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Dissimilatory sulfite reductase activity in different fractions of the sulfate-reducing
bacteria Desulfovibrio piger Vib-7 and Desulfomicrobium sp. Rod-9 isolated from hu-
man intestine was studied. Sulfite reductase, an important enzyme in the process of
sulfur metabolism in these bacteria, was solubilized from the membrane fraction. The
highest activity of the enzyme in the cell-free extract of the bacterial strains was mea-
sured (0.032+0.0026 and 0.028+0.0022 Uxmg™ protein for D. piger Vib-7 and Desulfo-
microbium sp. Rod-9, respectively) compared to other fractions. The optimal tempera-
ture (+30...35 °C) and pH 7.0 for sulfite reductase reaction in the extracts of both bacte-
rial strains was determined. The spectral analysis of purified sulfite reductase from cell-
free extracts was carried out. The absorption maxima were 284, 391, 412, 583, and
630 nm, as well as 287, 393, 545, and 581 nm for sulfite reductase of D. piger Vib-7 and
Desulfomicrobium sp. Rod-9, respectively. Analysis of the kinetic properties of the bac-
terial sulfite reductase has been carried out. The sulfite reductase activity, initial (instan-
taneous) reaction rate (V,) and maximum rate of the sulfite reductase reaction (V,,,,)
were higher in the D. piger Vib-7 cells than in the Desulfomicrobium sp. Rod-9. How-
ever, Michaelis constants (K) of the enzyme activity were similar for both bacterial
strains. The studies of the sulfite reductase activity, the kinetic properties of this enzyme
in the intestinal sulfate-reducing bacteria strains, and their production of hydrogen sul-
fide in detail can be useful for clarification of the etiological role of these bacteria in the
development of inflammatory bowel diseases in humans and animals.

Keywords: sulfate-reducing bacteria, sulfite reductase, intestinal microbioceno-
sis, inflammatory bowel diseases, ulcerative colitis.

INTRODUCTION

Sulfate-reducing bacteria occur in the gut flora of about 50 % of healthy persons
where they metabolize hydrogen and low molecular weight organic compounds [4].
High concentration of sulfate in gut creates favorable conditions for the development of
the sulfate-reducing bacteria in the human and animal intestine [2, 3]. These conditions
are also favorable for process of the dissimilatory sulfate reduction and accumulation of
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hydrogen sulfide and acetate which can be cytotoxic to intestinal cells causing various
inflammatory bowel diseases. Hydrogen sulfide accumulated in the human intestine is
also carcinogenic to its cells and can cause inhibition of cytochrome oxidase, oxidation
processes butyrate by colonocytes, and destruction of epithelial cells, develop ulcers, in-
flammation with subsequent development of colon cancer [2, 10]. The production of high-
ly toxic sulfide from Desulfovibrio desulfuricans has been implicated in the onset of
a chronic inflammatory large bowel disease, ulcerative colitis, patients with this disease
showing elevated levels of sulfide production and a universal carriage rate of the sulfate-
reducing bacteria [3, 4].

The process of the dissimilatory sulfate reduction to sulfide occurs due to the for-
mation of many intermediate compounds. One of these intermediates is sulfite, the re-
duction of which to sulfide is an intermediary step of sulfate reduction in sulfate assimi-
lating organisms [6, 9]. Sulfite reduction is also a terminal step of sulfate reduction and
a possible energy-yielding reaction in sulfate-reducing bacteria [7].

Sulfite reductase catalyses the reduction of sulfite to sulfide and forms part of the
dissimilatory sulfate reduction pathway [6, 7]. The enzyme from the sulfate-reducing
bacteria of the Desulfovibrio genus is a hexamer consisting of three different subunits
[6, 16, 19, 20]. Contrary to the case of sulfite reduction in sulfate assimilation, Kobayas-
hi et al. have suggested from fractionation experiments that in extracts of Desulfovibrio
vulgaris sulfite is reduced stepwise to sulfide with intermediary formation of trithionate
and thiosulfate [7]. Sulfite reductase, which reacts directly with sulfite in a series of re-
duction steps from sulfite to sulfide, was purified from D. vulgaris and the identity of the
enzyme was suggested with a green pigment, desulfoviridin [7, 18]. The demonstration
by Lee and Peck (1973) that desulfoviridin is the enzyme responsible for the reduction
of sulfite to trithionate raised the problem of the mechanism of sulfite reduction in the
Norway strain of D. desulfuricans [13, 14]. In this investigation, was reported the purifi-
cation of a red pigment, which has been provisionally termed desulforubidin, from this
anomalous strain of D. desulfuricans, and its identification as an enzyme that reduces
sulfite mainly to trithionate, analogous to desulfoviridin [6, 7].

