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Dinitrogen fixation by crude extracts from Rhodopseudomonas palustris and Rhodomicrobium 

vannielii and by purified nitrogenase preparations from Azotobacter vinelandii and Clostridium 
pasteurianum is inhibited by nitrite, whereas in the same preparations nitrate is without effect. In 
Clostridium nitrite seems to interact with dinitrogenase reductase component of the bacterial ni­
trogenase complex.

Introduction

It is widely recognized that amonia and other 
forms of reduced nitrogen cause a strong inhibition of 
dinitrogen fixation by intact cells o f  various microor­
ganisms, especially phototrophic bacteria [1, 2]. N i­
trite inhibits in vivo acetylene reduction by R. cap­
sulata [3]. Likewise, nitrite has been also described 
as a potent inhibitor o f nitrogenase activity in Rhi- 
zobium bacteroids extracted from nodules [4], in N 2- 
fixing cultures o f rhizobia [5] and o f rhizobial 
nitrogenase in vitro [6]. Very recently, inhibition  
of purified dinitrogenase from Clostridium pas­
teurianum by nitrite and NO has been also reported
[7]-

In this communication the inhibition by nitrite o f  
acetylene reduction in crude extracts from R. palus­
tris and R. vannielii as well as in purified nitrogenase 
preparations from A. vinelandii and C. pasteurianum  
is presented. In this latter bacterium the effect o f  ni­
trite seems to be exerted by reacting preferentially 
with the dinitrogenase reductase com ponent o f the 
whole nitrogenase complex.

Materials and Methods

Cell cultures

R. palustris (ATCC 17001) has grown photo- 
heterotrophically with succinate and N 2 as pre­
viously described [1].

R. vannielii strain 166 was grown in a medium  
containing per liter KH 2P 0 4, 0.5 g; M g S 0 4, 0.4 g;

NaCl, 0.4 g; CaCl2-2 H 20 ,  0.05 g; disodium succi­
nate, 2 g; yeast extract, 0.5 g; ethanol, 0.5 g; ferric ci­
trate, 0.005 g, and trace solution as described for R. 
palustris [1], 1 ml.

C. pasteurianum W5 and A. vinelandii OP were 
grown as described elsewhere [8, 9].

Cell-free extracts

Cells were collected anaerobically by centrifu­
gation at 10000x 0 for 15 min, washed once with 
50 mM Tris-HCl buffer (pH 8.0), and resuspended in 
the same buffer containing 1 mM sodium dithionite. 
Cells were broken by sonication and crude extracts 
were obtained as previously described [1].

Nitrogenase components from C. pasteurianum  
and A. vinelandii were isolated and purified by pre­
viously described methods [8, 9].

Nitrogenase assays

Dinitrogen fixation was measured by the acety­
lene reduction technique. The reaction mixtures 
were prepared according to Zumft and Castillo [1].

Analytical Methods

Protein was estimated according to the Lowry pro­
cedure [10] using bovine serum albumin as standard. 
Nitrite was measured as described by Snell and Snell 
[11].

Results and Discussion
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Ammonium salts, glutamine, asparagine and urea 
cause an immediate and reversible inactivation o f
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Fig. 1. Inhibition by nitrite of dinitrogenase from R. van- 
nielii. The assays were performed with reaction mixtures 
containing extracts from R. vannielii (2.25 mg protein) and 
the following additions: none ( • - • ) ;  1 m M  K N 03 (□-□); 
2 m M  KN03 (a -a); 1 m M  KNO, ( a - a ) ;  2 m M  K N 02 (■-■).

light-dependent acetylene reduction in intact cells o f  
phototrophic bacteria [1, 2].

