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Growth of Desulfovibrio piger Vib-7 bacteria of human intestine under the influence
of the electron acceptor and donor in different concentrations and the parameters of
dissimilatory sulfate reduction have been studied. An increased intensity of the bacterial
growth and production of hydrogen sulfide by the D. piger Vib-7 bacteria was studied
under influence of high concentrations of sulfate and lactate (17.4 and 35.6 mM, respec-
tively). The largest quantity of hydrogen sulfide (6.06 mM) under influence of 10.5 mM
of SOf' was detected on the 72 hour of cultivation; while the bacteria D. piger Vib-7 used
about 58% of sulfate ion. The largest quantity of acetate (21.1 mM) is detected on the
72 the hour of growth during cultivating the D. piger Vib-7 in the medium containing
53.4 mM of lactate. Based on the obtained experimental data surface models of sulfate
reduction parameters by D. piger Vib-7 under the influence of electron acceptor and
donor different concentrations were constructed. These surface models have provided
an opportunity to confirm and establish optimum growing points by the studied bacteria,
their sulfate consumption and sulfide production, the lactate consumption and acetate
accumulation. The correlation coefficients (r) between parameters of the dissimilatory
sulfate reduction by the D. piger Vib-7 were defined. Strong negative and positive cor-
relations between these parameters have been observed.

Keywords: sulfate-reducing bacteria, Desulfovibrio piger, sulfates, hydrogen
sulfide, inflammatory bowel diseases, ulcerative colitis.

INTRODUCTION

Large intestine is an open system which receives the remains of food from the
small intestine together with microbial biomass. It is a system of continuous cultivation
of microorganisms [2, 10]. Large intestine of adult human contains more than 200 g of
digestive material. The average daily output of faeces is approximately 120 g [6, 11].

The intestinal biomass contains up to 55% microorganisms of the total microbial con-
tent of faeces people [6, 7, 13]. In the large intestine microbial mass is 10""-10" cells/g
faeces, dominant are genera Bifidobacterium, Bacteroides, Lactobacillus, Escherichia,
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Eubacterium, Enterococcus, Atopobium, Faecalibacterium and Clostridium [2, 11]. Ap-
proximately 40 bacterial species are 99% of the colon microflora [6].

Intestinal microflora has an important role in the physiology and metabolism of the
human [5]. Intestinal microorganisms performs directly involved in the digestion pro-
cesses, metabolizing short-chain fatty acids [2]. They affects on the human physiologi-
cal functions and health [5, 6, 7, 11, 14].

Sulfate-reducing bacteria (SRB) belong to the microbiocenosis of the human and
animals [2, 6, 10, 11]. The dominant of SRB in the human intestine are species of the
Desulfovibrio genus, they constitute 67—-91% of total number of SRB. It is thought that
SRB combined with other infections can cause a variety of diseases including cholecys-
titis, brain abscesses and abdominal cavity, ulcerative enterocolitis, etc. [5, 11]. The
species of the Desulfovibrio genus are often isolated among all SRB during both mono-
and polymicrobial infections of the gastrointestinal tract. These bacteria are the most
pathogenic role of all SRB species [2, 6, 14, 15].

The SRB can metabolize dietary supplements containing oxidized sulfur com-
pounds [2]. Supplements with sulfate in ruminants causes the increase of hydrogen
sulfide concentration in the rumen through the presence of SRB. The hydrogen sulfide
toxicity manifested clinically, causing weight loss, fever, bloody diarrhea and intestinal
inflammation. A large number of sulfur oxides are present in the food as they are added
as a preservative to extend shelf life. These preservatives are sulfur dioxide (E220),
sulfites (E221-227) and less so carrageenan (E407) all of which are consumed by
98.6% of the population. The analysis of food and drinks on a sulfate level showed that
people who live in more developed western countries, consume over 16.6 mmol sulfate/
day. Consumption of sulfate is a regulatory factor in the reduction of sulfate in the gut [2,
11, 13, 15]. It can have an important role in the development of ulcerative colitis [5, 14].

To clarify the role of SRB in causing various human diseases is necessary to study
the processes of dissimilatory sulfate reduction by the strains of the human intestine,
comparing their biochemical, physiological, genetic, morphological properties. It is im-
portant to also study the influence of the different concentrations of the electron accep-
tor and donor on the dissimilatory sulfate reduction processes by SRB, their trophic re-
lationships, and necessary also consider account their diversity in the human intestine.
It is of importance to obtain new strains of Desulfovibrio from different people then study
their growth and the process of dissimilatory sulfate reduction. The hydrogen sulfide
and acetate production by the bacterial strains should also be studied in order to clarify
the etiological role of these bacteria in the development of various diseases.

