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Fig. 1 Effect of pN; on NH; formation and H; evalution by nitrogenase from Azotobacter vinelandii
Avl, 180pg; AvZ, 2Z5pg; Avl specific activity, 1700amol of C;H: reduced - min~'. (mg of

protein) ~!; Av2 specific activity, 1600 nmol of C:H; reduced « min~!. (mg of protein) !
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Fig. 2 Effect of pN; on NH; formation and H evolution by nitrogenase from Kiebsiella pneumoniae

H

Kpl, 220pg; Kp2, 288pg; Kpl specific activity, 1512 nmol of C;H, reduced » min . (mg of

protein) ~!; Kp2 specific activity, 1008 nmol of C:H; reduced « min~!. (mg of protein) ~*
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Fig. 3 Effect of pN; on NH; formation and H evolution by nitrogenase from Clostridium pasteurianum
Cpl, 180pg; Cp2. 180pg; Cpl specilic activity, 1096 nmot of C;H: reduced + min~'. (mg of
protein) ~!; Cp?2 specific activity, 1733 nmol of C:H; reduced + min~!. {mg of protein) "'
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Fig. 4 Double-reciprocal plot of V (NH,%) and pN,
Km (N); Av, 12,5(kPa);Kp,13. 5(kPa);Cp,4. 3(kPa)
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Table 1 The percentage of electrons used for NH; formation under different pN; by various nitrogenases

i N PN: LR OVINH ) A VINH: %))

Nitrogenase (kPa) Experimental value Calculated value
5 23 21
AvEHN 10 36 33
20 49 46
Av Nase 49 58 57
100 68 67
20 44 45
Ko B 2% 40 56 56
60 62 61
Kp Naiase 80 64 64
100 66 66
16 51 50
20 61 60
Cp B XMW 40 68 67
60 7l 69
Cp Naase 80 70 71
100 7 71
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Table | Comparision of Hz/N; value between experiment and calculation under different pNz.

EE=L pN; TR (H /N2 i 5 (Ha /N2>
Nitrogenase (kPa) Experimental value Calculated value
5 10.0 1.0
Av B 10 5.4 6.0
20 11 3.5
Av Nzase 40 2.1 2.3
100 1.4 1.5
20 3.6 3.7
Kp B 28 40 2.4 2.3
60 2.0 1.9
Kp Nase RO 1.6 1.7
100 1.5 1.5
10 2.8 3.0
20 1.9 2.0
Cp AR8 10 1.4 1.5
60 1.2 1.3
Cp N:ase 80 1.3 1.3
160 1.2 1.2
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Fig. 5 The two sites model of H; evolution catalyzed by nitrogenase
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Fig. 6 The pathway of nitrogen fixation and H; evolution by nitrogenase
Ea: The site of nitrogen fixation and H; evolution 1 and I on nitrogenase

Eb: The site of H; evolution ¥ on nitrogense
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MECHANISM OF H, EVOLUTION BY NITROGENASE

Zhang Zhenshui  Wu Baihe Li Jilun

(Department of Microbiology. Beijing Agricultural University, Beijing 100094)

A modified stoichiometric equation for bioclogical nitrogen fixstion, N, +

8+%~I\% % H,, is proposed based upon
2 2

quantitative study on N, reduction and H; evolution by purified nitrogenase (from

(H* + e )= 2NH; + | 1+

Azotobacter vinelandii » Klebsiella pneumoniae , Clostridium pasteurianum) under optimal
conditions and by kinetic analysis of the interrelationship between these two reactions.
In this equation, the H,/N, ratio is not a constant as the current stoichiometric
equation, N,+8(H" +e” )—=2NH;+H,,has shown. The amount of H, evolved during
nitrogen fixation is variable, it is directly proportional to the apparent Km(N,) of the
nitrogenase (km N, for Av Njase is 12. 5 kPa, for Kp N;ase is 13. 5 kPa, for Cp Njaes is
4. 8 kPa) and inversely proportional to pN,. When pN, =0, the equation changes to
2H' 42 —H,; if pN,=o0, it changes to N,+8(H' 4+e~}—=2NH.+H,. A double-site
model for H; evolution catalyzed by nitrogenase is suggested. One site catalyzes H,
evolution accompaning N, reduction, and one H; evolved per N, reduced. This reaction is
inhibited by CO or H,. The other site only catalyzes H; evolution which is inhibited by
N; but not inhibited by CO or H;, and the amount of H; evolved is equal to 4Km(N,)/
[pN.]. It is easy to explain, by this model, why more than one H, evolved per N,
reduced and why N, is an uncompetitive inhibitor for H; evolution, whereas H, is a
competitive inhibitor for N; reduction.

Key words Nitrogenese; Reaction of Nitrogen Fixation; Reaction of Hydrogen

Evolution; Stoichiometric Equation

© PERLHR

R R ETHATIER A HRA8EE  http://journals. im. ac.cn




