2 pa3a — ans mramma B. subtilis F.

Ncnonp3oBanue AK mipu mpomsBojactBe 0MOIIAB MOXET TO3BOJIMTH TakkKe
PEIIUTH PsAJ TEXHOIOTUYECKUX MTPOOIIeM, B YaCTHOCTH, OIITUMHU3UPOBATH ITPOIECCHI
OCKACHUS PAMHOIUITHI-TIONIMCAXapUIHOTO ONOKOMITIIeKca mTamMma Pseudomonas
sp. PS-17, otnenenus 6uomaccel mramma R. erythropolis Au-1 ot KynsTypanbHOI
YKUJIKOCTH, YTO COOTBETCTBEHHO CHH3UT cedecTonMocTh OnolIAB u pactmpuT 00-
JIACTh UX UCTOIB30BAHUS B SKOJOTHUECKU YUCTHIX TEXHOIOTHUSIX.

O.M. tlyabra, M.B. [Ipucraii, I.B. Kapnenko, H.C. lllerioBa,
P.I. BinbganoBa

Binginenns ¢isuxo-ximii roprounx xonanuH [HOOB im. JI.M. JIutBunenka HAH VYkpainu,
Byn. Haykoa 3a, JIsBiB, 79060, Ykpaina, Ten.: +38 (032) 264 07 40,
e-mail:alexshulga@hotmail.com

BIIJIMB AJIIOMOKAJIIEBUX I'AJIYHIB HA CUHTE3
MIKPOBHHUX TOBEPXHEBO-AKTUBHUX CIIOJIYK

Pedepar

Meta. /[ocniodcenns cmumyniogaibho20 eniugy aiomoranicsux 2aiyuie (AK)
Ha cunmes 6i0lIAP baxmepismu pisnux maxconomiunux epyn. Meronu. [[Imamu
bakmepitl KyIbmugysaiu Ha NONCUSHUX cepedosuuiax i3 dodasanmnam AK. Biomacy
BUBHAYANU 2PAGIMEMPUYHUM MEMOOOM, 3A2ANbHI JINIOU eKCmpazyeaiu CyMIULIO
xnopogopm:memanon (2:1), konyenmpayilo pamHoninioie eusHAUAIU OPYUHOBUM
MemoooM, NenmuoonNinioie — YmeopeHHIM KOMNILEKCY 3 MeMuleHO8UM CUHIM,
ek3zononicaxapudie — 6a2o8um memooom, diokomniexc PS (cymiw pamuoniniois 3
nonicaxapuoom) ocadxicy8au NiOKUCIeHHM 0e3 KIIMUHHOL KYIbIMypaibHOL piouHu 00
pH 3. Pesynwrarn. [lokazano, wo AK 3a konyenmpayii 0,5-2,0 2/n cmumynooms Ha-
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KonuuenHs biomacu bakmepiil i cunmes 0iollIAP: pamnoninioie wmamy Pseudomonas
sp. PS-17, nenmuooninioie wumamy B. subtilis F i mpezanozoninionux 6iolIAP wmamy
R. erythropolis Au-1 na 49—100%. BucHoBok. Bcmanogneno, wo AK cmumynoe
cunmes BiollAP Oocniodcysanumu daxmepismu. Ha ocnosi ekcnepumenmanbHux
i Aimepamyprux OaHux 3poOLeHO NPUNYWEHHs W00 IHIYIIOBAHHS ) HUX CUCMeMU
«quorum sensingy» 3a eniugy AK. Buxopucmanns AK o0ae mooicnusicmo marxoic
ONMUMIZY8amu mexHonociuHi npoyecu eudinernts 6iollAP ma snusumu cobiseapmicme
Yux npooyKmie.

Knwuoei cnoea: anomMokaniesi eaiynu, pamHoiiniou, mpe2aio3oniniou,
nenmuooniniou.

A. Shulga, M. Prystai, I. Karpenko, N. Shcheglova, R. Vildanova

Department of Physical Chemistry of Fossil Fuels InPOCC, NAS of Ukraine,
3a, Naukova Str, Lviv, 79060, Ukraine, tel.: +38 (032) 264 07 40,
e-mail:alexshulga@hotmail.com

INFLUENCE OF POTASSIUM ALUM ON THE SYNTHESIS
OF MICROBIAL SURFACE-ACTIVE COMPOUNDS

Summary

Aim. The investigation of stimulating effect of potassium alum on biosurfactant
synthesis by bacteria of different taxonomic groups. Methods. Bacterial strains were
cultivated on nutrient media with the addition of alum. Biomass was determined by
gravimetric method, total lipids were extracted with a mixture of chloroform: methanol
(2:1), rhamnolipids concentration was determined by ortsyn method, peptydolipids — by
forming a complex with methylene blue, exopolysaccharides — by gravimetric method,
biocomplex PS (mixture of rhamnolipids and polysaccharides) was precipitated by
acidification of the cell-free culture liquid to pH 3. Results. It was shown that potas-
sium alum at concentrations of 0.5-2.0 g/l stimulate bacterial biomass accumulation
and biosurfactant synthesis: rhamnolipids of the strain Pseudomonas sp. PS-17, pep-
tidolipids of the strain B. subtilis F and trehalose lipids of the strain R. erythropolis
Au-1 on 49—-100%. Conclusion. It was shown the stimulating effect of potassium
alum on biosurfactant synthesis by studied bacteria. Based on the experimental and
literature data it was made the assumption that potassium alum initiates «quorum
sensingy» system. The application of potassium alum may make it possible to optimize
the processes of biosurfactants isolation and reduce the cost of these products.

Key words: potassium alum, rhamnolipids, trehalose lipids, peptidolipids.

CIIMCOK UCITOJIbB30BAHHOM JINTEPATYPHI

1. Memoow: obmieii 6akrepuonorun: B 3 1./ [lon pen. @. I'epxapoma. — M.
Mup, 1983. - T.1.-535¢c.;—-T.2.—-470c.; - T.3. - 263 c.

2. Ilpucmaii M.B., Xomenko JI.A. 3natHicTs iTramiB Rhodococcus erythropolis,
Gordonia rubripertincta i Dietzia maris 10 CAHTE3Y TTOBEpXHEBO-aKTHBHUX PCUYOBHH
// TII mi>kHApOIHA HayKOBa KOH(EPEHIIis CTYICHTIB 1 acmipadTiB «MoJIoab Ta MOCTYII

92 — /SSN 2076-0558. Mikpo6ioroeis i 6iomexnoroeis. 2014. Ne 1. C. 85—93



BILJIMB AJIJIOMOKAJIIEBUX I'TAJIYHIB HA CUHTE3 MIKPOBHMX IIOBEPXHEBO-AKTUBHIX CIIOJIYK

6iomorii» (JIeBiB, kBiTeHB, 2007 p.): Te3. mon. — JI.: BugaBanumii nentp JIHY im.
[.dpanka, 2007. — C. 359.

3. Pomanosckas U.H., lllecmepenko FO.A. Crioco0 s3nmuMuHaImiu GeHosa ¢ uc-
MOJIb30BAHUEM TUPO3UHA3bl Agaricus bisporus, IMMOOWIN3UPOBAHHON B aTbTUHAT
// Xumus u rexaoaorus soasl. —2010. —T. 32, Ne 1. — C. 107-115.

4. Hlynvea A.H., Kapnenxo E.B., Enucees C.A., Typosckuti A.A. Meton onpen-
€JICHUS COAEeP)KaHUSI aHMOHOTEHHBIX MOBEPXHOCTHO-AaKTHBHBIX MENTHIOIUITH/IOB
OaKkTepHaIbHOTO MpoUCXoXKAeHus // MukpoOuomn. xypH. — 1993. — T. 55, Ne 1. —
C. 85-88.

5. Atkinson S., Sockett R.E. Quorum sensing and the lifestyle of Yersinia // Curr.
Issues Mol. Biol. — 2006. — Vol. 8, Ne 1. — P. 1-10.

6. Guerra-Santos L.H., Kappeli O., Fiechter A. Pseudomonas aeruginosa
biosurfactant production in continuous culture with glucose as carbon source // Appl.
Environ. Microbiol. — 1984. — Vol. 48. — P. 301-305.

7. Gutnick D.L., Minas W.A. Perspectives on microbial surfactants // Biochemi-
cal Society Transactions. — 1987. — Vol. 15. — P. 228-356.

