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Abstract—A novel nitrate reductase (NR) was isolated from cell extract of the haloalkaliphilic bacterium Thioalkalivibrio
nitratireducens strain ALEN 2 and characterized. This enzyme is a classical nitrate reductase containing molybdopterin
cofactor in the active site and at least one iron—sulfur cluster per subunit. Mass spectrometric analysis showed high homol-
ogy of NR with the catalytic subunit NarG of the membrane nitrate reductase from the moderately halophilic bacterium
Halomonas halodenitrificans. In solution, NR exists as a monomer with a molecular weight of 130-140 kDa and as a homote-
tramer of about 600 kDa. The specific nitrate reductase activity of NR is 12 umol/min per mg protein, the maximal values
being observed within the neutral range of pH. Like other membrane nitrate reductases, NR reduces chlorate and is inhib-
ited by azide and cyanide. It exhibits a higher thermal stability than most mesophilic enzymes.
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Nitrogen is ubiquitous in living organisms. Since
oxidation degree of nitrogen varies from +5 to —3, the
nitrogen cycle in nature is a complex, multistage process
including a cascade of oxidative (nitrification) and reduc-
ing (denitrification, dissimilatory nitrate reduction) reac-
tions. The first reaction of the oxidative cycle is catalyzed
by nitrate reductases (NR) that reduce nitrate to nitrite by
a two-electron mechanism [1, 2].

Three classes of nitrate reductases have been found
in prokaryotes: assimilatory nitrate reductases (Nas) and
two classes of dissimilatory enzymes (respiratory mem-
brane-bound nitrate reductases (Nar) and periplasmic
nitrate reductases (Nap)). In spite of the structural differ-
ences and various localization in the cell, all known

Abbreviations: HPLC, high performance liquid chromatogra-
phy; MGD, molybdopterin guanine dinucleotide; Nap,
periplasmic dissimilatory nitrate reductases; Nar, respiratory
membrane-bound nitrate reductases; NarGHI, membrane-
bound nitrate reductase composed of NarG, NarH, and Narl
subunits; Nas, assimilatory nitrate reductase; NR, nitrate
reductase from Thioalkalivibrio nitratireducens; PPB, potassi-
um-phosphate buffer.
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nitrate reductases contain a molybdenum cofactor (Mo-
co) in the active site as the molybdopterin guanine dinu-
cleotide (MGD) [3, 4]. Besides MGD, nitrate reductase
complexes contain various prosthetic groups involved in
the electron transport from a donor molecule to the active
site of the enzyme (FeS clusters, cytochromes b and c,
FAD) [2, 4, 5].

Nas are soluble enzymes localized in the cytoplasm.
They can be ferredoxin (flavodoxin)- or NADH-depend-
ent. The ferredoxin-dependent Nas consists of one cat-
alytic subunit (70-85 kDa) [6]. The NADH-dependent
Nas is a heterodimer containing a catalytic subunit (90-
105 kDa) and a subunit that is responsible for the electron
transport (45-50 kDa) [7]. Both types of the enzymes
contain MGD and FeS clusters. The synthesis of Nas is
oxygen-insensitive, inhibited by ammonium, and
induced by nitrate and nitrite [8, 9].

Nar play a key role in the formation of the trans-
membrane proton gradient [4]. The Nar molecule is
composed of three subunits — NarG, NarH, and Narl.
Subunits NarG and NarH are localized in the cytoplasm,
and the Narl subunit is a membrane anchor. The catalyt-
ic NarG (104-150 kDa) contains a molybdenum cofactor
and a [4Fe-4S] cluster, NarH (43-63 kDa) is a globular
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protein containing iron—sulfur clusters [10], and Narl
(19-28 kDa) contains two b-type hemes. Besides the
reduction of nitrates, enzymes of this class can reduce
chlorates, and they are inhibited by cyanide and azide
[11].

