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Abstract—The main catalytic properties of the Hox type hydrogenase isolated from the Gloeocapsa alpicola cells have been
studied. The enzyme effectively catalyzes reactions of oxidation and evolution of H, in the presence of methyl viologen
(MV) and benzyl viologen (BV). The rates of these reactions in the interaction with the physiological electron donor/accep-
tor NADH/NAD" are only 3-8% of the MV(BV)-dependent values. The enzyme interacts with NADP* and NADPH, but
is more specific to NAD™ and NADH. Purification of the hydrogenase was accompanied by destruction of its multimeric
structure and the loss of ability to interact with pyridine nucleotides with retained activity of the hydrogenase component
(HoxYH). To show the catalytic activity, the enzyme requires reductive activation, which occurs in the presence of H,, and
NADH accelerates this process. The final hydrogenase activity depends on the redox potential of the activation medium
(E,). At pH 7.0, the enzyme activity in the MV-dependent oxidation of H, increased with a decrease in E;, from —350 mV
and reached the maximum at E|, of about —390 mV. However, the rate of H, oxidation in the presence of NAD" in the E|,
range under study was virtually constant and equal to 7-8% of the maximal rate of H, oxidation in the presence of MV.
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Cyanobacteria can synthesize two functionally dif-
ferent hydrogenases [1-3]. One is a membrane-bound Ni-
Fe hydrogenase of the uptake type (HupSL), which is
specific for nitrogen-fixing species. The function of this
enzyme is reutilization of H, produced by nitrogenase [4,
3].

The other hydrogenase catalyzes in vitro both the
formation and uptake of H, during the interaction with
artificial donors or acceptors of electrons and, therefore,
it is called reversible. The reversible hydrogenase has been
found in different forms of cyanobacteria and seems to be
the only enzyme responsible for physiological reactions of
hydrogen metabolism in strains unable to fix molecular
nitrogen [6-8]. The molecular biological properties of the

Abbreviations: BV, BV**, BV") benzyl viologen, its oxidized, and
reduced form; E,) redox potential of the medium; ETC) elec-
tron transport chain; MV, MV?*", MV*") methyl viologen, its
oxidized, and reduced form; PSII) photosystem II; SD) sodium
dithionite.

* To whom correspondence should be addressed.

enzyme have been studied in detail: the structural gene
(hoxEFUYH) encoding the reversible hydrogenase in a
relatively great number of cyanobacteria has been identi-
fied and completely sequenced [9-11]. HoxYH is a
hydrogenase dimer carrying a bimetallic Ni-Fe active site.
HoxEFU is a diaphorase moiety of the enzyme responsi-
ble for its interaction with NAD(P)*/NAD(P)H.
Notwithstanding abundant data on molecular biology of
the reversible hydrogenase, its functional role in the
metabolism of cyanobacteria is still under discussion. On
the basis of high degree homology of the hydrogenase
diaphorase subunits with three subunits of the respiratory
NADH-dehydrogenase complex, it was suggested that
the diaphorase moiety of the hydrogenase should simulta-
neously be a NADH-oxidizing moiety of this complex
functioning in both the photosynthetic and respiratory
electron transport chain (ETC) [9, 12, 13]. From the
standpoint of this hypothesis, the physiological role of the
reversible hydrogenase in cyanobacteria can be consid-
ered as a “valve” for an excess of reductive equivalents
from ETC as H, [13, 14].
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For some years we have been studying the hydrogen
metabolism in unicellular non-nitrogen-fixing cyanobac-
terium Gloeocapsa alpicola CALU 743. This microorgan-
ism can produce and uptake molecular hydrogen due to
functioning in the cells of a Hox type reversible hydroge-
nase [15, 16]. Besides acetate and CO,, H, is major prod-
uct of the fermentation of glycogen stored during photo-
synthesis [17, 18]. H, is intensively oxidized by hydroge-
nase in the photosynthesizing cells and can be the only
donor of electrons in anoxygenic photosynthesis [18, 19].
We have found that the hydrogenase synthesis is not reg-
ulated on the transcriptional level, although the hydroge-
nase activity of the cells increases several-fold in cultures
growing under nitrogen (nitrate) limiting conditions,
when photosystem II (PSII) is inactivated and the intra-
cellular medium becomes more reduced [15, 16]. A high
sensitivity of the reversible hydrogenase to oxygen makes
difficult purification of the enzyme and its in vitro inves-
tigation. Reversible hydrogenases from the unicellular
cyanobacteria Synechocystis sp. PCC 6803 and Anacystis
nidulans isolated and purified in an anaerobic box have
been characterized most comprehensively [11].
However, there are only a few data on the catalytic prop-
erties of the enzyme; they are fragmentary and often con-
tradictory.

