
Lawrence Berkeley National Laboratory
Recent Work

Title
AN INDUCIBLE HYDROGENASE IN CYANOBACTERIA ENHANCES N9 FIXATION

Permalink
https://escholarship.org/uc/item/6gh594q8

Author
Tel-Or, E.

Publication Date
1977-05-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/6gh594q8
https://escholarship.org
http://www.cdlib.org/


To Appear in FEBS 
Letters 

·· =-:::EIVED 
\ ~f}J fj•r.- ... ,r:~ 

t~ ,,:, ~ '.• I ~~~ ,,, ;)~~.:,. l"Q!(Y 

J U!_ 111977 

<..:u:: 1'<'<1' AI'>JD 
~lOC:UMENTS SECTION 

For Reference 
•lf 

Not to be taken from this room 

: 

Division 

!if- </J7 
LBL-6319 
Preprinte.l 

An Inducible Hydrogenase in 
Cyanobacteria Enhances N 2 Fixation 

E. Tel-Or, L. W. Luijk and L. Packer 

May 1977 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



0" '0· l ', $ 0 iJ •· . 0' 

24 March 1977 
Submitted to FEBS Letters 

AN INDUCIBLE HYDROGENASE IN.CYANOBACTERIA ENHANCES N2 FIXATION 

E. Tel-Or, L.W Luijk and L. Packer 

Membrane Bioenergetics Group, University of 
California, Berkeley, California 94720 



-1-

INTRODUCTION 

N
2
-fixing cyanobacteria (blue-green algae) Nostoc muscorum and 

Anabaena cylindrica have been reported to contain hydrogenase activity 

(1,2). In a recent study from this laboratory it was found that this 

activity is present both in heterocysts and vegetative cells of aerobically

grown cultures of both species (3,4); however, it is not known whether 

the hydrogenase activity in these organisms is inducible. In the earlier 

studies of Fujita et al. (2) activity was obtained only after activation, 

similar to activation of hydrogenase activity that has been reported in 

green algae (cf. Kessler, 5) which occurs after incubation for several hours 

under H2 gas. Induction of H2 uptake activity has also been reported in 

chemolitotrophic bacteria by Canevascini and Eberhardt (6). 

Various N2-fixing bacteria also possess H2 uptake activity (7,8) 

and a link between hydrogenase and nitrogenase activity was suggested by 

Dixon (8) which has received further emphasis in a recent analysis of H
2 

production in various N2-fixing organisms by Schubert and Evans (9) . 

Furthermore, Smith et al. (10) and Bothe et al. (11) have reported that 

hydrogenase can recycle H2 gas lost by nitrogenase. 

In the present investigation two questions have been examined: 

first, whether hydrogenase in B_. muscorum and !_. cylindrica is an indu

cible enzyme and, secondly, whether there is a cooperativity between the 

uptake of H2 catalyzed by hydrogenase and the rate and efficiency of N
2 

uptake catalyzed by nitrogenase in aerobically and H2-grown cultures of 

these microorganisms. 
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Cells and Cultures. Nostoc muscorum strain 7119 kindly made 

available to us from Dr. D.I. Arnon, and Anabaena cylindrica Lemn. from 

the Cambridge culture collection were grown in an Allen and Arnon medium 

(12) continuously illuminated by fluorescent cool light (3000 Lux) on a 

shaker and gassed with 95% air plus 5% co2 , at 25°C. Cultures grown 

under H2 were flushed with a mixture of H2 :N2 :co2 (20:75:5) and illumi

nated by white light (6000 Lux) on a shaker at 25°C. 

Hydrogenase Activity. H2 consumption was assayed with intact fila

ments that were washed and resuspended in 1 ml of growth medium in 7 ml 

vials. The vials were sealed with rubber stoppers and preflushed with 

N
2

. H2 (2 or 4%) was then added and the vials were incubated at 26 ± 

2°C in a specially constructed, illuminated (90 Kergs/cm
2

.sec) shaker 

(13). Consumption of H2 was compared to control samples containing 

equivalent amounts of medium and H2 to correct for possible loss of H2 

through leakage. 

