" PHYSIOLOGICAL AND GENETIC STUDIES ON GUAR
~ (CYAMOPSIS TETRAGONOLOBA) RHIZOBIA WITH-
PARTICULAR REFERENCE TO PLASMIDS

BY

 SANGEETA MAND

Dissertation submitted to the Haryana Agricultural University in partial fulfilment
' of the requirenients for the degree of

DOCTOR OF PHILOSOPHY
| IN
MICROBIOLOGY

COLLEGE OF BASIC SCIENCES AND HUMANITIES
'HARYANA AGRICULTURAL UNIVERSITY
.~ HISAR

97



JO e T A T e P -
" . ~r i - ) - - - - )
k . . ; . . i L
3 < . IS S FETI N Lo R oot .
. . DU N N . W , N ) R
, ﬁ .

f’m,(y ﬁea,md




CERTiFICATE—I

This is to certiry that thlS diSSQrtation Bntitled
“phy51ologlca1 and genetic studies on Guar (C zam0251s

tetragonoloba) rhizobia with particular reference to

f

plésmids", submittad for the degféa'uf‘ooctor of_PhiloSobhy.\
in-MiCrobiUlogf dF'th.Hafyéhé Agfiduitural UﬁiverSity; is
a bonaflde research’ uork carried out by Miss Sangeeta Nand
':under my supervision and that no part of thls dissertation
has been subm;ttaq for any othar deg:ee.

The assistance and help receivédidu:ing the coursa:

af inuestigation‘héva‘been fdlly acknouledged.,

M\ etmin e

(K LAKSHNINARAYR
: MAJOR ADVISDR



4

CERTIFICATE~II

ThlS 15 to certlﬁy that the dls°ertat10n entitled
"Phy31oloelcal and genetic studles on Guar (C moEsis

'tetraoonoloba) rhlzobla with particular reFerence to

plasmlds" submltted by les Sangeeta Mand to the
Haryana Agilcultural Unluer51ty in partial Fulfilment

of the rEqu1rements far the degree af Doctor oF PhlloSOphy

;o

in Nlcroblolugy has been approued by the Student's Advxsory

e_Cemmlttee af ter an ‘oral examlnation on the same, in

collaboration with an External Examiner.

Lows e L T
k WY\MBQ \l 1988 EXTERNAL ExAM1iERt] €8
MAJOR ADVISOR _ L : .
HEAD OF THE DEV\ART NT ‘5_'\“.“?2

PP

DEAN, POST~GRADUATE STUDIE



/' ACKNOWLEDGEMENTS

It is my privilege'to express my deep. sense of °
" gratitude to Professor K. Lakshminarayana, my Major
Advisor, for the valuable and judicious guidance I have
‘been receiving from him For the progress and accomplishments of
my research wark, It has been a great opportunity for me
to work with such a caring person who durlng tha entire
tenure took active and keenest interest in my work and
gave sustained encouragement and constructive criticism
inspite of his multlfariou« rBSponSibilitlBSo

I feel. 1mmensely ‘grateful to the. ‘learned members of'
,my Advlsory Committee Or R.C. chra, Dr H.S5. Nainauattee,
Dr R.K. Vashishat and Dr S.K. Arora for their scholarly
adulca, and Crltlcal suggestlons in my research,

My Spec1al thanks are due to PruFessor M.M. Mishra,
. former Head of the Nlcrablology Department for prouidlng
. all the necessary help and encnuragement.

1 shall be Falllng in my duty if I ddnot extand my
sincere thanks to Or K.R. Dadarwal, Dr Sumanpreet Singh‘and
Or (Miss) Neeru Narula for their kind co- operation ‘and _
valuable suggestions at crucial stages of this investigation.

- Glass house Facility rendered by Or B.L. Jalali,'
Professor and Head, Plant Pathology is duly acknouledged,

My heartfelt gratitude is due to all teachers in my
laboratory and department for their kind co—operatlon.

I feel it my esteem and earnest duty to mentlon the
moral support, timely help and inspiration given by Rajesh,
Vikas, Renu and Archna. I remained always super fresh in
thair cumpany. : '

1 am also lndabted to Nrs. Kheterpaul Nilum, Vivek,
Madhu and Greatel for their selfless help: and warm affection.

I gratefully acknouledge the financial assistance

received from ICAR and CSIR. in the form of Senlor Resaarch
Felloushlp. : _

My thanks are due to Mr Dm Parkash Fur typlng thlS
manuscript,
Uords cgannot ad9quataly CQnuay my Feellngs for oy brothers
and sister wvhose affection, support, utmost care and everlastlnu
inspiration brought me here upto,

The long cherished desire of my baloved parents, vho laft
me forever during this period, Pulfilled ultimately today.

Samgarls. Mol .

Hisar =+ Dacember 18. 1987 ‘ (SANGEETA 1MAND)

\




- CHAPTER

I
IT
ITI

w

VI

- CONTENTS

IXTRODUCTION-

REVIEW OF LITERATURE

MATERIAL AND METHODS -

EXPERIMENTAL RESULTS

DISCUSSION

SUMMARY

BIBLIOGRAPHY

L

l.-_6

7 - 30
.31 - 46
47 - 92
93 - 10?

" 107 - 109

L - vt



‘INTRODUCTION

Co '

‘Ali clantE'requ*ra niﬁrodenwfof ércuth and in most
env1ronmunts the amount cflavallablé Fixed nltroqen is
low as Ecﬁcapscxlimltatlcns in ylcid.i Q§clcg1cc1 nlﬁrogen‘
. Fi*éfion.is:tﬁe enzymapic reducticnﬁcfwctmcSphacic dinitrogan .

' (N2) }c.ammcnia and its importaﬁce té ﬂlants is.nou uidely
~realized., This auarenass is. largely due tc tha uorld ulde

.energy.crisis; Ammcnlum Fertlllzers are produced by high

_energy requ1r1ng chemical means. Eachlday mcre than 2 X 106

barrels of 011 and huga awcunts oF electrlcity are ccn3umad

Fcr thls purpDSE. ‘Tha inchaSlng scarcity 1n the avallabllity
' [

cf 011 and natural ‘gas and alt?rnate usas of . elactrlclty,

_n909851t3t= 1ncreased utllizatlcn c? biclogical nltrogen
“leatlcn. A c ". S ‘En . .' -
. o . N . . . . e o . .. a4 ‘l B . - =

The ablllty tc le dlnltrogen is\dlstrlbuted amcng

‘sevaral prckaryotlc taxcncmlc groups, 1nc1ud1ng Azctcbacte-

‘rlaceae, Entqrobactarlaceae, Rhodospcrlllacaae, Bacillaceae

| RhlZDblaCBdB, Actlncmyrataccaa and Cyancbactarla (Bu"ns and

Hardy, . 1975) .The physiolcglcal condltxcns under which

fixation of nltrogen occurs among thesa crganisms vary

;‘but the enzymatic apparatus invcluad 1n nitrogan Fixatlon

appEarS tc be 1argely similaro, . J

. Acccrdlng to quantitatlue'analyscs leguminccs plants.
in symblcsls ulth rhlzobla, can Fix nltrcgan in a range of .
S0-300 kgspar hectare per year (Phil;}psf1980). These
amounts of nitroqcc arc cu;Ficientitc:%upcoft good plant
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“grouth and yield, If greater'relianceidn biological nitrogen

. . ’ : i ' .
fixatisn is madey it may become unnacesaary to apply expensive
nitrogen fertilizers vhich imbalance ecusystem and creatahealth :

;
hazards., These Pacts haVa stimulated scientiats to exploit
“the blolegical process cF nitregen fixation. |

DifFerent SpaCles of rhizobia uere dafined earlier on
tha baSlS of the 1agumas they nudulated and wara included
under the same genus Rhizobium irrespective c? their growth -
drata. Rhlzobia are of two types, sleu drau1ng and Faet ]
"'grauing, hauing genaratinn ‘times 6=13 h and 2-4 h respectively.’
According to tha recent claseification, ;uct nedule bacteria

are split into two ganera (Jordon, 1982) The genus RhiZUbiUm

includea all the fast growers and the’ genus Bradyrhizobium

!

includes slou growers. The genus_Rhizebium has. three Species,

Rs .leguminosorum (biouars trifolii, pnaeaoli, viceae), R.
. - - ’ RTINS . : ’
~meliloti and R. loti. Many bradyrhizcbia occur and except
: |
one racognized species, B, jannicum,,all others are designated

|
by the hust plant ag., Bradyrhizobium Sp. (Uiqna), Bradyrhizobium

Spe . ( Einus) ete, - :
" Normal hests of BradyrhizobiUm SpBCiBS include many of

the important grain legumes eg. Arachis hypogea, Cicer

- arietinum, Glycine max,,Pscphecarpus tetragonelobue, Vigna

unquiculata as yall as most other trepical clover and paeture

plante. Fast greuing rhizebia, houever, exist that are capable

?

