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The aim of the research was to study nitrate reductase activity of sulphate-reducing bacteria
Desulfomicrobium sp. CrR3 under different conditions of cultivation. To determine nitrate reductase
activity, sulphate-reducing bacteria Desulfomicrobium sp. CrR3 were cultivated in a modified medium of
Postgate C. Nitrate reductase activity was determined under different conditions such as t° of 15-45 °C
and pH of 5—9. The highest nitrate reductase activity of Desulfomicrobium sp. CrR3 was at t° of 25—-35 °C
and pH of 7-8. Lowering or raising the temperature and the pH caused the inhibition of the nitrate
reductase. The highest nitrate reductase activity was found in the soluble fraction of cells (12 pumol
nitrite-min !-mg protein!). Activity was lower in the cells’debris (5 pmol nitrite-min '-mg protein™),
while it was absent in the culture fluid. It was established that nitrate reductase of bacteria
Desulfomicrobium sp. CrR3 is constitutive enzyme. The value of K, for nitrate for studied enzyme of
bacteria Desulfomicrobium sp.CrR3 is 1.2 mM, V.. is 15.7 utM nitrite-min~'-mg protein'), indicating
high affinity of the enzyme with the substrate. Thus, the cultivation conditions significantly affect the

nitrate reductase activity of bacteria Desulfomicrobium sp. CrR3.
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Sulphate-reducing bacteria are unique
group of microorganisms that are able to
use various inorganic compounds including
sulphate and nitrate as terminal electron
acceptors during the obtaining energy. This
exact feature is of considerable interest in
studying mechanisms of nitrate reduction
activity of sulphate-reducing bacteria.

Nitrate reduction is widely spread among
prokaryotes and described in few sulphate-
reducing bacteria, particularly in the genera of
Desulfovibrio[1, 2], Desulfomonas[1] and others.

High concentrations of nitrates inhibit
sulfate reduction [2, 3].

Nitrate reductase (EC 1.6.6.2; NR) is
a key enzyme of nitrate reduction with
molibdopterynguaninedinucleotide that
is a part of the active site [4]. It belongs
to dymethylsulphoxydreductase and is
found both in eukaryotic and in prokaryotic
organisms and plays an important role in
converting nitrogen compounds [1].

Depending on its location and function
in cells of microorganisms cytoplasmic

assimilatory nitrate reductase (NAS),
periplasmic dissimilatory nitrate reductase
(NAP) and dissimilatory membrane nitrate
reductase (NAR) are described [4].

For the first time the presence of nitrate
reductase in sulphate-reducing bacteria
Desulfovibrio desulfuricans ATCC 27774 was
shown by Bursakov and others. [5].

Some features of reduction of sulphates
into the representatives of the genus of
Desulfomicrobium at the presence of nitrates
are described in the works of Sholyak and
Dorosh [2, 3].

The aim of this work was to investigate
nitrate reductase activity of sulphate-reducing
bacteria Desulfomicrobium sp. CrR3 under the
different culture conditions.

Materials and Methods

The object of the study was sulphate-
reducing bacteria Desulfomicrobium sp. CrR3,
resistant to the compounds of hexavalent
chromium [6].
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The bacteria were grown in the medium of
Postgate C at 30 °C in test tubes of 25 ml under
anaerobic conditions. The test tubes were filled
with the medium completely and closed with
rubber plugs [7].

To determine nitrate reductase activity of
bacteria they were cultivated in the modified
medium of Postgate C of the following
composition (g / 1), potassium dehydrogen —
0.5; calcium chloride hexahydrate — 0.06;
magnesium chloride hexahydrate — 0,055;
sodium lactate — 6; yeast extract — 1; sodium
citrate dehydrate — 0.3; pH — 7.6. Nitrate
was added in the form of aqueous solution of
KNOj; in the concentration of 10 mM.

Nitrate reductase activity of bacteria
Desulfomicrobium sp. CrR3 was determined
in cell-free extracts of bacteria grown in
the modified medium of Postgate C under
the argon atmosphere. For obtaining the
cell-free extracts twice washed cells of
Desulfomicrobium sp. CrR3 were resuspended
in 0.05 M K" -phosphate buffer (pH 7.0) (10° M
of ethylendiamintetraacetate was added to
it to bind heavy metal ions and 107° M of
phenylmethyl-sulphonylftoride was added for
inhibition of proteases, which function at pH
higher than 7.0) and destroyed by ultrasound
(22 kHz) 5 times /30 s at 4 °C with the help
of the ultrasonic desintegrator UZDN-2T.
The resulting disintegrate was centrifuged
(4000 g, 30 min, 4 °C), the precipitate was
separated, and the supernatant was used for
further research as cell-free extract [8].

