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In this paper we present a periplasmic hydrogenase activity of the sulfate-reducing bacteria
Desulfovibrio piger Vib-7 and Desulfomicrobium sp. Rod-9 isolated from the human large intestine.
The effect of temperature and pH as well as substrate concentration on the hydrogenase activity in the cell-
free extracts of the D. piger Vib-7 and Desulfomicrobium sp. Rod-9 was studied. The optimal temperature
for hydrogenase reaction is +35 °C and pH 8.0 for extracts of both bacterial strains. Based on experimental
data, the analysis of the kinetic properties of the periplasmic hydrogenase by the studied bacteria was
carried out. Our experimental data have shown that the kinetic curves of the periplasmic hydrogenase
reaction have tendency to saturation. The kinetics of the activity in cell-free extracts of the studied bacteria
was consistent to the zero-order reaction in the range of 0-20 min. A monotonic increase in the activity of
the enzyme was observed under the influence of hydrogen in concentrations range from 100 until 2000 uM.
The periplasmic hydrogenase activity, initial (instantaneous) reaction rate (205.67+18.91 umol Hy/minxmg"'
protein) and maximum rate of the hydrogenase reaction (2500219 umol H./minxmg" protein) were
significantly higher in the cell-free extracts of the D. piger Vib-7 strain than Desulfomicrobium sp. Rod-9.
Michaelis constants (K,,) of the activity were similar to each other: 864473 and 669462 uM for D. piger Vib-
7 and Desulfomicrobium sp. Rod-9, respectively. Although values of K,, of both enzymes were similar and
were not statistically different, they cross the vertical axis at different points.
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Jlocniooiceno akmueHicms nepunIasMamuynol 2iopocenazu CyabhameionoenosaibHux baxmepiti
Desulfovibrio piger Vib-7 ma Desulfomicrobium sp. Rod-9, eéudinenux 3 moecmoco KuwmeuHuka n00UHU.
Bugueno ennue memnepamypu, pH ma ronyenmpayii cybcmpamy Ha 2i0pozceHazHy AKMUBHICMb
besknimunnux excmpakmis 6axmepiu D. piger Vib-7 i Desulfomicrobium sp. Rod-9. Bcmanoeéneno
onmumanvry memnepamypy (+35 °C) ma pH 8,0 ona eiopoeenasnoi peaxkyii excmpaxmié 000X wmamie
bakmepii. Ha ocnoei  excnepumenmanvHux  OAHUX, NPOAHANI306AHO  KIHEMUYHI  GIACMUBOCHII
nepuUnIasMamuyHol 2iopozenasu 0ocaiodxcysanux daxmepiu. Hawi excnepumenmanvhi Oaui NOKA3anu, ujo
KiHemuuHi Kpusi 2iopoeenasnoi peakyii maroms meHOeHyilo 00 HacuwenHs. Kinemuuni axmuenocmi
OE3KNIMUHHUX eKCMPAKMIE CYIbDAMEIOHOBI08ANbHUX OaKmMepill NiONOPSAOKO8YIOmMbCs 00 PEaKyii Hy1b08020
nopsoky 6 immepeani 0-20 xe. 3a enaugy eciopoeeny y odianaszoni konyewmpayit 6io 100 do 2000 mxM
BUABEHO MOHOMOHHE 30LTbUEHHS aKMUGHOCHI hepmenmy. AKMUGHICMb NepunIaZMamudrol 2iopozcenasu,
nouamxosa (mummesa) wieuokicmo peaxyii (205,67+18,91 mxmons H/xexme’ 6inka) i maxcumanvha
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wieuoKicmo 2iopocenasnoi peaxyii (25004219 mxmons Ho/xe xme” 6inka) € 3nauno éuwa y 6e3kaimuHHux
excmpakmax wmamy D. piger Vib-7, uioc Desulfomicrobium sp. Rod-9. Kowcmawmu Mixaenica (K,)
eiopoeenasnoi akmuenocmi € oausbki: 864473 ma 669462 mxM ons D. piger Vib-7 i Desulfomicrobium sp.
Rod-9, sionosiono. Xoua snauenns K, 060x hepmenmie 6au3vKi i cmamucmuyHo He GiOPI3HAIOMbCS, 60HU
nepemunHaloms 8iCo OPOUHAM y PI3HUX MOYKAX.