Nap play a key role under both aerobic and anaero-
bic metabolism in fixation of trace amounts of nitrite and
elimination of excess of reducing equivalents and are not
involved in the formation of the transmembrane poten-
tial. These enzymes are localized in the periplasm. They
are heterodimers composed of a catalytic subunit
(90 kDa) containing a molybdenum cofactor and a [4Fe-
4S] cluster, and a subunit of 13-19 kDa containing two c-
type hemes. Nap do not use chlorate as a substrate, they
are insensitive to cyanide, and they are activated in the
presence of azide and thiocyanate [11]. Nap synthesis is
insensitive to oxygen and ammonium and is stimulated by
the addition of nitrate [12].

The bacterium Thioalkalivibrio nitratireducens strain
ALEN 2 was isolated from sediment of the hypersaline
soda lake Fazda (Wadi Natrun) in Egypt. It is a haloalka-
liphile with obligate chemolithoautotrophic metabolism
and is capable of growing with sulfide/polysulfide and
thiosulfate as electron donors under both aerobic and
anaerobic conditions at the expense of nitrate reduction.
In the latter case, nitrate is stoichiometrically reduced to
nitrite [13]. Previously, this bacterium was used for isola-
tion of an octaheme cytochrome c nitrite reductase that
significantly differed from earlier described cytochrome ¢
nitrite reductases in its structure and properties. The
enzyme exhibited high activity in vitro and was extremely
thermostable [14, 15]. Presumably, the unique properties
of the nitrite reductase reflect adaptation of Tv. nitratire-
ducens to extreme environmental conditions.

The goal of the present work was isolation and char-
acterization of nitrate reductase (NR) from 7v. nitratire-
ducens ALEN 2 grown under microaerophilic conditions.

MATERIALS AND METHODS

In the present work the following chemicals were
used: acrylamide, glycine, tetramethylethylenediamine,
bisacrylamide, 2-mercaptoethanol, triphenyltetrazolium
chloride, methyl viologen, N-I1-naphthyl ethylenedi-
amine, NADH, phenylmethylsulfonyl fluoride, Tris,
potassium dihydrophosphate, Coomassie G-250, and
Triton X-100 (Sigma, USA); sodium dithionite (Merck,
Germany; Aldrich, USA). Other chemicals were pur-
chased from Reachim (Russia).

Culture and growth conditions. The culture of 7v.
nitratireducens strain ALEN 2 was maintained as
described earlier [14]. Cells were grown at 28°C under
microaerophilic conditions. The mineral medium
(pH 10.0) contained (g/liter): Na,CO,, 23; NaHCO,;, 7;
NaCl, 5; K,HPO,, 1; KNO,, 1; MgCl,,6H,0, 0.2, and a
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number of microelements [16]. Thiosulfate (40 mM) was
used as the source of energy. The inoculate was grown in
the same medium supplemented with 5 mM NH,CI in
750-ml flasks (working volume, 500 ml) on rotor shaker
(220 rpm). Maximal nitrate reductase activity was found
in exponentially growing cells. At this growth stage, cells
were collected by centrifugation (13,000g, 30 min) and
broken using a French press in 100 mM potassium-phos-
phate buffer (PPB), pH 7.0, in the presence of 0.2 mM
phenylmethylsulfonyl fluoride (a serine proteinase
inhibitor). Unbroken cells and cell debris were removed
by centrifugation (13,000g, 30 min). To isolate cell mem-
brane fractions, the resulting extract was centrifuged at
150,000g for 1.5 h. The membrane fraction was washed
twice with 50 mM PPB, pH 7.0, and membrane proteins
were solubilized using Triton X-100 (final concentration,
2% (v/v)) at 4°C overnight. The resulting solution was
assayed for nitrate and nitrite reductase activity using the
standard procedure described below. The soluble fraction
was assayed for nitrite reductase activity using the same
method. The nitrate reductase activity of the soluble frac-
tion was revealed by gel staining, since high nitrite reduc-
tase activity prevented the quantitative determination of
nitrate reductase activity in the solution.