This work presents the results of studies on the cat-
alytic behavior of the hydrogenase isolated from G. alpi-
cola: its stability and activation, and optimal conditions
for catalysis of H, evolution and H, oxidation on the
interaction with artificial and physiological donors and
acceptors of electrons.

MATERIALS AND METHODS

The hydrogenase was isolated from Gloeocapsa alpi-
cola GALU 743 cells, strain Fitzgerald 1051, cultured in
a periodic regimen on BG, medium [20] supplemented
with the growth-limiting concentrations of nitrate (2-
4 mM) [18].

During the enzyme purification, the hydrogenase
activity of the cells and preparations was determined
amperometrically [18] in the reaction of H, evolution
from the sodium dithionite (SD)-reduced MV* (methyl
viologen, reduced form) and expressed in pmol/min
per mg protein. The H, evolution and oxidation catalyzed
by the hydrogenase on interaction with various donors
and acceptors of electrons were determined spectropho-
tometrically [21, 22] and amperometrically [18] and ex-
pressed in pmol/min per ml or pmol/min per mg protein.
The following values of the molar absorption coefficient
were used in the calculations: g4, = 12,300 M'-cm™" for
methyl viologen (MV), gs55 = 7550 M~'.cm™ for benzyl
viologen (BV), and &35, = 6300 M~!.cm™ for NADH. The
pH dependence of the hydrogenase activity was deter-
mined in 20 mM citrate-phosphate (pH 3.0-7.5) and
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glycine-phosphate (pH 6.5-10.5) buffers. In acidic reac-
tion mixtures (pH < 6.0) metallic zinc was used instead of
SD for reduction of MV.

For reductive activation each hydrogenase prepara-
tion (~1-3 mg protein per ml) was placed into the side-
arm of a 20-ml glass vessel deoxygenated by several cycles
of evacuation and re-equilibration with H, or Ar. To
remove traces of oxygen and monitor the anaerobic medi-
um, 1 ml of 2 mM SD-reduced MV was placed into the
central part of the vessel. The necessary additions were
injected into the hydrogenase preparation with a microsy-
ringe. Samples of hydrogenase were also taken with a
microsyringe and transferred anaerobically into the reac-
tion system.

To purify the hydrogenase, nitrate-limited
cyanobacterium cells were used, which possessed high
hydrogenase activity and low content of phycobilin pig-
ments. The cell suspension in 0.05 M potassium-phos-
phate buffer (pH 7.0) was ultrasonicated with constant
cooling, and the homogenate was centrifuged for 40 min
at 14,000g. The supernatant (a cell-free extract) was sub-
jected to stepwise chromatography on a column (3 x
15 cm) with DEAE-cellulose DEs,, which was washed in
0.05 M potassium-phosphate buffer and then 0.1 M NaCl
in the same buffer, and the hydrogenase was then eluted
with 0.5 M NacCl in the same buffer. The resulting frac-
tion retained 100% of the hydrogenase activity of the cell-
free extract. This fraction was supplemented with
(NH,),SO, to the concentration of 0.6 M and placed onto
a column (1 x 5 cm) with phenyl-Sepharose CL 4B equil-
ibrated with 0.8 M (NH,),SO,. The column was washed
with 0.25 M (NH,),SO,, and the hydrogenase was eluted
with 0.05 M potassium-phosphate buffer (pH 7.0). The
resulting preparation was chromatographed on a column
(1 x 10 cm) with Fractogel DEAE 650 (S). The proteins
were eluted in a linear concentration gradient of NaCl
(0.1-0.8 M) in 0.05 M potassium-phosphate buffer
(pH 7.0). The central fractions with the hydrogenase
activity were combined, concentrated on a small column
(0.3 x 2 cm) with DEAE-cellulose DEs,, and subjected to
gel filtration on a column (1 x 100 cm) with Sephacryl S-
300 equilibrated with 0.05 M Tris-HCI buffer (pH 8.0)
containing 0.1 M NaCl.