Sulfate-reducing bacteria oxidises organic compounds or hydrogen, they can use a
variety of electron acceptors mostly low redox potential [2, 10]. These acceptors may be
sulfate, thiosulfate, sulfite, elemental sulfur [2]. SRB use organic compounds as an
electron donor. The most common of the electron donor for SRB in the human intestine
is lactate. It was therefore interesting to study the effect of different concentrations of
electron acceptor and donor on the bacterial growth D. piger and process of dissimila-
tory reduction of sulfate.

The aim of this research was to study the dissimilatory sulfate reduction by the
Desulfovibrio piger Vib-7 of the human large intestine under influence of different con-
centrations of sulfate and lactate, and carry out correlation analyses of these parame-
ters influence on process.
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MATERIAL AND METHODS

The objects of the study were sulfate-reducing bacteria of the Desulfovibrio piger
strain Vib-7 obtained from the human large intestine [12]. The strain is kept in the col-
lection of microorganisms at the Biotechnology Laboratory of the Pharmacy Faculty at
the University of Veterinary and Pharmaceutical Sciences Brno (Czech Repubilic).

The bacteria were grown in nutrition modified Kravtsov-Sorokin’s liquid medium of
such composition (g/l): Na,SO, — 0.5; KH,PO, - 0.3; K,HPO, — 0.5; (NH,),SO, — 0.2;
NH,CI - 1.0; CaCl,x6H,0 — 0.06; MgSO,x7H,0 — 0.1; C,H,O,Na — 2.0; yeast extract —
1.0; FeSO,x7H,O — 0.004; sodium citratex2H,O — 0.3. Before bacteria seeding in the
medium, 0.05 ml/| of sterile solution of Na,Sx9H,0O (1%) was added. To provide pH 7.2 of
medium sterile 10N solution of NaOH (0.9 ml/l) was used. The medium was heated in
boiling water for 30 min in order to obtain an oxygen-free medium, and cooled to +30°C
temperature. 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.

To determine the effect of different concentrations of electron acceptor in the cul-
ture medium additionally was added various amounts of Na,SO,, final media concentra-
tions of the SOZ were 0,87 mM, 1.75 mM, 3.5 mM, 7 mM, 10.5 mM or 17.5 mM. In ad-
dition, to study the effect of different concentrations of electron donor in the medium
additionally was added various amounts C,H.O,Na, final media concentrations of the
lactate were 4.45 mM, 8.9 mM, 17.8 mM, 35.6 mM, 53.4 mM or 89 mM C3HsO3. Control
were medium which contained 3.5 mM SOZ and 17.8 mM C3H;s0x.

Accumulation biomass of sulphate-reducing bacteria in liquid medium (without
Mohr’s salt) was determined by turbidity of dilute suspension of cells by photometric
method [16].

The sulfate ions concentration in the medium was determined by turbidymetric
method after it had been precipitated by barium chloride. To stabilize the suspension,
glycerol was used [9].

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

Determination of lactate concentration was carried out through a dehydrogenation
reaction of lactate by lactate dehydrogenase in the presence of NAD*, with formation of
pyruvate and NADH. For determination of lactate content the following reagents were
used: hydrazine-glycine buffer pH 9.0 (glycine — 0.1 M solution containing 0.1 M hydra-
zine); NAD* — 0.03 M solution, pH 6.0; lactate dehydrogenase solution (protein content
was about 2 mg/ml). The samples of glycine and hydrazine were dissolved in a small
amount of distilled water, a pH of 9.0 was maintained by a 2 N NaOH solution, then the
mixture was diluted by distilled water to 100 ml. Solutions of NAD* and lactate dehydro-
genase were kept on ice. The content of the tubes was thoroughly mixed and placed
inside a thermostat at +25°C for 60 min. After incubation, samples were cooled and then
the optical density of the samples was measured at 340 nm. The quantity of the lactic
acid was subsequently calculated [17].

Accumulation of acetate ions by the bacterial cells during their growth in the medi-
um was determined by titration [3].
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Using the experimental data, the basic statistical parameters (M — mean, m — stand-
ard error, Mtm) have been calculated. For the estimation of the reliability between the
statistical characteristics, Student’s t-test was used. The difference was reliable when
P>0.95 [1]. Statistical processing of the results was performed using packet Excel and
Origin computer programs [8].

The correlation analysis of the parameters was carried using packet Excel pro-
gram. The main result of a correlation is called Pearson’s correlation coefficient (or “r’).
It is best represents the contemporary use of the simple correlation that assesses the
linear relationship between two variables. The coefficient indicates the strength of the
relationship, with values ranging from 0 to 1 in absolute value. The larger the magnitude
of the coefficient, the stronger the relationship between the variables. The sign of the
coefficient indicates the direction of the relationship as null, positive, or negative. A null
relationship between variables X and Y suggests that an increase in variable X is ac-
companied with both an increase and a decrease in variable Y and vice versa [4].

