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l~RODUCTION 

.I d All plants· require, nitrogen. for growth an in most 

environments the amount of available·fixed nitrogen is 
.: i 

low •as to cause limitatio!'s in yia).d. ·iBiological nitrogen 
I . 

fixation is .thB enzymatic reduction of. atmospheric dini trogen 
• .- • ~ i L ' 

( N 2) to amm~~ia 

realized. Thi.s 

energy crisis. 

and its importarice to plants is;now widely 
. . ' :. 'i· I' ' / . ' ·. . 

I· . . 
awareness is.largely due to the world wide 

' . . .. '' 

Ammonium fer~ilizers a~e produced by high 

_energy requiring chemical means. Eachiday more than 2 x 10 6 
I •• ' 

' . 
barrels of oil and huga amounts of e1e~tficity are consumed 

·: .' i . 

for.this purpose. The increasing scarcity in the availability 
.I!. 

! 

of oil and natural:g~s and alternate u~es of electricity, 
' 

necessitate increased utilization of biological ~itrogen 

fixation • 

. The ability t6 fix dinitrogen i~ distributed among 
. i ·1 

several prokaryotic taxonomic groups, ,including. Azotobacte-
'· .. ·' ' . -----

riaceae, Ent<H'obacteriaceae, Jl!:!odosporillacea!!_, Bacillaceae, 
.. " -

Rhizobiaceae, ~nomycetaco~ and cyanobacteria (Burns and 

Hardy, .1975). The physiological condition& under which 

fixation of nit~ogen'occurs among these organisms vary 
' ' 

but the enzymatic apparatus involve~ .in nitrogen .fixation 
, .. •···· . 

. appears to be largely similar •. 

' . , According to qu"anti tati ve. ana~yses, leguminous plants 

in symbiosis with rhizobia,,canfix ni,trogen in a range or 

50-300 kg per l1ectare per year (Phil1ips.19BO) •. These 
' ' ' ' •, I,. . 

amounts of nitrogen are sufficiant to ~upport good plant 

i, 

i 
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growth and yield. If' greater r.elianca o'n biological nitrogen 
i 

fixation is madej it ~ay become unnoces~ary to 
. ! . 

apply expensive 

I 
nitrogen fertilizers which imbalance ecosystem and crea\l3 heal.th 

hazards. 
• i 

. , I . 
These facts have stimulated scientists to exploit 

I 

the biological process of nitrogen fixation. 
j 

Different species of'· rhizobia war~· defined earlier on 

the basis of the legumes they nodulated ,and were inc'ludad 
I 

under the same genus Rhizobium irrespact!va.of' their growth 
' I 

rate. Rhizobia are ~f two type;, slow growing and fast 

growing, having generation times 6-13 h .and· 2-4 h. respectively. 
I. 

According to the recant class!f! cation, ,root nodule bacteria 
. . . -· I 

are split into two genera (Jordon, 1982). The genus Rhizob!£!!! 
' 

includes all the fast growers and thege'nus ~a_dyrhizobium 

includes slow growers. The genus Rhizob~ has three species, 
:·· - . 

B.• .leguminosorum (biovars trif'olii, .e.l:!!!.:!.!!.!!l!., viceae), .!!.• 
. ! 

melilot!_ and li• ~· Many bradyrhizobi~ occur and except 
I 

one recognized s pecias, .!!• japon~, all .otha rs are designated 
, I 

by the host plant ag., ~dyrhizobium sp. {Vigna), Bradyrhizobium 

sp. (Lup~) ate, n 
I 

Normal hosts of' Bradyrhizobium species include many of' 
• • : I i • • '· ' 

