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Two hydrogenase activities from Desul[ovibrio vulgaris (Hiidenborough) could be distinguished immnnologi- 
cally and biochemicaily. The first activity, described as hydrogenase I, corresponded to the soluble enzyme 
located in the periplasmic space of D. vulgaris. Hydrogenase I had a high specific activity and was sensitive 
to inhibition by CO. The second activity, hydrogenase II, was located in the membrane fraction, had a lower 
specific activity and was not agfected by CO. The enzymes exhibited different electrophoretic mobilities in 
polyacrylamide gels, and reacted differently when exposed to proteases. Antibodies raised against purified 
periplasmic hydrogenase of D. vulgaris reacted with hydrogenase I, but not with hydrogenase II. 

Introduction 

Hydrogenase catalyses the reversible reaction 
H 2 ~ 2H + + 2e- and has been postulated to play 
a central role in the hydrogen metabolism of 
sulphate-reducing bacteria [1]. Hydrogen may be 
used as an energy source acting as the initial 
electron donor to the electron-transport chain that 
leads to sulphate reduction. Various hydrogenases 
have been described in Desulfovibrio spp. that 
could fulfil this role; membrane-bound enzymes in 
Desulfooibrio desuifuricans (strain Norway 4) [2] 
and Desulfovibrio oulgaris (Miyazaki) [3]; peri- 
plasrnic enzymes of D. vulgaris (Hildenborough) 
[4]; Desulfooibrio gigas [5] and D. desulfiricans 
NRC (National Research Council, Ottawa, Cana- 
da) 49001 [6]. These enzymes differ in their cellu- 
lar location and in their physical parameters. 
However, all can catalyse the reversible reaction in 
vitro and use cytochrome c 3 as a natural electron 
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acceptor in the H 2 consumption reaction. 
Several hypotheses, however, have been pre- 

sented that would require the presence of both 
hydrogen-producing and hydrogen-consuming en- 
zymes in Desulfovibrio. One such hypothesis is 
that of obligate hydrogen cycling linked to chem- 
iosmotic energy transduction [7]. In this scheme 
H 2 is produced in the cytoplasm during lactate 
oxidation, then transferred to the periplasm where 
its consumption is linked directly to the genera- 
tion of a proton-motive force. Thus energy is 
conserved and excess reductant is removed from 
the cell. Another model [8] envisages an internal 
hydrogenase acting to transform trace amounts of 
H 2 to control the redox state of internal electron 
carriers involved in chemiosmotic energy con- 
servation. 

Alternatively, a H2-producing activity could be 
linked to some other function of the cell. Such an 
activity could be associated, for example, with 
carbon monoxide dehydrogenase and be stimu- 
lated by CO [9]. Most hydrogenases studied, how- 
ever, have been found to be sensitive to inhibition 
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by CO [10] with the exceptions of the hydro- 
genases of Alcaligenes eutrophus [11] and Metha- 
nobacterium formicicum [12]. In addition, in this 
laboratory we have observed an hydrogenase ac- 
tivity from D. vulgaris (Hildenborough) that is 
apparently not inhibited by CO. This H 2 con- 
sumption activity was revealed upon polyacryla- 
mide gel electrophoresis of whole cell extract [13]. 

Circumstantial evidence has already been pre- 
sented suggesting that Desulfovibrio contains more 
than one hydrogenase activity. Martin et al. [14] 
had reported more than one band of activity upon 
polyacrylamide gel electrophoresis of whole cell 
extracts of D. desulfuricans, though it was not 
clear that the membrane-bound activity was dif- 
ferent to the periplasmic activity described therein. 
Another line of evidence is the increase in hydro- 
genase activity observed upon the addition of 
Triton X-100 to whole cells of D. vulgaris [7]. This 
could be explained by the detergent causing the 
cell membrane to become permeable to benzyl 
viologen, the reaction substrate, thus allowing 
more hydrogenase from inside the cells to have 
access to the substrate. However Triton X-100 can 
have a stimulating effect upon hydrogenases (Pan- 
khania, I., unpublished data; see also Ref. 15), so 
again this evidence is not unequivocal. 