RESULTS AND DISCUSSION

The studied sulfate-reducing bacteria the Desulfovibrio piger Vib-7 actively reduced
of sulfate and produced of hydrogen sulfide (up to 3.16 mM) as well as they assimilated
of lactate and accumulated of acetate (up to 15.63 mM) in the control (3.5 mM of sulfate
and 17.3 mM of lactate) medium (Fig. 1, 2).

Increasing the concentration of sulfate ion as electron acceptor in two (7.0 mM),
three (10.5 mM) or five (17.5 mM) times in the culture medium leads to actively growth
and producing of hydrogen sulfide by the studied D. piger Vib-7 (Fig. 1).

The stimulation of sulfate reduction is not occurred proportional to the increase of
sulfate concentration in the medium. The largest quantity of hydrogen sulfide (6.06 mM)
under influence of 10.5 mM of SOZ was detected on the 72 hour of cultivation; while the
bacteria D. piger Vib-7 used about 58% of sulfate ion. Perhaps, the rest (42%) of the
electron acceptor was in excess and the bacteria could not assimilate such number of
sulfate. Under these conditions the D. piger Vib-7 acumulated up to 5.64 g/l of biomass.
The increasing of the sulfate ion concentration up to 17.5 mM (in five times) in the medi-
um is not caused biomass increasing and stimulation of hydrogen sulfide production
compared to 10.5 mM of sulfate concentration. Perhaps, the dissimilatory sulfate reduc-
tion process can limit other factors such as the presence of electron donor in the medium.
Moreover, the decrease in the concentration of sulfate up to 1.75 mM and 0.87 mM
caused a significant biomass decrease (up to 0.88 and 1.95 g/l, respectively) and process
of sulfate reduction by the D. piger Vib-7. Possibly, the low concentrations of electron ac-
ceptor were not insufficient for the sulfate-reducing bacteria of the human intestine.

The increase of lactate concentration in two (35.6 mM), three (53.4 mM) or five
(89 mM) times stimulated acetate production in the medium by the studied D. piger
Vib-7 (Fig. 2). The increase of lactate concentration did not lead to a proportional in-
crease of sulfate reduction parameters as was in the case with the increasing of sulfate
concentration in the medium. The largest quantity of acetate (21.10 mM) was detected
on the 72 hour of cultivation during cultivating the D. piger Vib-7 in the medium which
contained 53.4 mM of lactate. The bacteria used about 41% of lactate from the medium
under these conditions. Perhaps an excess of lactate in the medium has not been used
by the studied bacteria.
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Fig. 1. Influence of different concentrations of electron acceptor on growth and sulfate reduction by Desulfo-
vibrio piger Vib-7 bacteria: —m— biomass, — ¥ — sulfate, —¢— sulfide, —e— lactate, — A — acetate
Puc. 1. Bnnve pisHMX KOHLUEHTpaLii akuenTopa eneKTPOHIB Ha picT i BiAHOBMNEHHSA cynbdaTy Gakrepismu
Desulfovibrio piger Vib-7: —m— 6iomaca, — ¥ — cynbdart, —¢— cynbdig, —e— nakTtaTt, — A— aueTar

The highest biomass (7.76 g/l) was detected when bacterial culture D. piger Vib-7
grow in the medium which contained 35.6 mM of lactate. Increasing the concentrations
of lactate up to 53.4 and 89 mM in the culture medium did not contribute to increasing
level of hydrogen sulfide and growth of the studied sulfate-reducing bacteria.

The decrease in the concentrations of lactate up to 8.9 and 4.45 mM caused the
biomass decrease and sulfate reduction parameters as was in the case with the de-
creasing of sulfate concentration in the medium.

Thus, increasing concentrations of the electron acceptor (sulfate) up to 10.5 mM
and electron donor (lactate) up to 53.4 mM in the culture medium contributed to the
activation process of the dissimilatory sulfate reduction by the studied D. piger Vib-7.
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Fig. 2. Influence of different concentrations of electron donor on growth and sulfate reduction by Desulfovib-
rio piger Vib-7 bacteria: —m— biomass, — ¥ — sulfate, —¢— sulfide, —e— lactate, — A — acetate

Puc. 2. BnnuB pi3HUX KOHLEHTpaLin JOHOpa eNeKTPOHIB Ha PiCT i BigHOBNEHHS cynbdary baktepiamu Desul-
fovibrio piger Vib-7: —m— 6iomaca, — ¥ — cynbdart, —¢— cynbia, —e— nakrar, —A— auerar