Nitrate reductase activity was determined
spectrophotometrically at a wavelength of
540 nm at a temperature of 30 °C. The reaction
mixture for the determination of nitrate
reductase activity contained potassium
phosphate buffer (25 mM, pH 7.3), 10 mM
of K™ -nitrate, 0.05 mM EDTA and freshly
prepared 2 mM NADH. The reaction was
started by adding cell-free extract. 5 min
later the reaction was stopped by adding
58 mM solution of sulphanilamide 3 M HCI and
0.77 mM of NEDA reagent (N-(1-naphthyl) —
ethylendiamindehydrochloride) [9]. Protein
content in each sample was determined by the
Lowry method [10].

Nitrate reductase activity was determined at
different temperatures (15, 20, 25, 30, 35 and
45 °C) and pH (5, 6, 7, 8 and 9), using acetate,
K*-phosphate and Tris-HCl buffers[11].

To investigate the ability of nitrate
reductase NADH, NADPH and FADN as
electron donors were used, being contributed
to the reaction mixture at a concentration of
2 mM.
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Kinetic parameters of nitrate reductase
activity (K., Vy.x) were determined in an
incubation mixture under standard conditions
described above. K,, and V,,, were calculated
by linearization data in the coordinates (1/V)
and (1/S)[12]. From the resulting Lineweaver-
Burke equation basic kinetic parameters
of nitrate reductase of sulphate —reducing
bacteria Desulfomicrobium sp. CrR3 were
received.

In the studies phenylmethyl-sulphonyl-
ftoride and N-(1-naphthyl) — ethylen-
diamindehydrochloride (Acros Organics,
Belgium) were used. All other reagents were of
domestic production (Scope seven, Symbioses)
of “cc” and “cda” qualification.

Statistical analysis of the results was
performed using Origin 6.1, and Microsoft
Excel. The research results are presented as
the average adjusted standard error (M + m).
Differences of averages are considered to be
probable at a significance level of P <0,05[13].

Results and Discussion

Nitrate reductase activity was studied
in the process of cultivation of bacteria
Desulfomicrobium sp. CrR3 in the medium of
sulphates and nitrates as electron acceptors
only.

While growing bacteria Desulfomicrobium
sp. CrR3 in the environment of nitrates
(10 mM) as a terminal electron acceptor the
maximum of nitrate reductase activity was
observed during the first days of cultivation. It
was 12 pmol nitrite/min-mg protein. After the
first day of the cultivation nitrate reductase
activity decreased, which is obvious due to the
decrease in the concentration of substrate in
the medium (Fig. 1).
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Fig. 1. Nitrate reductase activity of bacteria
Desulfomicrobium sp. CrR3 at the presence
of 10 mM of nitrate in the medium
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The activity of nitrate reductase was found
in the medium of sulphates as the sole electron
acceptors. This allows us to assume that the
nitrate reductase of bacteria Desulfomicrobium
sp. CrR3 is constitutive enzyme (Fig. 2).
Tarasova and others established the presence of
the constitutive nitrate reductase in sulphate-
reducing bacteria D. vulgaris1388 [14].

To determine probable localization
of nitrate reductase in the cells of
Desulfomicrobium sp. CrR3 the enzymatic
activity was determined in the culture fluid,
soluble fraction and debris of cells (Fig. 3). The
highest nitrate reductase activity was found
in the soluble fraction (12 pM nitrite/min-mg
protein). The activity in cell debris fraction
was about 2 times less (5 pmol nitrite/min'mg
protein), and in the supernatant nitrate
reductase activity wasn’t detected (Fig. 3).

The obtained results show that nitrate
reductase of bacteria Desulfomicrobium sp.
CrR3 is localized in the cytoplasm (nitrate
assimilation) or periplasmic space, that is
proved by other scientists’ researches[1, 4, 5].

The dependence of nitrate reductase
activity from temperature was measured in the
range of 15—-45 °C (Fig. 4, A).