Isolation and purification of nitrate reductase (NR).
NR was isolated from the soluble fraction of the cell
extract. The procedure of enzyme purification included
ammonium sulfate fractionation, anion-exchange low-
pressure chromatography, anion-exchange HPLC, and
gel filtration.

Anion-exchange low-pressure chromatography was
performed at 4°C using a DEAE-Sepharose (Fast Flow)
column (80 ml) and a BioLogic LP chromatograph (Bio-
Rad, USA). The column was equilibrated with 50 mM
PPB, pH 7.0. After loading the extract onto the column
and subsequent washing, the protein was eluted with a
linear (0-0.6 M) NaCl gradient in the same buffer.
Fraction volume was 7 ml. The elution of the enzyme was
monitored by measuring activity and absorbance at
280 nm (A,g). Fractions exhibiting nitrate reductase
activity were pooled, dialyzed against 50 mM PPB,
pH 7.0, and applied onto the column for repeated anion-
exchange chromatography.

Anion-exchange HPLC was performed using an
AKTA FPLC chromatograph (Amersham Biosciences,
USA) on a MonoQ 10/100 GL column equilibrated with
50 mM PPB, pH 7.0. Nitrate reductase was eluted with a
linear (0-0.6 M) NaCl gradient in the same buffer.

Gel filtration was performed using the same chromato-
graph on a Superdex™ 200 10/300 column equilibrated
with 50 mM PPB, pH 7.0, containing 0.15 M NaCl.
Molecular weights of the eluted proteins were determined
using protein standards (Amersham Biosciences): thy-
roglobulin (669 kDa), ferritin (440 kDa), aldolase
(158 kDa), bovine serum albumin (67 kDa), chy-
motrypsinogen (25 kDa), and ribonuclease (13.5 kDa).
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Blue Dextran (2000 kDa) was used to determine the void
volume of the column.

SDS-PAGE was performed according to Laemmli
[17] in a gradient (5-20%) polyacrylamide gel. Protein
bands were stained with silver according to [18] and col-
loid Coomassie G-250. Molecular weights of proteins
were estimated using a kit of recombinant proteins of 10,
15, 20, 25, 30, 40, 50, 60, 70, 85, 100, 120, 150, and
200 kDa (Fermentas, Lithuania).

Mass spectra were obtained using a Bruker Ultraflex
II MALDI-TOF mass spectrometer equipped with a UV
laser. Protein samples were preliminarily hydrolyzed by
trypsin. The mass spectra of the resulting peptides were
obtained in the positive ion reflectron mode. The accura-
cy of the measured masses after additional calibration by
trypsin autolysis peaks was held to within 0.01%.

The peptide fingerprints of the proteins were identi-
fied using the Mascot program (www.matrixscience.com).
The proteins were searched among bacterial proteins in
the NCBI database with the indicated accuracy consider-
ing the possibility of methionine oxidation by oxygen and
possible modification of cysteines by acrylamide.

Determination of nitrate and nitrite reductase activi-
ties. Nitrate reductase activity was determined by the rate
of the formation of nitrite from nitrate in the presence of
methyl viologen reduced with dithionite. The reaction
was performed under anaerobic conditions in glass vials
for gas chromatography. The reaction medium and a
sodium dithionite solution were purged with argon of
high purity for 10 min. The reaction medium (1 ml) con-
tained 100 mM PPB, pH 7.0, 2 mM NaNO;, 1.6 mM
methyl viologen, and the tested enzyme (10-50 ul of 0.2-
9 mg/ml solution). The reaction was started by the addi-
tion of 15 ul of 1 M sodium dithionite.

During 15-20 min of incubation at 30°C, aliquots of
50 pl were taken from the mixture to determine the nitrite
concentration according to [19]. The unit of NR activity
was determined as the amount of enzyme catalyzing for-
mation of 1 pumol NO; per minute. All measurements
were performed three times. Kinetic parameters of the
nitrate reductase reaction were determined by varying the
concentration of nitrate in the reaction mixture.