Recently, more convincing evidence has been 
obtained indicating the presence of more than one 
hydrogenase in Desulfovibrio. There are reports of 
two hydrogenases in D. vulgaris (Miyazaki) differ- 
ing in molecular weight [16], and three different 
enzymes have been found in D. desulfuricans 
(strain Norway 4) present in the periplasm, the 
membranes and the cytoplasm [17]. 

In this paper we describe the further char- 
acterisation of the CO-insensitive hydrogenase ac- 
tivity in D. vulgaris (Hildenborough) and confirm 
that there are at least two hydrogenases present. 

Materials and Methods 

Growth of organism 
Desulfovibrio vulgaris strain (Hildenborough), 

National Collection of Industrial Bacteria, Aber- 
deen, Scotland, NCIB 8303, was grown at 35°C in 
Saunders Medium N [18] under N 2 or N2/CO 2 
(80 : 20) and cells were harvested at the end of the 
exponential phase of growth (approx. 1 g wet 

weight of cells/l) .  (If H 2 was used as gas-phase it 
was ,found that hydrogenase activities were ex- 
tremely sensitive to inactivation by 0 2 (Pankhania 
I., unpublished data).) 

Hydrogenase assays, electrophoretic and immunoe- 
lectrophoretic procedures 

Hydrogenase was assayed at 35°C by two 
methods. The rate of H 2 evolution was measured 
with a hydrogen electrode (Hansatech Ltd., King's 
Lynn, Norfolk, U.K.). 5 mM methyl viologen in 
50 mM potassium phosphate (pH 6.0) was re- 
duced with dithionite prior to the addition of 
enzyme. The electrode was calibrated by adding 
known quantities of hydrogen-saturated water at 
35°C. The solubility of H E a t  35°C is 74.56 
raM/100 /~l distilled water. Hydrogenase activity 
was also measured spectrophotometrically by fol- 
lowing the reduction of methyl viologen at 578 nm 
(extinction coefficient, 9.7 r aM-cm- l ) .  Stoppered 
cuvettes, containing 2 mM methyl viologen, 50 
mM Tris-HCl (pH 8.8), 10 mM glucose and 5 
units per ml glucose oxidase (to remove final 
traces of 02), were repeatedly (5 times) evacuated 
and gassed with 100% H E . One unit of enzyme 
activity was defined as 1 /~mol H 2 reduced per 
rain. Activity on immunoplates or polyacrylamide 
gels was located by immersion in 100 mM potas- 
sium phosphate (pH 7.0), 0.5 mM benzyl viologen, 
1 mM triphenyl tetrazolium chloride and incuba- 
tion under H E for up to 24 h at 24°C which 
resulted in the appearance of intense red zones. 
Protein was determined by the method of Lowry 
[19]. Electrophoretic analysis and crossed immu- 
noelectrophoresis were performed as described 
previously [15]. 

Purification of periplasmic hydrogenase 
Periplasmic hydrogenase was extracted [13,20] 

then purified as follows: ammonium sulphate pre- 
cipitation was carried out and the 70-100% (w/v) 
fraction (containing 90% of the hydrogenase activ- 
ity) retained and dialysed against 10 mM Tris-HCl 
(pH 8.0)/20 mM NaC1/0.02% (w/v) NaN 3. The 
dialysed solution was applied to a column of 
DEAE Sephacel (1.6 × 20 cm) equilibrated in the 
dialysis buffer then eluted with 120 mM NaC1 in 
the same buffer. The combined fractions were 
concentrated using an Amicon ultrafiltration ap- 



paratus with a YM 30 membrane, then appfied to 
a Sephadex G-75 column (1.5 × 80 cm) equi- 
librated with 10 mM potassium phosphate (pH 
7.5) 0.02% (w/v) NaN 3. Fractions containing hy- 
drogenase activity were pooled and applied to a 
hydroxylapatite column (1.6 × 15 cm) equilibrated 
with 10 mM potassium phosphate (pH 7.5). Hy- 
drogenase was eluted with 100 mM potassium 
phosphate (pH 7.5), then finally concentrated on 
the Amicon ultrafiltration apparatus. A value of 
46 000 was found for the subunit molecular weight 
on sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis [21]. This compares with 49000 
found by Van der Westen et al. [20] for this 
monomeric enzyme. 