Based on experimental data ten matrices (five matrices A and five matrices B) have
been calculated. The matrix A represented the influence of electron acceptor studied
concentrations and the matrix B — the influence of electron donor different concentrations
(A, and B, — matrices for biomass; A, and B, — for sulfate consumption; A, and B, — for
production of sulfide; A, and B, — for lactate consumption; A, and B, — for production of
acetate). The matrices B,, B,, B;, B,, B; were transformed (B, — B,"; B, > B,"; B, »> B,T;
B, —» B,"; B; — B,"). After then the matrices A and transformed matrices B were added
(A+B,T; A+B,T; A;+B,T; A+B,T; A;+By"). Five main matrices for sulfate reduction para-
meters were obtained (Table 1).
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Table 1. Matrices of parameters of sulfate reduction by Desulfovibrio piger Vib-7 bacte-
ria under the influence of electron acceptor and donor used in different con-
centrations

Tabnuys 1. MaTtpuui napameTpiB cynbdatpenykuii, 3aincHoBaHoi 6aktepismu Desulfovi-
brio piger Vib-7 3a BNN1BY pi3HMX KOHLEHTPALi aKLienTopa i AOHOpa eNneKTPOoHiB

Matrix of the biomass

. 0.57 0.62 0.64 0.67 0.68 0.43
0.56 1.22 1.51 242 2.32 1.92 1.05
0.61 1.43 2.64 4.37 3.74 3.58 1.94
0.65 2.95 4.58 714 6.39 5.83 3.88
0.68 2.43 3.81 6.42 5.57 4.88 2.83
0.69 2.04 3.50 5.90 4.92 4.30 217
0.44 0.97 1.94 3.89 2.82 2.14 0
Matrix of sulfate consumption
2.19 2.62 35 5.25 7.0 10.5
1.71 1.63 2.18 3.29 4.30 7.74
1.39 1.13 0.90 2.01 3.19 7.10
1.14 0.93 0.70 1.17 2.65 6.62
1.08 0.81 0.31 0.91 2.41 6.34
1.07 0.80 0.19 0.84 2.30 6.28
1.03 0.78 0.06 0.80 2.25 6.13
Matrix of sulfide production
0 . 0.29 0.48 0.53 0.54 0.57
0.12 0.59 0.96 1.72 2.49 2.60 0.73
0.23 0.83 1.93 2.78 3.68 3.32 1.58
0.29 1.21 2.29 3.54 4.21 3.75 1.50
0.31 1.40 2.38 3.83 4.37 3.95 1.51
0.33 1.38 2.48 3.94 4.48 4.01 1.53
0.33 0.71 1.58 2.53 3.03 2.63 0
Matrix of lactate consumption
10.87 13.10 17.3 26.45 35.35 53.15
9.34 10.66 13.68 17.71 26.56 43.92
7.68 7.42 8.50 12.59 20.23 38.75
6.82 6.17 5.10 9.28 17.88 36.73
6.36 4.62 4.20 8.84 17.04 35.94
5.76 4.27 2.15 8.89 16.29 35.39
5.55 3.91 0.67 8.79 15.74 34.94
Matrix of acetate production
0 . 1.18 1.61 1.69 1.72 1.74
0.54 1.66 4.07 5.52 6.43 7.06 3.88
1.04 3.22 7.80 9.39 10.83 13.0 7.81
1.47 6.5 12.20 14.55 15.52 16.05 8.60
1.84 6.75 13.25 16.41 17.21 17.97 10.55
2.41 6.28 12.92 15.51 16.21 16.71 9.15
2.60 4.11 7.81 8.05 8.05 8.05 0

The sizes of obtained matrices were 7x7 for biomass, sulfide and acetate produc-
tion and 6x7 for sulfate and lactate consumption.

Based on these matrices were constructed surface models of sulfate reduction
parameters by D. piger Vib-7 under influence of electron donor and acceptor different
concentrations (Fig. 3). The obtained surface models show that bacteria D. piger Vib-7
intensively grown in the media containing increased concentrations of electron acceptor
and donor (sulfate and lactate, respectively). The most intense sulfate reduction pro-
cess occurs at concentrations within 3.5-10.5 mM of sulfate and 17.8-89.0 mM of lac-
tate. The optimum concentration for the production of hydrogen sulfide were 10.5 mM
of sulfate and 53.4 mM of lactate. The bacteria D. piger Vib-7 most intensively used
lactate in media which contained 7.0 mM of sulfate and 17.8-35.6 mM of lactate. Ace-
tate production most intensively occurred at increased concentrations (10.5 mM of sul-
fate and 53.4 mM of lactate).
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Thus, the constructed surface models have provided an opportunity to confirm and
establish the optimum growing point by the studied bacteria, their sulfate consumption
and sulfide production, and the lactate consumption and acetate accumulation.