H2 production was assayed under similar conditions, but with soni-

cated filaments in the presence of 20 rnM dithionite and 5 rnM methyl-

viologen. 50 ~1 aliquots were withdrawn from the gas phase of the vials 

and injected into a Varian Aeorgraph Model 920, provided with a molecular 

sieve SA column and thermal conductivity detector. H2 content was cal-

culated from peak heights of the recorder by reference to a calibration 

curve. 

Nitrogenase Activity. Acetylene reduction was assayed with intact 

filaments washed and resuspended in growth medium under 12% c2H2 in N
2 
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or 12% c
2
H

2
, 17% H

2 
in N

2
. Aliquots (100 ~1) were withdrawn from the 

gas phase ·and injected into a Varian Gas Chromatograph Model 3700, 

provided with a Poropak N column, flame ionization detector with N2 as 

the carrier gas. c2H4 and c2H2 content were integrated using a Varian 

CDS 111 data control system; activities were calculated from a standard 

curve for c2H4 concentration. 

Chlorophyll Determination. Filaments were sonicated and extracted 

with 80% acetone; chlorophyll ~ concentration was calculated from 663 nm 

absorbance according to Mackinney (14). 

RESULTS. 

Induction of Hydrogenase. Aerobically-grown filaments from N. 

muscorum and ~· cylindrica consume molecular H2 at rates between 1-6 

~moles/mg chlorphyll. h in the light; sonicated preparations produce H2 

at a rate between 1-3 ~moles/mg chlorophyll.h. Although Fujita et al. 

(2) reported that an activation of both H2 consumption and production 

occurs when filaments of aerobically-grown ~· cylindrica were incubated 

for a few h under H2 , .we consistently failed to observe any such acti

vation of either activity. However, if cultures of either of these 

species were grown for several days in a H2-containing atmosphere marked 

increases were observed in H2 consumption and production as shown in 

Fig. 1. Enhancement of hydrogenase activities was generally found 

between 4-8 days with maximal activity always obtained between 4-6 days 

of growth in a 20% H2-containing atmosphere based on 10 individual 

growth experiments with N. muscorum and six experiments with A. cylindrica. 

These activities· were consistently 5 to 20-fold higher than the hydro-

genase activities of the original aerobically-grown cultures. This 
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indicates that hydrogenase can be induced in these two species of 

cyanobacteria. 

Using H
2
-induced cultures, the dependence of H2 consumption on 

light and co
2 

was examined. Table I shows that light and light plus C02 

enhance H2 consumption. Thus, once hydrogenase has been induced, the 

activity can be enhanced 2-3 fold further in the presence of light plus 

co
2

. Other experiments have shown that photosynthetic electron transport 

inhibitors such as dichlorophenyl-dimethyl urea (DCMU), dibromothymoquinone 

(DBMIB), heptal-hydroxyquinoline-N-oxide (HOQNO) and disalicylidene-

propanedi~mine (DSPD) partially inhibited the rate of H2 consumption in 

the light. These findings indicate an involvement of the light-induced 

electron transport and reactions initiated by co2 in the stimulation of 

H2 consumption activity. 

Effect of H2 on Nitrogenase. To determine whether H2 consumption 

could support the reductive process of N2 fixation, we have followed the 

effect of H2 on nitrogenase with filaments of aerobically-grown cultures 

of ~· muscorum and !· cylindrica. In the presence of H2 gas the rate of 

nitrogenase and extent of N2 fixation, as measured by the acetylene 

reduction assay, is more than doubled (Fig. 2). Since H
2 

consumption is 

much greater in H
2
-grown cultures, we have followed in parallel the 

effect of induction of hydrogenase on nitrogenase activity. Figure 3 

presents typical results with ~· muscorum showing a progressive increase 

in rate and yield of N
2 

fixed by the filament preparations over a period 

of eight days of growth. Indeed, nitrogenase activity is enhanced in 

the H2-gro.wn cultures even when H2 is not present during assay of nitro

genase. If H
2 

is present during the assay, the rate of nitrogenase 
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activity in the H2-induced cultures is 16 ilmoles ethylene forrned/mg 

chlorophyll.h with a total yield of up to 100 ilmoles ethylene/mg chloro-

phyll which represents a 3-5-fold enhancement in nitrogenase activity. 

