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EKCINEPUMEHTAJIbHI 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 i« % 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 = 4 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 6iomexrnonroeis. 2014. Ne . C. 6—14 _—
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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
Mian s | 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 1.5+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 Lep 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].

Lecopene, mg/l
gt CUPEDE, L83, Ig,:‘-"‘ﬂl“-‘“‘-‘!m%"l 51,B£3.2 71,8432
A 4185

&0

A0+

a4

" (] 70 73

pH A 28 37 °C

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 (:;;le;.mmg/l
Control 8.0 14.8+1.0 3.5+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,),M00, —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.JI. I'onemobioBcbka, T.B. IBopuuk, JI.M. SInyenko, b.I1. Manesrox

IHcTuTyT 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 npuyunu 3HUNCEHHS CUHmMe3Y KapoOmMuHoioa JiKOniny 6 ymosax
2nubuHH020 supowyeanns 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, K O cnpusau cmabinizayii yboeo npoyecy. Metomm. Cenekyito npo-
oyyenma 30MCHIOBANU 30 O3HAKOIO PAHNbLO2O cunmesy Jikoniny. Cenekyionoeamny Kyib-
Mypy eMUOUHHO SUPOWLYBANU 3d PI3HUX YMO6. Biomacy eusnavanu 6azo8um memooom,
KLIbKiCmb JIKONIHY — cnekmpogomomempuuno. Pe3yawraT. Ipuuunoro 3HudicenHs
axmuenocmi npodyyenma nikoniny S. globisporus 1912-4Lcp Hp7 6 ymogax enubun-
HO20 GUPOWYBANHS BUABULACA OUCOYIAYIsA KYIIbMYPU 3 YIMGEOPEHHAM Oe3nieMeHMHUX
sapianmie 3 uacmomoio 1 x 1073, wo cnocmepieanu nicisi po3cigy cycnensii miyeniio na
azapuzosanomy cepedosuwyi. Ak 3’acy8anocs, ix HakoNUYenHs GUKIUKAHE BHECEHHM
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8 cepedosuiye KYIbIMUEY8ants KyKypyo3siHo2o 60pOuHa, ke 8 NOCOHAHHI 3 BIGCIHUM
3ACmMoco8yIomy i N0 CbO2OOHIWHIN OeHb, MOMY WO came ye 0xcepelo gyereyto ma
eHepeii cnpusno nHakonuuenHto biomacu npooyyenma. Busnaueno ymosu Kyivmuey-
sanns npooyyenma: pH 7,0, 28°C, VIWI 0 mn, Vcepe o 00 mn ma Konyenmpayii' coneii:
MgSO,x 7H,0 - 0,1%, WH/ZA/[004 —0,05%, sixi cmabinizyroms npoyec 6iocunmesy
JIKONIHY 6 YMO8ax enubunno2o eupowsyeanns. Iloxaszano, wo nikoninoeenesy cnpuse
maxooic 6HecenHs kazeinosokucnozo nampiio i memnepamypa 37 °C ma KMnO , sixuil
3acmocogyiomy 07 cenexyii Kyiomypu. BACHOBKU. Bcmarnosneno npuyuny 3uudicenHs
biocunmesy nixoniny y wmamy S. globisporus 1912-4 Lep Hp7 ma euznauero cepe-
dosuuje, ONMUMAIbHI YMO8U i COlI, AKi cmabinizyroms npoyec 6iocunmesy J1iKOniHy y
npooyyeHma 8 yMo8ax euOUHHO20 SUPOULYEAHHS.

Knwuoei cnoea: cmpenmomiyemu, wumam npooyyenm, CUHmMe3 JiKOnity.

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

WucrutyT Mukpobuonorun u supyconoru HAH Yipauns, yi1. 3a6onoTtrHoro 154,
Kues, MCII, 103680, Ykpauna, E-mail: Golembiovska@ ukr.net

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

Pedepar

Heanb. Onpedenenue nputurvl CHUNCEHUS CUHME3A KAPOMUHOUOA TUKONUHA 8 YCLOBUSX
2nybunno2o svipawusanus ¢ 4,2 0o 2,8 me/2 cyxou 6uomaccol wmamma Streptomyces
globisporus 1912 4Lcp Hp7 u nodbop KOMROHEHMHO20 cOCMAasa cpedbl U ONmu-
MAnbHLIX YCNO08ULL, Komopule bbl CnOCOOCMB08aANU CIMAOUIU3AYUY FMO20 NPoYeccd.
Memoouvl. Cenexyuro npooyyeHma ocywjecmensiiy no NPU3HAKy PAHHe20 CUHmMesd
nuxonuna. CeneKyuonuposanyio Kyasmypy enyouHHo 8blpayusadni npyu pasHulx ycio-
susx. buomaccy onpedensiu 6ecogvim memooom, KOIUYECMB0 TUKONUHA — CHeKMpPO-
@omomempuuecku. Pe3yabrarbl. [Ipuyunoil cHusiceHus: RpOOYKMUGHOCIU UMAMMA
S. globisporus 1912 4Lcp Hp7 6 ycnosusax enyOounHo2o 6bipaujuéanus oKa3diach
ouccoyuayus Kyibnmypsl ¢ 00pazosanuem becnuemMeHmHule 6apuanmos ¢ 4acmomou
1 x 10, komopyto nabmodanu nocie paccesa CyCneH3uu Muyenust Ha cpeoe ¢ a2apom.
Kaxk evisicnunocw, ux Haxonieuue 8vl36aHO 8HeceHUeM 8 cpedy KVIbMUSUPOBAHUS
KVKYDY3HOU MYKU, KOMOPYIO 8 COYeMAanUll ¢ O8CAHOU NPUMEHSION U NO Ce200HAUHUL
0eHb, NOMOMY UMO UMEHHO IMOM UCMOYHUK Y21epo0d U dHepeuu cnocobcmeosai
Hakonexuro duomaccol npooyyerma. Onpeoenensl YCiosus Kyibmusupo8aHus npo-
oyyenma: pH 7,0, 28 °C, V10 mx, Veor o100 mn u xonyenmpayuu coneii: MgSO,x
7H,0—0,1%, (NH ) ,MoO,,— 0 05/0, K0m0pble cmabunuzupylom npoyecc duocunmesd
JIUKONUHA 8 YCII08UAX 21yOUnHO020 8bipawueanus. Ilokazano, umo 6uocunmesy 1uKo-
NUHA CNOCOOCMEYeNn MaKIce BHeCeHUe KA3eUHOBOKUCI020 HAMPUsL U meMnepamypa
37 °C, a maxace KMnQO,, komopuil npumensiom 01 celexyuu Kynomypol. BeIBoabI.
Yemanosnena npuuuna crusicenust buocunmesa aukonuna y wimamma S. globisporus
1912-4 Lep Hp7 u onpedenenvt cpeda, onmumaivhbie YCI08Usl U COMU, KOMOpble CMa-
ounUzUPYIOM 3Mom npoyecc y npooyyeHma 8 YCio8usx 2yOuHHO20 blPaAUfUBAHUSL.

Kniwouesvre cnosa: cmpenmomuyemal, mamm npodyueHm, CuHmes JIUKONnuHa.

ISSN 2076—0558. Mikpobionozis i 6iomexnoroein. 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.

Crarrs Hagidnuia qo penakimii 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].
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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-biofilmy» 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% 4.5:1*

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 dirham-
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 #4/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+2.3
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 rh/AB 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 PAMHOUJIIIIIIIB PSEUDOMONAS
AERUGINOSA ONU 301 3A IPUCYTHOCTI
EK30I'EHHOI'O CUT'HAJIBHOI'O XIHOJIOHY

Pedepar

Meta: docaidocenns 6iocunmesy pamuoninioie P. aeruginosa ONU 301 ma
AKMUBHOCMI PAMHO3UIMPAHcpepasu 2 3a NPUCymHOCMI eK302eHHOI CUSHANbHOT
monekynu — 2-eenmun-3-2iopokcu-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-TYHKOBUX
naanwemax «Nunclony. Budinenns oupamnoninioie npogoounu 3a 8UKOPUCTNAHHA
THIX na naacmunax Alugram Sil G/UV 254. JQupamnoniniou enioroeanu 3 niacmu i
BUBHAUANU IX KITbKICHULL 6MICI 3a OONOMO2U OPYUHOB020 mecmy. AKmusHicms pam-
nosurmpancpepasu 2 (RhiC) ananizyeanu y 6eskaiimunHomy ekcmpakmi 3a peakyicio
npuUEOHanHs L-pamnosu 00 MOHOpAMHONINIOY. 2-eenmui-3-2i0poKcu-4-XiHonon 6ys
cunmesosanuil y biomexnonociunomy naykoeo-nasuanvrnomy yenmpi OHY imeni 1.1
Meunuxoea. Pesynbratu. Yepes 16 200un emicm pamuoninioie nepeguiyy8as pigeHs
KoHmponro npubnusno y 4,2 pasu. Yepes 24 coounu emicm Oiocypgakxmanmis 6
npucymnocmi 80 mxM PQOS cmanosus 16,0 me/mn npomu 3,7 me/mn 3a 8iocymuocmi
PQOS. Buicm oupamnoninioie y Konmponshiti Kyiemypi uepes 8 200 0y8 MeHWUM HidiC
MOHOPAMHONINIOI8, y MOl dce uac, uepes 000y 1020 pigens 6y Oinvwium y 2,86 pasy.
Cnisgionowenns oupamHoninio/monopammoninio yepes 24 200 niosuwyeanrocay 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 axmuenicmoe RhIC
V nopigHaHHi 3 KoHmponem. Tak, uepes sicim 200un 3a npucymuocmi 40, 60 abo 80
mxM PQOS axmuenicms pamnosunmpancgepasvr 2 spocmana y 1,5, 1,9 i 2,2 pasu 'y
nopisuanHi 3 Konmponem. Yepes 24 200unu pepmenmamuena akmueHicms nepesuiyy-
sana koumpons Ha 45%, 85% ma 110%, 6ionosiono. BucHoBKH. CucHanbHUll XIHONOH
Pseudomonas aeruginosa (PQS) mooice bymu suxopucmanuii 6 6iomexnonozii ons
niosuuyeHHs 8uxo0y diocyppakmanmie ma 30aeauents ix cymiwii OUPamMHONINIOamu.

Knwuwosi cnoea: Pseudomonas aeruginosa oupammnoniniou, PQS,
pamuosinmparcgepaza 2.
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BUMOCHUHTE3 PAMHOJIMIINIOB PSEUDOMONAS
AERUGINOSA ONU 301 B ITPUCYTCTBUU
IK30I'EHHOT'O CUT'HAJIBHOT'O XNHOJIOHA

Pedepar

Hean: usyuenue buocunmesa pamuonunudos P. aeruginosa ONU 301 u akmusnocmu
pamuozunmpancghepasvl 2 8 NPUCYMCMEUU IK302CHHOU CUSHANLHOU MONEKYIbl —
2-eenmun-3-eudpokcu-4-xunonona (PQS). Metonnl. Pseudomonas aeruginosa ONU
301 kynemusupoeanu 6 cpeoe l'ucca ¢ 2% emoxosvl npu 37°C 24 uaca. Mccrnedosanus
npoeoOUIU 6 cucmeme NIAHKMOH—OUONIEHKA 8 48-1yHounbix nianuwemax « Nunclony.
Buioenenue oupamnonunuooe ocywecmensaiu ¢ nomowvro TCX na naacmunax
Alugram Sil G/UV 254. JJupamHonunuosl s10upo6any ¢ nAACmun i onpeoensiu
UX KOIUHECMBEHHOe COO0epIHCaHe ¢ NOMOWbIO OPYUHOB020 mecma. AKmueHocmb
pamuosunmpancgepasor 2 (RhIC) ananuzuposanu 6 OeckiemouyHom dKCmpakme no
peaxyuu npucoedunenus L-pamnoszol K MOHOpAMHOIUNUOY. 2-eenmui-3-2u0poxcu-4-
Xunonon ovLn cunmesuposar 6 buomexnonocuueckom nayuno-yueonom yenmpe OHY
umenu U.U. Meunuxosa. Pe3ynwsTathl. Yepes 16 uacos codepoicarue pamHoIunuoos
NpesuIaio YposeHb KOHMpOos npumepHo 6 4,2 pasa. Yepes 24 uaca cooepoicanue
ouocyppaxmanmos 6 npucymcmeuu 80 mxM PQOS cocmaensano 16,0 me/mn npomug
3,7 me/mn 6 omcymemeuu POS.

Cooeporcanue OupamHonunuoos 8 KOHMpOILHOU Kyabnype yepes 8 uacos 6viio MeHb-
WUM YeM MOHOPAMHOIUNUOOE, 68 MO Jice BPEMsl, Uepe3 CYMKU e20 YPO8eHb Dbl gblule
6 2,86 pasza. Coomnouienue OupamMHOIUNUO/MOHOpamHorunuo yepes 24 yaca ysenudu-
sanocw 6 1,25; 1,55 u 2,25 pasza 6 npucymcmeuu 40, 60 u 80 mxM cuenanvrozo xuno-
JI0Ha, coomeemcmeenno. Buecenue POS 00Ho6pemMento ¢ uHOKyiAyuell cyujecmeeHHo
unoyyuposano axmuernocmos RhIC no cpasnenuio ¢ konmponem. Tak, uepes éocemvb
uacos 6 npucymemeuu 40, 60 u 80 mxM PQOS akmusnocms pammosunmpancghepasvl
2 nosviwanacy 6 1,5, 1,9 u 2,2 paza. Yepes 24 uaca pepmenmamugHas akmug-
HOCMb npesviuiana KoHmpoab nHa 45%, 85% u 110%, coomeemcmeenno. BoiBonbl.
Cuenanvuviii xunonon Pseudomonas aeruginosa (PQS) mooicem dvimo ucnonvzoean
6 Ouomexnonocuu 0iisi NOBbIUEHUS 8bIX00A OUOCYPDAKMAHMOE U 0002aujeHUs UX
cmecu OUPAMHOTUNUOAMU.

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

Mema. /locniooxcennss cybcmpamnoi cneyupivnocmi cepunogoi IysucHoi nenmu-
oasu Bacillus thuringiensis IMB B-7324. Memoou. /[ns susuenns cyocmpamuoi
cneyugiuHocmi UKOPUCTOBY8AU OIIKU: KA3eiH, elacmuH, Qiopun, Qiopunozen,
KONLA2eH, JHCelamun, 2emo2nodin. Busnauenns nepsunnoi cyocmpamuoi cneyughiunocmi
NPOBOOUNU, BUKOPUCTNOBYIOYU CUHMEMUYHI Xpomozenni cyocmpamu. Makcumans-
ny weuoxicmo (Vmax) ma xoncmanmy Mixaenica (K ) eusnavanu 3a memooom
Jlaunyisepa-bepka i3 kpusoi 3anesdcnocmi weuOKocmi eH3uMHol peaxkyii 6i0
KoHyenmpayii cyocmpamy, nobyo0oeaHoo 3a MemoooM NOOSIUHUX 0OEPHEHUX GeIUYUH
6 koopounamax (1/V—1/[S]). Pesynemamu. [lokazano, wo ensum mae cyocmpammy
cneyudiunicms, nodibHy 00 npomeas CyOMULI3UHOB020 MUNY, WO BUZHAYAEMbCA
30ammuicmio 2ioponizyeamu cneyugiuni xpomoeenni cyocmpamu Z-Ala-Ala-Leu-pNa
i Z-Gly-Gly-Phe-pNa, a maxooic 6on10die ecmepasnoio akmuenicmio. Kinemuuni
napamempu peaxyii 2ioponizy cneyugiunozo cyocmpamy enacmas N-succinyl-Ala-
Ala-Ala-pNa cknaoaiome 0,83 mM (K ) i 20,1 mmono-mn'-xe' (Vmax). Bucnosku.
30amuicme enacmonimuunoi nenmuodazu B. thuringiensis IMB B-7324 zioponizyeamu
WUPOKULL CNEKMP HAMUBHUX OLIKI QIOpUIsIPHOI | 2100VIAPHOT NPUPoOU 06yMOsIeHa
il cneyughiunicmio w000 3aMUUIKI6 2IOPOPOOHUX AMIHOKUCIOM — ANLAHIHY, JeUYUHY),
Geninananiny. 3a Kinemuunumu napamempamu 6UOLIEHUL eH3UM He NOCHIYNAEMbCs
NAHKpeamuynill enacmasi ma € nepcneKmueHUM 0Jisk PAKMUYHO20 3ACHOCY8AHMHSL.

Kniwouoesi cnosea: Bacillus thuringiensis, enacmasa, cyocmpamuna cneyugiunicms,
cuHmemuyHi cyocmpamau.

Enacrasu (abo enacTomiTU4HI MeNTUAA3H) — [E PSIJl eHAONENTH A3, SKi HaJle-
JKaTh J0 PI3HUX KaTaJITHYHHUX THITIB: CEPHHOBUX, IIUCTEIHOBHUX 1 METAJIONENTH A3
[7, 13, 17]. Haiibinbp11 BUBYUEHUMH € TTAHKpeaTUyHa i JielikonuTapHa enacrasu (KO
3.4.21.36,3.4.21.37 BiANOBITHO) BUIINUX TBAPHUH, SIKi BITHOCATHCS /10 TUITY CEPUHO-
BUX MMENTHA3 1 crienudiuHi 0 NENTUIHHUX 3B’ SI3KiB, [0 YTBOPEHI KapOOKCUILHUMU
rpynamu aJlaHiHa, BajiHa, JICHITUHA, 130JICHITIHA, a TAKOXK 3aJTUIITKAaMH 1HIIIHX T11po-
($oOHMX aMiHOKHKCIIOT. BioMOCTi Mpo CHHTE3 1 BIACTHBOCTI €JacTa3 MiKpoOHOTO
MOXO/KEHHS PO3pi3HEHi 1 TOCUTh 0OMexeHi. Biomo, 1110 Taki eH3MMHU CUHTE3YI0Th
OKpeMi peACTaBHUKU poAiB Pseudomonas, Bacillus, Streptomyces, Aspergillus [3].
Bcranosneno, mo enacrasa P. aeruginosa (K® 3.4.24.26) € tMHKBMiCHOIO METAJIO-
NENTHIA3010, a MPEICTABHUKH OAIMJI CHHTE3YIOTh JIy>KHI CEpUHOBI €1acTOITHYHI

© O.B. Manemox, 2014
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MenTUAa3u. Aje, He TUBJISYNCH Ha BIIMIHHOCTI Y MeXaHi3Mi KaTaiTHYHOL i, 11i
€H3UMH OJTHAKOBO €()EKTHBHO T1IPOJTi3yIOTh CJIACTHH.

Panime [3] Oyito BuIizIeHO 1 o4UIIeHO nienTuaasy B. thuringiensis IMB B-7324
3 BUCOKOIO €JTaCTa3HOI0 aKTUBHICTIO, BA3HAUYEHO ONTHUMAaJIbHI YMOBH ii JTi1 1 TOKa3aHO
BHCOKY CTaOUIBbHICTh OYMIIICHOTO IpernapaTy B JOCTDKyBaHUX mianmazoHax pH i
TeMrieparyp. Hamu BCTaHOBJICHO, 11O €H3UM, KPiM eJacTa3Hoi, MaB 1ie i ¢iopu-
HOJIITUYHY aKTUBHICTh. ba3yrounch Ha BIUIHMBI crienuiYHUX XIMIYHUX PEarcHTIB,
KaTiOHIB METAJIiB 1 aHIOHIB Ha €JIACTOJITUYHY 1 (PiOPUHOTITHYHY aKTHBHICTH, HAMHU
OyJ10 3pO0JIEHO TIPUITYIIICHHS, 10 TIENITH A3 B. thuringiensis € METaJIaKTHBOBAHOO
MENITUAA3010 1 TPUCYTHICTh METAITy B CTPYKTYPi MOJICKYJIU € HEOOXITHOIO B ITEPIITY
4epry JUis 3B’ I3yBaHHS BUCOKOMOJICKYJISIPHUX HATHBHUX cyOCTpariB. MeToro qanoi
poboTH Oy10 TOCTIHKEHHS CyOCTpaTHOI CICIIM(IIHOCTI CEPUHOBOT JTYKHOT TIETITH-
nasu Bacillus thuringiensis IMB B-7324.

Marepiajin Ta MmeToau

OO0’ exkTOM MOCIIHKSHHS OyJ1a IMO3aKJIiTHHHA CEpUHOBA JTy)KHA METTHIa3a IITa-
My Bacillus thuringiensis IMB B-7324 3 enacra3noro akTuBHICTIO. KylbTHBYBaHHS
[ITaMy Ta OTPUMAaHHS OYUIIEHOTO €H3UMHOTO MPETnapary eIacTONITHIHOI MeNTHAa31
TIPOBOJIMIIH, SIK OIMCAHO paHimie [3].

3aranbHy Ka3eiHOMITHYHY aKTHBHICTh BU3HAYAHU 32 METOJJOM AHCOHA B MOJIH-
¢ikaii [TeTrpoBoi [5], skuit 6a3yeTbcs Ha KUTbKICHOMY BU3HAYCHHI THPO3WHY, 1110
YTBOPIOETHCS TIPH TiIpodIi3i kazeiny mo ['ammepcreny. [IpoxykTn po3mieruieHHs
BU3HadasK Ha ciekrpodoromerpi CD-26 mpu nowxuHi xBuiti 670 HM. 3a OIMHHUIIIO
AKTUBHOCTI MPUIMAaIH 30aTHICTh eH3UMY 3a | XB nipu Temmeparypi 37 °C nepeTBo-
pIOBaTH Ka3eiH B HEOCAHKEHHI TPUXJIOPOITOBOIO KUCIOTOIO CTaH B KIJIBKOCTI, 110
BiJIMTOBiTae 1 MKMOJTb TUPO3HHY. J[71s1 BU3HAUEHHS TeMOTIIO0THOI THIHOT aKTHBHOCTI
AK cyOCTpaT BUKOPHCTOBYBAJIM TeMOITIO0iIH, MONEPEAHbO AeHATypoBaHUU 6%
PO3YMHOM cedoBUHH. [1OpsI0K BU3HAYEHHS aKTUBHOCTI aHAJIOT1YHUN BU3HAYEHHIO
3arajgpbHOi Ka3eTHOMITHYHOT akTUBHOCTI [5]. JKenarnHasHy akTUBHICTh BU3HAYAIN
3a MeTo/IoM [BaHOBA, MPUIMAIOUH 33 OJMHHINIO AKTHBHOCTI TaKy KUTBKICTh CH3UMY,
sIKa KaTajli3ye T1IPOJIi3 KeJlaTHHH 3 yTBOpeHHsAM 1 mr a3zory 3a 1 rox. Emacrazny
AKTUBHICTh BU3HAYAIA KOJIOPUMETPHYHO 32 IHTCHCUBHICTIO 3a0apBICHHS PO3YHHY
MPU CH3UMATHYHOMY TiAPOITi3i eIacTHHY, 3a0apBIEHOTO KOHTO YepBOHHM [16].
InTeHcuBHicTh 3abapBiieHHS BUMipoBaiu Ha cuekrpodoromerpi CD-26 mpu
JOBXKHHI XBUIIL 515 HM. 32 OMHUIIO aKTUBHOCTI IPUHMAIIN TaKy KUTbKICTh €H3UMY,
siKa Karaii3ye rigpoii3 1 Mr emactuny 3a 1 xB. BuzHauenHs (iOpuHOTITHIHOT
AKTUBHOCTI TIPOBOIMIIH 32 MeTo/oM [11], BUKOPUCTOBYIOUHN SIK CyOCTpar ¢hiOpuH.
YTBOpEeHHS NPOAYKTIB pO3LIeTIeHHs (iOpUHY BUMIPIOBAIHN Ha CHEKTPOPOTOMETPI
CD-26 ipu 275 aM. 3a opuHUIIO HiIOPUHOTITHYHOT aKTUBHOCTI Opajiy TaKy KibKiCTh
€H3UMY, sIKa ITiIBUIIY€ ONITUYIHY TYCTUHY peakitiiiHoi cymimi Ha 0,01 3a 1 xB. Busna-
YeHHsI iOpUHOTCHOTITHYHOT AKTUBHOCTI MPOBOIMIIN aHAIOTTYHO (PiOPUHOTITHUHIN
aKTHUBHOCTI, OepyuHn 3a cyocTpar (iOpiHoreH. 3a oguHUIO (HiOPUHOTECHOMITHYHOT
AKTUBHOCTI Opaiii TaKy KUTbKICTh CH3UMY, sIKa TiABHUIIYE ONITHUYHY TYCTHHY peaK-
nirHo1 cymimm Ha 0,01 3a 1 xB. Konarenasny akTHBHICTh BU3HAYQIA 32 METOIAOM
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[10]. [IpomyKTH po3IIEIUIEHHS KOJIareHy BH3HAYaIW B Peakiii 3 HIHTAPUHOM Ha
cnekrpodoromerpi CD-26 npu goBxkuHi XxBrii 600 HM. 32 OTUHUITIO KOJTareHa3HOT
AKTUBHOCTI PUAMAIIN KIIBKICTh MKMOJIEH BUBLIBHEHOTO JICHIIMHY 3a 1 XB.

BusHaueHHs aKTUBHOCTI MENTHJA3 HIOJ0 CHHTETUYHUX CyOCTpaTiB mpo-
Boaunu 3a MeronoM [10]. Konuenrtparis BiAIIETUIEHOTO B Pe3yiabTaTi peakiii
napa-aitpoanininy (pNA) npornopiiiiHa aKTUBHOCTI NMENTH/IA31 1 BA3HAYAETHCS 32
30UTBIIICHHSIM TIOTIMHAHHS py A0BXUHI XBHIIi 405410 HM. OUHUII aKTUBHOCTI
PO3paxoByBaiv 3a GOPMYJIOO:

(A410(me£m)f A410(K0Hmpa;zb)) x3xa
8,8x0,1

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

Jlis BU3HAYEHHI €CTepa3HOi aKTUBHOCTI BUKOPUCTOBYBAJIHM €THIIOBUN edip
N-6en30in-D,L-aprininy (BAEE) i metunoBuii edip N-6enzoin-D,L-tupo3uny
(BTME). YTBOpeHHS HmpOIYyKTiB TiIpoJi3y BU3HAYAIH, BUMIPIOIOYN ONTHYHY
mIUTBHICTE Ha cniekTpodoromeTpi CD-26 npu noBxkuHI XBuii 253 HM. OquHUALS
ecTepa3Hoi aKTUBHOCTI — MPUPICT ONTUYHOI TYCTUHH peakuiiHoi cymimn Ha 0,001
3a | xB. [TuTOMyY aKTHBHICTh BUPaXKaJId B OJ/MI TIPOTEIiHY.