Obviously, the increased concentration of electron acceptor and donor can cause
intense growth of the studied bacteria D. piger Vib-7 as well as intensive accumulation of
sulfide and acetate in the human intestine. These conditions may be the cause of ulcera-
tive colitis and in turn bowel cancer. Hydrogen sulfide has negatively affects on the intes-
tinal mucosa, it is toxic to epithelial cells, specifically inhibits the growth of the colonocytes
[2, 11], phagocytosis, causes the death of intestinal bacteria [5, 6, 14], induces hyperpro-
liferation and metabolic abnormalities of epithelial cells [2]. It was found that the high
level of this metabolite and the presence of SRB significantly increased during inflamma-
tion of the colon [5, 13, 15]. Therefore, regulation of the concentration of hydrogen sulfide
in the colon is very important to maintain the integrity of the colonocytes [2, 11].

A correlation analysis is related in the sense that both deal with relationships among
variables. The correlation coefficient is a measure of linear association between two
variables [4]. Therefore, the next task of the study was perform the correlation analysis
between parameters of dissimilatory sulfate reduction.

The correlation coefficients (r) between the parameters by the D. piger Vib-7 were
defined (Table 2). Between biomass and sulfate; biomass and lactate; sulfate and
sulfide; sulfate and acetate; lactate and acetate; as well as lactate and sulfide a strong
inversely negative correlation has been demonstrated. Between biomass and sulfide;
biomass and acetate; lactate and sulfate; acetate and sulfide a strong positive correla-
tion has been demonstrated.

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

CONCLUSIONS

Increasing the concentrations of sulfate and lactate up to 17.4 mM and 35.6 mM
respectively in the culture medium leads to actively growth and producing hydrogen
sulfide by the studied D. piger Vib-7. The largest quantity of hydrogen sulfide (6.06 mM)
under influence of 10.5 mM of SOZ was detected on the 72 hour of cultivation; while the
bacteria D. piger Vib-7 used about 58% of sulfate ion. The largest quantity of acetate
(21.10 mM) was detected on the 72 hour of cultivation during cultivating the D. piger
Vib-7 in the medium which contained 53.4 mM of lactate.

Based on obtained results matrices of surface models of sulfate reduction parameters
by D. piger Vib-7 under influence of electron donor and acceptor used in different concen-
trations were constructed. These surface models have provided an opportunity to confirm
and establish the optimum growing point by the studied bacteria, their sulfate consumption
and sulfide production, and the lactate consumption and acetate accumulation.

The correlation coefficients (r) between the parameters of dissimilatory sulfate re-
duction by the D. piger Vib-7 were defined. Strong negative and positive correlations
between the parameters have been demonstrated.
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Table 2. Coefficients of correlation (r) between parameters of dissimilatory sulfate re-
duction carried out by the Desulfovibrio piger Vib-7 bacteria

Tabnuys 2. KoedpidieHTH kopensuii (r) mik napameTpamMu UCUMINALINHOINO BiQHOBMEHHSA
cynbdary, 3aiicHioBaHoro 6akrepiamu Desulfovibrio piger Vib-7

Biomass Sulfate Sulfide Lactate Acetate Biomass Sulfate Sulfide Lactate Acetate
Biomass 1 -0.952 0.991 -0.981 0.964 0.994 -0.995 0.988 -0.981 0.986
Sulfate -0.952 1 -0.982 0.9 -0.857 -0.972 0968 -0.921 0.991 -0.98
Sulfide 0.991 -0.982 1 -0.963 0.935 0995 -0.996 0.976 -0.997 0.998
Lactate -0.981 0.9 -0.963 1 -0.996 -0.973 0968 -0.975 0.941 -0.953
Acetate 0.964 -0.857 0.935 -0.996 1 0.95 -0.946 0.965 -0.908 0.925
Biomass 0.994 -0.972 0.995 -0.973 0.95 1 -0.992 0.97 -0.987 0.986
Sulfate  -0.995 0.968 -0.996 0.968 -0.946 -0.992 1 -0.988 0.991 -0.995
Sulfide 0.988 -0.921 0.976 -0.975 0.965 0.97  -0.988 1 -0.965 0.979
Lactate  -0.981 0.991 -0.997 0.941 -0.908 -0.987 0.991 -0.965 1 -0.998
Acetate  0.986  -0.98 0.998 -0.953 0.925 0.986 -0.995 0.979 -0.998 1
. 175mMofsufae  B9mMoflactate