Preparation of whole cell extract and raising of 
antibodies 

The cells were suspended (1 g wet weight/4 ml 
buffer) in 50 mM Tris-HCl (pH 7.5)/5 mM ben- 
mmidine HC1 and broken by passage through a 
French pressure cell. Cellular debris was removed 
by centrifugation at 10000 × g for 15 min and the 
supernatant was used as the cell extract. The cell 
extract (15 mg of protein/ml) immunogen was 
prepared by adding Triton X-100 to 1% (w/v) 
concentration and then mixing with an equal 
volume of Freund's complete Adjuvant. This was 
injected into rabbits intramuscularly twice with a 
2-week interval between injections and the rabbits 
were bled regularly from a week after the second 
injection. Antibodies were stored at - 8 0 ° C .  

The purified periplasmic hydrogenase gave one 
zone with hydrogenase activity after electrophore- 
sis in non-denaturing polyacrylamide gels. This 
zone was excised, the hydrogenase eluted and 
mixed with an equal volume of Freund's complete 
Adjuvant before injection into the rabbit as 
described above. 

Solubilisation of membranes 
Whole cell extract was fractionated by centrifu- 

gation and the membrane fraction (100000 × g) 
was incubated in 4% (w/v) Triton X-100 for 20 
min at 4°C. Insoluble material was removed by 
centrifugation (100 000 × g, 60 min). 

lmmunoprecipitaton 
Immunoprecipitation was carried out as de- 

scribed previously [22]. 

59 

Results 

Hydrogenase activities on polyacrylamide gel elec- 
trophoresis 

Periplasmic hydrogenase shows a distinct activ- 
ity stain ( R f  = 0.45) on tube gels. (The purified 
hydrogenase revealed only three bands that stained 
for protein - the band of R f value 0.45 apparently 
comprising more than 90% of the total protein 
stained on the gel). Whole-cell extract reveals a 
similar activity stain (Rf = 0.45) with some more 
activity visible at the top of the gel [13]. To clarify 
these findings whole cell extract was fractionated 
(see next section) and the soluble components 
separated from the membrane-bound components 
of the cell. These membranes were solubilized with 
the detergent Triton X-100. 

Fig. la  shows the activity stain found in the 
soluble fraction (fraction V) from cell fractiona- 
tion. The R f value is 0.45, the same as that of 
periplasmic hydrogenase. Activity staining of 
solubilized membranes run on polyacrylamide gel 
electrophoresis revealed two red-staining bands 2 
and 1, Rf values 0.12 and 0.45 (Fig. lb), respec- 
tively. In none of the cases described above did an 
activity appear under incubation with N 2. Thus 
H 2 is an essential substrate for these activities. 

Gels incubated with H2, but in the presence of 
CO did not show the activity stain of R f value 
0.45, in the case of solubilized membranes (Fig. 
lc), or soluble cell fraction or purified periplasmic 
hydrogenase. This band did subsequently develop, 
however, upon removal of CO. Thus CO is reversi- 
bly inhibiting the hydrogenase activity of mobility 
0.45. To aid clarity, this CO-sensitive activity will 
now be referred to as hydrogenase I. 

The activity of lower mobility (Rf value, 0.12) 
present in solubilized membranes was still visible 
upon incubation with H 2 in the presence of CO. 
Subsequently, we refer to this CO-insensitive ac- 
tivity as hydrogenase II. 