MakcumanbHy mBUAKICTH (V'max) Ta Koncranty Mixaenica (K ) Bu3Ha9anu 3a
metonoM JlalinyiBepa-bepka i3 KpruBoi 3aJI€)KHOCTI IIBUAKOCTI €H3UMHOI PeaKIii BiJl
KOHIIEHTpAIIii CyOCcTpary, moOyI0BaHOIO 32 METOIOM MOABIHHIX 00CPHEHUX BETUYNH
B koopauHatax (1/V — 1/[S]).

VYei gocniu npoBOAMIIN B 3—5 MOBTOPHOCTSIX 1 BPaXOBYBAJU CEPEIHI 3HAYCHHS
BeNWYUH 1 ctannapTHoi moxubOku (M+m). 3Hauenns npu P<0,05 posrnspanu
sk BiporigHi. ['padiuHo mpeacraBieHi pe3yabTaTd OTPUMYBAJIHU 3a JOMOMOTOIO
nporpamu Microsoft Excel 2010.

00/ mn= R

Pe3yabTaTH Ta iX 00roBopeHHs

BaxnnBoro xapakTEepUCTHKOIO MpernapariB NenTuaa3 € ix cyocTparHa CIieiu-
¢biunicTe. Panime Oyio nmokaszano, mo enacrasa Bacillus thuringiensis € cCepuHOBOIO
ayx)HOI nenTuaazow [3]. JochimkeHHs MBUIKOCTI T1POi3y Psiy HATHBHUX
cyOcTpaTiB Mmoka3ajo, mi0 el €H3MM Ma€ IMIUPOKY CyOCTpaTHy CHeluQidHICTb,
110 € XapaKTePHUM JUIsi CyOTUIII3UHIB, SKi CHHTE3YI0ThCsl OakTepimMu pony Bacillus
[8]. Enacraza B. thuringiensis IMB B-7324 edexTuBHO Tigpoinizye psi OLTKOBUX
cyOctparis sk GpiOprIsipHOI, TaK 1 MOOYIApHOT IpUpoAr: enacTiH, Gpidpun, Gpidpu-
HOTeH, Ka3eiH, reMorIo0iH, konareH i xenatut (puc. 1). Takox BCTaHOBIEHO, IO
¢bibpunOTreH, 00podIeHUH MPOTITroM 15 XB BUALICHOO MENTHIA3010, BXKE HE 31aTHUI
nepeTBoproBarucs Ha GpiOpuH mix aiero TpoMOiHA.

Hupokuii cnekTp MpUpoAHHX cyOcTpariB, sIKi TiAPOIi3ye enacTasa
B. thuringiensis moxe OyTH 3yMOBICHHIA OyJOBOIO i KaTaJiTUYHOTO LEHTPY 1 IIH-
POKHM CHEKTPOM aMiHOKHCIIOT, sIKi BiATIOBIAAIOTH ii MEPBUHHIN CIIEU(IIHOCTI.
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Puc. 1. AktuBHicTh enactasu B. thuringiensis IMB B-7324 om0 HaTuBHUX 0iIKiB
1 — enmactuH, 2 — ¢piOpuH, 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 IEPBUHHOI CHIENM(DIYHOCTI e1acTa3u BUKOPUCTOBYBAJIN CUHTE-
TUYHI CyOCTpaTH, SIK1 € XapaKTepHUMH Ul IEPBUHHOI CIelU(PIYHOCTI TBAPUHHUX
1 OakTepiaJbHUX CEpUHOBUX mentuaa3. byno mokaszano (tabn. 1), mo enacrasza
B. thuringiensis mae cy0ocTparHy crieniudiuHICTh, TOIIOHY A0 NeNTHAa3 CyOTHUIII3HHO-
BOT0 TUIY (IIPO 1110 CBIAYUTH ripodi3 cyocrparis Z-Ala-Ala-Leu-pNa 1 Z-Gly-Gly-
Phe-pNa), a Takox BoJOAl€ ecTepa3HO0 aKTUBHICTIO (Tipoini3 cyocrpary BAEE).
Haii011b111 akTUBHO €H3UM TiApOJIi3yBaB TPUIENTHAH 13 3aIUIIKaMU T1popoOHUX
aMIHOKHUCIIOT ajlaHiHYy, JISHIMHY 1 (peHUIasaHiHy B no3uuii S1. 3a copiiHeHICTIO 10
LMX aMIHOKUCIIOT MOXKHa moOyayBaru Takuil psia: Ala>Leu>Phe. [ani cyOcTparu
€ crienu(pIYHIMU TaKOX 1 AJIs eJlacTa3 TBAPUHHOIO MOXOMKEHHs. BaxumBumu nms
rifiponi3y Oynu aMiHOKHMCIIOTH 1 BTOPUHHOI cniuiudiynocTi (mo3umii S2 1 S3). Tak,
3amiHa anaHiny (cyoctpatu Suc-Ala-Ala-Ala-pNa 1 Z-Ala-Ala-Phe -pNa) Ha 3a-
mumok iUy (cyocrparu Z-Gly-Ala-Ala-pNa 1 Z-Gly-Ala-Phe-pNa) B nozumii
S3 mpuBoaMIa 10 3HMKEHHS aKTUBHOCTI Ha Outbiie sk 30-80%. 3amiHa anaHiHy
Ha DIIIMH B ABOX no3uuisx S2 1 S3 (cybcrpatu Z-Ala-Ala-Phe-pNa 1 Z-Gly-Gly-
Phe-pNa) npuBoauiia 10 3HMKEHHsI aKTUBHOCTI Ha 75%. JlaHi 11010 nepeBakHOTO
TAPOJTI3y MEeNTHIa3010 3a 3aIUIIKaMU T11poPOoOHUX aMIHOKUCIOT OyJI0 MiaTBEp-
JDKEHO TaKOXK pe3y/IbTaTaMM TOHKOIIAPOBOI Xpomarorpadii Tiposii3aTiB HAaTUBHUX
O1IKOBUX CyOCTparTiB [4], 1110 OKa3aj1a HasBHICTb B HUX 3AJIUILKIB aJIaHIHY, JEHIIUHY
1 BanmiHy. Takox 1M MeTo1oM OyJI0 BUSIBJICHO HAsIBHICTD B TIPOJTi3aTax 3aMILIKIB
[TyTaMiHOi aMiHOKHCIIOTH, ajie 3a BIJICYTHICTIO BIAMOBITHUX XPOMOT€HHUX cyOcTpa-
TIB JJaH1 OPIBHATH HEMOXJIHBO.
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Taomurs 1

HIBuaKicTh rigpoJizy CHHTeTHYHHX cyOcTpaTiB
Table 1

The hydrolysis rate of the synthetic substrates

e o TP
Etunosnit edip N-6enzoin- D,L-aprininy (bAEE) 0,8+0,04
Mertunosuii 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 MBUAKOCTI Tiapodizy cyocTpary. OmHi€ero 3 mpo0OiieM pyu BUBYCHHI ITPO-
TEOJIITHYHUX €H3UMIB € BCTAHOBJICHHS KIHETUYHUX 3aKOHOMIPHOCTEH B3aEMOZIT iX
3 IPUPOTHUMH O1TKOBUMU CyOCTpaTamu, OCKUTBKH, SIK IPABUIIO, MIBUIKICTh TAKHX
peaxIiii He miAnopsAAKOBY€EThCS piBHAHHIO Mixaenica-MenTeH. OCHOBHA MpUYMHA
BiJIXMJICHB TIOJISITA€E B CKIIAHOCTI Oy0BH O1JIKOBOTO CYOCTpaTy, SIKAi SBJISIE COO0I0
Ha0lp MEeNTUIHUX 3B SA3KIB, M0 HE JMIIAETLCS MOCTIHHUM B Tiporieci peakirii. [To-
Ka3aHo [1], mo HalmpocTima cxema I OMMCAaHHS TaKWX MPOIECiB BKIIFOUAE J[BA
etanu: 1) copO1ris menTuaa3u Ha IIOBEPXHI CyOCTpaTy, SKa MICTUTh TPYITH — «MiIIIe-
Hi» copOrii; 2) 6e3nmocepeIHhO KaTaliTHIHY PEaKIliio MK €H3UMOM 1 peaKIliitHO-
3MATHAMH TpyHaMu HEPO3YMHHOTO cyOcTpary abo pO3YMHHHMX MENTHIIB, SKi BKE
yTBOpPWIHCS. Byno BUBYEHO 3aJIeKHICTh MIBUAKOCTI T1IPOJI3y €JIaCTHHY Bif 4acy
(puc. 2) i moka3zaHo, 10 BOHA HE Ma€ KJIACHYHOTO TiNepOOoIITHOTO BUTIISTY, III0 MOYKE
OyTH 3yMOBJICHO HE TIJIbKH YTBOPEHHSIM 1 pO3TIaIOM €H3UM-CyOCTPAaTHOTO KOMILIEKCY
1 yTBOPEHHSIM MPOJYKTIB PeakKilii, a 1e i THM, 10 CIIOYaTKy BiZI0yBa€THCS aacopOItis
€H3MMY Ha HEPO3UMHHOMY CyOCTparTi IS MOIaIbIIoro €)eKTHBHOTO HOTO T1IpOITi3y.
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Puc. 2. lunamika rigpoJiisy HATUBHOTO eJacTHHY ejiacTa3oro B. thuringiensis IMB B-7324

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

ToMmy a5t BUBYCHHS KIHETUYHHUX MTApaMeTpiB OyJI0 BUKOPUCTAHO criennivHmiA
cyocrpar enacta3 N-succinyl-Ala-Ala-Ala-pNa. JlociimkeHHs TOKa3aly, 0 KpU-
Bi 3QJI©KHOCTI aKTUBHOCTI BiJl 4acy 1 KOHLEHTpaIii cyOCTpaTy MaroTh 3BUYAHUN
rinepOOMIYHUI BUIIISA 1 TiANOPSIKOBYIOThCS KiHeTHIll Mixaenmica-MeHTeH s
OJTHOCYOCTpATHHX PEaKI[ii MepIIoro MOPsJIKY, Ie Ma€ MiCIle IIOCTYIOBE 301IbIIICH-
HsI aKTUBHOCTI, aJIe yepe3 JACSKUN Yac IMBHJIKICTh PEakKIlii CTa€ MOCTIHHOI 1 KPUBI
BUXOJIATH HA 1iaTo (puc. 3).
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Puc. 3. lnnamika rigpoJizy cuateTuunoro cyocrpary N-succinyl-Ala-Ala-Ala-pNa
ejacta3ow 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 upomy cybcrpati Oynu BU3HayeHI KIHETHUYHI IapaMeTpu peakiii:
K (0,83 MM) i Vmax (20,1 mmonb-mir'xs™") (puc. 4).
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Puc. 4. 3ane:xknicTh WBHAKOCTI rigpotizy cuHTeTHYHOrO cydcTpary N-succinyl-Ala-
Ala-Ala-pNa enactasoro B. thuringiensis IMB B-7324 Bin xonuenTpauii cyécTpary
B 00epHeHUX KoopauHarax 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

OCKITbKY 3aCTOCYBaHHHSI CHHTETHYHUX CyOCTpPATiB JUIsi BUBHAUCHHHS aKTHB-
HOCTI € YHIBEpCaJIbHUM 1 JIETKO BiITBOPIOBAHIM METO/IOM, TO KIHETHYHI TTapamMeTpu
T1IpOITi3y IUX CyOCTPaTiB MOYKHA MOPIBHIOBATH 3 TAKUMHU 3K, OTPUMAHUMH TSI 1HIIIUX
eH3MMIB TIOI0HOI crienpivHoCTi. BukopucToBytoun nani 6a3u qannx BRENDA,
OyJ10 TIOKa3aHo, IO KOHCTaHTa Mixaenica, sika BU3HAYAE CTYIiHb CIOPiIHEHOCTI
€H3UMY JI0 cyOcTpaTa, BUAUICHOT enacta3u B. thuringiensis 3HAXOIUTHCS Ha PiBHI
3Ha4YeHb MAHKPEATHYHOI eJ1acTa3u i € B 5 pa3iB HIKYOKO 3a Km JIJIs IIbOTO CyOCTpary
npoteinasu K, sika Takox MposIBIIsiE €1acTa30noAi0Hy akTUBHICTH (Tal. 2).

Tabmurs 2

IopiBHsiHHs KoHcTaHT MixaeJica e1acTOJITHYHUX MENTHAA3 Pi3HOIO 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 enmactasza (EC 3.4.21.37) [12] 3,7*

[Tpumitka: * — nani 6a3u 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 BCTAHOBJICHO, IO €1aCTOMITHY-
Ha rientuaasa B. thuringiensis IMB B-7324 rigposmi3ye MApOKHiA CIICKTP HATUBHUX
O1TKiB (GiOPMIIAPHOI 1 IOOYISIPHOT IPUPOJIH, IO 3yMOBJICHO 11 CIeU(DIgHICTIO 1010
3aJTUIIIKIB T1[poh0OHUX aMiHOKHUCIIOT — aJIaHiHY, JISUITUHY, (eHitananiny. [TokazaHo,
10 eacTa3a Ma€e cyocTparHy crennudivHicTh, TOAIOHY 10 IeNTH a3 CyOTHITI3UHO-
BOTO THITY, 110 BU3HAYAETHCS 3ATHICTIO T1APOJI3yBaTH CHEIU(IdHI XpOMOTSHHI
cyoctparu Z-Ala-Ala-Leu-pNa i Z-Gly-Gly-Phe-pNa, a Takox mae ecrepasHy ak-
THUBHICTh. 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
CH3UM TIEPCIIEKTUBHUAM JUTS IPAKTHYHOTO 3aCTOCYBAHHS.

E.B. Marnearox

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

CYBCTPATHAS CHEHUPHUYHOCTD CEPUHOBOM
IMEJTOYHOU NETUAA3bBI BACILLUS THURINGIENSIS
IMB B-7324

Pedepar

Heas. Hccnedosanue cybcmpamnoii cheyuuunocmu cepuno8oll WeioyHol nen-
muoaswl Bacillus thuringiensis IMB B-7324. Metoasbl. /15 uzyyenus cyocmpamnou
cneyupuYHOCMU UCNOIB308ANU DEIKU. KA3eUH, 1ACMUH, PuOpuH, pubpuHoceH, Kouia-
een. Onpedenenue nepeuunol cyocmpamHou cneyuguunocmu npogooUsU, UCHONb3YsL
cunmemuuecKkue xpomozennvie cyocmpameol. Maxcumanonyio ckopocms (Vmax) u
koncmarnmy Muxasnuca (K ) onpedensnu no memoody Jlatinyusepa-bepka us kpueoii
3a8UCUMOCIU CKOPOCTUL Peakyuu Om KOHYeHmpayuu cyocmpama, nocmpoeHHol
€ NOMOWBIO Memooa 0BOUHLIX 0Opamublx éenudun 6 koopournamax (1/V-1/[S]).
Pesyabrarnl. [loxkazano, umo sH3um odnadaem cyocmpamuou cneyuduyHocmsio,
NOO0OHOU nenmudazam cyoOmuIU3UHO8020 MUNd, Ymo onpeoensemcs ChoCOOHOCMbIO
2uoponusuposams cneyuguueckue xpomoeernnole cyocmpamol Z-Ala-Ala-Leu-pNa
i Z-Gly-Gly-Phe-pNa, a maxoice nposeisiem scmepasnyio akmueHocmos. Kunemu-
yeckue napamempvl peakyuy 2uopoauU3a cneyu@uieckoco cyocmpama 1acmas
N-succinyl-Ala-Ala-Ala-pNa cocmasnsiom 0,83 mM (K ) u 20,1 MmO M mun!
( V. ) BeiBoabl. Cnocodonocms snacmonumuyeckou nenmuodasvl B. thuringiensis
IMB B-7324 cudponusuposams wupoxuil CHeKmp HamueHvLx 0eiKko8 uopuULIApHOL u
21100V IAPHOU NPUPOObL 00YCII0BNIEHA ee CReYUDUUHOCIBIO K OCIMAMKAM 2UOPOPOOHbIX
AMUHOKUCIOM — ANAHUHA, 1etiyuna, penunanranuna. Ilo kunemuueckum napamempam
OH3UM He ycmynaem NaHKpeamuyeckou nacmase U aeisemcs nepcnekmueHslm s
NPAKmMu4ecko2o npUMeHeHus.

Knwuesvie cnoea: Bacillus thuringiensis, snacmasa, cyocmpamuas cneyuguy-
HOCMb, CuHmemuieckue 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 e
YV=0a,+ D a5+ a,X; + > D axx, .
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/1 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.

Sodium selenite, mg/l

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
¥ 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 /?‘zl‘ii)‘im selente, 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 1 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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(2)Inoculum, %(L) |

1Lby2L | 8993341
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
1QbyaL | -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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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).

-3
<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
76690 ——g—f 4" L - = =
iy - -+ L \
6,5000
12
%
g
Ng. B a &
31856 e —— s
1, 8,2667 16, 3, 5,2667 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 (2.5%x10% 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 KYJIBTUBUPOBAHUSI
LACTOBACILLUS ACIDOPHILUS 55 B CPEJAE
C CEJIEHUTOM HATPUA

Pedepar

Henb. Onmumusayusa yciosuii KyI1bmusupo8anus npooUOmMu4ecko2o wmamma
Lactobacillus acidophilus 55 6 cpede ¢ cenenumom nampus. Metonwl. H3yuenue
GAUAHUS CENeHUMA HAMPUs, KOIUUeCmEd 6HOCUMO20 UHOKYIIOMA U 8PEMEHU K)Jlb-
MUBUPOBAHUA HA KOHYEHMPAYUIO HCUZHeCnocobHblx Kiemok L. acidophilus 55
NPOBOOUNU C NPUMEHEHUEM MPEXYPOBHEE020 PAKMOPHO20 IKCHEPUMEHNA NO NAAHY
boxca-Benrena (BBD). Pe3yabrarsl. Yemarnosneno, umo Koauyecmso UHOKYIAMA
A619€MCs PaKmopom, KOmopulil OKA3bl6al HAUOOIbULEE GIUAHUE HA KOHYEHMPAYUIo
JHCUHECNOCOOHBIX KIIemOK. ONmumanbHbIMU YCA10BUAMU O NOTYYEHUSL MAKCUMATLHOU
KOHYeHmMpayuu HCUsHecnoCcOOHbIX KIemoK 6 nPUcymcmeue uoHo8 celena Oviau: co-
Oeporcanue cenenuma nampus  cpeoe 8,3 %, Konuuecmeo 6HOCUM020 uHoxyoma 5,3%
u 8pemsa Kynomusuposanus 18 u. BeiBoasl. [Ipu kynomusuposanuu L. acidophilus 55
68 ONMUMUSUPOBAHHBIX YCIOBUAX, MAKCUMANbHAS KOHYEHMPAYUSL HCUSHECTIOCOOHBIX
xaemok cocmaeguna 2,5 % 10° KOE/ma.

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
CelleHimy Hampiro, KilbKOCMI IHOKYIIOMY, WO 6HOCUMbCA | YACy KYIbIMUEYEAHHA HA
KOHYeHmpayiio scummezoamuux kuimun L. acidophilus 55 30iiicnrosanu 3 3acmocysan-
HAM MPbOXPI6He8020 (haKmopHo2o ekcnepumenmy 3a nianom boxca-benkena (BBD).
PesyabraTu. Bemarnogneno, wo KinbKicme iHOKVIAMY € (Pakmopom, AKull U616
HAUOIILWUL 6NIUE HA KOHYEHMPAYIlo JICUMMmME30amuux Kiimun. OnmumanroHumu
yMogamu Ol OMPUMAHHSA MAKCUMATbHOI KOHYEHMPAyii dcumme30amuux KiimuH
3a npucymnocmi ioHie ceneny Oynu: emicm cenenimy nampiio 6 cepedosuwyi 8,3%,
KibKicmb IHOKYIIOMY, Wo eHocumuvcs 5,3% ma uac kynvmugyeanns 18 cooun. Bue-
HOBKH. [Ipu kynomusysanni L. acidophilus 55 6 onmumizoeanux ymosax, MakxCumaibHa
KOHYenmpayis scummezoamuux kuimun cmanosuna 2,5 x10% KOE/mn.

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

Memoio docniddcenns 6yno euoinens wmamie 1axmoodaxmepii 3i ceixcux ma ca-
MOKBACHUX NA0008UX Min enueu 3euyaunoi Pleurotus ostreatus ma eusuenns ixuix
oionozciynux i biomexnonoeiunux enacmugsocmei. Memoou. O6'ekmom docniodcenns
oynu 50 wmamie naxmobaxmepii, 8UOLIEHUX 3i CBINCUX I CAMOKBACHUX NI000BUX
min epubise enusa 3euuauna Pleurotus ostreatus. Pooosy ma eudosy nanesjcuicme
nakmobaxkmepitl 6CMAHOBIIOGANU 3d MOPPONI020-KYIbMyparbHUMU, Pi3iono2o-
OloXimMIvHUMY 81ACMUBOCMAMY, ma niomeepoicysanu memooom I1L[P 3 euxopucman-
HAM npatimepis 00 dinanok 16S PHK ma recA. Cmynine KUC10mMoymeopenus umamie
Jakmobayun 00Cai0NCy8anu 3a IHKyoayii'y sHesxcupenomy monoyi ynpooosc 1, 15 ma
24 200uH, 2paHUYHy KUCTOMHICIb — 3d IHKYOayii ynpoooedic mudiCHs, MOJIOYHY KUCTO-
my — mumpoMempuyHumM Memooom. AHmacoHicmuuHy aKmugHiCMb J1AKmMoOaxKmepiti
BUHAUATU MEMOOOM azaposux onokis. Pesynemamu. Bcmanosieno, o Mo1ouHoKuci
baxkmepii 6x00amv cxknady mikpodbiomu niodoeux min epuba Pleurotus ostreatus.
I30nv06ani i3 ceiycux ma gpepmenmoganux epubie 8 wmamie nakmobaxmepiil 3a
MOPGONOSITUHUMU, KYIIMYPATbHUMU A (I3I01020-010XIMIUHUMU O3HAKAMU 8IOHECEHO
0o sudy Lactobacillus plantarum, wjo niomeepoicero memooom I1JIP. [Jocnioocysani
wimamu aakmobayun 3a 15 200. npodykyroms 6i0 0,5 = 0,1 do 1,4 + 0,2% monounoi
Kuciomu, a 2panudna kucromuicms cknadae 144—300°T. Bucnosok. [lImaw Lactoba-
cillus plantarum ONU3 135, i301608anuil 3 n10006UX Mil 21UBU 36UYANIHOL € AKMUBHUM
KUCTOMOYMBOPIOBAYEM 3 AHMALOHICMUYHOIO AKMUBHICTIO BUCOKO20 MA CEPEOHbOZO
CMYNEeHi8 w000 YMOBHO NAMO2EHHUX bakmepitl, baxmepiil npedCcmasHUKie MIKpobiomu
2NUBU, He NPOAGIAE AHMALOHIZMY 00 MOLOYHOKUCIUX DAKmepill IHuuX 6uois.

Knwuoei cnoea: Lactobacillus plantarum, anmazonicmuuna akmusHicme, Mo-
JIOYHA KUCTIOMA, 2MUBA 36UYALIHA, (DepMenmyeanHs.

Bubip Gakrepiii pony Lactobacillus y sKOCTi 3aKBallyBaJIbHUX KYIBTYp UIS
BUPOOHUITBA (DEPMEHTOBAHHUX MPOAYKTIB XapuyBaHHs OOyMOBICHHI 3IaTHICTIO
JaKTOOAKTEPii MepenIKoKATH POSMHOKEHHIO TATOTCHHUX 1 YMOBHO TATOTEHHHUX
MiKpOOpTraHi3MiB, ITiIBUIyBaTH IMyHOPE3UCTEHTHICTh MaKpOOpraHi3My Ta IIpHHa-
JISKHICTIO 1X 710 KaTeropii Oe3neynnx mikpoopranizmiB (GRAS) [11].

['muBa 3BMYaliHA € IIIHHUM JDKEPEIOM EKOJIOTIYHO YHCTOI Xap4OBOi CHPOBUHH,
HU3bKOKAJIOPIMHUM MPOAYKTOM, IO MIBHIKO TCYETHCS Ta MOTpedye mepepoOKH,
HaO1IBII e()eKTUBHUM CITOCOOOM siKO1 € hepmenTyBanHs [5]. Ha mmogoBux Tinmax
[JIMBH BHUSIBIICHO Oaktepii poniB Bacillus, Planococcus, Sporosarcina ta Lactobacil-

© O.B. bacron, I'B. SIm6opko, B.O. IBanns, 2014
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lus [9]. Ilponiec camMoCKBaIIyBaHHs 31IHCHIOETHCS MEPEBAKHO MOJOYHOKUCIUMHU
OaxTepisiMH, 10 BXOJATH 10 CKJIaay MiKpOoOiOTH TUIOOBHX TiJI, MPOTE iH(OpMAITis
PO HUX MPAKTHUYHO BiJCYTHS.

BincyTHICTh KOMEPIIHUX CTapTEPHUX KyAbTYp OakTepiit poxny Lactobacillus 3
BUCOKMMH 010TE€XHOJOTIYHUMU TIOKa3HUKaMU ISl (PepMEHTYBaHHS rpuOiB pOOHUTH
nporec ¢pepMeHTalii He MPOrHO30BaHUM, a KiIJTbKICTh 1HAMTCHHUX JIAKTOOAKTEpIin
JUTSL IOMiHYBaHHS MOJIOYHOKHUCIIOTO OpOMIHHS € HEeIOCTaTHhOI, BHACIITOK YOTO
HPOIYKI[is BTpayae Oe3MeyHICTh, IOT1PUIYIOTHCS 11 OpraHoJIENTHYHI BIACTUBOCTI.

V 3B’s13Ky 3 UM METOIO JIOCIIIKSHHS OYyJIO BUIUICHHS IITaMiB JaKTOOAKTEPiit
31 CBIKMX Ta CAMOKBAaCHUX IJIOZIOBUX TiJl TNIMBU 3BUUANHOI Pleurotus ostreatus ta
BUBYEHHS IXHIX 010J0T1YHUX 1 610TEXHOIOTIYHUX BIACTUBOCTEH.