As far as it is aware, sulfite reductase from intestinal sulfate-reducing bacteria
D. piger and Desulfomicrobium has never been well-characterized. From literature data,
there are a lot of data about sulfite reductase of the sulfate-reducing bacteria isolated
from environment [6, 7, 14, 16, 17, 19, 20]. However, the data about activity of this en-
zyme from intestinal sulfate-reducing bacteria Desulfovibrio piger and Desulfomicrobi-
um sp. has not been reported yet.

The aim of our work was to study sulfite reductase activity of sulfate-reducing bac-
teria D. piger Vib-7 and Desulfomicrobium sp. Rod-9 isolated from the human large in-
testine and to carry out the kinetic analysis of enzymatic reaction.

MATERIALS AND METHODS

Objects of the study were sulfate-reducing bacteria Desulfovibrio piger Vib-7 and
Desulfomicrobium sp. Rod-9 isolated from the human large intestine [11] and identified
by the sequence analysis of the 16S rRNA gene [12]. The strains are kept in the collec-
tion of microorganisms at the Laboratory of Biotechnology, Faculty of Pharmacy, Univer-
sity of Veterinary and Pharmaceutical Sciences Brno (Czech Republic).

Bacterial growth and cultivation. Bacteria were grown in a nutrition-modified Krav-
tsov-Sorokin’s liquid medium with the following 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;
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C,H.O,Na — 2.0; yeast extract — 1.0; FeSO,x7H,O — 0.004; and sodium citratex2H,0 —
0.3. Before bacteria seeding in the medium, 0.05 ml/l of sterile solution of Na,Sx9H,0
(1%) was added. A sterile 10 N 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. Cell-free extracts were prepared from stationary-phase
cultures. The cold extraction buffer (50 mM potassium phosphate buffer, pH 7.5, 10°M
EDTA (ethylenediaminetetraacetic acid) was added to centrifuged cells to bind heavy
metal ions. A total of 10°M PMSF (phenylmethylsulfonyl fluoride) for the inhibition of
proteases, which is effective at pH above 7.0, was added. After this procedure, a sus-
pension of cells (150-200 mg/ml) was obtained. The cells were homogenized using the
ultrasonic disintegrator at 22 kHz for 5 minutes at 0 °C to obtain cell-free extracts. The
suspension was displaced into centrifugal tubes and separated from the cells fragments
by centrifugation in 30 minutes at 15000 rpm and at +4 °C. The supernatant was used
as cell-free extract. Soluble fraction was prepared as described in paper [18]. The
spinned cells fragments were used as sedimentary fraction. Protein concentration in the
cell-free extracts was determined by the Lowry method [15].

Assays for sulfite reductase activity, desulfoviridin, and desulforubidin. The sulfite
reductase activity was assayed manometrically by measuring hydrogen uptake required
for sulfite reduction coupled with the hydrogenace methylviologen system. Purification of
the enzyme and its spectral analysis were carried out as described in paper [6]. Hydro-
gen uptake was measured for 5 to 100 min. One unit of enzyme was defined as an
amount which consumed 1 ymole of hydrogen per min in the initial phase of the reaction.
Enzyme activity was expressed as Uxmg™ protein. Reaction products (thiosulfate, trithi-
onate, and polythionate containing four or more sulfur atoms) were determined colorime-
trically by a modification of the methods described in paper [6, 7]. Desulfoviridin and
desulforubidin were measured spectrophotometrically as described in paper [6, 13]. 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.

Kinetic analysis. Kinetic analysis of the enzyme reaction was performed in a stan-
dard incubation medium [6] with modified physical and chemical characteristics of the
respective parameters (the incubation time, substrate concentration, temperature and
pH). The kinetic parameters characterizing the sulfite reductase reaction are the initial
(instantaneous) reaction rate (V,), maximum rate of the reaction (V,,), maximum
amount of the reaction product (P,,,) and characteristic reaction time (time half satura-
tion) T were determined [8]. The amount of the reaction product was calculated stoichio-
metrically. The kinetic parameters characterizing sulfite reductase reactions are Mi-
chaelis constant (K,,) and maximum reaction rate of substrate decomposition were de-
termined by Lineweaver-Burk plot [5].