.- of Erming ef fective nodules’ with manyrof-the hoste ncrmally

associated with Bradyrhizobium Species (Trinick, 1982 .
Bruughton at al., 1984), . ;i R |
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performance of a Rhizobium strain as a biofertilizer .
for a legume plant depends on genetic constitution of both

r, Rhizobium

~

: :thé partners, To be used as a biofertilize

'should have, such qualities as Specificity to a crop,.
eFFeétivity in npitrogen Fixatidn, éompatitive'abiiity
agaihst other rhizosphere micro-orgdnismg for better survival
and grouth under stressful conditions, fo increasé the
efficiency of Rhizobium-legume symbiosis, or to extend the
éymbiotic relation to neu crops, ol even to iﬁtegrate the
F@hctional.nitrogen fixation genes within the plant genome,
it;is important to understand claérly theﬁgenetics‘of symbiotic

: ahdvadaptive functions.

The melecular basis of nodulaﬁion and nitrogen fixation
has been uﬁder investigation fer a long time, During the
~last 10-15 years, great progress has Been made in‘Rhiiobium
genetics, It has baén shoun that rhizobia carry iérge énd
small plasmids and the genetic determinants Fdr symbiotic
function are largely plasmid‘borné,' (Dunican and Caﬁbn, 1971).
Several nod and nif genes of the symbiotic apbaratus have beean
de?ined\in rhiZUbia (Banfalvi et al., 1983). Some of thesé

plasmids have been shown to be self trangfsrable (Johnston

et al., i978). Circular maps of the chromosomes of R. meliloti;
R. leguminosdrum, R. phaseoli and 3.:trifolii have been giﬁen

in some detail (Beringer st al., 1978k,1980). Gene Banks have
been constructed for several strains of Rhizobium (Ffiedman
et al., 1382),

i

Although much is known about the regulation of nitrpgénase'

in Azotobactsr and Klebsiella pneumoniae, very little is knoun
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in cass of rhizobia. Thisiis dus to the fact that this’
phenotype is restricted to symbiotic bacteroid form for most
strains and thus involves a complex experimental system,
‘Although symbiotic nitrogen Pixation has besn shown in

Bradyrhizebium by a number of workers, progress in under-

standing the molecular biology of nifroden fixation and
nodulation is slou beCaQse of their long generation time and
less amenability to genetic manipulatiqns (Kyykendall, 1979).,
Also, the procedures es;éblished‘For preparation of'plasmids“
‘for fast growers are not useful for slow grouwers (Cantrell o
et al., 1982),

The reports on' the presence of ex élég&g nitrogenase
aCﬁivity\in fast growing rhizobia are very rare (Drayfu;
et al., 1983; Bender et al., 1986; Urban et al., 1986).

High:ly specific and regulated conditions are required for

its expression,

Clusterbean, (anmquis tétragonﬁloba) commonly known
as guar, is a drdught téleraht crop of Indian arid zone. It
is widely cultivated in Nbrt@ Vest India under rainfed
conditions and»coveré 2;91 million héctareé of land uiih an -
anﬁual production of 1.11 million tonnes of guar seed, Ghar 
is groun‘not only for grain, yégetable.and rodderipurposes
but also for its soil buﬂq:}né properties, In recent years,
it has gained great iﬁdu§trial importance because of the
preseﬁée of gum in its endosperm which constitutes 35;40 %

of the:seed weight, Guar gum is in great demand in the world

market because of its multipurposs use in textiles, foods, .



cosmetiés, mining, explosives and oil industries.

E Guaf is nodulated by Rhizobium strains belonging to
‘cowpea miécéliany group. Nodulation status of guar rhizobia
is generally peoor due to many factors which include, plant
genotype, moisture, pH, salinity, température and.sqfvival‘
of rhizobia in Soil; The amount of nitrogen fixed under
field conditions by guar rhizobia may vary from 50-150 kg N/ha
(Mal, 1969), |

Broad host fange, fast growth, presance of gi planta
' niﬁrogenase éctivity and presence of sym plasmid aré important
chatacﬁeristics‘For using rhizobia to understand the“gehetic
basis ¢f ndelation, nitfogen fixation and cross-infectivity
in cowpea rhizobia, Keeping these points in view, the present
investigations uere‘uadertaken with the follouwing objectives:
(1) Isolation of a large'number of rhizobia from nodulas of

clusterbean (Cyamopsis tetréggnoloba) collectsd from

different regions of Haryana and‘esiablishment of purity
of isolates by plant infection, |

(2) Grouping of the isplated rhizobia on the basis‘of their
grouth'raté and study of their antibiotic resistance
pattern.,

(3) Screening of isolates for the expfession of ex planta
nitrogenase activity, | B

(4) Tasting of representative strains for. their host range.‘

(5) Prevalence and nature of plasmids by agarose get

electrophoresis,



(6) Attempts to study the role of plasmids in nodulation,

nitrogen fixation by using methods such as curing,

'

mutagenesis etc.



REVIEW OF LITERATURE _

The symbiotic relationship betuaen legume and bacteria
was discoversd by Hellriegal and Wilfarth in 1888, 1In 1888
Beijerinck isolated the nodule bacterium and named it Bacillus

radicicola. Later this name was changed into Rhizobium

(Frank, 1889)., 1In the follouing 50 years all the fundamental
aspects of Rhizobium-legume symbiosiS'uere‘understood. These

‘were published by Fred et al. (1932) and Wilson (1940). The

next two decades of research were devoted to understand the
bidachemical asﬁects of nitrogen fFixation kDixon,’1969), but
much was not studied about its genetics. i

Although the h1=tory of Rhizobium genetics may be traced
. back to 1941 (Kr851ln1kov,,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 aof the Rhizobium genes
" that determine symbiotic functions. Thraé findings have
greatly influenced the direction of genetic research. They ars -
(1) Conjugation mediated by R plasmids %ith wide host rangé,
(ii) Large Rhizobium plasmids present iniFast growers carry

| genes for nodulation and nitrogen leation.

(iii) Hybridization of Rhizobium DNA sequences te cloned

K. pneumonlae nif genes.

The present review will cover literature concerning
presence and role of plasmids in rhizobla, phySiology of

ex planta nltrogenase, and TnS: mutagen881s.



2.1 . ‘plaSmidS:

i

Following the discovery of the tumour inducing plasmid

of Agrobacterium tumefaciens (Van Laﬁbeke et al., 1974),

attempts were made to examine for the presencé of extrach-
romosomal DNA in Rhizobium strains and;with the progressive
refinement of technigues plasmids yere;eventually found
(Nuti et al., 1977; . yozumi et al., 1980)., Subsequently
they were encountered in almost all Bﬂigggigm‘straihs,
including slow growers (Rosenberg et al., 19823 Nasteréon
ot al., 1982) .

2.17.1 plasmids in fast growing rhizobia:

Most étrains contain more than one plasmid species,
‘raﬁging in size upto 300 megadaltons or more. Re meliloti
.strains, in particﬁlar, seem to have a very large plasmid
with symbiotic determinants (Banfalvi et al., 1981; Rosenberg
et al., 1982).