This indicates that nitrogenase is induced in H2-grown cultures. 

Similar results are observed in H
2

-gr·own cultures of !· cylindrica. 

DISCUSSION 

The studies reported in this investigation appear to resolve three 

questions with respect to two heterocystous species of cyanobacteria. 

First, whether hydrognease is activated or induced; we found no evidence 

for activation of either consumption or production of H2 in aerobically

grown cultures, but both of these activities increased 5 to 20-fold when 

cultures are grown under H2 gas. On the other hand, hydrogenase-catalyzed 

consumption of H2 is stimulated by light and/or light plus co2 in hydro-

genase-induced cultures. Secondly, nitrogenase activity appears to be 

induced in cultures grown under H2 • Thirdly, our studies unambiguously 

establish that in H2-induced cultures hydrogenase manifests a cooperativity 

with nitrogenase. In the presence of H2 the activity of nitrogenase is 

stimulated 3 to 5-fold such that rates of about 3 ilmoles of N2 fixed/mg 

chlorophyll.h are obtained if the method of Peterson and Burris (15) is 

used to convert acetylene reduction data to equivalents of 15N
2 

fixation 

to armnonia. 

These findings provide evidence to support earlier suggestions 

that: there is a link between hydrogenase and nitrogenase, Dixon (8); 

that hydrogenase may serve to recycle H2 gas lost by nitrogenase, Smith 
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~ al (10) and Bothe et al. (11); that H2 supported N2 fixation in 

reductant-limited cultures (grown in the presence of DCMU) of !· cylindrica, 

Benneman and Weare (16); and that an important role for hydrogenase, 

which is poised to function unidirectly towards consumption (3) is, in 

supporting nitrogenase in cyanobacteria species and this may also be 

the case in various N2-fixing bacteria as examined recently by Schubert 

and Evans (9). 

It therefore seems reasonable to suggest that it may be feasible to 

increase the capacity of N2 fixation in the heterocystous cyanobacteria 

by the simple expedient of growing cultures in the presence of H2 gas. 

These findings if exploited will enhance the importance of cyanobacteria 

for agriculture, i.e. ammonia fertilizer and food production. 
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TABLE I 

EFFECT OF LIGHT AND C02 ON H2 CONSUMPTION 

in N2 

in N2, light 

5% co2 in N2 , 

~2 Consumption (~moles/mg chlorophyll.h) 

N. muscorum 

10.6 (4) 
25.8 

28.8 

48.0 

A. cylindrica 

8. 9 (3) 

16.3 

20.5 (3) 

30.0 

Filments of 4-8 days Hz-grown cultures, containing 5-20 ~g chloro
phyll/mi. Values in brackets represent number of experiments averaged. 
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FIGURE LEGENDS 

Fig. 1. 

Fig. 2. 

Fig. 3. 

Hydrogenase activity of H
2

-grown cultures of N. muscorum and 

~· cylindrica. Filaments containing 5-20 ~g chlorophyll were 

harvested at the indicated times, suspended and assayed for H
2 

consumption (with 4% H2 in N2) and H2 production. 

Effect of H2 on nitrogenase activity in aerobically-grown N. 

muscorum and A. cylindrica. Filaments containing 8.6 and 5.7 

mg chlorophyll, respectively, were assayed for nitrogenase 

activity. 

Nitrogenase activity of H2-grown ~· muscorum. Filaments 

contained 5-20 mg chlorophyll • 
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..H;ure 3 

NITROGENASE ACTIVITY IN H2 GROWN N. MUSCORUM 
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