Marepiaan Ta MmeToaun

O06'exToM gociimkeHHs Oyau 50 mramiB JIakTOOAKTEpil, BUAUICHUX 31 CBIKUX
1 CAaMOKBaCHUX IIOJJOBUX TiJI rpu0iB IMMBa 3BUUaiiHa Pleurotus ostreatus.

JlakrobGakTepii BUIUIAIN LUIAIXOM BHUCIBY Ha arapu3oBaHe cepenosuiie MRS
3MHUBIB 3 TUIOJIOBHX TiJl CBIXKOI Ta HEKOMEPIIIHHOI CAaMOKBAaCHOI TJIMBU 3BUYANHOT,
KyJIBTUBYBaJIH 3a Temreparypu 36 °C Bnpomosx 2 1i0 Ta BU3HAYAIU MPUHATIEHK-
HICTh 110 pony Lactobacillus 3a TIHKTOpiadbHUMHU, MOP(}OIOTO-KYITBTypaTbHUMHU
1 ¢i3ionoro-6ioxiMiYHUMH O3HaKaMH: 3a0apBieHHsIM 3a ['pamom, Gopmoro Ta
PO3MIpOM KIITHH, PYXJIMBICTIO, HAsSBHICTIO KaTajla3u, 3[aTHICTIO BiJIHOBIIOBATU
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 reTepoepMEHTaTHBHUX JTaKTOOAKTEPiid BUSBIISLIN MeTonoM Gibson Ta
Ab-el-Malek 3 BUKOpHCTaHHSIM TOMaTHO-TJIFOKO3HOTO arapy [8].

PonoBy Ta BHIOBY NpHUHANIEKHICTD JIAKTOOAKTEPIN MiATBEPKYBAIH METOIOM
MoJTIIMepa3HOi JTAHIFOTOBOI peaKilii 3 BUKOPUCTaHHM ITpaiiMepiB (Tabm. 1) 10 AiisHKH
16S PHK, HasiBHO1 y BCix BuiB poay Lactobacillus i 1o ninsiHKu recA, mpuTaMaHHOT
JUTSI TIPEAICTaBHUKIB BUIYy Lactobacillus plantarum.

JIHK Gakrepiit BUIITISUTH METOIOM TEIUIOBOTO JIi3UCy OaKTepiadbHUX KIITHH 32
MoaupikoBaHow Meronukoro Szegedi and Bottka [10, 12].

CryniHb KHCIOTOYTBOPEHHSI BU3HAYAIIN 32 1HKYOAIlii y 3HE)KUPEHOMY MOJIOL
ynponoBx 1, 15 Tta 24 ronuH, rpaHUYHY KHCIOTHICTh — 3a 1HKyOamii ympomoBxk
TUXKHSI, MOJIOYHY KHCJIOTY — THTPOMETPUYHUM MeToaoMm [1, 3].

AHTaroHiCTUYHY aKTUBHICTb JIAKTOOAKTEP1H BIAIHOCHO YMOBHO ITaTOT€HHUX Ta
NaTOTeHHUX MIKPOOPraHi3MiB BU3HAYAJIM METOJOM arapoBux OnokiB [6]. [nauka-
TOPHUMHM MiKpOOpraHizMam#u OyJIv ITaMA YMOBHO ITAaTOT€HHUX OaKTepill Ta TaMu
OakTepiii-IpeCTaBHUKIB MiKpOOiOTH, 1301b0BaHI HAMH 3 TUIOAOBHX T1JT TJIHBH.

Cratuctuuny oOpoOKy pe3yibTaTiB 3A1MCHIOBAIM IIISXOM PO3PaxyHKy ce-
penHiX 3Ha4eHb Moka3HuKiB (X) Ta ix crampaprHoi noxubku (S, ). Biporignicts
BIIMIHHOCTEH MIXK CepeJHIMU 3HAUYEHHSIMH BH3Ha4aiH 3a kputepiem Ct'roneHra,
OI[IHIOIOYH BIPOTiIHICTh OTPUMAHUX PE3YyJIbTATIB 32 PIBHEM 3HAUUMOCTI HE MCHIIIS
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
Ipaiimep MocainoBHicTH aMﬂnl:l(:)]:::g o [pumitka
LbLMA-1 5'-CTC AA/§ ACT AAA CAA 250
AGTTTC-3 CrinbHui 1y1s OakTepin
,” 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' Crierudivauii ms
Oaxrepiif BUIY
5'-TCG GGA TTA CCA AAC L. pl
. plantarum
pREV ATC AC-3' 318

Pe3ysbTaTn Ta iX 00roBOpeHHs

3 mMBH 3BUYalHOI Oyno BuaIeHO 50 130J14TiB MOJIOYHOKUCIUX OakTepii, 3
SIKUX JJI AOCTIPKEHHS BiiOpaHo 8 mTamiB, sIKi MaJld BUCOKY IIBHJKICTb POCTY.
[30mp0BaHI mITAMK JIAKTOOAKTEPil MPEICTABICHI IPAMIIO3UTHBHUMHU MMaTHYKaMU
MpaBWIbHOI (HOPMH, 3 TEHJEHIIEIO J0 JTAHIFOrOyTOBPEHHS, KaTala30HEraTuBHI 1 He-
3[1aTHI /10 BITHOBJICHHS HITPATIB, 1110 I03BOJIMJIO BIAHECTH iX 110 pony Lactobacillus.

BcranoBneno, 1o BigiOpaHi mraMu JakTo0aKTepii yTHIIi3yoTh L-apabiHo3y,
D-ranakro3y, D-rmtoko3y, D ta L-kcuno3y, D-nakro3y, D-manit, D-padinosy,
D-cop6it, D-¢pykro3dy, D-1ieno6io3y, D-irykpo3y Ta He yTwimi3yrooTb L-paMHO3Yy.
Vel KynsTypu He IPOAYKYIOTh I'a3 13 IIIOKO3M 1 pocTyTh 3a Temneparypu 15 °C. L1
O3HAaKH XapaKTePHU3YIOTh iX SIK (DaKyJIbTaTUBHO-TETEPOPEPMEHTATHBHI MOJIOYHOKUCITL
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., 110 BKa3ylOTh Ha HasgBHICTH NUIsSHOK 16S pPHK,
XapakTepHUX Juist 6aktepiit poay Lactobacillus. Ilonimepas3Ha JIaHIIOTOBA peaKiis 3
Buocnenudiuaumu npaiimepamu planF ta pREV 1o pinsiHku reny recA miareepania
HaJIeKHICTh BIIIOpaHuX TamiB 10 BUy Lactobacillus plantarum, Ha 110 BkazyBajia
MPUCYTHICTh aMILTIKOHIB po3Mipom 318 1. o.

TakuM YMHOM, BCTAaHOBJICHHSI TeHeTHUHUX nociigoBHocTel JIHK makrobakrepiit
MiATBEPANUIIO POIOBY Ta BHIOBY HAJECKHICTh IITaMiB, BU3HAYCHY 3a MOPQOIOTo-
KyJIbTypajJbHUMHU Ta (hi31010r0-010XIMIYHMMH BIACTUBOCTAMH. EnekTpoHHO-
MIKPOCKOITIYHI 3HIMKH JESIKUX 3 TOCIIKYBaHUX IITaMiB HaBEIEHO HA pucC. 1.

[IITaMm MOTOYHOKUCIHX OAaKTEpiii BBAXKAETHCS aKTUBHUM 1 MOXE 3aCTOCOBY-
BaTHCA Ui (pepMeHTallli, Ko 3a 15 roauH KyJlbTUBYBAHHS Ha CEpPEIOBUILI BIH
yTBOptoe 0,5% MosaouHo1 kKucaoTu [3]. 3 omisiay Ha e, 0yio JOCiKEHO aKTUBHICTh
KHCJIOTOYTBOPEHHS 130JIbOBAHUX ILITaMIB JJAKTOOAKTEPiil.
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6)

Puc. 1. EJleKTpOHHO-MiKPOCKONIYHiI 3HIMKU MOJTOYHOKHUCIANX 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 TAOM. 2 JOCTIHKYBaHI MITaMU JIAKTOOaui 3a 15 roa npoayKyrooTh
Bix 0,5+ 0,1 mo 1,4 +0,2% MOJIOYHOT KHCIIOTH.

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

HaiiBummMy mokasHUKaMH KHCIOTOYTBOPEHHS 3a 00y XapaKTepU3yBaJUCs
nakrobakrepii mrramis L. plantarum ONU 3141 L. plantarum ONU 315, BignoBigHo
145+£5,1°Ti170+4,2 °T.

Binomo, 1o mporiec pepmenTartii rpudiB TPUBAE 3aJI€KHO BiJl YMOB (hepMeHTaIlii
JI0 YOTUPHOX THIKHIB 1 611b111€, IpU ITboMY pH noHmkyeThes [4, 5]. BpaxoBytoun 1te,
JOLUILHUM OyJ10 BU3HAUMTH MTOKa3HUKHU IPAaHUYHOT KUCIIOTHOCTI, 1110 HAKOMTMYYETHCS
JOCIIHKYBaHUMH IITaMaMH JJakToO0armil. BusBuocs, o HaiBUIIIMMU ITOKa3HUKA-
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 TIOJAJIBIINX JI0CITIKEHb.

B nopaneiiomy BcTaHOBIIEHO, 110 TOCIKYBaH1 mtamu L. plantarum ONU 314
ta L. plantarum ONU 315 poctyTb 3a Temneparyp 4—50 °C i 3nauens pH 3—7, mo
€ BaYUIMBUM KPUTEPIEM 3a B1IOOPY CTApTEPHUX KYJIBTYp OakTepiil, OCKIIbKHU J10-
3BOJISIE iXHE BUKOPUCTAHHS MPH IINPOKUX Jlialla30Hax TeMIIEpaTyp Ta KUCIOTHOCTI
cepenoBuia [7].

Binomo, 1110 aHTEMIKpOOHA aKTHBHICTH JIJAKTOOAITHIT IO BITHOIIICHHIO JIO 1TaTO-
TeHHHUX Ta YMOBHO MTaTOTEHHUX MIKPOOPTaHi3MiB MOSICHIOETHCS TIPOAYKITIEIO Opra-
HIYHUX KUCIIOT, IEPEBAKHO MOJIOYHOI, MEPEKUCY BOAHIO, aHTHOI0THKIB, JII30IIMY
Ta OakrepionuHiB. CIEKTp CIOMYK 3 aHTUOAKTEPI1aIbHOIO aKTUBHICTIO, 110 YTBO-
PIOIOTBCS JTAKTOOAIMIIAMH, 3aJIeKUTh BiJ BUAY Ta IITaMy MIKpOOpPTaHi3My, YMOB
pocty nomyssii. [lltamu 3 aHTHOI0THYHOO AKTUBHICTIO, SIK IPABUIIO, € OJHOYACHO
1 aKTUBHMMH KHCIIOTOYTBOpIOBauamu [2, 7].
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Tabmums 2
IToka3HMKHM KHCJIOTOYTBOPEHHS JOCTIIKYBaHHX JaKTo0aKTepiit
Table 2
Studied lactobacilli lactic acid production indicators
Kucaorn
I'pannyna
MTam 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 TIOPIBHAHHI 3 IHIIMMH IITaMaMH.
Note: * — significant difference in compare with other strains.

V pe3ynbTari MpoBEACHOTO TOCIIPKEHHS BCTAHOBJICHA aHTarOHICTUYHA aKTUB-
HicTh mtamiB L. plantarum ONU 314 1 L. plantarum ONU 315 1o BiiHOIIEHHIO 710
YMOBHO TAaTOTEHHHUX OaKTepidl Ta i30JIbOBAHUX MPEICTABHUKIB MiKpOOIOTH TIIMBU
3BUYaiHOI (Tab. 3).

[TpoBeaeHi MOCHIKEHHS MMOKa3aiy, 10 HelTpamisalis pH KymbTypaibHOTO
CepeoBHUIIIa KapOOHATOM KaJbIIit0 PU3BOIUTH 0 3HAYHOTO 3HUKEHHS aHTaroHic-
TUYHOT aKTUBHOCTI JOCIIPKYBaHUX IITAaMiB JJAKTOOAKTEPIiii, 0 BKa3ye Ha Te, 10
AHTUMIKpOOHUI e(eKT iX B OCHOBHOMY OOYMOBJICHUH JI€F0 MOJIOYHOT KHCIIOTH, 1
JIUIIIE YaCTKOBO — METa0O0JIITAMH 1HIOT TPUPOJIH.

VY Xoai mojganblIuX JOCTIIKEHb MOKa3aHo, M0 MITAMH JIAKTOOAKTEepii
L. plantarum ONU 314 1 L. plantarum ONU 315 He BUSBIAIOTH aHTaroOHiCTUYHOT
AKTUBHOCTI 110 BITHOIIEHHIO 10 60 mTaMiB JIAKTOOAIIHII 3 KOJICKIIIT KYJIETYP MIiKPO-
opranizmiB OHY imeni [.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.

ISSN 2076—0558. Mikpobionoeis i 6iomexnoaroeisn. 2014. Ne 1. C. 45—53 —— 49



0.B. BacioJ, I'.B. sSim6opko, B.O. IBanuns

Taomuws 3
AHTaroHiCTHYHAa AKTUBHICTH JOCTIIKYBaAHUX JIAKTOOAKTepiii
Table 3
Studied lactobacilli antagonistic activity
JliameTp 30HH 3aTPUMKH POCTY
Inguxaropuuii IHIUKATOPHUX MIKPOOPraHi3MiB, MM
MiKpoopranism
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

IIpmmiTka: giaMeTp 30HU 3aTPUMKH POCTY 13 BpaXyBaHHAM AiaMeTpy Omoky (16 Mm) <23 MM —
MIKpPOOPTaHi3MU MaJloayTiIuBi; 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, BCTAHOBJIEHO, 1110 MOJIOYHOKHUCII OakTepii BXOASITH O CKIAmy
MiKp0Oi10TH I0A0BHUX TiT Pleurotus ostreatus. 1301b0BaHi 13 CBIKHUX Ta PepMEHTO-
BaHUX TPUOIB 8 mMITaMiB JIAKTOOAKTEPIiH 32 MOPPOJIOTIYHUMH, KyIbTypaJTbHUMH Ta
¢bizionoro-0ioxXiMiYHIMH O3HAKaMH BiTHECEHO 10 BUny Lactobacillus plantarum. 3a
HaWBUIIIMMU TIOKa3HUKAMHU KUCIOTOYTBOPIOBAJIBHOI T4 aHTArOHICTUYHOI aKTHBHOC-
teit mram L. plantarum ONU 315 moxke OyTH IepCrieKTUBHAM JIJ1s1 (DepMEHTYBaHHS
IJIMBH 3BHYAITHOT, 110 3a0€3MeYNTh JOCATHEHHS MIKpOO10JIOTI4HOT Oe31eky, 30epiran-
HsI TOTOBOTO MPOTYKTY TPUBAJIIIIHM, a Ipotiec (pepMeHTaIrii OUTbII MPOTHO30BAHUM.
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BUOJIOTMYECKUE CBOMCTBA JIAKTOBAKTEPUM —
NPEJCTABUTEJIEN PE3UJIEHTHOM MUKPOBHOTbI
BEIIEHKHA OBLIKHOBEHHOM

Pedepar

Heasro uccrnedosanusn 6vi10 bldeNeHUe WMAMMOS LIAKMOOAKMEPUL U3 CEEAHCUX U
CaMOKBACHBIX NI000BUX Mell GeuleHKU 00biKHOGeHHOU Pleurotus ostreatus u uzyuenue
ux buonocuyeckux u ouomexuonocuyeckux ceovicmes. Meroagu. Obwvexmom uccieoo-
sanust Ovlau 50 wWmammos 1akmodaxmeputl, GblOENEHHbIX U3 CEINCUX U CAMOKBACHBIX
NI0008UX mell geuleHKu 0bvikHo8eHHOU Pleurotus ostreatus. Po0ogyio u 6udosyro
NPUHAONEHCHOCTb IAKMOOAKMEPII Yy CIMANagIUEaIU no MOp@OI020-KYIbImypaibHbIM,
Du3U0N020-OUOXUMUYLECKUM CBOUCMEAM, U NOOmEepicoanu memooom I[P ¢ ucnono-
306anuem npaimepos k yuacmxam 16S PHK u recA. Cmenens kuciomoobpasosamus
WMamMmo8 1aKkmoOayuil Ucciedo8aiu npu UHKYoayuu 8 00e34CUpeHHAM MOJIOKe
Ha npomswicenuu 1, 15 u 24 uacos, npedenrbHyr KUCIOMHOCMb — NPU UHKYOAyuu
Ha NPOMANCEHUU HeOeNU, MOIOUHYIO KUCIOMY — MUMPOMEMPUYECKUM MEMOOOM.
Anmazonucmuyeckylo akmugHoCmy 1AKMoOAKMepull Onpeoesiu Memooom azapo-
8bix 0n10K06. Pe3yawTarsl. Yemanosneno, umo monouHoKucivie baxmepuu 6Xo0am
8 coCmag MUKpoobuomol n1000gvix men epuda Pleurotus ostreatus. BviOenennvie co
ceedcux U ghepmeHmuposantvlx 2pubos 8 wmammos iakmodbaxmeputi no Moppono-
2UYECKUM, KYIbMYPATbHbIM U (PUUOI020-OUOXUMULECKUM NPUSHAKAM OMHECEHbl K
sudy Lactobacillus plantarum, ymo noomeepacoeno memooom I1LP. Hccreoyemvlie
wimammol 1akmobayuin 3a 15 uacos 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, evioenentsiti u3z nio0o8ux mei. 6euleHKu
00bIKHOBEHHOU ABNACMCS AKIMUBHBIM KUCTOMO00pa306ameiiem ¢ AHma2oHUCmu4eckou
AKMUBHOCMBIO 8bICOKOU U CPEOHell CIeneHy N0 OMHOUEHUIO K YCTI08HO RAMOSEHHBIM
bakxmepusm, baxmepusm npedCmasumenim MUKpoOUomsl GeuleHKl, He NPOsGIsLem
anmazonusMa K MOLOYHOKUCTBIM OAKMepisam Opyeux 6Uoos.

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 ONU3 15, 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, 8].

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 (¥/,), 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
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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'-®OCPOCYJIbPATPEIYKTA3U

KHUIIKOBUX CYJIb®ATBITHOBJIIOBAJIBHUX
BAKTEPIA

Pedepar

Aoenosun-5"-pocghocynvgpam (AIIC) pedyxmasa ma KinemuyHi 61acmu8ocmi ybo2o
Gepmenmy Kumkosux cyrvpamsionosarosarvuux oaxmepiu Desulfovibrio piger
Vib-7 i Desulfomicrobium sp. Rod-9 uixkonu ne 6ynu 0obpe oxapaxmepu3osami i
doci Hedocniddceri. MeTa podOTH Jdocrnioumu akmusHicms oucuminayitinoi AIIC-
peoyKkmasu y 0e3KAMUHHUX eKCMPAKmax KUWKo8Ux 6i0OHOBII08ANbHUX bakmepill
D. piger Vib-7 i Desulfomicrobium sp. Rod-9, a maxooc suxonamu KiHemuyHuu
auaniz peakyii docnioxcysanoeo gepmenmy. Metoam. V yiti pobomi suxopucmani
Mikpobionoziuni, Gioximiuni ma 0iogizuuni Memoou 00CnioHceHb, d MAKOHC 3ACMO-
€o8aHA CMAMUCMuiIHa 0OpoOKa pe3yibmamis;, OMpUMAani pe3ynomamu nopieHaAHI 3
Ooanumu nimepamypu. Pesyavratu. [ocniosceno akmuenicmo oucuminayitnoi AIIC-
pedykmasu cynohamseioHo81108AIbHUX OaKmepill, 8UOIIEHUX 3 KUUEYHUKA TIOOUHU.
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) 014 peaxyii docniosrcysanozo chepmenmy. [Iposedero
auaniz Kinemuunux eracmueocmetl oaxmepianoroi AIIC-pedykmasu. [ocrioxcero
axmusnicms AIIC-pedyxmasu, nouamkosy (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 pepmenmamusnoi peaxyii (4.33+0,47 i 3,57+0,32 mM onn D. piger Vib-7
i Desulfomicrobium sp. Rod-9, eionosiono). BucnoBok. Pesynomamu 0ocniocens

MO2CYmMb 6ymu nepCnekmueHUMY 0151 3 ACY8ANHS emiono2iunol poni yux baxmepitl y
PO36UMKY 3ANANbHUX 3AXEOPIOGAHL KUWEUHUKA TIOOUHU | MEAPUH.

Knwuoei cnoea: axmusnicme AIIC-pedykxmasu, KiHemuyHul aHaulis,

cybhameionosniosanvri 6akmepii, KUWKO8I MIKpOOIOYeHO3U, 3aNalbHi 3aX80PHOBAHHS
KUWMEYHUKA, BUPAZKOBUL KOTIM.
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AKTUBHOCTDb U KHHETUYECKHUE CBOVMCTBA
AJIEHO3UH-5'-®0CPOCYJIb®ATPETYKTA3BI
KHUIIEYHBIX CYJIb®ATBOCCTAHABJINUBAIOIINX
BAKTEPUM

Pedepar

Aoenosun-5'"-pocgpocynvgpam (AIIC) pedyxmasa u KuHemuuecKkue c8olcmed 3mo2o
Gepmenma kuweuHwvix cynvpameoccmanasiusaowux baxkmepuii Desulfovibrio piger
Vib-7 u Desulfomicrobium sp. Rod-9 nuxoeda e ObLiu Xopouio oxapaxmepu3osaHbl u
00 cux nop Heucciedosantvie. LleIbI0 padoThI 66110 U3)UeHUe AKMUBHOCIIU OUCCUMU-
aayuonnotl AIIC-pedykmaswvl 8 6eCK1emoyHbIX IKCMPAKMAX KUUEYHBIX CYIbPAMBOC-
cmanasnusarowux bakmeputi D. piger Vib-7 u Desulfomicrobium sp. Rod-9, a maxace
BbINOIHUMb KUHEMUYECKUTl aHaU3 peakyuu ucciedyemozo gpepmenma. Metoabl. B pa-
bome ucnonb306aHbl MUKpODUONO2UYECKUE, OUOXUMUYECKUe U OUODUUUECKUe MenOObl
uccnedosanull, a maxice NPUMEHeHA CMamucmudeckas oopabomxa pe3ynomanmos,;
NONyUeHHble Pe3YIbINamyl CPAGHEHbl ¢ OaHHbIMU Tumepamypel. Pesyasrarbl. Hecne-
oosaro ouccumunayuonyio AIIC-pedykmasy cynopameoccmanasnusarouwux 6axkmeputl,
6bI0ETEHHBIX U3 KueuHuKa yenosexa. Camas 8biCoKas akmusHOCMy Moo (hepmeHma
(0,34+0,029 Uxme benxa) usmepena 8 OeckiemouHom sKCmpakme, NOLYHeHHO20 U3
xknemox D. piger Vib-7, uem uz wumamma Desulfomicrobium sp. Rod-9 (0,22+0,018
Uxwme! 6enxa). Onpedeneno onmumanviyio memnepamypy (+35 °C) u pH (8,0) ona
pearyuu ucciedyemozo (pepmenma. Ilpogedero ananus KuHemu4eckux ceoticms baxkme-
puanvrou AIIC-pedyxmassi. Uccnedosaro akmusnocms AIIC-pedykmazsvl, HauanibHyo
(menosenyio) ckopocmo peaxyuu (V) u maxcumanstyto ckopocms AIIC-pedykmasnoii
peaxyuu (V) 6 0boux baxmepuanohvix wmammos D. piger Vib-7 u Desulfomicrobium
sp. Rod-9. Onpedeneno xoncmanmot Muxasnuca (K, ) ona hepmenmamuenoii peakyuu
(4.3310,47 u 3,57+0,32 mM ona D. piger Vib-7 u Desulfomicrobium sp. Rod-9, coom-
semcmeenHo). BuiBon. Pesynvmamul ucciedosanuti mozym Ovimb nepcnekmueHbLMu
0715 BbIACHEHUS SMUOTOUHECKOLU POTU IMUX OAKMEPULL 8 PA3BUMUL 80CTIATUINETLHBIX
3a001€6aHUT KUWEYHUKA YeL08EKA U HCUBOTNHDBIX.

Knwueswvie cnoea: akmusnocms AIIC-pedykmasvl, KuHemuuecKull aHauus,

cyﬂbqbamsoccmayaeﬂueaiou;ue 6ai<mepuu, KuuiedHole MMKpO5M014€H03bl, socnaiu-
menvHble 3000/1e8aHUs KuuievHuka, S36EHHbIL KOAUM.
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MOJIUPIKAIINHA MIHJIUBICTb AURICULARIA
AURICULA-JUDAE 11PU KYJIbTUBYBAHHI HA
CEPEJOBHUIIAX PI3HOI'O CKJIAQY

Mema. Busnauenwns ocobnusocmetl MOOUQDIKAYILIHOI MIHAUBOCTI 8e2eMAMUBHO20
miyenito Auricularia auricula-judae 3anesxcno 6i0 ckiady noxicusHo20 cepedosuula 3a
pocmosum Koeghiyienmom, MOp@Oono2icio KONOHIl mMa MHOICUHHUMU MOLEKVIAPHUMU
dopmamu kapooxcunecmepasz y eecemamugromy miyenii. Memoou. Becemamuenuii miyeniti
Auricularia auricula-judae (Bull.: Fr) Quél. wimamy ONU F201 eupowgysanu na maxux
cepedosuwax: azapuzosane nushe cycio (CA)—KonmponsHutl sapianm, nuueHusHuLl aeap
(T14), eiecsamuti acap (BA), auminnuil aeap (F1A4), epevaruni acap (IA), npocanuii aeap (IlpA),
KapmonsiHo-2IoKosHutl azap 3 niosuwjerum evicmom emoxosu (KIA 10 %). Busnauanu
Moougikosanuii pocmosutl koeghiyicnm (PKj) ma mopghonoziio ompumanux xonouii. 3a
00nomo2oio enekmpogopemuuno2o po3oinenusy 7% noriakpuiamionomy 2eni 6cma-
HOBI08AIU KLTbKICIb MHONCUHHUX MOAEKYIAPHUX hopm (MM®D) kapdokcunecmepas
v miyenii 3 KodcHo2o eapianmy. Cmamucmuyry 00poOKy 0aHUX npo8oounl 32i0HO 3
BUKOPUCTNAHHAM HENapamempusHo2o kpumepirto Yinkoxkcona. Pesynomamu. Ilokasano,
Wo 3aneACHO 8I0 CKAAdy cybcmpamy Xapaxkmep poCmy KOJIOHIU MOdICe 3MIHIO8AMUCS
8i0 WiNbHOI, 8aMONOJIOHOL, BUCOKOL, WBUOKO3POCMAOUOI 00 NABYMUHONOOIOHOI,
HeBUCOKOL, NOBLIbHO3POCMAOU0T, KibKicmy i30ghopm hepmenmy sapitoe 6io 2 0o 10.
Tpuuomy nopsiook pandicysanis 3a KilbKicmio i30¢popm He 30icacmvbcs 3 MaKosum 3d
pocmogum koepiyicumom miyenito. Bucnoeku. Becemamueruil miyeniti A. auricula-
Judae sukazye wupoxy mMooupikayitiny MiHAUGICMb NPU KYIbMUBYEAHHI HA PIZHUX
cepedosuwyax, AK 3a MOpGonoiunuMU Max i 3a OioXiMiuHUMU O3HAKaMU. 3aeAHCHO 8i0
CKady NoAcuHo2o 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 CEPed0BULY.