the important grain legumes ag •. ~~ hy'pogaa ,· Clear· 
' 

~~~~. ~ycina ~•- Psophocarpus tatragonolobua, Vigna 
., . 

unguiculate ~s well as most other tropical clover and pasture -- . . 
' . 

plants. Fast growing rhizobia, however, exist that are capable 
. ' ~ ' 

y ~ !";. 

of f:lrming affective nodules' with many or: the hosts normally 

associated ui th 8 radyrh!=.obium species {Tririick, 1982; · 

Broughton !!_! !!!• 1 1984). · 
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Perfbr~anco of a Rhizobium s~rain as a biofertilizer --
for a legume plant depends on genetic constitution of both 

the partne~s. To be used as a b~ofertilizer, Rhizobium 

should have, such quali~ies as specificity to a crop, 

effectivity in nitrogen fixation, competitive ability 

against other rhizosphere micro-organisms for 'better survival 

and growth under stressful conditions. To increase the 

efficiency of Rhizo~-legume symbiosis, or to extend tho 

symbiotic relation to new crops, or even to integrate the 

Functional nitrogen Fixation genes within the plant genome, 

it_is im~ortant to understand clearly the·genetics or symbiotic 

and adaptive functions. 

The molecular basis of nodulation and nitrogen· fixation 

has been under investigation for a long time. During the 

last 10-15 years, great progress has been made in Rhizobium 

genetics.· It has been shown that rhizobia carry large and 

small plasmids and the genetic determinants for symbiotic 

function are largely plasmid borne~· (Dunican and Can:on, 1971). 

Several nod and nif genes of the symbiotic apparatus have been 

defined in rhizobia (Banfalvi et ~., 1983)o Some of these 

plasmids have been shown to be self tranSferable {Johns~on 

et al., 197B). Circular maps of the chromosomes of B.• melilo.ti' 

B. legum.inosOrum, B.• phaseol!_ and B.• trifo.ill have been given 

in some detail (Beringer~~., 197Bl? 1 19BO)o Gene Banks have 

been ·constructed for several strains of Rhizobium (Friedm~n 

et al., 1982)o 

Although much is known about the regulation of nitrb~enase 

in Azotobacter and Klebsiella pneumoniae, very little is known 
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in case of rhizobia. This:.is due to the fact that this 

phenotype is restricted to symbiotic bacteroid rorm for most 

strains and thus involves a complex experimental system. 

Although symbiotic ni~rogen ~ixation has been sho~n in 

Bradyrhizobium by a number of workers, progress in under-

standing the molecular biolo"'g'"Y of n"i'trogeii' 'f.ixa"ticn and 

nodulation is slow because of their long generation time and 

less amenability to genetic manipulations (K~ykendall~ 1979). 

Also, the procedures established for preparation of plasmids 

fo"r fast growers are not useful for slow growers (Cantrell 

~ ~., 1982). 

The reports on· the presence of ~plant~ nitrogenase 

activity ih fast growing rhizobia are very rare (Dreyfus 

~"!:, al., 1983; Bender~~., 1986; Urban~~., 1986). 

Highly specific and regulated conditions are required for 

its expression. 

Clusterbean, (cxamoes~ ~agonoloba) commonly known 

as guar, is a drought tolerant crop of Indfan arid zone. It 

is widely cultivated in North Uest India under rainfed 

cbnditions and covers 2.~1 million hectares of land with an 

annual production of 1.11 million tonnes of guar seed. Guar 

is grown not only for grain, vegetable and fodder purposes 
,-.. 

but also for its soil build ing properties. In recent years, 
.......... 

it has gained great industrial impo~tance because of the 

presence of gum in its endosperm which conititutes 35-40 % 
of the~ seed weight. Guar gum is in great demand in the world 

ma~Rat because of its multipu~pose usa in textilas, fooos, 
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cosmetics, mining, explosives and oil industries. 

Guar is nodulated by Rh~~ strains belonging to 

cowpea misceliany group. Nodulation status of guar rhizobia 

is generally poor due to many factors which include, plant 

genotype, moisture, pH, salinity, temperature and. su~vival 

of rhizobia in soil. Tha amount of nitrogen fixed under 

field conditio~by guar rhizobia may vary from 50-150 kg N/ha 

( 1"1 a 1 , 19 69 ) • 

Broad host r;:Hlge, fnst growth, presence of ~ planta 

nitrogenase activity and presence of ~ plasmid are important 

characteristics for using rhizobia to understand the genetic 

basis of nod~lation, nitrogen fixation and cross-infectivity 

in cowpea rhizobia. Keeping these points in view, the pr~sent 

investigations were undertaken with the following objecti~es: 

(1) Isolation of a large number of rhizobia from nodules or 

cluster~ean (Cyamopsis tetrago_nol~) collected from 

different regions or Haryana and establishment of purity 

of i~olates by plant infection, 

(2) Grouping of the isolated rhizobia on the basis of their 

growth 'rate and study of their antibiotic resistance 

pattern. 

(3) Screening of isol9tes for the expression or ex plant:_<;! 

nitrogenase activity. 

(4) Testing of representative strains for. their host range. 

(5) Prevalence and nature of plasmids by agarose get 

e lee tropho res is. 
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(6) Attempts to study the role of plasmids in nodulation, 

nitrogen fixation by using methods such as curing, 

mutagem~sis etc. 



REVIEW OF LITERATURE, 

The symbiotic relationship between legume and bacteria 

was discovered by Hellriegal and Wiltarth in 1888. In 1888 

Beijerinck isolated the nodule bacterium and named it Bacillus 

radicicola. Later this name was changed into Rhizobium 

(Frank, 1889). In the following 50 years all the fundamental 

as pee ts of R hizobi urn -legume s ym bios is were understood. These 

were published by Fred~ al. (1932) and w'ilson (1940). The 

next two decades of research were devoted to understand the 

biochemical aspects of nitrogen fixation '(Dixon, 1969), but ......... 

much was not studied about its genetics. 

Although the history of Rhizobium genetics may be traced 

back to 1941 (Krasilnikov, 1941a) it is only in the last few 

years that such studies have developed sufficiently to be able 

to form a framework for the analysis of the Rhizobium genes 

that determine symbiotic functions. Three findings have 

greatly influenced the direction of genetic research. They are:-

(i} Conjugation mediated by R plasmids with wide host range. 
I 

(ii) Large Rhizobium plasmids present in fast growers carry 

genes for nodulation and nitrogen fixation. 

(iii) Hybridization of Rhizobium DNA sequences to cloned 

~· pneumoniae ~genes. 

The present review ~ill cover literature concerning· 

presence and role of plasmids in rhizobia, physiology of 
' 

ex planta nitrogenase, and TnS mutagenesis. 
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2.1. Plasmids: 

Following the discovery of the tumour inducing plasmid 

of Agrobacterium tumefaciens (Van La~be.ke ~ 2.!.•, 1974), 

attempts wer~ made to examine for the presence of extrach­

romosomal DNA in Rhizobium strains and with the progressive 

refinement of techniques plasmids ~ere eventua~ly found 

(Nuti ~ ~·, 1977; " uozumi et ~·,: 1980). Subsequently 

they were encountered in almost all ~ob~ strains, 

including slow growers (Rosenberg ~ ~., 1982; Masterson 

· e t a 1 • , 19 8 2 ) • --
2.1.1 Plasmids in fast growing rhizobia: 

Most strains contain more than one. plasmid species, 

ranging in size upto 300 megadaltons or more. ~· meliloti 

strains, in particular, seem to have a very large plasmid 

with symbiotic determinants (Banfalvi ~ ~., 1981; Rosenberg 

et .§!.!., 1982). 

One of the functions first assigned to a plasmid was 

the host range of a Rhizob~ strain. Higashi (1967) 

demonstrate~ transfer of clover infectivity from !o trit6lii 
r, 

to~· phaseolio Johnston et al. (1978,) showed that transfer 

of derivatives of the plasmid PRLIJI from ~· leguminosarum 

1: 

to strains of ~· trifolii and ~· phaseoli conferred to the 

transconjugants the ability to nodulate peas besides Trifolium 

and Phaseolu.:!_, the original hosts. Genes required for bacterfal­

plant recognition (~genes) are shouR to be located on 

plasmids of Rhizobium. Heat treated ~· trifolii strains were 

enriched for non,nodulating strains (Zurkowski and Lorkiewicz, 
-1 

1978}. The derivative of [• leguminosarum strain A171 that 
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has been cured of its smallest plasmid fails to. nodulate 

peas {Casse et .2J.., 1979). !n !i~ la_guminosarum strain 300, 

the mutant strain 6007, which carries a deletion in the 205 Md 

plasmid, is nod and is restored to.nod+fix+ by the introdu---
ction of" tho plasmid PRLIJI (Johnston~ al., 1978) •. !i• 

leguminosaru~ strain TOM uas found to 'Carry three plasmids 

(Brewin et al., 1980). The ·ability to nodulate uas trans., 

ferred from this strain to a non-nodulating strain 16015 by 

con!)ugation. The transfer of nod+ character was associated - . . 

·with the transfer of a plasmid 'pRL5!J..I of M\J 160 Md. In addition 

to genes for nodulation and host-range, the plasmid ~RL5JI 

carried genes for nodule function {fix+) that were absent 

fro~ strain 16015. 

In several Rhizobium species, genes that code for 

nitrogenase are located on large indigenous plasmids~ (Nuti 

.et~J:.., 1979; Ruvkun and Ausubel, 1980 and Prakash~.!!,., 

1981). By DNA-DNA hybridization certain Rhizobium plasmids 
. -· . 

were shown to contain sequences homologous to nif H and .nit" 0 

of Klebsiell~ pneumoniae (RQsenberg et al~, 1982~ Broughton et:al. 
------:-<> ....,_. - r - -

1984 and Bender at al., 1986). In some Rhizobium species, 'nif 

and ~ genes are also linked on the same large plasmid 

(Rosenberg et ~., 1981:,· Long ~ ~·, 1982). 

A plasmid wbich carries such nif homology on nodulation, 

determinants is often called the ~ plasmid of the strain. 

So far, plasmids with these characters have been found only 
. I 

in fast growers. Although symbiotic characters may be confined 



10 

to only one of several plasmids in a giv~n strain, this 

plasmid is not the same in all strains. 'Krol ~ ~· (1982) 

isolated DNA from !'liX strnins of .B.• ~min~sarum and Found a 

large variation in the number and size of plasmids. The mole-

cular weights of the nif plasmids ranged between ,approximate! y 

130x106 to 550x10 6 • Moreover, sym plasmids of the closely 

related E• leguminosarum, ~· trifolii and [• phaseoli may 

share two-thirds or less of the same sequences (Prakash~ ~l·' 

1981). This indicates that specific DNA sequences which carry 

th~ structural genes for nitrogenase, are 1 highly conserved 

on the~ plasmid., Considerable amount of work has been done 

on ~ plasmids particularly in B.• ~!,.ili.ti. In fi• meliloti 

41, some nod and t1A genes have been located'on PRme41b using 

heat curing of plasmid ( Banfalvi, ~ ~·, 19 81). Genes contra-

lling early and late functions in symbiosis have also been 

located on megaplasmid in fi• meliloll (Rosenberg .!l .§!!•, 1981). 

Pankhurst~ al. ( 1983) carried out studies on megaplasmids of 

~· ~elilo!l to confirm· their role in nodule formation and 

nitrogen fixation. Transfer of fi• meliloti.sym genes to other 

rhizobia and ~ob~~ has also bean carried out (Hirsch 

~i al., 1984; risher ~ ~., 1985; Long gJ: u., 1985) • .§1!!!. 

functions in relation to ~!!1.. plasmids have been studied a1so 

in B..• trifolii (Hooykaas ~ al., 1981; Zurkawski, 1982), 

fi• ~uminos~ (Hombrecher et al., 1981l Johnston ~ al. ,. 

1982; Brewin ~ ~.!.·, 1983), R. phaseoli (Lamb ~ ~·, 1982; 

Martinez et ~., 1985) and other rhizobia (Morrison~ ~1·, 

1983, 1984; Pankhurst~ al., 1986). 
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Prakash ~ al. (1982) have shown that only relatively 

small portions of a ~~plasmid are expressed in the nodule. 

Therefore, inspite of the excitement over its role in symbio-

sis, it remains possible that most· of the plasmid DNA is for 

other purposes, especially the DNA of plasmids other than 

the~ plasmid (Krol ~ ~~., 1982). 

Many plas~ids are not necessary for growth in laboratory 

media either (Zurkowski and Lorkiewicz, 1978). Growth and 

survival in soil poses nutrient, temperature and pathogenic 

challenges besides competition for nodulation among strains, 

of the samri specieso Plasmids might carry~functions to meet 

the~e stresses. Much more work is required to clarify the 

role. of each plasmid. Variants which have been cured of a 

plasmid altogether are important in elucid~ting the role of 

that plasmid. Zurkowski and Lorkiewicz (1978) obtained non-

nodulating mutants of R. ttifolii after incubation for seven 
- . -

days at 35°C. Similarly Casse ~ ~· (1979) after heat 

treatment of a strain of !i• ~~nosarurn, obtained a non­

nodulating mutant that lacked one of the three large plasmids 

of the parent strain. Hig~shi (1967) found that the ability 

of fi• trifolii to nodulate clover was lost_ at high frequency 

following treatment with acridine orange. However, neither 

heat treatment nor acridine orange is universally successful, 

an d no s t r a i n o f R hi z o b i urn o x is t s t h a t h as b o e n c u r e d o f 8 ll ----
its plasmids (Beringer~~., 1980). 
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2.1.2 Plasmids in R. japonic~: 

Parallel to the detection of plasmid DNA in many 

species of fast-growing· rhizobia, studies on slow growing 

.B.· monicum strains for plasmids \.J8re also carried out. 

Some strains of R. japonicum were found to contain plasmid 

DNA (Klein et &·, 1975; Luyindula ~ ~·, 1975; Nuti ~ ~·, 

1977) but the number and molecular weight:was not determined 

and no phenotypic character was correlated with the presence 

of .these plasmids. Gross at al. (1979), later on reported the' 

presence of plasmids of MW 49 to 118 Md in many [• japonicum 

strains. Further progress in the genetic studies of .B.• 

~pan~ has been extremely slow~ Obviously, their slow growth 

r~te makes them less ~ttractive ror routine genetic manipula­

tion. They have proved refractive to mol~cular bi6logical 

studies due to the difficulty in detection of sym plasmid. 

Keyser·.~ ~l· { 1982) repor~ed the presence of fast 

growing .B.• ~nicum strains. In contrast to a generation 

time of 6-13 h of the slow growing [• iaponi~ strains the 

fast growing strains have a generation tim~ af 2-4 h. 

The discovery of the fast growing [• 1 laponicum strains 

allowed a rapid analysis of organisation of symbiotic genes 

in strains infecting soybean. Plasmids we~e detected in both 

the slow and fast growing .B_o japoni~ strains. The slow 
., 

growing strains usually contained one large plasmid, whereas 

the fast growing strains h~d one to three plasmids. Hybridi-

zation studies with K • .P.!!.~ni~ nif genes showed that all 

fast growing strains, except PRC194 contained Di[ genes on 

large plasmids while slow growing [o japonicu~ strains carried 
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Several fast growing strains were also found to 

contain one to four plasmids with MW 100 Md or more (Sadowsky 

and Bohlool, 1983). Inane of the strains acridine orange 

produced mutants cured of largest plasmid and the mutants 

also lost the ability to nodulate soybean showing that the 

genes for nodulation were plasmiq borne; high temperature 

curing of smaller plasmids did not affect nitrogen fixation. 

Applf.!baum ~ al. ( 1985b) showed- that ~.in:. soybean specificity 

for nodulation and cultivar speciricity for nitrogeri fixation 

were plasmid encoded. 

Recently Barbour et ~· ( 1985) isolated a fast growing 

rhizobial strain ~· ~~· This strain carried both nif and 

~genes on a 197 Md plasmid. Hybridization studies revenled 

that it carried multiple copies of &f. genes located on chro-. 

mosomal DNA, on ~ plasmid and also on at least one of the 

smaller plasmids. Mathis (1985) obtained a mutant USOA206c 

by passage on acndine plates and observed that there was a 

correlation between loss of sym plasmid borne rlif gene copies 

and reduction of overall symbiotic.effectiveness. 

Although some fast growing strains of fi• ~nicum have 

been studied in detail, with respect td nod and nif gene 
. - -

organisation, detailed studies of nif genes have been carried 

out only in one slow growing strain USDA 110 (Hennecke, 1981; 

Kaluza et al., 1983; Hahn and Hennecke, 1984; Adams et al., -- --
1984; fuhrmann and Hennecke, 1984; Hennecke ~~., 1985). 

The slow growing strains are given ~ new generic name 

Bradyrhizobi~ japonicum,to account for the many differences by 
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which these can be distinguished from the fast growing 

rhizobia {Jordon, 1982). 

On the basis of hybridization experiments, it was 
. 

reporb~d recently (Masterson~~., 1985) that all B.• 

~eon~cum strains examined carried ~if and nod sequences 

on plasmid DNA with the exception that the strain USDA 194 . 
contained these sequences on the chromosome. All the 

~dyrhizobium japoni~ strains showed the location of nif 

and ~ genes on the chromosomal DNA and the genes were 

homologous to those of R. meliloti~ 

2.1 .3 Plasmids in Rhizobium se,p. cowp~a: 

Rhizobia belonging to the cowpea mis6el!any group 

include those strains that Form symbiotic relationship with 

the roots of a large number of tropical legumes. It also 

includes strains of rhizobia that can fix nitrogen in symbiosis· 

with the members of the non-legume ~~.~nia. Cowpea rhizobia 

have slow growth rate like fi• japonicum rhizobia. Trinick (1982} 

however, reported fast growing rhizobia exist that are capable 

of forming effective nodules with many of the hosts normally 

associated with slow-growing strains. 

Rhizopiu!!!_ ANU289 is a slow growing cowpea Rhizobium strain 

capable of effective nodulation with Parasp~. Scott et ~l· 

(1983} isolated the structural genes for nitrogenase from a 

Lambda genomic library of the DNA of this strain by hybridi-

zation with the cloned nitrogenase structural genes of Klebsiella. 

Weinman ~ al. (1984) studied the organisation and primary 
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structure of Rhizobium strain ANU289 by hybridization analysis 

and revealed that there was only one cCJpy .of nif structural 

genes. nif H was separated f'rom nif 0 and !Jif: K by at least 

10 kb .of O;N A • 

Hadley et al. (1983) identified DNA regions that were 

homologous to structural genes of nitrogenase by hybridization 

in several slow growing cowpea rhizobia i~olated from various 

geographical locations. One such strain IRC78 was analysed 

by Jagadish and Szalay (1984). Analysis of different symbiotic 

mut'ants shotJed that a 12 l(b fragment consisted of 2kb r!.!!, K 

DNA adjacent to nif D. Noti ~~ ~· (1985) isolated. a 11.76 

Kb segment of DNA from this strain IRC78 (now named as 
dl 

8radyrhizobium sp. {Viqna) strain IRC78) that hybri~ed to 

nodulation genes of ~· meliloti 41. When this segment was 

transferred to nod-mutants of' ~· meliloti, it restored their 

ability to nodulate. Thus this 1segment carried common 

nodulation genes. Since no plasmids were, found in this 

strain by Jagadish and Szalay ( 1984) nif and !!E.!! genes can be 

presumed to be located on the chromosome. 

Bradyrhizobiu~ strain Rp501 infecting Parasponi~ was 

found to have nif H. at 25-30 Kb from nif OK. DNA sequences. 

homologous to R. melilo~ fi! ABC genes were found to be 

located near nif H. Preliminary experiments with translation 

fusion of nif H with lac!.. suggested that nif H derepression· 

in free living cells of this strain occured by a different 

regulatory circuit than derepression in nodules.(Ausubel 

et al., 1985)c --
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ORS571 is a fast growing strain isolated from stem 

nodules of tropical legume Sesbani§_ rostrata (Dreyfus· 

and Dommergues, 1981), It can f'ix atmospheric nitrpgen and 

grow in free living state. Elmerich et al. (1982) charActer-----
ized some nif mutants which were unable to form colonies on 

plates under conditions of nitrogen fi~ation. All of them 

which appeared as fix- in planta were found, to be nif mutants. 

A 13 Kb Bam H 1 fragment from the wild type strain ·complemented 

the nif mutant 5740 indicating that this was the ONA region 

carr~ing structural genos for rnitrogenase. It is not known 

if the n"if genes are plasmid borne or are located on ·the 

chromosome. 

Bender et ~· (1984) studied the plasmid profile of a 

fast growing Rhizobium strain IHP100 isolated from·pigeonpea 

nodules collected in India by Kumar Rao of ICRISAT. The 

strain is capable of in vitro acetylene reduction. This 

strain harboured four plasmids with approximate Mwts of 500, 

450, 300 and 115 Md. Probes containing nod genes from ~· 

trifolii strain 843 hybridized to the 300 Md plasmid. The 
. !', . 

same plasmid showed hybridization with the uif probes from 

Kleb.siella and R. trifolii 843, thus indicating that it was 

~ plasmid. 

Broughton ~ al. (1984} analysed 49 fast growing 

rhizobia! strains from the nodules of 26 different tropical 

legumes. All these strains were found to contain plasmids 

varying from one to five. Hybridization studies revealed. 

that ~-~ genes were linked on a single ~ plasmid in 
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these strains. dne of the strains NGR234 containing a 

single plasmid showed· that .an.BO. Kb .. E.coRJ .f.ragment carried 

both ill:.f. and nod genes. When this plasmid was mobilized to 

nod- .B.• meliloti and .B,o leguminosar~, the transconjugants 

+ were ~ • 

Morrison ~ .!:!1.• (19 84) obtained nod- mutants of the 

strain ANU240 (a streptomycin resistant spontaneous mutant 

of NGR 234). + ~ strains were found to contain three 

plasmids of M.Wo 200, 20 and 25 Md. The nrid- strains lacked 

200_Md plasmid. ThiS 200 Md plasmid was required for the 

formation of infection threads and root hair curling on 

siratro whereas it caused nodulation of a broad range of 

different legumes and the non-legume Parasponia. HyJ:I;-:Ad_ization 

~ybridizatien experiments showed that nitrogen~se enzyme 

complex genes were also on this plasmid. 

2.2. Ex planta Nitrogenase activ~: 

Biological nitrogen fixation (BNF) d~pends on .the 

I 1 I 

functioning of an enzyme complex called nitrogenase which is 

present only in prokaryotic microorganisms. the legume 

Rhizo~ symbiosis is the major single supplier of biologically 

fixed nitrogen. Nitrogenase function represents the final 

operative phenot~pe of the legume root-nodule symbt6sis. 

Elucidation of the various physiological processes 

involved, and understanding their genetic 'regulation, will 

help in seeking ways to increase N2 fixation by legumeso 

For improving nitrogen ·input in to agricultural soils through 
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exploitation of biological nitrogen fix~tion, two approaches 

are under investigation. 

(i) Improvements in tho.available nitrogen fixing 

associations, and 

(ii) transfer of important characteristics of nodulating 

• symbiosts to non-nodulating plan~s through genetic 

manipulations which is a long term research project. 

But many experimental approaches f.n understanding 

plant-microbe interactions have been,hampered by the 

complexity of whole plant system. Development of in 

vitro systems have an important role :in both these 

strategies. 

2.2.1 Lequme-Tissu~ult~ Associations: 

As a means of attempting to elucidate the factors 

·controlling infection, nodule formation. and. induction of 

nitrogenase activity, Holsten et ~· (1971) developed a 

soybean cell tissue culture-~zobi~ japonic~ system. 

Structures like infection threads were found between cells. 

Upto 1-10 % of the cells were filled with bacteria enclo~ed 

in vesicles and at times · nitrogen fixation was also 

detected. Subsequently, a number of reports appeared showing 

c2H2 dependent c
2

H4 production in tissue culture associations. 

Child and LaRue {1974) and Phillips (1974a) Found that soybean 

cells induced nitrogenase activity in some strains of- Rhizobium 

japonicumo A broad correlation bett..Jeen the. activity in nodules 

and in tissue culture associations was perceived but it ~a~ 

not investigated further. Enhanced nitrogenase activity was 
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observed when various nitrogen sources, especially ·glutamine 

and citric acid cycle intermediates were included in agar 

me d i u m ( Phi 11 i p s , 1 9 7 4 b , 1 9 7 6 ; Chi 1 d an d L a Rue , 1 9 7 6) • I n 

all cases the cultures were grown under air, and 0.2 atm oxygen 

of air in the assay gas mixture promoted highest activity. 

Associations were shown for 'a range of legumes and 

rhizobia normally capable of nodulating these legumes viz., 
. -

cowpea .{Scowcroft and Gibson, 1975), Lupins (\Jerner an·d 

Oberlies, 1975), Stylosanth~ gracili~ and red clover (Ranga 

_ Rao, 1976). Using strains 6f cowpea rhizobia and diffe~ent 

sources of host cells (peas, sweet clover., Vicia hajastane). 
I 

Child {1975) confirmed that the ability of a strain to nodulate 

a host was not ess,ential for the induction of nitrogenase. in 

the bacteria. 

2'.2.2 Non l~ume - Tissue culture Association's: 

Child (1975) and Scowcroft and GibSon (1975) simu()a-

neously demostrated the successfu~ induction of nitrogenase 

activity in strain 32H1, in association with cultured cells or 

non-legumes, Child worked on callus cultures of wheat, brome 
Uqrs> 

grass and rapeseed. Scowcroft and GibsonAworked with tobacco 

and showed 15N 2 incorporation into the callus, particularly 

in bacteria~ Cultures of 32H1 grown alone on the agar medium 

did not develop the nitrogenase activity. The results indicated 

that the above. non-legume possessed the factor(s) n~6essary 

for induction of nitrogenase and the factor(s) were not an 

unique property of l3gurnes. Furthermore, it was shown that 

nitrogenase activity could be induced in strain 32H1 by 
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culturing bacteria adjacent to, but not in contact with 

tobacco (ScotJcroft and Gibson, 1975} and rice (LaRue at ~·, 

1975) cells. 

2.2.3 N2 fixation in cultured rhi~obia: 

The ·quest for nitrogen fixation by cultured rhizobia 
I ' jl 

has been long and frustrating. In par~llel with the tissue 

culture studies, circumstantial evidence accumulated which 

indicated that rhizobia possessed all the genes necessary for 

nitrogenase synthesis and function. 
......... 

Close similar: ity between ...._,, 

Mo-~e protein fractions of nitrogonase isolated from bacteroids 

of the same strain but taken from nodules on genetically ~iff­

erent legumes was shown by Phillips ~1 ~· (1973) and Whiting 

and Dilworth (1974). Phillips et al. (1973) concluded that 
' --

the genetic information for the synthesis of Mo~fe protein 

was probably provided by the Rhizobium. Ounican and Tierney 

(1974) reported the transfer of~ genes from Rhizobium 

trifolii to a non-nitrogen fixing str~in of ~· aerogenes. 

Bishop et ~· (1975) detected cross-reactivity between 

antisera prepared again~t Mo~fe protein and extracts of 

!i• j_§,ponic~ cells grown and assayed under various conditionso 