8. Jomnes A.R. The role cranberry proanthocyanidins play in the primary at-
tachment of bacteria to surfaces: Bacillus cereus model // Biology Dissertations. —
2008. — Paper 51. http://digitalarchive.gsu.edu/biology diss/51

9. O’May C., Tufenkji N. The swarming motility of Pseudomonas aeruginosa
is blocked by cranberry proanthocyanidins and other tannin-containing materials //
Appl. Environ. Microbiol. —2011. — Vol. 77, Ne 9. — P. 3061-3067.

10. Puskas A., Greenberg E. A quorum sensing system in the free-living photo-
synthetic bacterium Rhodobacter sphaeroides // J. Bacteriol. — 1997. — Vol. 179. —
P. 7530-7537.

11. Quinones B., Dulla G., Lindow S. Quorum sensing regulates exopolysac-
charide production, motility, and virulence in Pseudomonas syringae // Mol. Plant-
Microbe Interact. — 2005. — Vol. 18. — P. 682—693.

12. Singh A., Van Hamme J.D. Surfactants in microbiology and biotechnology:
Part 2 Applications aspects // Biotechnol. Adv. —2007. — Vol. 25. — P. 99-121.

13. Van Hamme J.D., Singh A., Ward O.P. Physiological aspects. Part | in a series
of papers devoted to surfactants in microbiology and biotechnology // Biotechnol.
Adv. —2006. — Vol. 24. — P. 604—-620.

14. Williams A.G., Wimpenny J.W. Exopolysaccharide production by Pseudomo-
nas NCIB-12 64 grown in batch culture // Jour. Gen. Microbiol. — 1977.—Vol. 102. —
P. 13-21.

15. Zhang Z., Pierson L. A second quorum-sensing system regulates cell surface
properties but not phenazine antibiotic production in Pseudomonas aureofaciens //
Appl. Environ. Microbiol. — 2001. — Vol. 67. — P. 4305-4315.

16. I1am. Ne71792 A VYkpaina 7 C12N1/02 C12R1:38. IToBepxHEBO-aKTUBHHIA
6ionpenapar / O.B. Kapnenxo, H.b. Mapmuniox, O.H. [Llyivea, H.C. Ll]ecnosa —
3asBiL. 25.12.2003; omy6m. 15.12.2004, brom. Ne 12.

Crarts Hagiinuia go penakimii 28.01.2014 p.

_— ISSN 2076—0558. Mikpobionozis i 6iomexnoaroeis. 2014. Ne . C. 85—93 —— 93



VIK: 595.143:577.29:612.014
O.K. ®pouos', P.O. JlurBunenko', O.J1. Pedenn’, I.C. FOpuyk?

!IBH3 «3amopi3bkuii HallioHa bHUI yHiBepcuTeT» MiHicTepcTBa OCBITH 1 HAyKH YKpaiHH,
ByIL. JKyKoBchKOTO, Oya. 66, 3anopixoks, MCII-41, 69600, Ykpaina
2ITY «3armopi3pkuii obmacHuii Tab0paTOPHUIL HEHTP JepIKCaHeIiICIyK0u YKpaiHmy»,
Byn. Pexoprna, Oyn. 27, 3amopixoxst, 69037, Ykpaina

BIIJIMB EK3OT'EHHUX BIOJIOTI'TYHO AKTUBHUX
PEYOBUH MEJUYHOI II’SIBKU HA BIOJIOT'TYHI
BJIACTUBOCTI ESCHERICHIA COLI 3912/41

Mema. 3’sicysamu eniug ek302eHHUX OI0N02I4HO AKMUBHUX PEYOBUH KYTbMYPATbHOI
600U, Oe ympumy8aucs MeouyHi n’saexu, Ha oionoziuni enacmugocmi Escherichia coli
3912/41. Memoou. I'omyesanu m'sico-nenmonnuii azap (MI1A) 3 pisnoro konyenmpayieio
KYIbMypanvHoi 8oou, oe ympumysanucs meouuni n'sexu: 0, 0,1, 1, 5, 10, 15%. Ha
nosepxtio MIIA 3 KynomypanvHorw 6000w 8i0N0BIOHOI Konyenmpayii (0ocnid) ma
be3 Hel (KOHmpOonb) GHOCUU POOOUY CycneH3io 00006801 Kynvmypu baxmepiii E. coli
3912/41 3 konyenmpayiero kaimun 850 KYO/ma. Jocniodcyseanu KynemypaneHi ma
mopdgponoeiuni enacmusocmi E. coli. 3miny anmueennux enacmueocmeii euguanu 6
peakyii crano-aznomunayii 3 cuposamkor diaenocmuunolo ewepuxioznoro OKA
NONIBANEHMHOIO CYX010 0i1s pearyii aentomunayii. Pesynemamu. Busisunu npuenivenns
KynemypanvHux eracmugocmeti E. coli, sike xapaxmepuzysanocs smenuentsam KoioHiu
noyunaiouu 3 1% emicmy Kyivmypanbhoi 600u, 0e Ympumysamucs Meouyti n'sexu 6
MIIA. Ilpu mixpockoniuHomy aHanizi 6useieHo dakxmepii 3i 3MeHUIeHHAM PO3MIDIG
00 KoKonodionoi popmu. 3i 30inbuienHaM Konyenmpayii Kynemypaishoi 6oou 6 MI1A
BUABTIEHO NOPYUEHHS 8U008UX anmueennux enacmueocmeti E. coli. Bucnoeku. Kyno-
MypanbHa 6004, 0e Ympumysaiucs MeOuyHi n'siexu, 3a1excHo 6io konyenmpayii 6 MI1A4
npueHiuye KyibmypanoHi ma anmueenni enacmueocmi E. coli. Odepoicani pesynomamu
8KA3YIOMb HA NEPCNEKMUBY BUKOPUCTNANHS KYIbIYPAIbHOI 600U, O€ YMPUMYBAIUC
MeOUYHI 1 ’s18KuU, 5K 0diceperio OIoN02TUHO AKMUBHUX PeYOBUH 3 OAKMEPIOCMaAmMUYHO0
0i€l0 HAa YMOBHO NamozeHHi 6akmepii.

Knwuoei cnoea: Escherichia coli, bionoeiuno akmueri peuosuru, MeOuuHa n’aexa,
KVIbMYPATbHA 800, OAKMEPIOCmamuyHull eexm.

Opranism Menu4Hoi 11 ssBku Hirudo verbana, Carena, 1820 (MII) mpoaykye
KOMIUIEKC YHIKaJIbHUX OionoriyHo aktuBHUX pedoBuH (BAP) — ripyaun, erminu,
Oneninu, GepMEHTH: TiaTypoHiiasa, necradinas3a, KojareHasa, amipasa, exacrasa Ta
1HIII, SK1 TPOSIBIISIIOTH MIMPOKHIA CIIEKTP TeparneBTUYHUX eekTiB [2, 3, 4]. Okpim
TOTO, TOBEJICHO, 10 eKcTpakT ciuHu MII nposiBiisie GakTepiocTaTuuHy Iiro, aHa-
JIOT14HY J0 aHTHOIOTHKIB, ane 0e3 moOiuHuX edekTiB. Y BupobnenHi AP ciuan
MII Gepe yuacTh OakTepis-eHIOCUMOIOHT — Aeromonas hydrophila [4, 11, 14].
Tomy nipu ripynoTepartii BiICyTHI IepBUHHI OakTepianbHi yekinagHenns [3, 4]. Ilpu
kyneTrByBaHHI MI1 i1 BAP BUAiNsIOTECS y BOIHE cepenoBHILe (KyIbTYpaibHa BOIA),
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B SIKOMY BOHH MICTAITBCSI Pa30M 13 IHITMMH MPOAYKTAMH KUTTETISTTLHOCTI: €KCKpe-
MEHTH, ce4a, CJIN3 Ta JTYIICHI 3aJTUIIKH KyTuKyu [4, 11]. [lpupoaHo mpuiryCTuTH,
o OuUTBIIiCTh OioOTiYHMX BiacTuBocTed BAP, B ToMy umcii GakTepiocTaTH4HI,
30epiraroTbes 1 B KyabTypanibHiid Boai. Ha jane npumyIneHHs BKa3ye eMITipuvHe 3a-
CTOCYBaHHS Tipy0TepaneBTaMi OCTaHHBOI MPH 3aMaTbHUX 3aXBOPIOBAHHAX MIKIpU
Ta CIM30BUX 000J0HOK [3].

Tomy MeTor0 poboTH OYI10 3’ ICyBaHHS BIUTHBY €K30T¢HHUX BAP KynbTypasibHOT
Boau 3-mmix MIT Ha Oionoriuni BinactuBocti Escherichia coli 3912/41.