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

Auricularia auricula-judae (Bull.: Fr.) Quél., abo iynuHe Byx0 — IIUPOKO BiJOMHIA
JKapchKuit 623U I10MIIIET, 10 TOCTYIIOBO BBOAUTHCS Y TPOMHUCIIOBE KYyJIHTHBYBaHHS
y pi3HUX KpalHax CBITY 3 METOIO OTPUMAaHHs 010JIOTIYHO aKTMBHUX PEUOBHH [ 1, 2].
¥ 3B’513Ky 3 IMM aKTyaJIbHUM CTA€ JOCIIKEHHS HOT0 MOIU(DIKAIIHHOT MIHJIMBOCTI
HE TIJIbKU Ha piBHI MOp(oIIorii KooHiH, a i Ha piBHI (HEPMEHTHHX CHCTEM.

SIK AeMOHCTPYIOTH TOCIIIKEHHS, KapOOKCHIIeCTEPa3H, 1110 BiITHOCITHCS 10 TPY-
¥ HecTienu(piYHUX CEPUHOBUX TiIpoJa3 € JOCTaTHhO MOKa30BUMH Y IIbOMY IUIaH1
depmentamu [3—5]. BuB4eHHS €KCIIPECHUBHOCTI MHOKUHHHUX MOJICKYISIPHUX (hOpM

© C.JI. Mipocs, H.C. boGpemosa, B.O. Kyuepos, K.I1. byra, B.O. Ianuus, 2014
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(hepMEeHTIB pa3oM 3 MIHJIMBICTIO MOP(OIOTIYHUX O3HAK MOXKE JIATH YSBJICHHS PO
Te, Ha SIKOMY CaMe eTalll TPaIUISIOThCS MOIU(IKaIiiHI 3MiHH.

MerToto mociipkeHHs OyJi0 BUBYCHHSI 0COONMBOCTEH MOMUDIKAIIHOT MiHIIN-
BOCTI BET€TaTHBHOTO MIIEIit0 A. auricula-judae 3aexHO BiJ CKIIAIy TTOXHBHOTO
CEPEIOBUIIA 32 POCTOBUM KOE(iIli€HTOM, MOP(OJIOTIEI0 KOJIOHIH Ta MHOKHHHUMU
MOJICKYJIIPHUMH (popMaMH KapOOKCHIIECTEPa3 Y BETeTATUBHOMY MIIIEITil.

Marepiajin Ta MmeToau

VY po6oTi BUKOpUCTOBYBaNH taM Auricularia auricula-judae (Bull.: Fr.) Quél.
ONU F201. BuBueHHS MIBUIKOCTI POCTY BETETaTHBHOTO MIIENi0, HOTO KyJIbTY-
pabHUX Ta MOP(OIOTIYHIX 0COOTUBOCTEH MPOBOIMIIN HA MIUIBHUX CePEIOBUIIIAX
(tabmn. 1): arapuzoBane nuBHe cycio (CA) — KOHTPOJIBLHUIA BapiaHT, MIIICHMYHHUN arap
(TTA), BiBcsHmit arap (BA), samianmii arap (SI1A), rpedanwmii arap (I'A), npocstHuit arap
(TIpA), KapTOILISTHO-IIIFOKO3HMI arap 3 miBuieHIM BMicToM miroko3u (KTA 10 %).

Taomm 1
KoMnoHeHTH eKcliepUMeHTAIbLHHUX T0KUBHUX CepPeI0BHIIL
Table 1
Components of experimental culture media
CepenoBuine KomMnonentu KinbkicTs
ArapuzoBane niuBHe cycio (CA) ITuHe cycno 8 % In
pH 6,0 Arap-arap 20r
. 3epHO MIIeHHUITI 100 r
HII{H;:HSHIJHHI/I arap (ITA) HO0 1000 st
P, Arap-arap 20T
. . 3epHo BiBca 100 r
BII;?HHH arap (BA) H0 1000 it
P Arap-arap 20r
L 3epHO SIMEHIO 100
HI‘;N;IZHI/II/I arap (S1A) HO 1000 it
P, Arap-arap 20T
. 3epHO rpeuku 100 r
FpHe‘Siagmn arap (I'A) HO0 1000 it
P, Arap-arap 20T
. 3epHo npoca 100 r
HI§O6CSHI/II/I arap (IIpA) HO 1000 it
PHLD, Arap-arap 20T
KapronnsHo-rioko3Huil arap Kaproms 300
(KTA 10 %) H,0 1000 mx
H 6.5 I'moxo3a 100
PO Arap-arap 20T
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3epHO BIIIOBIHOTO 3JIaKy 3aJIMBAJIN XOJIOIHOIO BOJOIPOBIIHOIO BOIOKO 1 3a-
mumrany Ha 2—-3 roa. HaGpsikie 3epHO HarpiBayii Ha BozAsHiN O6ani 30 XB IpH TeM-
nepatypi 60 °C, notiM oxonomkyBaiau Ta (GiasTpyBanu. Jani BigBap nepenuBain
y CKJISIHI KOJIOW, JTOAABalli arap Ta aBTOKJIaByBaiH mpu 1 atM BopomoBx 30 XB.
[Ticns crepwizaliii cepeoBHINEe po3auBaIK B Yamku [leTpi, 0XomomKyBain Ta 3a-
CiBaJIM MaTOYHUM MitesmieM 7 1000BO1 KyabTypu A. auricula-judae, BUpOIIEHOT Ha
cycrno-arapi. Bupizanuit arapoBuii 010K 3 BereTaTUBHUM MILIETIEM JiaMeTpoM 1 cm
MOMIIIANIU Y TIEHTP TOBEPXHi JIOCIITHOTO CePEeIOBUINA Ta MIEPESHOCUIIN y KaMepy 3
temneparyporo 27 °C 6e3 ocBiTiIeHHs. EKcIiepuMeHT MPOBOIMIIN Y TPHOX MIOBTOPAX.

MomudikoBanwmii poctoBuii kKoedimieHT (PKj) po3paxoByBai 3a GopmyIioro [6]:

prj =g
t

ne d — nmiaMeTp KOJIOHii, MM; /& — BHCOTa KOJIOHIi, MM; g — IIUJIBHICTH KOJIO-
Hii B 6anax (OIIHIOIOTHCS 3a TPUOAIBHOIO ITKaI0l: | — maByTHUHHA, 2 — CEepeHs,
3 — mijapHA); j — OHOPIIHICTH KOJIOHIT B 0ajiaxX (OLIHIOETHCS 32 YOTUPHOX0ATHHOO
IIKaxor: 1 — Miremniii HeOMHOPITHUH, 3 OCTPOBKAMH HILTHBHOTO, 200 TOBITPSIHOTO
MIIIETi0, 2 — HEOTHOPITHA KOJIOHIS, MIIIEeTIi BIPI3HAETHCS 32 MOP(OIIOTIEIO TITHKU
B OKpeMill 30H1, 3 — NPUCYTHICTh MILIENiI0, SIKUI BIJIPI3HAETHCS 32 MOP(OIIOTIEIO
HEe3Ha4YHa, 4 — MIlEeTIi OHOPIIHUI); ¢ — BIK KOJIOHIT, 100a.

BuBueHHSI KyIbTypaibHO-MOP(}OIOTIYHIX 03HAK BUIIMX 0a3UTIOMIIIETIB HA Pi3-
HUX arapu30BaHUX CEepelOBHIAX MPOBOANIIHN, BUKOPUCTOBYIOUN KPUTEPIi, OMMCaH1
A.C. byxano [7]. BpaxoByBanu THI KOJIOHII Ta i1 KOJIip, MIIJTBHICT KOJIOHIT, Kpai Ta
xapaxTep ii 30BHIIIHBOT JTiHii.

Craructuuny 0OpoOKy JaHUX MPOBOAMIIM 3TiAHO [§8] 3 BUKOPUCTAHHSM Hema-
paMETPUYHOTO KPUTEPitO Y IIKOKCOHA.

BusnaueHHst MHOXUHHMX MoJieKyJsipHUX (popm (MM®) kapbokcunectepas
MPOBOMIIN 32 JOTIOMOTOIO €IeKTPO(OPETUIHOTO PO3aiIeHHs y 7% momiakpuia-
MITHOMY TeJi 3TiJHO CTaHAAPTHOI METOAMKHU [9], ONTUMI30BaHOI JIJIi BUBYCHHS
kapOokcunecrepas rpubi [10]. BereraruBauii mineniil 11 IpUTOTYBaHHS €KC-
TPaKTiB JyIs esekTpodopesy Binoupanu 3 yamok [leTpi micis Toro, ik BiH 10CsTaB
MaKCHMaJIbHOTO JiaMeTpy. Sk excrpareHT BukopuctoByBanu 0,1 M rminua-NaOH
Oydep 3 1% tpurony X-100. Onepxani enexrpodoperpamMmu CKaHyBaJd 1 aHaITi3yBaIn
3a JIOMOMOTOI0 KOMIT I0TepHOi rporpamu «AHalCy.

Pe3yabTaTH Ta iX 00roBopeHHsA

BuBuenHst MOp(hOIIOTIYHUX 03HAK JOCIIIKYBAHOTO IITaMy ITOKa3alio, Mo 3Ha-
YeHHS MOAM(IKOBAHOTO POCTOBOTO KOE(illi€EHTY NIPH KyJIbTHBYBaHHI A. auricula-
Jjudae Ha €TaJJOHHOMY CEPEIOBHIIII — CyCIIO-arapi, 10 3a3BHUYail BUKOPUCTOBYETHCS
JUIsS IEpBUHHOI ieHTU(diKalii mraMmy 3a Mopgooriero MmineniansHoi kojoHii [11],
ckiazaano 37,9 (tadm. 2).
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Tabmums 2

3unayennst MoaudiKkoBaHOro pocToBOro koedinieHTy MpH KyJIbTUBYBaHHi A. auricula-judae
ONU F201 na pi3HHX NOKMBHUX CepeI0BHIAX

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 nOpiBHSAHHI 3 KoHTposieM (CA) JOCTOBIpHI NMPU CTAaTUCTUYHOMY
piBHi 3HauyI0CTI 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 BiIHOCATH 10 TaKoi, 1110
MOBUIBHO pocTe. Miremii, OTpUMaHui Ha IbOMY CEpEIOBHIII OYB JOCUTH IIUTHHUM Ta
YTBOPIOBaB HEOHOPIIHY BUCOKY OLTy BaTonomiOHy KonoHito (puc. 1 A). YV iHmmxX Bapi-
aHTax JOCIIKeHb POCTOBUHN KoedilieHT konmBaBcs Bia 5,0 go 77,6.

b — KapromsHo-rmroko3Huiz
arap 10 %

J1 — Slaminamii arap

Puc. 1. Mopdonoris kooniii A. auricula-judae ONU F201
HA eKCclepuMeHTAJbHUX cepeaoBumax: 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-Tiok03He arapu3oBaHe CEPEAOBHINE 3 IMiIBHUIIEHUM BMiCTOM
IJTIOKO3H BUSIBUIIOCS HaWKpamuMm 3 AOCHIAHUX Ans A. auricula-judae. Mineniit y
[IbOMY BapiaHTi MaB HalBUIIMN pocToBuil kKoediwieHT (77,6) XapakTepHUil ais
KYJIBTY], IO POCTYTh 3 CEPETHBOI0 MIBUAKICTIO. Mophoorist KooHii Oyira momioHa
etaynonHiii (puc. 1 b). Kononis, orpmMana Ha rpedaHoMy arapi Oyia HUKYOL0, ajie
TaKOX LIUIBHO0, OUTBII PIBHOMIPHOIO 1 BATOMOAIOHOIO, 3 POCTOBUM KOE(II[iEHTOM
56,6 (puc. 1 B).

BapianT Ha neHHYHOMY arapi 3a pocTOBUM KOe(DillieHTOM HE BiJpi3HSIBCS Bij
KOHTPOJTIO, aJie yTBOPEHA HUM KOJIOHIs OyJla MEHII IIIJTbHOIO Ta BUCOKOIO 1 OLITBIII
omHOpigHOO (pHc. 1 T).

Ha staminnomy (puc. 1 []) Ta BiBcsitHOMY arapi (puc. 1 JK) rpu6 yrBoproBaB na-
BYTMHOTIOIIOHI HEBUCOKI KOJIOHIT, III0 MaJId HU3bKHUI pocToBui KoedimieHt (35,6
Ta 26,4, BiAnoBinHO). Halripmuii pe3ynbraT OTpUMaHO Ha MPOCSHOMY arapi, zie
pocroBwii koedimieHT OyB MiHiManbHUM (pHC. 1 3).

JlocHipKeHO MIHIIMBICTh €NEKTPOPOPETHIHHX CIIeKTpIiB A. auricula-judae ONU
F201 3anexHo Bij CKJIamy MOXKUBHOTO cepenoBuina. Ha puc. 2 HaBeeHO eNeKTpo-
doperpamu kapOoKcHuIecTepas y NopsAKy 3MEHIIIEHHs KUTBKOCTI iX i30dopM y m0-
CJIiTHUX BapiaHTax.

Cepenosume, 3nauennst 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

NPOO0BICEHHS puc. Ous Ha c. 69
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Cepez;g;;mue, 3unauenus Rf
0,15 | 1026 (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 3aiexno
Bi/l CKJIaly MOKMBHOTO CepeIoBHIIA

Fig. 2. Expressivity of MMF of A. auricula-judae ONU F201 carboxylesterases depending
on growing media composition

3 HaBeJICHHUX JaHUX BUJIHO, 110 HaliMeHIIa KibKicTh MM® kapOokcuecTepas
(2) cioctepiraeThes y Minedii, o BUpic Ha KOHTpoJabHOMY cepenoBuili CA. AHarno-
Ti4Hi pe3yabTaTH OTPUMAHO Ipu AociikeHHI MM® kap6okcunecrepas G. lucidum
y nonepenHix gocmipkeHHsx [ 10, 12]. Taka 3akoHOMipHICTB, KUMOBIpHO, 00yMOBJICHA
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byHKIisIMU KapOoKcmiiecTepas rpru0iB, 0 MOJIATAIOTH Y TiApoITizi ehipHUX 3B’ SI3KIB
IIUPOKOTO CIIEKTPY PEYOBHH 3 HassBHHUX CyOCTpartiB [13].

Ha inmmx cepempoBHIax KilbKiCTh IICHTH(IKOBAaHUX 130()OpM KOJIUBaJacs 10
10 (BA i TA), mpuaoMy MOPSI0K paHKyBaHHS 32 KUTBKICTIO 130(hopM He 30iraeThest
3 TAKUM 32 POCTOBUM KOE(DIIIEHTOM.

3 ycboro criektpy MMO®, 1o Oyn0 BU3HaU€HO, TUIBKH JBi 130)OpMH, IO CTIO-
cTepiranucst y KoHTposnbHOMY BapianTi (CA) mposBISUIMCS B YCIX JOCITIIKEHUX
BapiaHTax — 1¢ crmadopyxsmBa Gopma 3 Rf 0,26 ta cepemnpopyximba 3 Rf 0,39.
Buxostau 3 IbOro MOXKHA IPHITYCTHTH, O Y A. auricula-judae icHye mMoOHaWMEHIIIE
JIBa HEAJICJIbHUX T€HU, SIKi KOMYIOTh KapOoKcmiiecTepasy. HasBHICTh 1HIINX, BU3HA-
geHUX (HopM MOke OyTH Pe3yIbTaTOM MOCTTPAHCIAIIHHOT Mo dikaIlii IpoIyKTiB
3a3HAYCHUX TCHIB, TOMY IO MOKa3HUKH IX BITHOCHOI PYXJUBOCTI 3HAXOMSITHCS
OJM3BKO 70 BH3HAUYEHUX KOHCTUTYTUBHUX CMYT. [IpHYuHOI0 Takux Moamdikarii
MOJKe OyTH 3MiHa CKJIaJy IMO)KHUBHOTO CEPEIOBUIINA, alie HE BUKIIFOYCHO 1CHYBaHHS
W IHIIKX JIOKYCiB, TCHH SKHX aKTHUBYIOTHCS TUTHKH MPHU KYJTHTHBYBaHHI I'pHOiB Ha
neBHUX cyOcTtparax. [Ipogykramu Takux reHiB MOXKYTh OyTH i30¢opmu 3 Rf 0,50
ta 0,54. ToMy HEe MO’KHA HATICBHO CTBEPKYBATH YH € BapiaOeIbHI CMyTH Ha €JIeK-
Tpodoperpamax izoepMeHTaMH, IO PI3HATHCSA HA TCHETUYHOMY PiBHI, YX BJIACHO
MHOKHHHUMH (hOpMaMHU, 10 3a3HAJTHU MOCTTPAHCIIAMIMHOT MOTU(IKAITIi.

Bererarusamii mineniii 4. auricula-judae BUKa3zye MUpoKy MOAHQIKaIiHHY
MIHJIMBICTB TIPU KYJbTHBYBAaHHI Ha PI3HUX CEPEIOBHUIIAX, SK 32 MOP(HOIOTIUHUMHU
TakK i 3a 610XIMIYHUMH O3HAKaMH. 3aJIEXKHO BiJ] CKJIaAy MOKHBHOTO CEPEIOBHILA Y
Mminenii A. auricula-judae excripecyerbes Big 2 1o 10 i3opopm kapOokcmiecTepasu,
3 skuX TUTbKH J1B1 — 3 Rf 0,50 Ta 0,54, BUABIAIOTHCS Y BCIX BapiaHTaxX JOCIIIKYyBa-
HHX CEPEIOBHIIL.

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

Opnecckuil HalMOHANBHBIN yHIBEepcuTeT MMeHn W.J. MednukoBa,
yn. IBopsiackas, 2, Onecca, 65082, Ykpaunna, e- mail: kafgen@onu.edu.ua

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

Pedepar

Heas. Onpeodenenue ocobennocmeri MOOUDUKAYUOHHOU USMEHUUBOCU Ge2emd-
muenozo muyenus A. auricula-judae 6 3a6ucumocmu om cocmasa nuUMamenbHoOu
cpedvl No pocmogoMy Kod(pduyuenmy, Mopdonocuu KOTOHUL 1 MHONCECBEHHbIMU
Monexyiapubimu popmamu kapooxcunscmepasvl. MeToabl. Becemamusenuiii muyenuil
Auricularia auricula-judae (Bull.: Fr) Quél. wmamma ONU F201 svipawusaiu na
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makux cpedax: azapuzosannoe nusnoe cycio (CA) — kKonmpoawbuwill éapuanm, nue-
Huunbll azap (I14), oscaunviii acap (BA), sumennviil acap (AA), epewuwinviii acap (I'A),
npocsinoui azap (IIPA), kapmogenbro-2ntoKko3Hblil azap ¢ NOGbIULEHHBIM COOCPICAHUEM
enokosol (KIA 10%,). Onpedensinu moouduyuposaniwvlil pocmogoi Kodpduyuenm
(PKj) u mopgponocuro nonyuennvix xononuil. C nomowwto snekmpoghopemuieckoco
pazoenenus 6 7 % NOIUAKPUTAMUOHOM 2elle YCMAHABIUBAIU KOTULECBO MHOICE-
cmeeHHbIX Monekynapuvix gopm (MM®D) kapbokcunscmepasvl 6 muyenuu KaHco02o
sapuanma. Cmamucmuueckyio 06pabomxy OaHHbIX NPOBOOUNU C UCHONb30BAHUEM
Henapamempuuecko2o kpumepus Yunkokcona. Peyabrarol. [lokazano, umo 6 3a6u-
CUMOCmU Om cocmaesa cyocmpama xapaxmep pocma KOLOHUU MOXNCEM USMEHAMbCS
om NJIOMHOU, 8amMo0OPA3HOL, 8bICOKOU, Obicmpopacmywell 00 naymuHo0OpasHol,
HeBbICOKOU, MeOJIeHHOpACmywell, KOIU4ecmeo uzopopm gepmenma sapvupyem om
2 00 10. Ilpuuem nopadok paudicuposanus no Koaudecmsy uzogopm e cosnadaem
€ MaKko8viM No pocmosomy Kodp@uyuenmy muyenus. BuiBoabl. BecemamueHulil
muyenuii A. auricula-judae nposignsem wupoxyo MOOUDUKAYUOHHYIO USMEHUUBOCHLb
npU KyIbMUSUPOBAHUY HA PATUYHBIX CPEOdX, KAk NO MOPEON02UHEeCKUM MAK U No
buoxumMudecKum 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, nposeisromes 60 6cex eapuanmax
uccnedyemMvix NUMamenbHvix cpeo.

Knwuesvie cnoea: Auricularia auricula-judae, moougpuxayuonnas uzmenqu-
60CMb, POCMOBOU KOIPDuyuenm, Mop@onocus KOIOHUI, U30POPMbL KAPOOKCUNII-
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 AUUJO®LJIbHUI» HA ®YHKIIOHAJBHY
AKTUBHICTb NEPUTOHEAJBHUX MAKPO®ATIB
LIYPIB HA TJII BBEJAEHHSI AHTUBIOTUKA
LE®TPIAKCOHY

Mema pooomu. Jocaioumu eénius npobiomuunozo npenapamy « Cumbimep
ayuoopinbHULly, 3ACMOCOBAHO20 HA ML 66E0€HHsT AHMUDIOMUKA YepDmMPIAKCOHY
Ha QYHKYIOHAIbHY AKMUGHICMb NEePUMOHEaIbHUX Makpogazcie wypie ainii Wistar.
Memoou. Memaboniunuii cmamyc ma QyHKYIOHATbHY ROAPUZAYIIO NEPUMOHEATbHUX
Makpoghazie xapakmepuzysaiu 3a ad2e3icio 00 KyIbmypdibHO20 NiACMUKY,
CNOHMANHUM | CIMUMYTbOBAHUM KUCEHb3AIEHCHUM MEMabOLIZMOM, APSIHA3HOIO
axkmusnicmio ma npooykyicto NO. Pesynomamu. Kypcose 6sedenns npenapamy
«Cumbimep ayudo@ineHuily Ha mi 66e0eHHI AHMUOIOMUKA YeDMPUAKCOHY, MAK
camo K I Kypcoge 66edeHHs. 000X npenapamis CamoCmiliio, Cynpo8oolCcy8aLoCs
CMUMYTAYIEIO KUCEHb3ANEINCHO20 MEMADONIZMY 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 Ml Kypcogo2o 86e0eHH s AHMUOIOMuKa
cnpusic hopmysantio HellmpanbHo20 OALAHCY MemadorizMy apeiHiHd NePUmMoHealb-
HUMU MAKpOgazamu, wo modice po32na0amucst K 03HAKA 2albMYSAHHsL 3aNAIbHO2O0
npoyecy, BUKIUKAHO20 MPUBANUM 3ACMOCY8AHHAM AHMUOIOMUKA.

Knwuosi cnoea: npobiomux, anmubiomux, nepumoneaibvti Makpogazu, Kuceob-
3a/1eACHULL Memaboizm, Memadonizm apeiHina.

CTpyKTypHI Ta KUIbKICHI 3MIHM KHMIIKOBOI MIKpOO1OTH, 1IJ0 BUHUKAIOTh BHa-
CIIIJIOK 3aCTOCYBaHHSI aHTHO10THKIB, MOXKYTb OyTH NMPUYMHOIO 3MIH y (DYHKIIIO-
HyBaHHI IMyHHOI cucteMu. [Ipu IboMy criocTepiraeTbesi MOpyeHHs (aroruTosy
Makpodaris, kigbkocTi T-1, piBaiB 1JI-2, 1JI-3, IM-KC®. Bussieno no3utusny
KOpeJSLINHHY 3aJIeKHICTh MK 3MEHILIEHHSIM KUIbKOCTI Oidinobakrepiil y kuied-
HUKY 1 3HWKEHHSIM IMYHOJIOT14HOT peakTHUBHOCTI [8]. XpOHIuHI 3anajabHi IpoIecu
y LIUTYHKOBO-KHUIIIKOBOMY TPaKTi, MOXYTb 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 MIIBUIIICHOI MPOAYKIIE MUTOKIHIB poauau 1JI-6, y
1IbOMY KoMIIapT™MeHTi [13].

[Tpu nikyBaHHi iHEKIi# Ta acoiiOBaHUX 13 MPUHOMOM aHTHOIOTUKIB Jliapel y
JIOPOCTIUX Ta AJIEPTIiH y IITSH KIIIHIYHO J0Be/IeHa €()eKTUBHICTD ESKUX MPOOIOTHKIB.
OpHak, MexaHi3M TakuX e(eKTiB 3aJUIIaeThCs n0ci He 3’scoBanuM. Lllonennuit
IIPUIOM JEAKHX IpernapariB IpOoOIOTHKIB MONEPEIKae PO3BUTOK Ta MOCIA0II0E
MIPOSIBH BUPA3KOBUX KOJTITIB 1 XBopoOu KpoHa — 3aXBOprOBaHb 3aajabHOI €TiOJOTIi.
Kom6inoBanwmii npuiiom Lactobacillus, Bifidobacterium, Saccharomyces boulardi
Ta 3actocyBaHHsl Escherichia coli Nissle acoliloeTbcs 3 peMICIEI0 XPOHIYHUX 3a-
NaJbHUX XBOPOO KHUIIEYHHKA Ta MOCIAOIEHHSAM Mepediry rocTpux BUPAa3KOBHX
KoJiTiB [4]. [lesiki ekcriepMeHTaIbHI IaHi CBIT4aTh, 110 MPO- Ta MPEOIOTHKH TyKe
e(eKTUBHI B 3HWKEHI XPOHIUHUX 3aMajJbHUX IPOLECIB, TAKHX SK 3aaIbH1 KUIIKOB1
3aXBOPIOBAHHSI Ta OXKHUPIHHS [6].