These results suggest that there is a discrete 
hydrogenase enzyme present in the membranes 
that is not inhibited by CO. It should be noted 
that the solubilized membranes also contain some 
CO-sensitive hydrogenase I. This is believed to be 
only loosely associated with the membrane (see 
next subsection). 
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Fig. 2. Crossed immunoelectrophoresis. Aliquots of (a) purified 
hydrogenase I (2 /~g), (b) Triton X-100 dispersed membranes 
(20 #g), (c) Fraction V (30/~g) and (d) sample 'b', (5/~g) the 
first protein peak after passage through a Sephadex G100 
column (1,6 x 90 cm) were electrophoresed in the first horizon- 
tal dimension. Electrophoresis in the second vertical dimension 
was into agarose containing antiserum to purified hydrogenase 
I then into antiserum to whole cells. Plates were stained for 
hydrogenase activity ('x' and 'y'), then subsequently stained 
for protein ('p'). 'x' arcs show the presence of an activity 
equivalent to hydrogenase I (plates a, b, c). ' y' arcs indicate the 
presence of another activity found in membranes (plates b, d). 
'p '  arcs are due to proteins interacting with anti 'whole cell' 
serum, but not associated with hydrogenase activity. 

Fig. 1. Analysis of cell fractions for hydrogenase activity by 
non-dissociating polyacrylamide (tube) gel electrophoresis. 
Samples were electrophoresed on a 7.5% (w/v) polyacrylamide 
gel and subsequently stained for hydrogenase activity. Samples 
analysed were: (a) 5 /~g fraction V from Table I (high speed 
supernatant); (b) 20 /~g Triton X-100 dispersed membrane 
protein; (c) 20 ~tg Triton X-100 dispersed membrane protein + 
CO (approx. 0.5 mM). 

Cellular location of hydrogenase activities 
Table  I deta i ls  the d i s t r ibu t ion  of hydrogenase  

act ivi ty  found  dur ing  subcel lular  f rac t iona t ion  of  
D. vulgaris cell extract .  In  the whole-cel l  extract  
mos t  of  the hydrogenase  act ivi ty  (more  than 95%) 
is inh ib i ted  in the presence of  CO. This  CO-sensi-  
tive act ivi ty  (hydrogenase  I) is ma in ly  loca ted  in 
the soluble  f ract ion of  the  cell and  thus is found in 

the superna tan t  fract ions.  However ,  in the mem-  
b rane  f ract ion ( f ract ion IV) more  than  20% of 
recovered act ivi ty  was no t  sensit ive to CO (hydro-  
genase II). The  specific act ivi ty  of  hydrogenase  II  
is highest  in f rac t ion IV, bu t  is very much lower 
than  hydrogenase- I  specific act ivi ty  in ceils grown 
on Saunders  medium.  CO-sensi t ive  act ivi ty  in 
f rac t ion IV may  be  due  to t r apped  soluble hydro-  
genase I or  a membrane -as soc ia t ed  form of  hydro-  
genase I. Repea ted  washings and  fur ther  centr i fu-  
ga t ion  at 100000 x g resul ted in a lowering of  
hydrogenase  I act ivi ty  in the pel let  (da ta  not  
shown). This  suppor t s  the theory that  hydrogenase  
I is loosely associa ted  with the membranes  and 
can  be removed  b y  repea ted  washings.  

As  hydrogenase  II  is present  in solut ion with 
hydrogenase  I these da t a  do  not  exclude the possi-  
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TABLE I 

SUBCELLULAR FRACTIONATION OF DESULFOVIBRIO VULGARIS (HILDENBOROUGH) 

Cells (1.5 g wet weight) were harvested and suspended in 50 mM Tris-HCl (pH 7.5)/50 mM NaCI/1 mM dithiothreitol and broken 
by passage through a French pressure cell. The cell extract thus obtained was centrifuged at 10000x g (20 min). The 10000 x g 
supernatant was centrifuged at 100000x g (60 min). Hydrogen consumption activity was then measured in each fraction in the 
presence and absence of CO (approx. 0.25 mM). 

