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Uptake-hydrogenase activity in the blue-green alga (cyanobacterium) Anabaena variabilis is 
dependent on the presence o f nickel. Nickel depletion leads to an enhancement o f net light- 
induced hydrogen evolution, which is catalyzed by nitrogenase. Addition o f nickel chloride to 
the culture reverses this effect by stimulating hydrogenase activity. M ethylviologen/dithionite- 
driven hydrogen formation o f permeabilized cells is decreased by nickel depletion.

Introduction

The biological role o f  nickel has b een  u n d e r ­
estim ated for a period  o f  time. R ecen t inves tigations 
have, how ever,  d e m o n s tra te d  tha t  nickel is an 
essential c o m p o n e n t  o f  several enzymes, an d  four 
g roups o f  n icke l-conta in ing  p ro te ins  have  been  d e ­
scribed: U rease  from jack  b eans  an d  soy bean  [1,2], 
M ethyl-C oM  reductase  from m e th an o g en ic  b a c ­
teria [3], c a rb o n -m o n o x id e  d e h y d ro g e n a se  from 
anaerob ic  bacte ria  [4 -7 ] ,  a n d  u p tak e  hy drogenases  
from several bacte ria  [8 -1 3 ] ,  Very litt le is kn ow n 
ab o u t  nickel with respect to the  physiology o f  b lue- 
g reen algae [14],

In this com m u n ica t ion ,  d a ta  are  p re sen ted  on 
the effect o f  nickel on the h yd ro g en  m e tab o lism  o f  
the fi lam entous heterocystous  cyan o b ac te r iu m  
Anabaena variabilis. T here  is ev idence  th a t  the 
activity o f  an  u p take  h y d ro gen ase  is d e p e n d e n t  on 
the presence o f  nickel du r in g  cult ivation .

Materials and Methods

Cultivation: The f i lam en tous  heterocystous  
cyano bac te r iu m  Anabaena variabilis (A m er ican  
Type C u ltu re  Collection, no. 29413) was grow n in 
the absence  o f  co m b in ed  n it rogen  in an  inorganic  
m ed ium  modified  after A rn on  et al. [15] ( =  m e d iu m  
I), con ta in ing  K 2 H P 0 4 . 2 m M ; KC1, 20 m M ; M g S 0 4,
0.5 m M; N aCl. 2 m M ; C a C l2 , 0.1 m M ; F e S 0 4 , 37 ^m ; 
EDTA, 21 |i m ; M n C l2, 9.0 (.i m ; Z n S 0 4 , 0.8 ^m ;

Abbreviations: Chi. chlorophyll a: methylviologen. 1,1'- 
dimethyl-4.4'-bipyridylium dichloride; MES. 2-(N-mor- 
pholino)ethanesulfonic acid, buffer adjusted with NaOH.
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C u S 0 4 . 2.0 (!M; C o ( N 0 3)2, 0.2 jam ; N a V 0 3 , 2.0 j i m ; 
H 3 B 0 3, 46 (x m ; an d  (N H 4 )M o 7 0 24 , 0.7 |i m . In 
m ed iu m  II used for nickel dep le t ion  KC1 was 
om itted  an d  the concen tra tions  o f  M g S 0 4 an d  
N aC l were reduced  to 0.25 m M  an d  1.0 m M , 
respectively. F or  o th e r  cu lture  condit ions, see [16].

Light-induced nitrogenase-catalyzed ethylene fo r ­
mation and hydrogen evolution: 5 ml o f  the a lgae 
suspension w ere p laced  in 36-ml glass vessels, 
sealed with ru b b e r  stoppers, an d  gassed with a rgon  
for 15 min. Subsequently ,  3 ml o f  C 2 H 2 w ere a d d e d  
to those vessels which were to be used for d e te r ­
m in a t ion  o f  n i t rogenase  activity. The  vessels w ere 
incu ba ted  in a W arb u rg  a p p a ra tu s  u n d e r  c o n ­
t inuous  i l lum ina t ion  (160 W x m ~ 2) at 28 °C. 200 (.d 
sam ples were w ith d raw n  from the gas phase  at 
30-m in intervals an d  analyzed g a sc h rom atog raph i-  
cally (for details  see [17]). Rates o f  C 2 H 4 fo rm ation  
an d  H 2 evolu t ion  o f  intact cells were ca lcu la ted  
from incuba t ion  times o f  180 to 240 min.

Nickel determination: A n  a to m ic -ab so rp t ion  
sp ec tro p h o to m e te r  (Varian, m o de l  AA75) was used, 
e q u ip p ed  with a c a rbo n - rod  atomizer.

Chlorophyll determination: After m e th ano lic  ex­
traction  o f  the algal filaments, the  clear su p e rn a ta n t  
was m easu red  at 665 nm  using an  extinction  coef­
ficient o f  74.5 ml X  m g - 1  X cm ~ ' [18].