Against this background of genetical,biochemical and tissue 

culture evidence, five simultaneous reports provided direct 

evidence that some strains of cultured rhizobia can reduce 

atmospheric nitrogen (Pagan~ ~!o' 1975) or reduce acetylene· 

on defined agar medium under air (Kurz and LaRue, 1975; 

McComb~ ~l·' 1975; Pagan~~., 1975) or in liquid medium 
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und~r a low oxygen tension (Keister, 1975; Tjepkema and 

Evans, 1975). The finding that strain 32H1 reduces acetylene 

on laboratory media directly establishes that genes for 

nitrogenase are preserit in Rhizobiu~ and renders invalid the 

theory proposed by Dilworth and Parker. (1969), that part or 
the nitrogenase in th'e legtJme 1 'nodUles' migl1't' be specified by ' 

plant DNA (McComb~~., 1975). 

All test systems used by above workers contained the 

inorganic salts, inositol and vitamins. Also, all the workers 

used Rhizobium sp. strain 32H1. An exte_nsive study on nutri­

tional and physical conditions affecting nitrogenase activity 

in the strain 32H1 was done by Gibson~ EJ.• (1976) .• Neither. 

inositol ncir vitamins were essential f'or the activity. Most 

of the systems contain~d two carbon sources along with pentoses 

and citric acid cycle intermediates, but one carbon source 

was also adequate (Tjepkema and Evans, 1975; Gibson et alo, --
1976). A rahge of combined nitrogen sources from inorganic 

- + ' ND 3 and NH 4 salts to casamino acids could be used. Glutamine, 

at 1-2mM, appears ta promote tha highest activity {Gibson et al., --
1976}o High phosphate e'nhanced activity in 32H1 (Keister,, 

1975; Gibson~~., 1976b). Nitrogenase activity could.be 
' 

substantially increased and also sustained for longer periods 

by culturing bacteria at 25°C. All agar cultures were grown 

under air and maximum nitrogenase activity was at ~02 ~ 0.2 at­

mo In liquid cultures, microaerobic conditions were required. 

The oxygen requirements f'or acetylene reductic n were lower than 

any other known aerobic nitrogen f'ixing bacteria. Only by 
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carefully balancing the oxygen (Berndt et al. : 1976) concent-

ration and the cell densit~high rates of acetylene reduction 

be attained {Keister and Evans, 1976). In chemostat cultures 

of strain 32H1, activity was not observed until the oxygen 
i 

concentration in solution fell to 1 pm ( Bergersen et ale, 1976). 

The induction of nitrogenase activity in free living 

cells of Rhizobium has mainly been demostrated in certain 

strains of slow growing group ~· iaponicum and the cowpea 

t'hizobia • 

Keister and Ranga Rao {1977) observed that the develop­

ment of ~ ~nta nitrogenase activity by B.b,izobium japonic!:!!!!_ 

was stimulated by carbondbxide and this was related to pH 

buffering effect of carbon-dioxide. However, Anguilar and 

Favelukes (1982) showed the expression and maintainence of 

~itrogenase activity in growihg microerobic liquid cul~ures 

of ~· japonicum 311b110 was stringently dependent on the 

sustained supply of carbon-dioxide but was not related to 

effects on pH. 

Gibson et alo ( 1976) proposed that the mucoid' material 

produced by rhizobia might aid nitrogenase activity by lowering 

the speed of transfer of o
2 

as suggested by Postgate (1971) 

for other bacteria. Nitrogenase activity and slime production 

by Ro japonicum 61-A-101 growing on solid. medium were investi­

gated by Wilcockson and Werner {197B)o They found that slime 

production varied in different media but there was no simple 

correlation between slime production.and high nitrogenase 

activity. 
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Agarwal and Keister (1983) studied thirty nine wild 

type strains of B.• ~E.£!!~ for their ability to synthesize 

nitrogenase ~ EJ:ant~ in defined liquid media. The strains 

derepressable for activity had slower growth, lower oxygen 

consumption and lower extracellular polysaccha.ride production 

than non-derepressible strains. This reciprocal correlation 

be tween EPS production and ni trogeenase activity is 'just the 

opposite of the suggestions of Kurz and LaRue (1975) and 

Pagan~ al. (1975),which were based on results with semi­

solid. agar medium. Agarwal and Keister ( 1983) proposed that 

in liquid cultures under very low oxygen concentrations, slime~ 

instead of being beneficial, may limit availability of oxygen 

to the growing cells. Upchurch and Elkan (1977) also showed 

that non-slimy strain of Rhizobium japonicum developed more. 

~ .Planta acetylene reduction activity than did lbhe slimy 

derivative strain. 

Kundu ~ al. ( 1981) showed ex planta nitrogenase indue tion 

on slopes of yeast extract mannitol glutamate-malate agar(YEMGMA) 

medium in slow growing Rhizob~~ strains of greengram. 

Pankhurst and Craig (1978) observed that free living 

rhizobia! cultures of 32H1 grown under nitrogen fixing condi-

tions display pleomorphism similar to that of baciteroids; but 

not all pleomorphic cultures yielded acetylene reducing (AR) 

activity (Pankhurst and Craig, 1978 and Van' Brussel ~ al., 1979). 

Kaneshiro et i!l• ( 1983) confirmed that Rhizo~ sp. strain 

32H1 and~ japonicum USDA26 and USOA11D grown on a.glutamate-

mannitol-gluconate agar medium showed incr~ase in the number 
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of pleomorphic calls coincident ~ith their AR activity but 

strain USOA10 cons intently failed -to reduce, acetylene,· :avon 

though it could grow and yield pleomorphic cells under various 

conditions. 

Ludwig (1984) proposed a model for free living nitrogen 

fixatioh in Rhizobium Sp. 32H1 (RC 3200) which asserts that 

this process occuro in non-growing cella, In nitrogen-limited 

liquid suspension cultures, cooperati~e growth 9f N2 fixing 

' an~ vegetative cella occur. The ammonium that is produced and 

exported by non-growing, N2 fixing cells is transported to 

vegetative cella. This model implies the creation of mata­

bolically specialized calls like cyanobact~ria, 

2.2.4 Ex plaMta N2ase activity in fast gr9wing rhizobia: 

Reports on the presence of ~ plants nitrogenase activity 

in. foot growing rhizobia aro fow. Kurz and L~Ruo (1975) wore 

the first to induce free living nitrogen fix~~ion in, fast 
\ -

growing [• leguminooarum TA101 but the activ~~~ wao low as 
' 

compared to 32H1. Bednarski and Reporter (1~78) chewed 
.: ·: 

I 
f'or 

the first time the expression of nitrogenase activity in free. 

lJ.vinQ ·cHJltt.OJt:tt:S af vatt!ou~ tlptHsioa f:IP ph~~ob1a !!.• tt11Po1lt, 

.. 

~· meliloti, a. lupin! and !· leguminoaarum but the fast growing 
I 

rhizobia could be derepressed.by the use af plant cell condi-

tioned medium (PCM) or appropriate substances isolated from 

plant cell culture media with the aid of dialysis cultures. 

Hollander (1981) and Starn ~i !!• (1983) were able to induce 

nitrogenase activity !US. plants in Rhizobium trifolii and .B.• 
\ 

le~~!"-..~f!~rum respect! vely in ni trogen-!"imi ted chomostat 
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cultures at very low oxygen concentrations. These strains 

were less suitable for genetic studies requiring a simple 

rapid assay; such that used for the expression of ~ £1anta 

nitrogenase activity by Bradyrhiz~biumo 

A notable exception is the Sesbanfa rostratd stem nodule 
' 

isolate ORS571. (Dreyfus and Dommergues, 1981). It resembles 

Klebsiella sppo with regard to its high rate of free living 

nitrogen fixation and also in its ability to use N2 as the 

sole nitrogen source for growth in liquid medium (Dreyfus 

et_al., 1983). 
thtiL 

Recently, Urban et ~· ( 1986) showedA Rhizobium trifolii 

0403 when treated with 16.6mM succinate and other nutrients 

can be induced to gr.ow in nitrogen free medium. The effects 

of oxygen tension anj energy availability on fixation rates 

suggest that it is typical of other·nitrogen-fixing bacteria, 

including Azotobacter spp. The rate of f.ixation is inter-

mediate bettJeen that of ~otobacter spp. and Bradl_rhizobium. 

Bender et al. (1986) showed nitrogenase activity in 

Rhizobium strain IHP100 isolated from root nodules of Caja~ 

E..§!:~!l· Nitrogenase activity in agar culture under air occured 

at a rate similar to that found for ~adl_!hizobium strain 

CB756 but lower than that for Rhizobium strain ORS571. 

2.3. · ~sposon mu~enesis: 

Transposons are discrete seqments of nNA which are 

capable of movement, or transposition from site to site. Thu 

movable elements were discovered in maize by Barbara McClintock 

in the 1940's who than proceeded to demonstrate a remarkable 
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array of properties associated with them, such as cohtrolled 

chromosomal breakage, effect on gene expression, localized 

chro~osomal breakage, effect on gene expression, localized 

mutager\city Gtc. (Me Clintocl<, 1951). Elements with similar 

properties were discovered in bacteria around 1968. Mast of 
' • \ j 

1 
• "' '•", <II '. 1 ~.f •' ~ ~~~ , 1 • t 'I'· : Jq 

them carry a drug resistance gene which can be :used to rna rk 

their location in the bacterial DNA. Transposans cause muta-

tions in genes into which they insert themselves. As a result, 

tra8sc~iption is interrupted, and downstream genes are not 

expressed in the operon. The use of transposons as mutagens 

has helped to largely overcome the problems associated with 

genetic analysis of symbiotic determinants, (Beringer~~., 

1980; Meade et al., 1982; For,rai et &•, 1983). 

2.3.1 Transposon TnS: 

Resistance to various antibiotics has been found to be 

encoded by a number of bacterial transposons. Transposon TnS 

carries the marker for Kanamycin and Neomycin resistance 

{Kleckner, 1977). Transposon Tn5 is particularly useful because 

of its ability to insert 1 r~ndomly' into a genome. 

Tn5 DNA is known to encode the rollowing functions. 

(i) The enzyme neom~cin phosphotransferase II~ Which results 

in resistance to se~eral &minoglycoside antibiotics .such as 

Kanamycin (Km) and Neomycin (Nm) (ii) Transposition functions. 

Tn5 has been extensively used as a mutagenic tool in the 

genetic analysis of Rhizobium legume symbiosis and nitrogen 

fixation (Meade ~ tl•, 1982; Ausubel, 1982; forrai ~ al., 

1983; Noel ll al., 1984). Devos et al. (1984) reported another --

I 
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advantage in the use of TnS. They have found TnS specific 

streptomycin resistance in Rhizobi~. This host mediated 

differential expression of Strr of Tn5 provides an additional 

marker for genetic manipulations in B.!:!l,zobium. 

2.3.2 Suicide plasmids in transposoh mutagenesis: 

The use of transposons was pioneered in E. coli and the 
. . ---

technique!5 are well established for enteric bacteria (Kleckner, 

1977). In transposon mutagenesis once a transposon has been 

introduced into a particular host using a suitable vector 

molecule the problem is the elimination of the vector. 

It has been noticed that P-type plasmids that carry 

an inserted mutagen have a reduced ability to become stably 

inherited in Rhizobiu!!: or Agrobact~~ strains (Boucher et ~·, 

1977). Toking advantage of the unstable "plasmid suicide 

effects", the transposon TnS has been inserted into the genome 

of different rhizobia (Beringer et ~., 1978a). However, the 

elimination of RP4 Mu vectors is not always equally efficiento 

In .B.• ~iloti thn elimination is very efficient {Simon, 1984). 

Till 1983 the suici9e vehicles used for the members of 

Rhizobiaceae family were the cointegrates of a conjugative,. 

Iuc-P group plasmid and bacteriophage Mu, with the Mu genome 

conferring the suicidal property. The suicide plasmid ~jB4JI . •. 

(Beringer et ~l·' 1978a) is such a plasmid which has been 

extensively used in mutagenesis experiments in Rhizobium 

(Ruvkun ~ ~l·, 1980; Meade ~ al., 1982; Casey ~ al.·, 1983). · 

Selvaraj and Iyer (1983) found that in addition to 

inefficient elimination of Mu containing suicide plasmids, 
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these vehicles also induce secondary genetic changes incited 

by Mu itselr. These observations suggested the need of develop-

-ing a suicide vehicle that did not contain Mu DNA. Selvaraj 

and Iyer (1983} constr~cted s~ch a set of plasmid vectors 

Tn1, Tn5 and Tn9 that are suicidal in Rhizob~. These 

constructed vectors have a P 15A-type of replicon and an N 
• I I I 1 ·'1 ·: . ~ ! t • 

' type of bacterial conjugation system which is very efficient 

in matings between £• coli and Rhi~~ species. In this 

way a 9Uicidal plasmid vector for transposon Tn5,PG59 was 

constructed. By cloning a region of N group plasmid PCU1 

specifying~ genes into multicopy vector J:!ACYC 184, resultant 

PCU101 was obtained. H8101 rec A (PCU101} was infected with 

A :: Tn5 to obtain J:lGS9 havi,ng 11 tra 11 region from J:lCU1 (N type) 

in P15A group plasmid having Tn5. Because of P15A replicon, 

PGS9 cannot replicate in Rhizobium and have function like 

suicide plasmid. 

2.3.3 J~ansposon induced mutants : nature and use_!n 
qene tic studies: 

The advent of bacterial transposable elements coding for 

antibiotic resistance and causing mutagenesis in Rhizob~ 

made possible the genetic analysis of. symbiotic determinaots 

(Beringer et al., 1980). Most mutants made by insertion of a 

transposon are non-leaky. Every insertion had a strong polar 

effect on the expression of the distal genes in the operon 

and were stable. However, reuersion by excision occured but 

at a low frequency (Meade ~ ~·, 1982) o 

There are two approaches for finding genetic variants 
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which affect the symbiosis by the use of transpasans. 

(i) Mutants having a variety of phenotypes c~n be induced, 
\ 

in free living Rhizobium cells, such as those harboEing 

a 1 te ra tians in related· proces sa s like ex oplo ysaccharide 

production, phage resistance or synthesis of metabolites 

and these can then be tested for changes in the symbiotic 

proper ties, ( Oenarie ~ al., 1976 and Sanders ~ al., 

1978)o 

(ii) A large number of random mutants can be raised on the 

basis of reqairement of selectable marker of transposan 

which can then be screened to isolate those altered for 

symbiotic properties. 

Bath .these approaches have been widely used and a variety 

of phenotypic mutants and symbiotic mutants have been obtained 

by Tn5 mutagenesis by various workers. 

In Rhizobium, various TnS mutants defective in symbiotic 

properties have been isolated in various Rhi~iu~ species such 

as~· legumino~~ (Downie~ al., 1983), ~· trifolii (Rolfe 

~ al., 1983), .B.• phas~ {Noel et ,!!., 1984), .B.• ~ 

(Chua et !!..!.•, 1985) and a l~rge number in .B.• melilot.!_ (Meade 

~ ~.!.· , 19 8 2 ; Far r a i e t & . , 19 8 3 ) • 

Transpason TnS has been used to mutagenize the entire 

genames (Meade ~ al., 1982; Scott et &•, 1982; Forrai et !!.l•, 

1983 and Noel~~., 1984), or transmissible indigenous 

plasmids (Buchanan-Wollaston et al. ~ 1980). Another additional 

advantage of TnS mutagenesis has been that it can be used for 

site-specific mutagenesis of Rhizobium DNA regions that have been 
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cloned in f• ££1!• This can help in the isolation of mutants 

in the pathways involved in establishing a complex process 

like nodule form~tion or nitrogen fixation. The technique 

has been applied "in li• meliloti (Di~ta et al., 1983 and. 

Anguilar ~ alo, 1985), !!.• trifolii (Djordjevic ~ ll•, 1_985), 

~o leguminos~r~ (Hombrecher ~ ~., 1984), [• japonic~ 

(Hahn and Hennecke, 1984) and cowpea Rhizobium(Jagadish 

a ~:~.d S z a 1 a y , 19 8 4 ; No t i ~ & . , 19 8 5 ) • 



MATERIAL AND METHODS 
• 

M ateriala -· ........ == 

I . 

3.1 Bacterial strains 

Escherichia coli WA 803 (PGS 9:sTn5) strain of Salvaraj 

and Iyer (1983) was procured from or~ Susheel Kumar, IARI, 

New Delhi. The rhizobia! strains used we~e isrilated during 
•'· t ., ~ • . ' ' 

' . . 
·,,: ·' . ' ,:· ... ,l • ·'~ • X the course of this study. 

Host cultivaro 
lMA&t.#lllPifFa&'l• 

Different legume cultivars used in t~a present 
I(,;· 

investigation were : ... 
'· 

( 1) Guar (cyamopsia t..2,tragonoloba (L .• ) Taub) CV •. HG-75 

(2) Pigeon pea (Cajanua, £!jan (L.) Millsp.) CV,. UPAS-120 

Mung bean (Vigna radiate (L.) Wilczak) CV. K-851 

Urd bean (Vigna mungo (L.) Hepper) CV. T-9 

(3) 

( 4) 

(5) 

(6) 

( 7) 

Rico bean {Vigna umbollata (Tbunb) Ohwi & Ohashi) cv. RB53 

Soybean (Glycine ~(L.) Merrill.) CV •. Bragg 

Chickp~~ (~a~~ ~~~'(L.) CV. H75-~5 

The seeda of different cultivars wero obtained from 

Oopartment of Plant Brooding, Haryana Agricultural University, 
' : . ·' . 

H isar. 

3.3 Chemicala 

Agarosa, sodium dodacyl sulphate, ficoll, ethidium 

bromide, ethylene diamine tetra acetate, lauryl sarcosinate, 

trizma base, boric acid, bovine serum albumin, naladixic acid, .. 
erythromycin, chloramphenicol, streptomycin, neomycin, kanamycin, 

ampicillin, tetracycline, lysozyme, pronase, RNase I ~ere fro~ 
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Sigma Chemical Co., U.S.A. Most of the media components such, 

as yeast extract, mannitol, ~actotryptono, bactoagar ~nd other 

chemicals were purchased fro~ manufacturers in India. The 

reagents used were of Analar grade from Glaxo labs, E. Merck, 

Himedia, Ranbaxy, Sarabhai, SO's and Bengal Chemicals and 

Pharmateuticals Ltd.,India. 

3.4.Preparation of media 

All the media were prepared in distilled water. Unless 

other~ise stated, the sterilization was done at 15 lbs/sq inch 

pressure for 20 min. Heat labile components were filter 

sterilized thro.ugh 0.45 JJm nitrocellulose membranes and later . 
added to cooled media. Composition of different media used 

during the course of this work is given below: 

(1) Yeast extract mannitol agar medium (VEMA) (Fred et .!!• ,1932): 
g/1 

Manni tal 10.0 

K2HP0 4 .3H
2
0 

~1gS0 4 • ?H
2
0 

NaCl 

CaC03 

Yeast extract 

Congo red (1:400) 

Agar-Agar 

pH 

0.5 

0.2 

0.1 

1.0 

0.5 

5 ml 

15~20 

6.8-7.0 

(ii} Slager's nitrog~free nutrient soluti~ {Slager, 1969): 

g/1 

K2HPO 4 .3 H 
2
0 

MgSO 
4 

."?H
2

0 

NaCl 

0.2 

0.2 

0 .:2 ,\.' 



(iii) 

M nC1 2 .H 20 0 .00'4 

cuso 4 .sH 2o 0 .ooo 2 

Na 2EDTA 0.03 

H3so 3 0 .ooo 25 

CaHPO 4 1.0 

Minimal medium (Van Egeraat, 1972): -----
g/1 

K2HPO 4. 3 H.z.o o·.s 

MgS0 4 .?H 2o Oo2 

Ca c12 .2H 20 0~04 

FeC13 .6H 20 o.oos 

Agar 10.0 

Micronutrient solution s.o ml 

pH 6.8 

Composition of micronutrient solution 
g/1 

MnS0 4 • 7H 20 0.2 

Znso 4_.7H 20 0.2 

cuso 4 .sH 2o 0.02 

CaC 12 .6H 20 0.002 

H3eo 3 0.2 

Na 2Mo0 4 .2H 2o 0.2 

(iv) Rhizobium minimal medium 1RMM) : 

33 

First stock solution 'A' and 1 8 1 were prepared. The 

solution 'A' was 20% glucose or any other sugar at 20%. The 

solution 'B' called 2xR salt solution (2xR S S) had the following 

composition. 
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------------------------------
Salt 

Na
2

HP04 .12H
2
o 4.5%, 

( NH 4 ) 2so 4 20% 

FeC13 .61-1:2 .. 0 1% 

MgS0 4 • 7H20 1 M 

cac1 2 ~2H 20 1 M 

H20 to make 1 litre volume 

Amount of 
stock 
solution 
added/1 

20 ml 

20 ml 

0.4 ml 

0.4 ml 

0.2 ml 

Final . 
concan tra tl on 
obtained per 
litre 

0.90g 

4.0g 

4.0mg 

0. 2g 

0 .OBg 

One litre of RMM, was prepar~d ai rollows :To 500 ml 

of H20,16g of agar and 10 ml of solution 'A 1 were added and 

autoclaved. Separately, 500 ml of 2xRSS yas also autoclaved, 

b'o th, cooled to 50°C and mixed. At this stage, supplements 

were added, if required and the medium poured in sterile plates. 

To make liquid RMM medium, the procedure described above was 

used except that agar was omitted. 

(v) Tryptone Yeast extract medium (TY) (Beringer, 1974): 

g/1 

T ryptone 

Yeast extract 

CaC1
2

.6H
2

0 

Agar-agar 

5.0 

3.0 

1.3 

15-20 

CaC1 2 was sterilized separately and mixed latero 

' 
(vi) ~trogenase Induction medium (NIM) (Kundu ~ al., 1981): 

Mannitol 

g/1 

10 

0.25 



MgSO 
4

. 7H.zo 

NaCl 

Yeast extract 

Sodium glutamate 

Sodium malate 

Inositol 

Sodium molybdate 

Thiamine HCl 

Nicotinic acid 

Pyridoxal HCl 

Feso 4 , 1l-l,_O 

Na
2

EOTA 

MnS0 4 

Znso 4 .1H2-0 

cuso 4 . S"H2D 

H3 so3 

coc1 2 .6H2-0 

Kl 

Agar-agar 

pH 

(vii) Modified Burk's medium: 

Mannitol 

KH
2

PO 
4

. 3H.2.0 

K2HP0 4 

MgS0 4 .7H
2

0 

Feso 4 .7H 20 

0.2 

0.1 

o.s 

0.2 

0 .3 2 

1.6 

0.1 

0.00025 

0.0001 

0.0001 

0.0001 

o.oooza 

0 .0003 2 

0.0001 

0.0002 

0.00004 

o.aoo3 

0 .oooo 25 

0.00078 

15 

7.5 

g/1 

20 .o 

0.2 

o.s 

0.2 

0.1 

35 
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NaCl 0.2 

CaC1 2 .2H 20 0.09 

Na 2Mo0 4 0.05 

Inositol 0.1 

Thiamine HCl 0.0001 

Nicotinic acid 0.0001 

Pyridoxal HCl 0.0001 

Agar-agar 15 

.PH 7.0 

Methods 

3.5. Isolation of rhizobia from nodu~: (ViY!ce)\1::-, l'no) 

Nodules were obtained from roots of guar plants collected 

from Tosham, Bhiwani, Dadri, Rewari, Bawal, Gurgaon, Samaspur, 

T. i kri, Sohna, Palwal, Ballabhgarh, Rohtak, Hansi anc(diffe-rent' 

locations around Hisar. They were stored until use in sterile 

tubes containing anhydrous calcium chloride. The nodules were 

a6tivated in the laboratory by putting them in sterile distilled 

water for two h and washed thoroughly. ~The nodules were surface 

sterilized by dipping in O.Z" mercuric chloride for 3 min 

followed by keeping in alcohol for 3 min. The surface 

sterilizes nodules were washed with sterile distilled water 

five to six times so as to remove the traces of mercuric 

chloride and alcohol. Each nodule was cut aseptically and a 

loopful of its inside sap streaked on XEMA medium plate5. 

The plates were incubated at 28+2°C for 6-15 days. Single 

colonies appearing white and mucoid were picked and restreaked. 

Each isolate was purified by repeated streaking. 
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3.6, Maintanenco of rhizobial isolates: 

All the isolates ware transferred to slants of YEAA 

medium, grown for 6-8 days at 28±2°C and finally stored at 

4°C in a refrigerator. Each isolate was subcultured 

periodically. 
' 

3.7. Plant infection test in chillum jar!: 

Chillum jar assemblies containing washed sand wore 

autoclaved twice on successive days for 2 hat 15 lbo/sq_inch 

_pressure. Surface sterilized seeds of guar ware germinated on 

soft agar plates~ treated with Rhizobium isolates (10 6-1o7cells 

ml-1), and transferred to chillum jars. Each chillum jar 

containing four oeado was later kept in the pot house. The 

plants were supplied with sterilized water daily and Slager's 

nitrogen free nutrient solution once a weal<. Three replica too, 

ware kept for each isolate. For tasting the performance of 
. 

these isolates on other crops tho seeds of urdboan, mungbean, 

pigeonpaa, ricebaan, soybean and chickpea were_also used. 

3 .a. Plant infection test under test tube condi tiono: . 

Twenty fivo ml of Van•Egeraat medium was taken in 

150x25 mm tubes and autoclaved. Seeds were ourfaco sterilized 

and germinated on ooft agar. Tho germina·ted seeds were ther.t 

transferred to test tubas and their radicle were inserted in 
. 6 7 

tho medium of tho tuba. Ono ml of log phase culture (10 ~10 

cells ml-1) was added over tho germinated seeds. Tho tuboo 

were wrapped in black carbon paper, p~acad in test tuba stand 

and than transferred to growth chamber fitted with flourescont 

tuba and bulbs of incandescent light. Temperature of tho growth 

room was maintained at .28±2°C with 14h light and 10h dark periods. 
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The plants were removed for observation after 30-3~ days or 

growth for nodulation. 

· 3 .9 • .B!.I!§!.Y..._fo r nitro~~: 

( i) Ex planta ni troge~: (}\u">"cll( e.t- al.) 1qg0 

Test tubes (15x125 mm) containing 5 ml of nitrogenase 

induction medium or VEMA or Burk's medium were sterilized and 

slants prepared. The cultures to be tested were inoculated 

on th~ slants and incubated for 4 to 6 days at 28+2°C. Plugs --
were then replaced by serum stoppers. One ml of air from 

eqch tube was replaced with one ml of acetylene. The tubes 

were agai~ incubated. at 28.±2°C for 48 h. Gas sample· (0.5 ml) 

from each tube was analy3ed by Nucon Gas liquid chromatograph 

fitted with flame ionization detector and Porapak N column. 

N2 at.a flow rate of45 ml/min and H
2 

at a flow rate of.25ml/ 

min were used as carrier and fuel gases, respectively. The oven 

temperature was maintained at 100°C. Standard ethylene 

( 110 vpm) was used for calibration purpose. Ni"trogenase 

activity was expressed as ARA (n moles h- 1mg protein-1). 

In case of liquid medium, the composition was same excepting 

that agar-agar was omitted. The medium was inoculated and 

kept on shakar at 2B+2°C for 4 to 6 days, and subjected to 

same procedure as described for solid slants. 

(ii) In e.l.anta nitrogenase:Q-laYct~ <Q.(; aQ.>lq6~ 

Plants were harvested gently from the £.!!!1~ jars after 

40 days of growth. The nodulated roots were transferred to 

8-24 neck conical flasks fitted with serum stoppers. A 10% 

atmosphere of acetylene was created in the flasks thereafter 

they were incubated at 30°C for 1 to 2 h. Ethylene in 0.5 ml 
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of gas samples was determined by gas liquid chromatograph as 

described earlier. The nodules were later detached rrom the 

roots, washed with ~ater, dried in the folds of filter paper 

and weighed. Dry matter accumulation was determined by 

weighing the shoot portions after dryin~ at ?0°C for 5 days. 

The nitrogenase 8ctivity was expressed as ARA (~moles h- 1 

t -1) . plan • 

3.1o.~mation of protein in whole cells: 

The method described by Herbert~ .21:.• (1971) was followed 

(i) · Na2co 3 (5% w/v) 

(ii) Cuso 4 .SH 2D (0.5% W/v) in 1% (W/v) sodium potassium 

tartar ate. 

(iii) Alkaline copper reagent prepared freshly by mixing 

50 ml or reagent (i) and 2 ml of reagent (ii) 

(iv) Dilute Falin Ciocalteu reagent (lN): 

( v) Protein standard solution (Bovine sa rum albumin) 

250 ..ug m 1- 1 • 

Procedu~ 

After the nitrogenase assay, the bacterial growth from 

each slant was collected in a total of 5 ml of sterile distilled 

water. To a suitable aliquot (0.5 ml) in triplicate, 0.5 ml or 

lN NaOH was added and placed in a boiling water bath for 5 min. 

After cooling the tube, 2.5 ml of alkaline copper reagent was 

added, mixed thoroughly and allowed to st~nd for 10 min. This 

was followed by a rapid addition of o.s ml of dilute Falin 

ciocal teu reagent with immediate mixing. After 30 min the 

absorbance was read at ?50 nm against reagent blank using a 

spectrophotometer. 
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3 .11. Intrinsic resist~ to antibiotics: 

Antibiotic resistance was determined by spot tests. 

Logarithmically growing cultures were used for spotting. 

A loopful of the culture was spotted on the plates of YEMA 

medium containing varying concentrations or antibiotics. 

The plates were in cu1ated at 28±2°C for 6 to 8 days and observed 

for growth. 

3.12. Growth on various suqars and organic acids: 
~~~~~~~~--~~~~~~.~~~------~-

