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Nitrous oxide, cyanide, azide, carbon monoxide and nitric oxide
have been reported as inhibitors of nitrogen fixationl. We have now been
able to show catalysis of the reduction of some of these inhibitors by the

Np-fixing system of Azotobacter vinelandii or Clostridium pasteurianum?, e.g.,

NoO —> Mo + HoO (1)

HON —> CHj + NH3  (2)3

Ny© —> MHg + Np (3)3.
Schdlihorn and Burris also have evidence for reaction (3) and nave extended
the list to include acetylene&. The characteristics of these reactions-
requirement for ATP, reductant and an extract with No-fixing activity and
inhibition by CO-parallel those of nitrogen fixation®~T,

Previous studies have shown that Np-fixing extracts of A.vinelandii
and C.pasteurianum have a reductant-dependent ATPaseS-10 and an ATP-dependent Hp
evolutionl®-12, This ATPase was proposed to function in the activation of
electrons that are used for Np reduction or Ho evolutiona:lo. Nitrous oxide
was found to inhibit ATP-dependent Ho evolution? but not reductant-dependent,
ATPase of g.vinelandiiS. This lack of inhibition by NoO of reductant-
dependent ATP utilization concomitant with the inhibition of ATP-dependent Hp
evolution suggested that some of the electrons activated by this ATPase were
utilized for reduction of NoO rather than evolution of Hp. This commnication

reports the reduction of N20 to N2 by No-fixing extracts of A.vinelandii and

C.pasteurianum.

*Contribution No. 1203
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Table 1

N50 Reduction By The Np-Fixing System Of A.vinelandii

Gas Product Incubation System
Phase Formed Complete -C~P, -ATP -NasSo0L -Enzyme
pmoles in 1 hr. at 30°

N50 o 37 10 11 12
Ho 22 1 2 0
Creatine 210 &2
NH3 0.8

No NH3 13

He No 0 0
Ho 55 2
Creatine 200 8h

System contained per 4t ml in pmoles: Tris+HCL, 200; creatine phosphate
(C~P), 224; ATP, 20; and NapSs0y, 80 all at pH 7.0; and MgClp, and in mg
protein: heated extract of Np-grown A.vinelandii, 15; and creatine kinase,
0.8. Gas phase flushed repeatedly and filled with 0.55 atm of NpO, No or He.

METHODS

Enzyme Sources - Heated extracts of cells of A.vinelandii, ATCC
12518, were prepared as described for Np fixationa:lg. Those from cells
grown on air (Wo-grown) had No-fixing activity while those from cells grown
on urea with a gas phase of 80% A:20% Op (urea-grown)l3 did not. Cell free
extracts of dried cells of C.pasteurianum, ATCC 6013, were alsc prepared as
described for Ng-fixationlh. Those from cells grown on Np (Np-grown) had No-
fixing activity while those from cells grown on NH3 with a gas phase of A
(NH3-grown) did not.

Determinations - Gases were analyzed with a Consclidated Mass
Spectrometer and the initial gas phase of NoO or He was used as an internal
standard. The spectrum of Np was corrected daily for the Np fragment from
NoO. Reductant-dependent ATPase was determined as the increase in crestine
released from creatine phosphate in the presence of dithionite8’l5. The
synthesis of NH3 from either Np or NpO was measured by titratlon after micro-
difoSionl6; He replaced Np or NpO as a control. Protein was estimated with

biuret reagent.
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RESULTS

Reguirements for NpO Reduction - Extracts of Np-grown A.vinelandii

reduced N0 to Np and traces of NHg (Table 1). The substrate requirements
were the same as those for Np fixation, e.g., ATP and Na2820u7. The complete
system formed 26 pmoles of N2/15 mg protein in 1 hr (corrected for average

No found in controls, e.g., -enzyme, -ATP source, and -NaQSQOu) and 0.8 ymoles
of NH3 with 0.55 atm of N2O as substrate while it formed 13 pmoles of NH3 with
0.55 atm of N, as substrate. Thus, four times as much NpoO was reduced to Np
(2 electrons required) as Np to NH3 (6 electrons required). Evolution of Hp
was decreased when NoO reduction occurred. This decrease in electrons evolved
as Hp corresponded to the electrons utilized for Np formation. Reductant-
dependent ATPase activity was not affected by NoO reduction.