MarepiaJjin Ta METOIH JAOCTi/IAKEHD

O06’extamu gocmipkeHHs Oynu: ek3oreHHi BAP KynsTypanbHOT BO1H, /1€ yTpUMY-
Bayucst MII, ta mram E. coli 3912/41 (0-55 K 59), orpumanwuii i3 6akTepionoriqHol
naboparopii MiChKOi CaHITapHO-EMi1eMi0I0T14HOT cTaHIii M. 3amopixoks. CTepuib-
HY KYJIBTYpajbHY BOIY JAJISl AOCITIDKEHHS TOTYBajH 3 2 JI. KyJIbTypaJbHOI BOJIM,
oTpuMaHoi 1pu KynbTuByBaHHI 35—40 ToBapHuX MII cepemrHboro Biky mpoTsarom 3
10, SIKi 710 IOTO TOJIOyBAJIM HE MEHIIE 4 MICAIIIB. 3 METOIO YCYHCHHS 3BaKCHHUX
pedoBHH Boy (DimbTpyBanu yepes manepoBuid GiasTp, HeHTpudyryBamu y pedpu-
xeparopHiit nenTpudysi nmpu 4 °C, 200 g 20 xB. B oTpumaHiii KyasTypanbHiii Boji,
ne yrpumyBanucs MII, Busnauanu Bmict cyxoro 3anumky (TOCT 18164-72), sikuit
ckiamaB 275,36 Mr/aM?, Tofl SIK B IEXJI0POBaHIii IIJISIXOM BiJICTOIOBAHHS BOIOT1H-
Hil BOJIi, IKY BUKOPHUCTOBYIOTh MpH KyabTuByBaHHI MIT — 240,36 mr/nm®. Hagocan
KyJBTYpaJIbHOT BOIM OTPUMAHHM MICHIs HEHTPUPYTYBAHHS CTEPUITI3yBaIH HIUITXOM
GiTpTpyBaHHS 3a JOMTOMOTO0 OaKTepialbHOI HAcaaKH 3 miaMmeTpoM 1mop 0,23 MKM.
®dinbTpar nmepeBipsIM Ha CTEPHIIBHICTD Ta JOAABAIIN JI0 M SICO-TICITOHHOTO arapy
(MITA), oxomomxkenoro no 45 °C y konnenrparii: 0, 0,1, 1, 5, 10, 15%.

I3 mo6oBo1 KynbTYypH OakTepiii mTamy E. coli 3912/41 roTyBanu cycreHsiio y
KoHIIeHTparrii 850 MTH/MII MIKpOOHUX KITITHH. 3 IIi€i CyCITeH31i rOTyBaJIi MOCIiI0BHI
JIECATUKPATHI PO3BEICHHS y (Pi310JIOTIYHOMY PO3UWHI, BUKOPHUCTOBYBAIH poOoUe
posBenenns 10° KYO/min. Ha moBepxHio MITA 3 KynbTypalibHOIO BOJIOKO BiJIIO-
BIJIHOT KOHIIEHTpaIIii (ociia) Ta 6e3 Hel (KoHTpoIb) HaHocwd 1o 0,1 M1 po6odoi
cycnensii 1000Boi KynsTypu Oaktepiil E. coli Ta kynbsTuByBasnu 24 rox mpu 37 °C.

V 6akrepiit, o Bupociu Ha MITA 3 kynsTypansHOI0 Bozoto 3-1ig MIT BuBuanu
Mopdotorito, 3abapBieHHs 32 [ paMoOM Ta aHTUTCHHI BIACTUBOCTI (peaKIlisi clai-
anmoruHaii) [1, 5, 7, 9, 10].

[Tpu BimxwIeHHI TOCTITHOTO MIKpOOpTraHi3My HaBiTh 3a OJIHIEI0 03HAKOIO BiJl
KOHTPOJIBHOTO, HOTO BiTHOCHIIH 10 aHOMAJIBHOTO. 3arajibHy KUTbKICTh aHOMAJbHIX
Mopdoorivaux ¢hopMm OakTepili BU3HAYAIN y BIJICOTKaX.

3MiHM aHTHTE€HHOI CTPYKTYPH AOCTIIKyBaHOTO mTamy E. coli BUSBIAIU B
peakiii crair-armroTuHamii [1, 5] 3 CHpOBAaTKOIO MIarHOCTHYHOIO CIIePUXi03HOIO
OKA mnomniBaieHTHOO Cyxoro Juis peakuii armotuHarii (cepist Ne 201, BAT «bio-
men» iMm. L.I. MeunukoBa, Pociticekka ®eneparris). B qocimiai BukopuctoByBamu 10
OakTepialbHUX KOJIOHIM. HasBHICTH arTroTHHAIIT MO3HAYAIN SK OJUHUINO, a BiJl-
CYTHICTB — SIK HYJIb.
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Bci nocniau npoBoAuIu HE MEHIIE, HIXK B TPHOX IMOBTOPax (n), KUIBKICTH mapa-
JIeTbHUX BU3HAYEHb B EKCIICPUMEHTAX CTAHOBWIJIA HE MEHIIE TPpboX. CTaTuCTHYHY
00pOoOKy eKCTIepUMEHTATBHUX JAHHUX 3TIHCHIOBAIH 3 BUKOPUCTAHHSM TTAKETy TIPH-
knaanux nporpam IBM SPSS Statistics 20,0. Cepenne apudmernyne BUOGipku (ch)
1 CTaHIapTHY MOXHOKY (M) po3paxoByBaJH I KOXKHOTO JA0CIiny. BusHadamm koe-
¢imienT kopesii 3a [TlipcorHom (rxy) MIX JJOCITI/KYBaHUM ITOKa3HHKOM Ta BILTHBOM
KyJbTypasibHOi Bonu, e yrpumysanucs MII, piznoi konuentparnii. CTaTuCTUYHO
3HAYMMHUMH BBakasn 3Miad mipu p<0,05.

Pe3yabraTu Ta iXx 00roBopeHHs
Pesynbraru mociimkenHs BrumBy ek3oreHHHX BAP MIT Ha 6ionorivHi Bi1acTh-
BOCTI E. coli mpencTaBiieHi B TaOJIHIII.
Taomums

Bnuus ex3orennunx BAP kyJasTypajibHoi Boau pi3Hoi koHueHTpauii 3-mix MII Ha
Oiostoriuni BnactuBocrti E. coli (xcp:I:m)

Table

Influence of the exogenous BAS from cultural water of medicinal leeches in different
concentrations on biological properties of E. coli (xcpim)

Kinbkicrs Buict kynbsTypanbsnoi Boqu B MIIA, %
IToxa3znuk

BH3HAYEHD, Nl 0 0.1 1 5 10 15
JKurre3marHicTh Ha 3 851,3 850,3 798,7 638,0 5323 398,0
MIIA, KYO/mn +7,06 | £6,12 | +6,36 | +4,16 | +£3,84 | +3,06
AHoMmasbHI hopmH, 3 0,0+ 0,0+ 11,0£ | 41,0+ 68,0+ 84,0+
% 0,00 0,00 1,73 2,52 4,36 3,61
AHTHTEHHI 10 1,0+ 1,0+ 0,8+ 0,6+ 0,1+ 0,0+
BJIACTUBOCTI, Oamu 0,00 0,00 0,13 0,16 0,10 0,00

ITpu nocisi Ha MITA B KOHTPOJIBHUX 3pa3Kax KYyJIbTYpHU YTBOPIOBAJIN TUIIOBI
IUIOCKI, HAaIlIBIPO30p1, OJIMCKYYl, BUITYKJI 3 OLTyBaTO-’KOBTUM BIATIHKOM S-KOJOHIT
3 pIBHUMM 4U 3JI€TKa XBUJSICTUMU KpasiMu 3—5 MM B JiiameTpli, T001o E. coli manu
TUIIOBY Ul eHTepobakTepiit popmy [1, 5].

[Ipurniuenns xxurrezgaraocti E. coli na MIIA 3 KynbTypaibHOIO BOJIOIO, 1€
yrpumysanucs MII, nopiBHSHO 3 KOHTpoJeM, Biamivanocs yxe npu 5%. Beranos-
JICHO CUJIbHMH HETaTHBHUMN KOPENSILIHHUN 3B’S130K MIXK KOHLEHTPALISIMU KYJbTY-
pasIbHOI BOJTU Ta JKUTTE3NATHICTIO E. coli na MITA (rxy =-0,99+0,001,n=3,p <0,05).
3 MiBUIIEHHAM KOHIIEHTpaLli KylIbTypaibHOi Boau y MIIA criocrepiraeTbest OUIbII
BUpakeHa OakrepiocTatnyHa Ais. [Ipu aHanisi JkUTTe31aTHOCTI 1 MOP(OIIOTi KOIOHIN
E. coli na MITA BusBUIN 03HAKU NPUTHIYEHHS KUTTE€3aTHOCTI OAKTEpii mij Ai€r0
ex3oreHHuX BAP kynbrypansHoi Bonu, ne yrpumysanuca MII, sxi npossisincs
3aTPUMKOIO POCTY, MOSBOIO ApiOHUX KOJIOHIHM Ha yamikax [lerpi.