One of the functions first essigned to a plasmid uas

i

the host rénge of a Rhizobium strain,‘ Higashi (1967)
demonstrated transfer of clover infectivity From,go trifelii

to R. phaseoli. Johnston et al, (1978) shoued that transfer

of derivatives of the plasmid PRLIJI from R. leguminoSarum

to strains of R. trifolii and R. phaseoli conferred to the
transconjugants the ability to nodulate peaS-besides Trifolium
and Phassolus, the original hosts, Genes required for bacterial-
plant recognition (nod genes) are shown to be located on

plasmids of Rhizobium, Heat treated R. trifolii strains were
enriched for noanodulating strains (Zurkouwski ahd Lorkieuicz,

1978) . The derivative of R. leguminosarum strain A171 that




has been cured of its smallest plasmid fails to,nddhlate

peas (Casse et al., 1979). tn Re lesguminosarum 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 the plasmid PRLIJI (Johnston st al., 1978).

lequminosarum strain TOM was found to carry three plasmids

(Brewin et al.,, 1980). The ability to nodulate was transs
ferred from this strain to a non-nodulatihg strain 160i5 by
conjugation. The transfef of ggg* character was associated A
'witﬁ the trahsfer of a plasmid"PRUﬁﬁioF_Nuv160'md.;FIn‘addition
‘to genes for nodulation and hdst—range, the plasmid PRLSJI
carried gghes for nodule function (iiﬁf) ﬁhat were absent
from strain 16015. |

In several Rhizobium species, gengsithat code for
nitrogenase are loéated on largs indigenon/plasmids, (Nuti
et al., 1979; Ruvkun and Ausubel, 1980 ana Prakash et gl.,
1981). By DNA-DNA hybridizatian certaiﬁ Rhizobium plasmids f
were shoun to contain sequencas homologous to nif H and Eiﬂll
al,

of Klebsiella pneumonlaa (Rosenberg et al., 19823 Broughton

et'a
1984 and Bender et al., 1986). In some Rhizobium Species nif
~and nod genes are also'lihked‘on the same;larée Plasﬁid'
(Rosenberg et al., 1981, Long et al., 1982),
A plasmid which carriss such nif homology on nodulation-
determinants is qftan called the §lﬁ plashid of the strain,
So far, plasmids ui#h these characters have ?een found only

in fast growers. Although symbiotic characters may be confined
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to only one of several plasmids in a given strain, this
plasmid is not the same in all strains. 'Krol et al. (1982)

isolated DNA from six strains oFuB..leggminosarum and found a

large variation in the number and size of plasmids. The mole=
cular weights of the nif plasmids ranged‘betueen/approximatély
13Dx106 to 550x106. Moreover, sym plasmids of the closély

related R, legumihosarum, Re trifolii and R. Ehasebli may

share tuwo-thirds or less of tﬁe same sequénces (Prakash»gg.gl.,’n
1981). This iddicatés that specific ONA seguences which carry
the structural genes'fér nitrogenase, araihighly conserved .

on the sym plasmid. Considerable amount of work has béen done
on sym plasmids particularly in R, meliloti. In R. meliloti
41,KSOme nod and fix éenes have been located on PRmedfbkuéing'
heat curing of plasmid (Banfalvi, et al., 1981).’ Genes contro-
lling early and late functions in symbiosis have also been
located. on megéplésmid in R. meliloti (Rosenberg et al., 1981).
"Pankhurst et al. (1983) carried out studies on megaplasmids of
R. meliloti to confirm their role in nodule formation and

nitrogen fixation. Transfer of E,'melilotiTSym genes to other

rhizobia and Agrobacterium has also been carried out (Hirsch

et al., 198435 Fisher et al., 1985; Long et al., 1985). Sym
functions in relation to sym plasmids have been studied also
in R. trifolii (Hooykaas et al., 1981; Zurkouski, 1982),

R. leguminosarum (Hombrecher et al., 19813} Johnston et al.,

1982; Brewin et al., 1983), R. phaseoli (Lamb et al., .1982;
Macrtinez et al., 1985) and other rhizobia (Morrisen et al.,

1983, 1984; Pankhurst st al., 1986).
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Prakash et al. (1982) have shown that only relatively
small portions of a sym plasmid are expressed in the nodﬁle.
Therefore, iﬁSpite of the excitement over its role in symbio-
sis, it remains possible that most of the plasmid DNA is for
other pufposes, especially the DNA of plasmids ofher tﬁan
the sym plasmid (Krol et gi;, 1982). °

Many plasmids are not necessary faor grouth in laboratary
media either (Zurkowski and Lorkieuici,i1978). Growth . and
~survival in soil poses nutrient, temperature and pathogenic
<chailenges baéides compatition for nodulation among strains.
of the same species, Plasmids might carry;FUnctions‘tp mee t
these stresses., Much more work is required to clarify'thakr
role of each plasmid. Variants which havq;been cured of a
plasmid altogether are important in elucidating the role of
" that plasmid, Zurkouwski and Lorkiewici (1978) obtained nbn- )
nodulating mutants of R. trifolii aFtef inéubation for seven
days ét'SSOC. Similarly Casse gt al. (1979) after heat

treatment of a strain of R. leguminosarum, obtained a non-

nodulating mutant that lacked one of the three large plasmids
of the parent strain. Higashi (1967) Found‘that the ability
of Re trifolii to nodulate clover was lost at high frequency
Follduing treatment with acridine orange.leouever, neither

heat treatment nor acridine orange is universally successful,
and no strain of Rhizobium exists that has‘baen:cured of all

its plasmids (Beringer et al., 1980).
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2.1.2 Plasmids in R. japonicum 32

Parallel to the detection of plasmid DNA in many
species of fast-growing rhizobia, studies on slow growing
3. japonicum strains for plasmids uere alsp carried out.
Some strains of R. japonicum uefe Fouhd to contain plasmid
DNA (Klein et al., 1975; Luyindula et al., 1975; Nuti st al.,
1977) but the number and molecular ueightiwas not determined
and nd phenotypic character was correlated with the presence
~of .these plasmids. Gross et al. (1979), later on reported the = |
presence af plasmids of MU 49’to 118 Md in many R, jagonicpm
strains. Further progress in the genetiélstudies of R.:
’ iéEEﬁiEHﬂ\has been extremely Slau. 'vaiouSly, their slow grouth
rété makeé them less attractive fdr routine genetic méniphla-
tion. They have proved refractive to_molédular‘bidldgicél
studies due to the difficulty in detection of sym plasmid, -
Keyservgi al. (1982) reported the presence of fast
" growing R. iggggiggi strains, In contrast to a gensration
time of 6-13 h bf the slow growing 5. jagoniE3g strains the
fast growing stpains have a generation time of 2-4 h,
The discovery of the fast growing R. japonicum stréins
'alloueg a rapid anélysis of organisation of symbiotic genes
in strains infecting soybean., Plasmids were detected in both
the slow and fast growing R. japonicum strains, The slow
growing strains usually contained one large plasmid, Qhereég
the fast grouing.straihs had one to three plasmids. Hybridi-

zation studies with K. pneumoniae nif genes showed that all

fast growing strains, except bRC194 contained nif genes on

large plasmids while slow growing R jagonicum‘strains carried
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Several fast growing strains yere also found tﬁ
contain one'to four plasmids with NU‘1UQ Md or more (Sadowsky
and Bohlool, 1983). 1In onre of the strains acridine orange
‘ produbed mutants cured of 1argeét plasmid and the mutants
also lost the ability to nodulate soybsan showing that the
genes Forinodulation were plasmid borne; high temperature
curing of smaller plasmidé did not affect nitrogen fixation.
Appl&baum et al. (1985b) SHOuéd'that »in soybean specificity
for nodulation and_cultivaf specificity‘fdr nitfogeﬁ fixation
were plasmid encoded., | |

| Reéentiy Barbour et al. (1985) isolated a fast grauing

rhizobial strain R. fredii. This strainicarried both nif and
nod genes on a 197 Md plasmid. Hybridization studia$ revealed‘
that it carried multiple copies of nif génes locaﬁed on chro-
masomal DNA, oﬁ sym plasmid and also on a£ least one of the
smaller plasmids. Mathis (1985) obtained a mutant USDA206c
by passage on acrdine plates and observéd-that there was a
correlation betuween loss of sym plasmid Qorne fiif gene copies
and reduction of overall symbiotic effectiveness.