Time Course of NoQ Reduction - The rates of the three related reactions,

N20 reduction to Ny, Hp evolution and reductant-dependent ATPase are shown in
Fig. 1. 1In this experiment the creatine phosphate was exhausted after about
30 min at which time all three reactions ceased. Evolved Hp or even a gas
phase of 30% of Hy in place of NagSpOy in the complete incubation mixture of

Table 1 did not reduce NpO to No.

411



Vol. 23, No. 4, 1966 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Table 2

Dependency Of NpO Reduction On Extracts Of No-Grown Cells

Substrate 20 2
Extract Products Mo H»r NH§
mg protein pmoles in 1 hr at 30
A.vinelandii
No-grown cells 22 38 13 18
Urea-grown cells 27 I 1 0
C.pasteurianum
Np-grown cells 36 22 52 13
NH3-grown cells 43 0 27 0

System for A.vinelandii, Table 1; for C.pasteurianum per L ml in pmoles:
potassium cacodylate, 200; creatine phosphate, 224; ATP, 20; and NapSy0),
80, all at pH 6.5; and MgCly, 20; and in mg: creatine kinase, 0.8. Gas
phase, 0.55 atm. Product No corrected with minus energy control.

Dependency on No-Fixing Extracts - The reduction of N0 is dependent

on the induced enzymes of Np fixation found in Np-grown but not urea- or Niz-
grown cells. Extracts of Np-grown A.vinelandil or C.pasteurianum both reduced
NoO to Np and fixed Np while those of urea=grown A.vinelandii or NHz-grown
C.pasteurianum had negligible (0-10%) NoO-reducing activity and did not fix
Ny (Table 2).

Effect of CO - Reduction of NpO to Np was inhibited 75-90% by 0.1
atm of CO (Table 3). Electrons not used for NoO reduction were evolved as
Hp. Thus the decrease by CO in Np synthesis from N0 (3L pmoles) by extracts
of A.vinelandii corresponded to the increase in ATP-dependent H, evolution
(32 pmoles).

DISCUSSION

Nitrogen-fixing extracts of both A.vinelandii and C.pasteurianum

are shown to reduce NoO to Np. The substrate requirements and extract
dependency for this reduction are identical to those for Np fixatlon,

reductant-dependent ATPase or ATP-dependent Hp evolution? 2.

Therefore,
it is proposed that the reduction of N0 is catalyzed, at least in part, by

enzyme(s) of the No-fixing system. Electrons activated by the reductant-
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Table 3

Effect Of CO On No0O Reduction

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Substrate N20 N20:C0(0.8:0.2)
Extract Products No Ho No Ho
mg protein pmoles in 1 hr. at 30°
A.vinelandii 15 3k 21 3 53
C.pasteurianum 36 22 52 6 135

System for A.vinelandii, Table 1; C.pasteurianum, Table 2. Gas phase,
0.55 atm, Product No corrected with minus energy control.

dependent ATPase of the No-fixing complex are utilized for N»O reduction.

This conclusion 1s supported by the following observations: 1) NoO doesn't

affect electron activation as measured by reductant-dependent ATPase activity;

2) WoO decreases ATP-dependent Hp evolution in an amount approximately equal

to the increase in No formation; and 3) inhibition by CO of No0 reduction

eliminates the decrease in ATP-dependent Hp evolution. The inhibition by

CO of No0 reduction also demonstrates that an enzyme or at least,site in

addition to the reductant-dependent ATPase 1s required for No0 chemisorption

and reduction. The activity of NpO as a competitive inhibitor of Np fixation,

the reduction of other inhibitors of No fixation by Np-fixing ex“cra.c‘c,sg‘l¥ and

the inhibition of Np fixation as well as NpO reduction by CO suggests that

"nitrogenase”, the site of Np chemisorption and reduction, rather than an

No0 reductase is the site of NoO reduction. Thus NpoO-reducing activity may

occur in all organisms and extracts that have No-fixing activity. This

suggestion is supported by the previously observed reduction of N2O to Np

L7

by scybean root nodules
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