Sugar and organic acid utilization was determined by 

spot-tests. The sugars were added in RMM at a concentration 

of 10 g per litre and organic acids were added at the rate 

of 2 g C 1• Growth was seen after 6 days of incubation at 28+2°C. 

3.13. Plasmid detection by genitle lysis: 

Horizontal slab gel electr£Ehoresi~: 

The method originally described by Eckhardt (1978) and 

as modified by Rosenberg ~ ~· ( 1982) 1.1as used. Cells were 

grown in 20 ml of TY b~~th on shaker till absorbance reached 

between 0.4 to o.s. The cells were harvested, washed with 

0.1% sarkosyl solution in TE 8 buffer (SOmM Tris 20mM EOTA, 

pHB), rinsed with TEB and suspended in 2 ml of TE8 buffer. 

Cell suspension {100 ~1) was taken in an Eppendorf tube 

and centrifuged at 15,000 g for 2 min. The cell pellet obt3innd · 

was suspended in 40 ~1 of lysing mixture (Lysozyme, 7500 units/ 

ml; RNase I, 0.3 K units/ml; Bromophenol blue o.os% and Ficoll 

400, 20 %) in TBE buffer (89 mM Tris base - 2.5 mM disodium 
• 

EDTA-89 mM boric acid, pH 8.2). The cells were mixed with 

the lysing mixture with a sterile tooth pick andttbe suspension 
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Lysis was completed by adding 40 ~1 of 505 mixture (sos, 

0.2 ~ a~d Fico!! 400, 10% in TBE). The two layers or 

lysing mixture and 50S were mixed gently by tipping and kept 

for 5 min at room temperature. Now 5 ~1 of pronase solution 

(5 ug ml- 1or TBB buffer) was added, mixed gently by tipping 

and kept for 5 min at room temperatureo'., 

The lysate (85 ul) was then loaded into the slot of a 

horizontal agarose get (0.6 ~in TBB). The slots were then 

sealed with 0.6% agarose in TBB and allowed to solidify. 

Both the chambers of horizontal get electrophoresis apparatus 

were filled with electrophoresis buffer (TBB) and connected 
/' 

to power supply. The gel was run at 15mA for 2 h and 40 rnA 

for 20 to 25 hou~s. 

After the run w~s over, the gel was taken out and ~tained 

for 15-20 min in aqueous solution of ethidium bromide (0.4 ug 

ml- 1)o The gel was visualized under short wave UV light 

(300nm) transilluminator. Photographs were taken with an 

Olympus, OM-2 camera using 400 ASA film (ORWO,FDR Germany)o 

3.14. ~aeid alkaline extraction procedure fo~creening 
elasmid DNA: Birnbaim and Daly (1979) 

Cells t.JBre grown ove~night in 5 ml of TY broth, the 

culture was transfer red to 1. 5 m.l Eppe ndo rr tube .anq'centri fuged 

to get sufficient cell.pellet. ~he cell pellet was suspends~ 

in 100 ul of solution I (2 mg/ml. lysozyme, SOmM glucose, 

10mM EDTA, 25mM Tris Hcl pH B.O)o After a 30 min period of 
0 . 

incubation at 0 C, 200 ~1 of solution II was added (0.2 N 

NaOH, 1% sos) and the tube was gently vortexed. The suspension 

became almost clear and slightly viscous. The tube was kept 
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for 5 min at 0°C and then 150 ~1 of solution Ill {3M sodium 

acetate,pH 4.8} was added. The contents of the tube were 

gently mixed by inversion for a rew seconds. The tube was 

maintained at 0°C for 60 min to allow most of the protein, 

high mol. wt. RNA and chromosomal DNA to precipitate. The 

mixture was contrif.uged for 5 min. The clear supernatant wa~ 

transferred to a second centrifuge tube, one ml of cold 

ethanol (-20°C) was added and finally kept overnight in deep 

freeze {-70°C). The precipitate was collected by centrifugation 

for 1 min and thu supernatant removed by aspiration. The 

pellet was dissolved in 100 ~1 of 0.1 M sodium acetate/0.05 M 

Tris Hcl (pH BoO) and reprecipitated with 2 volumes of cold· 

ethanol. After 10 min at -20°C, the precipitate was again 

collected by centrifugation as before. It uas dissolved in 

20 ul of solution I and loading buffer was charged into agarose 

wells and run at 10mA for 1 h and 40mA for 24-25 h as ~afore •. 

3.15.Effect of t~erature on ex elanta nitroge~se activitt: 

' 

Two approaches 1.1era followed to see thqef"Fect of 

temperature on the synthesis and activity of nitrogenaseo 

(i) To see the effect on synthesis of nitrogenase enzyme 

VEMA slants were streaked with the culture and the slants 

were kept at different temperatures i.e. 25°C, 30°C, 

35°C, 40°C and 45°C.After 96 h, 10 ~ c 2H2 atmosphere 

was created. Slants were again incubated at the 

respective temperatures for an additional 48 h and 

~ plant~ nitrogenase activi·ty determined. 
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To se.e the effect- .0!1 activity of nitrogenase enzyme 
'· . ' ' 

YEMA slants were streaked. with the culture and incu­

bated at 30°C for 96 h. A 10 % acetylene atmosphere 

was created .and the slants incubated at different 

temperatures f~r 48 h. Five slants each were kept 
' . 

at 25°C, 30°C, 35°C, 40°C and 45°C.and acetylene 

~educing activity was measured after incubation. 
. ' .' ' ' 

Ni~rogenase activity was expressed as ARA ( n moles h- 1 

mg protein- 1). 
I 

3.16.Effect of .combined nitrog~n sources on nitrogenase activity: 

Two ryitrogen sources, potass~um nitrate and ammonium 

.chloride, were used· for. these studies. Yeast. extract mannitol , . ' 

agar medium (5 ml) slants as well as YEM broth~ (5 ml) were 

,prepared with 1, 2, s, 10, 20,. 50 and ·100mM · co~cen trations of 

KN0 3 per ml. The slants and broth' were inocGlated with log 

phase culture and incubated for 96 h. A 10 % acetylene level 
i 

~as created and then incubated for 4B.h. Nitrogenase activity 

d j ( 
-1 t . -1) was measure anc expressed as ARA n moles h . mg pro eJ.n . • 

Similar procedure was adopted for ,using ammonium chloride-as 

nitrogen source. 

3.17.Growth and:',expression of nitroqen~~activity O!!-!:!,itrogen 
.. free medllim: 

Burk • s medi urn was modi r ied by· substituting sucrose with 

mannitol. andfr'urther adding inositol and other. vitamins. As 

described :above, slants (5 '1111 agar medium) as ,well as broth 

( 5 m1} were used. The culture was scrapped froin. YEM.A plates, 

washed twice' with nitrogen free s'ur k' s medium, suspended in 
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8 u rk' s medium 'and used far inoculation. A loopful of culture 

was ~~re~~ cin ~lants while 0.1 ml' ofvcell suspehsion was used 

for inoculation of b~oth~. 
. . . : . . ~ . . ' . .··. . . .- 0 ' . 

The slants were incubated at 28+2 C for 2, 4 'and 6 days 

and ARA was meas8r~d as described earlier. Tube~ containing 

nitrogen free broth were inoculat~d and kept on shaker ~t · 

28+2°C •. Samples' we're removed on 2,·'4 arid 6 days and nitrogen-

ase a6~iv{ty wa~ d~termined. '>I 

. . . 
3.18.Plasmid curing: 

High temperature and certain chemicals eliminate the 

p lasmids _from the c·~11s · by prete~en t'ially: in hi biting the 

repli~ation of pl~smid DNA. Since th~ cori~entration:of the 

curing agent should nat··aff'ect the r~plication of chromosomal 

. DNA, the non-gro~t~ inhi~iiory concentratioh ~as determined. 

(i) . Temperature : 
~ . ' _/ 

Th~ cultures'were ino'culated {1 %-:i~~culum) iri 100 ml 

-of YEM broth in 250 ml conical flasks. One set of flasks were 

incubated· at normal t-emperature ·ror growth(28~2°C) and oth~r 
' . 

sets at dif'fereht higher ~empera~ures~ The change in optical 

density was folJot.Jed after 48 h of incubation. The 'maximum 

t·emperature at which there was no ·inhibition of gro.IJ'th ·was 

taken as non-growth irihibitory ~igh temperatureo 

The. culture w~·s grown at selected high temper~ture 
. .· I . 

for 6-8 days, a small amount of the culture appropriately 

ailuted and plated on YEMA plates to obtain. si'ng1e colonie.s o 

Each clan's was transferred in duplicate on nitrogenase 

induction medium and ex planta nitrogenase activity~was 

determined. 
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(ii) .Chemical .agents: 

Two chemica~s,Ethidium bromid~ (EtBr) and Sodium .. 
dodecyl sulphate (SDS) were .used for curing of plasmid DNA·.· 

The non~growth inhibitory concentrati~n of each chemical was 

determined as follows: 

Flasks_cont~ining different concentrations of curing 

agehts in YEM broth were inobulated at 28~2°C. The maximum 

concentration of the .agent at which there w~s no inhibition 

of growth compared to the gro~th in control r1~sk was taken 

as n6n-grow~h inhibitory conceritration~ 

The culture ~as in6culated and inc~bated in' the medium 

containing the curing agents at theii respective nan-growth. . ' 

inhibitory concentrations. The cultures .we~e plated to get 

~ingle clones, all of which w~re then individ~ally tested 

for the expressipn of ex El~ nitrogenase ·in ·'the· same manner 

as in case.of clones obtain~d arter incubation at high 

temperature. 

(iii) s'er~l transfer in sos and high temperature: 

The culture was grown in YEM broth containing 100 pg/ml 

of SOS at 39°C. An aliquot from this was inoculated to fresh 

medium flasks containing SDS, allowed to grow for 3-4 genera­

tions and again transfe~red. The serial transfer was continued 

for a large number of geneTations and at the time t~ 5th, 10th_ 

and ~5th transfer, an aliquot of culture was appropriately 

diluted and plated to get single clones. Each clone was then 

tested for the expression of ~ planta nitrogenase activity. 
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3.19. Transpo~n mutagenesis: 

Modified procedure of Selvaraj and Iyer (1983) was. 

used to obtain Jn5 ~utants, WA803 (PGS9::Tn5) (Kmr Nmr) were 

mixed ln 1:1. ratio and seven patches were made on TY plates 

using 20 ul pf bacterial· suspension. After the patches got 

d!ied, .the plates were incubated ~t 3d°C for 24_h. Later 

.~he growth of each patch was.s~spended in one ml of TY 

broth in a tube. Each of the suspension so obtained was 

plated directly and also after tenfold dil~tion on.TY agar 

-1 . -1 medium containing 10D~g ml kanamyc~n and 25 ~9 ml. 

naladixic. acido The plate~ were incubated at 30°C for 5-6 h 

to obtain antibiotic (.Km100r N.x25r) resistant Tn5 mutants. 

The Tn5 mutants obtain~d were testedfor the expression of 

~ ,Elanta nitrogenase activity on solid ni,tro'genase. induction 

medium and also .for no.dulation in plastic ppuches and test 

tubes as described earlier. 
-{_). 



· EXPERIMENTA~~hl§ 

I 

During the course of present investigations, one 

hundred rhizobia were isolated .from root nodules of guar 
,, ' ' ·,' ; ' ~ : . ~ l 1 :~ ; :... ~ 1 '; t I I ;· I . ~ 

Cyamops·is tetragonoloba collected from different agroclimati? 

regions rif Haryana. Sixty friur.of them ~ere slow grower3 

while thirty six were fast growing Rhizobl!:!.!!! isolates. 

·Jhe nodulation status of gua~ in Hary?na is generally 

poor. Keeping this in view, the ~verall objective of the 

present study has been kept as to carry out investigations 

which will help in the understandinti of physiology and 

genetics of guar rhizobia. 

The proposed physiological studies inc'luded ·deter-. 

mination of growth rate, efficiency, host/~anga 1 carbohydrate 
utilization, antibiotic resistance pattern and~ ptanta 

. ! 

n i tr6genase activity of selected strains •. Genet.ic studies 

included curing treatment~ and Tn5 mutagenesis. 