Amnani3z Mopdoutorii 6akTepiii 3a po3MipoM Ta 3adapBieHHsIM 3a [ pamom nokasas,
110 y JOCIIJHUX KyJIbTypax KIITHHU Oaktepiil E. coli 3MiHIOW0OTE (opmy. Knituau
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BKOPOYYIOTBCS 10 OBAJIBHOI Ta KOKONoA10HO1 popmu. Sk cBigUaTh pe3yasraT Ha-
BeJICH1 y Ta0HIIi, aHOMaJIbHI (POPMH MIKPOOHHUX T1JT 3yCTpidaIucCs B KyJbTypax yKe
3a 1% BMicTy KynbTypaibHOI I’ siBOYHOT BoaH. [Ipu 5% — BinxuneHas y mopdosorii
MIKpOOiB 3yCTpivasIncs Maiike y TOJIOBUHH MIKpOOHUX TiJ1, a ipu 10% — nepeBuriy-
BAJIO MOJIOBUHY, 1TpH 15% BMicTy aHOMaITbH1 ()OPMU CKITa 1)U TIEPEBAXKHY OUTBIIICT.

AHomaitbHa MOp(hOoJIOTis OaKTepiaIbHUX KIIITHH, IMOBIPHO, € HACIIIIKOM TIOPY-
IICHHS MeTa0oJ1i3My B MiKpOOHI KIiTHHI [ 1], 10 TO3HAYMIIOCS Ha KYJIBTYpaTbHAX
BJIACTHBOCTSX E. coli —3MEHIICHHS PO3MipiB MIKpOOHHUX KOJIOHIH, ITOsBA X IPIOHUX
¢dbopm Ha MITA. BusiBieHi BUCOKI TIO3UTHBHI KOPEJIAIiHHI 3B’ I3KH MK KOHIICHTpa-
€0 KYJIBTYPaTbHOI BOJAHM Ta aHOMAJIBHUMH MOPQOJIOTIYHUME hopMaMu OakTepi-
QTBHUX KJIITHH, ITIKPECIIOI0Th HasSBHICTh OaKTepiocTaTnyHoOl /il ek30reHHnX bAP
MII (r,, = +0,98+0,01, n=3, p < 0,05).

OCKITbKH 3MIHU KYJIBTYpaJIbHUX Ta MOPQOJIOTIYHUX BiacTuBocted E. coli
ITi]T BIUTABOM KYJIBTYPaIbHOI BOAHM 3yMOBJICHI TIOPYIICHHAM iX METa00Ii3My, BOHU
TaKO’)K MOXKYTh CyIPOBOJKYBAaTHCS 3MIHAMH aHTHTEHHOI CTPYKTYypH OakTepii. Lle
MIPUITYIIICHHS OyJTI0 TATBEP/DKCHE B PeaKIlii CllaliI-arTioTHHAITIT, SKY CTaBHJIN 3 BH-
KOPUCTAaHHSM CHPOBATKH JiarHOCTUYHOI emepuxio3noi OKA moniBaneHTHOI, sika
Mmictuth anTuTAa 10 O 1 K anTureni Oinbmie 20 OCHOBHUX CEPOJNIOTIYHUX TPYIT
E. coli, sxi MpKyTIOIOTH cepen HaceneHHs Ykpainu [1, 5].

Brpara anTureHHHX BiractuBoCTel E. coli BimMivanacs mounHatoun 3 1% KoH-
[EHTpaIlil KyJIbTypaJIbHOT BO/IH, Jie yTpumyBaiucs MII, 6iabin moMiTHORO Oyina mpu
5%, Maiike TIOBHA 3MiHa aHTUTEHHUX BiIacTUBOCTel Biamivanack mpu 10%. Kope-
JSAIAHAN aHaJi3 1010 HASBHOCTI B3a€MO3B’ 13Ky MK BIUTMBOM €K30TeHHUX bAP
KyJBTYpaJIbHOT BOJIH, Jie yTpuMyBasucs MI1, pi3Hoi KOHIIEHTpaIlii Ta aHTUTEHHUMHU
BIIACTUBOCTAMH E. coli B peaxiiii craia-arTioTHHAIL], TOKa3y€e HasIBHICTh CHIILHOTO
HETaTUBHOTO 3B’SI3KY (rxy =-0,81%0,04, n=10, p < 0,05).

MoskHa IPUITY CTUTH, TII0 OTPUMaHi1 HAMH JaHi 010 3MiH MiKPOCKOTIIYHUX O3HAK
pocrty E. coli na MITA nokasyoTs, 1o ek3orenHi AP kynsTypaibHOI BOIH, [IE yTPH-
MyBasicst MIT, MaroTh BUpakeHy OaKTepioCTaTHIHY JIif0, TOTI0OHY 10 aHTHO10THKIB,
70 SKUX yyTnuBa E. coli Ha OCHOBI JiTepaTypHUX JaHHX, IPEACTABICHUX HIDKYE.
Tak, BcranoBieHo [ 11], mo kyinsTypanbaa Boga MIT MicTUTE O1TKH CHPOBATKH KPOBI
royBajJbHUKA 1T IBKH — albOYMIHHM 1 TIIOOYJIiHH, @ TaKOXK TIpYIUH, T1aIypoHiga3y,
TpUTITIIIepUIa3y, eacTasy, armipasy, aMiHOKACIOTH (B HAHOUTBIITMX KOHIIEHTPAIIISIX:
TpunTodaH, DIFOTaMiHOBA KACJIOTA, aJlaHiH, JII3UH, JICHINH) Ta O10TCHHI €IEMEHTH —
KaJii, Harpi, docdop i MikpoerdeMeHTH (celeH, Wom, Opom, cipka). Sk Bimomo,
riarypoHija3a Ta KojareHa3a BAKOHYIOTh OaKTEpHUIIHIHY Ta OaKTEPioCTaTHIHY 0
[6]. MoxuBo, Boau oOpotiieHi MIT Takok MICTATh aHTHOIOTHK (XJIOPOMIIIETHH),
sk Bugiase MIT [12]. B HapomHiii MeauIuHi, BeTepruHaApii BUKOPUCTOBYIOTh
KyJBTypalibHy BOAY, ¢ yrpumyBanucs MII, mis nikyBaHHS 3anajibHUX MPOLECIB,
[IUTYHKOBO-KHIITKOBHUX 3aXBOPIOBaHb, IEPMATOJIOTIYHIX 3aXBOPIOBAHb [IHT. 10 11].
ITpu 06poO1i Gakrepiit E. coli aHTHOIOTHKAMH, a TaKOXK MPHU MPOXOKEHHI KypCy
aHTHOI0TUKOTEparii, 0aKkTepiaibHi KIIITHHU BKOPOUYIOThCS, a KOstoHi1 Ha MITA 3meH-
IIYIOTHCS B TiaMeTpi Ta yIiIbHIOOTECS [8, 13]. [Ipn iboMy aBTOpH 3a3HA4ar0Th, IO
111 MOP(OJIOTIYHI MPOSIBM MOXKYTh BiJIOYBaTHCS K PE3y/IbTaT IPUTHIYCHHS CHHTE3Y
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KIITHHHOT cTiHKH, Oinka i PHK, permnikanii JIHK a6o ¢ynkmionyBanHs MeMOpaH,
3aJIC)KHO BiJI TOTO, 10 € IIEPBUHHAM MEXaHI3MOM JIii aHTHO10THKA.

OTrxe, KynsTypanbHa Bona MII npurHidye picT Ta XUTTe3AaTHICTD E. coli Ha
MITA, 110 TpOSIBISIETECS 3aTPUMKOIO POCTY, TIOSIBOIO IPIOHUX KOJIOHIH, TIepexij-
HUX MOp(donoriyHux (HopM, YKOPOUSHHSIM PO3MIpy OakTepialbHUX KIITHH. 3MiHU
cepoJsioTiyHuX O3HaK E. coli mix miero ek3oreHHUX BAP KynwsTypambHOi BOaM, 1€
yrpumyBanucs MII, y peakii ciaia-anmroTHHAILI, TIOB’ s13aHi 31 3MiHOIO CTPYKTYpH
il anTIOTHHAIIHHOTO AHTUTEHHOTO KOMITIEKCY. TaKUM YHHOM, OJIeprKaHi pe3yJbTaTu
BKa3yIOTh Ha MEPCHEKTUBY BUKOPUCTAHHS KYJIBTYPaJbHOI BOIHM, OTPUMAHOI MPHU
oiorexnomorii MII, sk mxepena BAP 13 GakTepiocTaTHIHOO M€ MO0 YMOBHO-
MATOTCHHUX ITaMiB OakTepil, 30kpemMa E. coli.