The maximum nitrate reductase activity
was detected at the temperature range of
25-35 °C, which is the optimum temperature
for life of the mesophilic sulphate-reducing
bacteria Desulfomicrobium sp. CrR3 (Fig. 4, A).

Nitrate reductase activity of cells of
Desulfomicrobium sp. CrR3 depends on the
pH (Fig. 4, B). The curve of the dependence
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Fig. 2. Nitrate reductase activity of bacteria
Desulfomicrobium sp. CrR3 at the absence
and presence of nitrates in the cultural medium

Here in after: * P < 0.05; ** P < 0.01 relative to
control activity.

Nitrate reductase activity at the presence of NO®”
in the medium served as a control activity
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Fig. 3. Nitrate reductase activity of bacteria
Desulfomicrobium sp. CrR3 in different factions:
1 — culture fluid;

2 — debris of cells;

3 — soluble fraction
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Fig. 4. Nitrate reductase activity of bacteria
Desulfomicrobium sp. CrR3 under the influence
of temperature (A) and pH (B)

Nitrate reductase activity under the optimal
conditions such as temperature of 25 °C and pH 7
served as a control activity
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of enzyme activity on pH is bell-shaped, and
demonstrates the presence of at least one acid
(H") and one alkaline (OH") piece in the active
site of the enzyme [15]. Maximum activity of
the enzyme was observed at pH of 7-8.

Thus, the maximum activity of nitrate
reductase Desulfomicrobium sp. CrR3 showed
at the temperature of 25-35 °C and pH 7.8
(P <0,05).

The study of nitrate reductase activity
of sulphate-reducing bacteria under the
various culture conditions allows modeling
the practical application of these bacteria
in cleaning environment contaminated with
nitrates and various organic substances that
can be used as electron donors.

The results of research of the dependence of
the activity of the enzyme on the concentration
of the substrate (nitrate) are shown in Fig. 5.
Basic kinetic properties of nitrate reductase
reaction of bacteria Desulfomicrobium sp.
CrR3, namely Michaelis-Menten constant
and V., were determined by linearization of
data in coordinates of (1/V) and (1/S), where
V is the activity of the enzyme, and S is the
concentration of substrate (nitrate).

The growth of concentration of nitrate from
1 to 4 mM does not affect the nitrate reductase
activity of bacteria Desulfomicrobium sp. CrR3
(phase “plateau”). Vmax for studied enzyme is
15.7 uM nitrite / min - mg protein.

Thus, we found out that nitrate reductase
activity of bacteria Desulfomicrobium sp. CrR3
tends to saturate the enzyme with substrate.

The scores of nitrate reductase of
microorganisms are described [16, 17], which

104 - =

0.3 V=007 140 087K

-

Nitrate reductase activity,
mkM NO,/min-mg protein
o

Concentration of substrate, mM

Fig. 5. Dependence of nitrate reductase activity
on substrate concentration in direct coordinates
and Lineweaver-Burke coordinates
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allows us to compare the obtained data with
results of other studies that is shown in the
table.

The value of K, for nitrate of studied
enzyme of Dbacteria Desulfomicrobium
sp. CrR3 is 1.2 mM, which substantially
exceeds the nitrate K, of P. aeruginosa
(0.3 mM), P. denitrificans (0.3 mM),
T. lacustris (0.23 mM) and P. aerophilum
(0.14 mM), Clostridium sp. (0.5 mM) and E. coli
(0.7 mM). Significantly higher K, for nitrate
reductase is described for bacteria P. stutzeri
(3.8 mM) and B. halodenitrificans (2.7 mM),
respectively (Table).

The electron donor for nitrate reductase
can be both NADH and NADPH. It depends on
the type of organism and the type of nitrate
reductase. It was found that FADN can not
be a donor of electrons for nitrate reductase
in bacteria Desulfomicrobium sp. CrR3, but
NADH and NADPH can (Fig. 6).

At the presence of NADPH in the reaction
mixture the enzyme activity was 7 uM nitrite/
min-mg protein, whereas at the presence
of NADH it was 12 pmol nitrite / min - mg
protein (P <0,05). Nitrate reductase of bacteria
Azotobacter indicum can also accept the
electrons from both NADH and NADPH [18].