The nitrite reductase activity was determined by the
rate of decay of nitrite under the same conditions, replac-
ing 2 mM NaNO; in the reaction mixture with 1 mM
NaNO, and monitoring the residual nitrite concentra-
tion.

Determination of nitrate (nitrite, chlorate) reductase
activities in polyacrylamide gels. Non-denaturing elec-
trophoresis was performed following Davis [20] using a
gradient (5-20%) polyacrylamide gel containing 2 M
urea. The gel was stained with colloidal Coomassie G-
250.

To determine reductase activities, the gel was placed
into a mixture containing 80 mM PPB, pH 7.0, 20 mM
nitrate (nitrite, chlorate), 1 mM methyl viologen, and
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5 mM sodium dithionite, and incubated at 45°C until the
emergence of transparent bands on the blue field that are
formed as a result of oxidation of the reduced methyl vio-
logen by NR or nitrite reductase. To fix the staining, the
gel was placed first in 0.05% triphenyltetrazolium chlo-
ride solution and then into 5% acetic acid.

Optimal pH range. To determine the optimal pH for
NR activity, the following buffers were used: 0.2 M
CH,COONa/CH;COOH (pH 4-5), 0.2 M KH,PO,/KOH
(pH 6-8), 0.2 M H;BO,/KOH (pH 9-10), 0.2 M K,HPO,/
KOH (pH 11-12).

Optimal temperature for NR activity was determined
after 10 min incubation of the reaction mixture at a cer-
tain temperature (20-70°C), and then the reaction was
initiated by the addition of sodium dithionite. Other con-
ditions were standard.

Thermoinactivation of the enzyme. Enzyme solution
in 50 mM PBB, pH 7.0, was incubated at 40, 45, 50, or
55°C. After fixed time intervals, aliquots were taken from
the mixture to determine the residual nitrate reductase
activity at 30°C under standard conditions.

RESULTS AND DISCUSSION

Analysis of solubilized proteins of the membrane
fraction and proteins of the soluble fraction by non-dena-
turing PAGE revealed several bands exhibiting nitrate
reductase activity that depended on changes in cultiva-
tion conditions (oxygen content, presence of ammonium
and nitrite in the culture medium). In the present work,
we describe the nitrate reductase from the soluble fraction
of the cell extract whose synthesis was not inhibited either
by oxygen or by ammonium.

Since in the soluble fraction a high nitrite reductase
activity was revealed, it was impossible to evaluate the
nitrate reductase activity. On the first stage of isolation,
the nitrite- and nitrate reductases were separated by
ammonium sulfate fractionation. NR was precipitated in
the range of 20-40% sulfate ammonium saturation, while
the nitrite reductase activity was detected in the solution
until 60% saturation. The pellet exhibiting NR activity
was dissolved in 50 mM PPB, pH 7.0, and applied to a
DEAE-Sepharose column. The proteins were eluted with
a NaCl (0-600 mM) gradient. The NR activity was
observed in fractions with salt concentration of 210-
450 mM (Fig. 1a and Fig. 3a, lane 4). The subsequent
chromatography of the obtained fraction on a MonoQ
column yielded peaks I and II (Fig. 1b and Fig. 3a, lanes
5and 6) eluted with 260 and 350 mM NacCl, respectively.
The peaks were collected separately and gel filtered
through a Superdex 200 column equilibrated with 25 mM
PPB containing 150 mM NaCl, pH 7.0.