Takum unHOM, KyJabTypajdbHA BOJAA, OTPUMaHa MPU BUPOIIYBAaHHI MEIUYHOI
1’ IBKH, MiCTUTh BAP, sIKi TPUTHIYYIOTh KUTTE3MATHICTE E. coli, MOPyIIyIOTh HOP-
MaJbHY MOP(]OIIOTiI0 KITIITHH Ta aHTUTCHHI BIIACTUBOCTI X 0OOJIOHKH.

A.K. ®pogos!, P.A. JlurBunenko', O.J1. Peden?, U.C. FOpuyk>

TBY3 «3an0poCKuii HAIMOHABHBIN YHUBEPCUTETY,
ya. XKyxoBckoro, 1. 66, 3anopoxkse, ['CI1-41, 69600, Ykpanna
TV «3amopokckuit 061acTHON 1a60PATOPHBIN LEHTP TOCCAHIITU/ICIYKObI YKPauHbI»,
yi. Pexopanas, 1. 27, 3anopoxse, 69037, Ykpanna

BJIMSTHUE DK30TEHHBIX BUOJIOTMYECKH
AKTUBHBIX BELIECTB MEJUMLMHCKOI NMUSIBKU HA
BUOJIOTMYECKHUE CBOMCTBA
ESCHERICHIA COLI 3912/41

Pedepar

Hens. Beiacnums énusnue 9K302eHHbIX OUONO2UHECKI AKINUBHBIX 6€ULECE K)TbINY-
PATBHOLL 8000, 20€ COOePHCATUCH MEOUYUHCKUE NUABKI, HA OUoN02UYecKue C0LCmaa
Escherichia coli 3912/41. Metoabl. [omosunu msaco-nenmouusiti acap (MIIA) c
PA3IUYHOU KOHYeHmpayuell KyibmypaibHOU 600bl, 20€ COOepHCANUCH MeOUYUHCKUE
nuasku: 0, 0,1, 1, 5, 10, 15%. Ha nosepxnocms MIIA ¢ Kynemypanvtoti 60001 co-
omeemcmayrowell KoHyeHmpayuu (onvim) u 6e3 Hee (KOHMPOIb) BHOCUIU PAOOUYIO
cycnensuto cymoyHou Kynemypul baxmepuil E. coli 3912/41 ¢ konyenmpayueri Kiemox
850 KOE/mn. Hccneoosanu KynvmypansHule u mopgonocudeckue ceoticmea E. coli.
Hsmenenue anmueeHHbIX C60UCME U3VUATU 8 PeaKyUl CAAN0-A2AMUHAYUL C CbIBO-
pomkot duazHocmuveckou ewepuxuozroti OKA nonusanenmuoii cyxotl 0ns peakyuu
azemromunayuy. Pesyabrarsl. OOHapyscunu yeHemeHue KyibmypaibHbiX CEOUCE
E. coli, komopoe xapaxmepu306a10ocs ymenvueHuem Koronuu Hauunas ¢ 1% cooep-
JHCAHUSA KYILIMYPATILHOLU 8000, 20€ COOepHCATUCy Meouyunckue nusaexku, 6 MITA. Ilpu
MUKPOCKONUYECKOM AHATU3e OOHAPYHCEHbL OaKmepul ¢ yMeHbUeHUeM pasmepos 00
Kokkoobpasnoil popmel. C ysenuyeHuem KOHYeHMpayuu KyasmypaibHou 600vl 6 MI1A
6bIA671eHbL HAPYUIEHUSA BUO08BIX aHmuzenHux ceoticme E. coli. BeiBoabl. Kynemypao-
Has 6004, 20e CO0EPHCATUCH MEOUYUHCKUE NUABKU, 6 3AGUCUMOCTIU O KOHYEHMPayuu
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BIIJINB EK30TEHHKX BIOJIOTTYHO AKTUBHUX PEUOBUH MEJMYHOT IT° IBKH ...

6 MIIA nooasnsem xynomypaivhvie u anmueentvle ceéoticmea E. coli. Ilonyuennvie
PE3VILIMAMbL YKA3bI8AI0OM HA NEPCNEKMUBY UCHONb308AHUSL KVIbINYPAIbHOU 800bl, 20€
€O0epIHCANUCH MEOUYUHCKUE NUABKU, KAK UCTOYHUK OUOIOSUYECKU AKIMUBHBIX 6ELYeCME
¢ bakmepuocmamuieckum Oelucmseuem Ha YCi106HO NAMO2eHHble baKmepull.

Kniwuesvie cnoea: Escherichia coli, buonoeuuecku akmughvie seujecmea, me-
OUYUHCKAsL NUSIBKA, KYIbMYPALbHAsL 600d, OAKMepuocmamuyeckutl sgpgexm.

0.K. Frolov!, R.O. Litvinenko', O.L. Rebets?, I.S. Yurchuk?

'SHEE «Zaporizhzhia National University»,
66, Zhukovsky str, Zaporizhzhia, 69600, Ukraine
2SI «Zaporizhzhia Regional Laboratory Center of State Epidemiological Service Ukraine»,
27, Recordna str, Zaporizhzhia, 69037, Ukraine

INFLUENCE OF MEDICAL LEECH’S EXOGENIC
BIOLOGICALLY ACTIVE SUBSTANCES ON BIOLOGICAL
CHARACTERISTICS OF ESCHERICHIA COLI 3912/41

Summary

Purpose. 70 ascertain the effect of exogenous bioactive substances of cultural water,
which contained the medicinal leeches on biological properties of Escherichia coli
3912/41. Methods. There were prepared the meat-peptone agar (MPA) with various
concentrations of the cultural water, which contained the medical leech: 0, 0.1, 1, 5,
10, 15%. On the surface of the MPA with appropriate concentration of cultural water
(experiment) and without (control) there were added daily working suspension culture
of bacteria E. coli 3912/41 cells at the concentration of 850 CFU/ml. The cultural
and morphological properties of E. coli were investigated. Change of the antigenic
properties of the reaction was studied in slide agglutination with serum diagnostic
polyvalent dry to OKA-antigens of Escherichia for agglutination reaction. Results.
There were found the cultural properties oppression of E. coli, characterized by
the decrease in the colonies from 1% water content of the culture, which contained
medicinal leeches in MPA. At microscopic analysis there were detected the bacteria
reduction in size to coccus-like forms of bacteria. The antigenic properties of species
E. coli infringements with increasing concentration of the cultural water in MPA were
found. Conclusions. The cultural water, which contained the medical leech, depend-
ing on concentration in MPA inhibits cultural and antigenic properties of E. coli. The
results indicate the perspective of using cultural water, which contained medicinal
leeches as a source of biologically active substances with a bacteriostatic effect on
opportunistic bacteria.

Key words: Escherichia coli, biologically active substances, medicinal leech,
cultural water, bacteriostatic effect.
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IX JIITHA IIKOJIA
«MOJIEKVJISAPHA MIKPOBIOJIOI'TA I BIOTEXHOJIOI' IS

3 9 no 21 gepsus 2014 poxy Ha kadeapi mikpobiosnorii, Bipycomorii Ta 0io-
TexHonorii O1ecbKoro HaIliOHATBHOTO YHiBepcuTeTy iMeHi [.I. MeuHnKoBa CrisibHO
3 [nctutyToM Mikpobionorii 1 Bipycomnorii imeni [[.K. 3a6onornoro HAH Ykpainu,
3a miarpuMku ToBapucTBa MikpoobiosnoriB Ykpainu imeHi C.M. Bunorpanacekoro ta
Crinku 6iomoris i 6iorexnomnoris Onecu npoxonmna IX Jlitas mxkona «MomnexynsipHa
MiKpO0i0JI0Tist i 610TEXHOIOTIsI.

Cepen ciryxaui JIiTHBOI 111KOIM OyITK MOJIO/I BYEHI Ta aCMiPaHTH 3 YHIBEPCUTETIB
Ta HayKOBUX 3akiaaiB Ykpainu 3 Kuesa, Onecu, IBano-®dpaHkiBCcbKa.