Fraction Total activity (Units) Specific activity (Units/mg protein) 

- C O  + C O  - C O  + C O  

I whole-cell extract 385 5.8 2.5 0.004 
II 10000× g pellet 20 0.3 0.7 0.001 
III 10000× g supernatant 360 5.5 2.9 0.004 
IV 100000x g pellet 20 4.3 0.8 0.017 
V 100000x g supernatant 322 1.0 3.3 0.001 

bility that hydrogenase II is to some degree sensi- 
tive to inhibition by CO. However, further work 
using immunoprecipitation to separate the two 
activities indicates that hydrogenase II is not 
inhibited by CO (see next section and Fig. 4). 

Routinely fraction IV was recentrifuged at 
100000 × g, to remove traces of soluble hydro- 
genase then the pellet was dispersed with Triton 
X-100 (4% w/v )  to obtain solubilized membranes. 

Immunological analysis of the hydrogenase species 
Antibodies specific to hydrogenase I (peri- 

plasmic hydrogenase) were prepared. These anti- 
bodies gave a single major protein-staining and 
hydrogenase-activity-staining arc when analysed 
by crossed immunoelectrophoresis with purified 
hydrogenase I as antigen (Fig. 2a). Anti 'hydro-  
genase I' serum also formed an activity staining 
arc with Triton X-100 dispersed membranes (Fig. 
2b'x')  and with fraction V, the soluble cell frac- 
tion (Fig. 2c' x'). 

This shows that the membranes as prepared 
contain the hydrogenase of periplasmic origin. 
This would be expected to constitute band I seen 
in the activity stained gel (Fig. lb). Thus all three 
samples analysed, i.e., purified hydrogenase I, 
soluble cell fraction and solubilized membranes, 
reacted with antibodies to hydrogenase I. This 
strongly suggests that all three samples contain 
hydrogenase I and this is supported by the results 
of polyacrylamide gel electrophoresis. 

The membrane fraction was also examined by 
crossed immunoelectrophoresis employing anti- 

serum prepared to the total extract, on the same 
cross plate as that with antiserum to hydrogenase 
I (Fig. 2b). A single precipitin arc exhibiting hy- 
drogenase activity was observed (Fig. 2b'y'). This 
activity could be separated from hydrogenase I by 
passing the membrane fraction through a Sep- 
hadex G-100 column (Fig. 2d'y'). Hydrogenase I 
had a greater retention time than this second 
activity, which eluted in the void volume of the 
column. 

When purified hydrogenase I was analysed by 
crossed immunoelectrophoresis against the anti- 
'whole cell' serum neither a hydrogenase-staining 
nor a protein-staining precipitin arc was seen (data 
not shown). Anti- 'whole cell' serum then does not 
cross-react with periplasmic hydrogenase. The 
soluble cell fraction did not show an activity arc 
with anti-'whole cell' serum (data not shown). 
Protein-staining arcs were evident on crossed im- 
munoelectrophoresis (Fig. 2c'p') after precipita- 
tion of hydrogenase I with antiserum (Fig. 2c'x'). 

It appears, ,therefore, that the anti-'whole cell' 
serum does not cross-react with the periplasmic 
enzyme (hydrogenase I), but does interact with a 
component exhibiting hydrogenase activity in the 
membrane fraction. Further analysis on non-dena- 
turing polyacrylamide gels of solubilized mem- 
branes in which the components separated in the 
gel are electrophoresed into agarose layers con- 
taining antiserum (Fig. 3a and b) revealed that 
anti- 'whole cell' serum reacted with the hydro- 
genase component of band 2 only (Fig. 3a'y'). A 
diffuse activity stain, not an arc, is visible due to 
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Fig. 3. Inununoplates showing that bands 1 and 2 are distinct. 
Triton X-100 dispersed membranes (80/tg protein) were mixed 
with 2.5 /~g of purified periplasmic hydrogenase and 
fractionated by electrophoresis in a non-dissociating cylin- 
drical; 7.5% (w/v) polyacrylamide gel in the first, horizontal 
dimension. Electrophoresis in the second dimension was into 
agarose containing antiserum, to (a) whole cells and (b) peri- 
plasmic hydrogenase. The immunoplates were stained for hy- 
drogenase activity. A control gel not subjected to the second 
dimension and stained for hydrogenase activity is shown below 
each immunoplate. Band 1 corresponds to the mobility of 
periplasmic hydrogenase, band 2 to that of membrane bound 
hydrogenase. 'x' is an activity arc due to periplasmic hydro- 
genase. 'y' is an activity arc due to membrane bound hydro- 
genase. 'o' is a diffuse stain due to the presence of periplasmic 
hydrogenase. 