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 calculated by the methods of variation statistics using Student t-test. The absolute
value of the correlation coefficient r was from 0.90 to 0.99. The significance of the cal-
culated parameters of samples was tested by the Fisher’s F-test. The accurate appro-
ximation was when P<0.05 [1].
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RESULTS AND DISCUSSION

Sulfite reductase, an important enzyme in the process of sulfur metabolism in sulfa-
te-reducing bacteria, was obtained from cells of D. piger Vib-7 and Desulfomicrobium sp.
Rod-9. Activity of sulfite reductase in different fractions including cell-free extract, solub-
le, and sedimentary was studied (Table 1).

Table 1. Sulfite reductase activity in different fractions obtained from Desulfovibrio
piger Vib-7 and Desulfomicrobium sp. Rod-9 cells

Tabnuus 1. AKTUBHICTb cynbdiTpeaykTasu y pisHux dpakuisx, oTpuMaHux 3 knituH Desul-
fovibrio piger Vib-7 i Desulfomicrobium sp. Rod-9

- Soluble Sedimentary

Desulfovibrio piger Vib-7 0.032+0.0026 0.029+0.0021 0.0012+0.0002 109+9.71
Desulfomicrobium sp. Rod-9 0.028+0.0022 0.024+0.0018 0.0010+0.0001 *102+8.96

Comment: Enzyme activity has been determined after 100 min incubation. Significance of the values M+m,
n=>5.

Mpumitka: AKTUBHICTb epmeHTy Bu3HadeHa nicns 100 xB iHky6auii. [loCTOBIpHICTb 3Ha4eHb M+m, n = 5.

Results of this study showed that the highest specific activity of the enzyme was
measured in cell-free extracts (0.032+0.0026 and 0.028+0.0022 Uxmg™" protein for
D. piger Vib-7 and Desulfomicrobium sp. Rod-9, respectively). Slightly lower activity of
sulfite reductase was detected in the soluble fraction compared to cell-free extracts. The
lowest enyzme activity was found in sedimentary fraction; its values designated
0.0012+0.0002 and 0.0010+0.0001 Uxmg™ protein for D. piger Vib-7 and Desulfomicro-
bium sp. Rod-9, respectively. The level of desulfoviridin and desulforubidin was almost
the same in both bacterial strains.

From literature data, it is known that the enzyme activity depends on temperature
and pH [2, 7]. The effect of temperature and pH of the incubation medium on the sulfite
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
+30...35 °C. 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 sulfite reductase was determined in the cell-free extracts of the D. piger Vib-7
and the Desulfomicrobium sp. Rod-9 at pH 7.0.

Thus, temperature and pH optimum of this enzyme with sulfite as a substrate was
+30...35 °C and pH 7.0, respectively. The enzyme activity exhibited typical bell-shaped
curves as a function of temperature and pH.

Reaction products (thiosulfate, trithionate, and polythionate containing four sulfur
atoms) in the cell-free extracts of Desulfovibrio piger Vib-7 and Desulfomicrobium sp.
Rod-9 were determined. As shown in Table 2, the highest concentration trithionate,
0.54+0.044 and 0.49+0.037 pmoles, was measured in the cell-free extracts of D. piger
Vib-7 and Desulfomicrobium sp. Rod-9, respectively.

Accumulation of the final product of the sulfate-reducing bacteria metabolism was
0.47+0.035 umoles for extracts of D. piger Vib-7 and 0.36+0.029 umoles for Desulfomic-
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robium sp. Rod-9. The lowest concentration of intermediates was observed for polythi-
onate, its values designated 0.018+0.0014 and 0.012+0.0011 umoles for D. piger Vib-7
and Desulfomicrobium sp. Rod-9, respectively. Perhaps, trithionate plays an important
role in the metabolism of the studied intestinal bacteria among other intermediates. The
detection of trithionate and thiosulfate as intermediate compounds during the dissimila-
tory sulfite reduction process by Desulfovibrio vulgaris was first reported by Kobayashi
et al. [6]. Subsequently, thiosulfate was shown to accumulate in reaction mixtures con-
taining two fractions isolated from D. vulgaris extracts [7].
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Fig. 1. Effect of temperature (A) and pH (B) on the activity of sulfite reductase in cell-free extracts of D. piger
Vib-7 and Desulfomicrobium sp. Rod-9

Puc. 1. Bnnue Temnepatypu (A) i pH (B) Ha akTUBHICTb cynbdiTpeaykTasu y 6e3kniTuHHuX ekctpaktax D. pi-
ger Vib-7 i Desulfomicrobium sp. Rod-9

