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GROWING RHIZOBIA 

S. K. CHAKRABARTI. A. K. MISHRA and P. K. CHAKRABART~‘Y* 

Dcpmtmcnt of Miuoblology, Bose Institute. Cakutta 7oooo9, hdla 

(Rdsed recdwd 16 .Mq 1986) 

Key Wad ID&X--Rhirohum brctaip; fast- end slow-growmg; metabolic pathways gluaac; gluconatc. 

-_ - 

Abstract-Enzymatic evidence was sought for the operation of pathways involved in glucose and gluconate 
catabolisms in fast- and slow-growing Rhizobium species including members of the cowpea group. Enzymes of the 
Entner-Doudoroff pathway, penlose phosphate pathway and tricarboxylic acid cycle were detected in fast-growing 
rhizobia but the pcntosc phosphate pathway was absent in slow-growers. rcgardkss of the carbon source used. When 
analyscd for enzymes of the Embden-Meycrhof-Par and Entner Doudoroff pathways in glucose-grown ails, the 
pathways were found to operate simultaneously in rhizobia. 
--_. ---._ --. __ - .-- 

IMRODtJCTIO!‘i 

Previous investigations have shown that all rhizobia 
irrespective of their growth properties possess the 
Entner-Doudoroti (ED) pathway and the tricarboxylic 
acid (TCA) cyck for glucose oxidation [l-S]. Using cells 
cultured on glucose. the occurrence of the pentose phos- 
phate (PP) pathway has been demonstrated in fast- 
growing rhizobia [4] which possess NADP-linked 6 
phosphogluconate dehydrogenase (6-PGD), the key 
enzyme for this pathway. Lack of the enzyme CPGD in 
glucose-grown slow-growing rhizobia laid the foundation 
of the enzymatic basis for differentiation of fast- and slow- 
growing groups of Rhitobiw [4]. Evidence for the 
prcscnoz of the Embdcn-Meycrhof- Pamas (EMP) pth- 
way, however, is contradictory. There have ban a few 
reports [ 1.4, C8 3 of the measurement of significant kvels 
of the glycolytic enzymes phosphofructokinase (PFK) 
and fructose- l,bdiphosphate aldolase in these organisms 
whik others failed to do so. Littk attention has been 
directed towards the study of gluconatc catabolism in 
rhizobia. The radiorespiromctric method indicated that in 
R. juponicum. gkxmatc was degraded primarily by the 
ED pathway and possibly also by an ancillary kctoglu- 
conate pathway and by the TCA cyck [33. The purpose of 
the present investigation was to compare the enzyme 
systems and hcna the pathways involved in the catabo- 
lism of glucose and gluconate in fast- and slow-growing 
rhizobia, including members of the cowpea group. 
Cowpca rhizobia are agronomically very important be- 
cause of their symbiotic nitrogen fixation. 

-- -.- 
*To whom corrcspoadencc should be addressed. 

RLSUI.lS AND DlSCUSSlOti 

The carbon metabolism of rhizobia was initially ex- 
plored by checking the growth response of the organisms 
IO various carbon sources including glucose and gluco- 
nate. The results (data not shown) are in general agrce- 
mcnt with the findings of others [9- 1 I]. From a survey of 
the key enzymes of the EMP, ED, PP and TCA cycle 
pathways (Tabk I) it is apparent that significant kvcls of 
enzymes of the EMP. ED and TCA cyck pathways are 
present for both glucose and gluconate dissimilation in 
both fast- and slow-growers. 

Thc high level of the PFK and glyaraldchyde-3- 
phosphate dehydrogcnasc (GL3PD) activities suggested 
~hc prcscncz of the EMP pathway in the glucose-grown 
rhizobia (Table I). The ‘Entner-Doudoroff’ enzyme (6- 
phosphogluconatc dehydratasc and 2-keto-3-&oxy-6 
phosphogluconatc aldolast) activities attested to the 
operation of the ED pathway. The activities of malatc 
dchydrogcnasc and &citrate dehydrogcnasc indicated 
operation of the TCA cycle in these cells. Disagreement as 
IO the prcscna of fructose diphosphatc akiolase and 
PFK. the key enzymes of the EMP pathway, in rhizobia 
could be noted in the observations of previous invcsti- 
gators [ 1,2, S- 8, 121. The reason for such a discrepancy is 
not clear. It could have ban due to the difference in age of 
the cultures used. Some suggest that utilization of the 
EMP pathway may be related to the nitrogen-fixing 
ellkiency of the rhizobial strains [8]. 

All the enzymes for an operational ED pathway are 
present in the glucose-grown rhizobia (Tabk 1). The 
spccitk activities of bPGD and the ED enzymes are 
several-fold higher in the all-free extracts of the fast- 
growera The ED pathway is known to account for the 
major proportion of the glucose catabolism in both slow- 
and fast-growing species of Rhizobium in culture [2-4]. 
However, the reason for the higher activity of the enzymes 
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of the ED pathway in the fast-growing rhizobia than in 
the slow-growing ones as observed in the present investi- 
gation is not clear. 

In the fast-growing cells cultural on glucose, signihcant 
activity of NADP-linked 6-PGD, the key enzyme for 
operation of the PP pathway, was dctcctcd. Thcrc was no 
evrdcna for the presence of the PP pathway for glucose 
metabolism in slow-growers (Tabk I). This is in confir- 
mation of earlier observations [2,4]. 