[To3utuBHUY edekT MpoOIOTHKIB Ha TTepedir TaKUX 3aXBOPIOBAHD MOB’ I3YIOTh
13 IX IMyHOMOJYJIATOPHUMH BJIACTUBOCTSIMHU Ha MICLIEBOMY Ta CUCTEMHOMY DPIBHSIX,
a came BILUTUBOM Ha aHTUTLIOYTBOPEHHS Ta PIBEHb LUPKYIIOKOYHX IMyHHUX KOMII-
JIEKCIB, KIITHHHY JIAaHKY IMyHHOI CHCTeMH (TIOMyJsIidiHui ckiaaa T-mimM¢onuTis,
(arouuTapHy aKTUBHICTh HEUTpOQLIiB Ta Makpodaris). Takox BiIOMO, 110 MicCis
MepopaIbHOro MpUiioMy MpoOiOTHKIB 3pOCTae MPOAYKILsl MPOTU3aNalbHUX IUTO-
kiHiB (IJI-10) Ta miaBumyeTbes KimbKicTh T-perynsropuux kimitud [ 10]. leski nani
BKa3ylOTh Ha Te, 110 OKpeMI mTaMu Bifidobacterium nposBISIOTH IPOTU3AINATIBHY
Iito, MpUrHiayoTh npoaykuiro NO ta ®HII makpodaramu. [7].

Mertoro po6oTH OyI0 ZOCTIIMTH BIUTHB MPOoOioTHYHOTO npenapary «Cumoitep
arua0(UTEHUNY, 3aCTOCOBAHOTO Ha TJ1 BBEICHHS aHTHOIO0THKA IeTpiakCOHY Ha
(yHKIIIOHAJIbHY aKTUBHICTh [IEPUTOHEATIbHUX Makpodaris 1mypis jdiHii Wistar.

Marepiajin Ta MeTOIU

B excniepumenTi Oynu BUKOpUCTaHi camii nrypiB Jjinii Wistar (m = 180-230 1),
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: | — KoHTposb (Iypam
IIOZICHHO BBOAMJIM BHYPIIIHBOM s130BO (B/M) 0,1 Mi1 Bomu Jutst iH’€KIIii, a depes
4 rox — 1 MJ1 Boam Juts 1H €KITIH, IepopaibHoO (per 0s)), n = &; 11 — nrypam moaeHHo
nipotsiroM 14 1116 BBoauau B/m 0,1 M1 Bonu [u1s 10’ €KI1ii, a uepe3 4 rox — 0,16 mi/kr
«Cumb6iTep anuaodineHu» per os, n = §; 111 — mrypam moaeHHO npoTsrom 14 11i6
BBOAWIN BHYpIITHBOM 5130B0 50 Mr/kr niedrpiakcony (BAT «KuiBmenmnpemnapary,
VYkpaiHa), po3BeI€HOT0 Y BOJII /sl 1H €K1l (cymapHa /103a 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 1iepTpiakcony, a uepe3 4 Toj1, BBOIWIH per
os 0,16 mn/xr «CumOitep anuaoinpHAI», n = §.

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

[Tepuroneanshi Mmakpodaru (IIM®), 1110 aIre3yroTh 10 ITACTHKY, OYIIM OTpUMaHi
13 IEPUTOHEATTBHOTO €KCYIaTy 3riiHO MeToauku Zhang X. etal. [15]. s nporo 2% 10°
KJIITHH Y PO3UMHI XEHKCa BHOCWIIM Y TuTacTUKOBI wamku [letpi (miamerpoMm 3 cm),
inkyOyBann ynponosx 30 xB npu 37 °C 1a 5% CO,. Knitunu, mo He aaresysai,
BHJIAJSUIA Ta TiapaxoByBaiu. Kucenp3anexuuii Mmetabomnizm [IM® Bu3Havamm B
HCT-recri, koTpwmii mpoBoxmiu 3rigHo metoauku [lepenepiit B.I. i3 cmisas. [2]. Sk
CTUMYJISTOP «KHCHEBOTO BHOYXY» Ta MPOMYKITiT HITPUTIB BUKOPUCTOBYBAIH 3MIMO3aH
(Sigma-Aldrich, CIIA ) y xonnentpanii 3mr/mi. OmiHKy apriHa3HOi aKTHBHOCTI
MOHOHYKJICapHUX (ParonuTiB IPOBOAMIN CTAHJAPTHUM METOJIOM 33 BH3HAYECHHSIM
KoHIeHTpaii ceuoBunH [9]. ns xapakrepuctuku npoaykuii NO [IM® Buznavanm
piBEHB MPOIYKITii HUMH HITPUTIB y peakiii [ pica [9]. PiBeHb HITpUTIB, BU3HAYCHUI
3 BUKOPUCTAHHSM €KCTPAITOJIALi 3HAYCHb €KCTUHIIIT Ha KamiOpyBaIbHY KPUBY, TIPE/I-
CTaBJISIH 3 po3paxyHKy Ha 10° sxuBuX KIiTHH [9].

Craructuuny oOpOoOKy pe3ynbTaTiB MPOBOAMIN 3 BUKOPUCTAHHSM t-KpUTepi
CreronenTa. [lani npeacrasneHi y BUDAaAi M+m, n — KUIbKICTh TBapuH Y TPYIIL.
CTaTucTUYHO 3HAYYIIO PI3HUIEIO TSI BCIX MOKa3HHKIB BBaykanu 3HaueHHs p<0,05.

Pe3yabraTu Ta iXx 00roBopeHHs

MeTaboniuauii craryc Ta QYHKIIOHAJIbHY IOJSIpHU3AIil0 Makpodaris
XapaKTepu3yBall 3a aaAre3i€r0 10 KyJIbTypajdbHOTO IUIACTHUKY, CIOHTAHHUM 1
CTUMYJIbOBAaHUM KHCEHB3AJIC)KHUM METa0O0II3MOM, apriHa3HOK aKTHBHICTIO Ta
nponykiiero NO. Anresist 10 KyJIbTypajJbHOTO TUTACTHKY € OIHIEIO 13 BIACTUBOCTEN
Makpodaris, KOTpa XapakTepu3ye iX aAre3uBHy aKTHBHICTh. BBaxkaeTbes, mo 90 %
KJTIITHH a/Ir€30BaHO1 (paKIlii, OTPUMAHO] 3 IEPUTOHEATLHOT ITOPOKHUHH, CKIIa/IAl0Th
Mmakpodaru [15].

Sk moKa3aim pe3ysbTaTi A0CTiKeHb (pHC. 1), y KOHTPOJIBHUX TBAPHH BiTHOCHA
KUTBKICTB a/I'€30BaHUX KIITHH cTaHOBUIIA 24%. VY 1IypiB TOCTIIHUX TPYI MOKa3HUKU
XapaKTepU3yBaJIUCS 3HAYHOIO 1HAMBIIyalbHOIO BapiabenbHICTIO. Y TBapHH, SKi
OTPUMYBAJIH Kypc BBeieHb «CUMOiTep anmuao(iibHIi», criocTepiraiacs TeHAewis
110 30utbmeHHs (y 1,6 pasy) BiTHOCHOIT KUTBKOCTI aJIre30BaHUX KJIIITHH Y TIOPIBHSHHI
3 MOKA3HMKAMHU B TPYIi iHTAKTHUX TBApHH. MIMOBIPHOIO HPHYHHOIO 30iTbIICHHS
BIJTHOCHO{ KUTBKOCTI a/IF€3UBHHUX KJIITHH Y TICPUTOHEATEHOMY €KCY/IaTi MOXe OyTH
3[IaTHICTh OaKTepiaIbHUX aHTUTCHIB, 110 BXOAATH JI0 CKIIaay npenapaty «Cumoitep
a0 UTEHUID, CIPUYHHSTH MITpallito (peKpyTHHT ) MaKpodaris i/a00 i IBUTITyBaTH
piBeHb ix aare3uBHOi akTuBHOCTI [12]. 3acTocyBaHHs 1e(hTpiakCOHY MPUIBOAMIIO JI0
HE3HAYHOTO 3MEHIIEHHS YMCIia a/Ire30BaHNX KIITHH y IEPUTOHEATBHOMY eKCy/ari
y TIOPIBHSIHHI 3 IHTAaKTUM KOHTPOJIEM, III0 MOKE OYTH MOSICHEHO IMYHOTOKCHYHOIO
Ji€ro aHTuOioTHKA [5] 1/a00 HOro HEraTHBHUM BIIMBOM Ha aJre3WBHY aKTUBHICTH
MOHOHYKJIeapHuX (parorutis [ 11]. [Ipn koMOiHOBaHOMY 3acTOCYBaHHI IIe()TPIaKCOHY
ta «CumOiTep a0 inbHANY, KUTBKICTh air€30BaHUX KIIITHH Y EPUTOHEATbHIN
MOPOKHUHI OyJIa MOPIBHSIHOK 13 BIAMOBIAHUMHU 3HAYCHHSMHU y TBApHH, IO
OTpUMYBaIH 1Ie(TPIaKCOH.
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Puc. 1. Bnius npotiornka «Cumoéitep anunoginbHuii» Ha BiTHOCHY KiIbKiCTh
aJre30BaHNX KJITHH y MepPUTOHeATbHIil MOPOKHUHI IIypiB
Ha TJ1i BBe/leHHs ne(Tpiakcony
I — xonTponbHi mypu (n = 8); Il — mypwu, siki orpumyBanu «Cumbditep anupodinsaui» (n = 8),
III — mypwu, sixiM BBomm Tiedrpiakcod (n = 8), IV — mypu, skuM BBoaIIH 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);
III — rats which were injected with ceftriaxone (n = 8); IV — rats which received «Symbiter
acidophilic» and ceftriaxone.

OyHKIIIOHATBHUH CTaH (DarolyTiB TPAIUIIIHO XapaKTEPU3YIOTh 3a IEKiITbKOMa
MOKa3HUKAMHU: aKTUBOBAHI UM B CTaHI CIIOKOIO (y IMOPIBHSHHI 3 KOHTPOJIEM), HasIB-
HICTh (PYHKIIIOHATBHOTO pe3epBy (BIAMOBIII HA JONATKOBY CTUMYIISIIIO in Vitro),
a TaKoX 3a CIPSIMOBAHICTIO aKTHBaLlii. AKTHUBAIsl (arouTiB CyNPOBOIKY€ETHCS
3HaYHUMHU MopdosioriyHrMHU, OioXiMIYHUMU Ta OiodiznuHUME X TepeOynoBaMH.
Haii0inpim sickpaBUM QyHKITIOHATLHIM MTPOSIBOM B32€MO/Ii1 ()aroITiB 3 MOIYJISTOP-
HUMH YUHHUKaMU € (JOpPMYBaHHs TaK 3BAHOTO «KHCHEBOTO BHOYXY)», 3yMOBJICHOTO
axtuBarieo HAJI®H-3anexxHoi okcraa3u Ta GepMEeHTIB reKCO30MOHO(POCHaTHOTO
LIYHTY 3 YTBOPEHHSIM SIK BHY TPIIIHBOKTITUHHUX, TaK 1 MO3aKJIITHHHUX PEAKTUBHUX
¢dopm kucHro. ToMy TpaauiiiHO cTaH GYHKIIOHATHHOT aKTHBAIlii (ParonuTiB Xapak-
TEPHU3YIOTh CaMe 3a 1X KHMCEHB3aJe)KHUM MeTabo0Ii3MOM. 3a pe3yJbTaTaMy HalluxX
JOCTIKeHb (pUC. 2), CTUMYJISILIIS in Vitro IEpUTOHEATbHIX Makpo(dariB iHTAKTHHX
TBapUH 3MMO3aHOM BHKJIMKAJIa MOCUJICHHS 1X MeTa0oIiuHOI akTUBHOCTI Ha 68%,
10 CBIUUTH MPO HAsBHICTH (PyHKIIOHATIBHOTO pe3epBy 1 mepeOyBaHHS KIITHH Y
HeWTpambHOMY (HeaKTHBOBaHOMY) cTaHi. Kypc nepopansHux BBeieHb «CumoiTepy
anua0(piIBHOrO» HIypaM CIPHUYUHSB AKTUBALII0 KHCEHB3AJIEKHOTO METaboIi3My
NepUTOHEATFHUX MakpodariB. ¥ mpobax KIITHH TBapWH W€l TPYNU MOKA3HUKU
CTIOHTAHHOTO KMCHEBOTO BHOYXY MEPEBHIIYBaIH TaKl Y KOHTPOJBHUX IHTAKTHHX
TBapuH Ha 40%.
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Puc. 2. Bniius npodioTnka «Cumoéitep anunoginbHuii» Ha KHCeHb3aJeKHMI MeTa00J1i3M
NMEePUTOHeATbHUX MaKpodariB y mypiB Ha TJi BBeJeHHs HedTpiakcony
I — kouTpobHi mypu (n = 8); Il — mypwu, siki orpumyBanu «Cumoditep auunodiapHui» (n = §),
1T — mrypwu, sxrM BBomwuH iedrpiakcoH (n = 8), IV — mrypu, sxkuM BBoIMIHN nepTpiakcoH Ta
«Cumbirep anppodinbaui» (n = 8).
IIpumitka: * — p<0,05, y mopiBHAHHI 3 TOKa3HUKAMHU HECTHUMYIbOBAHUX KJIITHH y IIypiB
KOHTPOJIBHOI 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 3MMO3aHOM BUKJIMKAJIa He3HaYHE (CTATUCTHUYHO HENO-
CTOBIpHE) MOCUJICHHSI METa0OIIYHOI aKTUBHOCTI. BBeneHHs e TpiakCoHy TaKoX
CHPUYMHSAIIO TIOCTOBIpHE 301IBIIEHHS TOKA3HUKIB CIOHTAHHOTO KHCEHB3aJIeKHOTO
MeTaboIi3My (aromuTiB mypiB Ha 67% MOPIBHIHO 3 AaHATIOTITYHUMH TTOKa3HUKAMU
KOHTpouto. JlogaBaHHs 3MMO3aHy in Vifro He BUKJIMKAJIO CTUMYJIIOBAHHS iX (yHK-
L[IOHAJIbHOT AKTUBHOCTI y ITOPIBHSAHHI 3 HEOOPOOJIEHUMH KIIITHHAMM, 1110 BKa3ye Ha
BIJICYTHICTb (DyHKI[IOHAJIbHOTO Pe3€pBY KIIITHH, 3yMOBJICHY NepeOyBaHHIM B aKTH-
BOBaHOMY cTaH1. BBenienns npenapary «Cumo0itep anu10(piabHUI Ha T KypCOBOTO
BBE/ICHHS aHTHOIOTHKA TaKOX CYMPOBODKYBAJIOCS aKTHBALIIEI0 KUCEHB3AJIEKHOTO
MeTa00J113My NEpPUTOHEATbHUX MaKkpo(aris, aje piBEHb [UX 3MiH OyB HUXKUMM I10-
PIBHSHO 3 TPYTOI0, 1[0 OTpUMYBaIU LedTpiakcoH. Peakuis KIITHH y TBapuH i€l
IPYIU Ha 0JaTKOBY CTUMYIISLIIO 3MMO3aHOM in Vifro XapaKTepH3yBaiacs MOsSBOIO
(GYHKIIOHATTLHOTO PE3EpPBY.

ITocunenns npoxykuii peakTUBHUX (OpM KHCHIO IEPHUTOHEANbHUMH MaKpo-
(aramu y JOCHiAHUX TBapWH CBITYHUTH MPO TE, IO YCi 3aCTOCOBAaHI YNHHHUKH BU-
KJIMKAIOTh aKTUBAIIIF0 METa00ITi3My IIUX KIITHH. AJie OTpPHUMaHi pe3ynbTaTH He Jal0Th
BI/ITIOBI/Ii HA MUTAHHS PO CIIPSIMOBAHICTh TAKOi AaKTUBAIII].

3rifiHoO 13 Cy4aCHUMHU ySBICHHAMHU, MaKpo(daru 3a (QyHKIIIOHAIBHOIO aKTUBHIC-
TIO IOAUISAIOTH HA ABi cyOmomynsii. Ha moyaTkoBUX CTadisiX pO3BUTKY 3aIlajeHHs
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BOHU MPOIYKYIOTh PEaKTUBHI (DOPMH KHCHIO, TTPO3aItaibHi IMTOKIHN Ta XeMOKIHH,
1 PO3MISATAIOTECS SIK «KJIACHYHO aKTHBOBaHI» a00 «kinepHi» makpodarn M1. Ha
Mi3HIX CTaisIX 3aMajbHOTrO MPOIeCy Ls cyOmomymsiis 3MiHloe henorun Ha M2
«aJBTEPHATHBHO aKTHBOBAaHI» Makpodaru. IX QyHKIis monsrac B OUMIIEHHI Bij
nebpucy, akTUBAIlli aHT10TeHe3y Ta pereHepaTHBHUX mporecis [3]. Y BiAMOBiab Ha
3anajibHI CTUMYIU M1-Makpodaru npoayKyroTh IHAyHUOENbHY CUHTETa3y OKCUIY
azory (iNOS), sika BukopucToBye L-apriHiH ik cyOCcTpar /Uisi yTBOPEHHS OKCHUIY
azoty (NO). M2-makpodaru KOHCTUTYTUBHO IPOYyKYIOTh (hepMeHT apriHasy I, sika
KOHKYPEHTHO 3B’s13y€ L-apriniH, 3anobirarouu ioro B3aemoii 3 iINOS, aiis cunresy
OpHITHHY Ta CEYOBHHU. TOMY JIJIsl XapaKTEPUCTUKN (PYHKITIOHATHHOI TOSIpU3aIii
Makpo@dariB KOMIUIEKCHO AOCIIKYIOTh MOKa3HUKU apriHa3HOI aKTUBHOCTI IMX
KIIITHH Ta KoHIeHTpaiiro NO B cepefoBuli ix KynbTuByBaHHs [ 14].

KypcoBe BBenieHHs Tpo0ioTHKa, aHTHOI0THKA Ta OJJHOYACHE 3aCTOCYBaHHS 000X
IIpernapariB MPU3BOIWIO J0 3HIKEHHSI aKTUBHOCTI apriHa3y y JIOCHITHUX TBApUH
Ha 22%, 36% Ta 30%, BIAMOBITHO, TOPIBHIHO 13 3HAYSHHSM ISl HECTUMYJTbOBAHHX
KJIITUH TBapUH KOHTPOJIBHOI rpymu (puc. 3).
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Puc. 3. Bniius npodiotnka «Cumoéitep anugoginbHuii» Ha aprinasHy akTHBHICTh
NMepUTOHeATbHUX MaKpo(ariB y miypiB Ha TJ1i BBeJeHHs HedTpiakcony
I — xouTposbHi mypu (n = 8); Il — mypwu, siki orpumyBanu «CumoiTep anugodinbuui» (n = 8),
I — myypu, sxkum BBoMIH LedrpiakcoH (n = 8), [V — mypu, sikuM BBOAMIN He(TPIaKCOH Ta
«CumOitep atmnodinpHANR (n = §).
[pumitka: * — p<0,05, y nopiBHIHHI 3 MOKa3HMKAMHU HECTHMYJIbOBAHHUX KIITHH Y IIypiB
KOHTPOJIBHOT IPYIIH.

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 JOCTOBIpPHO
BUIIIOIO 32 aHAJIOTIYHUI MOKAa3HMK IIypiB KOHTPOJIbHOI rpyn (puc. 4). OTpumani
pe3yibTaTH BKa3yIOTh Ha TIPpo3anaibHy MOJSpH3aIlito (haroruTiB JOCIITHIX TBAPHH.
OpnHak, y TBapHH Pi3HUX AOCTIHUX TPYM MU CIIOCTEPIraiu pi3HUHN XapakTep 3MiH
apriHa3zHoi akTUBHOCTI Ta npoxaykiii NO y BiANOBiAb HA TOJATKOBY CTUMYIISIIIO
in vitro Ipo3anaJbHUM YUHHUKOM — 3UMO3aHOM. Y KOHTPOJIbHUX TBAPUH JI0JaBaHHS
3MMO3aHy BUKJIMKAJIO CTaTUCTHYHO BIPOTiHE 3HKCHHS apriHa3HOi aKTHBHOCTI 3
OJTHOYACHHUM JIOCTOBIpHUM MOCHICHHAM mpoaykiii NO, 110 Bkazye Ha HEUTpaabHUN
OayraHc MeTabOoIi3My apTiHIHY y IIUX KIITHH.

V TBapuH, mo orpumyBanu «CumOiTep auuaopiIbHANY, apriHa3Ha aKTUBHICTD
NepUTOHEATBbHUX MakpodariB OyJia 3HWKEHA MTOPIBHSIHO 3 TAKOIO Y IHTAKTHUX TBa-
puH Ha 22%. JlogaTkoBa CTUMYIISIIS 3MMO3aHOM HE BUKITMKAIA 3MiH METa0oIi3My
apriviny, sIK OMOCEPEIKOBAHOTO apriHa300, Tak i ornocepeakoBanoro iNOS.
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Puc. 4. Bniins npo6ioTuka «Cumoitep anuaopinbHuii» Ha NpoAyKIi0 OKCUAY a30Ty
NnepuTOHEeaTbHUMH MaKpogdaraMu y uypiB Ha TJIi BBeJleHHs e TpiakcoHy
I — xorTpONEHI mIypH (n = 8); Il — mrypwu, sxi orpumyBanu «CuM6iTep annnopipHAN» (n = §),
IIT — uypwu, sikuM BBoawIH 1edrpiakcod (n = 8), IV — mypu, sskuM BBOIWIN e TPiakCoH Ta
«Cumbirtep amunodinpHui» (n = 8).
[pumitka: * — p<0,05, y mopiBHAHHI 3 MOKa3HMKaMH HECTHMYJIbOBAHMX KIITHH y IIypiB
KOHTposbHOL rpymw, ** — p<0,05, y mopiBHSIHHI 3 TOKa3HUKAMH HECTUMYIIbOBAHUX KIITHH Y
mypiB 1 rpymnm.
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 HEPTPiaKCOH, CIOHTAHHHUN PIBEHb apriHa3HOl
aKTHUBHOCTI MEepUTOHEAbHUX (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 CTUMYIISIIISI 3MMO3aHOM HE
BIUTMBAJIa HA YTHIII3AIiI0 apTiHIHY apriHa3010 1 BUKIMKaJa He3HaYHe (CTaTUCTUIHO
HEJOCTOBIPHE) MMOCWICHHS MPOAYKIIiT HITPUTIB.

[Ticna kypcy komOiHOBaHOI Tepamii nedrpiakcony 3 npemnaparoMm «CumoOiTep
a0 UTBHUNY) CIOCTEPITAIM 3HIWKEHHS ¢()EKTHBHOCTI METaboIi3My apriHiHy
(TIepeTBOPEHHS 10 KIHIIEBOTO MPOIYKTY — CEUOBUHHU ), MTOAI0OHE IO TAKOTO B 1HIIMX
JOCTIIHUX Tpymax, i 30inbenns cuaresy NO, K y TBapHH, SIKUM 31HCHIOBAIN
OKpeMe BBeJIeHHs TpodioTrka. OnHak, 00poOka mepuToHeaaTbHUX Makpodaris HIypis,
10 3a3HaJIM KOMOIHOBAaHOTO BIUIMBY 000X IMpernapariB, 3MMO3aHOM i1 Vitro CIpH-
YHHsUTA 3HOKCHHS apTiHA3HOI aKTHBHOCTI IIMX KIIITHH 3 OJHOYACHUM ITOCHJICHHSIM
npoxykuii NO. Li 3MiHu Oyiu aHajoriuHi A0 TaKUX Y KOHTPOJIbHUX TBapuH. Cirij
3a3HAYMTH, 110 3MIHU apTiHa3HO1 aKTUBHOCTI Ta mpoaykiii NO neputoHeanbHUMU
MakpodaramMu TBapuH IIi€l TOCITITHOT TPYIH XapaKTePU3yBAINCS 3HAYHOO 1HINBI-
JyaJTbHOIO BapiaOeIbHICTIO.