Table 2. Sulfite reduction and formation of products reaction in the cell-free extracts of
Desulfovibrio piger Vib-7 and Desulfomicrobium sp. Rod-9 stains

Tabnuys 2. BigHoBneHHA cynbdigy Ta yTBOPEHHS MPOAYKTIB peakuii y 6e3kniTMHHUX
ekcTpakTtax wramiB Desulfovibrio piger Vib-7 i Desulfomicrobium sp. Rod-9

Total sulfite
2 28 28
4% S408 .08 HizS recovered

Desulfovibrio piger Vib-7 0.21+0.017 0.54+0.044 0.018+0.0014 0.47+0.035 1.24+0.119
Desulfomicrobium sp. Rod-9 0.25+0.019 0.49+0.037 0.012+0.0011 0.36+0.029 1.11+0.107

Comment: 5 pmoles Na,SO, in incubation mixture was added. The formed products were determined at
+35 °C and pH 7.0 after 100 min reaction. Significance of the values M+m, n = 3.

MpumiTtka: 5 mkmonb Na,SO, 6yno BHeceHo Ao iHKy6aLiHOT CyMmiLLi. YTBOPEeHi NpodyKTy BU3HAYanm 3a Tem-
nepatypu +35 °C i pH 7,0 nicna 100 x8 peakuii. [JoCTOBipHICTb 3Ha4YeHb M+m, n = 3.

Next task of this study was to carry out a spectral analysis of the purified sulfite re-
ductase from the cell-free extracts of D. piger Vib-7 and Desulfomicrobium sp. Rod-9.
The absorption maxima were 284, 391, 412, 583, and 630 nm as well as 287, 393, 545,
and 581 nm for sulfite reductase of D. piger and Desulfomicrobium sp. Rod-9, respec-
tively (Fig. 2, A). From literature data, it is known that the visible region of these spectra
is quite similar to that of the pigments, desulfoviridin and desulforubidin [6, 13, 18]. Ffluo-
rescence spectrum of desulfoviridin in 0.1 N NaOH excited at 365 nm, and absorption
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spectrum of desulforubidin (2.47 mg/ml) with 0.2 N NaOH, the absorption maxima at
393 and 547 nm were demonstrated (Fig. 2, B). The ratio of optical density at 284, 412,
and 630 as well as 396, 557, and 581 were about 6 : 3 : 1. Addition of alkali or acid
caused bleaching of the greenish colour of desulfoviridin and reddish brown color of
desulforubidin as well as shifted the absorption peaks toward short wavelengths. The
red fluorescence under UV light was quite unstable. The enzyme protein (desulfoviridin)
showed a strong red fluorescence with an emission maximum at 600 nm in alkali or 1%
SDS solution when excited at 365 nm (Fig. 2).
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Fig. 2. Absorption spectra of sulfite reductase from D. piger Vib-7 and Desulfomicrobium sp. Rod-9. Protein
concentration was 3.18 mg (for D. piger Vib-7) and 2.84 mg (for Desulfomicrobium sp. Rod-9) based
on Lowry’s method per ml of 0.01 M Tris buffer, pH 7.0 (A). Ffluorescence spectrum of desulfoviridin
in 0.1 N NaOH excited at 365 nm, and absorption spectrum of desulforubidin (2.47 mg/ml) in 0.2 N

NaOH, the absorption maxima at 396 and 557 nm (B)

Puc. 2. Cnektpun nornmHanHa cynbditHOT peayktasun D. piger Vib-7 i Desulfomicrobium sp. Rod-9. KoHueH-
Tpauis 6inka 3,18 mr (ans D. piger Vib-7) i 2,84 mr (ana Desulfomicrobium sp. Rod-9) BusHaveHa
meTtogom Jloypi Ha mn 0,01 M Tpic-6ydpepa, pH 7,0 (A). Cnektp donyopecueHuii AecynbdoBipuanHy
y 0,1 N NaOH npwu 365 HM Ta cnekTp nornvHaHHsa gecynbdopy6bianny (2,47 mr/mm) y 0,2 N NaOH,
MaKCUMyMu nornuHaHHs npu 396 i 557 Hwm (B)

Kobayashi et al. (1972) obtained the similar data for Desulfovibrio vulgaris sulfite
reductase. The absorption spectrum of the purified enzyme preparation had absorption
maxima at 630, 585, 410, 390, and 280 nm and a shoulder at 290 nm. The ratio of opti-
cal density at 630, 410, and 280 nm was similar to our obtained results, it was about
1:3:6. The authors have also shown that the enzyme protein had a strong red fluores-
cence with an emission maximum at 600 nm in alkali solution [6].