Hydrogenase activity: Anabaena cells w ere  
perm eab il ized  by su spend ing  them  in 20 mM MES 
buffer, pH  6.5, a n d  repea ted  freezing a n d  thaw ing. 
Subsequently ,  the filaments were son icated  for 
5 min in a microsonic bath  (Bandelin. model Sonorex 
R K  102). H ydrogenase  activity was d e te rm in e d  as 
hydrogen  evolu t ion  in the presence o f  reduced  
m ethylvio logen as electron d o n o r  (see Table  II for 
details).
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Results

With nickel ch lo r ide  a d d e d  to th e  cu ltu re  m e ­
d iu m  I in concen tra t io ns  from 0.1 to  10 (xm no sig­
nificant varia tions co ncern ing  the  ra tes  o f  acety­
lene reduc t ion  a nd  h ydrogen  ev o lu t ion  were o b ­
served (da ta  no t  shown). A to m ic -ab so rp t ion  spec­
troscopy show ed th a t  cu ltu re  m e d iu m  I con ta ined  
(at least) 1 . 8  (im nickel, essentially d u e  to im purities  
in the chemicals  KC1, M g S 0 4 a n d  N aCl. C o n ­
sequently, Anabaena was cu lt iva ted  in a m ed ium  
w ithout KC1 an d  w ith  a  reduced  c o n te n t  o f  M g S 0 4 

a n d  NaCl. Nickel c o n ten t  o f  this m e d iu m  ( =  m e ­
d iu m  II) was less th a n  0.2 j^M. G ro w th ,  m easured  as 
increase o f  the ch lo rophy ll  co n c en t ra t io n  in this 
m ed ium , was c o m p a ra b le  to g row th  in m ed iu m  I. 
However, hy d ro gen  evolu t ion  by cells cu lt ivated  in 
m ed iu m  II was m ark e d ly  s t im u la ted  as co m p a red  
to cells cult iva ted  in m e d iu m  I, w h e rea s  the rate o f  
acetylene reduc tion  rem a in e d  th e  sam e. Increasing 
the E D T A  co ncen tra t io n  in m e d iu m  I from 21 |im 
to 5 0 - 1 5 0  îm increased  the h y d ro g en  evolution  
accordingly  (Table  I).

To exam ine  w h e th e r  the  s t im u la t ion  o f  hydrogen  
form ation  was d u e  to nickel d ep le t io n ,  N iC l2 was 
ad d e d  to m ed iu m  II in various concentra tions.  
Figure 1 illustrates th a t  add it ion  o f  n ickel in a c on ­
cen tra tion  as low as 0.05 îm subs tan t ia l ly  reduced  
the rate o f  hy d ro gen  evolution. A d d in g  nickel 
chloride in con cen tra t io ns  h igher  th a n  1 îm did 
not result in a fu r th e r  redu c t ion  o f  hydrogen  
evolution.

Direct evidence  for nickel affecting the activity 
o f  hy drogenase  is given by ex p er im en ts  using

NiCl2 [ j j M ]

Fig. 1. Effect o f NiCl2 on depleted Anabaena variabilis:
nitrogenase activity measured as C2H4 formation (o----O)
and decrease o f  net H2 evolution by counteracting
hydrogenase activity ( • -----• ) .  Cells were inoculated with
a final chlorophyll content o f  1 fig/m l culture volume 
and grown for 12 h in media supplemented with con­
centrations o f NiCl2 as indicated. Each value represents 
the mean o f six experiments with three culture batches 
(tolerance ±  10%). Control rates ( =  100%) were: 25 to 
34 jj,mol C2H4 x  mg C hi-1 x  h r1 and 22 to 33 ^mol H2 x  mg 
C h r 1 X  h -1.

perm eabil ized  fi lam ents o f  Anabaena variabilis. It 
was d em o n s tra ted  tha t  hydrog enase -ca ta ly zed  
hydrogen  evolution  in the p resence  o f  redu ced  
methylviologen as e lec tron  d o n o r  is significantly 
lower in cyanobac te r ia  cu lt iva ted  in n icke l-dep le ted  
media  (Table II). A l though  the  activity o f  this

Table I. Growth (col. 1), nitrogenase activity (col. 2), and hydrogen evolution (col. 3) by 
Anabaena variabilis cultivated in media containing different concentrations o f EDTA and nickel 
(medium 1=1.8 (xm NiCl2); medium II =  0.2 N it l2). Cells were inoculated with 1 ^g Chi X  m l-1 
final culture suspension and grown for 3 days in the media indicated. Data are from a typical ex­
periment.