TakuM 4MHOM, KypCcOBE BBEIEHHS MPOOIOTHUHOTO npenapary «Cumobitep arm-
no(UTbHMIT» Ha TJIi BBEIEHHS aHTHOIOTHKA Ie()TPIaKCOHY, TaK caMo 5K 1 KypcoBe
BBEJICHHST 000X IperapaTiB CaMOCTIHHO, CYTPOBOKYBAJIOCS aKTUBAITIEI KHCCHbB-
3aJICKHOTO MeTaboi3My Makpo(daris, a TaKOXK aKTHBAIIIEI0 META00II3MY apTiHiHY
3 moJsipu3antiero 10 M1-deHoTwury, o y CyKyImHOCTI BKa3ye Ha Mpo3araibHy I0-
JSIPU3AIliI0 aKTUBOBAHUX MOHOHYKJICAPHHUX (DaronuTiB ITiJI BIUIMBOM 3a3HaYeHUX
yrHHUKIB. OJJHAK, aHaJIi3 peaKiii epuTOHEATbHUX MaKpodariB TBAPHH 10 CIIITHIX
TPyl Ha JIOJATKOBY CTHMYJISIIIO MMPO3aNalibHUM YHHHUKOM 11 Vifro BHUSBUB, IO
3MiHM y MeTa0omi3Mi apridiny MakpodariB y TBapuH, siki orpumanu «CumoOitep
a0 UTEHUI Ha T KYpCOBOTO BBEJICHHS aHTHO10THKA, IMOMIOHI 10 TaKUX, 3a-
PEECTPOBAHUX Y KOHTPOJBHUX TBapHH. He3Baxkaroun Ha Te, 110 3a3HAYCHI 3MIHU
nepeOyBaJii Ha MEX1 JIOCTOBIPHOCTI, OTpUMaHi pe3yJIbTaTH CBi4aTh Ha KOPHUCTh
TOTO, 10 3aCTOCYBAaHHS MYJIBTUIIPOOIOTHYHOTO nieprapary «CuMOiTep anuaohian-
HUI» Ha TJI1 KypCOBOTO BBEJICHHS aHTHO10THKA CTIpusie (POPMYBAHHIO HEUTPATHHOTO
Oasrancy MeTaboImi3My apriHiHy EpUTOHCATBHIMH MakpodaraMu i MOXe pO3Tiis-
JaTcs K O3HaKa TajJbMyBaHHS 3allalIbHOTO MPOIECY, 0 BUKIUKAHUN TPUBAIUM
3aCTOCYBAHHSIM aHTHOIOTHKA. VIMOBIPHOIO IIPHUMHOIO 3a3HAYCHOTO SBHUIA MOXKE
OyTH TIOTIOBHEHHS TIOMYJIAIT KIITHH MIEPUTOHCATBHOTO eKCcyaaTy (DyHKITIOHAIBHO
HEUTPabHIMHU MOHOIIUTAMH, 1[0 IIUPKYITIOIOTh PEKPyTOBAHNMH aHTUTEHAMH Oak-
Tepiit HOPMOOIOTH y CKJIa Il TPOOIOTUIHOTO TIperapary.
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BJIMAHUE MYJbTUITPOBUOTUKA « CUMBUTEP
AIIUTOPUIbHBIN» HA ®YHKIIMOHAJIBHYIO
AKTUBHOCTD IEPUTOHEAJIBHBIX MAKPO®AI'OB
KPbIC HA ®OHE BBEJAEHHUA AHTUBUOTUKA
HEPTPUAKCOHA

Pedepar

Heaw padoThl. Hccnedosams enusHue npoduomuieckoeo npenapama « Cumbumep
ayuUoOPUILHBIILY, NPUMEHEHHO20 HA (POHE KYPCOB020 86€0eHUs AHMUOUOMUKA Yed-
MPUAKCOHA, HA DYHKYUOHATIbHYIO AKMUBHOCHb NEPUMOHEAIbHBIX MAKPOGDAL08 KPbiC
aunuu Wistar. MeTonbl. Memab6onuueckuii cmaniyc u (hyHKYUOHATbHYIO RONAPUZAYUIO
NePUMOHEANbHbIX MAKPOPAL08 XAPAKMepu308aiu no ad2e3uu K KyibmypalbHOMY
NAGACIMUKY, CROHIMAHHOMY U CIUMYTUPOSAHHOMY KUCTOPOO3AGUCUMOMY MEMADONUZMY,
apeunaznoi akmusnocmu u npooykyuu NO. Pe3yawbTaTtbl. Kypcosoe 6sedenue npena-
pama « Cumbumep ayudo@uibHulily Ha POHe 66e0eHUsT AHMUOUOMUKA YeQMPUAKCOHA,
MAkK Jice KaK u Kypcogoe 66e0eHue 0boux npenapamos OmoeibHo, COnPOBOACOANOCH
cmumynsiyueli KUCI0po03a8UucumMozo Memabonusma Makpopazos, a maxice yCUuieHu-
em memabonusma apeununa no M1-gernomuny, wmo 6 cOOKYNHOCIMU YKA3bIEAEN HA
NPOBOCHANUMELHYIO NOTAPUSAYUIO AKINUBUPOBAHHBIX MOHOHYKIEAPHbIX Pazoyumos.
BuiBon. /lpumenenue npenapama « Cumbumep ayudo@uibHblily HA POHE KYPCOBO2O
66€0€CHUsL AHMUOUOMUKA CNOCOOCMBOBANO POPMUPOBAHUID HEUMPATbHO20 OANAHCA
MemabonuzMa apeUHUHA NEPUMOHEAIbHBIMU MAKPOpazamu, umo Moxicem paccma-
MPUSAMBCS KAK NPUSHAK MOPMONCEHUS. BOCHATUMENLHO20 NPOYECCd, BbI36AHHO20
ONUMETLHBLM UCNONb308AHUEM AHMUOUOMUKA.

Knwouesvie cnosa: npo6u0muk, aHmu6u0muK, nepumonedajlbivle Makpogbazu,
KMCJZOpOaS’a@uCWl/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.
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e-mail: alexshulga@hotmail.com

BJIMAHUE AJIIOMOKAJIMEBBIX KBACIIOB HA
CHHTE3 MUKPOBHbIX HOBEPXHOCTHO-AKTHBHbIX
COEJMHEHNHU

Iens. Hccnedosanue cmumynupyroweeo 61uanus aromoraiuessvix keacyos (AK)
Ha cunme3 OUO2EeHHBIX NOBEPXHOCTNHO-AKMUSHbIX seujecme (ouollIAB) 6axkmepusamu
PaznuuHbIx makconomuueckux epynn. Memoowt. bakmepuu Pseudomonas sp. PS- 17,
Bacillus subtilis F, Rhodococcus erythropolis Au-1 kynomueuposaiu Ha numamenibHbix
cpedax ¢ dobasrenuem AK. Buomaccy onpedensinu 2pasumempuieckum memooom,
00wLe TUNUAbL IKCMPALUPOBATIL CMECHIO XT0pogopm:memanon (2: 1), koHyenmpayuro
PAMHOIUNUOOB ONPEOeIANU OPYUHOBLIM MEMOOOM, NENMULOOTUNUO08 — 0OPA308AHUEM
KOMNJIEKCA ¢ MEMULEHOBbIM CUHUM, IK30NONUCAXAPUOOB — BECOBLLM MENMOOOM, OUO-
Komniaekc PS (cmecv pamuonunudos ¢ nonucaxapuoamu) ocaxicoanu nOOKUCIeHuem
cynepHamanma KyJavmypanieHou scuokocmu 0o pH 3. Pesynomameut. [loxkazarno, umo
AK 6 konyenmpayuu 0,5-2,0 /n cmumynupyrom Hakonienue 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%. Beteoo. Ycmanoeneno, umo AK cmumynupyrom cunmes 6uollAB uccne-
oyembimu 6akmepuamu. Ha ocnose sxcnepumenmanbuuix u 1umepamypHulxX OAHHbIX
COeNaHo NPeononodiceHue 00 UHUYUUPOBAHUU Y HUX CUCTNEMbL «qUOTUM SeNnSing» noo
oeticmeuem AK. Hcnonvsosanue AK mooicem no3eonums onmumusuposams mexHo-
Jo2uneckue npoyeccol guloenenus ouollAB u cnuzume cebecmoumocms nPooyKma.

Knwouegwvie c106a:anomMokaiuesple K8acybl, PAMHOIUNUObL, MPE2aro30IUNUObL,
nenmuooIUNUObL.

BuorenHsle moBepXHOCTHO-aKTHBHBIE BenlecTBa (Ouorennsie [IAB, 6uollAB)
MPEACTABIAIOT cO00 ampuduIbHBIE COCTUHEHHS, KOTOPbIE CHHTE3UPYIOTCS
Pa3IUYHBIMU MUKPOOpraHu3MaMu. Takue BellecTBa CHHKAIOT MMOBEPXHOCTHOE U
Mesk(azHOE HATSHKEHUE BOJHBIX PACTBOPOB, COMOOMIM3UPYIOT THAPO(HOOHBIE COeTH-
HEHUS, @ TAK)KE MOBBIIIAIOT CMAYMBAEMOCTb Pa3IMYHbIX OBEpXHOCTE!. briaronaps
CBOEH BBICOKOH 3(h(heKTUBHOCTH H, B TO )K€ BPEMs HU3KOH TOKCHYHOCTH, OMOT€HHBIE
[TAB sBRSIFOTCSI BAKHBIMU IPOYKTaMU OMOTEXHOIOTUU. OTHIM U3 OCHOBHBIX IIpe-
umyiectB OnoreHHbIX [TAB 1o cpaBHEHHIO ¢ XUMHUYECKUMH aHAJIOTAMHU SIBIISIETCS KX
cocoOHOCTH Kk Onozerpanamu. buolIAB MoryT ObITh HCIIOB30BaHbI IPH CO3IAHUN
COBPEMEHHBIX JKOJOTHMYECKH Oe30MAaCHBIX TEXHOJIOTHH Ui He(Teq00bIBAIOIICH,

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

HawnbGonee mepcnekTHBHBIME MTpoyTieHTaMu OnoreHHbIX [IAB sBisiroTcst 6ak-
Tepuu ponoB Pseudomonas n Bacillus, KOTOpble CHHTE3UPYIOT COOTBETCTBECHHO
BHEKJIETOUHBIC PAMHOJIMIIH/IBI M IETITHIOTIUITUABL. BONBIIOH HHTEpeC MpeacTaBiIsioT
TaKXKe KJIIETOYHO-CBsI3aHHbIe Tperanozomunuaabie [IAB 6akrepwii poma Rhodococcus
[13]. OnHaxo, mpakTHYeCKoe MpUMEeHeHHe MUKPOOHBIX [TAB mumuTHpyeTcs HU3KuM
BBIXO/IOM MPOIYKTA U €r0 BBICOKOH ce0eCcTOMMOCTBI0. B CBsI3M ¢ 3THM, Hapsiay ¢ mo-
HCKOM HOBBIX 3()()EKTUBHBIX IIITAMMOB MUKPOOPTaHU3MOB-TTpoAyIieHTOB OMOITAB
aKTyaJIbHOM MpoOiIeMoii sSBJIsSETCS pa3paboTKa METOJOB MOBHINICHUS OMOCHHTE3a
ATHX COEIMHEHHMH, a TAK)KE MX BBIJCICHHS.

MarepuaJjbl 1 METOAbI

B pabote ucmons30Baiim MEKpOOPTaHU3MBI-TTPOTyTIeHTH OOl IAB 13 xomiekmmm
ODXTY Na®OY mm. JI.M. JlurBuneako HAH VYkpaunsr: mrammer Pseudomonas
sp. PS-17, Bacillus subtilis F, a Takxxe Rhodococcus erythropolis Au-1 n3 Ykpauns-
CKOHM KOJUIEKIIMM MUKPOOPTraHn3MoB MHCTHTYyTa MUKPOOHOIOTUN U BUPYCOIOTHU
M. JI.K. 3a6omorHoro HAH Vkpaunsr.

[tamm Pseudomonas sp. PS-17 kynTsTHBUpOBAIH Ha TUTATEIHHON cpene (T/11):
omanepud — 20,05 NaNO, — 3,0; nposokesoii skcrpakt — 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 ncnonp30BajIN MATATENBHYIO cpeny (T/71): 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 mararensryro 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).

KynsTuBHpoBaHre MHUKPOOPTAaHU3MOB MPOBOIWIHN B KoOax DpieHmeiiepa
(750 mur) B 150 mur maTaTenbHON cpenbl Ha poTarmoHHON kadanke (200 006./MuH.)
npu Temrieparype 28—30 °C B TeueHue 5 cyTok. B paboTe ucronb3oBany 1yOnIbHbIC
BelIecTBa — amoMokanueBbie KBacipl (AK), koTopsie BHOCHIN B CTEPHIIBHYIO TTH-
TaTeNBHYIO Cpemy B KoHIeHTpanusax ot 0,75 o 5,40 r/m.

AbcomoTHO cyxyro 6momaccy Oakrtepuii (ACB) ompenensnu rpaBUMETpH-
yeckuM meTozioM [1]. [ToBepxHOCTHOE HATSIKEHNE BOJHBIX PACTBOPOB — METOJIOM
Jlro-Hyn ¢ moMomisio miaTHHOBOTO Kombiia Ha Tersnomerpe KRUSS-K6 (KRUSS
GmbH, Germany). OMynbrupyomntyto aktTuBHOCTE (E,,) cynmepnaranTa KynsTypaiis-
HoM kuakoctu Oakrepmii (CKXX) ompenensuim meronom, ommcanabiM B. Gutnick
[7]. BHekneTounbie u KIIeTOYHO-cBs3aHHbIe OMOIIAB Beieasanu uz CKXK nnm
KJICTOUYHOW MacChl OaKTEpHil METOIOM IKCTPAKIIUN CMECKHIO XJI0PO(OPM:METAHOI
(2:1) c mocnenyromuM BeITAPUBAHAEM OPTaHUIECKOTO PACTBOPUTEIIS MO BAKyyMOM
JI0 TIOCTOSIHHOM Macchl dKCTpakTa. KOHIEHTpalni0 paMHOJIHUITHIOB ONPEASISIIN
OpPIIMHOBBIM METOIOM Ha criekTpodoromerpe UVmini-1240 (Shimadzu, Japan) [6];
NENTHOIHUITNAOB — METOJIOM Ha OCHOBE 00pa30BaHus KOMIUIEKCA ETTHAOIUITHIOB
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¢ MeTHIIEHOBBIM cuHUM [4]. Bruokommiekc PS (cMech paMHOMUNHIIOB U O CAaXapH-
noB) ocaxaanu u3 CKXK Pseudomonas sp. PS-17 no6asnennem 1N HCI no pH 3,0
[16]. Konuentpanuro nonucaxapuoB B CKXK onpenensinu BecoBsiM MeTosiom [14].

Bce sxcniepuMeHTHI IPOBOAMIIN B TPEX IOBTOPHOCTSIX. Pe3ybraTsl uccnenona-
HUI1 00pabaThIBAIN CTATUCTHYECKH C UCTIONF30BAHUEM KOMITBIOTEPHOM MPOrpaMMBbl
Microsoft Excel 2010, pa3auiry Mexxay CpeTHIMH BETHINHAMH CYUTAIN JOCTOBEP-
Hou mipu p < 0,05.

Pe3yabTarsl 1 UX 00Cy:KAeHUE

Panee Hamu ObLTO MOKa3aHoO, 4TO TaMM Pseudomonas sp. PS-17 cunte3upy-
€T BHEKJICTOUHBIEC TIOBEPXHOCTHO-aKTUBHBIE PAMHOJIHITUBI, CIIOCOOHBIE CHUXKATh
MMOBEPXHOCTHOE HATSHKEHHUE BOIHBIX pacTBOPOB 10 28 MH/M. OnHuM 3 Hanbosee
MEPCIEKTUBHBIX MPOIYKTOB OMOCHHTE3a TAHHOTO ITAMMA SIBIISIETCS KOMILJIEKC paM-
HOJIMITUIOB ¢ OMOTIONIMMEPaMH aJIbIMHATHOM prpob! (OnokoMmriutieke PS), kotopsrit
o0yazaer sipKo BBHIPAKEHHBIMU MOBEPXHOCTHO-aKTUBHBIMU U AMYIBIHPYIOIIUMHU
coiictBamu [ 16]. it ctumynmpoBanus cuHTe3a 0nol1AB nccieyeMbiM mramMmmom
B ITUTATENIbHYIO cpexy BHOCHIN AK B pa3nuuHbIX KOHIIEHTpaIusax (Taom. 1).

Ta6muma 1
BiausiHue a;loMoKaIUueBbIX KBACLOB HA HAKOMJIeHHE GHOMAaCChI
U CHHTe3 PAMHOJIMNHUIOB 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, Buokommiexe Pamuonunuami, TpoxykTHBHOCTE,
PaMHOJIUNNIO0B/
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:* — pa3nuyust JOCTOBEPHBI IO CPABHEHHIO C KOHTPOJIEM.
Note: * — the differences are significant compared to a control.
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YcranoBneHa ontuMaibHas KoHIeHTpanus AK B mutarensHoi cpeae — 1,8 /1,
NIPU KOTOPOH YBEITMUMBACTCS CHHTE3 PaMHOJMIIUIOB IITaMMoM Pseudomonas sp.
PS-17 na 49,2% u 6uoxomiuiexkca PS — na 47,5%. Ilpu 3TOM npoayKTUBHOCTH TIO
munugam Bospactaet Ha 19,7%. Ilpu BHecennn AK B Gosiee BRICOKMX KOHIIGHTpa-
USX KOJIMYeCTBO OMkoMmIuiekca PS yBennumBanoch, 0JHaKO 3TO ObLTO CBSA3aHO C
MTOBBIIIIEHUEM COICPKAHKS B HEM ITOJIMMEPOB, a HE PaMHOJIAITUAIOB (TaoJI. 2).

Tabmmia 2

Biusinue aJioMoKaJueBbIX KBACILOB HA COCTAB
BHEKJIETOUHOro Onoxomiiekca 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 dunokomiiekca PS, %
r/n PaMHOIHIHBI Ioaucaxapuabi
0 86,7£3.,9 13,3+0,58
1,8 87,4+4,0 13,6+0,51
2,0 87,2+4,2 12,8+0,48
3,5 53,1+2,2% 46,9+0,60%*

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

Jo6asnenue AK B nuTatenbHyI0 cpey CriocoOCTBOBAIIO TAKXKE 3HAUUTEIILHOMY
COKpallleHUI0 BpeMeHH ocaxaeHust ouoxkomruiekca PS uz CKK, uyto, mo Hamemy
MHEHUI0, MOXKET IIPOUCXOIUTH 32 CUET KOATrYJISILIMY PAMHOJIUITHAIOB U ITOJIMCAXapU/IOB
B nipucyrctBun AK. Tak, B aureparype npuBoasTcs JaHHbIe 0 ToM, uTo AK o6mna-
JIAI0T CIOCOOHOCTBIO CBSI3bIBATh PA3IMYHbIE COCINHEHMSI, HAXOASIIUECS B BOJHOM
pacTBope, OGiarogaps yeMy OHHM HOJIYYHJIM HIMPOKOE IPUMEHEHHE B Pa3JIMYHbIX
o0J1acTsX, B TOM 4MCiie MEAULIMHE, U1l OYUCTKH BOJIBI U T.1. [3].

Crumynupyrtomiee neiictsue AK Ha cunTte3 BHeKk1eTouHbIX 6MolIAB nokazano
TaK)Ke Ha MpUMepe MeNnTUAoIMNUI0B mTamma B. subtilis F. YcraHoBieHo, uTo
HNeNTUIOIUIUBl B KOHIIEHTpauuu 1,0 I/ CHIUXKAIOT MOBEPXHOCTHOE HATsKEHUE
Bob! 10 30 MH/M. BHecenue B nuTarenbHyto cpefy uccienyemslx 6akrepuit AK
B koHueHTpauusax 0,5-1,0 r/n cnocoOGCTByeT yBeandeHU0 OMoMacchl MTamma
B. subtilis F na 7,7 u 14,4% cooTBEeTCTBEHHO. YCTaHOBJIEHA ONITUMAaJIbHAS KOHIIEH-
tpauus AK — 0,5 /1, BHECeHHe KOTOpOi cr1ocoOCTBYET MOBBILIEHUIO OMOCHHTE3a
MENTUI0JIMIUIOB B 2,6 pa3a v MPOYKTUBHOCTH IO JIMMIKUAAM B 2 paza (Taba. 3). [Ipu
JnanbHeieM ypennuennu konuentpanun AK (1,5-2,0 r/i) ormedaercs CHIKEHUE
6uomaccel 6akTepuil u cogepxkanus nenrtugonunuaos B CKK.

[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 (hpakiusi KOTOPBIX MPEACTaBlIeHa Tperaitozonunuaamu [2]. Bonusrii pa-
ctBOp 3TUX OMOITAB B koHIIEHTpanuu 1,0 1/11 CHUKaeT MOBEPXHOCTHOE HATSKEHUE
Bozbl 10 30 MH/M u obmanaer smynbrupyromei aktuBHOCTEIO (E,, 85%).

Tabmuma 3

Bausinue aoMOKaJIMEBbIX KBACIOB HA CHHTE3 BHEKJIETOYHBIX eNTHA0JIUIIHI0B
U 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, r/J Heng‘gg’nz;lrnﬂ“/
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: * — pa3muyms TOCTOBEPHBI IO CPABHCHHUIO C KOHTPOJIEM.
Note: * — the differences are significant compared to a control.

VYcranosnena ontumManbsHas koHueHtpamusi AK (2 r/m) B coctaBe muTarens-
HOM cpelibl, KOTopas CIOCOOCTBYeT yBelnnuyeHuto cuHresza 0mollAB mrTammom
R. erythropolis Au-1 na 68%. Ilpu sToM GrMoMacca GakTepuii MPaKTUIECKH HE Me-
HSI€TCS OTHOCUTEIJIHO KOHTPOJIS, a POAYKTUBHOCTS 110 JIUMHUIAM yBEJINUNBAeTCs Ha
17,7% (puc. 1). lanbHeiiee ypennuenue koHueHTpauuu AK B nutarenbHoi cpene
MHTHOMPOBaJo pocT 6akTepuit u cunte3 6uollAB, uto, Mo HaMIeMy MHEHUIO, CBS3a-
HO C aHTUMHUKPOOHBIM JieiicTBueM AK B JaHHBIX KOHIIEHTpALUAX Ha HCCIeTyeMble
MHUKPOOPTI'aHU3MBI.

brnaronaps cBonM (puznko-xuMuueckuM cBoiictBam AK BbI3bIBatOT (MIIOKYIISALNIO
KJIETOK Pa3JIMYHBIX MUKPOOPTaHU3MOB, YTO 3HAYUTEIIBHO 00JIErdaeT ux oTAeIeHUe
OT KYJBTYypaJbHOU JKUAKOCTH. DTOT MPOIECC OCOOCHHO BaKEH IPH BBIJICIECHUU
6uollAB u3 knerok R. erythropolis Au-1, xoTopsle 00pa3yloT arjioMeparsl Npu
pocTe Ha MUTATeNbHBIX cpesax ¢ rupododHsiMu cyocTparamu. [lpumenenne AK
MIO3BOJISIET JIETKO OTAEIUTh OMomaccy Oakrepuit R. erythropolis Au-1 oT KynbTy-
paJIbHOM )KUJIKOCTH MUHYS CTa U0 LIEHTpU(yruposanus. I3BecTHO, 4TO 3Ta cTaaus
SIBJISICTCSI HEPTOEMKHUM IPOLECCOM U TPeOyeT TOMOIHUTEIHLHOIO 000pYIOBAHUS
Ha npou3BoAcTBe. TakuMm o0pa3omM, ucnonb3oBanrue AK B TEXHOJIIOTHYECKOM TpO-
1ecce MO3BOJINT CHU3UTh C€0ECTOMMOCTh MPOAYKTA, YTO MOXKET UMETh OOJbIIoe
3HauYeHUe s pa3paboTKU TEXHOJIOTUU MOJdy4YeHMs Tperanozonunuaneix [1AB B
MIPOMBIIIJICHHBIX YCIOBHSIX.
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Puc. 1. Biusinue ajgoMoKaaneBbIX KBacloB Ha cuHTe3 0uolIAB
W HAKOILIeHne Ouomacchl iraMmoM R. erythropolis Au-1
[Ipumeuanue: *— pa3nuuaust JOCTOBEPHBI [0 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 CYILIECTBYET CUCTEMA MEXKKJIETOUHOTO B3a-
UMOJCHUCTBUS «quorum sensing», KOTopas 3alycKaeTcs IpH J0CTaTOYHO BBICOKOH
KOHIIEHTPAIMK KJIETOK, U yNpaBIsieT pa3HOOOpa3HbIMU (U3UOIOIMUECKUMU MPO-
1eccaMu, BKIIOYasi OMOCHMHTE3 aHTHUOMOTHKOB, dK30monucaxapuaos, OuolIAB u
Ipyrux BTOpuuHbIX MeTabonutoB [13]. Tak, y rpamoTpunarenbHbIXx OakTepuit
Yersinia enterocolitica [ 5] u Pseudomonas syringae [11] cuctema «quorum sensing»
peryinupyeT HOABUKHOCTb KJIETOK Ha TBEPJOW MOBEPXHOCTH, a TAK)KE IPUHUMAET
ydacTHe B KOHTpOJIE arperanuu KIeTOK y MUKPOOPraHU3MOB Yersinia pseudotu-
berculosis [5], Pseudomonas aerofaciens [15] u Rhodobacter sphaeroides [10].
N3BectHo [13], yTOo paMHONUNUIBI KYIBTYpbl Pseudomonas aeruginosa, CUHTE3
KOTOPBIX TAKXKe KOHTPOJIUPYETCsS CUCTEMOM «quorum sensingy, criocoOCTBYIOT 1O-
JIBKHOCTH OakTepuii. Takum 00pazom, cucTtemMa «quorum sensing» MHUIIHHPYET
HOJBM)KHOCTh OaKTepUaIbHBIX KJIETOK U CBSI3aHHBIM C 3TUM IPOLECCOM CHHTE3
MOBEPXHOCTHO-AKTUBHBIX COEUHEHU.

W3 nurepatypbl U3BECTHO, YTO 1yOMIIbHBIE BEIIECTBA CIIOCOOCTBYIOT arperauu
OGaKkTepHalbHBIX KJIETOK, & TAK)Ke OrPaHUYEHUI0 UX NoABMKHOCTU. [lokazaHo [8],
YTO OHM UHTUOUPYIOT MOJIBMXKHOCTD Oaktepuil Bacillus cereus B KUIKOH cpenie, CIo-
COOCTBYIOT YBEJIMUEHHIO FMJIPOPOOHOCTH KIETOUHON CTEHKH, & TAK)KE CTUMYITUPYIOT
poct 6akrepuii. O’May u np. [9] moka3zanu, YTO TAHUHBI, BBIICICHHBIE U3 KIIOKBBI
U IpaHara, CoCOOHbI OJOKMPOBATh ABUIaTEIbHYIO aKTUBHOCTH PsiJla MUKPOOpIa-
HU3MOB. B Toke Bpems BHECEHUE B TUTATENIbHYIO Cpely TOBEPXHOCTHO-AKTUBHBIX
PaMHOJIUIINIOB BOCCTAHABIMBAJIO UX IMOABMXXHOCTH. I10 JaHHBIM JIHTEpaTyphl
[8] BHECeHHE TyOMIIBHBIX BEIIECTB B MIUTATEIbHYIO CpeLy MPHU KyJIbTUBUPOBAHUU
psina 6akrepuii, B yactHoctu Prevotella ruminicola B14, BbI3pIBano cBs3bIBaHUE
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(cxylenBaHME) KIETOK MEXIY COOOH BHEKJIETOUHBIMU MOJMMEPAMH, YTO CHIKAIIO
JIBUTATENbHYI0 aKTUBHOCTH MUKPOOPTaHU3MOB.

