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@STRACT : Preincubation of m L-31 under acetylene 
reeulte in conformational change8 in the nitrogenaee ensyme- 
complex. * In particular, the site common to both nitrogen and 
acetylene is modified such that the affinity towards aoetylene 
increases considerably and there ia a corresponding decrease in 
the affinity toward8 nitrogen. The site for aside remains 
unaltered. The binding eite for carbon-monoxide (CO) also 
undergoes change a8 revealed by the remarkable deorease in the 
affinity for CO. The results explain the enhancement in 
acetylene reduction upon preincubation under acetylene. 

IlTRODUCTIOB : Continuous preincubation under acetylene or 

alternate preincubation under acetylene and air reeults in 

multifold enhanoement of acetylene reduction&m in a variety 

of nitrogen-fixing mioroorganisma (1) . We reported earlier that 

such enhancement does not involve derepreeaion and fresh 

synthesis of nitrogenase(2). The poasibility of substrate 

(aoetylene) mediated structural modification of enzyme molecule 

was therefore suggested. Data on the interactions among 

substrates and inhibitors of nitrogenaee (3,4) have indicated 

that the enzyme has either multiple sites for binding of 

different substrates and/or the sitea are modified in the 

presence of specifio substrates. In the present oommunioation 

we provide data favouring the latter possibility and show that 

h riyn preincubation of the blue-green alga m L-31 under 

acetylene resulte in conformational ohangea in the nitrogenaae 

enzyme-complex, thereby increasing ite affinity towards acetylene. 
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Fig. 1. The effect of aostylene concentration on acetylene 
reduction by &g&@~8 L-31. Preincubated algae 
( A ) are compared with untreated control ( 0 ). 

&iT;b’RIALS AND UTHGDS: 
previously (6). 

e L-31 was grown as described 
Prior to 86883, algal suspension6 were sparged 

with argon for 90 minutee to remove the dissolved nitro 
f 

en (and 
other gases) completely. Procedures for preincubation alternate 
exposure to acetylene in argon and argon respectively, eaah period 
lasting for 30 min) and acetylene reduction were described earlier 
(1,2). All assays were carried out in anaerobic (argon) 
atmosphere. Inhibitors (substrates) were added to control or 
preincubated algae prior to assay. All the data were treated by 
the standard linear regression analysis (7). Chlorophyll 2 was 
measured after BJackinney (8). Gases used were high purity 
produots from Indian Oxygen Ltd., Bombay, India. All the 
chemicals were obtained from British Drug Houees, Poole, kngland. 

R.ESULTS AND DISCUSSION: It has been established (3,4,5) that 

multiple reactions of nitrogenase are not catalysed at a single 

unmodified active site. However, it has not been clear whether 

th6re are multiple Site8 or the prOpertie of one or more Sites 

are modified in the presence of speoifio substrates. The data 

in Fig. 1 show, normal Michaelis-Men-ten kinetics for the effect 

of acetylene conoentration on acetylene reduction activity of 

Ana L-31 Aa s,LEp. The calculated values of Michaelis 

constants (Km) for control and preincubated algae are 0.015 atm 
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Fig. 2. a’ffect of nitrogen on acetylene reduction by 
(a) control and 
The par2 (atm) was as 

( b) f;~g;patedeAzufypp L-3 1 

( a ) 0.2, ( & ) 0.5, ( $4 ) 1.0. 

and 0.006 atm respectively. This clearly shows that upon 

preincubation under acetylene a conformational change occurs at 

the site of acetylene binding, such that ita affinity for 

acetylene increases by nearly 2.5 fold. 

Nitrogen has been shown to inhibit acetylene reduction 

competitively (4) while azide and carbon-monoxide (CO) are non- 

ooapetitive inhibitors of acetylene reduction (3,4). Figs. 2-4 

show the effeot of these inhibitore on the normal and modified 

(after preincubation) site for acetylene. 

Nitrogen and acetylene appear to share the aam8 site on 

the nitrogenase complex aa is shown by competitive inhibition 

of acetylene reduction by nitrogen (Fig. 2). The calculated 
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Table 1 

Changes in affinity for eubstrates and inhibitors of 

acetylene reduction after preincubation 

Substrate 

inh& t or 

Nature of 
inhibition 

Caloulated Ke&* 

Control Preincubated 
algae 

‘* G2% 0.015 atm ‘0.006 atm 
2. NJ:! Competitive 0.37 atm 0.80 atm 

3. co Non-competitive 0.0005 atm 0.0013 ata 
4. lvaa3 Bon-competitive 2.2 mm 2.2 RIM 

*% valuea were calculated using secondary plot8 
(intercepts vereutv inhibitor concentratione) of Fige. 2-4. 

values of inhibition con&ante (Ki) for control and preincubated 

algae are 0.37 atm and 0.80 atm reepectively (Table 1). Thus 

the eensitivity to nitrogen deoreaaes by about 2.2 fold (in 

agreement with the increase in affinity for acetylene by 2.5 

fold). Thia again demonstrates that a structural modification 

at the nitrogen/acetylene site does occur after preincubatlon. 

Aside inhibits acetylene reduction non-competitively 

(Fig. 3) and calculated (Ki) value (2.2 mh) doee not changr 

after preinoubation (Table 1). Thie is aB would be expected 

since earlier work indicates that aside and acetylene do not ehar6 

the same eite (3,4). 

Carbon-monoxide also inhibits acetylene reduction non- 

competitively (Fig.4). Surprisingly however Ki value for 

CO (0.0065 atm) increaees to 0.0013 atm after preincubation. 

This perhaps means that yet another etructural alteration 
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Fig. 3. Effect of azide on acetylene reduction by 
(a) uontrol and (b) preinoubated m L-31. 
The concentration of aside in mM wae a8 follows: 
( l 10.0, ( l ho, ( 4 12.0, ( $6 15.0. 

occurs at the site for CO (in addition to the one that ocour8 

at the site for C2%) upon preincubation under acetylene. 

Table 1 eummarizee all the result 8. It is evident that 

preincubation under acetylene reeulte in oertain conformational 

change8 in the enzyme-oomplex especially at the site ahared by 

Ii2 and C2H2. Based on the finding@ that N2 ia competitive with 

C2% while C2% ia non-ooapetitive with N2 (3,4) it wa8 suggested 

that N2 and C2% have different binding sites but “tap a common 

eink of eleotronsn (4). However this does not seem to be the 

case since aoetylene preincubation equally alters both the I(ln 

and gi for C2H2 and N2 reapeotively. It 8eems more likely 

therefore that C2% and B2 share a common site. The possibility 

that preincubation may make more Bites amenable to acetylene 

binding ie ruled out by the preaent finding (Fig. 1) that 
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Fig. 4. Effect of carbon-monoxide on acetylene reduction 
by (a) oontrol and fb) preincubated a L-31. 
The pC0 (ah) was as follows: ( 0 )O.O, ( I )0.0006, 
( I, )0.0012, ( K )0.002. 

acetylene reduotion show6 a linear lichaslis-Btenten kinetios 

even after preincubation. Further, the competitive or non- 

competitive nature of inhibition by different inhibitor6 doe8 

not change after preincubafion, as would be expected if: (i) new 

cites were coming into play or (ii) site8 for other aubstreteer 

were also btiding acetylene after preincubation. The structure 

and arrangement of the various sites on nitrogenase molecule 

are not known at prsaent and the nature of these conformational 

Chenge6 still remain6 unclear. 
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