Glucona~e is an inducer of the ED pathway [ 131 and 
dissimilation of this compound has been consrdcrcd 
confirmatory for 11s operation 13. 143. Gluconate is 
thought not to bc metabolized by the EMP pathway [3]. 
Therefore no attempt was made IO study the key enzymes 
of the EMP pathway in gluconate-grown cells. For 
gluconatc metabolism. the enzymes gluconokinasc, ED 
enzymes and malatc dehydrogenase were dttectcd in all 
the strains (Table I). The specific activity of the enzyme 
gluconokinase was found IO be several-fold higher in the 
all-free cxlracts of fast-growers than in the all-free 
extracts of slow-growers. The specific activities of the ED 
enzymes and malate dehydrogcnasc were not significantly 
different in the two groups of rhizobia. Such an obscrva- 
tion is suggcstivc, although indirectly, of the operation of 
an ancillary, probably the kctogluconatc. pathway in 
slow-growers 133. where gluconatc is thought to be 
convcrtcd mto 6-kctogluconatc via the formation of 2- 
kctogluconatc. In thcsc alls. NADP-linked 6-PGD ac- 
ttvity is dctcctcd in apprcciablc quantity in the extracts of 
fast-growcrsand only in ncghgibkquantity in theextracts 
of slow-growers, indicating the absence of the PP path- 
way for gluconatc metabolism in slow-growing rhizobia. 
II is now clear that the PP pathway IS absent in both 
glucose-grown and gluconatc-grown alls of slow- 
growing rhizobia. II has been suggested that m the 
absence of the PP pathway, pcntose required for cellular 
growth could be obtained from fructose-6-phosphate; as 
such. The PP pathway is not mandatory for biosynthetic 
purposes [3]. The synthesis of fructosc-&phosphate from 
gluconatc would. however, involvcanabolicglycolysis. the 
prcscna of which needs to be explored in gluconate- 
grown rhizobia. 

EXPF.RI.MChTAl. 

The RhIzobiwn sIrains used tn IhIs sIudy were obtained from 
differen sources Ihroughour the world. Strains wIIh the p&x 
BICC were isolated In this laboratory. The SWPIDS were main- 
taincd on yeast mannitol agar slopes [IS] beIwan expIs. Carbon 
source uIIluaIion was studied as descnbal in ref. [ 161. All enzyme 
aupys were carned 0~1 m a till vol. of 1 ml. AcIwiIics were 
dctermmod at room Kemp. (2822”) by measuring A,,,. Each 
assay had ~woconIroh.o~uwiIhouIex~rac~and lbeo~herwnthoul 
subsIrate. Published procedures were used IO assay the enxymes. 
The precac composibons of the assay mixtures were as follows: 
Glucose-&phosphate dehydrogenase (EC 1.1.1.49) [l?. 181: 
lo0 mM TN HCl @H ?.6), 2 mM MgCl,. 25 mM gtucoac-6 
phosphare and 0.4 mM NAD’ or NADP’ The 
Enrncr-Dodorofl enzymes (combmed activiua of bpbospbo 
gluconarc dchydratasc (EC 421.12) and 2-keIo-3deoxyb 
phosphogluconaIe aldolase (EC4.1.2.14) [Ill: 1OOmM 
Tris -HCI (pH 8.5), 10 mM j?-meraptoeIh~olO.4 mM NADH. 
5 mM 6phosphogluconaIc and 100 rg lactate dehydroguxase 
(Sigma) per ml. 6Phoxpho&co~Ic dehydrog- (EC 1.1.1.44) 

[I?]: IOOmM Trir HCI (pH 7.6). 2mM MgCl,. 5 mM 6. 
pbo@ogluconaIc and 0.4mM NAD’ or NADP’. & 

P/wsphojrucrdtinme (EC 2.7.1.11) [l93: 67 mM TrisHCI 
@H 8.0). 5OmM KCl, 17mM Na,HAsO.. 5mM MgCl,. 
2.5 mM ATP. 0.25 mM NAD’ . 2.5 mM frucIosebpbospbaIc. 
and 5 U fructose biphosphate aldolasc and 10 U glyarakkhyde- 
3-phosph~e dehydrogenase per assay. G’lyceraldehydr-3- 
phosphar drhydrogrnast (EC 1.2.1.12) [20]: 50mM Tris-HCl 
(pH 7.61 6mM D.L-glyceraldchydc-3-phosphale, IOmM 
cystcine HCI. l7mM Na,HAsO,. 20mM NaF and 0.25mM 
NAD’.Ma/artd~hydrogenuse(EC 1.1.1.37)[21]~ IOOmMphos- 
phase buffer @H 7.41 0.25 mM NADH and I mM oxalace~a~c. 
Isocrrrare dehydrogenau (EC 1 1 1.42) [21]: 300 mM Tr~s-HC’I 
@H 7.6) IOmM M&l,. 0.2 mM NADP’ and IOmM D.L- 

isociIraIe. C/ucono&inaK (EC 2.7.1.12) [20]: 50 mM Tns HCI 
(pH 8.0). IOmM MgCl,. 2.5mM ATP. 0.25 mM NADP’. 
2.5 mM sodium gluconatc and 0.1 U 6phosphogluconatc dc- 
hydrogenase per assay. Prorein was derermined in celltxrracr 
according IO ref. [22]. 
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