Kmouosi cioa: CYJIb@ATBIJJHOBJIIOBAJIbHI BAKTEPII, TIJPOTEHA3HA
AKTUBHICTb, TOKCHUYHICTbH, KHIIKOBI MIKPOBIOIIEHO3M, 3AXBOPIHOBAHHSA
KMIIEYHNUKA
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Hccnedosano axmugHocmv  NEpUnIA3Mamuyeckoll  eu0pocenasvl CyabpameoccmanosumenbHbix
baxmepuii Desulfovibrio piger Vib-7 u Desulfomicrobium sp. Rod-9, evioenenuvix uz moacmozo KuuleHHuxa
yenosexa. Mszyueno enusnue memnepamypsl, pH u xomyemmpayuu cybcmpama Ha eudpocenasuy
aKMueHOCMb Oeckaiemounblx sxcmpakmoe obaxmepuii D. piger Vib-7 u Desulfomicrobium sp. Rod-9.
Yemanoesneno onmumanvuyro memnepamypy (+35 °C) u pH 8,0 ona eudpocenasnoil peakyuu 2Kcmpaxmos
oboux wmammos Oakmepui. Ha ocHosanuu IKCHEPUMEHMATLHBIX  OAHHBIX, NPOAHATUIUPOBAHDL
KUHemuyeckue  C8oUcmea Nepuniazmamuieckol euopoeenasvl  uccieoyemvix  odaxkmepuu. Hawu
IKCHEePUMEHMANbHble OAHHblE NOKA3AAU, YMO KUHemuyecKue Kpueble UOPOSEHA3HOU peakyuu umerom
meHoenyulo K Hacvlugenuro. Kunemuueckue axmu@HOCMU OeCKIeMOUHbIX IKCMPAKMO8 Cyavbgham-
B80CCMAHOBUMENLHBIX OAKMepull NOOYUHSIOMCS PeaKyuu Hyaeeo2o nopsoxka é unmepsaie 0—-20 mun. 100
8aUsAHUEM 6000p0oda 8 oduanazone kouyenmpayui om 100 0o 2000 mxM obuapysceno MoHOMOHHOE
yeenuyenue aKmueHoOCmu ¢hepmenma. AKMUSBHOCHb NePUNIAZMAMUYECKOU 2UOPO2eHA3bl, HAYATbHAS
(menosennas) ckopocmu peaxyuu (205,67+18,91 mxmone Ho/munxme” Genka) u maxcumansnas ckopocmo
eudpozenasnou peaxyuu (25004219 mxmons Ho/mun>xme' 6enka) smauumenvho eviue 6 6ecKiemoyuHbix
axcmpaxkmax wmamma D. piger Vib-7, uem Desulfomicrobium sp. Rod-9. Koncmanmer Muxasauca (K,)
euopozenasnol akmugnocmu oauskue: 864473 u 669462 mxM ons D. piger Vib-7 u Desulfomicrobium sp.
Rod-9, coomeemcmeenno. Xoms s3snauenue K, o06oux ¢epmenmos Oausku u CMAMUCmMu4ecKu He
OMAUYAIOMCS, OHU NEPeCceKkarom 0Cb OPOUHAM @ PA3HLIX MOYKAX.

KiaroueBblie cJoBa: CYJIBOATBOCCTAHOBUTEJILHBIE BAKTEPHN,
I'MAPOI'EHA3ZHAA AKTUBHOCTDL, TOKCUYHOCTbD, KUILIEYHBIE MUKPOBHUOILIEHO3HI,
3ABOJIEBAHUA KUITEUHUKA

Hydrogenases are enzymes capable to points at the vacant coordination site of one of
catalyze the oxidation of molecular hydrogen the two Fe centers at the active site [3]. NiFe
or its production from protons and electrons hydrogenases from Desulfovibrio gigas, D.
according to the reversible reaction: Hy «» 2H" fructosovorans and Desulfomicrobium
+ 2e . Most of the enzymes fall into to major baculatum have also hydrophobic chanels and
classes: NiFe and Fe-only hydrogenases [1, 2]. cavities. Furthermore, one of the channels
Fe-hydrogenase from Desulfovibrio points at a vacant site on the Ni center,
desulfuricans ATCC 7757 has a single suggesting that, by analogy with the Fe
hydrophobic channel that runs from the hydrogenases, this metal ion may be the
molecular surface to the buried active site and primary substrate binding site [1, 4, 5].
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The fully sequenced Desulfovibrio
vulgaris Hildenborough has a total of six
hydrogenases [2, 6]. Four of them are
periplasmic and therefore presumably are
involved in hydrogen oxidation, including a
soluble iron-only hydrogenase, two
membrane-associated nickel-iron hydrogenase
isozymes, and a membrane-associated nickel-
iron-selenium hydrogenase [1, 4, 3]. The
[NiFe] hydrogenases are widely distributed in
the sulfate-reducing bacteria, but many
Desulfovibrio spp. are exceptional in also
possessing a soluble [Fe] hydrogenase [4].
Despite the importance of these enzymes, it
remains unclear why D. vulgaris possesses
four periplasmic hydrogenases when a single
enzyme could be sufficient [1, 2, 7].