The obtained results concerning the
properties of nitrate reductase of bacteria
Desulfomicrobium sp. CrR3 allow better
understand the reduction of nitrate by
sulphate-reducing bacteria, and find the
optimal conditions (temperature, pH,
substrate concentration, etc.) for effective
nitrate reduction of these bacteria.
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Fig. 6. Nitrate reductase activity of bacteria

Desulfomicrobium sp. CrR3 under the influence
of various electron donors
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Features of nitrate reductase activity of bacteria Desulfomicrobium sp. CrR3 compared with those of other
species of microorganisms

Species of microorganisms Features of nitrate reductase in microorganisms
Optimum, pH | Optunur texaperature, °C | Ky, vl

Pseudomonas sp.SH7 6.5-75 s 03
Pseudomonas stutzeri 72 ns 38
Pseudomonas isachenkovii 6.8-17 70-80 ns
Bacillys halodenitrificans 8-8.2 ns 27
Paracoccus denitrificans 1.5 ns 0,3
Thiothrix lacustris 7.2-713 63-65 0.23
Clostridium sp. ns ns 0.5
Pyrobaculum aerophilum 6.5 95 0.14
Escherichia coli 7-2 31 0.7
Dasui fovibrio 7.5-85 30 5.4
desulfuricans ATCC 27774
Desul formicrobium sp. CiR3 7-2 25-35 1.2

Note: “ns” — not studied.

It was found that the nitrate reductase of
the bacteria Desulfomicrobium sp. CrR3 was
located in the cytoplasm (nitrate assimilation)
or periplasmatic space.

The optimal conditions for nitrate
reductase activity of the bacteria Desul-
fomicrobium sp. CrR3 are the following: the
temperature of 25—-35 °C and the pH of 7-7.5.
Lowering or raising the temperature or the pH
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HITPATPEAYKTASHA AKTUBHICTH
CYJIb®ATBITHOBJIIOBAJIBHUX
BAKTEPIM Desulfomicrobium sp. CrR3
3A PISBHUX YMOB RYJbTUBYBAHHA

JI. C. Jopow, T. B. IIepemamko, C. I1. I'yd3v

JIbBiBCHKUI HAIliOHAJIBHUN YHiBEPCUTET
imeni Isana @panka, YKpaina

E-mail: Dorosh_lilya@ukr.net

MeTtoio poboTu OyJIO AOCIIAUTH HiTpPaATPEmyK-
TasHy AaKTUBHICTb CyJIb(paTBIIHOBIIOBAIbHUX
6akrepiit Desulfomicrobium sp. CrR3 sa pisumux
YMOB KYyJIbTUBYBaHHA. 11 BUBHAUEHHA HiTpaTpe-
IOYKTasHOI AaKTHUBHOCTI CyJIb(aTBiIHOBIIOBAILHL
6akrepii Desulfomicrobium sp. CrR3 KyabpTUBYyBa-
au y mogudikoBanomy cepenoutii ITocrtreiira C,
3acrocoByBas M pPisHiI yMOBUM KyJbTUBYBaHHs: t°
15-45 °C, pH 5-9. HaiiBuiy HiTpaTpeayKTasHy
aKTHBHicTL O0aKTepil Desulfomicrobium sp. CrR3
BusaBaau 3a t° 25 ra 35 °C i pH 7-8. S3um:keHusa
Yy TigBUIIEHHS TeMmieparypu Tta pH mpusBogu-
JI0 IO 3HUKEeHHSA HiTpaTpelyKTasHOI aKTUBHOCTI.
HaiiBunty HiTpaTpenyKTasHy AaKTHUBHICTH BUAB-
JeHO B PO3UMHHINA (pakriii KiaituH (12 MKMOJIbL
HITPUTY'XB ~*MT npOTeiHyfl), B yJIaMKaX KJIiTHUH
BOHa OyJia HrK4a (5 MKMOJIb HiTpI/ITY'XBil'MI‘ Ipo-
TeiHy ), a B KYJbTYPaJbHilN piguHi — BigcyTHA.
BceranoBieHo, 1o HiTparpenykrasa y OaKTepiii
Desulfomicrobium sp. CrR3 € KOHCTHUTYTHUBHUM
ensuMoM. Besmuwmua K, 3a miTparom mna mocai-
IKYBAHOrO eH3uMy Oaxrepiit Desulfomicrobium
sp. CrR3 cranoBurs 1,2 MKMOIb, V.. — 15,7
MKMOJIb HiTpI/ITY'XB_l'MI‘ npo're'l'Hy_l, 110 CBiTUUTH
PO BUCOKY CIIOPiZHEHICTb eH3UMY O cyOcTpary.
TakuM YHMHOM, YMOBU KYJIbTHUBYBAHHS iCTOTHO
BILTMBAIOTH HA HiTpaTpeIyKTa3Hy aKTUBHICTE OaK-
Tepiit Desulfomicrobium sp. CrR3.