A new pigment, purified from extracts of the Norway strain of Desulfovibrio desulfu-
ricans, desulforubidin, that has sulfite reducing activity, has been described by Lee et al.
The authors registered absorption spectra maxima of desulforubidin at 392, 545, and
580 nm [13].

To study the characteristics and mechanism of sulfite 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 hyd-
rogen uptake in the cell-free extracts of D. piger Vib-7 and Desulfomicrobium sp. Rod-9
was studied for investigation of the kinetic parameters of sulfite reductase (Fig. 3).

ISSN 1996-4536 (print) « ISSN 2311-0783 (on-line) e BionoriyHi Ctyaii / Studia Biologica e 2014 e Tom 8/Ne2 ¢ C. 101-112



DISSIMILATORY SULFITE REDUCTASE IN CELL-FREE EXTRACTS OF INTESTINAL SULFATE-REDUCING BACTERIA 107

Experimental data showed that the kinetic curves of sulfite reductase activity have
tendency to saturation (Fig. 3, A). Analysis of the results allows to reach the conclusion
that the kinetics of sulfite 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
15 min in subsequent experiments.
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Fig. 3. Kinetic parameters of sulfite reductase activity in cell-free extracts of D. piger Vib-7 and Desulfomicro-

bium sp. Rod-9: A — dynamics of product accumulation (M £ m, n = 5); B — linearization of curves of
product accumulation in {P/t; P} coordinates (n = 5; R? > 0.95; F <0.02); C — the effect of different
sufite concentrations on sulfite reductase activity (M + m, n = 5); D — linearization of concentration
curves, which are shown in Fig. 3, C, in the Lineweaver-Burk plot, where V is rate of sulfite reductase
reaction and S is substrate concentration (n = 5; R? > 0.95; F < 0.005)

Puc. 3. KiHeTnuHinapametpu cynbdiTpeaykTasmn 6es3knitTuHHnx ekctpakTiB D. pigerVib-7 i Desulfomicrobiumsp.
Rod-9: A — guHamika yTBopeHHs npoaykTty (M + m, n = 5); B — niHeapu3aLisi KpUBUX YTBOPEHHS Mpo-
aykty y {P/t; P} koopauHatax (n = 5; R? > 0.95; F <0.02); C — BNAMB pi3HOi KOHLEeHTpaLii cynbdiTy Ha
aKkTUBHICTb cynbdiTpeaykTasu (M £ m, n = 5); D — niHeapun3auist KOHLEHTPaLinHUX KPpUBWKX, SKi MOKa-
3aHi Ha puc. 3, C, y koopauHatax JlanHyiBepa-bepka, ae V — WwBMAKiCTb peakuii, kKaTanisoBaHoi Cynb-
hiTpeaykTasoo, S — KoHUeHTpauis cybeTpaty (n = 5; R? > 0.95; F < 0.005)

Amount of product of sulfite reductase reaction in the D. piger Vib-7 was higher com-
pared to the Desulfomicrobium sp. Rod-9 in the entire range of time factor. The basic ki-
netic 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. 3, B, Table 3).
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Table 3. Kinetic parameters of hydrogen uptake in cell-free extracts of Desulfovibrio
piger Vib-7 and Desulfomicrobium sp. Rod-9

Tabnuusa 3. KiHeTM4Hi napameTpy NOrnvMHaHHA rigporeHy 6e3kniTMHHUMKU ekcTpakTamu De-
sulfovibrio piger Vib-7 i Desulfomicrobium sp. Rod-9

_ Desulfovibrio piger Vib-7 Desulfomicrobium sp. Rod-9

V, (umol/minxmg" protein) 0.351+0.033 0.138+0.012***
P..., (umol/mg protein) 2.042+0.211 1.598+0.143**
T (min) 5.827+0.562 11.614+1.036***

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). Significance of the values M + m, n = 5;
**P<0.01; ***P<0.001, compared to the Desulfovibrio piger Vib-7 strain.

Mpumitka: V, — noyatkoBa (MUTTEBA) LWWBUAKICTL peakuii; P, — MakcuMarnbHa KinbkicTb (MnaTto) NpoaykTy

peakuii; T — vac peakuii (nepiog HaniBHacn4yeHHs). [ocToBIpHiCTb 3Ha4YeHb M £ m, n = 5; **P<0,01;
***P<0,001, nopiBHsAHO Ao wtamy Desulfovibrio piger Vib-7.