Alfﬁough‘some fast growing st;ains of R. japonicum have
been studied in detail., with fBSpect to nod and nif gene
organisation, detailed studies of nif génes have bsen carried
out only in ane slau gfouing strain USDA 110 (Hennecke, 1981;
Kaluza et al., 1983; Hahn and Hennecke, 1984; Adams et al.,
19843 fuhrmann and Hennecke, 1984;>Hennec%e et gl.,_1985).

The slow growing strains are given a new generic name

Bradyrhizobium japonicum,to account for the many differences by
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which these éan be distingﬁished from the fast growing
rhizabia (Jordon, 1982).

On the basis o? hybridization experihen$s, it was
| reported recently (Masterson et al., 1é85) that all R.
Japonicum strains examined carried nif and nod sequences
on plasmid DNA with the exception that the s;raih USDA 194

contained these sequences on the chromosome, All the

Bradyrhizobium japonicum strains shbued the location of nif
and nod genas on the chromosomal DNA and the genes were
homologous to those of R. meliloti.

2.1.3 Plasmids in Rhizobium Sppe. Cowpeas

Rhizobia belonging to the couwpsa miscellany group
inElUde those strains that Form symbiotic relationShip with
the roots of a large number of tropical legumss. It also
includes strains of rhizobia that can fik nitrogen in symbiosis

with the members of the non~legume Parasponia. Cowpea rhizghia

have slouw growth rate like R. 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, |

Rhizobium ANU289 is a slou growing coupea Rhizobium strain
capable of effective nodulstion with Parasponia. Scott et al.
(1983) isolated the structural genes for nitrogenase from a
Lambda genomic library of the DNA of this strain by hybridi;
zétion with the cloned nitrogenase structgralvgenas of Klébsigilg{

Weinman et al. (1984) studied the organisation and primary
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sfructufe of Rhizgbium strainvANU289 by hybridization analy$i8<
‘and revealed that there was only one copy of Qiilstructural
genes., nif H uaé seperated ffom nif D and pif K by at least

10 kb of DNA,

Hadley et al. (1983) identified DNA regions that were
homologous to structural genes of nitrogénése by hybridization
in sevgral slou grouing’coupsa rhizobia i%olated f rom various
gesographical locations. One such strain IRC?B was analysed ;
by Jagadish and Szalay (1984). Analysis of different symbiotic
 mutants shouéd that a 12.Kb fragment cohéiSted of 2kb nif K
DNA'adjacent to nif D. Noti st al. (1985) isolated a 11.76
Kb segmént of DNA From this strain IRCTB (now named as

; . di
Bradyrhizobium sp. (Vigna) strain IRC78) that hybrized to

nodulation genes of R. meliloti 41. UWhen this segment uas
transferred to nod mutants of R. meliloﬁljyit.restored their
ability to nodulate. Thus this segment carried common
nodulation genes; Since no plésmidS'yeréf found in this
strain by Jagadish and Szalay (1984)‘Qiﬁ gnd nod genes can be

presumed to be located on the chromosome,

Bradyrhizobium strain RpS01 infecting Parasponia was

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

homologous to R. meliloti fix ABC genes were found to be

located near nif H. Preliminary.axperiments'uith translatioh
fusion of nif H with lac z suggested that nif H derepression
in free living cells of this strain occured by a different
regulatory cifcuif than derepression in nodules,(Ausubel

et al., 1985),
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‘ORS571 is a fast grouing.étrain isolated from stem

nodules of tropical legume Sesbania rostrata (Dreyfus

and Dohmergues, 1981);1t'can fix atmospheric nitrogen and \
grow in free living state., Elmerich EE gl.r(1982) character-
ized some nif mutants uhich.uere unable to form calonies‘on
plateé under conditions of nitrogén_?ixation. All of them
which appeared as fix~ in planta were Fﬁund;to be iiﬁ mutants,
A 13 Kb Bam H1 fragment from the wild type strain complemented
the nif mutant 5740 indicating that thiS‘uagkthe DNA region
carrying structufal genes for mitrogenase,., It is not knoun
if £he Qiﬁ'genesAare plasmid borne or are located on the
chromosome, o » |
BBndér et al. (1984) studied the ﬁlasmid profile of a
fast growing Rhizobiug‘strain IHPﬁUU»isolated Fromfﬁigeonpea
“nodules collected in India by Kumar Rao of ICRISAT. The
strain is capable of in vitro acetylene reduction. This
strain harbouréd Four plasmids with approximate Muts of 500,
v450, 300 and 115 Md, Probes containing nod genes from E.
trifolii strain 343 hybridized to the 300 Md plasmid. The

same plasmid showed hybridization with the nif probes from

Klebsiella and R. trifolii 843, thus indicating that it was
sym plasmid, \ |

- Broughton et al. (1984) analysed 49 fast growing
rhizobial 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 nif~-nod genes were linked on a single sym plasmid in
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these strains. One of the strains NGR234 containing a
single plasmid showed- that .an.B80. Kb.EcoRI fragment carried |
both nif and nod genes. When this plasmid iyas mobilized to

nod” R, meliloti and ﬂ; leguminosarum, the transconjugants

were Qgg_+.

| Morrisan et al. (1984) obtained nod mutants of the
strain ANU240 (a streptomycin resistént spontanesous mutant
of NGR 234). ﬁgg+ strains were found to contain thres
plasmids of M.U. 200, 20 and 25 Md. The nod” strains lacked
'ZDD:Md plasmid. This 200 Md plasmid was required for the
qumétinn«df infection threads and root haitr curling oﬁ
siratro whefeas it caused nodulation of a broad range of

‘different legumes and the non-legume Parasponia, Hybridization

Hybridizatien experiments showed that nitrogenase esnzyme
complex genes were also on this plasmid,

2.2. Ex planta Nitrogenase activitys

Biological nitrogen fixation (BNF)‘depands on the
functioning of an enzyme complex calléd nitrogenase which is
‘present only in prokaryotic mlcroorganlsms. The legume
. Rhlzobium symbiosis is the major single supplier of biologically
fixed n;trogen. Nitrogenase function represents the final
operative phenotype of the legume root-nodule symbtdsis.

Elucidation of the various physiological processes
involved, and understanding their gensetic ‘regulation, will

help in seeking ways to increase N, fixation by legumes,

2
For improving nitrogen -input into agricultural soils through
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e*ploitation of biological nitrogen fixation, tyo approaches
are under investigation.

(i) Improvements in the available nitrogen fixing
associations, and

(ii) transfer of important characteristics of nodulating -
symbios;s to non-nodulating plants through genetic
manipulations which is a long term résearch pro ject,
Bﬁt many expsrimental approaches in‘qnderstanding
plant-microbe iﬁteractions have baen;hamperedvby the
complexitybof vhole blant system. Development of in

- vitro systems have an important role:in both these

stratEQies;

2.2.1 Legume-Tissus culture Associations:

As a means of attempting to elucidate the factors
~controlling infection, nodule formation. and induction of

nitrogenase activity, Holsten g& al. (1971) developed a

soybean cell tissﬁa culture-Rhizobium japonicum system,
'Structures like infection threads were found betuween célls.
Upto 1-10 % of the cells were Filled with bacteria enclosed
in vesicles and at times - - nitrogen fixation was also:

detected., Subsequently, a number of reports appeared shouwing

Csz dependent C

Child and LaRue (1974) and Phillips (1S74a) found that soybean

2H4 production in tissue culture associations,:

cells induced nitrogenase activity in some strains of Rhizobium
japonicum. A broad correlation betueen the activity in nodules
and in tissue culture associations was perceived but it uas

not investigated further., Enhanced nitrogenase activity was:

1
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observed when various nitrogen sources, especially 'glutamine

and citric acid cycle intermediétes were included in agar

medium (Phillips, 1974b, 19763 Child and LaRue, 1976). In

all cases the cultures were grbun under air, and 0.2 atm oxygén

of air in the assay gas mixture promoted highest activity.
Associatidns vere shoun for\a rahge of legqumes and

rhizobia normally capable of nodu;ating these legumes !lg.,

coupea (Scoucroft and Gibson, 1975), Lupins (Werner and

Oberliss, 1975), Stylosanthes gracilis and red clover (Ranga

.Rao, 1976). Using strains of coupea rhizobia and different

 $ourceé of host cells (peas, swest clover, Uiéia haiastane),
Child (1975) confirmed that the ability of a strain to nodulate:
‘a host was not essential for the induction of nitrogenass in

the bacteria,

2.2.2 Non lequme - Tissue culture Associations:

Child (1975) and Scoucroft.énd dibSOn (1975) simu;:}a-
negusly demostrated the SuccessFUl’induction of hitrogenase
activity in strain 32H1, in association with cuitured celis Pf
non-legumeé, Child uorkgd on callus cultures of wheat, brome
grass and rapeseed., mScchroFt and Giﬁsoéfﬁgrked uitﬁ tobacco
and showed 15N2 incorporatian_into the callus,‘particularly
in bacterias Cultures of 32H1 grouwn alone on\fhe agar maedium
did not develop the nitrogsenase activity. The resﬁlts indicated
that the above. non—legﬁme posseésed #he'Factor(é) nedeséary
for induction of nitrogenase and the factpr(s) wvere not an

unigue property of lagumes, Furthermore, it was shouwn that .

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

tobacco (Scowcroft and Gibson, 1975) and rice (LaRue et al.,

——— ——

1975) cells.,

2.2.3 N2 fixation in cultufed rhizobia:

The .quest for nltrogen leatlon by cultu“ed fhlzobla
hés been long and frustrating. In parallel u1th the tlssue
culture studies, circumstantial evidence accumulated which
indicated that rhizobia possessed all the genes heces§ary'For
nitrogenase synthesis and function. Close simila{:}ty‘betueen
No-ﬁé protein‘Fractions of nitroganaseviaolated Prom bacteroids
of the samé strain but taken from nodules on genatically.di??-
erent legumes was shown by Phillips gt al. (1973) and Uhitlng
and Diluorth (1974). Philllps et al. (1973) concluded that -
the genetic information for the synthesls of MoxFe proteln
"was probably provided by the Rhizobium, Dunican and Tierney
(1974) reported theitransfer ofvgif genes From Rhizobium
trifolii to a non—nitrogen fixing straiﬁ oP K. asrogenes,
Bishop et al (1975) detected cross-reactlvity betuween
antisera prepared against Mo=Fe protein and extracts of
R. japonicum cells grown and assayed ther various conditibns°
Against this background of genetical,biochemical and tissue
culture evidence, five simultaneous reports‘provided direct
evidence that some strains of cultursd rhizobia can reduce
atmospheric nitrogen (Pagan gt al., 1975) or reducs aceyylene 
on dafined agar medium under air (Kurz and LaRue, 1975;

McCamb et al., 1975; Pagan et al., 1975) ar in liquid medium

——— emue—
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under a low oxygen tension (Keister, 1975' Tjapkema and
Evans, 1975) The Flndlng that strain 32H1 reduces acetylene
on laboratory medla directly establishes that genes for
‘ nltrogenase are present in Rhizoblug_and renders invalid the
theory proposed by Dilworth and Pérker, (1969), that part of
the nitrogenase in thé‘légUmé”hdelGé’migh%'be specified by !
plant DNA (McComb et al., 1975).

All test systems used by above uorkerg contained the
" inorganic salts, inositol and vitamins. Also, all the uo:kers
used ghizggigm-Sp.'strain 32H1. An axtan§ive study on‘nutfi-
‘tiqnai‘and physical conditions aFFectiné nitrogenase activity
in the strain 32H1 was done by Gibson st gl.’(1976),- Nsithen
inositol nor vitamins yere essential for the activify. " Most -
oF thé systems contained\tuo carbon sources along with pentoses
and 01tr1c acid cycle intermsdlatas, but one carbon saurce
was also adequate (Tjepkema and Evans, 1975 Gibson et al,;
1976). A rahge of combined nitrogen scurces From inorganlc
NUS_ and NH4 salts to casamino acids could be used, Glutamine,
at 1-2mM, appears to promote the highest activity (Gibson gt al,,
1976), High phoéphate énhan;ed activity in 32H1 (Keister,.
1975 Gibson gt al., 1976b) Nitrogenase activity could be
substantlally increased and also sustained For longer periods
by eculturing bacteria at 25°C, All agar cultures WweTe grown
under air and max imum nitrogenase'activity ués étfpoz = 0.2 ét-
mo vIn liquid culturss, microaerobic conditions wers raquired.
The oxygen réquirementsfor acetylene reductiqn uefe'lower than

any other known aerobic nitrngen fixing bacteria, Dnly by
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i
t

carefully balancing the oxygen (Berndt et al.,

'1976) concent-
ration and the cell density,high rates of acetylene.reductidn
be attained (keister and Evans, 1976) In chemostat cultures
of straln 32H1, activity was not observed until the oxygen
concentration in solution fell to 1 pm (Bergersen et al., 1976).

The induction of‘nitrogenasevactivity‘in free living
cells of Rhlzoblum has mainly been demostrated in certain
strains of slow growing group R, jagonlcum and the cowpea
vhizobia ,

’Keistpr'énd Rangé Rao (1977) observed‘thaﬁ the develop-’

ment oF ex planta nltrogenase activ1ty by Rhizobium Jjaponicum

was stlmulated by carbondbxide and this was related to pH
buFFeplng efFact of carbon-dioxide., 'Houeuer, Anguilar and
Favelukeé (1982) shoued the expression and maintainence of \
ﬁitfogenase activity in growing microerobic iiquid cultufes
of R. japonicum §11b110 was stringently depehdent on ﬁhe
sustained supply of carbon-dioxide but uaé not related to
effects 6n pH. |

" Gibson gt al. (1976) proposed that the mucoid material
produced by rhizobia might aid nitrogenase activity by louering

the speed of transfer of 0. as 5uggestsd by Postgate (1971)

2
for other bacteria, Nitrogenase activity and slime production
by R. japonicum 61-A-101 grouihg on solid medium were investi-
gated by Wilcockson and Werner (1978). They found.that slime
pfoduction‘varied in different media but thé?e was no simple

correlation between slime production and high nitrogenase

activity.
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Agarwal and Keister (1983) studied thirty niée wild
type strains of R. japonicum for their ability to Synthesize
nitrogenase ex planta in defined liquid media. The strains
derepressable for activity had slower growth, lower oxygen
'cohsumption and louwer axtracallular;polysacdhu:ide production
than non-derapressibia strains, This réciprocal correlation
between EPS production and nitrogeenase activity iS'just'the‘
opposite of the suggestions of Kurz”ahd LaRue (1975) and
pagan et al. (1975),uhich were based on results with semi-
solid agar medium. Agarwal énd 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 shouwed

that non-slimy strain of Rhizobium japonicum deﬁelaped more.
ex planta acetyiene reduction aétivity than did dhe slimy .
derivative strain, |

Kundu gt gl.f(1981) éhoued ex planta nitrogenase induction
on slopes of yeast extract‘mannitol‘giutamate-malate agar(YEMGNA)
medium in slow growing Rhizobium strains of greengram.

pankhurst and Craig (1578) observed that frese liQing
rhizobial cultures of 32H1 grown undér nitrogen fixing condi~-
tions display pleomorphism similar to that of badferoids;'bﬁt
not all pleomorphic cultures yielded acetylene reducing (AR)
activity (Pankhurst and Craig, 1978 and Van Brussel et al., 1979).
Kaneshiro et al. (1983) confirmed that Rhizobium sp.strain
32H1 and R. jagonicum USDA26 and USDA110 grown on a glutamate-

mannitol-gluconate agar medium showed increase in the number
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of plaomorphio colls coincident with their AR activity but
strain USDA10 consistently failed to raducahaoatylano,favon_
though it ooold grow and yiseld plaomorphio’calls under Vafiouo
oonditions. . | | | i
Luduig (1984) proposed a modal for Fraa living nitrogen