Electrophoresis of the hydrogenase preparations was
performed under nondenaturing conditions in 7.5% poly-
acrylamide gel [23], and the activity zones were devel-
oped by incubation of the gels in 0.025 M Tris-HCI buffer
(pH 8.0) containing I mM MYV in an atmosphere of H, at
30°C.

The protein concentration was determined by the
Bradford method [24].

The following reagents were used: Tris, MV, BY,
NAD®*, NADH, NADP*, NADPH, and SD from Serva
(Germany); DEAE-cellulose DEs,, phenyl-Sepharose
CL-4B, and Sephacryl S-300 from Pharmacia (Sweden);
Fractogel DEAE 650 (S) from Merck (Germany). Other
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reagents were of chemical purity and special purity,
domestic production.

RESULTS

Purification of the hydrogenase. The hydrogenase was
purified under aerobic conditions using four column
chromatographies (Table 1). The preparation with maxi-
mal specific activity of 32 umol H,/min per mg protein
was obtained at the gradient chromatography stage on a
column with Fractogel DEAE. Gel filtration of this
preparation caused a sharp decrease in the hydrogenase
activity and stability and the loss of its ability to interact
with NAD(P)* and NAD(P)H. The molecular weight of
the hydrogenase assessed by gel filtration of the final
preparation on a calibrated column with Sephacryl S-300
was 100 kD, whereas the M, of the native hydrogenase
complex (HoxEFUYH) was about 180 kD [11].
Electrophoresis in polyacrylamide gel of the resulting
hydrogenase under nondenaturing conditions gave an
activity zone with higher mobility than electrophoresis of
the cell-free extract of the cyanobacterium (Fig. 1). These
data suggest that the native multimeric enzyme is
destroyed (or dissociated) during the isolation, but the
structure retained is sufficient to exhibit activity in the
reactions with MV. Therefore, catalytic characteristics of
the native hydrogenase from G. alpicola were determined
on the preparations obtained after ion-exchange chro-
matography on the column with Fractogel. The hydroge-
nase purity in these preparations was sufficiently high,
because for these works the biomass was grown under
conditions of nitrogen limitation.

Catalyzed reactions. The interactions of the hydro-
genase with artificial (MV and BV) and physiological
NAD(P)H/NAD(P)* donors/acceptors of electrons were
characterized (Table 2). The hydrogenase effectively cat-
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Fig. 1. Electrophoregram of preparations of the hydrogenase from
Gloeocapsa alpicola: 1) cell-free extract; 2) hydrogenase prepara-
tion after gel filtration on a column with Sephacryl S-300. The
activity zones were developed in the reaction of H,-dependent
reduction of BV.

alyzed reactions of evolution and oxidation of H, with the
artificial electron carriers. The rate of NAD(P)H-
dependent evolution of H, was only 3-6% of the rate with
MYV because of the lower value of the MV redox potential
(E{ = —440 mV) compared to that of NAD(P)H (E! =
—320 mV). However, in the reactions of H, oxidation the
hydrogenase was also considerably more active with MV

Table 1. Purification of the hydrogenase from Gloeocapsa alpicola cells grown under conditions of nitrate limitation

Total Total activity*, Specific activity*, Yield, | Purification
Preparation protein, umol H,/min pmol H,/min % factor
mg per mg protein
Initial extract 300 135.0 0.45 100 1
Stepwise chromatography 54 135.0 2.5 100 5.6
on DEAE-cellulose DEs,
Hydrophobic chromatography 9.2 89.0 9.7 66 21.6
on phenyl-Sepharose CL-4B
Gradient chromatography 2.4 78.0 32.3 58 71.8
on Fractogel DEAE 650
Gel filtration on Sephacryl S-300 0.8 7.8 9.8 5 21.8
* The hydrogenase activity was determined in the reaction of H, evolution from MV"* reduced by SD.
BIOCHEMISTRY (Moscow) Vol. 71 No. 12 2006
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Table 2. Catalytic parameters of reactions catalyzed by the hydrogenase from G. alpicola