According to the results of gel filtration, peaks I and
II contained two fractions with NR activity with retention
volumes of 9.46 and 12.6 ml (Fig. 2, a and b) correspon-
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Fig. 1. NR purification by anion-exchange chromatography. a)
DEAE-Sepharose chromatography; b) HPLC on a MonoQ col-
umn. /) Absorption at 280 nm; 2) activity of NR, umol NO3/min;
3) conductivity, mS/cm.

ding to molecular weights of 600 and 140 kDa. Peak I elut-
ed at a lower NaCl concentration contained mainly the
low-molecular-weight NR, while peak II contained the
high-molecular-weight NR. Repeated gel filtration of the
peaks with the retention volumes of 9.46 ml (Fig. 2¢) and
12.6 ml (data not shown) yielded two NR preparations,
NR1 and NR2. Non-denaturing electrophoresis of pro-
teins NR1 and NR2 showed two closely spaced bands (Fig.
3b, lanes 1 and 2) exhibiting NR activity (Fig. 3b, lanes 3
and 4). Analysis of NR1 and NR2 by SDS-PAGE detect-
ed protein bands corresponding to 140 kDa (Fig. 3a, lanes
7 (NR2) and 8 (NRI1)) kDa. The coinciding of all main
peaks in the peptide mass spectra of the 140-kDa subunits
of the two enzyme forms suggests that NR1 and NR2 are
the same protein. The results of the mass-spectrometric
assay revealed a high homology of the isolated protein with
the catalytic NarG subunit of the membrane nitrate reduc-
tase from the moderately halophilic bacterium Halomonas
halodenitrificans. In the isolated protein, polypeptide frag-
ments were found that are conserved for the family of res-
piratory membrane nitrate reductases [21] and located in
the domains that are responsible for binding MGD.

It has been known that the catalytic subunit NarG of
respiratory membrane nitrate reductases is located on the
cytoplasmic side of the cell membrane, and during the
isolation it can readily dissociate from the membrane in a
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complex with the electron-transfer subunit NarH. The
complex NarGH can be solubilized either by thermal
treatment (40-60°C for 20 min) [22], or in the presence of
detergents [23]. For the bacterium Paracoccus denitrifi-
cans, the soluble form of the complex was obtained by
washing the membranes with 20 mM Tris buffer in the
absence of Mg?* [24]. In some cases, as it was shown for
nitrate reductase from the halophilic archaeon
Haloarcula marismortui [23], the solubilization of the
nitrate reductase complex resulted in the separation of the
subunit NarG that reversibly aggregated in the solution
yielding tetramers. A similar situation is likely to be
observed in the present work, where two fractions NR1
and NR2 with different molecular weight are the
tetrameric and monomeric forms of the same protein, the
catalytic subunit NarG of the respiratory nitrate reduc-
tase. According to preliminary data, the oligomerization
is reversible and is regulated by ionic strength.

The absorption spectra of oxidized forms of NRI1
and NR2 exhibited a maximum at 408 nm that shifted to
418 nm after reduction with sodium dithionite (Fig. 4).
The intensity of the peak decreased with the reduction,
which is typical for iron—sulfur clusters [1, 7] found in the
catalytic subunits of all types of nitrate reductases. The
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Fig. 2. Purification of NR by gel chromatography on a Superdex

200 column: a) peak I; b) peak II; c¢) repeated gel chromatography
of the peak with the retention volume of 9.46 ml (see Fig. 2b).
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Fig. 3. Electrophoretic analysis of NR at different stages of purification. a) SDS-PAGE: I) protein standards; 2) homogenate; 3) fraction with
nitrate reductase activity (20-40% saturation with ammonium sulfate); 4) NR fraction after DEAE-Sepharose chromatography; 5) purifica-
tion on a MonoQ column, peak I; 6) purification on a MonoQ column, peak I1I; 7) NR2 fraction after gel filtration on Superdex 200; &) NR1
fraction after gel filtration on Superdex 200. b) Non-denaturing electrophoresis: /7, 2) NR1 (/) and NR2 (2) after Coomassie G-250 staining;
3-5) NR1 (3), NR2 (4), and homogenate (5) after staining for nitrate reductase activity. ¢) Non-denaturing electrophoresis, staining for
reductase activity with different substrates: /) nitrate; 2) chlorate; 3) nitrite; 4) control (no substrates).

intensity of the NR1 and NR2 peaks calculated per unit
of protein concentration differed only slightly. There were
no peaks of cytochromes or flavins in the spectra of the
proteins. Staining of polyacrylamide gels for detection of
heme c in the bands corresponding to NR1 and NR2 was
negative [25].
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Fig. 4. Absorption spectra of the purified NR preparation: /) oxi-
dized form; 2) after reduction with dithionite. The sample con-
tained 0.95 mg/ml of protein in 50 mM PPB, pH 7.0.

