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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
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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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