4.1 Screehing of guar yhi~obia isolates in chiliu~ j~~!= 

'All the isolate~ war~ sor~en~d in c~illum jar assemb­

lies under pot house conditions to select efficient strains 
- i , . ' 

I 

for further physiological and g~netic studies. The plants 

were ·uprooted after f.orty days and observations on per plant 

basis for nodule number,nod~le fresh weight, shoot dry weight­

and nitrogenase activity as acetylena·raducing activity {ARA) 

were recorded. Frequency of variation with respect to e~ch 

of these characters is given in Ta~l~ 1. The ~ange of nodule 



I Table. 1: Frequenpy of variation in various characters 
of guar rhizobia isolates 

----------------------------------------------Character 

Nodules plarit- 1 

Nod'ule1fresh wt. 
plant:" (mg) 

Shoot dry wt. 
plant-1(mg) 

ARA ( J.J mole's . 
h-1 plant-1J 

Frequency 

----------------·-------
: 1-10 30 

"' . , I ' '11'-20 r ' T!.:: ., 39 

21-30 

31.-40 

41-50 

1-100 

101-200 

20·1-300 

301-400 

401-500 

so 1-60'0 

301-400 

401-500 

501-600 

601~700 

701-800 

o .1-o o sao 

n 0.501-1.000 

18 

11 

2 

51. 

16 

11 

15 

5 

2 

19 

37 

12 

22 

10' 

36 

42 

1~001-1.500 8 

1.501-2.000 6 
' i 

2.001-2.500 5 

2.501-3.000 2 

3.001-3.500 1 

-------------·---------------------------------------------------



-1 
number plant-~ nodule fresh weight plant, shoot dry wei~ht 

. . ·~1 
plant and nitrogenase activity plant-1 were found to"be 

. . . . . •. ;..1 
1-49, 1-585 mg, :310-789· mg and 0,1~3.4 ARA (.p moles h .. 

1 ' . 
plant- ) respectively, Only Zfo of the?isolates showed high 

. 1 . . . . ·-- .,. . ..... .... . . . 
nodule number plant- (41.-50) where~s most of them (69 %') had 

lesser number of nodules ( 6 20 .plant-1), Similarly higher 

( -1, . nodule fresh weight 501-600 mg plant . wa~ observed in 

2%' plants while 67 % had lesser nodule fresh weight ,< 6- 200 mg 

planf- 1). ~ighest shoot dry weight was seen in 10 ~of plants 

( >700 mg) while the maximum shoot dry weight of the isolates 

was observed within t~e range·401-5QO mg. Maximum.number of 
,' i 

isolates had nitroge~ase activity be~ween 0,501-1.000 ARA 

( )J moles h:- 1 plant- 1) ,while 3 % of the isolates ~xpressed · 
'maximal nitrogenase a~~ivitY.~2~5.A.R:A ( ).t mol~s h- 1, plant~ 1 )~ 

• I 

On th'e: basis of these results .ten cu!'tures -each of 

slow;~nd fast growers were selected, The detailed res~lts 

of these ·isolates uith respect to each of the above mentioned 

characters a~e repres.ent~d i~ tables 2 .and 3, The values seen 

in ·Bll the fast growers {Table 2) were generally lower as 

compared to those seen in case of their slow grdwing counter 

parts (Table 3). Fast growers showed more var~ability in all 

characters, as evident from thei\r high CV% with the exception 

in case of the nodule fresh weight where the C~ was almost 

identical. Maximum variability was no ted ·for ,nitrogenase 

activity in fa::;t growers (CV% = 31.32) and minimum variab.ility 

was observed in number of nodules plant- 1 for slow growers 

(CV% = 13.58)o Maximum number of nodules pl~nt- 1 (36) and 



Table 2: Evaluation of fast growing Rhizobium isolates in 
chilium jars 

------- ------------------~--------~--
Isolate 

G-9 

G-14 

G-20 

G-28 

G-34. 

G-54 

G-73 

G-74_ 

· G-76 

G-78 

cv % 

Control 

Shoot dry_ 1 wt. plant 
(mg) 

645 

540 

625 

.580 

406 

452 

506 

455 

322 

461 

499 . 

20 .15 ------
285 

Numbs r of' 
nodules 
plant-1 

28 

21 

22 

23 

13 

16 

19 

18 -

21· 

24 

~ Nodule f,resh 
wt. plant~1 

(mg) 

325 

313 

368· 

350 

307 

208 

213 

256' 

209 

342 

ARA 
(JJ ·moles . 

1 h- 1 plant- ) 

1.895 

1.9 72 

.. 2.104 

1. 210 

1 .0.21 . 

1.009 

1.265 

1.106 

0 ·.9 83 

1.792 

- - - - - - - - - -
21 289 1.43 6 

20 •73 21 51 31.32 - - - - - - - - - ~ - - - - -
5 109 o.s31 

------------------·~--------------------·-----------------------
(A v'e rage of six plants) . 

-' : 



T~ble 3: Ev~luation of slow growing Rhizdbi~m isblates in 
chillum jar_s . 1 

----------·--~------------------------~-----------------
Isolate 

G-2 

G-3 

G-4 

G-11 . 

G-12 

G-13 

· G-17 

G-18 

Shoot dry _
1 wt. plant 

(mg) 

402 

651 

798 

752 

686. 
·~tl. 

725 

701 

650 

620 

709 

Number of 
··nodules 

plant-1 

27 

27 

28 

27 

32 

36 

..24 

34 

35 

·32 

Nodule fresh 
wt·. plant- 1 

(mg) 

.: ,321' 

35,1 

520 

·, 29.6 
' 

360 

553 

308 

·351 

.359 

342 

ARA 
(JJ moles · . 
h- 1 plant- 1) 

1 ~ 79 5. 

2.460 

3 .o 19 

2. 781 

1.982 

2.098 

2o103 

2.182 

·1.904' 

2.592 

------ ------------------- _,_---
Mean 

·cv% 

. 659 

16 

30 

13 .sa 

'376 2.292 

23.29 17.61 

------·---------------------------------------------------------------
Control as in table 2 

'' 
(Average of six plants) 

' (" I 
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and nodule fresh wt. plant- 1 (553 mg) was.~een in G-11 among 

slow growers. For dry wt. plant-1 and nitrogenase activity, 

the maximum values (798 (mg) and 3~019) ARA ( ~ moles h- 1 

plan~~ 1 ) were fo~nd i~ G-4. 

G-2 (402 mg), G-12 (24), G-5 (2,96 mg) and G-17 (1.904 

-1 -1 . . 
· JJ moles of c2H2 red. h plant ) were fot:Jnd to have minimum 

values.for plant dry weight, nodule number, nodul~ fresh weight 

and nitrogenase activity respectively. 

4.2.\ Carboh;tdrate utilization by fast and slow....9.!.!?.win9., 
Rhizobium isolate~: 

A bioad distinction has been made between fast and slow 

growing rhizobia in their ability.to use different carbon 

sources. 

All the t~n fast and slow growing Rhizobium strains were 

tested for g~owth by spot tests on different carbon sources. 

These ~arbon ~6ur~es were suppi~mented individually in 

B.!:!1.3obium minimal agar medium. The. carbon sources tested were 

pentoses, hexoses, disaccharides, trisaccharides and organic 

acids. 

Fast growing rhizobia were abie to use a·broad range of 

6arbon subst~ates, whereas slow growing.rhizobia showed 
. . 

restricted ability to use diverse carbon sources (Table 4). 

All the ten fast growing isola~e~ tested were found to 

utilize ribose, xylose, glu~ose,_fructose, mannose~ sucrose, 

lac.tose, maltose, manni tal, pyruvate, malate and succinate. 

Arabinose, raffinose and fumarate were utilized by eight . . 

isolates only, while galactose and rhamnose were utilized 

by nine isolates. All the slow growers could grow only on 
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glucose and ~annitol, while raffinose, sucrose, pyruvate 

and fumarate were not utilized by ~ny of the slo~ growers 

(Table 5). 

·4 .3. Intrinsic antibiotic resistance eattern of guar 
Rhizobium isolates: -
Antibiotic resistance profile is a strain specifi9 

character, which helps in the identification of the deri-

vatives of wild type. With a view to eventually select the 

right strain for Tn 5 mutagenesis, ten isolates each of fast 

and·~low growing rhizobia were subjected to test·for resistance 

to different antibiotics. Yeast extract mannitol agar plates 

containing different concentrations (10, 25, so_, 100 )Jg/ml) 

of Kanamycin {Km), Neomycin (Nm), Ampicillin {Ap), Erythro­

mycin (Er), Naladixic ~cid {Nx), Tetracycline (Tc)., Chlora-. . 

mphenicol (Cm) and Streptomycin (Sm) were used for testing 

the resistance pattern. The antibiotic resi'stance pattern 

of fast and slow growing isolates has been shown in tables 

6 and ?,respectively. 

Fast and slow growing isolates exhibited different 

antibiotic resistance patterns. G-34, G-54 and Q-28 among 
\ 

fast growers and G-4.and G-5 among slow growers were found 

to be resistant to all the antibiotics tested. 

4.4. Pe£f£~ance of fa~~slow ~wing isolates on 
different hosts: 

Host range of the selected slow and fast growing 

( 10 from each group) .isolates of ~obi~- was studied by' . 

inoculating various legumes like guar (HG-75), Urdbean (T-9), 

· mungbean (K-B51), pigeonpea (UPAS-120) and .ricebean (RB53). 



Table 5: Carbohydrate utilization by sela cted fas.t and 
slow growing Rhizobium· isolates 

Carbohydrates 

~--------------~---------------------
Number of isolates utilizing 
a particular carbon source 
Fast 9 rower~ Slow 9 rowers 

--------·--------------------------
Ribose 

Arabinose 

Xylose 

Glucose 

fructose 

Galactose 

Mannose 

Rhamnose 

Raffinose 

Sucrose 

L acto sa 

Maltose 

Mannitol 

Pyruvate 

Malate 

Succinate 

fumarate 

10 

8 

10 

10 

'10 

9 

10 

9 

8 

10 

10 

10 

.10 

10 

10 

10 

8 

--------------------·--------------------------

5 

4 

5 

.10 

6 

6 

2 

1 

2 

1 

10 

2 

2 

·--~--



Table 6: Intrinsic antibiotic· resistance pattern in fast 
growing Rhizobium isolates 

Isolate Km Nm Ap Er Nx Tc em Sm 

G-73 50 5 100 100 100 s 100• 50 

G-20 50 5 s 100 100 s 50 s 

G-14 s 5 100 100 100 10 100 5 

G-7 25 25 s 100 50 5 100 100 

G-76 so 25 5 100 so s 50 25 

G-54 100 100 100 100 100 25 100 100 

G-34 25 25 100 25 25. 25 100 25 

G-74. s 25 .. 50 100 100 s 100 s ' 

G-28 25 25 100 50 so 10' 100 25 

G-9 s s 100 100 50 25 100 s 

--
St.lsceptil>le 



. Table 7: 

Isolate 

G-2 

G-3 

G-4 

G-5 

G-6 

G -11 

G-12 

G -13 

G-17 

G-18 

Intrinsic antibiotic resistance pattern in slow 
g~owing Rhi~obium isolates 

Km Nm ... Ap Er. Nx .Tc em Sm 

100 100 s 50 100 25 100 s 

100 100 s -S 100 10 so s 

100 100 100 100 100 25 100 50 

100 100 100 100 100 25 100 100 

s s s s 50 s 100 s 

100 100 100 s 100 10 100 s 

100 100 s s . 100 10 50 s 

100 100 100 s 100 10 50 s 

100 50 100 s 100 10 100 s 

100 50 100- s 50 10 50 s 
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Plants were raised in chillum jars separat~ly after inoculation 

with all the isolates individually. Plants were uprooted 

after 40 days to record observations for number of nodules, 

nodules dry wt, plant dry weight and nitrogenase activity 

per plant. The performance of slow and fast growing isolates 

with each host is presented in Table 8·and 9 respectively. 

The results showed that slow growing rhizobial isolates 

viz., G-4, G-5, G-11 and G-18 are good for all the five host 

crops (Table B). Highest values of each character were 

obtained in all the host crops. However, the performance of· 

G-2, G-13 and G-17 was found to be poor as compared to above 

mentioned isolates. Performance of G-6 and G-12 isolates was 

intermediate. Isolate G-4 was exceptionally better 6n guar, 

urdbean, mungbean arid ricebean. Similarly isolate G-18 

·performed better on pigeonpea ·and ricebean while G-5 performed 

better on guar, urdbean and mungbean. 

Among fast grower isolates G-9, G-20 and G-28 showed 

maximum valuas of each character in all the crops testedP""41ble'n. 

Isolates G-73, G-74 and G-76 proved to be intermediate while 

G-34 was found to be the poorest one. Among nll the isolates 

tasted G-14 was better while G-7 and G-54 were poor for. guar. 

4.5. Ex planta nitrooena~ expression by slow and fast 
growing Rhizobium isolates: 

The normal practice to screen for nif/nod mutations in 

Rhizobiu~ is by plant infection test. This test is tedious 

and time consuming and may become impracticable when a large 

number of clones are to be screened. A strain showing ex 
'/ 

plant~ nitrogenase activity will be highly advantageous. 

When tested for the expression of ~ planta nitrogenase 
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activity on nitrogenase induction medium, all the slow. 

growing isolates reduced acetylene under free-living 

conditiono (Tabl~'-1o). Only two fast growing isolates 

expressed ~ plants ARA. Significantly the level was far 

high~r in fast growing isolates as compared to the olow 

growers. 

4.6 Plasmid profile of guar rhizobi~ : 

The ganes responsible for symbiosis may be present on 

chromosome or on plasmids; In·orda~ to carry nut molecular 

·. riolog~cal studies' i ~ -~ ~ es~e_g~~~-~.:~o k~; .. ;.<~:.~· ... plasmid . 
·profile ~f an isolate. · ~i : · ·· · 

. Two diffarent tachniques were used· for visualizing tho 
. . . 

:> < I f ', I ~~. t, • ' '' l' ' '"~' :~::,·.' ~ r '"•~ ',,) • '•, ·:-~. •, • ··. ;· :: ,. • ' • ; 'l; ,. :; • • ..- . ,· ~ : '•, ' : .• • 

plasmid pNA. On~·of tho methods· involy~~~~he isolation of 
' _, ..... · ... ··:·· 

_ ·plasmiq DNA by alkaline ext,raction ?n~ .then· 4e,termin'ing the ·. 
,..,•' • ' ' ' _. :.. I 

I 

n~mber of plasmids by agarose gel eleci:,ropho7esla. · The other: 

techn~quo involved gentle lysis of' ce+ls ?ire~tly in tho 

slots qf an·agarosa gal. 

fast and slow growing isolates show~~ different plasmid 
.\ ' 

profiles. Among slow gro~ars, maximum n~~~ar of plasmid bands 

1 wara obeorvod in 0·3, 0•4 ond 0•17 ooch p~· whi,ch ahcwed two 

plasmid a. G-6, G-13 did not show any plasmicfband, rest of 

the slow growers showed one plasmid each (Tabla 11; plato 1). 

G-54 among fast growers showed the maximum number of 

~lasmids i.e. 3 plasmid bands. G-76 and ~-9 had one plasmid 

each. The remaining fast growero harbourad two plasmids each. 

Unlike the slow growers, all the fast growing isolates sho~ed 

plasmids (Plate 1 ). .. 



Table 10: f!-£lanta nitrogenase activity of slow-and 
fast growing Rhizobium isolates 

Isolate ARA ( n moles h-1 mg protein-1) 

Slow gr~~ 

G-2 

G-3 

G-4 

G-5 

G-6 

G-11 

G -12 

G-13 

G-17 

G-18 

G-9 

G-14 

G-20 

G-28 

G-34 

G-54 

G-73 

G-74 

G-75 

G-78 

"1 .. 
2. 72 

4.76 

3.74 

4.12 

4.25 

4.50 

1.24 

3.83 

3 .91 

4.08 

o.oo 
o.oo 

46.83 

o.oo 

o.oo 

o.oo 
' 45.12 

o.oo 
o.oo 
o.oo 

-------------------------------

' " 

' ' 



Table 11: Plasmid profile of slow-and fast growing 
Rhizobium isolates 

----- ---------------------------Rhizobium isolates 

Slow g,rowers 

G-2 

G-3 

G-4 

G-5 

G-6 

G -11 · 

G-12 

G-13 

G-17 

G-18 

rast grow~ 

G-73 

G-20 

G-14 

G-7 

G-76 

G-54 

G-34 

G..;74 

G-28 

G-9 

Number of plasmids 
observed 

1 

2 

2 

1 

1 

1 

2 

2 

2 

2 

2 

1 

3 

2 

2 

2 

1 

·--------



• 

A) Plasmid pattorn of slow growing 
Rhizobium isolAtes 

1 G-12 7 G-2 

2 G-17 8 G-3 

3 c -11 '9 'G'-4 ... ' ' ','1 

4 G-13 10 G-5 

5 G-6 11 G·1B 

6 f.. Coli 12 f..Co li 

8) Plasmid pnttorn of fast growing 
Rhizobium isolotes 

1 G -9. 6 G-76 

2 G-28 7 G-7 

3 G-74 8 G-14 

4 G-34 9 G-20 

5 C-54 10 G-73 



7 

A 

lo 

B 
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1.7. Physiol~ical and genetic studies: 

ror further physiological and genetic studies on guar 

rhizobia, isolate C-20 was chosen, It is an efficient strain, 

showing a broad hast range, it expresses high level of~£~~ 

nitrogenase ~ctivity, it harbours two plasmids and is also 

sui table for Tn5 mutagenesis by virtue of tho antibiotic 

resistance marker, 

Colony t~ of Rhizobium isolate G-20: 

Colonial variation is generally observed in slaw as 

well as fast growing isolates. When spread on media plates, 

they may give rise to big and small colonies or slimy or 

non-slimy colonies, 

Two types of colonies were observed in the original 

culture of G-20, when spread on VEMA plates. One colony type 

was slimy which was designated as G-20 (9) and another was 

mucoid, designated as G-20 (M) based on their external 

morphology, The characteristics of these colony types are 

represented in Table 12; 

4 • 8. Kinetics of acetalene reduction by G-20 (5~ and G-20..JM) 
cultured on soli nitrogenase induction me iu~ ana-¥ea5t 
~etct mannitol·agar medium: 

Expr8s,;ion of ~ £lanta nitrogenase activity depends 

on the genotype of the strain, composition and state of the 

media for the induction of nitrogenase and age of the culture, 

Nitrogenase activity was determined for tYD colony 

types of strain G-20 i.e. G-20(5) and G-20 (M) at different 

in te rval5 of time, on nitrogenase induction medium ( NII'I) and 



Table 12 : Chctr~c te ristic s of G- 20 ( 5 ) a nd G- 20 (M) 
co l o ny t ypes of R hiz~bium i s ol atH G- 20 _________ ,_____ ---~ 

Ch aracte r G- 20 ( 5 ) G- 20(M ) 

--·- ·------- ------
Co 1 o n i a 1 t y pe Slimy Muco id 

Sh a pe Fla t c o lonie s Raised colo ni es 

Appea r anc e Du l l Gl iste1:1in g 

Pe ri phe r y Ir r e gul a r Ci r cular 

Co l o u r o n H c1 £d n q Turns pinki s h No change 

EPS * con te nt 1.1 89 6.519 

---------------------------------
* Exo poly sacc h a ride in t erms or mg glucose 

mg p r otein- 1 



A) Co loni- a l mo r ~~ u l oc y of s limy colony t ype G- 20 ( 5) __, 

B) Coloni a l mor ph u l og y of muc oid co lony type G- 20 ( M) 



A 

8 
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yeast extract mannitol agar (YEMA). Activity was seen till 

26 days in fourteen batches (Table 13). 