Fixation in Rhizobium Sp. 32H1 (RC 3200) uhich asserts that
this proceso occura in non~-grouing cells, In nitrogen-limitad
.liquid suspansion cultures, cooperative gfouth of N2 fixing
and vegetative cells sccur. Ths ammonium that is produoad and
expor ted by non-growing, N, fixing cells is tranaportad to
vagatativo cells, This model 1mpliaa the oraation of mata=-
bolically specialized cells like cyanobactaria. |

2.2, 4 Ex planta N o888 activity in fast grouing rhizobia:

Raporta on the prasanca of ax Elanta nitrogonaao activity
in. fast growing rhizobia are fows Kurz and LaRuo (1975) woro
the firat to induce free living nitrogen fixation in Fast .

grouing R. lequminooarUm TA101 but tha activity uao lou as

compared to 32H1. Bednarski and Roporter (1978) showed For
the first time the expression of nitroganaao activity in free
living gultufou of variouu speciop af ?Hi”obia o toiﬁoiii,

R. meliloti, R. lupini and R. leguminosarum but the fast grouing

rhizobia could be daraprassad by the use of plant call condi-
tioned medium (PCM) or appropriate substances isoclated from
~ plant csll culture media with the aid of«dialysia cultures.
Hollander (1981) and Stam gt al. (1983) wers able to induce

nitrogenase activity ex planta in Rhizobium trifolii and R.

isguminosarum raspectively in nitrogen-limitao chomostat
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cultures at very low oxygen concentrations. These strains
were less suitable for genetic studies requiring a simple
k rapid assay; such that used for the expression of gﬁ_Eianta

nitrogenase activity by Bradyrhizobium,

A notable exception is the Sesbanfa rostrata stem nodule

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

Klebsiella spp. with regard to its high rate of free living

nitrogen fixation and also in its ability to use N, as the
sole nitrogen source for arowth in liquid medium (Dreyfus
gt.al., 1983).

. v thol
‘Recently, Urban et al. (1986) showed, Rhizobium trifolii

0403 when treated with 16.6mM succinate and other nutrients
can be induced to grouw in nitrogen free medium, The effects
of oxygen tension and energy availability on fixation rates

suggest that it is typical of other'nitrogen-fiximg bacteria,

including Azotobacter spp. The rate of fixation is inter-

mediate between that of Azotobacter spp, and Bradyrhizeobium,

Bender et al. (1986) shoued nitrogenase activity in
Rhizobium strain IHP100 isolated from root nodules of Cajanus
cajan. Nitrogenase activity in agar culture under air occured

at a rate similar to that found for Bradyrhizobium strain

CB756 but lower than that for Rhizobium strain ORS571.

2.3. - Transposon mutagenesis:

Transposons are discrete seqments of DNA which are
capable of movement, or transposition from site to site. The
movable slements uwuere 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 coﬁtrolled
’éhromosamal breakage, effect on gene expression, localized
chrogosomal breakage, effect on géne expression, localized
mutagercity etc. (Mc Clintock, 1951). Elements uith similar

properties vere discovered in bacteria around 1968, Mast of

A - v m e . .. .
oo 1

them carry a drug’résistance‘géhéthich c;g.bézﬁsed to mark
their leocation in the bacterial DNA. TranspusSons cause mutaé,
tions in genes into which they insert thehselves. ARs a result,
‘traﬁsc;iption is interrupted, and dounstream genes are not
sxpréssed in thé.operon. The.use ofltranSposonsvés mutagahs
has helped to largely overcome the broblems assgciated with
genetic analysis of symbiotic determinants, (Beringer st al.,
19803 Meade et al., 1982; Forrai et al., 1983),

2.3.1 Transposcn Tn5:

Resistence to various antibiotics haé been found to be
éncoded by 2 number of bacterial transposons. TranSposon'fnS.
céfriés the marker for Kanamycin and Neomycin resistance |
(Kleckner, 1977). Transposon Tn5 is particularly useful because
of its ability to insert 'rgndomly' intb a8 genome.

| TnS DNA is knoun‘to encode the following functians,
(1) The enzyme neomycin phosphotransferase II. which results
in resistance to seyeral éminoglﬁxside 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 nitfogen )
fixation (Meade et al., 1982; Ausubél, 1982; fForrai st al.,

19833 Noel et al., 1984). Devos et al. (1984) reported another

-
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advantage in the use of Tn5, They haQe found TnS épecific
~strebtomycin resistance in Rhizobium, This host medisted;
differentizl expression of str® of Tns provides an additional
mérker for genetic manipulations in Rhizobium.

2.3.2 Suicide plasmids in transposoh mutagenesiss

The use of transposons was pioneered in E. coli and the
techniques are uyell established for enteric bacteria (Kleckner,
1977). In»tranSposon mutagenesié once a transposon has been
~introduced into a particulaer host using a suitable vector -
molgCule'the problem is the elimination of the vector,

It hastbeen noticed that P-type plasmids that Carry
én inserted mutagen have a reduced ability to become stably

inherited in Rhizobium or Agrobacterium strains (Boucher gi,gl.,

1977). Toking advantage of the unstable "plasmid suicide
effects®™, the transposon TnS has been inserted into the genome.
of different rhizobia (Beringer et al,, 1978a). Houever, the
elimination of RP4 Mu vectors is not aluays equally efficient,
In R, meliloti the elimination is very efficisnt (Simon, 1984).

Till 1983 the suicide vehicles used for the members of

Rhizobiaceae family were the cointegratss of a conjugatiQé,.
Inc-P group plaémid and bacteriophage Mu, Qith tﬁe‘Mu genome
conferring the suicidal property. The suicide plasmid bjBAqu
(Beringer et al., 1978a) is such a plasmid which has been
extensively used in mutagenesis expériménts in Rhizobium
(Ruvkun et al., 1§80; Meade gt al., 1982; Casey et al., 1983), -
Selvaraj and Iyer (1983) found that in addition to

inefficient elimination of Mu conteining suicide plasmids,
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thaée vehicles also induce sacondéry genetic changes incited

by Mu itself'. These observations suggested the néed oF_develop-'
ing a suicide vehicle that did not contain Mu DNA, Selvéfaj
and Iyer (1983) constructed such a set of plasmid vectors

Tn1, Tn5 and Tn9 that are suicidal iﬁ Rhizgbium., These
_éonstructed vectors have a b jSA-prezofnggp};con and an N

type of bacterial conméation system which ie very efficient:

in matings between E. coli and EHEZEEEEE species, In this

way a suicidal plasmid vector for transposon Tn5, PGSS uas.
éoﬁstrhcted. "By cloning a region of N group plasmid.pPCU1
specifying tra genses into multicopy vector PACYC 184, resyltaht‘
PCU101 was obtained. HB101 rec A (PCU101) was infected with

A :: Tn5 to obtain PGSH havipg "gra% region from PCU1 (N type)
in P15A group plasmid having Tn5, Because of P15A replicon,
PGS9 cannot replicate in Rhizobiuﬁ and have Fuﬁction like
suicide plasmid.