Reactions* V, umol/min K, pH Temperature
per mg protein uM optimum optimum, °C
Evolution of H, in the presence of MV* (2 mM MV, 30.6 77.0 (MV™Y) 4.3 65
6 mM SD, 20 ug hydrogenase)
Evolution of H, in the presence of NADH (3 mM NADH, 2.3 83.0 (NADH) 6.8 45
6 mM SD, 0.2 mg hydrogenase)
Evolution of H, in the presence of NADPH 0.7 476.0 (NADPH) 6.8 45
(3 mM NADPH, 6 mM SD, 0.2 mg hydrogenase)
Oxidation of H, in the presence of MV?* (1 mM MYV, 37.5 103.0 (MV?") 9.0 70
20 pg hydrogenase)
Oxidation of H, in the presence of BV?" (1 mM BY, 57.8 105.0 (BV?") 9.0 70
20 pg hydrogenase)
Oxidation of H, in the presence of NAD" (1 mM NAD", 3.5 110.0 (NADY) 8.5 50
0.2 mg hydrogenase)
Oxidation of H, in the presence of NADP* 1.1 no determinations 8.5 50
(1 mM NADP", 0.2 mg hydrogenase)

* Reactions of H, evolution were performed in 50 mM potassium-phosphate buffer (pH 7.0) at 30°C; reactions of H, oxidation were performed in

50 mM Tris-HCI buffer (pH 8.5) at 30°C.

and BV than with pyridine nucleotides. These differences
can be explained by polyfunctionality of the hydrogenase
native molecule: the MV(BV)-dependent reactions are
catalyzed by the hydrogenase moiety (HoxYH) itself,
whereas the interaction with NAD(P)H/NAD(P)* needs
the involvement of both hydrogenase and diaphorase
moieties of the enzyme, and in the latter case the
diaphorase activity seems to be limiting. It should be
noted that for the hydrogenase from G. alpicola NAD*
and NADH were more specific than NADP* and
NADPH. The dependence of the H, evolution and H,
oxidation on the enzyme concentration was studied. It
showed that on the interaction with NAD" and NADH
the specific activities of the hydrogenase were maximal at
its relatively high contents (Fig. 2, curves I and 2).
Hence, there is an optimal concentration when all (or the
majority) of the molecules of the enzyme retain the struc-
ture capable of catalyzing these processes. The decrease
in the specific activity of the hydrogenase with its dilution
in the reaction system seems to be caused by destruction
of the native structure of the enzyme or its dissociation. In
the reactions with MV, the dilution of the hydrogenase
resulted in increase in its specific activity (Fig. 2, curves 3
and 4). This effect was not associated with the probable
dissociation of the native hydrogenase, but indicated only
the functioning of hydrogenase dimer. The tendency for
increase in the specific activity of the hydrogenase in the
reactions with MV with a decrease in its content in the
reaction system was also observed for other highly puri-
fied Ni-Fe hydrogenases [25, 26]. This phenomenon was
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studied in the case of hydrogenase from Thiocapsa roseo-
persicina [25], and the authors concluded that it was due
to the nature of the hydrogenase reaction (phase hetero-
geneity, reversibility of the catalytic action) and specific
features of the measurement of the hydrogenase activity.
Therefore, in our experiments we sought to standardize
the conditions of measurement of catalytic parameters of
the hydrogenase, in particular using its near optimal con-
centrations in the corresponding reactions.
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Fig. 2. Dependence of the rate of H, evolution and oxidation cat-
alyzed by the hydrogenase from Gloeocapsa alpicola on the
enzyme content: 7, 2) NAD*/NADH-dependent reactions; 3, 4)
MV?*/MV*-dependent reactions; I, 3) oxidation of H,; 2, 4)
evolution of H,.
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Fig. 3. Effect of pH on the rates of reactions catalyzed by the
hydrogenase from Gloeocapsa alpicola: 1) MV*-dependent evolu-
tion of H,; 2) MV?'-dependent oxidation of H,; 3) NAD'-
dependent oxidation of H,.

The hydrogenase from G. alpicola is characterized by
a high affinity for H,, K> = 38 pM. As a metal-contain-
ing enzyme, it was inhibited by carbon monoxide. The
inhibition was strictly competitive with respect to the sub-
strate (H,), with K; = 42 uM, which indicated a relative
resistance of this hydrogenase to CO. Optimum pH values
of the reactions catalyzed by the hydrogenase depended
on the role of the protons as a substrate or a product: in
the MV-dependent evolution of H, (proton reduction)
pH optimums were in the acidic region, in the oxidation
of H, they were in the alkaline region (Fig. 3). The pH
dependence of the H, evolution from reduced pyridine
nucleotides was characterized by unclear maximums in
the pH range of 6.4-7.2 (not shown). This seemed to be
associated with a low stability of these substrates in the
acidic medium. The difference between the pH optimums
for the MV- and NAD*-dependent oxidation of H, was
insignificant. The hydrogenase from G. alpicola was rather
resistant to heating: incubation of the enzyme at 60°C for
10 min did not decrease its activity. No influence of O, on
the rate of the hydrogenase thermal inactivation was
revealed. The values of temperature optimums of the cat-
alyzed reactions also suggest high thermostability of the
enzyme (Table 2).