Knwuwosi cnosa: cyiabhaTBigHOBIOBAJIbHIL
OakTepii, HiTpaTpeayKTasHa aKTUBHICTb, YMOBU
KYJbTUBYBaHHSI.
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HUTPATPEOYKTASHASA AKTUBHOCTbD
CYJIb®ATPEIYITUPYIONNX BAKTEPUI
Desulfomicrobium sp. CrR3
ITPU PA3JIMYHBIX YCJIOBUAX
KYJbTUBUPOBAHHUA

JI. C. Topow, T. B. Ilepemamko, C. I1. I'yd3v

JIbBOBCKUITI HATTMOHAJIbHBIN YHUBEPCUTET
umenu VBana @paHKo, YKpauHa
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ITesnsio paboOTHI OBLIO HMCCIAEIOBaHUE HUTPATPE-
IYKTa3HOM aKTUBHOCTH CYJIb(aTpemsyIupyOIIx
6axrepuit Desulfomicrobium sp. CrR3 mpu pas-
JIMYHBIX YCJIOBUAX KYyJIbTUBUPOBaHUA. 1A ompe-
eJIEHUs HUTPATPEeNYKTAa3HONH AaKTUBHOCTU CYJIb-
darpenymupyrorue 6axtepun Desulfomicrobium
sp. CrR3 KyabTuBUpOBaIW B MOAUMUITMPOBAHHON
cpene Iloctreiita C. IlpuMeHsanan pasjaudHbIE YC-
JoBUA KyabTuBmpoBanusa: t° 15-45 °C, pH 5-9.
HawuBrICITyio HUTPaTPeIyKTAa3Hy AaKTUBHOCTE ODaKTe-
puu Desulfomicrobium sp. CrR3 npossasiu opu t°
25u 35 °C, pH 7—8. CHMKeHre 1IN IIOBLIIIIEHIE TEM-
mepaTypbl ¥ pH ODPUBOAMIIO K CHUKEHWIO HUTPAT-
penyKTasHoOil aKTHUBHOCTH. HawmBBICIIIass HUTpPaTpe-
IyKTasHas aKTUBHOCTH OOHAPYsKeHa B PACTBOPUMOILA
dpaknuu xKjaetTok (12 MKMOJIbL HI/ITpI/IT&MI/IH_l-MI‘
IpoTenHa '), B 0GJOMKAX KJIETOK OHA ObLIa Hinke (5
MKMOJIb HI/ITpI/ITa‘MI/IH_l‘MI‘ HpOTeI/IHa_l), a B KyJbTy-
PaILHOM JKUIKOCTH — OTCYTCTBOBAJIA. ¥ CTAHOBJIEHO,
uTO HUTPaTpeayKTasa y baxkrepuii Desulfomicrobium
sp. CrR3 daBnsgercss KOHCTUTYTUBHBIM 9YH3UMOM.
Besnnuuna K, mo HUTpaTy 1714 Mccyie[yeMoro sH3uMa
6axrepuit Desulfomicrobium sp. CrR3 cocraBiser
1,2 mxmousb, V.. — 15,7 MKMOJb HUTpHUTA -MUH
Lmr mporenna !, 4To cBUAETENBCTBYET O BBICOKOM
cpoacTBe sH3MMA K cybcrpary. Taxkum obpasom,
yCJIOBUSA KYJIBTUBUPOBAHUSA CYIIIECTBEHHO BJIMS-
0T Ha HUTPATPEIYKTA3HYI0 aKTHBHOCTHL OAKTepuUit
Desulfomicrobium sp. CrR3.

Knrouesvie cnoea: cyabdaTpenynupyoolmne
OaxkTepum, HHUTPATPEAYKTa3HAs AaKTUBHOCTD,
YCJIOBUSA KYJIbTUBUPOBAHUA.