AHanu3upys SKCIiepUMEHTaIbHBIE JAHHBIE, MBI IPEATIONIOKHIIN, YTO arperarus
MUKPOOHBIX KJIETOK ITOJ] BIUSHUEM JTyOMIBHBIX BEIIecTB, B yacTHOCcTH AK Moxer
CHOCOOCTBOBATH MHHUIIMAIIUHM CHCTEMBI «qUOTUM SeNsing» U yBEIWYCHUIO CUHTE3a
ounorennabix [IAB. B ciryyae HemoaBmKHBIX OakTepuit poga Rhodococcus BHECceHNE
AK B nmuTaTenbHyI0 Cpemy, BEpOATHO, MOXKET BIHMSATH HA arperaruio OakTepruatbHbIX
KJIICTOK BCJICACTBUE YBEIHMUEHHS THAPO(HOOHOCTH KJIETOUYHON CTEHKH, a YBEITHYCHHE
CHHTE3a KJIIETOUYHO-CBSI3aHHBIX Tperaio3onunuaHbix [IAB HanpasineHo Ha CHIDKeHHE
ee TuapohoOHOCTH.

Taxum obpazom, mokazano, 4to AK B konmentparuu 0,5-2,0 r/n cTumynupy-
IOT POCT OaKkTepuil W CHHTE3 BHEKJIETOYHBIX M KJIETOYHO-CBSI3aHHBIX OMOTEHHBIX
ITAB: pamuaomunuoB mramMmma Pseudomonas sp. PS-17, nenTumoiunmyaoB mraMma
B. subtilis F u Tperano3onunuaoB mramma R. erythropolis Au-1. IIpu 3ToM Takxke
BO3pacTalia MpOAYKTUBHOCTS 10 Jinmuaam: Ha 18—20% must mrammoB Pseudomonas
sp. PS-17 u R. erythropolis Au-1 u B 2 pa3a — ans mramma B. subtilis F.

Ncnonp3oBanue AK mipu nmpomsBojgctBe 0MOIIAB MOXET TO3BOJIMTH TaKkKe
PEIINTH PSAJ] TEXHOIOTUIECKUX MTPOOIIEM, B YaCTHOCTH, OIITUMHU3UPOBATH ITPOIECCHI
OCKICHUS PAMHOIUITHI-TIONIMCAXapUIHOTO ONMOKOMITIIeKca mTamMmma Pseudomonas
sp. PS-17, otnenenus 6uomaccel mramma R. erythropolis Au-1 ot KynsTypanbHOI
YKUJKOCTH, YTO COOTBETCTBEHHO CHH3UT ceOecTonMocTh OMolIAB u pactmpuT 00-
JIACTh UX UCTIOIB30BAHUS B KOJOTHUECKU YUCTHIX TEXHOIOTHSIX.

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

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

BIIJINB AJIIOMOKAJIIEBUX I'AJIYHIB HA CUHTE3
MIKPOBHHUX TIOBEPXHEBO-AKTUBHUX CIIOJIYK

Pedepar

Meta. /Jocniodcenns cmumyniosaibho20 enaugy alomoraricsux 2aiyiie (AK)
Ha cunmes 6i0lIAP baxmepismu piznux maxconomiunux epyn. Meronu. [[Imamu
baxmepiti KyIbmMugy8au Ha NOJNCUBHUX cepedosuuax i3 dooasannsm AK. Biomacy
BUBHAYANU 2PAGIMEMPUYHUM MEMOOOM, 3A2ANbHI JINIOU eKCmpazyeaiu CyMIULIO
xnopogopm:memanon (2:1), konyenmpayilo pamHoninioie eusHAUAIU OPYUHOBUM
MemoooM, NenMuooNinioie — YmeopPeHHIM KOMNILEKCY 3 MeMuleHO8UM CUHIM,
ek3zononicaxapudie — 6a2o8um memooom, diokomniexc PS (cymiw pamuoninioie 3
nonicaxapuoom) ocadxicy8au NiOKUCIeHHM 0e3 KIIMUHHOL KVIbIMypaibHOI 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 wumamy 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 d6axmepismu. Ha ocnosi ekcnepumenmanbHux
i aimepamyprux OaHux 3poOLeHO NPUNYWEHHs. W00 IHIYIIOBAHHS ) HUX CUCMeMU
«quorum sensingy» 3a eniugy AK. Buxopucmanns AK O0ae mooicnusicms marxoic
OnMUMIZy8amu mexHonociuni npoyecu eudinernts 6iollAP ma snusumu codbiseapmicme
Yux npooyKmie.

Knwuoei cnoea: anomMokaniesi eaiynu, pamHoniniou, 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.
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BIIJIMB EK3OT'EHHUX BIOJIOT'TYHO AKTUBHUX
PEYOBUH MEJUYHOI II’SIBKU HA BIOJIOT'TYHI
BJIACTUBOCTI ESCHERICHIA COLI 3912/41

Mema. 3’sicysamu 6niug ek302eHHUX OI0N02I4HO AKMUBHUX PEYOBUH KYTbMYPATbHOI
600U, Oe ympumy8aucs MeouyHi n’aexu, Ha oionoziuni enacmugocmi Escherichia coli
3912/41. Memoou. I'omyesanu m'sico-nenmonnuii azap (MI1A) 3 pisnoro konyenmpayicio
KYIbmMypanvHoi 8oou, oe ympumysanucs meouuni n'sexu: 0, 0,1, 1, 5, 10, 15%. Ha
nosepxtio MIIA 3 KynbmypanvHorw 600010 8i0N0BIOHOI Konyenmpayii (0ocnid) ma
be3 Hel (KoHmpOonb) gHOCUIU POOOUY CycneH3io 00006801 Kynbmypu 6axmepiti E. coli
3912/41 3 konyenmpayiero kaimun 850 KYO/ma. Jocniodcyseanu KynemypaneHi ma
mopgponozciuni enacmusocmi E. coli. 3miny anmueennux enacmueocmeii euguanu 6
peakyii cranio-aznomunayii 3 cuposamkor diaenocmuunolo ewepuxioznoro OKA
NONIBANEHMHOIO CYX010 0i1s pearyii aentomunayii. Pesynemamu. Busisunu npuenivenns
KynemypanvHux enacmugocmeti E. coli, sike xapaxmepuzysanocs smenuentsam KoioHiu
noyunaiouu 3 1% emicmy Kyivmypanvbhoi 600u, 0e Ympumysamucs MeouyHi n'seku 6
MIIA. Ilpu mixpockoniuHomy aHanizi euseneHo dakxmepii 3i 3MeHUIeHHAM PO3MIDIG
00 KoKonodionoi popmu. 3i 30inbuienHam Konyenmpayii Kynemypanivhoi 6oou 6 MI1A
BUABIIEHO NOPYUEHHS 8U008UX anmueennux enacmueocmeti E. coli. Bucnoeku. Kyno-
MYyPanbHa 600a, 0e Ympumysaniucs MeOuyHi n'siexu, 3a1excHo 6io konyenmpayii 6 MI1A4
npueHiuye KyiomypanoHi ma anmueenni énacmueocmi E. coli. Odepoicani pesynomamu
6KA3YI0OMb HA NEPCNEKMUBY BUKOPUCTNANHS KYIbIYPAIbHOT 600U, 0€ YMPUMYBAIUC
MeOUYHi 1 ’s18KuU, 5K 0diceperio OIoN0CTUHO AKMUBHUX PeYOBUH 3 OAKMEPIOCamMUYHO0
0i€r0 Ha YMOBHO NamozeHHi bakmepii.

Knwuoei cnoea: Escherichia coli, bionoeiuno akmueri peuosuru, MeOuuHa n’aexda,
KVIbMYPATbHA 800d, OAKMeEPIoCmamuyHuLl eexm.

Opranism Menu4Hoi 1 ssBku Hirudo verbana, Carena, 1820 (MII) mpoaykye
KOMIUIEKC YHIKaJIbHUX 0i070TidyHO akTUBHUX pedoBHH (BAP) — ripyaun, ermiau,
Oneninu, epMEHTH: TiaypoHiIasa, necradinas3a, KojareHasa, amipasa, exacrasa Ta
1HII, SIK1 TPOSIBIISIIOTH MIMPOKHIA CIIEKTP TeparneBTUIHUX eekTiB [2, 3, 4]. Okpim
TOTO, TOBEJICHO, 110 eKcTpakT ciuHu MII nposiBiisie GakTepiocTaTHuHy Iito0, aHa-
JIOT1YHY J0 aHTHOIOTHKIB, ane 0e3 moOiuHuX edexTiB. Y BupobnenHi BAP ciunan
MII Gepe yuacTh OakTepis-eHIOCUMOIOHT — Aeromonas hydrophila [4, 11, 14].
Tomy nipu ripyaoTepartii BiICyTHI IepBUHHI OakTepianbHi yckinagaenns |3, 4]. Ilpu
kyneTrByBaHHI MI1 i1 BAP BUAINsI0OTECS y BOIHE cepeioBHIIE (KYIBTYpajibHa BOIA),
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B SIKOMY BOHH MICTAITBCSI Pa30M 13 IHITMMH MTPOAYKTAMH KUTTETISITLHOCTI: €KCKpe-
MEHTH, ce4a, CJIU3 Ta JTYIICHI 3aJIUIIKH KyTUKyu [4, 11]. [IpupoaHo mpuIryCTUTH,
o OuUThIIiCTh OloJOTiYHMX BiacTuBocTed BAP, B ToMy 4mcii GakTepiocTaTHYHI,
30epiraroTbes 1 B KyabTypanbHiid Bozi. Ha jane npumyIneHHs BKa3ye eMITipuvHe 3a-
CTOCYBaHHS Tipyl0TeparneBTaMi OCTaHHBOT IPH 3aMalbHUX 3aXBOPIOBAHHAX MIKIpU
Ta CIM30BUX 000JOHOK [3].

Tomy MeToro poboTH OyI10 3’ ICyBaHHS BIUTMBY €K30T¢HHUX BAP KynbTypasibHOT
Boau 3-mmix MIT ma Oionoriuni BiactuBocti Escherichia coli 3912/41.

Marepiajin Ta METOIH JAOCTi/I:KEHD

O06’extamu gocmipkeHHs Oynu: ek3oreHHi BAP kyneTypanbHOT BO1u, /1€ yTpUMY-
Bayucst MI1, ta mram E. coli 3912/41 (0-55 K 59), orpumanwmii i3 6aKTepionoriqHOl
naboparopii MiChKOi CaHITapHO-EMiIeMi0I0T19HOT cTaHIii M. 3amopixoks. CTepuib-
HY KYJIBTYpalbHY BOIY JAJISl AOCTIDKEHHS TOTYBajH 3 2 JI. KyJIbTypaJbHOI BOJIM,
oTpuMaHoi Npu KynbTuBYBaHHI 35—40 ToBapHuX MII ceperHboro Biky mpoTsITom 3
10, SIKi 710 IIOTO TOJIOyBAJIA HE MEHIIIE 4 MICAIIIB. 3 METOIO YCYHEHHS 3BaKCHHUX
peyoBHH BOoy (DimsTpyBanu yepes manepoBui GiasTp, HeHTpudyrysamu y pedpu-
xeparopHiit nenTpudysi npu 4 °C, 200 g 20 xB. B orpumaHiii KyasTypanbHiid Boji,
ne yrpumyBanucs MIT, Busnauanu Bmict cyxoro 3anumky (TOCT 18164-72), sikuit
ckiagaB 275,36 Mr/aM?, Tofl SIK B IEXJI0POBaHIii IIJISIXOM BiJICTOIOBAHHS BOIOT1H-
Hil BOJII, IKY BUKOPHUCTOBYIOTh TpH KyiasTuByBaHHI MIT — 240,36 mr/nm®. Hagocan
KyJBTYpaJIbHOI BOIM OTPUMaHHH MICIIs HEHTPU(PYTYBaHHS CTEPUITI3YBAIN IIJISIXOM
GbiTpTpyBaHHS 3a JOMMOMOTO0 OaKTepialbHOI HAcaIKH 3 miamMeTpoM 1mop 0,23 MKM.
®dinbTpar nmepeBipsIM Ha CTEPHIIBHICTD Ta JOAABAJIH JI0 M SCO-TICIITOHHOTO arapy
(MITA), oxomomxkenoro no 45 °C y konnenrparii: 0, 0,1, 1, 5, 10, 15%.

I3 mo6oBo1 KynmeTypH Oaktepiii mTamy E. coli 3912/41 roTyBanu cycreHsiio y
KoHIIeHTparii 850 MTH/MIT MIKpOOHUX KITITHH. 3 ITi€i CyCIIeH31i rOTyBaJIi TOCIiI0BHI
JECATUKPATHI pPO3BEICHHS y (Pi310JIOTIYHOMY PO3UMHI, BUKOPUCTOBYBAIH poOoUe
posBenenns 10° KYO/mn. Ha moBepxuio MITA 3 KynbTypalibHOIO BOJIOKO BiJIIO-
BIJIHOT KOHIIEHTpaIIii (ociia) Ta 6e3 Hel (KoHTpoIb) HaHocwd 1o 0,1 M1 pobodoi
cycnensii 10060Boi KynsTypu Oaktepiii E. coli Ta kynbsTuByBasu 24 rox mpu 37 °C.

VY 6akrepiit, 1o Bupociu Ha MIITA 3 kynsTypansHOI0 Bozoro 3-1ig MIT BuBuanu
Mopdotorito, 3abapBieHHs 3a [ paMOM Ta aHTUTCHHI BIACTUBOCTI (peaKIlisi claii-
anmotuHarii) [1, 5, 7, 9, 10].

[Tpu BimxwWIIeHHI TOCTITHOTO MIKpOOpTaHi3My HaBiTh 3a OJIHIEI0 O3HAKOIO BiJl
KOHTPOJIBHOTO, HOTO BiIHOCHIIH 10 aHOMAJIBHOTO. 3araibHy KUTbKICTh aHOMAJbHIX
Mopdoorivaux GhopMm OakTepili BU3HAYAIN y BIJICOTKAX.

3MiHM aHTHTE€HHOI CTPYKTYPH AOCTIIKyBaHOTO mTamy E. coli BUSBIIAIU B
peakiii craig-armroTuHaii [1, 5] 3 cCHpOBAaTKOIO MIarHOCTHYHOIO CIIEPUXi03HOIO
OKA momniBaieHTHOO Cyxoro Juis peakuii armotuHarii (cepist Ne 201, BAT «bio-
Men» iMm. .I. MeunukoBa, Pociticekka ®eneparrisi). B qocmiai BukopuctoByBamu 10
OakTepialbHUX KOJIOHIM. HasBHICTh aryTroTHHAIT MO3HAYAIN SK OJUHUINO, a BiJl-
CYTHICTB — SIK HYJIb.
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Bci nocniau npoBoAwIN HE MEHIIE, HiXK B TPHOX IMOBTOPax (n), KUIBKICTh mapa-
JIeTbHUX BU3HAYEHb B EKCIICPUMEHTAX CTAHOBWIJIA HE MEHIIE TPpboX. CTaTuCTHYHY
00po0OKy eKCTIepUMEHTATBHUX JAHHUX 3TIHCHIOBAIH 3 BUKOPUCTAHHSM TAKETy TIPH-
knaaaux nporpam IBM SPSS Statistics 20,0. Cepenne apudmernyne BUOGipku (ch)
1 CTaHIapTHY MOXHOKY (M) po3paxoByBaJH TSI KOXKHOTO J0CIiTy. BusHadamm koe-
¢imienT kopersirii 3a [TlipcoHoM (rxy) MIX JJOCITI/KYBaHUM ITOKa3HHKOM Ta BILTHBOM
KyJbTypasibHOi Bonu, e yrpumysanucs MII, piznoi konnenTparii. CTaTuCTUYHO
3HAYMMHUMU BBakasn 3Miau mipu p<0,05.

Pe3yabraTu Ta iX 00roBopeHHs
Pesynbraru mociimkenHs BIumBy ek3oreHHHX BAP MIT Ha 6ionorivHi Bi1acTh-
BOCTI E. coli mpencTaBieHi B TaOJIHIII.
Taomuis

Bnuius ex3orennunx BAP kyjasTypajibHoi Boau pi3Hoi koHueHTpauii 3-mix MII Ha
OioJstoriuni BnacruBocrti 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, N 0 0.1 1 5 10 15
JKurre3marHicTs Ha 3 851,3 850,3 798,7 638,0 532,3 398,0
MIIA, KYO/mn +7,06 | £6,12 | +6,36 | +4,16 | £3,84 | +3,06
AHoMaibHI 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 KyJIbTYpPHU YTBOPIOBAJIN THUIIOBI
IUIOCKI, HAallIBIPO30p1, OJIUCKYYl, BUITYKJIl 3 OLTyBaTO-KOBTUM BIITIHKOM S-KOJOHIT
3 pIBHUMM YU 3JI€TKa XBUJSICTUMU KpasiMu 3—5 MM B JiiameTpi, To01o E. coli manu
TUIOBY Ul eHTepobakTepiit popmy [1, 5].

[Ipurniuenns xurrezgaraocti E. coli na MIIA 3 KynbTypanbHOIO BOJIOIO, i€
yrpumysanucs MII, nopiBHSHO 3 KOHTpoJeM, BiaMivanocs yxe npu 5%. Beranos-
JICHO CUJIbHMH HETaTUBHUMN KOPEJSIIMHUHI 3B’S130K MIXK KOHLEHTPALISIMU KYJbTY-
paJIbHOT 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 Aist. [Ipu aHani3i JkUTTe31aTHOCTI 1 MOP(OIIOTii KOIOHIN
E. coli na MITA BusIBUIN 03HAKU NIPUTHIYEHHS JKUTTE30aTHOCT1 OaKTepiil i Aiero
ex3oreHHux BAP kynbTypansHoi Bonu, ne yrpumysanuca MII, sxi npossisiucs
3aTPUMKOIO POCTY, MOSBOIO JApiOHUX KOJIOHIHM Ha yamikax [lerpi.

Amnani3z Mopdostorii 6akTepiii 3a po3MipoM Ta 3adapBieHHsIM 3a [ pamom nokasas,
110 y JTOCIIJHUX KyJIbTypax KIITHHU Oaktepiil E. coli 3MiHIO0OTE (opmy. Knituau
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BKOPOYYIOTECS 10 OBAJIBHOI Ta KOKONoAi0HO1 popmu. Sk cBigUaTh pe3yasraT Ha-
BeJICH1 y TaOHIIi, aHOMaJIbHI (POPMH MIKPOOHUX T1JT 3yCTPidaIiCs B KyJbTypax yKe
3a 1% BMicTy KynbTypaibHOI I’ siBOYHOT BoaH. [Ipu 5% — BinxuneHus y moposorii
MIKpOOiB 3yCTpivancs Maiike y TOJIOBUHH MIKpOOHUX TiJ1, a ipu 10% — nepeBuiiy-
BAJIO MOJIOBUHY, 1TpH 15% BMicTy aHOMaITbH1 ()OPMU CKITa 1)U TIEPEBAXKHY OUITBIIICT.

AHomaitbHa MOp(hoJIOTis OaKTepialbHUX KIIITHH, IMOBIPHO, € HACIIIIKOM TIOPY-
IICHHS MeTa0oJ1i3My B MiKpOOHI KIiTHHI [ 1], 10 TO3HAYMIIOCS Ha KYJIBTYpaJTbHIX
BJIACTHBOCTSX E. coli —3MEeHIIIeHHS pO3MipiB MIKpOOHHUX KOJIOHIH, ITOsBA X IPIOHUX
¢dopm Ha MITA. BusiBiieHi BUCOKI TIO3UTHBHI KOPEJIAIiHHI 3B’ I3KM MK KOHIICHTpa-
€0 KYJIBTYPaTbHOI BOJAM Ta AHOMAJIBHIUMH MOPQOJIOTIYHUME hopMaMu OakTepi-
QTBHUX KJIITHH, I IKPECIIOI0Th HasSBHICTh OaKTepiocTaTnyHO1 /il ek30reHHnX bAP
MII (r,, = +0,98+0,01, n=3, p < 0,05).

OCKiTbKH 3MIHU KYJIBTYpaJIbHHX Ta MOPQOJIOTIYHUX BiacTuBocTed E. coli
ITi]T BILTABOM KYJIBTYpajbHOI BOAM 3yMOBJICHI IOPYIIEHHSIM iX METa0O0Ii3MYy, BOHU
TaKO’)K MOXKYTh CyIPOBOJKYBAaTHCS 3MIHAMH aHTHUTEHHOI CTPYKTYypH OakTepiid. Lle
MIPUITYIIICHHS OyJTI0 MiATBEP/HKCHE B PeaKIlii CllaliI-arTioTHHAITIT, SIKY CTaBHJIN 3 BH-
KOPUCTAHHSM CHPOBATKH J1arHOCTUYHOI emepuxio3zHoi OKA moniBaneHTHOI, sika
Mmictuth anTuTiaa 10 O 1 K anTurenis Ounbiie 20 OCHOBHUX CEPOJIOTIYHHUX TPYIT
E. coli, sxi mMpKyTIOIOTH cepel HaceneHHs Ykpainu [1, 5].

Brpara anTureHHHX BilacTuBOCTEH E. coli BimMivanacs mounHatoun 3 1% KoH-
[EHTpAIlil KyJbTypaJIbHOT BO/IH, J1e yTpumyBaiucs MII, 6iabin moMiTHOO Oyina mpu
5%, Maiike TIOBHA 3MiHa aHTUTEHHUX BiIacTUBOcTel Bigmivanack mpu 10%. Kope-
JSAIAHAN aHaJIi3 1010 HASBHOCTI B3a€MO3B’ 13Ky MK BIUTMBOM €K30TeHHUX bAP
KyJBTYpaJIbHOT BOJIH, Jie yTpuMyBasucs MI1, pi3Hoi KOHIIeHTpaIlii Ta aHTUTEHHUMHU
BJIACTHBOCTAMH E. coli B peaxiiii crai-arTioTHHAIL], TOKa3y€e HasIBHICTh CUIILHOTO
HETaTUBHOTO 3B’SI3KY (rxy =-0,81%0,04, n=10, p < 0,05).

MoskHa IPUITY CTUTH, TII0 OTPUMaH1 HAMH JaHi 010 3MiH MiKPOCKOIIIYHUX O3HAK
pocrty E. coli na MITA nokasyoTs, 1o ek3orenHi AP kynsTypanbHOI BOIH, [IE yTPH-
MyBasicst MIT, MaroTh BUpakeHy OaKTepioCTaTHIHY JIif0, MTOTI0OHY 10 aHTHO10THKIB,
70 SKUX uyTnuBa E. coli Ha OCHOBI JiTepaTypHUX JaHHX, NPEACTABICHUX HIDKYE.
Tak, BcranoBeHo [ 11], mo kynpTypanbaa Boga MIT MicTUTE O1TKH CHPOBATKH KPOBI
royBajJbHUKA 1T IBKH — aJIbOYMIHHM 1 TIIOOYJIiHH, @ TaKOXK TIPYIUH, T1aIypoHigasy,
TpUTITIIIepUIa3y, eacTasy, armipasy, aMiHOKACIOTH (B HAHOUTBIITMX KOHIIEHTPAIIISIX:
TpunTodaH, NIFOTaMiHOBA KACIIOTA, aJlaHiH, JII3UH, JICHIMH) Ta O10TC¢HHI eIEMEHTH —
KaJii, Hatpi, docdop i MikpoerdeMeHTH (celeH, Wom, Opom, cipka). Sk Bimomo,
riarypoHija3a Ta KojareHa3a BAKOHYIOTh OaKTEpHUIIUIHY Ta OaKTEPioCTaTHIHY IO
[6]. MoxuBo, Boau oOpodiieHi MIT Takok MICTATh aHTHOIOTHK (XJIOPOMIIIETHH),
sk Bugiase MIT [12]. B mapomHiii MeauIuHi, BeTepruHapii BUKOPUCTOBYIOTh
KyJBTypalibHy BOAY, ¢ yTpumyBanucs MII, mis nikyBaHHS 3anajJbHUX MPOLECIB,
[IUTYHKOBO-KHIITKOBHUX 3aXBOPIOBaHb, IEPMATOJIOTIYHIX 3aXBOPIOBaHb [IHT. 10 11].
ITpu 06poO1i O6akrepiit E. coli aHTHOIOTHKAMH, a TaKOXK MPHU MPOXOKEHHI KypCy
aHTHOI0TUKOTEparii, 0aKkTepiaibHi KIIITHHA BKOPOUYIOThCS, a KOstoHi1 Ha MITA 3meH-
IIYIOTHCS B TiaMeTpi Ta yIiIbHIOIOTECS [8, 13]. [Ipn iboMy aBTOpH 3a3HA4AI0Th, 10
111 MOP(OJIOTIYHI MMPOSIBM MOXKYTh B1JIOYBaTHCS K PE3y/IbTaT IPUTHIYCHHS CHHTE3Y
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KIiTHHHOI cTiHKH, Oinka i PHK, permmikanii JIHK abo gyHkmionyBanHs MeMOpaH,
3JIC)KHO BiJI TOTO, 10 € IIEPBUHHAM MEXaHi3MOM JIii aHTHO10THKA.

OTrxe, KynsTypanbHa Bona MII npurHidye picT Ta )XKUTTe€3AaTHICTD E. coli Ha
MITA, 1110 TpOSIBISIETECS 3aTPUMKOIO POCTY, TIOSBOIO IPiOHUX KOJIOHIH, TIepexij-
HUX MOp(donoriyHux (HopM, YKOPOUSHHSIM PO3MIpy OakTepialbHUX KIITHH. 3MIHU
cepoJsIoTiyHuX 03HaK E. coli mix mieto ek3oreHHUX BAP KynbsTypanmbHOi BOaM, 1€
yrpumyBaiucs MII, y peakii ciaia-armroTHHAIIIT, TTOB’ s13aHi 31 3MiHOIO CTPYKTYpH
il anTIOTHHAIITHOTO AHTUTEHHOTO KOMITIEKCY. TaKUM YHHOM, OJIeprKaHi pe3yibTaTu
BKa3yIOTh Ha MEPCHEKTUBY BUKOPUCTAHHS KYJIBTYPaJlbHOI BOIHM, OTPUMAHOI MPHU
oiorexnomnorii MII, sk mkepena BAP i3 GakTepiocTaTHIHOO i€ MO0 YMOBHO-
MAaTOTCHHUX ITaMiB OakTepil, 30kpema E. coli.