Biomass Sulfate Sulfide Lactate Acetate Biomass Sulfate Sulfide Lactate Acetate
Biomass 1 -099 099 -096 0.91M11 0.998 -0.964 0.969 -0.983 0.983
Sulfate -0.99 1 -0.995 0.939 -0.864 -0.995 0.987 -0.989 0.994 -0.994
Sulfide 0.99  -0.995 1 -0.967  0.899 0.99 -0.97 0986 -0.997 0.997
Lactate -0.96  0.939 -0.967 1 -0.968 -0.948 0.885 -0.926 0.957 -0.957
Acetate 0.911  -0.864 0.899 -0.968 1 0.887 -0.778 0.821 -0.872 0.872
Biomass 0.998 -0.995 0.99 -0.948 0.887 1 -0.977 0979 -0.987 0.987
Sulfate -0.964 0987 -0.97 0.885 -0.778 -0.977 1 -0.991  0.98 -0.98
Sulfide 0.969 -0.989 0.986 -0.926 0.821 0979 -0.991 1 -0.995 0.995
Lactate -0.983 0.994 -0.997 0.957 -0.872 -0.987 0.98 -0.995 1 -1
Acetate 0.983 -0.994 0.997 -0.957 0.872 0.987 -0.98 0.995 -1 1
~ 35mMofsuifte  A78mMoflactte

Biomass Sulfate Sulfide Lactate Acetate Biomass Sulfate Sulfide Lactate Acetate
Biomass 1 -0.987 0.992 -0.994 0.994 1 -0.987 0.992 -0.994 0.994
Sulfate  -0.987 1 -0.982 0.973 0973 -0.987 1 -0.982 0.973 -0.973
Sulfide 0.992 -0.982 1 -0.992 0.992 0992 -0.982 1 -0.992  0.992
Lactate  -0.994 0.973 -0.992 1 -1 -0.994  0.973 -0.992 1 -1
Acetate  0.994 -0.973 0.992 -1 1 0.994 -0.973 0.992 -1 1
Biomass 1 -0.987 0.992 -0.994 0.994 1 -0.987 0.992 -0.994 0.994
Sulfate  -0.987 1 -0.982 0.973 -0.973 -0.987 1 -0.982 0.973 -0.973
Sulfide 0.992 -0.982 1 -0.992 0992 0.992 -0.982 1 -0.992  0.992
Lactate  -0.994 0.973 -0.992 1 -1 -0.994 0.973 -0.992 1 -1
Acetate  0.994 -0.973 0.992 -1 1 0.994 -0.973 0.992 -1 1
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Continued Table 2
3akiH4yeHHs1 mabn. 2

