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1. Introduction 

Nitrogenase, the enzyme responsible for the reduc- 
rive breakdown of the N2 molecule into ammonia, 
consists of two different (non-heine) iron-sulfur 
proteins, one of them containing molybdenum. Both 
components show an extraordinary sensitivity toward 
oxygen compared with other iron-sulfur proteins 

[1,21. 
On the basis of the redox potentials and the kinetic 

properties of the two proteins, it is currently accepted 
that electrons are transferred for the reduction of the 
substrate according to the following simplified sequence 
[3]: 

Fd ~ Fe-protein.ATP.Mg ~ MoFe-protein --> Substrate 

There is abundant evidence for the specific binding 
of ATP.Mg to the Fe-protein of nitrogenase [4-7]  
rather than to the MoFe-protein. Also the redox poten- 
tial of the clostridial Fe-protein ( -294 mV) becomes 
about 100 mV more negative when the measurement 
is made in the presence of ATP.Mg due, apparently, 
to a conformational change induced by the nucleotide 
[8,9]. For the MoFe-protein a relatively positive 

Abbreviations: MoFe-protein, molybdenum-iron protein; 
Fe-protein, iron protein; ATP-Mg, MgATP 2- 
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midpoint potential ( -20  mV) was obtained which 
was unaffected by ATP.Mg [9]. However, it has been 
proposed that it may exist at a lower potential during 
the catalytic cycle of the enzyme [10-13]. 

Nevertheless, given the complexity of this enzyme 
system, in which two different proteins, ATP.Mg, 
and an electron donor are involved, the study of the 
redox and conformational states of each individual 
protein during the catalytic turnover presents great 
difficulty and many questions remain unanswered. 

In the present note, data are presented showing 
that the Fe-protein exhibits different sensitivities 
toward oxidation, depending on the reaction com- 
ponents present. This finding suggests that substantial 
changes apparently occur in the redox state of the 
Fe-protein upon binding of ATP and Mg 2÷ and during 
the turnover when the MoFe-protein is present. 

2. Materials and methods 

The procedures for the isolation and purification 
of both nitrogenase components from Clostridium 

pasteurianum cells and for the assay of their enzy- 
matic activities are in [14]. The Fe-protein had a 
specific activity of 1300 nmol acetylene reduced/ 
rain/rag protein. 

The electrochemical cell used for the oxidative 
inactivation of the Fe-protein was essentially the 
same as in [14], but a motor-driven syringe was 
used, so that the oxidant could be added continuously 
and very slowly so as to avoid local accumulation of 
the oxidant. The following redox mediators were 
used, each at 50/JM: benzyl viologen (Em7 = -363 mV), 
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anthraquinone-1,5-disulfonate (Em7 = - 1 7 5  mV), 
anthraquinone-/3-sulfonate (Em7 = - 2 2 5  mV), 
2-hydroxy-1,4-naphtoquinone (Em7 = - 1 3 7  mV) and 
neutral red (Era7 = - 3 2 4  mV). Deoxygenated potas- 
sium ferricyanide was used as the titrant. The poten- 

tials were measured with a gold electrode versus the 
Ag/AgC1 reference electrode, and the latter was 

calibrated with saturated quinhydrone at selected 
pH values. All potentials discussed in this note are 
referred to the standard hydrogen electrode. 

All reagents were of the highest purity available 
and were used without further purification. 

3. Results 

Tile Fe-protein from C. pasteurianum nitrogenase 
is inactivated by incubation at relatively low poten- 
tials. Figure 1 A shows the course of inactivation of 
this protein by incubation at potentials ranging from 
- 4 5 0  mV to +100 inV. The inactivation occurs over 
a potential range of approx. 300 mV and the activity 
is decreased to 50% at - 1 2 5  mV. 

When the same experiment was carried out in the 
presence of ATP, or Mg 2÷, or both, the inactivation 
occurs at even lower potentials, since in all cases the 
protein was 50% inactive at about - 2 7 5  mV (fig.1 B). 
The potential dependence for the inactivation of the 
Fe-protein was not affected by the presence of Ca 2÷, 
a cation that cannot replace Mg 2÷ in the nitrogenase 
reaction (see fig.1A). 

