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The Reversible Hydrogenase in Anacystis nidulans 
Is a Component of the Cytoplasmic Membrane 
T. Kentemich, M. Casper,  and H. Bothe 

Botanisches Institut der Universit~it, W-5000 K61n, FRG 

Hydrogen metabolism of  cyanobacter ia  
has recently at tracted special at tent ion 
because these organisms are potential  
sources for the bioconversion of  light 
energy to molecular  hydrogen [1]. In 
photoautot rophical ly  growing cyano- 
bacteria, Hz product ion comes ex- 
clusively from nitrogenases catalyzing 
the reaction 8H + + 8e + N 2 --~ 2NH 3 
+ H 2 [2]. The cyanobacter ium Ana-  
baena variabilis can express three differ- 
ent types of  nitrogenases, the conven- 
tional Mo-enzyme or the two alterna- 
tive nitrogenases containing either V or 
only Fe-S centers in the prosthetic 
group [3, 4]. The alternative nitro- 
genases are more active in the photo-  
product ion of  H E than the Mo-enzyme. 
On the whole, however, intact cells of  
photoautotrophical ly  growing cyano- 
bacteria produce rather small amounts  
of  the gas. This is due to the fact that  
the H 2 produced is immediately re- 
utilized by hydrogenases catalyzing the 
reaction H 2 ~ 2H + + 2 e - .  
After  a period of  controversy it is now 
established that cyanobacter ia  possess 
two different hydrogenases [5]. One 
enzyme, the so-called uptake hydro-  
genase, is found in the membrane  frac- 
tion when cyanobacterial  cells are dis- 
rupted. It is involved in the light-stim- 
ulated consumption of  H 2 in intact 
cells o fNos toc  PCC 73102 [6] or in the 

photoreduct ion of  N A D P  + by thyla- 
koid preparat ions from Nostoc mus- 
corum ( =  Anabaena 7119) [7]. The 
enyzme, when either bound  to mem- 
branes or in the isolated state, virtually 

does not catalyze H 2 evolution. All  the 
evidence suggests that the uptake hy- 
drogenase is a component  of  the thyla- 
koid membranes.  It is part icularly ac- 
tive in heterocysts of  free-living cyano- 
bacteria [8]. A recent immunological  
study with antibodies against the 
uptake hydrogenase from Alcaligenes 
latus, however, showed that  the enzyme 
is more or less evenly distr ibuted in the 
cytoplasm of  both heterocysts and vege- 
tative cells of  the symbiotic Nostoc 
PCC 73102 isolated from the roots  of  
the cycad Macrozamia [6]. The other 
enzyme, which catalyzes both the 
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Fig. 1. The activity of the reversible hydrogenase from Anacystis nidulans in the membrane 
fraction. A. nidulans cells from 1.5 1 culture in the logarithmic growth phase were cen- 
trifuged (10 min, 4 000 g). The cells were resuspended in 40 ml buffer containing 10 mMTES 
pH 7.0, 2 mM EDTA, 0.25 M sucrose, 0.2 % lysozyme. The suspension was incubated at 
40°C in a shaking water bath and aliquots were removed at different times as indicated. 
After centrifugation of the aliquots at 8 000 g the pellets were resuspended in 20 mM TES pH 
7.0, 0.2 M sucrose. The resuspended cells and the supernatants were tested for Na2S204/ 
methylviologen-dependent H 2 evolution (see [15]). Activity: • in the Anacystis suspension 
(control without centrifugation), A after centrifugation in the pellet, Z] after centrifugation 
in the supernatant, -k absorbance at 630 nm in the supernatant due to phycobiliprotein 
release 
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uptake and the evolution of  H 2 in vitro 
(=  reversible or bidirectional hydro- 
genase), is readily found in the superna- 
tant when cells are disrupted and cen- 
trifuged and is, therefore, considered to 
be a soluble enzyme in cyanobacteria 
[8]. Immunolocalization using poly- 
clonal antibodies raised against this 
enzyme from Anacystis nidulans in- 
dicated that it occurs in the vicinity of  
the cytoplasmic membrane [5]. The 
gold-labeling, however, was coarse and 
therefore did not allow one to conclude 
that the enzyme is a component of  the 
cytoplasmic membrane, or that it be- 
longs to the cytoplasm or to the peri- 
plasmic space. 
Lysozyme treatment of  Anacystis cells 
causes a gradual degradation of  the 
peptidoglycan layer followed by a lysis 
of  the cells. This can be monitored by 
the increase in absorbance at 630 nm:  
which is due to the release of  phyco- 
bilins out of  the cells (Fig. 1). During 
this treatment, the activity of  the re- 
versible hydrogenase (determined by 
the Na2S204 and methylviologen-de- 
pendent H2 evolution) stays completely 
in the pellet. Figure 1 also shows that 
centrifugation and resolubilization of  
the pellet does not destroy the activity 
of  the reversible hydrogenase at all. 
The enzyme is readily solubilized and 
its activity drastically increases when 
the pellet is treated with low concentra- 
tions of  the detergent Triton-X-100 
(Fig. 2). 