Direct determination of metals by plasma atomic-
emission spectroscopy and plasma mass spectroscopy
revealed the presence of iron and molybdenum atoms in
both preparations (5.3 + 0.3 and 0.17 = 0.03 mol per mol
of 140-kDa subunit). Previously, it has been demonstrat-
ed that besides MGD, the catalytic subunits of all nitrate
reductases contain one iron—sulfur cluster of [4Fe-4S]
type. The content of iron atoms in the isolated NR corre-
sponds to the presence of at least one [4Fe-4S] cluster.
Some excess of iron can be related to the presence of
iron-containing impurities (for example, NarH that con-
tains four FeS clusters). The low molybdenum content in
both preparations may be due to the loss of the metal dur-
ing the isolation, as it has been described for other nitrate
reductases [23].

EPR spectroscopy at 77 K showed no clear signals
typical for Mo(V) (data not shown), presumably due to
the low content of Mo in the active site of the NR. In
spite of high content of iron, signals with g-factors of 1.8-
2.2 that are characteristic for [4Fe-4S] clusters were not
observed in the spectra. As known from the literature, in
contrast to the catalytic subunits NasB and NapA, the
signal of the [4Fe-4S]-cluster with g-factors in this range
is not detected in the EPR spectra of the catalytic subunit
NarG [26]. For the first time, the presence of this cluster
in the NarG structure was demonstrated by X-ray analy-
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sis of the complexes NarGHI and NarGH from E. coli
[27, 28]. The signal with g-factors of 5.023 and 5.556 that
was previously found [29] and attributed to the high-spin
[4Fe-4S] cluster of the NarG subunit of the nitrate reduc-
tase from FE. coli is sensitive to temperature and to the
content of molybdenum in the active site and is virtually
not detected at temperatures above 20 K and in the
molybdenum-free NrGHI mutant.

To characterize catalytic properties of the enzyme,
we used the NRI1 preparation (further in the text, NR)
since it was pure and obtained in sufficient amounts.
Incubation of polyacrylamide gels obtained after non-
denaturing electrophoresis of NR with different sub-
strates showed that besides nitrate, NR reduced chlorate
and did not reduce nitrite (Fig. 3c¢). The addition of 2 mM
chlorate into the reaction mixture containing 2 mM
nitrate (the concentration 10-fold exceeding the K, value
for nitrate, see below) resulted in 20% decrease in nitrate
reductase activity, confirming the effective binding of
chlorate in the active site of NR. The ability to reduce
chlorate is considered to be a characteristic feature of dis-
similatory membrane-bound nitrate reductases [10, 30].
Periplasmic (Nap) and assimilatory (Nas) nitrate reduc-
tases do no reduce chlorate [2, 10, 31].

Specific nitrate reductase activity of NR at 30°C
ranged up to 12 = 2 umol/min per mg protein (approxi-
mately 30 sec™!). Change of the buffer (PPB or Tris-HCl,
pH 7.5) did not influence the enzyme activity. The
Michaelis constant value (K,) for nitrate was 0.22 *
0.05 mM. In spite of the low content of molybdenum in
the preparation, the catalytic characteristics of the isolat-
ed NR are comparable with those determined for Nar and
Nap enzymes from other sources: K, values for nitrate
usually vary from 0.3 to 3.8 mM, and specific activity is
within the range of 2.8-100 umol/min per mg protein [2].
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Fig. 5. Dependence of nitrate reductase activity on pH at 30 (/)
and 45°C (2). The reaction mixture contained 4 pg/ml of NR in
100 mM PPB, pH 7.0.
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In spite of the alkaline environment and cultivation
medium (pH 10) of the bacterium 7V. nitratireducens, the
optimal pH value for the enzymatic activity of NR was
close to the neutral one (pH 7.0 at 30°C and 6.5-7.5 at
45°C) (Fig. 5), thus corresponding to the pH optimum of
most intracellular enzymes. In the presence of high salt
concentrations, no significant change in the activity was
observed. In the presence of 4.5 M NaCl, the activity
constituted 70% of the original value.