Biomass
Sulfate
Sulfide
Lactate
Acetate
Biomass
Sulfate
Sulfide
Lactate
Acetate

Biomass
Sulfate
Sulfide
Lactate
Acetate
Biomass
Sulfate
Sulfide
Lactate

Acetate

Biomass
Sulfate
Sulfide
Lactate
Acetate
Biomass
Sulfate
Sulfide
Lactate
Acetate

1
-0.997
0.995
-0.99
0.99
0.987
-0.991
0.998
-0.991
0.993

1
-0.986
0.986
-0.979
0.979
0.998
-0.994
0.999
-0.992
0.992

1
-0.921
0.921

-0.922
0.922
0.994
-0.988
0.995
-0.995
0.995

-0.997
1
-0.999
0.992
-0.992
-0.991
0.991
-0.995
0.993
-0.995

-0.986

1

1
0.998
-0.998
-0.993
0.997
-0.991
0.968
-0.968

-0.921

1

-1
0.986
-0.986
-0.944
0.967
-0.952
0.912
-0.912

0.995
-0.999
1
-0.988
0.988
0.987
-0.987
0.992
-0.989
0.991

0.986

-1

1
-0.998
0.998
0.993
-0.997
0.991
-0.968
0.968

0.921

-1

1
-0.986
0.986
0.944
-0.967
0.952
-0.912
0.912

-0.99
0.992
-0.988

1

-1
-0.999
0.999
-0.995

1

1

-0.979
0.998
-0.998

1

-1
-0.989
0.994
-0.986
0.957
-0.957

-0.922
0.986
-0.986

1

-1
-0.937
0.968
-0.951
0.897
-0.897

0.99
-0.992
0.988
-1
1
0.999
-0.999
0.995
-1
1

0.979
-0.998
0.998

-1

1
0.989
-0.994
0.986
-0.957
0.957

Acetate Biomass

0.922
-0.986
0.986
-1
1
0.937
-0.968
0.951
-0.897
0.897

Biomass Sulfate Sulfide Lactate Acetate Biomass

0.987
-0.991
0.987
-0.999
0.999
1
-0.999
0.994
-0.999
0.999

0.998
-0.993
0.993
-0.989
0.989
1
-0.998
0.999
-0.984
0.984

0.994
-0.944
0.944
-0.937
0.937
1
-0.994
0.998
-0.991
0.992

Sulfate
-0.991
0.991
-0.987
0.999
-0.999
-0.999
1
-0.997
0.999
-0.999

Sulfate
-0.994
0.997
-0.997
0.994
-0.994
-0.998
1
-0.998
0.98
-0.98

Sulfate
-0.988
0.967
-0.967
0.968
-0.968
-0.994
1
-0.998
0.978
-0.978

Sulfide Lactate Acetate
0.998 -0.991 0.993
-0.995 0.993 -0.995
0.992 -0.989 0.991
-0.995 1 -1
0.995 -1 1
0.994 -0.999 0.999
-0.997 0.999 -0.999
1 -0.996  0.997
-0.996 1 -1
0.997 -1 1

Biomass Sulfate Sulfide Lactate Acetate Biomass

Sulfide Lactate Acetate
0.999 -0.992 0.992
-0.991 0.968 -0.968
0.991 -0.968 0.968
-0.986 0.957 -0.957
0.986 -0.957 0.957
0.999 -0.984 0.984
-0.998 0.98  -0.98

1 -099  0.99
-0.99 1 -1
0.99 -1 1

Biomass Sulfate Sulfide Lactate

Sulfide Lactate Acetate
0.995 -0.995 0.995
-0.952 0912 -0.912
0.952 -0.912 0.912
-0.951 0.897 -0.897
0.951 -0.897 0.897
0.998 -0.991 0.992
-0.998 0.978 -0.978
1 -0.988 0.988
-0.988 1 -1
0.988 -1 1
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BMJjne KOHLIEH'I:PALII'I' AKLENTOPA | HOHOPA ENNEKTPOHIB
HA OUCUMINAUIMHE BIOHOBNEHHA CYNb®ATIB BAKTEPIAMU
DESULFOVIBRIO PIGER VIB-7 KUWLUEYHUKA NIOOVUHAU

I. B. Kywkeeu4

YHisepcumem gemepuHapHUX | thapmayesmuydHux Hayk bpHo
Palackeho, 1/3, CZ-61242 BpHo, HYecbka Pecrybnika

e-mail: ivan.kushkevych@gmail.com

OocnigxeHo pict 6aktepin Desulfovibrio piger Vib-7 kviweYHnka NoguHW 3a PisHNX
KOHLIeHTpaL|i akuenTopa i oHopa enekTPOHIB, a TakoX napameTpu AUCUMINALINHOIO
BiOHOBNEHHSA cynbdaty. 30inbLIeHHs IHTEHCUBHOCTI HGakTepianbHOro poCTy i NPOAYKY-
BaHH4 rigporeH cynbdiay gocnigxysanumm D. piger Vib-7 cnocTepiranu 3a BNInBy BUCO-
KMX KOHUEHTpauin cynbdaty i nakrary (17,4 ta 35,6 MM, BignoBigHO) y cepenoBuLLi
KynbTBYBaHHS. HanbinbLua KinbkKicTb rigporeH cynbdigy (6,06 mM) BusiBneHa 3a Bnivey
10,5 MM SOZ Ha 72 rog KynsTMBYBaHHS!; 3a LUMX yMoB 6akTepii D. piger Vib-7 BukopucTa-
nv npmubnuaHo 58 % cynbdart ioHiB. Hanbinblwa koHueHTpauis auetaty (21,1 mM) Buss-
neHa Ha 72 rog KynbTMByBaHHS nif vac pocty D. piger Vib-7 y cepepoBuLyi, gke mMicTuno
53,4 MM nakTaty. Ha OCHOBI eKkcnepMeHTanbHUX AaHux NodygoBaHO MOAENi MOBEPXOHb
napameTpiB cynbatpeaykuii, 3gincHioBaHoi 6aktepiamu D. piger Vib-7 3a BINuBY pi3HNX
KOHLIeHTpaLi akuenTopa i JoHopa enekTpoHiB. Lli moaeni nosBepxoHe Aanu 3mory nif-
TBEPOUTY | BCTAHOBUTW OMTMMAaribHi TOYKM POCTY AOCHigKyBaHux b6akTepin, ixHi napa-
METPU BUKOPUCTAHHSA CyrnbdaTty 1 yTBOPEHHSA rigporeH cynbdiay, a TakoX BUKOPUCTaHHS
nakTary i HarpomagXeHHs auertaTy. BusHaueHo kopensuinHi koedilieHTu (r) Mk napa-
MeTpamMn OUCUMINALIMHOMO BigHOBNEHHS cynbdaty baktepiamu D. piger Vib-7. Bcta-
HOBMNEHO CUITbHY HEraTUBHY i MO3UTUBHY KOPEenALii MK LMK napamMeTpamMu.