These findings indicate that the re- 
versible hydrogenase is membrane-as- 
sociated, probably as a peripheral and 
not as an integral protein. The immu- 
nolocalization experiments reported 
earlier [5] had shown that this structure 
must be the cytoplasmic membrane, as 
no labeling had been found at the thyla- 
koids. The enzyme might be bound to 
the cytoplasmic membrane by hy- 
drophobic interactions which can easily 
be destroyed by treatments like sonica- 
tion, breaking the cells in a French 
press, or washing with detergents. In 
this respect the reversible hydrogenase 
is not unique, as a similar behavior had 
been reported for the coenzyme F420-re- 
ducing hydrogenase from Methanosar- 
cina barkeri [9, 10] and one of  the hy- 
drogenases from Alcaligenes eu- 
trophus had been found to reversibly 
detach from the cytoplasmic membrane 
[11]. 
The low apparent K m of  the reversible 
hydrogenase in cyanobacteria for H 2 
suggests that it functions as a Hz-utiliz- 
ing enzyme also. It might reside at the 
periplasmic face of  the cytoplasmic 
membrane as the H + gradient is di- 
rected outwards in cyanobacteria. This 
membrane was shown to contain com- 
ponents of  the respiratory chain like 
quinones, the cytochrome b6/f com- 
plex, and the cytochrome oxidase [12, 
13]. Recently, an NADH-dehydro-  
genase homologous to the mito- 
chondrial complex I was demonstrated 
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Fig. 2. Solubilization of the reversible hydrogenase by incubation with lysozyme. The experi- 
ments were performed as for Fig. 1. In addition, the pellets were resuspended in 20 mM TES 
pH 7.0, 0.05 % Triton-X-100 and recentrifuged at 8 000 g. The supernatants were tested for 
H 2 evolution. Activity: • in the Anacystis suspension (control without centrifugation), 
A after centrifugation in the pellet, [] after centrifugation in the supernatant, O in the 
supernatant after washing the pellet with Triton-X-100 

for the cytoplasmic and thylakoid 
membranes [141. The current findings 
add the reversible hydrogenase to the 
components of  an electron transport 
chain of the cytoplasmic membrane. It 
is likely that such an electron transport 
results in the generation of  a proton- 
motive force and ATP synthesis. The 
generation of  a H + gradient from H a or 
NADH has not been demonstrated as 
yet for the cytoplasmic membrane of  
cyanobacteria. The interaction between 
the respiratory chains on both thyla- 
koids and the cytoplasmic membrane 
and the photosynthetic electron trans- 
port of  thylakoids also remains an in- 
triguing question for cyanobacteria. 

This work was kindly supported by a 
grant from the BMFT (no. 9342 A / H  2- 
01-04-90 program "Biologische Was- 
serstoffgewinnung"). 

Received October 2, 1991 

1. Kentemich, T., Haverkamp, G., Bothe, 
H. : Naturwissenschaften 77, 12 (1990) 

2. Bothe, H., in: The Biology of Cyano- 
bacteria, p. 87 (Carr, N. G., Whitton, 
B. A., eds.). Oxford: Blackwell 1982 

3. Kentemich, T., Danneberg, G., Hun- 
deshagen, B., Bothe, H.: FEMS Micro- 
biol. Lett. 51, 19 (1988) 

4. Kentemich, T., Haverkamp, G., Bothe, 
H. : Z. Naturforseh. 46c, 217 (1991) 

5. Kentemich, T., Bahnweg, M., Mayer, 
F., Bothe, H. : ibid. 44c, 384 (1989) 

6. Lindblad, P., Sellstedt, A.: Proto- 
plasma 159, 9 (1990) 

7. Eisbrenner, G., Roos, P., Bothe, H.: J. 
Gen. Microbiol. 125, 383 (1981) 

8. Houchins, J. P.: Biochim. Biophys. 
Acta 768, 227 (1984) 

9. Fiebig, K., Friedrich, B.: Eur. J. 
Biochem. 184, 79 (1989) 

10. Ltinsdorf, H., Niedrig, M., Fiebig, K.: 
J. Bacteriol. 173, 978 (1991) 

11. Gerberding, H., Mayer, F.: FEMS Mi- 
crobiol. Lett. 50, 265 (1988) 

12. Kraushaar, H., Hager, S., Wastyn, M., 
Peschek, G. A.: FEBS Lett. 273, 227 
(1990) 

13. Peschek, G. A., in: The Cyanobacteria, 
p. 119 (Fay, P., van Baalen, C., eds.). 
Amsterdam-New York-Oxford: Elsevier 
1978 

14. Berger, S., Ellersiek, U., Steinmtiller, 
K.: FEBS Lett. 286, 129 (1991) 

15. Papen, H., Kentemich, T., Schmtilling, 
T., Bothe, H. : Biochimie 68, 121 (1986) 

560 Naturwissenschaften78 (1991) © Springer-Verlag 1991 