There are a lot of data about
hydrogenase of the sulfate-reducing bacteria.
However, the data about hydrogenase activity
of the sulfate-reducing bacteria Desulfovibrio
piger Vib-7 and Desulfomicrobium sp. Rod-9
isolated from the human large intestine has not
been yet studied.

The aim of our work was to study
periplasmic hydrogenase activity of the
sulfate-reducing bacteria Desulfovibrio piger
Vib-7 and Desulfomicrobium sp. Rod-9
isolated from the human large intestine and to
carry out the kinetic analysis of hydrogenase
reaction.

Materials and Methods

Objects of the study were the sulfate-
reducing bacteria Desulfovibrio piger Vib-7
and Desulfomicrobium sp. Rod-9 isolated from
the human large intestine [8, 9].

The bacteria were grown for 72 hours
at +37 °C under anaerobic conditions in
nutrition modified Kravtsov-Sorokin's liquid
medium [8]. The tubes were brim-filled with
medium and closed to provide anaerobic
conditions.

Cell-free extracts were prepared from
stationary phase cultures. The bacteria were
washed from the medium with 0.9 % NaCl
solution. The bacterial cells were homogenized
using the ultrasonic disintegrator at 22 kHz for
5 minutes at 0 °C to obtain the cell-free
extracts. The suspension was displaced into

centrifugal tubes and cell-free extract was
separated from the cells fragments by
centrifugation during 30 minutes at 15000 rpm
at +4 °C.

Protein concentration in the cell-free
extracts was determined by the Lowry method.

Hydrogenase activity was measured by
the oxidation of photochemically reduced
methyl viologen (MP Biomedicals, California,
USA) as described in paper [10]. The standard
assay system for measuring the oxidation of
photochemically reduced methyl viologen
contained 4 mm methyl viologen, 0.04 mm
proflavine, and 40 mm EDTA (pH 5.0) in 3 ml
in a 1 cm light path cuvette with a Thunberg
side arm. 0.2 ml of cell-free extracts was
added in system. The same assay system
without added cell-free extracts was used as
control. The reaction was initiated by tipping
enzyme into the cuvette. All
spectrophotometric assays were done at room
temperature and the activity was determined
by measuring the absorbancy decrease at 600
nm [10]. Enzyme activity was expressed as
Uxmg™ protein. The unit equal to 1 pmol
Hy/min (or 2 pmol/min of oxidized methyl
viologen).

Kinetic analysis of the enzyme reaction
was performed in a standard incubation system
(as described above) with modified physical
and chemical characteristics or the respective
components (the incubation time, substrate

concentration, temperature and pH). The
kinetic = parameters  characterizing  the
hydrogenase reaction are the initial

(instantaneous) reaction rate (Vp), maximum
rate of the reaction (Viax), maximum amount
of the reaction product (Pmax) and
characteristic reaction time (time half
saturation) T were determined. The amount of
the reaction product was calculated
stoichiometrically. The kinetic parameters
characterizing hydrogenase reactions are
Michaelis constant (K,) and maximum
reaction rate of substrate consumption were
determined by Lineweaver-Burk plot [11].
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 methods
of variation statistics using Student #-test.
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The equation of the straight line that the best
approximates the experimental data was
calculated by method of least squares. The
absolute value of the correlation coefficient
was from 0.90 to 0.99. The significance of the
calculated parameters of line was tested by the
Fisher’s F-test. The accurate approximation
was when P<0.05 [12].

Results and Discussion

The activity of periplasmic
hydrogenase in various cellular fractions
including cell-free extract, soluble, and
sedimentary was studied (table 1). Our results

showed that the highest of the activity of the
periplasmic hydrogenase in the cell-free
extract (1421.4+123.7 Uxmg™ protein) for D.
piger Vib-7 compared to the
Desulfomicrobium sp. Rod-9 strain where the
enzyme is 568.7+45.6 Uxmg' protein. A
similar activity of the enzyme is measured in
the soluble fraction for both bacterial strains.
However, hydrogenase activity was not found
in sedimentary fraction. That is why for all our
manipulations, we have used the cell-free
extract in next experiments.