When the Fe-protein was oxidized in the presence 

of all the components of the reaction, i.e., MoFe- 
protein, ATP, Mg 2÷, and H ÷ (which serves as the 
substrate), the inactivation occurs immediately after 
$2042- becomes exhausted (fig.1C), while the poten- 
tial changed very little. Apparently, only the Fe-pro- 
rein and not the MoFe-protein was affected, as when 
the incubation mixture was supplemented with fresh, 
untreated Fe-protein in the assay mixture full activity 
of  the MoFe-protein was obtained. The same inactiva- 
tion pattern was obtained in a similar experiment in 
which Mg 2÷ and ATP were deleted (fig.1C). 

When the oxidative titration was carried out with 
the intact nitrogenase complex obtained in the early 
stages of the purification, when the two components 
were not yet separated, the Fe-protein showed a 
sensitivity similar to that when it was titrated alone. 
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Fig.lA. Oxidative titration of the Fe-protein. 1.8 mg Fe-pro- 
tein was incubated in the electrochemical cell in 1 ml 
0.2 M Tris-C1, pH 7.0, containing 0.2 M NaC1, 0.5 mM 
Na2S204 and the mixture of redox mediators described 
in section 2. The potential was increased by addition of 
small amounts of a de-aerated solution of 0.1 M ferricyanide. 
After 5 min at the potential indicated (+- 5 mV), 50 tal 
samples were withdrawn and the activity measured. The 
activities are expressed as % sample activity prior to ferri- 
cyanide addition. The results shown are a composite of 
3 separate sets of experiments (e), and those titrated in 
the presence of 10 mM CaCI~ (o). 

Fig.lB. Oxidative titration of the Fe-protein in the presence 
of Mg 2÷ (e), or ATP (o), or ATP.Mg (zx). The reagent con- 
centrations were the same as in (A); Mg 2+ and/or ATP were 
present at 10 mM. 

Fig.lC. Oxidative titration of the Fe-protein in the presence 
of the MoFe-protein (e) or MoFe-protein plus the ATP- 
generating system (o). The conditions were the same as in 
(A), except MoFe-protein was present at 1 mg, 5 mg or 
8 mg and the ATP-generating system was used at the same 
concentrations as in the standard assay. 

305 



Volume 89, number 2 FEBS LETTERS May 1978 

4. Discussion Acknowledgements 

Sensitivity toward oxidation is a common pheno- 
menon among i ron-su l fu r  proteins. The difference in 
stability seems to be related to the protein structure, 
as urea and guanidine hydrochloride have been found 
to promote inactivation in many cases [15]. In the 
case of  nitrogenase, the Fe-protein activity is very 
much dependent on the redox potential ,  the thresh- 
old being much lower, i.e., at a much more negative 
potential ,  than for MoFe-protein [14]. 

The monotonic course of  inactivation suggests 
that the process probably occurs as the result o f  
oxidation of  protein groups with similar structure 
or redox potential ,  most likely the oxidation of  the 
sulfide groups to sulfur zero, as has been found with 
other i ron-su l fu r  proteins [1 ]. 

There are several reports on the effect of  ATP.Mg 
on the oxygen sensitivity and on the accessibility to 
the iron atoms and sulfhydryl groups, although not 
all agree on the nucleotide and metal requirements 
[5,7,16]. We have observed that in the presence of  
ATP and Mg 2÷ the potential  at which the Fe-protein 
is inactivated shifted toward more negative values, 
and it seems reasonable to attribute it to a confor- 
mational change that leads to an exposure of  the 
F e - S  centers. 

The markedly enhanced sensitivity of  the Fe-pro- 
tein toward oxidation produced by  the MoFe-protein 
when it is present either alone or in combination with 
other reaction components,  contrasts with the relative 
stability when the t i tration is performed with the 
crude preparation in which the MoFe-protein is still 
complexed to the Fe-protein. This peculiar behavior 
o f  the Fe-protein in its isolated state could be the 
result o f  some changes in its structure as it is removed 
from the native nitrogenase complex, which makes 
it more sensitive to oxidation not only in the presence 
of  ATP and/or Mg 2÷, but  also the MoFe-protein [17]. 
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(GB-29161) to Dr B. Ke. 
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