NIM was found better than YEMA for ARA expression by 

both the colony types (~ig.1). Tho ARA increased from 3rd 

day onwards and attained the maximum value on 4th day in. 

all the cases, whereafter. it decline,d slowly and reduced to! 

.zero on 24th day. In both the media tested G-20 (S) showed 

higher ~ planta nitrogenase activity than mucoid colony 

type G-20 (M) • 

Kinetics of acetylene reduction b~ G-20 (S) and 
G -20 (M) in liQuid nitrogenase in uc tion:.:medlum 
and yeast extract mannitol me~:----

The trend of ARA in liquid medium was similar to that of 

solid medium. The activity reached maximum on fourth day in 

all the cases (Tabla.14) and subsequently decreased to almost 

zero on 16th day. No activity was observed beyond the 

sixteenth day. ARA in liquid medium, in general, was lesser 

than in the sdia medium. The slimy colony type G-20 (S) 

showed higher activity than the mucoid colony type (Fig •. 2). 

As observed earlier in solid medium, in liquid medium also, 
,, ~ 

the activity was higher in nitrogenase induction medium than ~e 

yeast extract manni tal agar lned;~..,. 

s 

The temperature may affect the synthesis of nitrogenase 

enzyme or it may modulate the enzyme activity. The expression 

of nitrogenase is maximum at a particular temperature. 

To see the effect of temperature on the synthesis of 



Table 13: ~inetics or acetylene reduction by G-20(5} 
and G~20(M) cultured on nitrogenase induction 
medium (NIM} and yeast extract mannitol 
medium (YEM) agar slopes 

------- ------·-------
Days 

2 

3 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

------

-1 ARA (n moles h 

2.96 

42.56 

61.94 

44.78 

34.69 

3 2.30 

21.88 

16.87 

15,06 

13.70 

13 .12 

0. 23 

0.29 

12.83 

25.99 

19.24 

17 .BB 

15.23 

14,45 

10,93 

8,89 

8 .16 

6.11 

0,96 

-

-1) mg protein 
VEMA 

G=20(s) G-2o(M) 

1.52 

12.88 

39.83 

31,5,4 

21.11 

18.23 ' 

11 • 61 

7. 24 

4.43 

1 ,44 

0. 70 

0,08 

0,28 

11.7 6 

20 ,04 

12,3 6 

11 .o 6 

8:oo 
4,06 

3 .o 6 

2,86 

2,73 

1,63 

'1 ,48 



fig.1 Kinetics of acetylene reduction by G-20(5) 

and G-2D(M) cultured on solid nitrogenase 

induction medium and yeast extract mannitol 

medium 
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Table 14: Kinetics of acetylene reduction by G-20(5) 
and G-20(1'1) cultured on liquid nitrogenase 
induction medium (NIM} and yeast extract 
mannitol (YEM) medium 

---·----· 
{n molas h-1 . 1 

Days ARA m9 erotein- l 
NIM YEI'l 

--

G-20{5) G-20\MJ G-20{5} G=20{M)'"-
-~ 

2 2.93 1.82 1 .54 0.95 

3 8.33 5.3 6 4. 55 3. 53 

4• 12.53 6.19 5.81 4.30 

6 11.41 5.18 5.44 2.65 

8 10,52 2.55 4~90 1. 26 

10 6.46 2.12 2.66 1. 25 

12 2.11 1 .05 1.45 0.99 

14 1. 22 0.92 1 • 21 0.07 

16 ·a ,09 0 .10 0.01 0.04 

18 

--

i 
' 



Fig.2 Kinoti~s of ~cetylene reduction by· 

C-20(5) 3nd G-20(M) cultured on 

liquid nitrogenase induction medium 

2nd yeast extract mannitol medium 
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nitrogenase enzyme, the culture tubes were incubated for 

four days at 25, 30, 35, 40 and 45°C and than the activity 

was also recorded on tho respective temperatures. The results 

are shown in table 15. 

A gradual increase in ARA was sean in slimy as well 

as mucoid colony types. Maximum value was observed at 35°C. 

The values for G-20 (5) were 33.96 and 25,35 n moles of 

acetylene reduced h- 1 mg protein- 1 in NIM and VEMA medium 

respectively. G-20 (M) on the other hand showed similar 

.activities of ARA, 11.76 and 11.73 n moles or ARA h-1 mg 

-1 protein in both the media tested. further, for G-20 (M) 

the difference in activity in nitrogenase induction medium was 

not much at 30 and 35°C. Beyond 35°C the ARA decreased 

abruptly in all the casas. Activity seen at 45°C (Fig, 3) 

was very low. 

To see the effect of temperature on the activity or 

nitrogenase enzyme the culture tubes were initially incubated 

at 30°C for four days and then arter acetylene injection 

the tubes were further incubated at· 25, 30, 35, 40 and 45°C 

for recording the ARA. 

The results represented in Table 16 indicated higher 

activity on VEMA than on N!M at all the temperatures, except 

for G-20 (5) at 45°C. Activity was higher in slimy colony 

type G-20 (5) as compared to mucoid colony type G-20 (M) 

barring the higher values of G-20(M} at 40°C in VEMA. 

In case of G-20 (5) ~ £lanta nitrogenase activity 

IJas maximum at 35°C. 
13'83 

On NIM and VEMA media,.and 16.38 ARA 

.. 
' ' ' 



Tabla 15: Effect of temperature on synthesis of nitrogenase 
in G-20(5) and G-20{M) on NIM and YEM agar slopes 

25 

30 

35 

40 

45 

ARA (n moles h-1 

NII'1 
G-20(5) G-20~ 

4,71 0.15 

22.65 9,06 

33,9 6 11.76 

2,79 1,95 

1.35 0.12 

mg protein - 1) 
VEMA 

G-20(5) G-20(M} 

5.82 0,18 

15.84 4.41 

25.3 5 11.73 

2.58 0.39 

0,12 0. 24 

---
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Table 16: Effect of temperature on ex 21~ nitrogenase 
activity G-20{5) and G-20\M) on NIM and YEM' 
agar slopes 

--------·-----''--- --------------------
Temperature 

(oc) 

25 

30 

35 

40 

45 

ARA (n moles h-1 
NIM 

W0{5) G-20(1"1) 

7.38 1,62 

8,40 3.48 

13,83 8,10 

5.07 5.91 

0.81 0. 21 

. 1 . 
mq protein- L_ 

VEMA 
\,G-20(5) G-20(1"1) 

12,60 7,41 

13.98 8.25 

16.38 8,91 

13,53 7.62 

0,33 0,36 

-----------------------------------------------------
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(n.moles h- 1 mg 'protoin-1) wore observed reapactivBly. In· 

case of G-20 (M) the values wsro B.10 end B.91 ARA ( n molaa 

h-1 mg prot.oin-1). An abrupt reduction in the activity ~o~as 
• 

soan at 40°C which was t'urthar lowered at, 45°C (F"ig. 4). On 

comparing the results of both tho approaches it is evident 

that 

( 1) At 35°C the corrosponding activitios .ware higher in tha 

' 0 t'irst method ~.rhora tho tubas uare incubated at :35 C 

throughout tho experiment, than the second 1mathod of 

approach where thoro uas temperatura shift t'rom :30°C 

to :35°C. 

( 2) The reduction of ARA uas higher in the I' irst ma.thod 

of approach at 40°C. 

(3) At 25°C the ARA .was higher in the second. method of 
' I ' . ~ . . '· ~ •' 

approach ot' tamporaturo' ahit't, than the I' ir at me thad. 

4.11 Effect of NH4Cl on ax planta nitrogenase activity 

In aoi!d and llgura-culturasa 

Combined nitrogen sources have bean reported to have an • 

inhibi'tory effect on nitrogenaso activity, To eoa tho at't'oct . . ~ ' . ' ' '. ' '. . ; . 

on tho expreasioll or ox planta nitrogenase activi.ty in slimy 

~-20 (S) and mucoid G-20 (M) colony typos, NH4Cl IJaS substituted 

a~ dit't'oront concentrations (1·, 2~·s,'-1o,'2o;, so and100mM) in 

s~lid as IJBll as liquid yeast extract mannitol madiu~. 

The results presented in Tabla 17 shou a: ' ~agativa 

correlation batwoan NH4Cl concentration and ARA, in solid 

as wall as liquid medium t'or both tho colony typos. Inhibition 

in ARA shown by G-20 (M) and G-20 (S) at 1mM _concentration 

of NH4Cl was higher in liquid medium (98.5 ~ and 72.1 ~ 

. respectively) as compared to solid medium, '(76.94 %' and 



Table 17: Effect of NH 4Cl on ex planta nitrogenase activity 
oF G-20(5) and G-20lM) in solid and liquid.cultures 

NH 4Cl 
cones n tra tion 
( mM) 

0 

1 

2 

5 

10 

20 

50 

100 

ARA (n mo:r.:'es 
Solid 

G=21i(s) G-20(M) 

27.30 
( o.oo} 

16.97 
(37.84) 

23.85 
( o.oo} 

5.50 
(76.94) 

Liquid 
G-20 (5) G-20 (M) 

5.13 
( 0 .oo} 

1.40 
(72.71) 

4,01 
(0.00} 

0 .05·', 
(98,50) 

15.96 5.15 o.oo o.oo 
(41.54) {78.41) (100.00) (100.00) 

0.33 o.oo o.oo o.oo 
(98.79) (100.00) (100.00) (100.00) 

o.oo o.oo o.oo o.oo 
(100.00) (100.00) (100.00) (100.00) 

o.oo o.oo o.oo o.oo 
(100.00) (100,00) {100.00) (100.00) 

o.oo o.oo o.oo o.oo 
(100,00) (100.00) (100.00) (100.00). 

o.oo o.oo o.oo o.oo 
(100,00) (100,00) (100.00) (100.00) 

-----------·-------------------------------------------
Figures in parentheses indicate per cent inhibition 
oF nitrogenase activity 
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37.84% respectively). There was complete repression; of{rig.S) 
'· 

r 

activity. from .10mM concentration onwar~s, though the growth 
' ' 

was observed up to 100mfl1 concentr,ation of NH4cl. At ~highle r 

· concentration the colour of the culture also changed 

to pale yellow. 

Effect gf K N03 on ax ~~anta n~trog~nae~ activity of 
w[j) r:ana: G:2o ""C1;1T"'In aoiT[:a~o~1ICjuia ·cu Y£u~8"'9 ·:• 

.. ,· .·-;. 

Both colony types showed higher ~ P.lanta ni trogenaso 
. ; .·. 

activity in solid medium than in liquid medium. Among t~a . . ' . 

t~o types, it was higher in G-20 (S) than in G-20 (M) (Table 18). 

1~ liquid medium ARA was negatively associated wi~h·J<N03 · 

concentration (Fig. 6). The activity was n'il'at20mM 

cpncantration in G-20 (M) colony type in liquid medium, 

while it was retained till SOmM concentration by G-20 .(S) in 

solid medium. In solid medium the ARA was relatively higher 

at lower concentrations of KN03 (rig. 7). 
I ' 

4.13 lanta nitrogenase 
in ·solid and 

.. . ' 

" 

nitrog~~ and vitamins. 
I ''.._ 

To study its effect on ~ planta nitro-

g~naso activity, different con~qntrationo pfc yeaat axtra'ct. (0 .os, -
• . ~ .. t··..rr: f· ;_\, ·.,. \* , ·.,.• 1'. ::. ;·, ' '·. '·; ' 'I • ' . ,., 'f. 

o. 20 ~ o .so, 1 .a, 2.0, 3.0 and 4~0 g/1) were taken in ye~~t extract 

mannitol medium. ·The rosults are shown in Table 19. Tho ARA 

was higher in solid medium as compared to the liquid m~dium. 

In both solid and liquid media, G-20(5) colony .typg showed 

higher ARA as compared to G-20 (M) except at o.os g/1 

concentration, where G-20 (M) showed higher values. 

I; 

I 

I 



s 
Table 18: Effect of pot ·as.<.ium nitra~e· on ~ planta nitrogenase 

activity of G-20(5) and G-20(M) in liqu~d and solid 
culturBs. 

:17.! I ., 

---- --- ---
KNO ARA (n moles -1 e.E,Otein-.~ ~ h. mg 

3 G 20 (_s L : (mM) Solid - G-20 tfl 
Liquid SOild L i qu 10 

---- ---- ---
0 37.75 5,90 21.01 4.30 

1 69.03 4 .92 23 .oo 3.47 

·2 45.73 4. 65 . 23.9 2 2·. 71 

5 4 2. 57. 2.18 16.87 1.73 

10 30.85 0,37 7. 67 0. 21 

20 11.43 0. 28 0.61 o.oo 

50 5.61 o.oo 0.15 a·.oo 

,. ' 
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Table 19: Effect of yeast extract on ex 'lanta nitrogenase 
activity of G-20(5) and G-20(M in solid and 
liquid cultures 

-------- --
Yeast ex tract ·ARA {n moles h-1 m9 ~r~tein- 1 ~ __ 

g/1 sorra .. Ligui 
G -2D{ S 1 ~.;.2o{M~ G-2o'{sJ G-20~M) 

o.os 20.96 14 ~ 69 2.14 5.14 

a. 20 3 2. 59 18.37 7.58 6 .·62 

OoSO 38.60 22.03 8.08 7.04 

1.00· 23.56 16.49 4.59 2.04 

1. 50 11.06 9.80 0.22 0. 21 

2.00 10.04 1. 28 a .oo · o.oo 

3.00 0.56 DoDO o.oo o.oo 

4.00 Oo41 o.oo o.oo o.oa 



···.'so· 

Maximum values were observed at 0.5 g/1 of Y.E. in all 

the cases, whereafter the activity decreased progressively. 

\Jhile in liquid medium there ,was a total cessation of 

activity at 2 g/1 concentration of yeast extract for bath 

the coloriy types, in solid medium complete inhibition 

occured at 3 g/1 concentration in-6~s~ of ·G-20(M). 

4.14. Exp~essian of ex planta nitrooenase activity on 
liguid ~solid nitroqe~ree medium b~ G~20: 

Generally, the amount of nitro~en fixed under,free 

living conditions is not enough to sustain growth. The 

_combined nitrogen source is therefore necessary for the 

growth of Rhizobium culture. For the induction of ~ planta 

nitrogenase activity a source of combined nitrogen is always 

included in the medium used. To see if there is any ~xpressian 

~f ~ p lan-:.a nitrogenase activity under nitrogen free condi­

tians,modified Burk's medium was used. Sucrose was substituted 

in Burk's medium with mannitol in one experiment and with 

malate in another. The activ~ty was seen both in liquid as 

well as in solid media after 2, 4, 6- and 9 days. The activity 

in general was mare in solid medium than in liquid medium 

(Table 20). The activity increased from .second day onwards 

to reach a maximum on·the sixt~ day in all the~cases {Fig. B~g). 

The activity was higher in the malate substituted 

medium than in mannitol substituted medium upto fourth dayo 

4.15. Non-orowth inhibitory concentrations of different 
plasmid curin9-agents: --

Mast of the curing agents are known to eliminate 

plasmids from cells by preferentially inhibiting the repli-

cation of plasmid DNA. Thus the concentration of the agent 



Table 20: ~ Rlanta' nitrogenase activity by G-20 in 
solid ana liquid mannitol and malate 
substituted 8urk'. s medium 

--
Incubation ARA (n moles h- 1 mg_E!2tein- 1} 

(Days) Manni tal substitution Malate substitution 

Liquid Solid Liquid Solid 

2 2.103 8.063 11.782 10 .867 

4 5.405 10.687 15.9 60 24.:~~ 91 
,, - 6 29. 148 4 8. 238 27.33 8 40.582 

9 3 .193 39.713 7.162 24 .147 

-- ---



wnJpaw s,~~nB pa~n~J~sqns tD~JUUew 

aa~J ua5o~~JU pJMbJt pue PltOs UJ OZ-~ ~q 

~~JAJ~oe aseua5o~~JU e~uefO.xa JD uorssa~dx3 s·Br~ 



50 

48 o-o -----ee SOLID 
' o------ -o LIQUID 

46 

44 

42 

40 

~ 38 
.,.._. 
l 
z 36 

w r- 34 

0 
0::: 32 
0... 
0) 30 

E= 1\ - 28 

~ 
I \ 

f ~ 
12 

U1 
w 10 _J 

0 
2 8 

s= 
'--" 6 

<( 
0::: 4 

<( 
2 

I \ 
I \ 

I \ 

,' \ 
I \ 

I \ 
I \_ 

J \ 
/ \ 

/ 
/ h 

/ 

a" 
)I 

)! 

2 4 6 9 

FIG. a DAYS 



Fige9 Expression of ~ Qlanta nitrogenase 

activity by G-20 on in solid and 

liquid nitrogen free malate substituted 

Burk's medium 
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to be used for curing plasmid DNA shoulq_ be the one that 

does not in ta rfe re with the rep lie a tion of ch romosoma 1 ON A 
' 

and hence has no lethal affect on the organism under study. 

Ou:r:ingt•tthe present study, Ethidium bromide and sodium 

dodecyl sulphate were used as chemical agents for curing 

p lasmids in G- 20. In addition, high temperature, a physi.cal 

agent that has been widely reported to be very affective in 

curing plasmid DNA in many bacterial systems, was also used. 

Different combinations of chemical and physical agents were 

also tried. 

(i) Temee~at~Jre: 

G-20 was incubated in liquid culture at 30, 35, 39 and 

42°C. It was observed that upto 39°C there was no inhibition· 

of growth, while at 42°C the growth was inhibited after 48 

hours (Table 21). For further studies 39°C was selected as 

the non-growth inhibitory high temperature. 