The kinetic parameters of sulfite reductase in D. piger Vib-7 and Desulfomicro-
bium sp. Rod-9 cell-free extracts were significantly different. Values of initial (instantane-
ous) reaction rate (V,) for sulfite reductase activity in the cell-free extracts of both bacte-
rial strains was calculated by the maximum amount of the product reaction (P,,,)- As
shown in Table 3, V, for sulfite reductase reaction was higher in the cell-free extracts of
D. piger Vib-7 (0.351+£0.033 umol/minxmg™ protein) compared to Desulfomicrobium sp.
Rod-9 (0.138+0.012 umol/minxmg™ protein). Based on these data, there is an assumption
that the D. piger Vib-7 can consume sulfite much faster in their cells than a Desulfomicro-
bium sp. Rod-9. Moreover, this hypothetical assumption can be also confirmed by pre-
viously obtained data on the accumulation of intermediates and the final products of their
metabolism because D. piger Vib-7 accumulated trithionate, polythionate and hydrogen
sulfide more intensively compared to Desulfomicrobium sp. Rod-9 (see Table 2).

The kinetic analysis of sulfite reductase activity dependence on the substrate
concentration was carried out. According to the obtained results, increasing of sulfite
concentrations from 0.5 to 5.0 mM causes a monotonic rise of the studied enzyme activ-
ity and the activity was maintained on unchanged level (plateau) under substrate con-
centrations over 5.0 mM (Fig. 3, C). Curves of the dependence {1/V; 1/[S]} were distin-
guished by the tangent slope and intersect the vertical axis in one point (Fig. 3, D). The
basic kinetic parameters of sulfite reductase activity in D. piger Vib-7 and Desulfomicro-
bium sp. Rod-9 cell-free extracts were identified by linearization of the data in the Line-
weaver-Burk plot (Table 4).

The K, values are milimolar concentration ranges which are consistent with similar
constants from the literature data [7]. Calculation of the kinetic parameters of sulfite re-
ductase activity indicates that the maximum rate (V, ) of hydrogen uptake in the cell-
free extracts of D. piger Vib-7 and Desulfomicrobium sp. Rod-9 was similar to each
other. Michaelis constants (K,) of sulfite reductase for both bacterial strains were also
approximately similar: 3.53+0.334 and 3.86+0.341 mM for D. piger Vib-7 and Desulfo-
microbium sp. Rod-9, respectively.
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Table 4. Kinetic parameters of sulfite reductase activity dependence on sulfite concen-
tration in the incubation medium

Tabnuys 4. KineTnyHi napameTpu cynbdiTpeayKTasn 3anexHo Bif KOHLUEeHTpauii cynbdity
B iHKy0OauinHoMy cepefoBuLLi

_ Desulfovibrio piger Vib-7 Desulfomicrobium sp. Rod-9

V... (umol/minxmg™ protein) 0.067 + 0.0053 0.045 + 0.0039
K., (mM) 3.53+0.334 3.86 +0.341

Comment: V,_ is maximum rate of the enzyme reaction; K, is Michaelis constant which was determined by

max

sulfite. Significance of the values M + m, n = 5.

Mpumitka: V, , — MakcumanbHa WBWAKICTb EH3MMaTUYHOI peakLii; K, — koHcTaHTa Mixaenica, Bu3HaveHa 3a

cynbiTom. [1oCTOBIpHICTb 3Ha4eHb M = m, n = 5.

The obtained parameters of sulfite reductase reaction in the cell-free extracts of
D. piger Vib-7 are consistent to Michaelis constant (K, 3.6x10-* M) defined previously by
Kobayashi et al. for sulfite reduction in the extract of Desulfovibrio vulgaris. The authors
have also investigated the biochemical characteristics of sulfite reductase from sulfate-
reducing bacterium, D. vulgaris. Trithionate, thiosulfate, and sulfide were detected even
in the early phase of sulfite reduction and the amount of each compound did not de-
crease during the reaction or after hydrogen uptake ceasing. Kobayashi et al. have
shown that trithionate and thiosulfate are not reduced by the enzyme, indicating that
these three compounds are produced by sulfite reductase. At high concentrations of
sulfite and low concentrations of methyl viologen, trithionate was the dominant product.
Under the opposite conditions, the accumulation of relatively large amounts of sulfide or
thiosulfate was observed. On the basis of these findings, a mechanism of reaction was
proposed, taking into consideration labile intermediates, presumably sulfoxylate and ele-
mental sulfur, which accept electrons from reduced methyl viologen to form sulfur and
sulfide or react with sulfite to produce trithionate and thiosulfate, respectively [7].