Activation of the hydrogenase. To show the catalytic
activity, the hydrogenase isolated under aerobic condi-
tions needed reductive activation. In the reactions of H,
evolution, SD (which was present in the anaerobic reac-
tion system) acted as a reducer. To catalyze oxidation of
molecular hydrogen, the hydrogenase was fully activated
during incubation of the preparations in an H, atmos-
phere for 40-50 min and retained the maximal activity
level in both H, and argon atmospheres (Fig. 4). A tran-
sient exposure of the activated enzyme in air resulted in
its fast but reversible inactivation. Long-term incubation
of the enzyme in air resulted in its irreversible inactivation
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(71, = 20 h). In these experiments the presence of NADH
in the activation medium did not influence the hydroge-
nase activation. Addition of the glucose oxidase system
(5 mM glucose, 40 units of glucose oxidase, 500 units of
catalase), which removed oxygen traces from the samples
incubated in the H, atmosphere, allowed us to observe the
hydrogenase activation during the direct monitoring of
the H,-dependent MV-reduction (Fig. 5). The figure
shows that in this case the addition of small quantities of
NADH (0.3 mM) accelerated the enzyme activation
shortening of the lag-period of the reaction. The stimu-
lating effect of NADH was realized through the stage of
MYV reduction by the diaphorase moiety of the enzyme, as
indicated by the virtual coincidence of the first stages (0-
8 min) of the MV reduction kinetics in the presence of
NADH in both the H, and Ar atmosphere (curves 2 and
3). The maximal level of the hydrogenase activity did not
depend on the presence of NADH in the reaction system,
as shown by similar slopes of the terminal parts of the
kinetic curves I and 2.

Influence of redox potential of the medium. The max-
imal activity of the hydrogenase achieved during the
reductive activation by molecular hydrogen significantly
depended on the H, concentration. In the presence of the
hydrogenase and the chosen concentrations of H, (0.033-
100%), a certain redox potential (£,) was created calcu-
lated by the Nernst equation [27], and the hydrogenase
activity in this £, region was determined (Fig. 6). At
pH 7.0, the hydrogenase activity in the reaction of MV-

a3 .

100

80

60

40

Hydrogenase activity, %

20

0 T T T T T T T T
0 20 40 60 80 100 120 140 160

Time of incubation, min

Fig. 4. Activation of the hydrogenase from Gloeocapsa alpicola by
molecular hydrogen: /) incubation in H, atmosphere; 2) inacti-
vation in air; 3) incubation in Ar atmosphere. The hydrogenase
activity was measured in the reaction of MV?"-dependent oxida-
tion of H,. The 100% activity corresponded to 28.5 pmol/min
per ml.
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Fig. 5. The influence of NADH on the H,-dependent reduction
of MV?* catalyzed by the hydrogenase from Gloeocapsa alpicola:
I) reaction kinetics in the presence of H,; 2) reaction kinetics in
the presence of H, and NADH (0.3 mM); 3) reaction kinetics in
the presence of NADH (0.3 mM) and Ar; 4) reaction kinetics in
the presence of Ar (control). The reaction systems (2 ml) con-
tained: the enzyme preparation (50 pg), 1 mM MV?**, 5 mM glu-
cose, 40 units of glucose oxidase, 500 units of catalase in 0.05 M
Tris-HCI buffer (pH 8.5). Reduction of MV?** was recorded spec-
trophotometrically at 600 nm.

dependent oxidation of H, increased with the decrease in
FE, value from —350 mV and reached the maximum at £, ~
-390 mV. However, the rate of H, oxidation in the range
of E, values under study was virtually constant and equal
to 7-8% of the maximal oxidation rate of H, in the pres-
ence of MV.