( ii) Sodium~~£ll sule,hat~: 

G-20 was incubated in media containing 505 at 25, 50,. 

100, 150 and 200 j.J9/ml concentrations. Inhibition of growth 

was seen. at 150 ?9/ml concentratio~. Hence 100 pg/ml 

concentration of SDS was chosen as the non-growth inhibitory 

concentration for G-20 (Tabla 22). 

(iii) Ethidium bromid~EtBti.r.>· 

G-20 was incubated in l~quid culture in presence of 

EtBr at concentrations of 0.5, 1.o·arid 1.5 pg/ml. Relatively 

less. growth was seen at 1.0 ~g/ml, and hence 1.0 ~g/ml 

concentration of EtBr was chosen as non-growth inhibitory 

concentration (Table 22)o 



' ~ f 

Tabla 21 : .Growth of G-20 at different temperatures 
aftor.48 hours (Optical density) 

.Time Tempo ra tu re (oC) 
(h) 

·30 37 39' 40 

0· o.042 0,041 0,040 0,041 

48 0.612 0.618 0.615 0,501 

_, ·, . 
' i ' 

.. 



Table 22 : Growth of G-20 in tho presence of different 
, curing agento 

Curing agent· Concentration ___ ohtical densith 
.ug/ml . 0 . 48 

sos 25 0 .03.4 o .sea . 

50 0.035 0 e694 

·--. 
100 0.03 2 0.685 

150 0.032 0.482 

200 0.034 0.270 

Et Br 0.5 0.084 0.753 

1.0 o.oss 0.748 

1. 5 0.084 0.489 

2.0 0.086 0.239 

2.5 0.083 

. '· 

.. 
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4 ~16'. Eliminat'ion of nif charact.sr: 

The parent strain G-20 was subjected to curing tre~t­

ments, at non-growth inhibitio~y temperature and non-growth 

inhlbltory levels of SOS and EtBr. The parent was grown _in 

liquid culture in presence of cu~ing agents for 6-7 days 

under stationary conditions. ·The flasks were manually 

shaken 4-5 times a day for about 30 seconds each time. ~n 

aliquot of the culture was plate·~ on 'fEMA plates and single 

clories were obtained.Table 23 lists different curing treat~ents 

given and the number of clones screened fot the expres~ioR of 

nitrogenase activity under free living conditions against 

each treatment for Rhiz.Q.Qium sp.~ G-20. The data presented in 

Table 23 show that no clone was found to be ldcking. nitrogenase 

expression under free living conditions. 

In case of bacterial systems where the frequency: of 

plasmid elimination is very low, serial transfei in the 

presence o( sds is recommended as it results in the enrich-

ment of plasmid-cured cells. The wild type strain was grown 

in liquid medium containing 100 pg/ml SOS at 39°C. An aliquot 
1'\ 

from this was later in~culated in"""'to fresh medium and allowed - . 
to grow for 3-4 generations. The serial transfer was repeated. 

~, I 
The serial transfer was c'ontinued for a large 'number of 

generations. At tho time of 5th, 10th and 15th transfer, ~n 

aliquot of culture was appropriately diluted and plated to 

get single clones, ~ach of which was then tested for the 

expression of-~ planta nitrogenase activity.· 



Table 23: ~limination of~ planta. nitrogenase actfvity 
1n G~20 by different curing agents 

--------------------------------------------------------
' 

Treatment ·No. of 
clones 
tested 

High temperature (39°C) 147 

sos 160 

EtBr 180 

High temperature (39°C) + 208 
SDS + EtBr 

Ex Rlan ta 
nitrogenase 
negative clones 

Nil 

Nil 

Nil 

Nil 

-----------------------------------



P.7 . 

. No ~ planta nitrogenase negative clone was detected 

among a total of 307 clones screened. The data o:tr: presented· 

in table 24. 

4.17. Isolatidn and characterization of TnS mutants of 
Rhizobium sp. G-2o; 

Transposon Tn5 has the property of integrating randomly 

in the bacterial genome, which can result in a series· of 

symbiotic mutants. Great ad van tag a of trans poson mutagenesis 

is that it marks the gene in which it in sa rts. Various ill­

and ~£2- mutants thus obtained may help in understanding of 

number, structur~ and location of the genes involved in 

nodulation· and nitrogen fixation. 

Tn5 mutagenesis was carried out according to a modified 

method described by Selvaraj and Iyer {1983). Patch mating 

of WA 803 (PGS9) and ~train G-20, was carried out and 1,860 
R R R 

TnS mutan~s showing (Nal25 NmS!J Km100), were isolated. But 
' I 

of the aboye, 1200 mutants were tested for the expression of 

ex pla~J.:!:~. nitrogenase activity and also for nodulation and 

nitrogenase activity in planta. Four categories or mutants 

were isolated (Tabie 25). 

Group 1 : Consisted of 0.58% of ex planta nitrogenase 

Group I I: 

[]roup I I I: 

Group IV • . 

activity negative (~ nif-) nodulation 

'negative {nod-) mutants. - ' 

Included 0.75% of (~ .!l!f.+ nod-) mutants.· 

Included o.s% of (~ nif+ nod+ fix-).mutants. ---
eonsisted of 1.5% of (~ nif- nod+ and fix+) 



Table 24: Elimination of~ £lanta nitr.ogenase activity 
of G-20 by serial t~ansfer in SDS medium at 
high temperature* 

---------------------------~----------------------
' 

Serial transfer Total No. of' 
c lanes tested 

Ex p lanta 
nitrogenase 
ne'gative clones 

-------------------------------
5th 

10th 

15th 

86 

102 

119 

-------·----
* 50S 100 mg/ml at 39°C 

Nil 

Nil 

Nil 



Table 25: Nature of Tn5 mutants 

--- --
Types of mutants %' of mutants 

--- -
ex Q.!!. nmd 0 0 58 

ex nif+ nod 0.75 -
ex nif+ nod+ fix 0. 50 -
ex nif - nod+ fix+ 1.50 --



4.18. In planta and ex planta nitrogenase activity or 
TnS derivatives: 

90 

Tho !u planta and ~ planta nitrogenase activity of 

eight TnS mutanto is represented in Tabla .26. 

In all the eight Tn5 mutants the ~ planta nitroge9aaa 
I 

activity uao found lower than the parent strain. -It was 

·:·;m~ximum in t-233 (9.5) and minimum in t-165 (5.6). · !!l.planta 

~itr6genase activity also was lou in t-163 and t~~s~· than 
'. ~ •• .< ' ' / 

.. 

·the parent stra~n,which showed 4.98 AR.I\ ( u moles h-1 plant~1 ). 

4.19.· E.J:asmid pattern of TnS mutants: 

To know if the transpoaon mutagenesis has caused 
' 

soma change in the plasmid pattern of the parent strain • 

. The plasmid profile ~f the eight Tn5 mu~cin~~ was c~ecked. 
,-,\ + ,.,.. . ...,, •• ·, ....... ., '• ",i 

·The plasmid pattern or Tn5 mutants ha~ been·ehown 
... 

in Table 27. All the Tn5 mutants showed two plasmid bands 
' ,,,:., ·' . ' ' 

·,'.:•' 

each, like the parent strain, except the m.utan~ t-49 (.!,?i !l!!.­

nod''") J.n which only ono plasmid band wna d~~ectof;J (plato 3). 



I 
I ' 

' ~ . ~ ' ·~ 

Tabla 26z In p_~anta and~ e_lanta nitrogenase activit'y 
Of parents and TnS·derivativaa 

Strain Genotype ARA 
ex planta8 

-·---- in plantab ' 

t-49 ex nif- nod- - --- -
t-237· ex nif- nod- - --- -
t-233 ex nif+ nod--- - 9.5 

1: -
t-90 ex nif+ nod-

.· .. ~ ; •' 

6.4 --- -
t-165 ex nif+ nod+ fix· -- - - 5.6 -
·t-264 ex nif+ nod+ fix· -- - - 8.:3 

t-163 ex nif- nod+ fix+ -- - - 2.18 

t-251 ex nif- nod+ fix+ - 3.02 -- .- -
Parent ax nif+ nod+ fix+ 38.61 . .4.98 

G-20 

, . .;-. 

nod ·- 12 nodulation 

ex nif 12 ex planta nitroger'lf:lf!O -- - •• -.-...."·-. r ,,• '';·:.~~:~~ 

~ l;,;j !n B2:.R!l~f]. n.t trggan OO!J '. 
a· = ARA (n melon h-~ mg ~rotei'n- 1 ) 
b ' ARA ( )J moles h-1 plant - 1) = 

... 



Table 271 Plasmid pattern of TnS mutanto 

1 Mutant 

t-49 

t-237 

t-233 

t-90 

·t-165 

t~264 

t-163 

t-251 

Parent 

Plasmid banda 

1 

2 

2 

2 

2 

2 

2 

2 

2 

'i 



Plaomid pattern of Tn5 mutanto 

1 t-251 6 t-233 

2 t-163 7 t-237 

3 t-264 B t-49 

4 t-165 9 E. Coli -
5 t-90 



PLATE 3 



'· 

Dl5CUSS1 ON 

Guar, an important Kharif legume of Indian arid.zone 

is nodulated by rhizobia that are taxonomi~ally grouped with 

cow pea miscellany group (Richmond, 19 26 and Wilson,. 1939}. 

The survey of guar growing arro·has revealed that the. nodu-

lation status with regard to native rhizobia under field 

conditions, is generally poor. To improve the.nodula~ion 

status, i.t is therefore important that efficient Rhizobium 

cultures are introduced as biofertilizers. Not much work 

has been reported on the physiological and g~netic .aspects 

of guar rhizobia. 

In the present studies, guar nodules were col'lected 

from different agroclimatic regions of ~aryana and one 
. ' 

hundred rhizobial isolates were obtained. These isolates 

were identified as slow·growers (64 isolates) and fast 

growers (36 isolates). f"ast growers appeared on VEMA plates 

between 2-4 ~ays, while slpw growers took 5-10 days. This 

indicates both slow· and fast growing rhizobia can 'nodulate 

guar. Numerous reports have so far appeared showing that . . 

an individual host legume can be nodulated by both types of 

rhizobia (LC2.,~U-~ _E.enduncu~~~ .: Pankhurst, 1977) Viana ~e)is 

Broughton and Dilworth, 1971; Glycine ~ : Keyser,~ 21.•, 

1982). These rhizobia must contain, atleast, ~similar 

complement of ~ genes plus other ancillary. genes required 



for nodulation of the particular host. Cross hybridization. 

studies between such strains may assist in identifying and 

ch~racterizihg such genes. In addition, analysis of components 

present on the surface of both.typesof rhizobia may help in 

detecting a common factor requi~ed for nodulationo 

In order to carry out detailed studies, ten fast and 

ten slow growing representative isolates were chosen. The 

choice was based on the d~ta obtained in pot house studies 

on guar. Isolates showing high plant dry weight and high 

8itrogenase activity were selected. 

When the fast and the slow growing isolates were_ 

compared for the metabolic differencesa clear distinction 

was observed in barbohydrate utilization (Table 4 ~nd 5). 

The fast growers resembled the classical fast growers 

like B.• meliloti, B.• _.trifolii and B.• leguminosarum- in carbon. 

utilization, while the slow growers resembled the Bradyrbl:,­

zobium. The fast growers were able to use a broad ra~ge or 

hexoses, pentoses, disaccharides, trisaccharides and organic 

acids while slow growers h~d limited ability to use diverse 

carbon sources. Differences in carbon utilization between 

fast and slow growing rhizobia were reported by .Graham (1964), 

Chakrabarti ~ 21:• (1981) and Stowers~· (1985)~. The 

observations made in the present studies are similar to 

those recorded. by Broughton ~ !!.l• ( 1984) in fast and slow 

growing rhizobia belonging to cowp~a miscellany group. 

Intrinsic drug resistance is widely seen in rhizobia·. 

It probably imparts survival value: to the rhizobia in natural 
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environment. Drug. resistance markers help in strain 

identification in ecological. and in g'enetic experiments. 

In the present studies also multiple drug resistance was 

observed in all fast· and slow· growing Rhizobium isolates 

(Table 6 and 7). 

Trinick (1980,· 1982) obser~ed that many fast and slow 

growing Rhizobium sp~display ~ broa~ host ranQe, and 

that some strains have the capacity even to nodulate the 

non-legume pa'rasponia ~dersonii (Trinick and Galbraith, 

19 80). 

'During the present investigatio~s, it was observed that 

when tested for nodulation on dif'fe~ent crops~ both slow and 

fast growing rhizobia exhibited a broad host range and nodu-

lated guar, pigeonpea, mungbean, urdbean and ricebean but 

not soybean and chickp~a. Among slow,g~owing rhizobia! 

strains',(Table 8} G-4, G-5, G-11 and G-18 showed uniformly. 

good ·performance on a 11 the f'i ve hast crops·~ and among fast 

growers (Table 9) G-9, G-20 and G-28 were found better for 

all the crops 'tested. Strains showing wide host range can 

prove useful in stu~yi~g v~~ious.asRocts of nodule develop-
• • h ·: , 11 

ment such as identifying different steps incurred and number 

of' plant geries involved in the development. The nodules 

formed on ricebean were very sm~ll while those f'ormed.on 

guar and pigeonpea were large. Detailed comparis:)Jns of. the 

nodulins (Verma ~ ~·, 1981) they co~tain must prove useful. 

Since the discovery by five independent groups of 

workers that ~orne rhizobi~ express ni~rogena~e activity on 
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defined laboratory media in the absence of plant host 
' ' 

{Keister, 1975; Kurz and LaRue, 1975; Me. Comb £J: !!l•' 1975; 

Pagan ~ ~·, 1975; T jepkema and Evans, 1975), many reports 

have appeared on the expression of ~ planta nitrogenase 

activity. These studies are mainly on slow. growing strains 

which sho~ free living nitrogen fixation under defined 

cultural conditions. Attempts to extend derepression of 

nitrogenase. to. other rhizobia have largely proved refractory 

(Mohapritra and Gresshoff, 1983). Most of the strains showing 

· ~ planta nitrogenase belong to B.• i~ponic~ and slow growing 

cowpea strains. Also, highly specific and regulated conditi-

ons are reported to be required for .its expression. Although 
I 

the conditions were standardized for c6wpea strain 32H1 a~d 

some Rhizobium japonicum strains for the ex planta nitrogenase 

activity, many other strains could not be derepressed. Reports 

on the presence of ~Blanta nitrogen~se activity in fast 

growing rhizobia are very limited :and only recent (Dreyfus 

et &•, 1983; Bender~ al., 1986; Urban~~., 1986)o 

During the course of~present studies ~11 the tan slow 

growing isolates tested showed ~ £lanta nitrogenase activity 

on nitrogenase induction medium (NIM). All the available 

fast growers were tested for the activity, but only two iso­

lates G-73 and G-20 expressed free living acetylene reduction . . ; 

ac ti vi t y. The. ac ti vi t y was ,also· very high as compared to 

that seen in slow growing isolates (Table 10). 

The reason for not observing the ~ Rlanta nitrogenase 

activity in other fast gro~ing isolates may be that the 



conditions were not optimal for the d~repression of nitro-, 

genase in these isolates. Gibson~~· (1976), Pankhurst 

(1981) and Kaneshiro and Kurtzman (1982) have reported that 

tha requirements ror ·the expression of ~ planta nitrogenase 

in Rhizobium streins are differe~t. Alternatively, the 

derepression of nitrogenase in the.iaboratory cultures may. 

be under genetic control and it may b~ strain specific as 

proposed by Mohapatra and Gresshoff (1983). 

All the classical fast growing rhizobia (.B.• ~illilit. 

[• legumin~~' .B.• trifolii, .B.• ~seal!) have been shown 

to contain plasmids (Prakash et &•, .1981; ···: ·: Sanf alvi ~ al., 

1981). The·fast growing rhizobia infecting soybeans and 

cowpea miscellany' plants resemble the: classital fast-growing 

rhizobial species in regard ~o presence 6f plasmids as well 

as location of nod and Dlf. genes (Ma7:te rson .!D:. tl•·t 198 2; 

Sadowsky et al., 1983; Broughton~· !!.l•t 1984; Prakash and 

Atherly, 1984; Applebaum ~~1··• 19~5b)o During the present 

studies, 1-3 plasmids were obser~ed in fast growing isolates 

of rhizobia. Et'~h.t s~ow growing isolates showed 1-2 plasm1.ds 

but two at hers did not harbour any (Table 11) •. Bradyrhizob ium 

have not always been ·found to harbour plasmids ~~ggesting 

that the genes controlling nodulation. and nitrogen fixation 

might be located on the chromosomal DNA (Cantrell.~ _&., 

1982;Jag~dish and Szalay, 1984; Hennecke et ~l_., 1985; 

Noti ~ al., 1985). 

All detailed physiological and genetic studies were 

carried out on a fast growing Rhizobium isolate G-20 which 
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in addition to expressing ~ planta nitrogenase activity showed 

kanamycin and neomycin sensitivity thus making it suitable 

for Tn5 mutagenesis as well.· 

When G-20 was spread .on yeast extract mannitol agar 

plates it gave rise to ·large ~nd imall colonies and ~lso 

slimy and mucoid colonies. The slimy and mucoid colonies 

differed in certain charactetistic~ (Table 12). Such colo­

niSal variation is reported to occur in almost all cultures 

of slow growing rhizobia and was seen when the cultures were 

spread on media plates containing sugar or sugar derivatives 

{Agarwal and Keister, 1983). On rep:Zeated isolation and 

replating, most of B· japonicum colony types w~~e found~to 

be unstable and gave rise to another populatiori. The deri-

vatives isolated by Kuykendall and Elkan ( 1976) and ~pchurch 

and Elkan ( 1977) were_, however, stable in R •. japonicum.' In. 

fas.t growing species also the coloni:ai variation was 

repo:-ted by Sender ~ ~· (1986} who observed two colony 

types in pigeonpea isolate IHP100. 