Addition o f nitrite to crude extracts from R. van­
nielii (Fig. 1) and R. palustris (results not shown) 
rapidly suppresses acetylene reduction. A similar 
inhibition by nitrite has been reported for nitroge- 
nase o f alfalfa root nodules [12], in N 2-fixing cultures 
of rhizobia [5] and for nitrogenase from crude ex­
tracts o f Rhizobium japonicum  [6] where a reversible 
competitive inhibition that can be reversed by gel 
filtration has been also described (13).

Partially purified nitrogenases from A. vinelandii 
and C. pasteurianum  are also inhibited by nitrite 
(Fig. 2 and 3). In Clostridium  inhibition seems to af­
fect the dinitrogenase reductase component o f the 
nitrogenase complex since addition o f  Fe protein to 
inhibited enzyme relieved the inhibition whereas ad­
dition o f Mo Fe protein did not (Fig. 3). In a separ­
ate experiment addition o f  Mo Fe protein to a re­
action mixture containing nitrogenase previously

Fig. 2. Inhibition by nitrite of purified dinitrogenase from 
A. vinelandii. The assays were carried out with partially 
purified Fe protein (0.1 mg) and M oF e protein (0.2 mg) 
from A. vinelandii in the absence ( • - • )  or in the presence of 
1 m M  K N 03 ( a - a ) ;  1 m M  K N 0 2 (□-□) and 2 m M  K N 0 2 
( A - A ) .

inactivated by nitrite did not overcom e the inhi­
bition (Results not shown). These results are at vari­
ance with the reported nitrogenase inhibition by ni­
trite in Rhizobium  where binding o f the inhibitor to 
the Mo Fe protein component has been proposed 
[13]. By contrast, an irreversible inhibition o f  clos­
tridial nitrogenase by nitrite due to binding o f  the 
inhibitor to the Fe protein has been recently report­
ed [7], Apparently nitrite inhibits nitrogenase by 
being reduced to NO which irreversibly and rapidly 
inactivates the Fe protein while the Mo Fe protein 
remains undamaged [7].

Addition o f nitrate either to crude extracts from 
phototrophic bacteria or to purified enzyme prep­
arations from A. vinelandii and C. pasteurianum  does 
not affect dinitrogenase activity (Figs. 1 - 3 ) .  This 
lack of inhibition can be attributed to the absence o f  
nitrate reductase activity from these preparations.

The nitrate-induced depression o f rhizobial d ini­
trogenase has be explained by assuming that nitrite
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Time(min)
Fig. 3. Inhibition by nitrite of purified dinitrogenase from
C. pasteurianium. The assays were performed with partially 
purified Fe protein (0.05 mg) and Mo Fe protein (0.15 mg) 
from C. pasteurianum in the absence ( • - • )  or in the pres­
ence of 2 mM K N 0 3 ( a - a )  and 1 mM K N 0 2 (□-□). At the 
times indicated by the arrows, 0.05 mg Fe protein (a - a ) 
and 0.15 mg Mo Fe protein (a - a ) were added to the re­
action mixture containing K N 0 2.

is produced in nodules by nitrate reductase present 
therein [14]. The presence of nitrate reductase in 
nodules lacking nitrite reductase [15] determined the 
appearance of nitrite which can inactivate dinitroge­
nase. Additional and/or alternative explanations o f  
the effect o f nitrate and nitrite on rhizobial nitroge- 
nase by preventing the inactivated leghem oglobin to 
penetrate into bacteroids [16] or by depressing modu­
lation [17] or leghemoglobin synthesis [18] have been  
also suggested. By contrast, a stimulation o f dini­
trogenase activity in the presence o f nitrate under 
anaerobic conditions have been reported in Spiril­
lum lipoferum. Apparently the bacterium dis- 
similates nitrate to obtain the ATP required for dini­
trogen reduction and excretes to the m edium  the ni­
trite formed in the process, thus avoiding the pres­
ence o f inhibitor inside the cells [19].

The lack of nitrate inhibition in crude extracts 
from phototrophic bacteria clearly indicates the ab­
sence o f nitrate reductase in the organisms studied.
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