CONCLUSIONS

Based on the obtained studies results and according to the kinetic parameters of
sulfite reductase reaction for both bacterial strains, we have concluded that the activity of
sulfite reductase, V, and V,__, were significantly higher in the D. piger Vib-7 cells than De-
sulfomicrobium sp. Rod-9. However, Michaelis constants (K,) of the sulfite reductase
were similar and designated 3.53+0.334 and 3.86+0.341 mM for D. piger Vib-7 and De-
sulfomicrobium sp. Rod-9, respectively. The maximum sulfite reductase activity for both
strains has been determined at +30...35 °C and at pH 7.0. The intermediate products of
the bacterial metabolism (thiosulfate, trithionate, and polythionate) were determinated in
the cell-free extracts for both strains. The spectral analysis of the purified sulfite reductase
from the cell-free extracts of D. piger Vib-7 and Desulfomicrobium sp. Rod-9 was carried
out. The absorption maxima were 284, 391, 412, 583, and 630 nm as well as 287, 393,
545, and 581 nm for sulfite reductase of D. piger and Desulfomicrobium sp. Rod-9, re-
spectively. The kinetic parameters of sulfite reductase reaction depended on the substrate
concentration. According to the obtained results, increasing of sulfite 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 substrate concentrations over 5.0 mM.
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According to these data, D. piger Vib-7 strain can be more dangerous and have
some pathogenic significance in inflammatory bowel diseases development, consuming
sulfite and producing hydrogen sulfide at a higher rate. The studies of the physiological
and biochemical properties of the intestinal sulfate-reducing bacteria, the process of the
dissimilatory sulfate reduction, in particular participation of sulfite reductase in this pro-
cess, the activity and kinetic properties of this enzyme in the D. piger Vib-7 and Desul-
fomicrobium 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 devel-
opment of various diseases. The data on the concentration of hydrogen sulfide, pro-
duced by the isolates is supposed to help in establishing and assessing a toxicity effect
of these compounds on the epithelial cells of the human and animal intestine. These
studies might help in predicting the development of diseases of the gastrointestinal
tract, by providing further details on the etiology of bowel diseases which are very im-
portant for the clinical diagnosis of these disease types.
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[ocnigpkeHo aKTUMBHICTb OUCUMINALIMHOI CynbgiTpeaykTasn y pisHUX dgopakLisix
cynbpaTeigHoBOBanNbHUX 6akTepi Desulfovibrio piger Vib-7 ta Desulfomicrobium sp.
Rod-9, izonboBaHux i3 kuweyHuka noamHn. Cynbgitpeaykrasy, BaxnmBun epmeHT
npouecy metaboniamy cipky umx GakTepii, comntobinisoBaHo 3 MeMOpaHHOI dpakLii.
HaliBuLLa akTMBHICTb (pePMEHTY BUSIBIIEHA Yy OE3KMITMHHMX eKCTpakTax baKkTepianbHUX
wTramie (0,032+0,0026 i 0,028+0,0022 Uxmg™' 6inka ansa D. piger Vib-7 Ta Desulfomicro-
bium sp. Rod-9, BignoBigHO), NOPIBHSHO 3 iHWMMK dpakLisMy. BusHayeHo onTumansHy
Temneparypy (+30...35 °C) i pH 7,0 onsa peakuii cynbgiTpegykTasn B eKcTpaktax 06ox
GakTepianbHux Wwramis. [poBeAEeHO CnekTpanbHUI aHari3 O4mnLLIEHOT CynbdiTpeayKTasm
3 Be3KNITUHHMX ekcTpakTiB. Makcumymun nornmHaHHa 6ynn 284, 391, 412, 583, 630 HMm,
a Takox 287, 393, 545, 581 Hm ang cynbditpenykTtasu D. piger Vib-7 ta Desulfomicro-
bium sp. Rod-9, BignosigHo. BcTaHOBMEHO, WO akTUBHICTb CynbdiTpeayKkTasn, novaTko-
Ba (MnTTEBA) WBMAKICTL (V) | MakcMmanbHa LWeuakicTb (V) peakuii cynbdiTpeaykrasm
Buwa y knitnH D. piger Vib-7, Hix y Desulfomicrobium sp. Rod-9. NpoTte koHcTaHTu Mi-
xaenica (K,) Ana akTMBHOCTI depMeHTy Bynn Gnusbkumun Ans obox wramis BakTepii.
JocnigXeHHs akTUBHOCTI CynbiTpeaykTasn, KIHETUYHI BNacTUBOCTI LbOro hepMeHTy
y LWITaMiB KULLKOBUX CynbdaTBigHOBMNOBaNbHNX BakTepir, a Takox AeTarnbHe BUBYEHHS
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aKyMynsuii HUMK TigporeH cynbigy, NepPcneKkTUBHI AN 3’sCyBaHHSA €TIONOrivHOI poni
umnx H6akTepin y po3BUTKY 3anarnbHKX 3aXBOPIOBaHb KULLEYHMKA FOANHY | TBAPUH.