2.3.3 Transposon induced mutants : nature and use in
genstic studies:

The advent of bacterial transposable slements coding for
antibiotic resistance and causing mutagenesiSiin_Rhizobigm
ymade possible the genetic analysis of symbiotic determinants
(Beringer et al., 1980). Most mutants made by insertion of a
transposon are non-leaky. Every insértion had a strdng‘polar
effect on the expression of ths distal genes in the qperonr.
and were stable, Houeve;; reversion by excision occursed but

at a lou frequency (Meade et al., 1982),

There are two approaches for finding genetic variants
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which affect the symbiosis by the use of traﬁSpOSOns.
(i) Mutants having a variety of phénotypesvcén'be induced,
in free 1ivin§ Rhizobium cells, such as those harbgring
alterations in ralated'proceéses like exoploysaccharide
production, phage resistance df\synthesis of metabolites
and these can then be tested for éhanges}in the symbictic
properties, (Denarie et al., 1976 and Sanderékgg g;.,
1978).
‘(ii) A large number of randaom mutapts can be raised on the
" basis of requirement of selsctable marker of transposon
wvhich can then be scfeenad to isolate those altered for
\symbiotic propérfies. |
Both these approaches have been widely used énd a variety
of phenotypic mutants and symbiotic mutants have been obtéingd
by Tn5 mutagenssis by various warkers.
In EEEEQEEEE’ various Tn5 mutants defective in symbiotic

" properties have been iscolated in various Rhizobigg species such

as R. leguminosarum (Downie et al., 1983), R, trifolii (Rolfe

et al., 1983), R. phaseoli (Noel st al., 1984), R. loti

(chua gt al., 1985) and a lgrgé number in R, meliloti (Meade

et al., 1982; Forrai et al., 1983)., |
Transposon Tn5 has been used to mutagenize the egtire

genomes (Meade et al., 1982; Scott et al., 1982; Forrai st al.,

1983 and Noel et al., 1584), or transmissible indidenous

plasmids (Buchanan-Wollaston st al., 1980), Another additional

advantage of Tn5 mutagenesis has been that it can be used for

site-specific mutagenesis of Rhizobium ONA regions that have been

i
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cloned in E. coli. This can help in the isolation of mutants
in the pathuays involved in establishing‘a complex process
'like.noduls formation or nitrogen fixation. The technique
has been applied in R. meliloti (Ditta et al., 1983 and
Anguilar et al., 1985), R. trifolii (Djordjevic st al., 1985),

R. lequminosarum (Hombrecher et al., 1984), Re jagonicum

(Hahn and Hennecke, 19B4) and coupea Rhizobium(Jagadish

and Szalay, 19843 Noti et al., 1985).



MATERI AL AND METHODS

Materials - ‘ :

‘3.1 Bactarial strains

Escherichia coli WA 803 (PGS 9:3TnS) strain of Selvaraj
end Iyer (1983) was procured from Or, Susheal Kumar, IARI,
New Dekhi, The rhizobial strains used were isolated during
the course Of this study,  ¢} f*lrl«vjx;;f;@ﬁ g

342 Host cultivars

Different lesgume cultivars used 1n‘th9 presant

| investigation were : R i '

f..(1)' Guar (Cyamopsis tetragpnoloba (L.) Taub) CV. "HG=75
(2)  Pigeon pea (Cajanus cajan (L. ) nillsp, ) CV. UPAS-120

(3) Mung bean (Viagna radiata (L. ) wilczok) CV. K-851

(4) Urd bean (Vigna mungo (L.) Happer) CV. T=9 '

(5) Rico bean (Vigna umbollata (Thunb) Ohui & Uhashi) CV. RBSS

(6) Soybean (Glycins max (L.) Merrill.) CV.‘Bragg
(7)  Chickpea (Cicer aristinum(L.) GV, H75-35 o
The seeds of differsnt cultivars were obtainsd from

Dopartment of plant Broeding, Haryana Agricultural University,

Hisar.
3.3 Chemicals 4

Agarose, sodium dodecyl sulphate,‘Ficoll, ethidium
bromide, ethylene diamine tetra acetats, lauryl sarcosinate,
trizma base, boric acid, bovine serum albumin, naladixic acid,
erythromyecin, chloramphanicol, streptomycin, neomycin, kanamycin,

ampicillin,\tatracycline, lysozyme, pronase, RNase 1 were from
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Sigma Chemical Co., U.S.A. Most of the media components such .
» a5~yeas£ extract, mannitol, bactotryptone, bactoagar and other
.chemicals were purchased Fromlmanufacturers in India, The

reagents used were of Analar grade from Glaxo labs, E, Merck,
Himedia, Ranbaxy, Sarabhai, SD's and Bengal Chemicals and
Pharmaceuticals Ltd.,India. |

J.4.,Preparation of media

All the media were prepared in distilled water. Unless
otherwise stated, the sterilization was done at 15 le/sq inch
‘pressu;e for 20 min.' Heat lablle components were filter
.?terilized thfohgh 0.45 um nitrocellulose membranes and later
added to cooled media., Composition of dif?erent media used
during the course of this work is givén'belou:

(i) VYeast extract mannitol agar medium (YEMA) (Fred EE al.,1932):

Mannitol 36%0

K2HP04.3H20 | 0.5

NgSOa.7H20 0,2

NaCl _ Q.1

CaCo, | 1.0

Yeast extract | 0.5

Congo red (1:400) - 5 ml

Agar-Agar 15-20

pH 6.8-7.0

(ii) Sloger's nitrogen fres nutrient solution (Slogér, 1969) :
g/l |

K2HP04.3H20 0.2

MgSQ . 7H,O | 0.2

NaCl i 042
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MnClz.HZD | 0.004
cuSDa.SHZD 0.0002
Na,EDTA 0.03
HyB0 0.00025
CaHPGa 1.0
(iii) Minimal medium (Van Egeraat, 1972):
| /1

K HPO . 3H20 0.5
9SO, . 7H 0 0.2
Ca C1,.2H,0 0.04

: FeClS.GHzD 0.005
Agar 10.0

- Micronutrient solution 5.0 ml
pH | 6.8
Compositien of micronutrient sclution

o/1

mnSDA.7H20 0.2
Zn504f7H20 0.2 |
CuSQa.SHQU 0.02
CaCl,.6H,0 | 0.002
H3BU3 0.2
N82N004.2H20 0.2

(iv) Rhizobium minimal medium (RMM)

First stock solution 'A' and 'B' uwere preparsd. The
solution 'A' was 20% glucose or any other sugar at 20%. The
splution 'B' called 2xR salt solution (2xR S S) had the following .

composition,
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Final

£ t of ‘
sal ‘ i 33}8%50” Q@Sgﬂ © concentration
solution obtained per
added/1 litrse
NaZHPUA.ﬁ2H2U é.ﬂﬁ 20 ml 0.909
_ (NH4)2504 20% 20 ml 4,09
FeCl3.6H;O 1% ‘ 0.4 ml 4 ,0mg
CaCl,.2H,0 1M 0.2 ml 0.08g
lHZD to make 1 litre volume
One litre of RMM, was prepared as follows : To 500 ml

of HZQ,169 of agar and 10 ml of solution *A' were added and

autoclaved, Separately, 500 ml of 2xRSS was also autoclaved,

both, cooled to 50°C and mixed,

At this stage, supplements

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

To make liguid RMM medium, the procedure described above uas

used except that agar was omitted.

al., 1981):

(v) Tryptone Yeast extract medium (TY) (Beringer, 1974):
| g/1

Tryptone 5.0

Yeast extract 3.0

CaC12.6H20 1.3

Agar-agar 15-20

CaCl2 was sterilized seperately and mixed later.
(vi) Nitrogenase Induction medium (NIM) (Kundu et

9/1
Mannitol - 10
Hs0
K2H9043j2 08.25




N9504{7%0
NaCl
CaCo,
Yeast extract
Sodium glutamats
Sodium malate
Inositel
Sodium.molybdate
 Thiamine HC1
Nicotinic acid
Pyridoxal HC1
FeS0, . 7H,0
NaZEDTA
MnS0,
Zns0, ,"TH,0
CusSg, . SH,0

H.B80

3573
CoCl, 6H0
K1

Agar=-agar

pH

(vii) Modified Burk's mediums

‘Mannitol

H20

K2HP04

, MgSUa.7H20

F8504;7H20

35

1.6
0.1
0.00025
0.0001
0.0001
0.0001
0.00028
0.00032
0.0001
0.0002
0.00004
0.0003
0.000025
0.00078
15

7.5

a/1

20,0

062
0.8
D.2
0.1
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NaCl : 0.2
CaCl,.2H,0 0.09
N§2M00a . 0.05
Inositol 01
Thiamine HC1 0.0001
Nicotinic acid 0.0001
Pyridoxal HC1 0.0001
Aga;—agar 15