Table 1

Hydrogenase activity in the Desulfovibrio piger Vib-7 and Desulfomicrobium sp. Rod-9 stains

Fractions

Desulfovibrio piger Vib-7
1421.4+123.7

Cell-free extract

Individual fractions:
soluble
sedimentary

1409.7+137.6
nd nd

Hydrogenase activity (Uxmg™ protein)
Desulfomicrobium sp. Rod-9
568.7445.6%**

553.9452.4%**

Note: Catalytic activities were measured in the in the hydrogen consumption assays. “nd”: not determined.
Significance of the values M+m, n=5; * — P<0.05, ** — P<0.01, *** — P<0.001, compared to the Desulfovibrio piger

Vib-7 strain

The activity of the studied enzyme in
the cell-free extracts of the obtained sulfate-
reducing bacteria under the effect of

temperature and pH in the incubation medium
was studied (fig. 1).
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Fig. 1. Effect of various temperature (4) and pH (B) on the periplasmic hydrogenase activity in the cell-free extracts of
the Desulfovibrio piger Vib-7 and Desulfomicrobium sp. Rod-9. Catalytic activities were measured in the hydrogen
consumption assays

The maximum hydrogenase activity for
both bacterial strains was determined at
+35 °C. An increase or decrease in temperature

of incubation led to a decrease of the activity
of the enzyme in the cell-free bacterial
extracts. The most pick of the enzyme activity
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was determined in the cell-free extracts of the
D, piger Vib-7 and the Desulfomicrobium sp.
Rod-9 at pH 8.0. To study the characteristics
and mechanism of the periplasmic
hydrogenase reaction, the initial
(instantaneous) reaction rate (Vy), maximum
consumption of hydrogen (Pma.x) and reaction
time (t) was defined. The dynamics of the
hydrogen consumption by the cell-free extracts
of the D. piger Vib-7 and Desulfomicrobium
sp. Rod-9 to establishment the kinetic of the
periplasmic hydrogenase parameters was
studied (fig. 2).

Our experimental data showed that the
kinetic curves of the periplasmic hydrogenase
activity have tendency to saturation (fig. 24).

cell-free extracts of the studied bacteria was
consistent to the zero-order reaction in the
range of 0-20 min (the graph of the
dependence of the product on the incubation
time was almost linear in this interval of time).
Therefore the duration of the incubation of
bacterial cells extracts was 20 min in
subsequent experiments.

The amount of H, consumed in the
hydrogenase reaction was higher in the cell-
free extracts of the D. piger Vib-7 compared to
the Desulfomicrobium sp. Rod-9 in the entire
range of time factor. The basic kinetic
properties of the hydrogenase reaction in the
extracts of the sulfate-reducing bacteria were
calculated by linearization of the data in the

Analysis of the results allows to reach the {P/t; P} coordinates (fig. 2B, table 2).
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Fig. 2. Kinetic parameters of the periplasmic hydrogenase activity in cell-free extracts of Desulfovibrio piger Vib-7 and
Desulfomicrobium sp. Rod-9: A — the dynamics of hydrogen consumption (M+m, n=5); B — the linearization of the
curves of the product reaction in {P/t; P} coordinates (n=5; R*>>0.9; F<0.02); C — the effect of various substrate (H,)
concentration on the periplasmic hydrogenase activity (M+m, n=5); D — linearization of concentration curves, which

are shown in fig. 2C, in the Lineweaver-Burk plot, where V is rate of hydrogenase reaction and [H,] is substrate
concentration (n=5; R*>>0.95; F<0.005)
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The kinetic hydrogenase parameters of
the D. piger Vib-7 and Desulfomicrobium sp.
Rod-9 cell-free extracts were significantly
differ from each other. Values of the initial
(instantaneous) reaction rate (Vo) for the
activity of the cell-free extracts of both
bacterial strains by the maximum amount of
the product reaction (Pnax) was calculated. As

shown in table 2, V, for hydrogenase activity
was higher in the cell-free extracts of the D.
piger Vib-7 (205.67+18.91 pmol Hy/minxmg™
protein) compared to Desulfomicrobium sp.
Rod-9  (58.16+5.38 pmol Hy/minxmg
protein).