The optimal temperature for the activity was found to
be 50-55°C, which is higher than that of most bacterial
nitrate reductases (30-40°C) [32]. Activity of the NR meas-
ured at the optimal temperature was equal to 40 umol/min
per mg protein.

Incubation of the enzyme solution at 40-55°C
(50 mM PPB, pH 7.0) resulted in the activation of the
enzyme by 20-60% for the first 30-40 min, and further the
activity decreased to zero (Fig. 6). The thermoinactiva-
tion followed first order kinetics with constants of (0.3 =
0.05)-107%, (1.0 £ 0.2)-10™, (3.5 £ 0.8):107*, and (6.0 *+
1.0)-10~* sec™" at 40, 45, 50, and 55°C, respectively. The
activation energy of the NR thermoinactivation calculat-
ed from these data was 174 kJ/mol, the value exceeding
the corresponding parameter of mesophilic enzymes and
indicating that the isolated enzyme belongs to the class of
thermostable proteins, similarly to the previously isolated
cytochrome ¢ nitrite reductase isolated from the same
bacterium [14].

According to literature data, the dissimilatory mem-
brane nitrate reductases are competitively (towards
nitrate) inhibited by cyanide, azide, and thiocyanate, and
cyanide exhibits a higher affinity to the reduced form. For
the periplasmic nitrate reductases, the inhibition by
azide, cyanide, and thiocyanate was not observed [31].
NR isolated from 7v. nitratireducens was efficiently inhib-
ited by cyanide or azide only when the reaction was initi-
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Fig. 7. Dependence of nitrate reductase activity on cyanide (/)
and azide (2) concentrations. The reaction mixture contained
4 pug/ml of NR in 100 mM PPB, pH 7.0.

ated by the addition of nitrate to the reaction mixture
containing the reduced enzyme and inhibitor. Under
these conditions, azide was a more efficient inhibitor than
cyanide: the inhibitor concentration resulting in 50%
inhibition ([/5,]) was 3.4 uM for azide and 24.3 uM for
cyanide (Fig. 7). The inhibition by azide was competitive
towards nitrate with an inhibition constant of 0.3 uM, i.e.
the binding of azide was 1000-fold more efficient than the
binding of the substrate.

When the reaction was initiated by the addition of
dithionite to the reaction mixture containing nitrate, the
oxidized enzyme, and an inhibitor, the concentration of
nitrite increased on the first stage due to the reduction of
nitrate. After 10 min of incubation, the observed inhibi-
tion was proportional to the inhibitor concentration as in
the case of the initiation of the reaction by nitrate. Thus,
as in the case of membrane nitrate reductases, azide and
cyanide exhibited a higher affinity to the reduced form of
the enzyme.

Thus, in the present work NR was isolated from the
haloalkaliphilic bacterium 7¥v. nitratireducens and charac-
terized. In terms of the molecular and catalytic proper-
ties, NR was found to be similar to the catalytic subunit
NarG of the membrane nitrate reductase. The factors
responsible for the high content of NR in the soluble frac-
tion of the cell extract are unclear. Presumably, besides
respiratory functions of NR as a catalytic subunit in the
membrane NarGHI complex, it can play a role of assim-
ilatory nitrate reductase localized in the cytosol. To test
this assumption, the investigation of the effect of cultiva-
tion conditions of 7v. nitratireducens cells on the NR syn-
thesis will be continued.
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