DISCUSSION

The data obtained evidence that the complicated
multimeric structure of the isolated hydrogenase from G.
alpicola is unstable and destroyed during purification
under aerobic conditions with the loss of the diaphorase
activity. This can be due to oxidative destruction of the
hydrogenase complex, because in anaerobically purified
preparations of hydrogenases from Synechocystis sp. PCC
6803 and Anacystis nidulans electrophoresis under dena-
turing conditions revealed all five structural units [11].
However, dissociation of a tetrameric hydrogenase of the
Hox type is quite specific for purified enzymes from some
hydrogen-oxidizing bacteria [28, 29]. So, the molecular
weight of the NAD?'-reducing hydrogenase from
Alcaligenes eutrophus Z-1 determined by gel filtration
decreased from 160 to 90 kD depending on the enzyme
concentration in the samples used [27]. This was accom-
panied by the loss of ability of the enzyme preparation to
reduce both NAD" and MV. In contrast, the Hox-hydro-
genase from Alcaligenes eutrophus H16 (Ralstonia

BIOCHEMISTRY (Moscow) Vol. 71 No. 12 2006
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Fig. 6. Influence of E, of the activation medium on activity of the
hydrogenase from Gloeocapsa alpicola. The hydrogenase activity
was determined in the reactions of MV?*-dependent (®) and
NAD"-dependent (o) oxidation of H,. The reaction system
(2 ml) contained: 1 mM MV?** or 0.5 mM NAD" in 0.05 M Tris-
HCl buffer (pH 8.5), H,. The reactions with MV were performed
in the presence of ~20 pg hydrogenase, and in the reactions with
NAD™ ~300 pg hydrogenase was used. The 100% activity corre-
sponded to 24.5 umol/min per mg protein.

eutropha) is a very stable enzyme, which retains the
tetrameric structure and NAD®-reducing activity even
during electrophoresis in polyacrylamide gel.
Hydrogenases isolated from Rhodococcus opacus MR22
and MRI11 easily produce two dimeric components: the
hydrogenase itself (36) and NADH:acceptor-oxidore-
ductase (oy) in low molarity buffer solutions, and Ni**
stabilizes these hydrogenases [29]. It should be noted
that, similarly to our case, the hydrogenase dimer func-
tioned in interactions with viologen dyes. However, the
stability of the hydrogenase dimer from G. alpicola sharply
decreased in the absence of the diaphorase moiety. This
was indicated by the threefold decrease in the specific
hydrogenase activity upon gel filtration (Table 1), and the
activity continued to decrease even during storage under
optimal conditions. Obviously, retention of the native
structure is a significant stabilizing factor for the hydroge-
nase component of the enzyme molecule.

To show the catalytic activity the enzyme from G.
alpicola, like other known Ni-Fe hydrogenases isolated
under aerobic conditions, needs to be reductively activat-
ed in an atmosphere of H,. It has been shown earlier [30]
that, as in the case of Hox type hydrogenases of hydrogen
bacteria [31], NADH and NADPH can physiologically
activate this process in the H"/D, exchange reaction. In
the present work, we have shown that NADH stimulates
the hydrogenase activation in the reaction of the H,-
dependent reduction of MV through the stage of its
NADH-dependent reduction via the diaphorase compo-
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nent of the hydrogenase complex. The resulting reduced
MYV is involved in the reduction of the H,-binding Ni-Fe
site of the hydrogenase and, thus, shortens the lag-period,
which is due to the autocatalytic stage of the reaction
cycle [26].

The dependence of the activity of G. alpicola hydro-
genase on the redox potential of the activation medium
determined in the reaction of H, oxidation with MV as an
electron acceptor is typical for reversible type hydroge-
nases [21]. Note that the rate of the H,-dependent reduc-
tion of NAD™ was virtually unchanged in the E, region
under study. It seems that this is the case of activation of
just the hydrogenase moiety of the enzyme molecules,
which is responsible for the reaction with MV. The NAD™
reduction requires the functioning of both hydrogenase
and diaphorase moieties of the enzyme, and the action of
diaphorase moiety determines the reaction rate.
Therefore, in the E, region chosen by us (< =320 mV),
changes in the activity of the hydrogenase moiety did not
affect the rate of the interaction of hydrogenase with
NAD™, because even its minimal activity was sufficient
for providing the diaphorase moiety with electrons.

Thus, we have studied the main catalytic properties
of the hydrogenase from G. alpicola. The catalytic action
of the isolated enzyme has strictly reversible character,
thus, the physiological role of the hydrogenase seems to
be equally associated with both formation and uptake of
H,, depending on the redox state of the intracellular
medium.
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