hydrogenase I activity (Fig. 3a'o').  As ant icipated 

the hydrogenase-I-specific ant iserum cross-reacted 

only with the material  which const i tuted b a n d  I 
on  the gel (Fig. 3b'x ') .  This establishes that there 

are two immunological ly  and electrophoretically 
distinct hydrogenases present in the organism, one 

of which, the const i tuent  of band  2, is exclusively 
membrane  bound.  

A further indicat ion of the absence of a cross- 
reaction between solubilized membranes  and anti-  
'per ip lasmic  hydrogenase '  serum is shown by im- 
munoprecipi ta t ion.  Hydrogenase I is selectively 
removed from solubilized membranes  by incuba-  
t ion with an t i serum to periplasmic hydrogenase 
(Fig. 4). The membranes  fraction used (from cells 
in early log phase) was assayed before im- 
munoprec ip i ta t ion  and  it was found that 47% of 
the total activity was insensitive to inhibi t ion  by 
CO. After immunoprec ip i ta t ion  it was found that 
42% of the total activity remained in solution, and  
that this activity was completely insensitive to CO. 
Thus  the activity precipitated out  with ant iserum 

Fig. 4. Immunoprecipitation of hydrogenase I. Solubilised 
membranes (10 mg.m1-1) were incubated for 20 min at 4°C 
with anti-'periplasmic hydrogenase' serum (20 mg-m1-1) as 
follows: Oul (b) 10 #1 (c) 25 /~1 (d) 100 /~1. Staphylococcus 
aureus, Protein A (2 x concentration of antiserum) was then 
added and incubated for 15 min at 4°C. Samples were centri- 
fuged for 10 rain at 10000× g. The supernatant was assayed 
and subjected to electrophoresis on 7.5% (v/v) polyacrylamide 
tube gels and then stained for hydrogenase activity. All of the 
gels show an activity due to hydrogenase II (band 2). Gel a 
shows hydrogenase I (band 1). Addition of anti-'periplasmic 
hydrogenase' serum causes precipitation of hydrogenase I lead- 
ing to activity at the top of gels b and c. Gel d shows only 
hydrogenase II - all detectable hydrogenase I has precipitated 
and been removed by centrifugation. 

to hydrogenase I corresponds to that activity sen- 
sitive to inhibi t ion  by CO. 

Exposure of hydrogenases to proteases 
The results of exposure to proteases have been 

used as a criterion for dist inguishing hydrogenase 



isoenzymes in Eschericia coli [15]. Treatment of 
the soluble cell fraction with pancreatin (Fig. 5c 
and d) or proteinase K (data not shown) does not 
influence the electrophoretic mobility of the en- 
zyme (hydrogenase I) present in the extracts. En.. 
zyme assay revealed that there was also no change 
in total hydrogenase activity following exposure to 
the proteases. Hydrogenase I, therefore, appears 
unaffected by such treatment. Similar experiments 
with solubilized membranes,  however, revealed 
that the activity, constituting band 2 was lost on 
exposure to pancreatin (Fig. 5b) and proteinase K. 
Two bands of low R f value were distinguished on 

