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Abstract-The nodule cytosolic dehydrogenase enzymes malate dehydrogenase and isocitrate dehydrogenase in root 
nodules of Trigonellu foenum-graecum may provide reducing power and keto acids for the ammonia assimilatory 
enzymes to assimiiate the ammonia exported from bacteroids. 

INTRODUCTION 

Nitrogenase [nitrogen (acceptor) oxidoreductase; EC 1.7 
99.21 requires a reductant for the conversion of nitrogen 
to ammonia [ 11. Free living aerobic nitrogen fixers and 
R~iz~~~~ probably use reduced nicotinamide adenine 
dinucleotide phosphate (NADPH) as the reductant for 
nitrogen fixation [2,33. 

Nitrogenase synthesis is repressed by ammonia [4-93. 
Ammonia generated by bacteroidal nitrogenase is ex- 
ported to the nodule cytosoi [l&13]. We have reported 
that Trigone~~af~num-grace has an efficient ammonia 
assimilatory mechanism to make productive use of the 
ammonia provided by the microsymbiont [ 141. Ammonia 
is fixed into amino acids in the presence of reducing power 
and the corresponding keto acids, which are provided by 
the nodule cytosolic dehydrogenase enzymes. Malate 
dehydrogenase (MDH: EC 1.1.1.37) is present in bac- 
teroid extracts from nodules of Fisum satiuam [lSJ and 
PJmseofus uuiguris [ 16). Isocitrate dehydrogenase (IDH: 
EC 1.1.1.42) has been detected in extracts of bacteroids 
from nodules of P. sotiuum [ 151 and Lupinus angustifo/ius 
[17]. However, few reports have addressed the inter- 
relationships between carbon metabolism and the nit- 
rogen fixation process in rhizobia bacteroids and their 
plant hosts [ 18-201. 

Our purpose was to establish the presence of MDH. 
IDH, glucose&phosphate dehydrogenase (GCPD, EC 
1.1.1.41) and dphosphogluconate dehydrogenase (6PGD; 
EC 1.1.1.43) during the period of nitrogen fixation in T. 
foenum-graecum and to relate temporal changes in their 
activities to nitrogen fixation. 

RESULTS AND DISCUSSION 

Nitrogenase activity of the intact root nodules in- 
creased until the 5th week after planting of T. foenum- 
graecum and thereafter declined (Fig. 1). The activities of 
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Fig. 1. Levels of nitrogenase activity during the growth cycle 

of Trigonella foenum-gruecw (0). 

MDH (Fig. 2A) and IDH (Fig. 28) in the nodule cytosol 
and bacteroidal fractions were also found to increase as 
nitrogenase activity increased during the first 5 weeks of 
plant growth. The activities of G6PD (Fig. 2C)and 6PGD 
(Fig. 20) in the nodule cytosol and bacteroids were 10% 
of the rate of the MDH and IDH activities. Possibly 
MDH and IDH may be more active than G6PD and 
6PGD in providing reducing power and keto acids for 
nitrogen fixation in T. foenum-graecum. 

The coincidence of high bacteroidal IDH activity at the 
time of high rates of nitrogen fixation may indicate that 
IDH provides reductant for the fixation of nitrogen in the 
nodules of T. fwnum-graecum. Similarly, Kun and La 
Rue [15] reported bacteroidal IDH as the probable 
source of reductant for nitrogen fixation in P. satiuum. 
Bacteroidal MDH and IDH may also provide keto acids 
for ammonia assimilation. 

We have shown earlier that ammonia incorporation in 
nodules of T. foenum-graecum osxurs in the cytosol by an 
efficient glutamine synthetasoglutamate synthase 
(GSGOGAT) pathway, which requires the reducing 
factors reduced nicotinamide adenine dinucleotide 
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Fig. 2. Levels of enzymes in the nodule cytosol(0) and bacteroids (3) of Trigonellufoenum-graecum and various 
ages. A-malate dehydrogenase, kisocitrate dehydrogenase, C-glucose&phospate dchydrogenase, D--6- 

phosphogluconate dehydrogenase. 

(NADH)and NADPH and keto acids [ 143. The activities 
of MDH and IDH concided with the peak of nitrogenase 
activity. Therefore, MDH and IDH in the nodule cytosol 
may provide reducing power and keto acids for the 
assimilation of ammonia exported from bacteroids. High 
levels of MDH and IDH in the nodule cytosol may also be 
of significance in maintaining a concentration gradient of 
ammonia, limiting its availability of the bacteroids and 
favouring nitrogen fixation. 

EXPERIMENTAL 

Growth of piants. The T. foen~~~~cu~ plants were grown 
and maintained as described earlier 121). 

Enzyme preparation. We separated the bacteroids from the 
nodule cytosol to extract nodule cytosol and bacteroidal enzymes 
as described earlier [14]. 

Enzyme assays. The nitrogenase activity of the intact root 
nodule was assayed as described in ref. 1223. The unit for 
nitrogenase was expressed as the amount of enzyme which 
produas 1.0 ~1 of ethylene per min at 30”. MDH, IDH, G6PD 
and 6PGD were assayed as described earlier [21]. MDH activity 
was defined as the amount of enzyme which brings about an 
oxidation of 1 pmol of NADH per min at 30“. The units for IDH, 
G6PD and 6PGD were defined as the amount of enzyme which 
briog about a reduction of 1.0 qol of NADP per mitt at u)“. 
The activities of all enzymes in the manuscript are expressed in 
terms of specific activities (units/mg protein) and are the average 
values of 5 determinations. The protein was estimated by the 
method of ref. [23] using bovine serum albumin as standard. 
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