Table 2

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

Kinetic parameters
Vo (umol Hy/min x mg™ protein)
Poax (Lmol H, x mg™ protein)
T (min)

Desulfovibrio piger Vib-7
205.67£18.91
2020.33£198.44
9.82+0.96

Sulfate-reducing bacteria
Desulfomicrobium sp. Rod-9
58.16£5.38***
999.35495.27*%**
17.18£1.58**

Note: V, is initial (instantaneous) reaction rate; Py, is maximum amount 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

Next task of our study was to carry out
a kinetic analysis of the hydrogenase activity
depending on the substrate concentration.
According to the obtained results, hydrogen
increasing in concentrations range from 100
until 2000 uM causes a monotonic increase in
enzymatic activity of the enzyme and after that
activity was maintained on an unchanged level

(plateau) (fig. 20).

Curves of the dependence {1/V;
1/[H2]} were different by tangent slope and
intersect the vertical axis in one point (fig.
2D). The basic kinetic parameters of the
hydrogenase activity in the D. piger Vib-7 and
Desulfomicrobium sp. Rod-9 cell-free extracts
was identified by linearization of the data in
the Lineweaver-Burk plot (table 3).

Table 3

Kinetic parameters of hydrogen consumption in the Desulfovibrio piger Vib-7
and Desulfomicrobium sp. Rod-9 depending on H, concentration

Kinetic parameters

Vmax (Lmol Hz/min><mg'1 protein)
K (M)

Desulfovibrio piger Vib-7
2500219
864173

Sulfate-reducing bacteria
Desulfomicrobium sp. Rod-9
1111£107***
669162

Note: Vx 1s maximum rate of the hydrogenase reaction; K, is Michaelis constant which was determined by
H, consumption. Significance of the values M+m, n=5; *** — P<0.001, compared to the Desulfovibrio piger Vib-7

The K,, values were micromole
concentration range which is consistent with
similar constants from the literature data [2].
Calculation of the kinetic parameters of the
hydrogenase activity indicates that the
maximum  rate  (Vma)  of  hydrogen
consumption in the cell-free extracts of the D.
piger Vib-7 and Desulfomicrobium sp. Rod-9
was differ from each other. However, the
Michaelis constants (K;,) of the periplasmic

hydrogenase activity in the extracts for both
bacterial strains were similar to each other:
864+73 and 669162 uM for D. piger Vib-7
and Desulfomicrobium sp. Rod-9, respectively.
Although values of K, of both enzymes were
similar and were not statistically different,
they cross the vertical axis at different points.
The results of our study were
consistent to previous literature data
characterizing the activity of hydrogenase [1—

The Animal Biology, 2014, vol. 16, no. 2
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3, 5, 6]. Van der Westen H.M. and co-authors
have described that the K,, value for benzyl
viologen in the hydrogen consumption assay
was 3.0 mM and V., was 50000 U/mg.
Comparison of these data with values in the
literature for previous preparations of
hydrogenase from Desulfovibrio is not
straight-forward because the assays were not
all the same. However these researchers have
obtained similar data to our results of the
hydrogenase activity. There hydrogenase
activity is 1600 U/mg protein in bacterial cell
extract described in the paper [7], what is very
close to the enzyme activity in the cell-free
extracts of the D. piger Vib-7.

Conclusions

The periplasmic hydrogenase activity,
initial (instantaneous) reaction rate (Vy), and
the maximum rate of the hydrogenase reaction
(Vmax) was significantly higher in the cell-free
extracts of the D. piger Vib-7 strain than
Desulfomicrobium sp. Rod-9. The optimal
temperature for hydrogenase reaction was +35
°C and pH 8.0 for both bacterial strains.
Michaelis constants (K;,) of the activity were
similar to each other: 864+73 and 669+62 uM
for D. piger Vib-7 and Desulfomicrobium sp.
Rod-9, respectively. The obtained results
might be promising for further study, in
particular for more detail understanding
physiological and biochemical properties of
the studied  sulfate-reducing  bacteria,
prediction and prevention of human
inflammatory bowel disease.

Prospects for further research. The
studies of the physiological and biochemical
properties of the sulfate-reducing bacteria, the
process of the dissimilatory sulfate reduction,
in particular participate of hydrogenase in the
process, the activity and kinetic properties of
this enzyme in the D. piger Vib-7 and
Desulfomicrobium sp. Rod-9 bacterial strains,
their production of hydrogen sulfide in detail
can be prospects to clarify the etiological role
of these bacteria in the development of various
diseases. The data on the concentration of
hydrogen sulfide and acetate, produced by the
isolates is supposed to help in establishing and

assessing a toxicity effect of these substances
on the epithelial cells of the human and animal
intestine. Such studies might help in predicting
the development of diseases in the
gastrointestinal tract, by providing further
details on the etiology of bowel diseases which
are very important for the clinical diagnosis of
these disease types.
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