Knroyoei cnoea: cynbdartsigHoBNoBanbHi 6akTtepii, Desulfovibrio piger, cynb-
daTtn, rigporeH cynbdifl, 3anarbHi 3aXBOPIOBAHHA KMULLEYHMKA,
HecneungivH1n BUpa3KoBUIA KOMIT.

BINMUAHUE KOHLEHTPALIUMA AKLIENTOPA U JOHOPA 3INIEKTPOHOB
HA AUNCCUMUNALMNOHHOE BOCCTAHOBIIEHUE CYIIb®ATOB BAKTEPUAMU
DESULFOVIBRIO PIGER VIB-7 KWLLEYHUKA YEINTOBEKA

. B. Kywkesuy

YHusepcumem eemepuHapHbIX U ghapMayesmuyeckux Hayk bpHo
Palackeho, 1/3, CZ-61242 BpHo, HYewckas Pecnybnuka

e-mail: ivan.kushkevych@gmail.com

WcenepoBaHbl pocT 6aktepun Desulfovibrio piger wtamm Vib-7 kyweyHvka yeno-
BEKa Npw pasnmyHbIX KOHLEHTpaLUMsX akuenTopa 1 JOHOpa 3NeKTPOHOB, a Takke napa-
METPbI ANCCUMUMSALMOHHOIO BOCCTAHOBMNEHUA Cynbdata. YBenmyeHme NHTEHCUBHOCTH
GakTepuanbHOro pocta M NpoAyLUpOBaHUA TMAPOreH cynbduga uccnegyemMmbimm
D. piger Vib-7 Habntoganu npy BO30enCTBUN BbICOKMX KOHLEHTpaLmMn cynbdarta u nak-
Tata (17,4 n 35,6 MM, COOTBETCTBEHHO) B Cpefe KynbTMBNpoBaHus. Hanbonbluee konm-
4ecTBO rnaporeH cynbduaa (6,06 MM) obHapyxeHo npu Bosgencteun 10,5 MM SOF

ISSN 1996-4536 (print) e« ISSN 2311-0783 (on-line) e Bionoriyxi Ctygii / Studia Biologica e 2014 « Tom 8/Ne1 e C. 103-116



116 Ivan V. Kushkevych

Ha 72 4ac KynbTMBMPOBaHMS; B 3TUX ycnoBusax 6aktepun D. piger Vib-7 ncnonb3oBanu
npumMmepHo 58 % cynbdaT noHoB. Hanbonbluasa KoHueHTpauua auetata (21,1 mM) 06-
Hapy)XeHa Ha 72 4Yac KynbsTMBMpoBaHusi BO Bpems pocta D. piger Vib-7 B cpeae, conep-
Xawen 53,4 MM nakTtata. Ha ocHoBe akcnepuMeHTarnbHbIX JaHHbIX NOCTPOEHbI MOAEN
NOBEPXHOCTEN NapaMeTpoB CyrbdaTpeayKuum, ocyLecTnssemon bakrepuamu D. piger
Vib-7, npy BO30ENCTBUMN Pa3fiMyHbIX KOHLEHTpaUUIM akuenTopa n AoHOpa 3NeKTPOHOB.
OTn Mogeny NOBEPXHOCTEN NO3BONWIM NOATBEPANUTL U YCTAHOBUTL ONTUMAarbHbIE TOY-
Kv pocTa nccrnegyembix 6aktepun, Ux napameTpbl MCNOMb30BaHWs cynbdara n obpaso-
BaHWe rmaporeH cynbduaa, a Takke UCNonb3oBaHMe nakTata U HakonmeHus aueTara.
OnpepeneHbl KOppensunoHHbIe KO3 ULMEHTI (r) Mexay napameTpaMmy AMCCUMUMS-
LIMOHHOIO BOCCTaHOBIEHMS cynbdaTta 6aktepuamu D. piger Vib-7. YCTaHOBMEHbI CUTTb-
Hble HeraTMBHas 1 MO3NTMBHAs KOPPENALUN MEXAY 3TMMMK napamMeTpamu.

Knrouyeenie cnoea: cynbdar-BocCTaHOBUTENbHbIE BakTepuu, Desulfovibrio piger,

cynbdartbl, TMApPOreH cynbdua, BocnanuTenbHble 3abonesa-
HUS KMLLIEYHMKA, Hecneunpuniecknin A3BeHHbIN KOSUT.

OpepxaHo: 03.08.2013
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