Knroyoei cnoea: cynbgartsigHOBNOBanbHi 6akTepii, cynbgitpeaykrasa, Mikpo-
OioLEHO3 KMLEeYHUKa, 3anarnbHi KULIKOBI 3aXBOPKBAHHS, BU-
pasKoBi KOSITW.
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WcecnepgoBaHa akTVBHOCTb AUCCUMMASILMOHHON CyNbMUTPEaYyKTas3bl B PasnnyHbIX
KNEeTOYHbIX dopakLmsax cynbgarBoccTaHaBnmBatowmx 6akrepui Desulfovibrio piger Vib-7
n Desulfomicrobium sp. Rod-9, nsonmpoBaHHbIX 13 KuweyHrka Yyenoseka. Cynbgurpe-
AyKTa3a, BaXHbI hepMeHT npouecca Metabonuama cepbl CynbdaTBoCCTaHaBNMBato-
wmx Baktepui, Bbina conbunusosaHa U3 MeMbpaHHoON dpakumn. Havsbliclias akTuBe-
HOCTb (hepMeHTa obHapyxeHa B B6eCKNeTOYHbIX 3KCTpakTax GakrepuarnbHbIX LWTAMMOB
(0,032+0,0026 1 0,028+0,0022 Uxmg" 6enka ans D. piger Vib-7 v Desulfomicrobium sp.
Rod-9, cooTBeTCTBEHHO) MO CpaBHEHUO C Apyrumn dpakunsamun. OnpegeneHsl onTu-
ManbHble 3HaveHus Temnepatypsl (+30...35 °C) n pH 7,0 ana peakumm cynbutpeayk-
Tasbl B 3KCTpaKTax obonx bakrepmarnbHbIX WTaMMoB. [1poBeaeH cnekTpanbHbI aHanma
OYULLIEHHOWN cynbduTpeaykTasbl M3 BECKNEeTOUHbIX AKCTpakToB. MakcMmyMbl normoLe-
Hua 6binn 284, 391, 412, 583, 630 HM, a Takke 287, 393, 545, 581 HM ansa cynbuTpe-
ayktasbl D. piger Vib-7 n Desulfomicrobium sp. Rod-9, cootBeTcTBeHHO. [poBeaeH aHa-
N3 KNHETUYECKMX CBONCTB 3TOr0 hepMeHTa y nccregyemblx 6aktepun. YCTaHOBMEHO,
YTO aKTMBHOCTb CynbdUTPeayKTasbl, Ha4anbHas (MrHoBeHHas) ckopocTb (V) 1 makcu-
manbHas ckopocTb (V) peakumn cynbdutpenykrassl Boille y knetok D. piger Vib-7,
Yem B Desulfomicrobium sp. Rod-9. OgHako koHcTaHTel Muxaanuca (K|,) Ans akTMBHOCTU
depmeHTa 6bInm Bnuskummn 4ns obomx WrTaMmmoB GakTepuii. ViccnegoBaHne akTMBHOCTY
cynbuUTpedyKTasbl, KUHETUYECKME CBOWCTBA 3TOTO (pepMeHTa y LUTaMMOB KULLEYHbIX
cynbaTBOCCTaHaBMMBaOLWMX BaKTEPUI, a TakkKe N3yYeHne akkyMynsaumMm M1 rngporeH
cynbduaa, NnepcnekTMBHbI AN BbISCHEHUST 3TUONOMMYECKOW ponu aTnx baktepun B pas-
BUTUW BOCNanNUTENbHbIX 3a60neBaHnn KMLWEeYHUKa YernoBeKa U XXUBOTHbIX.

Knroveenle cnoea: cynbgaTBoCCTaHaBnMBatoLLme Gaktepum, cynbuUTpeaykTasa,
MUKPOGUOLIEHO3 KMLLIEYHMKA, BOCNANUTESNbHbIE KULLEYHbIE 3a-
GoneBaHusi, A3BEHHbIE KOMUTLI.
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