Fig. 5. Effect of pancreatin on hydrogenase activities. Samples 
were electrophoresed on a 7.55[ (w/v) polyacrylamide slab gel 
and subsequently stained for hydrogenase activity. Samples 
analysed were: (a) 20 pg Triton X-100 dispersed membrane 
protein; (b) samples as in (a) after incubation with pancreatin 
(2% wt protease/wt, sample) at 30°C for 30 min in 50 mM 
Tricine-HCl (pH 7.8); (c) lug soluble cell fraction; (d) sample 
as in (c) after incubation with pancreatin (2% wt protease/wt. 
sample) as described for (b) above. Band 1 corresponds to the 
mobility of periplasmic hydrogenase, band 2 to that of mem- 
brane bound hydrogenase. 
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these slab gels - both activities sensitive to pro- 
tease treatment. The two bands may be related 
forms of hydrogenase II. Activity measurements 
showed that there was an approx. 20% reduction 
in total hydrogenase activity following such treat- 
ment. (Much activity remains due to hydrogenase 
I.) These results further support the presence of 
two distinct hydrogenases in the membrane frac- 
tion; hydrogenase I, whose activity is not affected 
by these proteases, and hydrogenase II, whose 
activity is destroyed by treatment with these pro- 
teases. 

Discussion 

The periplasmic hydrogenase of D. vulgaris 
(Hildenborough) has already been well char- 
acterised [20,21], and it has recently been cloned 
in E. coli [23]. 

Our aim was to confirm that the CO-insensitive 
hydrogenase activity observed on polyacrylamide 
gel electrophoresis was due to a separate and 
distinct enzyme and not due to periplasmic hydro- 
genase activity. First of all it was necessary to be 
able to identify the periplasmic enzyme unequiv- 
ocally. Cellular location is not a sufficiently pre- 
cise guide, as hydrogenase activity with an electro- 
phoretic mobility of 0.45 on polyacrylamide gels is 
found in all fractions after subcellular fractiona- 
tion - even after selective extraction of peri- 
plasmic hydrogenase before cell disruption. The 
activity could be due to contamination by the 
highly active periplasmic enzyme, or to some pre- 
cursor molecule or even to a completely different 
enzyme activity. Thus antibodies were raised to 
periplasmic hydrogenase to aid in identification. 
These antibodies reacted with hydrogenase in all 
cellular fractions thus the activities represent at 
least related, or possibly identical, forms of hydro- 
genase. Curiously, though fortunately for the ex- 
perimenter, when antibodies were raised against 
the whole cell extract no cross-reaction occurred 
with periplasmic hydrogenase. This indicates that 
it is not a strongly antigenic protein in the crude 
extract. Anti-whole cell serum could thus be used 
in the identification of the second hydrogenase 
activity - a membrane-bound species. This hydro- 
genase has a low specific activity compared to that 
of the periplasmic hydrogenase, under the condi- 
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tion used, and this is possibly why it has not been 
detected as a separate enzyme previously. It dif- 
fers markedly from the periplasmic enzyme (hy- 
drogenase I) which has the following distinguish- 
ing features: 

(i) the R f value found on polyacrylamide gel 
electrophoresis is 0.45; 

(ii) it is reversibly inhibited by CO; 
(iii) hydrogenase activity is not susceptible to 

digestion by pancreatin; 
(iv) it reacts with anti-'periplasmic hydro- 

genase' serum to form a single-activity- 
staining arc; 

(v) it does not form an activity-staining arc 
with anti-' whole cell' serum. 

One of the two bands of hydrogenase activity 
visible on polyacrylamide gel electrophoresis of 
solubilized membranes possesses the five proper- 
ties described above and appears to be identical to 
periplasmic hydrogenase and is designated hydro- 
genase I. A second activity (hydrogenase II) with a 
lower R t value (0.12) does not possess any of the 
five properties of hydrogenase I. It is biochem- 
ically and immunologically distinct, thus it does 
appear to represent another hydrogenase activity 
not previously described. 
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