Jlexniviauii kype [X JIiTHROT 1IKOIH 3 MOJIEKYIISIpHOT MiKp0oO010JI0Tii 1 610TEXHO-
JIOT11 BUCBITIIIOBAB MUTAHHS MOJICKYJIIPHOI TeHETHKH 1 MiKp0O0i10JI0Tii, 6akTepiaibHOT
TCHOMIKH, €BOJTIOIIIT 1 CIIeIU(pIIHOCTI TCHOMY, MOJICKYJISIPHO-TEHETUIHHIX aCTICKTIiB
MIKpOOHO-POCITMHHOI B3a€EMO/Ti{, METareHOMIKH MiKpOOHHUX YIPyIIOBaHb, KJIACTEp-
HOTO aHaJII3y 1 HyMepUYIHOI TakcoHOMIi Ta iH. JIekmii untanu: kepiBHUK [liBIeHHOTO
6ioTexHonoriyHOrO IeHTpy B pocnuuHnnTei HAAHY akan. HAAHY FO.M. Cuso-
JIar, 3aBiyBad BiJJIUTY CUTBCHKOTOCTIONAPCHKOT MiKpoOi0JIoTii Ta hiziosorii pociuH
HHII “Tnctutyt 3emnepodctea HAAH” M.B. Ilaruka, 3aBigyBau kadenpu Mikpo-
OioJorii, Bipycosorii Ta 6iorexHonorii OAechKoro HalioOHAIBHOTO YHIBEPCUTETY
imeni I.I. MeunukoBa 1.6.H. mpod. B.O. IBanuns, cniBpoOiTHUK YKpaiHCHKOTO
HAyKOBO-/IOCIIIIHOTO MPOTUIYMHOTO iHCTHTYTY K.0.H. O.0. FOpuenko, noneHT kade-
Ipu MikpoOiororii, Bipycodorii Ta 6iorexnomnorii OHY imeni I.I. MeunnkoBa k.0.H.
H.}O. BacunbeBa, moueHT kadenpu Mikpooionorii, Bipycosorii Ta 010TexHoorii
OHY imeni I.I. MeunukoBa k.0.H. H.B. Jlimanceka, H.c. Biorexnonoriganoro HHI]
OHY imeni I.I. MeunukoBa k.0.H. M.b. I'ankin.

[TpakTi4Hi 3aHATTS BEJIW HAYKOBI CIIBPOOITHUKH Kadeapu MikpoOionorii, Bi-
pycororii Ta 6iotexHozorii i biorexnonoriunoro HHI[ Oxnecbkoro HamioHanbHOTO
yHiBepcutety imeni I.I. MeunukoBa — c.H.c., k.0.H. K.}O. Cepreesa, H.c., K.0.H.
K./. Kpwioga, c.H.c., k.0.H. T.B. IBanuns, H.c., k.0.H. [.I. XXyminceka, gorr., k.0.H.
H.B. Jlimancbka, c.H.c., k.0.H. H.IO. Bacuibesa, acni. H.B. Kopotaesa, acn. O.€. bo-
OpoBa Ta criBpoOITHUKH [HCTUTYTY MikpoOiosorii i Bipycosnorii imeni [I.K. 3a6o-
norHoro HAHY —3aBinyBau naboparopii, k.0.H. A.M. Octamuyk, acti. H.A. Koporsb.

BripomoBx 1BOX THKHIB Ha MPAKTUYHUX 3aHATTAX ydacHUKU [X JIiTHROI mIKo-
JIY OTIAaHYBAJIU Cy4acHI METOIM PiIMHHOT Xpomarorpadii, BUIiICHHS OakTepiaabHOL
ta ¢arosoi JIHK i 6inkiB, MeTos mosliMepa3Ho1 JIAHITFOTOBOT peaKIlii, peCTPUKIIIi-
HUHW aHali3, eaekTpodope3 y MmoiakKpuiIaMiIHOMY Ta arapo3HOMY TelisX, METOIU
TATPYBAHHS Ta MPEMapaTHBHOTO OTPUMAaHHS OakTepiodaris, 3A1HCHIOBATIN TPaHC-
¢dopmartito Oakrepiit azmigaoro JIHK, o3Haliomuincs 3 OCHOBHUMH METOIaMU
Oioindopmaruku Ta imeHTU(IKAIT MIKPOOPTaHi3MiB 3a CIIEKTPOM KUPHUX KHACJIOT
3 BUKOPHCTAHHSIM Ta30B0Oi Xxpomarorpadii.

Ha ypouncromy 3akputti yayacauku [X JIiTHBOI IIKOMH 3 MOJIEKYIISIPHOT MiKpO-
OioJorii 1 6ioTexHOIOTIi OTpUMamu cepTUudikaTy, siKi Bpy4daB KepiBHHUK JIiTHBOT
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X JITHS HIKOJIA «MOJIEKYJISIPHA MIKPOBIOJIOI'LA I BIOTEXHOJIOI' LS»

TITKOJTH, TIPOPEKTOP 3 HAyKOBOI pPOOOTH, 3aBimyBad kKadeapu MikpoOioiorii, Bipyco-
yorii Ta 6ioTexHoOTii OIeCHKOTO HAIIOHATBHOTO YHIBEpCHUTETY TIpodecop, 1.0.H.
B.O. Isanwuiis.

Opranizaropu JIiTHROT TIKOJIM 3 MOJIEKYIISIPHOT MiKp0oOi10JIOTii 1 Gi0TeXHOMOT11
3aIpOITYIOTh aCMiPaHTIB Ta MOJOANX YUEHUX B3ATH y4acTh y X JIiTHIH mkori, sika
BiOyneThes y TpaBHi-uepBHi 2015 poky!

Temedon: (0482) 68-79-64
Enexrponna ampeca: sergeeva.zh@onu.edu.ua.

BiamosinansaMiA cexkperap
JliTHBOT TITKOTTH
k.0.H. JK.1O. Cepreena
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TH®OPMAIIIMHE MOBIIOMJIEHHS 1151 ABTOPIB

Hayxosuui soicypnan « Mikpobionoeis i 6iomexnonoeisy 3anpouye Bac 0o cnien-
payi 3 NUMAaHs BUCEIMJIEHHS Pe3YIbMamie HaAYKOSUX 00CII0NCeHb V 2ay3i MIKPO-
bionoeii i biomexnonoeii.

IIporpamui wisi BUAaHHsI: BUCBITIICHHS PE3y/IbTaTIB HAYKOBUX JIOCIIKEHB
y rairy3i MikpoO010J10Tii Ta 010TeXHOJIOT1i, 00’ €KTaMHU SIKUX € MPoKapioTHi (6akTepii,
apxebakrtepii) Ta eykapioTHi (MIKpOCKOMIYHI TpUOU, MIKPOCKOIIIYHI BOAOPOCTI, Hali-
MPOCTIIIIi) MIKPOOPTaHi3MH, BIpyCH.

TemaTH4HA CIPAMOBAHICTB: MIKpOO10JI0Tisl, BIpyCOJIOTis, IMyHOJIOTis, MOJIe-
KyJIsipHa O10TE€XHOJIOTisl, CTBOPEHHS Ta CEJICKI[isl HOBUX IITaMiB MIKpOOPTaHi3MiB,
MIKpOOHI IpernapaTH, aHTUMIKpOOHi 3aco0H, 010CEHCOPH, J1arHOCTUKYMH, MIKpPO-
OHI TEXHOJIOTII B CUIBCBKOMY IOCIIOJAPCTBI, MIKPOOHI TEXHOJIOTII Y XapuoBiil mpo-
MUCJIOBOCTI; 3aXHCT Ta 03/I0POBJICHHS] HABKOJUIIIHEOTO CEPEIOBUINA; OTPUMAHHS
€HEProHOCIiB Ta HOBUX MaTepialliB TOIIO.

MoBa (MoBM) BHAaHHSI: YKpaiHCbKa, POCiiChKa, aHTIIIHCHKA.

Pyopuxu xxypuany: «OmisioBi Ta TEOpeTHYHI CTaTTi», « EKCIIepuMeHTalTbHI 1pa-
1», «Juckycii», «KopoTki OB1IOMIICHHS, «XPOHIKa HAYKOBOI'O JKUTTsD, «CTOPIHKU
icropii», «tOBiei 1 natny, «Peuensii», «KHmKkoBa momuis.

J1o cTarTi 10oAa€EThCsl PEKOMEH/Iallisl yCTAaHOB, OpraHi3alliil, y IKHX BUKOHYBaJIacs
po0oTa, 3a miIMUCcCOM KepiBHHKA Ta MIChbMOBA 3r0/1a KEPIBHUKIB YCTAaHOB, OpraHi3a-
IiH, JIe TIPAIIOIOTh CIiBaBTOPH.