Culture
medium

Additions (1)
Chi (^ig/ml)

(2)
^imol C2H4 formed 

mg Chi X  h

(3)
jimol H2 evolved 

mg Chi X  h

Medium I 21 lim EDTA 15.0 40 11
original medium

Medium I 50 u m  EDTA 14.3 40 19
Medium I 100 |iM EDTA 10.0 45 2 8
Medium I 150 |iM EDTA 12.0 47 41
Medium II 21 EDTA 13.1 36 43

original medium



Table II. Hydrogenase activity in Anabaena variabilis 
grown in normal medium I and in nickel-depleted 
medium II. Filaments were permeabilized as described in 
Materials and Methods. Hydrogenase was assayed under 
argon by H2 evolution in the presence o f methylviologen 
(1 m M )  reduced with sodium dithionite (N a2S20 4, 5 m M ) .  
Each value represents the mean o f 4 experiments o f  two 
culture batches. Expts. were performed in the dark at 28 °C 
for 30 min. Tolerance was ±  10%.
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Culture medium umol H2 evolved
mg Chi X h

Medium I (1.8 (im N iCl2) 1.25
Medium II (0.2 |im  NiCl2) 0.55

hydrogenase  is assayed as hyd rog en  form ation, it 
can  be safely a ssu m ed  tha t this h y drogenase  operates  
as an  u p take  enzy m e  in the in tact cell [19],

Discussion

U n d e r  physio logical condit ions , nitrogenase- 
cata lyzed h y d rog en  fo rm a tio n  [2 0 ] is coun te rac ted  
by an  u p tak e  h y d rog enase  [21]. Recently, up take

[1] N. E. Dixon, C. Gazzola. R. L. Blakely, and B. Zerner, 
J. Amer. Chem. Soc. 97, 4131-4133  (1975).

[2] J. C. Polacco, Plant Physiol. 59, 82 7 -8 3 0  (1977).
[3] G. Diekert, B. Klee, and R. K. Thauer, Arch. Micro­

biol. 124, 103-106 (1980).
[4] G. Diekert, E. G. Graf, and R. K. Thauer, Arch. 

Microbiol. 122, 117-120(1979).
[5] G. Diekert and R. K. Thauer, FEMS Microbiol. Lett. 

7, 187-189 (1980).
[6 ] H. L. Drake, S. I. Hu. and H. G. Wood, J. Biol. 

Chem. 255, 7174-7180  (1980).
[7] H. Drake, J. Bacteriol. 149, 5 6 1 -566  (1982).
[8] E. G. Graf and R. K. Thauer, FEBS Lett. 136, 

165-169 (1981).
[9] S. Takakuwa and J. D. Wall, FEMS Microbiol. Lett.

12, 359-363  (1979).
[10] B. Friedrich, E. Heine, A. Finck, and C. G. Fried­

rich. J. Bacteriol. 145, 1144-1149(1981).
[11], J. LeGall, P. O. Ljungdahl. I. Moura. H. D. Peck, jr., 

A. V. Xavier, J. J. G. Moura, M. Teixera. B. H. 
Huyhn. and D. V. DerVartanian, Biochem. Biophys. 
Res. Commun. 106, 6 1 0 -6 1 6  (1982).

Note added in proof:

After submission o f the paper a similar N i-effect on H2 
metabolism o f intact cells o f Anabaena cylindrica (ATCC 
27899) was published [22],
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hydrogenases from several bacte ria  have  been 
shown to be d e p e n d e n t  on  the presence  o f  nickel 
[8 -1 3 ] ;  the  experim en ts  p resen ted  here  ex tend  these 
observations to cyanobac te r ia .  O bviously , nickel 
concentra tions re q u i red  for u p tak e -h y d ro g e n a se  
activity are  low, n ickel p resen t as c o n ta m in a n t  in 
chemicals o f  the cu l tu re  m ed iu m  is sufficient to 
secure nickel requ irem en t(s ) .

Since n itrogenase  activity o f  n icke l-dep le ted  
Anabaena is a lm ost u n a l te red  as co m p a re d  to cells 
cult ivated with nickel p resen t (at least u n d e r  o u r  
culture conditions), we do  not assum e  an  essential 
role o f  the “ K nallgas reac t io n” (oxygen-hydrogen  
reaction) as a m ec h a n ism  to p rev en t  inact ivat ion 
o f  n itrogenase by oxygen. A pparen tly ,  the  a d ­
vantage o f  h y d rog enase -con ta in in g  cyanobac te r ia  
is an  efficient energy  uti lization by recycling 
hydrogen  p ro d u ce d  d u r in g  n i t rogen  reduction . 
Experim ents  are u n d e r  w ay  to fu r ther  charac terize  
the physiological d ifferences be tw een  h ydrogenase-  
con ta in ing  and  h y d ro g en ase -dep le ted  cyanobacter ia .
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