Both slimy G-20(5) and mucoid G-20(M} c~lony types 
(' 

were selected to see the effect of different factors on 

~ planta nitrogenase activity. The expression of ~ planta 

ni tr'ogenase activity wa~ observed on different-,ffiedia agar 

slopes or !~quid cultures incubated on shaker. Interestingly, 

G-20 showed ex planta oitrogenase activity on simple VEMA 

slants and YEM liquid culture. No specific regulated 

conditions of cell density (Keister and Evans, 1976) or 

control of gaseous atmosphere ~as required (Agarwal and 

K~ister, 1983; Dreyfus ~ .§!_1., 1983). No such results have 

so far been reported. 
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Slimy colony type expressed high level of ~ planta 

nitrogenase activity as compared to its mucoid counterpart. 

The activity was more on nitrogenase induction medium than 

yeast extract mannitol aga~ medium. Also, in all experiments 

the activity wag low in liquid culluresas compa~ed to agar, 

slopes (Tables 13 and 14). 
' 

Production of EPS is a characteristic of many ni tro''geh 

fixing bacteria. It is possible· that EPS production is rela~ed 

to derepression of nitrogenase. Kur~ and LaRue (1975), Pagan 

et .§!];. (1975) and Pan.khurst and Craig (1978) propos~d that the 

mucoid material produced by rhizobia might aid nitrogenase . 

activity by lowering the speed of oxygen transfer. Wilcockson 

and Werner (1978) could establish no clear correlation between 

EPS and acetylene reduction. In isoiat~ G-20, a negative 

correlation was observed between EPS and nitrogenase activity. 

Upchurch ~nd Elkan (1977) also found a recipro~al correlation 

between the two. In every case they studied, the strain with 

less EPS developed· more ~ olanta acetylene reduction than 

did the strain with high content of EPS~ Similar results 

were obtained by Agarwal 8-nd Keister (1983) in 39 original 

isolates of ~· japonicum. The reciprocal relationship observed 

during tha present studies can be explained by. the fact that 

both nitrogen fixation and EPS synthdsis demand cellular 

energy and under microaerobic conditions necessary for the 

synthesis and expression of nitrogenase, b~cteria .are energy 

limited. The available ATP may be directed towards the 

synthesis of EPS inst·£i:ad. of nitrogenase. 
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Higher activity observed on nitrogenase induction medium 

could be attributed to the presence of malate, ~nosit61~ 

micronutrients and vitamiris which are not present in the 

yeast,extra6t mannitol medium. Nitrogenase induction medium . . 

being a. rich medium compared to YHiA, ~ planta nitrogenase 
' 

activity is higher in the former medium. 

Ex planta nitrogenase activity is round to be more on . . 

agar slopes than in liquid culture •. Pankhurst and Craig 

(1~7S) reported that in the solid medium there is prote~tiori 

from oxygen. The upper layer of cells do not synthesize 

nitrogenase. Cells present in lower stratd are protected 

from oxygen effect and henc~ fix nitrogen. Although in liquid 

media~ nitrogenase activity is subject to oxygen effect due 

to continous sha~ing, ' respiratory p~otective mechanism 
I 

can ·operate due to high cell respira~ion thereby allowing 

some nitrogenase activity. Bergersen ahd Tuner (1976) observed 

such 1 0 2 shock' effect in chemostat cultures of B.l!!zobium sp. 

strain 32H1. The maximum activity was observed at 35°C. 

Below and above this t~mpereture the activity was low. Although, 

growth was seen at .45°C, very little activity was observed. 

(Table 15 and 16). Capacity of G-20 to express,~ planta 

nitrogenase activity at high temperature is probably because 
' . 

of the fact that guar rhizobia· are adapted to conditions of. 
' 

high_ temperature. High temperature is prevalent during summer 

season when sowing of guar is generally done. Nitro~enase of 
\ 

&EJ:~cte_£ ,Clostridium and .§!!£.!.~ are also stable at 

50-60°C (Burns ahd Hardy, 1975), for 10-15 min. low activity 
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above. 35°C in.G-20 indicates that some of the nif genes are~ 
- I 

probably no~ expressed as reported by Hennecke and Shanmugam 

(1979) in Klebsiella Pneumoniae. ----- -. 
Pankhurst and 6raig (~978) observed that increasing 

the incubation temperature of Rhizobi~ strain 32H1 decreased 

or inhibited the nitrogenase adtivi£~ and that this was dJe, 

to the disruption of specialized cells ex~ressing nitrogenase 

activity. This was analogous to the dis~uption of.bacteroid 

development in clover nodules at high. temp~'rature (Pankhurst 

a~d Gibson, 1973). Detailed studies on~proteins and ultras-

tructure of cells are needed, under conditions of nitrogen 

fixation, to come to definite conclusion on the effect of 

temperature on~£~~ nitrogenase activity. 

Contradictory reports are present in the ,literature on 

the effect of ammonium on ~·planta nitrogena~e activity. 

Effect of ammonium on nitrogenase activity,is strain specifip. 

It is further affected by type of ca!bon sources, oxygen level~, 

culture regime and presence of othe~ nitrogenous compounds. 
I 

(Mohapatra and Gresshoff, 1983). Ammonium is found to inhibit 
. 

~ elan~a nitrogenase activity in G-20 but favoured growth 

(Table 17}. These restilts are similar to those observed 
'' ' 

by Pankhurst and Craig (1978) who round that increase in 

nitrogen content of media repressed nitrogenase activity and 

stimulated growth. Keister and R~nga Rao (1977) observed 

that nitrogenase activity was slightly repressed by NH 4+ but 

they attributed it to metabolic effect rather than repression. 
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Experimental evidence has been presented by ~orne 

workers to implicate the role of glutamine synthetase (GS) 

in ammonia assimilation in Rbizobium. Ludwig and_Sigoer. 

(1977) found glutamine auxotro~hs of ~hizobium strain 32H1. 
. . - I 

failed to derepress synthesis of nitrogenase both in culture 

and in E.l~ ta. Reversion to pro to trophy simul:taneousl y 

recovered nitrogenase derepression ability. Whether 

inhibit.lon of~ plan~ nitrogenase activity is due to 

repression or simply modulation of the activity, can be 

reveal~d only by further studies on polypeptide synthesis 

in the presence of ammonia. 

Nitrate was stimulatory at lower concentr~tions but 

higher concentrations inhibited the ~ e_lang nitrogenase 

activity (Table 18). It is probable tha1.nitrate is used as 

terminal electron ac~eptor in place of oxygen, leading to· 

favourable growth. (Pankhurst, 198~) but at higher concen­

trations it inhibits nitrog~nase activity by probably 

switching off rri[ operon, as nitrogen fixation in the 

presence of a nitrogen source is energy expensi~e. Low 
I 

levels of KN03 l..lere round beneficial for .!!t e,lant_a nitrogenase 
- --

activity also(Mand and Chahal, 1987). 

The effect of yeast extract was also analogous to the 

effect of nitrate, low levels being stimulatory to the· 

ni trogenase1 activity. Highest nitrogen fixatfon was seen ot 

0.5 g/1 yeast extract concentration (Table ~9). The ~ti~ 

mulation of nitrogenase activity could be due to the availabi-

lity of growth facto~s, rare carbonJsources and nitrogen 



sources that promote growth with~ut inhibiting. acetylene 

reduction. Inhibition of nitrogenase activity at higher 

concentrations could be due to ami.no acids. The intrace1Ju1C~r 

pool of amino acids cauae repressi~n of nitrogenase activity 

due to .release of ammonia from tnem (Rennie, 1981; Das 

·and Mishra, 1982). 

For the expression of ~ ~anta nitrogenase activity 

a source of combined nitroge~ is r'equlred in the medium 

which supports the growth oF !it!l!.£biu!!!_. To date, there are 
I 

only two reports or Free-living nitrogen fixation without 

combined ni tr oge n so urea. o'reyf'us ~ ~. : ( 19 83) !sola ted· 

a Rhizobium strai~ from stem nodules of the legume (Sesbania 

rostrata)t.Jhich is able to grow on atmospheric nitroge·n (N 2). 

as the sole nitrogen sourceo Urban et al. (1986) showed --
that strain 0403 from Rhizobiu!!!_ .trifolii is able to grow. 

without combined nitrogeno 

Interestingly, tho Rhizobium isolate G-20 is able to 

, grow and fix nitrogen in modified Burk's nitrogen free medium 

(Table· 20). When Burk's medium containing sucrose as ca~bon 

source was used G-20 showed a slight growth on it, but on 

modified Burk's medium in which sucrose is su~stituted wi~h 

either mannitol or malate, G-20 grew_better and expiessed 

better~ planta nitrogenase activity. High activity 

was observed on agar ·slopes and liquid 6~ltures; Moreover, 

no control of gaseous· atmosphere as.reported.by Dre'ltus~·t al. 

{1983) or treatment of cells with succinate or other nutrients 
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for the induction of nitrog~nase in nitrogen free medium 

(Urban et §1.,, 1986) was necessaryo 

Plasmid cured derivatives have been obtained by 

growth at elevat~d temperAtu~es (Zurkowski and Lorkiewicz, 

1979) or in ethidium bromide or SDS (Dunican and Cannon 

' 1971; Zurkot.Jski ~ al., 1973). The plasmid cut'ing agents 

when employe~ singly or in combina~ion did not ·yield any 

12!f derivatives (Table 21). Serial transf'er in SOS at high 

temperatura spanning many generations was done but no nif-

c 1 one co u 1 d be o b t a i n e d ( T a b 1e 2 2) • 

The ~esults of the present ~tudy indicate that either 

the genes for nitrogen f~xation a~e borne'on the chromosome 

in Rhizobium isolate G-20, like many(:classical slow growers· 

1 
(Cantrell·~ al., ·1.982 and Noti' et !!l•t 1985) or the plasmids 

'. 

do not carry nif a~d nod determinants (Masterson ~ ~., 

1982 and- Masterson ~ al., 1985)o Alternatively, !!if. genes 

may be located on a megaplasmid which could not be cured by 
• 

the above methods. For definite conclusions de~ailed studies 

such as involving DNA hyb~idization are necessary~ 

During the present studies, transposon mutagenesis of 

Rhizobium isolate G-20 l~d to the isolation of symbiotic 

mutants. After screening twelve hundred pu:tative Tn5 mutants, 

for .§US planta nitrogenase· activity,· for nodulation and in 

EJ:'anta nitrogenase activity (Table 23) four categories 

or mutants have be.en obtained viz o, ~ nif- ·nod-, ex nif+ nod-, 

.§.C. !:lit:+ ned+ fix-, ex nir- nod+ f'ix+. 
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The~ nif- nod+ fix+ derivatives which were~ £i~Dlf-
, 

but could form nodples and .fi_x 'nitrogen in planta 6o riot. 

seem to be defective in the stru6tur~l g~nes for nitroge~aseo 

It is likely that these wer~· regulatory mutants· defective 

in a gene uhose product is required f~r the ~ J?lanta exprs.­

ssion of nitrogenase. One such gens pro,duct (a 1~ Kd. respi­

ratory regulatory protein) has been identi~ied recently in 

case of B..• j apon i£.!:!!!!.. mutants which are in ca.pab le of fixing 

ni~rogen under~ planta conditions (Henne:cke et !!.!,-., 1985). 

·The deriVatives ~ nif+ !2£.9.+ lli- ·again may be mutants 
. 

defective in regulatory genes of nitrogen fixation b~t not bhe 

·structural genes, as these could fix nitrogen~ £l:anta, but 

not in planta, Alternatively, the control of nitrogenase 

activity in vitro and in .e.lant.§!_ could be d iffe rent. ( Cen 

~ ~1:_., 1982). Unlike the no.dules from plants inoculated 
' 

with parent strain,. the nodules from the plants inoculated 

with these TnS mutants were small and pale. This indicates 

that the inserted TnS has caused defect.in the genes asso­

ciated with heme synthesis. Maier and Brill (1976) obtained 

a mutant strain of B..o d aponicu!!!_ which produces sma 11 ine ff a­

ctive nodules lacking leghaemoglobin and incapable :'of fix.ing 

nitrogen. However, the same strain coulq be induced to fix 

nitrogen in culture. Isolation of TriS mu~ants which are ex 

!:!l.f.+ nod- indic:ates that the transposon is: inserted in the 

nodulation genes, giving rise to nod- phenotypeo 

The parent G-20 showed tuo plasmids while an~ @-'nod-

mutant t-99 showed only one plasmid (Table 27). The ex nif~ nod-
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mutant t-49 may represent a cured derivative due to the 

insertion of TnS in the replicon of the iym plasmid carrying 

!:!1! and nod genes. Alternatively, the transposon got inserted 

in the region of' ill and ~ genes, whick indicates, they are 

.closely linkBd (Long ~ ~l·, 1982; Banfalvi et al., 1983; 

Broughton et al., 19811). Examination of the mutants with 

current molecular biology technique should enable an analysis 

of the bacterial genes involved in nodulation and nitroge~ 

fixation. 



Guar is a drought tolerant crop widely cultivated in 

north-west India. It is an economically important crop and 

is grown.for gum, gra~n, v~getable and fodder purposes. 

Gu ar is nodulated by Rhi zg,.!?.i urn strains be lof1ging to cowpea 

miscellany group. The nodulation· status' of this crop_ is 

poor. Also, genetic, physiological and bioc~emical basis 

per'taining to nitrogen fixation, nodulation and cross 

infectivity in guar rhizobia is not known. The present 

studies were aimerl at identifying best nodulating and 

efficient strains and carrying out studies ,on the physiology 

~nd genetic make up of the important isolates. 

During the course of present ~tudy, 64 slow growing 

and 36 fast growing rhizobia were isolated from rodules 

collected from guar growing areas in Haryan
1

a ~tate. For 

further studies, ten of ench slow and fast .qrowinq isolates 

were selected on the basis of efficiency ahd best nodulation 

on guar plants. All exhibited a ~ultiple antibiotic.resistance 

pattern. A broad distinction was observed between fast and . 
'· c ' 

slow growing isolates in the ability to use differen~ carbon 

sourc~s. All the isolat~s. had a wide host range and nodulated 

guar, pigeonpea, mungbean, urdbonn and ricebean, but not soybean 

and chickpea. 

The. isolates were tested for ~ e_lan~ nitrogenase 

activity. All slow groiJing isolates expressed a low_ level of 

~ planb! nitrogenase activity. Among fast growers two 

(G-20, G-73) isolates expressed a high level of~ planta 



nitrogenase activity. Slow growing isolates showed 0-2 

plasmids while fast Qrowing isolates showed 1-3 plasmids. 
( ' 

One of the fast growing Rhizobium isolates, G-20, 

expressed hi9h levels of~ ~nta nitrogenase activity in 

liquid culture and agc;r slopes ,of both nitrogenase i,nduc tion. 

medium and yeast extract mannitol medium. No specific regulated 

conditions were r~quired. No ~u~h report has appeared in 

Rhizobium so far. The maximum~~~ nitrogenase activity 

0 was observed at 35 c. Ammonium chloride depre~sed the nitroge-

nase activity even at low concentrations ( 1 mM). Lower doses 

of potassium nitrate (1-2 mM) accelerated-the ex elanta 

·. nitrogenase activity , ni tra·~e probab 1 y .acting as te rmina 1 

electron acceptor under the microaerobic conditions. In 

case of yeast extrnct mannitol medium, yeast extract at the 

boncentration .of 0.5 g/1 was fourid optimum. G-20 also 
\ 

expressed~ £1anta nitrogenase activity on modified Burk's 

nitrogen free medium requiring no ~pacific regulated conditions: 

in both liquid culture and on agar slopes. 

Tn5 mutagenesis of G-20 led to the isolation of fou~ 

+ + + + types of mutants namely, (~ nif.-nod lli ) , (~ nif nod fix-), 

(~ nif+ nod-) and (~ nif- nod-)o They are either structural 

or r~gulatory mutants and indicate that the control of ~ planta 

anq in £lanta nitrogenase activities is different. All sym-

biotic mutants showed two plasmids like the parent strain, 

e~cept mutant t~49 in whibh one plasmid was observed. 

Curing was attemp~ed by using Sos, Ethidium bromide and 

high temperature but no ex planta .nif negative derivative was 
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obtained. The results indicate that nif and nod. genes are 

probably borne on a megaplasmid which is not curable. Alter­

natively, they. may be located on the chromosome. 

The Rhizobium isolate G-20 occupies a unique position 

among rhizobia. It has ·the ability to reduce ace ty le ne in 
' 

liquid. as well as in agar medium in a manner· similar to that 

of ~t.E.!:!izobium. Further,. as reported in strain ORS 571 

fro~ stem nodules of Sesbania rostrata and 
-~--

. · Rhizobium 

trifolii 0403, it can grow without combined nitrogen. Further 

studies on it cnn help in understanding nitrogen fixation 

under free living and symbiotic conditionso 
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Sixty-four slow growing and thirty-six fas~~9~owing 
rhizobia were isolated from nodules collected from field 
grown guar plants·in Haryana State. For further studies, 
ten each of slow and fast growing isolates were selected 
on the basis of' efficiency and best· nodulation on ggar­
plants. All isolates exhibited multiple antibiotic 
resistance pattern. Compared to slow growers, fast growers 
u~ed a broad range of carbohydrates. In addition to guar, 
all isolates nodulated pigeonpea, mungbean, urdbean and 
ricebean but not soybean and chickpea. All slow growers 
expressed a low level of ex planta nitrogenase activity. 
Only two of the fast growers (G-20, G-73) ·expressed a 
high level of ~ plant~ nitrogenase activity. Slow growing 
isolates showed 0 to 2 plasmids as compared to 1 to 3'of 
the.fast growerso 

G -20 ex pres sed high ex ~nt~ ni trogenas~ activity 
on nitrogenase induction medium, yeast extrac·t mannitol 
medium and modified Burk's nitroge~ free medium. The 
.activity was seen on solid as well as liquid medium. 
In case of yeast extract mannitol medium, the optimal 
concentration of ~east extract was 0.5 g/1. The activity 
was maximum at 35 c. Ammonium chloride depressed the· 
act~v~ty even at low levels, but KNo 3 sti~ulated the 
act1v1ty at low levelso ·. ~-·~·· · 

No ex El.§.nta nif- derivatives were obtained after 
curing with SDS-;-Bt.hic"ium bromide and· h~igh temperature. 

· Tn5 mutagenesis of G-20 led t.o the isolation of ex 
!2_if-nod+fix+, ~ nif+ ~+fix+,~ nif+ !22.~-and ~ nif:=nod­
symbiotic mutants. All mutan'ts' showed tt..Jo plasmids like the 
parent strain except t~49 which showed only one plasmid. 