Bumoru 10 opopmiieHHsI cTaTei, sIKi MOAAIOTHCS 10 PelaKil ;KypHAJIy:

Crarts Ma€ BIANOBIIATH TEMaTUYHOMY CIPSIMYBaHHIO JKypHaly 1, BIATOBLA-
Ho 110 1. 3 TlocranoBu BAK VYkpainu Big 15.01.2003 p. Ne7-05/1, Bxurouary Taki
CTPYKTYpHI €JIEMEHTH: TOCTAHOBKA MPOOJIEMH Yy 3araJlbHOMY BHIVISIIL Ta 1 3B’ 130K
13 BOXXJIMBUMHU HAYKOBHUMH UM MPAKTUYHUMHU 3aBIaHHSIMH; aHaJ3 OCTaHHIX JIOCIi-
JOKEHB 1 IyOJTiKaIliid, B IKMX 3all09aTKOBAHO BUPIMIEHHS JTaHOT MPOOJIeMH 1 Ha sIKi
OTIMPAETHCS ABTOP; BUOKPEMIICHHS PaHille He BUPIIICHUX YaCTHH 3arajibHOi Mpo-
OneMu, KOTPUM TIPUCBIUYETHCS CTATTS; GOPMYITIOBAHHS IIIeH CTaTTi (MOCTaHOBKA
3aB/IaHHsI); BUKJIaJ] OCHOBHOTO MaTepialty JOCTiPKEHHS 3 TOBHUM OOTPYHTYBaHHIM
HAyKOBHX PE3YyJIbTaTiB; BUCHOBKH 3 JAHOTO JTOCI/KSHHS 1 IEPCIIEKTUBYU TOAATBIINX
MOIIYKIB Y JAHOMY HaIpPsIMI.

Jlo npyKky mpuiiMaroThcs cTaTTi (2 MPUMIPHUAKH ) 00CSITOM HE OLTBIIE 8 CTOPIHOK
(3 ypaxyBaHHSAM PUCYHKIB, TAOJIHIIb 1 IMUCIB 10 HUX, aHOTAIlil, pedepary, CIIUCKY
JiTeparypu), o — 1o 15 crop., penensii — 10 3 cTop., KOPOTKi NOB1IOMJIEHHS
— 710 2 cTop.

J1o pyKonucy T0Aa€ThCs €IEKTPOHHUHN BapiaHT cTarTi Ha JuckoBi (mpudt Times
New Roman, kerie 14, iHTepBai aBToMaTuaHMiA, He O1TbIe 30 ps/IKiB HA CTOPIHIII,
TOJISt TI0 2 CM).
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IHOOPMALIMHE ITOBIJIOMJIEHHS J1JI51 ABTOPIB

Ipu HanucaHHi cTaTTi HEOOXIIHO JOTPUMYBATUCSH TAKOIO IJIAHY:

— inmexc Y/IK y miBoMy BEpXHBOMY KyTKY HEPIIOTrO apKyIla;

— TMpi3BHIIA Ta iHiliagu aBropa (aBTOPIB) MOBOIO OpHIiHAIY, Micle poOOTH
KOYKHOTO aBTOpA; MOBHA MOIITOBA a{peca YCTAaHOBH (32 MDXKHAPOJHUMHU CTaH/IapTa-
Mu); TenedoH, enekTpoHHa aapeca (e-mail). [IpizBuiia aBTOpiB Ta Ha3BU YCTAHOB,
JIe BOHU TIPAIIOIOTh, TO3HAYAIOTh OJTHUM 1 THM CAMHM ITU(PPOBUM i1HIEKCOM (BTOpi);

— Ha3Ba CTaTTi BeJIMKUMH JITEPAMU;

— aHoTaIiA i3 3a3HaYCHHAM HOBU3HH nociimkeHHs (200-250 ciiB);

— KITIOYOBI cJIoBa (HE OUIBIIE 1T STH);

TekcT cTarTi Ma€ BKJIIOYATH TAKI CKJIAA0BI:

BCTYII; MaTepialy 1 METO/IU; pe3yibTaTh Ta IX OOrOBOPEHHS; BUCHOBKH; JIITe-
parypa.

J10 KO)KHOTO MPUMIPHHUKA CTATTi JOAAE€THCS aHOTAIlisi MOBOIO OPUTIHAITY Ta pe-
deparn yKpaiHCHKOIO / POCIMCHKOIO (B 3aJI€)KHOCTI BiJl MOBH OpPHTIHATY CTaTTi), Ta
aHMIHCHKOI0 MOBaMHU (KOXEH pedepar Ha okpeMoMy apkyiii). OcoOnuBy yBary ciiz
MPHUIISATH HATMCAHHIO PE3IOME CTaTTi aHIIIIMCHKOI0 MOBOFO. J[J1s1 1IHOTO JOITITBHO
KOPUCTYBATHUCS MOCTYraMu KBaTi(piKOBaHUX CIIELIaTICTIB-JIIHTBICTIB 3 OJAJIbIIUM
HAyKOBHMM pelaryBaHHSIM TeKCTy aBTopoM(-amu). [lepen ciioBoM «pedepaty Heob-
X1JIHO HaIlMCaTy MPi3BUILA Ta 1HIL1aJI1 aBTOPIB, HA3BU YCTAHOB, [IOBHY Ha3BY CTATTI
BiZIIOBiAHOO MOBOIO. Pedepar oocsrom 200—250 ciriB Mae OyTH CTPYKTYPOBaHUM:
MeTa (4iTko copMyabOoBaHa), METOU JTOCTIHKCHHS, Pe3yabTaTH JOCIiKEHHS
(ctrcno), y3araapHeHHS a00 BUCHOBKH. [licis TekcTy pedepary 3 ab3aiy po3mi-
HIYIOTbCS KJIFOYOBI CIIOBA.

V KiHIII TEKCTY CTATTi yKa3aTu Mpi3BUINA, IMEHA Ta 10 OAaTHKOBI yCiX aBTOPIB,
TMIOILITOBY ajipecy, TenedoH, dakc, e-mail (17151 KopecnoHAeHIIii).

Crarts Mae OyTH mianucaHa aBTopoMm (yciMa aBTOpaMu) 3 3a3HAYEHHSM JaTh
Ha OCTaHHIM CTOPIHIIL.

ABTOpHY HECYTh TTOBHY BiJIITOBITAIbHICTD 32 Oe3710TaHHE MOBHE O(OpMITCHHS
TEKCTY, 0COOJIMBO 3a MPaBUJIbHY HayKOBY T€pPMIHOJIOTIIO (11 ¢i1i/1 3BipsATH 32 haXOBUMHU
TEPMIHOJIOTIYHIMH CJIOBHUKAMH).

JlatuHCBHK1 610JI0T1UHI HAa3BU BUIB, POIB MOJAIOTHCS KYPCHUBOM JIATUHUIICIO.

SIKII10 9acTO IMOBTOPIOBAHI y TEKCTI CIIOBOCIIONYYCHHS aBTOP BBAKAE 3a TIOTPIOHE
CKOpPOTHUTH, TO abpeBiaTypH 3a MEepIIOoro BKMUBaHHS 00OyMOBIIOIOTH y Aykax. Ha-
MIPUKIIAJL: TToJliMepa3Ha Jianiorosa peakiis ([1JIP).

[Tocunanus Ha JTiTEepaTypy NOAAIOTHCS Y TEKCTI CTATTI, U(PPaMH y KBaJAPaTHUX
Jy’KaxX, 3T1JTHO 3 MOPSIKOBUM HOMEPOM Yy CHHCKY JIITEPaTypH.

Tabnuii MaroTh OyTH KOMIIAKTHUMM, MaTH MOPSIKOBUN HOMEp; rpadu, KOJIOH-
KM MarOTh OyTH TOYHO BH3HAYEHUMHU JIOTIUHO 1 TpadiuHo. Matepian Tabauih (K 1
PHUCYHKIB) Ma€ OyTH 3p03yMUINM 1 He AyOmtoBaTy TekeT ctarti. Lndposuii Marepiain
TaOJIAIb CITi/T OTIPAIIOBATHA CTATHCTUYHO.