TakuM unHOM, KyJabTypajbHA BOJAA, OTPUMaHa MPU BUPOIILYBAaHHI MEIUYHOI
1’ IBKH, MiCTUTh BAP, sIKi TPUTHIYYIOTh KUTTE3MATHICTE E. coli, MOPYIIyIOTh HOP-
MaJbHy MOP(OIIOTiI0 KITIITHH Ta aHTUTCHHI BIACTUBOCTI X 0OOJIOHKH.

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

TBY3 «3an0poKCKHii HAIMOHAIBHBIN YHUBEPCUTETY,
yi. XKyxoBckoro, 1. 66, 3anopoxkse, ['CII-41, 69600, Ykpanna
TV «3amopoxkckuit 061acTHON 1a60PATOPHBIN LEHTP TOCCAHIITU/ICITYKObI YKpanHbI»,
yi. Pexopanas, 1. 27, 3anopoxkse, 69037, Ykpanna

BJIMSIHUE DK30TEHHBIX BUOJIOTMYECKH
AKTUBHBIX BELIECTB MEJUMLMHCKON NMUSIBKU HA
BUOJIOTMYECKHUE CBOMCTBA
ESCHERICHIA COLI 3912/41

Pedepar

Hens. Beiacnums nusnue 9K302€HHbIX OUONO2UHECKU AKINUBHBIX 6€ULECE K)bINY-
PATBHOLL 80001, 20€ COOePHCATUCH MeOUYUHCKUE NUABKU, HA OUoN02UdecKue C0LCed
Escherichia coli 3912/41. Metoabl. [omosunu msaco-nenmouusiti acap (MIIA) c
PA3IUYHOU KOHYeHmpayuell KyibmypaibHOU 600bl, 20€ CO0epHCATUCH MeOUYUHCKUe
nusasku: 0, 0,1, 1, 5, 10, 15%. Ha nosepxnocms MIIA ¢ Kynemypanvroti 60001 co-
omeemcmayrowell KoHyeHmpayuu (onvim) u 6e3 Hee (KOHMPOIb) BHOCUIU PAOOUYIO
cycnensuto cymoyHou Kynemypul baxmepuil E. coli 3912/41 ¢ konyenmpayueii Kiemok
850 KOE/mn. Hccneoosanu KynvmypanvHule u mopgonocudeckue ceoticmea E. coli.
Hsmenenue aHmueeHHbIX C60UCMS U3VUATU 8 PeaKYUl CAAN0-A2AMUHAYUU C CbIBO-
pomkot duazHocmudeckou ewepuxuozroti OKA nonusanenmuoii cyxotl 0ns peakyuu
azemromunayuy. Pesyabrarsl. OOnapyscunu yeHemeHue KyibmypaibHbiX CEOUCE
E. coli, komopoe xapaxmepu306a10ocs ymeHvuieHuem kononuu Hawunas ¢ 1% cooep-
JHCAHUSA KYIBIMYPATILHOU 8000, 20€ COOepHCATUCy Meouyunckue nusaexu, 6 MITA. Ilpu
MUKPOCKONUYECKOM AHATU3e OOHAPYHCEHbL OAKmepul ¢ yMeHbUeHUeM pasmepos 00
Kokkoobpasroil popmel. C ysenuyeHuem KOHYeHMpayuu KyasmypaisHol 600vl 6 MI1A
6bIA671eHbL HAPYULEHUSA 8U008bIX aHmuzenHux ceoticme E. coli. BeiBoabl. Kynomypano-
Has 8004, 20e CO0EPHCATUCH MEOUYUHCKUE NUABKU, 6 3AGUCUMOCTIU O KOHYEHMPayuu
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BIUJIMB EK30TEHHKX BIOJIOI'TYHO AKTUBHUX PEUOBWH MEJIMYHOT IT SIBKH ...

6 MIIA nooasnsem xynomypaivhvie u anmuzentvle ceoticmea E. coli. Ilonyuennvie
PE3VILIMAMbL YKA3bI6AIOM HA NEPCHEKMUBY UCHONb308AHUSL KVIbINYPAIbHOU 800bl, 20€
€O0epIHCANUCH MEOUYUHCKUE NUABKU, KAK UCTOYHUK DUOIOSUYECKU AKIMUBHBIX 6ELeCME
¢ bakmepuocmamuieckum Oelucmeuem Ha YCi106HO NAMOo2enHblie baKmepull.

Kniwuesvie cnoea: Escherichia coli, buonoeuuecku akmughvie seujecmea, me-
OUYUHCKAsL NUSIBKA, KYIbMYPALbHAL 6004, OAKmMepuocmamuyeckutl sgpgpexm.

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 Ukrainey,
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
«MOJIEKVJIAPHA MIKPOBIOJIOI'TA I BIOTEXHOJIOI' IS

3 9 no 21 gepsus 2014 poxy Ha kadeapi mikpobiosnorii, Bipycomorii Ta 0io-
TexHomorii O1ecbKoro HaIliOHATBHOTO YHiBepcuTeTy iMeHi [.I. MeuHnKoBa CrijibHO
3 [nctutyToMm mikpobionorii i Bipycosnorii imeni [[.K. 3a6onornoro HAH Ykpainu,
3a miarpuMkn ToBapucTBa MikpooOiosnoriB Ykpainu imeHi C.M. Bunorpancekoro ta
Crinku 6iomoris i 6iorexnomnoris Onecu nmpoxonmna IX Jliths mxona «MonexynspHa
MiKpOO10I0Tist 1 610TEXHOIOTIsI.

Cepen ciryxaui JIiTHBOI 111KOIM OyITH MOJIO/I BYEHI Ta aCMipaHTH 3 YHIBEPCUTETIB
Ta HayKOBUX 3aknaaiB Ykpainu 3 Kuesa, Onecu, IBano-®dpaHkiBcbKa.

Jlexnivianii kype [X JIiTHROT 1IKOIK 3 MOJEKYIISIpHOT MiKp0oO010JI0Tii 1 610TEXHO-
JIOT11 BUCBITIIIOBAB MUTAHHS MOJICKYJIIPHOI TeHETHUKH 1 MiKp0O0i10J10Tii, 6akTepiabHOT
TCHOMIKH, €BOJTIOIIIT 1 CrIeIU(pITHOCTI TCHOMY, MOJICKYJISIPHO-TEHETUIHHIX aCTICKTIiB
MIKpOOHO-POCITMHHOI B3a€EMO/Ti{, METareHOMIKH MiKpOOHHUX YIPyIIOBaHb, KJIACTEp-
HOTO aHaJII3y 1 HyMepUYIHOI TakcOHOMIi Ta iH. JIekii untanu: kepiBHUK [liBIeHHOTO
6ioTexHonoriyHOrO IeHTpy B pocnuuHnnTei HAAHY akan. HAAHY FO.M. Cugo-
JIar, 3aBiyBad BiJJIUTY CLIBCHKOTOCTIONAPCHKOI MiKpoOioJIoTii Ta i3ionorii pociuH
HHII “Inctutyt 3emnepodctea HAAH” M.B. Ilaruka, 3aBigyBau kadenpu Mikpo-
6iosorii, Bipycomorii Ta 6ioTexHon0rii OeChKOro HaIlOHAIBHOTO YHIBEPCUTETY
imeni I.I. MeunukoBa 1.6.H. mpod. B.O. IBanuis, cniBpoOiTHUK YKpaiHCHKOTO
HAyKOBO-JIOCIIIIHOTO MTPOTUIYMHOTO 1HCTHTYTY K.0.H. O.0. FOpuenko, noneHT kade-
Ipu MikpoOioorii, Bipycodorii Ta 6iorexnomnorii OHY imeni I.I. MeunnkoBa k.0.H.
H.}O. BacunbeBa, mouent kadenpu Mikpooionorii, Bipycosorii Ta 0i0TexHoorii
OHY imeni I.I. MeunnkoBa k.0.H. H.B. Jlimanceka, H.c. Biorexnonorianoro HHI]
OHY imeni [.I. MeunukoBa k.0.H. M.b. I'ankin.

[TpakTu4Hi 3aHATTS BEJIW HAYKOBI CIIBPOOITHUKH Kadeapu MikpoOionorii, Bi-
pycororii Ta 6iotexHozorii i biorexnonoriunoro HHI{ Onecbkoro 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 cniBpoOITHUKH [HCTUTYTY MikpoOiosorii i Bipycosnorii imeni JI.K. 3a6o-
notHoro HAHY —3aBinyBau naboparopii, k.0.H. A.M. Octamuyk, acni. H.A. Koporb.

BripomoBx 1BOX THKHIB Ha MPAKTUYHKX 3aHATTAX ydacHUKH [X JIiTHROI mIKo-
JIY OTIAaHYBAJIU Cy4acHI METOIM PiIMHHOT Xpomarorpadii, BUIiICHHS OaKTepiaabHOL
ta ¢aroroi JIHK i 6inkiB, MeTos mosiiMepa3Ho1 JIAHIFOTOBOI peaKIlii, peCTPUKIIii-
HUHW aHai3, eaeKkTpodope3 y MmoiakpruiIaMiIHOMy Ta arapo3HOMY TelisX, METOIU
TATPYBAHHS Ta MPEIapaTHBHOTO OTPUMAaHHS OakTepiodaris, 3A1HCHIOBAIN TPaHC-
¢dbopmartito Oakrepiit wasmigaoro JJHK, o3Haliomuincs 3 OCHOBHUMH METOIaMU
OioindopmaTuku Ta iMeHTUIKAIIT MIKPOOPTaHi3MiB 3a CIIEKTPOM KUPHUX KHUCIIOT
3 BUKOPHCTAHHSIM Ta30B0Oi Xxpomarorpadii.

Ha ypouncromy 3akputti yuacuuku [X JIiTHROI IIKOMH 3 MOJIEKYIISIPHOT MiKpO-
OioJorii 1 6ioTexHOIOTIi OTpUMamu cepTUdiKaT, siIKi Bpy4daB KepiBHHUK JIiTHBOT
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X JIITHS HIKOJIA «MOJIEKYJISIPHA MIKPOBIOJIOI'LA I BIOTEXHOJIOI' LS»

TITKOJTH, TIPOPEKTOP 3 HAyKOBOI pOOOTH, 3aBixyBad kKadeapu MikpoOioiorii, Bipyco-
yorii Ta 6ioTexHooTii OIeCHKOTO HAIIOHATBHOTO YHIBEpCUTETY TIpodecop, 1.0.H.
B.O. Isanwuiis.

Opranizaropu JIiTHROT TIKOJIM 3 MOJIEKYIISIPHOT MiKp0oOi10JIOTii 1 Gi0TeXHOMOT11
3aIpOITYIOTh ACMIPAHTIB Ta MOJOANX YUEHHUX B3ATH y49acTh y X JIiTHIH mkodi, sika
BiOyneThes y TpaBHi-uepBHi 2015 poky!

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

BiamoBinansaMiA cexkperap
JliTHBOT TITKOTTH
k.0.H. XK.1O. Cepreena
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TH®OPMAIIMHE MOBIIOMJIEHHS 1151 ABTOPIB

Hayxosuui soicypnan « Mikpobionoeis i 6iomexnonoeisy 3anpouye Bac 0o cnien-
payi 3 NUMAaHs BUCEIMJIEHHS Pe3YIbMamie HaAYKosUxX 00CII0NCeHb Y 2any3i MIKpO-
bionoeii i biomexnonoeii.

IIporpamui wisi BUAaHHsI: BUCBITIICHHS PE3yJIbTaTIiB HAYKOBUX JIOCIIKEHD
y rairy3i MikpoO010J10Tii Ta 010TeXHOJIOT1i, 00’ €KTaMHU SIKUX € MPoKapioTHi (6akTepii,
apxebakrepii) Ta eykapioTHi (MIKpOCKOMIYHI TpUOU, MIKPOCKOIIIYHI BOMOPOCTI, Hali-
MPOCTIIlIi) MIKPOOPTaHi3MH, BIpyCH.

TemaTH4HA CIPAMOBAHICTB: MIKpOO10JI0Tis1, BIpyCOJIOTis, IMyHOJIOTis, MOJIe-
KyJIsipHa O10TE€XHOJIOTisl, CTBOPEHHS Ta CEJICKI[is HOBUX IITaMiB MIKpOOPTaHi3MiB,
MIKpOOHI IpernapaTH, aHTUMIKpOOHi 3aco0H, 010CEHCOPH, J1arHOCTUKYMH, MIKpPO-
OHI TEXHOJIOTII B CUIBCBKOMY IOCIIOJAPCTBI, MIKPOOHI TEXHOJIOTIT Y XapuoBiii mpo-
MUCJIOBOCTI; 3aXHCT Ta 03/I0POBJICHHS] HABKOJUIIIHBLOTO CEPEIOBUIIA; OTPUMAHHS
€HEepProHOCIiB Ta HOBUX MarepiasiB TOMIO.

MoBa (MoBHM) BHAaHHSI: YKpaiHCbKa, POCiiChKa, aHTIIIHChHKA.

Pyopuxm :xypHaiy: «OmsiioBi Ta TEOpETHYHI CTaTT», « EKCIepuMeHTaITbHI Ipa-
1b», «Juckycii», «KopoTki OB1IOMIICHHS, «XPOHIKa HAYKOBOI'O JKUTTs», «CTOPIHKU
icropii», «tOBiei 1 natny, «Peuensii», «KHmKkoBa momuis.

J1o cTarTi 10Aa€ThCsl PEKOMEH/Iallisl yCTAaHOB, OpraHi3alliil, y IKHX BUKOHYBaJIacs
po0oTa, 3a miIMMCcCOM KepiBHHKA Ta MICbMOBA 3r0/1a KEPIBHUKIB YCTAaHOB, OpraHi3a-
IiH, JIe TIPAIIOIOTh CITiBaBTOPH.

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

Crarts Mae BIANOBIIATH TEMAaTUYHOMY CHPSIMYBaHHIO JKypHaly 1, BIATOBLA-
Ho 110 1. 3 IlocranoBu BAK VYkpainu Big 15.01.2003 p. Ne7-05/1, Bxurouaru Taki
CTPYKTYpHI €JIEMEHTH: ITOCTAHOBKA MPOOJIEMH Y 3arajlbHOMY BHIVISIIL Ta 11 3B’ 130K
13 BOXJIMBUMHU HAYKOBHUMH UM MPAKTUYHUMHU 3aBIaHHSIMH; aHAJ3 OCTaHHIX JIOCIHi-
JOKEHB 1 IyOsTiKaIliid, B IKMX 3arl09aTKOBAHO BUPIMIEHHS JTaHOT MPOOJIeMH 1 Ha sIKi
OTIMPAETHCS ABTOP; BUOKPEMIICHHS PaHille He BUPILIICHUX YaCTHH 3arajibHOi Mpo-
OneMu, KOTPUM MIPHUCBIUYETHCS CTATTS; GOPMYITIOBAHHS IUIeH CTATTi (MOCTaHOBKA
3aB/IaHHsI); BUKJIaJ OCHOBHOTO MaTepialty JOCTiPKEHHS 3 TOBHUM OOTPYHTYBaHHIM
HAyKOBHX PE3YyJIbTaTiB; BUCHOBKH 3 JAHOTO JTOCI/KSHHS 1 IEPCIIEKTUBY TOAATBIINX
MOIIYKIB Y JaHOMY HaIpsIMI.

Jlo npyKy mpuiiMaroThcs cTaTTi (2 MPUMIPHUKH ) 00CSITOM HE OUTBINE 8 CTOPIHOK
(3 ypaxyBaHHSM PUCYHKIB, TAOIHIIb 1 IMUCIB 10 HUX, aHOTAIli1, pedepary, CIIUCKy
JiTeparypu), o — 1o 15 crop., penensii — 10 3 cTop., KOPOTKI NOB1IOMJIEHHS
— 110 2 cTop.

J1o pyKonucy T0Aa€ThCs €IeKTPOHHUHN BapiaHT cTarTi Ha quckoBi (mpudt Times
New Roman, kerib 14, iHTepBai aBroMaTu4aHMiA, He OuIbIe 30 ps/IKiB HA CTOPIHIII,
TOJISI TI0 2 CM).

ISSN 2076—0558. Mikpobionozis i 6iomexnoroein. 2014. Ne 2 —— 103



IH®OPMALIMHE [TOBIJIOMJIEHHS J1JI51 ABTOPIB

IIpu HanucaHHi cTaTTi HEOOXIIHO JOTPUMYBATUCSH TAKOIO IJIAHY:

— inpexc Y/IK y miBoMy BEpXHBOMY KyTKY MEPIIOTrO apKyIla;

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

— Ha3Ba CTaTTi BeJIMKUMH JITEPAMU;

— aHOTaIiA 13 3a3HaYCHHSAM HOBU3HH nociimkerHs (200-250 ciiB);

— KITIOYOBI cJI0Ba (HE OUIBIIE 11 STH);

TekeT cTarTi Ma€ BKJIIOYATH TAKI CKJIAI0BI:

BCTYII; MaTepialy 1 METO/IU; pe3yibTaTh Ta IX OOrOBOPEHHs; BUCHOBKH; JIITE-
parypa.

J10 KOYKHOTO MPUMIPHHUKA CTATTi JOAAETHCS aHOTAIlisl MOBOIO OPUTIHAIY Ta pe-
deparn yKpaiHCHKOIO / POCIMCHKOIO (B 3aI€)KHOCTI BiJl MOBH OpPHTIHATY CTaTTi), Ta
aHMIHCHKOI0 MOBaMHU (KOXEH pedepar Ha okpeMoMy apkyiii). OcoOnuBy yBary ciiz
MPHUIJISATH HAITMCAHHIO PE3IOME CTaTTi aHIIIIMCHKOI0 MOBOFO. J[J1s1 1IHOTO OIIITBHO
KOPUCTYBATHUCS MOCTYraMu KBaTi(iKOBAHUX CIIELIaTICTIB-JIIHTBICTIB 3 OJAIbIIUM
HAyKOBHM pelaryBaHHSIM TeKCTy aBTopoM(-amu). [lepen ciioBoM «pedepaty Heob-
X1JIHO HaIlMCaTy MPi3BUILA Ta 1HIL1aJI1 aBTOPIB, HA3BU YCTAHOB, [IOBHY Ha3BY CTaTTI
BiZIMOBiAHOO MOBOIO. Pedepar oocsrom 200—250 ciriB Mae OyTH CTPYKTYPOBaHUM:
MeTa (4iTko copmyabOoBaHa), METOIU OCTIHKEHHS, 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,
MIOILITOBY ajipecy, TenedoH, dakc, e-mail (1711 KOpecnoHIeHIIii).

Crartst Mae OyTH mianucaHa aBTopoM (yciMa aBTOpaMM) 3 3a3HAYEHHSM JaTh
Ha OCTAaHHIHM CTOPIHIIL.

ABTOpY HECYTh TTOBHY BiJIITOBIAAIbHICTD 32 Oe3710raHHE MOBHE O(OpMITCHHS
TEKCTY, 0COOJIMBO 3a MPaBWJIbHY HayKOBY TepPMIHOJIOTIIO (11 ¢i1i/1 3BipsATH 32 haXOBUMHU
TEPMIHOJIOTIYHIUMH CJIOBHUKAMH).

JlaruHCHK1 010JI0T14HI HAa3BU BUIB, POIB MOAIOTHCS KYPCHUBOM JIATUHUIICIO.

SIKII10 9acTO MOBTOPIOBAH1 y TEKCTI CIIOBOCIIONYYCHHS aBTOP BBKAE 3a TIOTPIOHE
CKOpPOTHUTH, TO abpeBiaTypH 3a MepIIOoro BKMUBaHHS 0OYMOBIIOIOTH y ayXkax. Ha-
MIPUKIIAJ: TToJIiMepa3Ha Jianiorosa peakiis (I[1JIP).

[Tocunanus Ha JiTEepaTypy NOAAIOTHCS Y TEKCTI CTATTI, IU(PPaMH y KBaAPaTHUX
Jy’KaX, 3T1JTHO 3 MOPSIKOBUM HOMEPOM Yy CIHCKY JIITEPaTypH.

Tabnuii MaroTh OyTH KOMIIAKTHUMM, MaTH MOPSIKOBUN HOMEp; rpadu, KOJIOH-
KH MafOTh OyTH TOYHO BH3HAYEHUMH JIOTIUHO 1 TpadiuyHo. Matepian Tabauih (K 1
PHUCYHKIB) Ma€ OyTH 3p03yMUINM 1 He AyOmtoBaTy TekeT cTarTi. Lndposuii Mmarepiain
TaOJIAIB CITi/T OTIPAIIOBATHA CTATHCTUYHO.

PucyHKkM BUKOHYIOTBCSA Y BUINISJl YITKHX KpEcCJEHb (3a AOMNOMOIOI0
KOMIT T0Te€pHOTO TpadigHoro penakropa y hopmari Word, TIF, JPG). Oci koopaunar
Ha rpadikax MarTh OyTH IMO3HAYCHI. PUCYHKH pO3MINIYIOTECS y TEKCTI CTAaTTi Ta
IyOImooThCs okpemuM (aitiom Ha CD.
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IHOOPMALUMHE ITOBIJIOMJIEHHSI V151 ABTOPIB

Po3nin «Pe3ynbrarn mociimkeHb Ta 1X 0OTOBOPEHHs» Ma€e OyTH HaImUCaHUH
KOPOTKO: HEOOXiTHO YITKO BHUKJIACTH BHSABICHI €(PEeKTH, IMOKa3aTH MPUIUHHO-
pe3yabTaTUBHI 3B’S3KH MK HUMH, TTOPIBHATH OTPUMaHy iH()OpMAIIiiO 3 TaHUMU
JTEpaTypH, 1aTH BIAMOBIIb HA TTMTAHHS, TOCTABJICHI Y BCTYIII.

CrmCcoK JiTepaTypH CKIIaIa€THCs 3a al(aBiTHO-XPOHOIOTTYHUM MOPSIKOM (CTI0-
YaTKy KHPWIHIIS, TTOTIM JIATHHHMIIS) 1 PO3MINIYETHCS B KiHIII CTATTi. SKIO0 mepimii
aBTOP Y JICKUTBKOX TPAISIX OJHMH 1 TOH CaMHi, TO TIPaIll PO3MIIIYIOTECS Y XPOHOJIO-
riunoMy nopsaky. Crimcok nocuians Tpeda mpoHyMepyBaTH, a y TEKCT1 ITOCHIIATHCS
Ha BIMOBITHUI HOMEp JpKepena jriteparyp (y KBaJIpaTHHX JTYKKax).

VY mocunaHHi NUITYTh MPI3BHINA YCiX aBTOPIB. B ekcriepuMeHTanpHIX Mparsix
Mae OyTu He OubIe 15 mocumansb JIiTeparypHUX JHKEped.

[TaTeHTHI TOKYyMEHTH PO3MIIIYIOTHCS Y KiHIIl CITUCKY TTOCHIIAHb.

3PA3KH IIOCUJIAHD JIITEPATYPU

Ha xkaurn

Bexipuux K.M. MikpoGiomnoris 3 ocHoBamu Bipycosorii. — K.: JIuGias, 2001.
-312c.

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

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

Memoowr obweii 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. CucTeMaTH4eckoe MOJO0KEHHE, YKOJIOTHUECKUE ACTIEKThI
u (HU3M0I0TO-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 // BruomoBpexaeHus B CTPOUTENBCTBE. — M.:
Crpoitnznar, 1984. — C. 209-221.

Iob6a JI1., Ilooopsarn H.I. BioTeXHOIOTIS OUUIIICHHS 3a0pyIHEHOT TPUPOITHOT
Boau // Bicauk OHY. —2001. — 1. 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

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

Ha nenonoBaHi HayKkoBi podoTu

1. Jlonamuna H.B., Tepenmves A.H., Hamanuu JI.A., Aneynos 1. Y. Ontumu-
3aIUsl TUTATEILHOM CPeIbl I KyJbTUBUPOBAHUS BAKIIMHHOTO IITAMMa YyMHOTO
MHUKpOoOa C MpUMEHEHHEM METOJIa 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 OTIPEICIICHUS aMHUIIOH-
TUYECKON akTUBHOCTH. — M.: U31-Bo cranmapTos, 1989. — 17 c.

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

JlaTor0 HaIXOMKEHHS CTATTi BBAXKAIOTh JICHb, KO JIO PEAKOJIETii HaAIHIIOB
OCTAaTOYHUU BapiaHT TEKCTY CTATTI MiCIs peIleH3yBaHHS.

[Ticns onep»xaHHs KOPEKTYPH CTATT1 aBTOP ITOBUHEH BUITPABUTH JIUIIIE TOMUJIKH
(4iTKO, CHHBOIO 200 YOPHOIO PYUYKOIO HETMPABUIIbHE 3aKPECIIUTH, a TIOPSI 3 IIUM Ha
MOJT1 HAITMCATH MPABWIILHUM BapiaHT) 1 TEPMiHOBO BiJIiCJIaTH CTATTIO HA aJpecy pej-
KoJIeTii 200 MOBIZJJOMUTH PO CBOI MPABKH 110 TesIe(hOHY YU €IEKTPOHHOIO MOIITOIO.

V pasi 3aTpuUMKH peAaKIlisi, T0AepKYIOIHCh rpadika, 3anumrae 3a cO000 MpaBo
3[1aTH KOPEKTYpy 10 ApYyKapHi (y BUPOOHHIITBO) O€3 aBTOPCHKUX MPABOK.

[Tignuc aBropa y KiHII CTAaTTi 03Ha4ae, IO aBTOP Iepeiae 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 mpuitmae 10 qpyKy Ha CTOpiHKax i OOKIaJMHKAX JKypHaIy IUIaTHI
PEKJIaMHi OTOJIOIMIEHHS O10TEXHOIOTTYHOTO Ta MEIUYHOTO HAIPsSIMiB; BUPOOHHKIB
n1abopaTopHOTo OONIaAHAHHS, TUATHOCTUKYMIB, PEAKTHBIB TOIIO JJIsl HAYKOBHX JI0-
CJTiJIKEHb.



‘VBara: nepeapyk, yci BUAM KOTIOBaHHS Ta BIITBOPEHHS MaTepialiB,
110 HAJAPYKOBaHi y xypHat «Mikpo0iosoris i 610TeXHOIOTisN,
MOXKJTUBI JIMIIIEC 32 YMOBH ITOCHJIAHHS Ha JDKEpeno iHpopmarii
Ta 3 I03BOJIY PEOAKIIHOI KOJIETii.
Vei mpaBa 3axUIeHi 3T1THO 3aKOHOaBCTBA YKpaiHu.
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