PucyHkM BUKOHYIOTbCSA Y BHUIJISJ1I YITKHUX KpECJEHb (3a AOMOMOIOI0
KOMIT T0Te€pHOTO TpadigHoro penakropa y popmari Word, TIF, JPG). Oci koopaunar
Ha rpadikax MarTh OyTH IMO3HAYCHI. PUCYHKH pO3MINIYIOTBCS y TEKCTI CTAaTTi Ta
TyOImooThCs okpemuM (aitiom Ha CD.
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IHOOPMALUMHE ITOBIJIOMJIEHHSI V1S ABTOPIB

Po3nin «Pe3ynbrarn mociimkeHb Ta 1X 0OTOBOPEHHs» Mae OyTH HalmMCaHUN
KOPOTKO: HEOOXiJHO YITKO BHUKJIACTH BHABICHI €(EeKTH, IMOKa3aTH MPUIUHHO-
pe3yabTaTUBHI 3B’S3KH MK HUMH, TIOPIBHATH OTPUMaHy iH(OpMAIIifo 3 TaHUMU
JITEpaTypH, 1aTH BIAMOBIIb HA TTMTAHHS, TOCTABJICHI Y BCTYIII.

CHnmCcoK JiTeparypH CKIIaIa€ThCs 3a al(aBiTHO-XPOHOIOTTYHUM MOPSKOM (CTI0-
YaTKy KHPWIIHIIS, TTOTIM JIATHHHMIIS ) 1 PO3MINIYETHCS B KiHIII CTATTi. SKIO0 mepimid
aBTOP Y JEKUIBKOX TPaISX OJHH 1 TOH CaMHi, TO TIPaIli PO3MIIIYIOTECSA Y XPOHOJIO-
riunoMy nopsaxky. Criucok nocuinans Tpeda mpoHyMepyBaTH, a y TEKCT1 ITOCHIIaTHCS
Ha BIJMOBITHHUI HOMEp JpKepena jriteparypu (y KBaJpaTHHX JTYKKax).

VY mocunaHHi NUITYTh MPI3BHINA YCiX aBTOPIB. B ekcriepuMeHTanpHIX Mparsx
Mae OyTu He OutbIe 15 mocunansb JIiTepaTypHUX JKEped.

[TaTeHTHI TOKyMEHTH PO3MIIIYIOTHCS Y KiHIIl CITUCKY TTOCHIIAHb.

3PA3KH IIOCUJIAHD JIITEPATYPU

Ha xkaurn

Bexipuux K.M. MikpoGionoris 3 ocHoBamu Bipycosorii. — K.: JInuGias, 2001.
-312c.

Ilamuxa B.I1., Tuxonosuu I.A. MikpoOpraHi3MH i aJIbTepHATHBHE 3eMJIEPOOCTBO.
— K.: Ypoxaii, 1993. - 176 c.

Ipomwiunennas mukpobuonorus / Ilox pen. H.C. Eroposa. — M.: Beicm. mik.,
1989. — 688 c.

Memoowr obweti bakmepuonoeuu: B 3 1./ Ilon pen. ®. I'epxapara. — M.: Mup,
1983.-T.1.-536¢.; T.2.—-470 c.; — T. 3. - 263 c.

UlInezenv I O6mas mukpoouomnorus. — 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: Fcfd. Press, 1980. — 364 p.

Ha :xypHajubHi crarTi

Ioozopckuii B.C. CucteMaTn4eckoe MOJ0KEHHE, YKOJIOTHUECKUE ACTIEKThI
1 HU3NO0I0TO-OMOXUMHYECKHE 0COOCHHOCTH MHKPOOPTAaHU3MOB, UMEIOIIUX
MpOMBIIIIEHHOE 3HaYeHue // Mikpobion. xxypH. — 1998. — 60, Ne 5. — C. 27-42.

Anopeiox E.U., Koznosa U.A., Posxicanckas A.M. MuxpoOuomorndeckas Kop-
PO3HsI CTPOUTEIBHBIX MaTepuasoB // buomoBpexneHus: B CTPOUTENBCTBE. — M.:
Crpoitmznar, 1984. — C. 209-221.

Iob6a J11., Ilooopsarn H.I. BioTeXHOOTIS OUUIIICHHS 3a0pyIHEHOT TPUPOITHOT
Boau // Bicauk OHY. —2001. —T. 6, B. 4. — C. 65-67.

Eaton R.W., Ribbons D.V. Utilization of phtalate esters by micrococci // Arch.
Microbiol. — 1982. — 132, Ne 2. — P. 185-188.
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Ha te3u nonosigei

Mayenox B.I1. Po3poOka 0ioTexHOJIOTIi ofepkaHHs JlaHaoMinuay E // Mix-
HapoJHa HayK. KoH}. ,,MikpoOHi 6iotexHomorii» (Oxeca, Bepecens, 2006 p.): Tes.
qom. — O.: ,,Actporipunr», 2006. — C. 17.

Ha nenonoBaHi HayKkoBi podoTu

1. Jlonamuna H.B., Tepenmves A.H., Hamanuu JI.A., Aneynos I Y. Ontumu-
3aIUsl TUTATEILHOM CPeIbl I KyJbTUBUPOBAHUS BAKIIMHHOTO IITAMMa YyMHOTO
MUKpoOa C MpUMEHEHHEM METOJ1a MaTEeMaTHYECKOTO ITAHUPOBAHUS DKCTICPUMEHTA /
Penxon. «Muxkpobuon. xypa.» — K., 1991. — 7 ¢. — Jlen. 8 BUHUTHU 03.01.92,
Ne 1-B92.

Ha crangaptu
I'OCT 20264.4-89. Ilpenapatbl pepMeHTHBIC. METOIBI OTIPE/ICIICHUS aMHUIIOH-
TUYECKOW akTUBHOCTH. — M.: U31-Bo ctanmapTos, 1989. — 17 c.

Ha aBropedeparu quceprauii
Onuwyenxo O.M. TakcoHoMis 1 aHTHOIOTUYHA aKTHBHICTH Alteromonas-rmomioHux
Oaxrepiit YopHoro mopsi: ABroped. auc. ... kaua. 6iomn. Hayk. K., 2003. — 21 c.

JlaTor0 HaIXOMKEHHS CTATTi BBAXKAIOTh JICHb, KO JI0 PEAKOJETii HaAIHIIOB
OCTAaTOYHUH BapiaHT TEKCTY CTATTI MIiCIs pEIleH3yBaHHS.

[Ticns onep»*aHHs KOPEKTYPH CTATT1 aBTOP ITOBUHEH BUITPABUTH JIUIIIE TOMUJIKH
(4iTKO, CHHBOIO 200 YOPHOIO PYUYKOIO HETPAaBUIIbHE 3aKPECIIUTH, a TIOPSI 3 IIUM Ha
NOJT1 HAITMCATH MTPABWIILHUM BapiaHT) 1 TEPMiHOBO BiJIiCJIaTH CTATTIO HA aJjpecy pe-
KoJIeTii 200 MOBIZJOMUTH PO CBOI MPABKH 110 TesIe(hOHY YU €IEKTPOHHOIO MOIITOIO.

V pasi 3aTpUMKH peAaKIlis, T0AepKYIOUHCh rpadika, 3anumrae 3a CO000 MpaBo
3[1aTH KOPEKTYpy 10 ApYyKapHi (y BUPOOHHUIITBO) O€3 aBTOPCHKUX MPABOK.

[Tignuc aBropa y KiHII CTAaTTi 03HaYae, IO aBTOP Mepeiae mpaBa Ha BUJAHHS
CBOE€1 CTaTTI peaxiiii. ABTOp TapaHTye, IO CTATTs OPUTiHAJIBHA; Hi CTATTS, HI PH-
CYHKH 10 Hei He Oynu ormyOniKoBaHi B IHIIMX BHIAHHSIX.

BigxuieHi cTaTTi HE MOBEPTAIOTHCS.

Pepakuist mpuiimae 10 qpyKy Ha CTOpiHKax i OOKIaJMHKAX JKypHaIy IUIATHI
PEKJIaMHI OTOJIOIMIEHHS O10TEXHOIOTTYHOTO Ta MEIUYHOTO HAIpPsIMiB; BUPOOHHKIB
nabopaTopHOro O0NIaAHAHHS, TUATHOCTUKYMIB, PEAKTHBIB TOIIO JJIsSl HAYKOBHX J10-
CJTiJIKEHb.



‘VBara: nepeapyk, yci BUM KOTIOBaHHS Ta BIITBOPEHHS MaTepialiB,
110 HAaJAPYKOBaHi y xypHaIi «Mikpo0iosoris i 610TeXHOIOTis,
MOXKJTUBI JIMIIIEC 32 YMOBH ITOCHJIAHHS Ha JDKEpeIo iHpopmarii
Ta 3 I03BOJIY PEOAKIIHOI KOJIETii.
Vei mpaBa 3axUIIeHi 3T1THO 3aKOHOJaBCTBA YKpaiHu.
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