_pH : ' 7.0
‘Methods

3.5, Isolation of rhizobia from nodules: (thent,\¢m>

: Nodules were obtained from roots of guar plants collected
from Tosham, Bhiwani, Daari, Reuari; Bawal, Gurgaon, Samaépﬁr,
Tikri, Sohna, Palual, Ballabhgarh, Rohtak, Hansi anddifferent
locations around Hisar. They uwere stofed‘until use in sterile
tubes containingyanﬁydrous calcium chloride. Tﬁe noduleé were
activated in the laboratory by putting £hem in sterile distilled
water for tuo h and uasﬁedﬁhofoughly. “The nodules uere surface
sterilized by dipping in 0.2% mercuric chleride for 3 min
follouwed by‘keeping in alcohol for 3 min. The surFace’
sterilized nodules were washed with stérile distilled Qater
five to six timasyso as to remove the traces of mercuric
chloride and alcohol. Each nodule uas cut aseptically and a .
loopful of its inside sap streakéd on YEMA medium plates.
The plates were incubated at 28i2°C for 6-15 days. Single

colonies appearing white and mucoid were picked and restreaked, .

tach isolate was purified by repeated streaking.
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3.6+ Maintenenco of rhizobial isclatess

AL the isolates ysro transferred to slants of YERA
medium, groun for 6-8 days.at 28+2°C and finally stored at
49C in a refrigerator. Each isolato was suboultured

periddically%

3.7. BPRlant thection test in chillum jarss

Chillum jar assombliss c;ntaining.mashad sand wora
autoclaved tuice on successive days for 2 h at 15 lbs/sq- inch
pressura. surface stcrilized‘seads of guar were garminated aon

708118

soft agar plates, treated with Rhizobium isolates (10%-10
m1™1), and transforred to chillum jars. Each chillum jar
containing four seeds was later kept in the pot house. The
plaﬁts'uare supplied with sterilized uwatar daily and Sloger's ¢

. nitrogen free nutriont solution once a week. Three replicatos . .
wers kept for oach isolato. For testing the performance of

these isolates on other crops the seeds af urdbean, mungbsan,

‘pigeonpsa, ricebean, soybean and chickpesa were also used.

3.8, plant infaction test undar test tube canditionas

| Twanty Pivc ml of Van-Egeraat medium was taken in
150x25 mm tubes and autoclaved., Seeds were surface sterilizadi
and germinated on soft agar., The germinated sesds uwere then
transferred to test tubes and their redicle wero inserted in
tho medium of tho’tuba.' one ml of log phase culturs (106;107
cells m1"1) was addod over tho germinated seeds., The tubes
wvere wrapped in black carbon paper, placed in test tube stahd_
and thon transferred to growth chamber fitted uith flﬁurescant,”
tube and bulbs of incandoscent light. Tempsréfﬁre of the grouth
room was maintained at 2842°C uith 14h light and 10h dark periods.
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‘The plants were removed for observation after 30-35 days of
growth for nodulation,

3.9, Assay for nitrogenase:

(i) Ex planta nitrogenase: <kundq et g&,;lqgg

Test tubes (15x125 mm) containing 5 ml of nitrogenase
induction medium or YEMA or Burk's'wedium vere sterilized and
slants prapared, - The cultures to be tasted were inaculated
on the slants and incubated for 4 to 6 days at 28i2°C. Plugs
were then replaced by serum stoppers. 0One ml of air from
each tube was replaced with one ml of acetylsne, The tubes
were agaiﬁ incubated at 28:206 for 48 h, Gas sample (0.5 ml)
F:bm each tube was analysed by Nucon Gas liquid chromatograph
fitted with flame ionization detsctor and Porapak N column.

Né at. a flow rate of 45 ml/min and H, at a flow rate of. 25 ml/

2
min were usgd as carpiervand fuel gases, reSpectively. The oven
temperature was maihtgined at 100°C., Standard ethylene

(110 vypm) uas Qsed for calibration purpose. Nitrogenase
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 oéitted. The medium was inoculated and

kept on shakaf at 28+2°D for 4 to 6 days, and subjected tb

sama procedure as described for solid slants,

(ii) In planta nitrogenase’(fhvdg ek aQ ,HG%)

 Plants were harvested gently from the chillum jars after

40 days of grouth. The nodulated roots uere transferred‘to
B-24 neck conical flasks fitted with serum stoppers. A 10 %
atmosphere of acetylesne 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 chromatograbh as
described earlier, The nodules were later detached from the
ioots, washed uith‘water, dried in the folds of filter paper
and ueighed.. Dry matter accumulatioﬁ was determined by

weighing the shoot portions after drying at 70°C for 5 days,
The nitrogenase activity was expressed as ARA ( m moles R

plant™ ).

3,10.Estimation of protein_in whale cells:

‘The method described by Herbert st al. (1971) was followed
(1) - Na,Co; (5% w/v)
(ii) CuSD,.5H.0 (0.5 % w/v) in 1% (W/v) sodium potassium

tartarate, ‘ |
(iii) Alkaline copper reagent prepared freshly by mixing

50 ml of reagent (i) and 2 ml of reagent (ii)
(iv) Dilute Folin Ciocalteu reagent (IN):
(v) Protein standard solution (Bovine serum albumin) |

250 g m1” 1,

~Procsdure

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 of
IN NaOH was added aﬁd placed in a boiling water bath for 5 min,
After cooling the tube, 2;5 mi of alkaline copper reagent vas
" added, mixed thoroughly and ailoued to stand for 10 min. This
was followed by a rabid addition of 0.5 ml of dilute Folin
ciocalteu reagent with immediate mixing., After 30 min the -
absorbance was read at 750 nm against reagent blank,uéing a

spectrophotometer,
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3,11, Intrinsic resistance to antibiotics:
| "Antibiotic resistance was determinedAby Spdt tests,
Logarithmically growing cul@ures were used for spo&ting.
A'loopFul of the cﬁlture was spottéd 6n the plates of YEMA |
medium containing varying concentrations of antibiotics. |
The plates uére in. cubated at 28i2°C for 6 to 8 days and observed

for grouwth,

3412 Growth on various sugars and organic acids:
Sugar and.organié acid,utiiization was determined by
: épot.tests. The sugars uere added in RMM af a concentration
.0F~10vg pervlitre and organic acids were added at the rate

of 2 g 1—1.Grouth was seen after 6 days of incubation at 28i2°c.

3,13, Plasmid detection by qeﬁgxle lysiss

Horizontal slab gel slectrophoresis:

The method originally described by Eckhardt (1978) and
as modifigd by Rosenberg et al. (1982) was used., Cells uwere
grouﬁ in 20 ml of TY broth on shaker till absorbance reached
between 0.4 to 0.5. The cells were har?asted,vuaShed with
0.1 % sarkosyl solution in TE 8 buffer (SDmM Tris 20mM EDTA,
pHB8), rinsed with TEB and suspended in 2 ml of TE8 buffer,

Cell suspensieon (100 wl) was taken in an Eppendorf tube
and centrifuged at 15,000 g for 2 min., The cell pellet obtained
was suspaended in 40 pl of lysing Wixture {Lysozyme, 7500 unité/
ml; RNase I, 0.3 K units/ml; Bromophénol blue 0.05 % and Ficoll
400, 20 %) in TBE buffer (89 mM Tris base - 2.5 mM disodium
EDTA-B9 mM boric acid, pH 8.2)s The cells were mixed with
the lysing mixture with a sterile tooth pick andikhe'suspenSibn

was kept at room temperature for 5 min to allow lysozyme ;ct' |
» ‘ ion.
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Lysis was completed by adding 40 wl of SDS mixture (SDS,
0.2 % and Ficoll 400, 10 % in TBE). The tuwo layers uf
lysing mixturé and 508 were mixed gently by tipping and kept
for 5 min at foom temperature, Now 5 ul of pronase solution

(5 ug m1™"

of TBB buffer) was added, mixed gently by tipping
and kept for 5 miﬁ,at room temperature,.
The lysate (85 wpl) was then loaded into the Slot‘oF a
horizontal agarose gel (0.6 % in TBB). The slots were then
sealed with 0.6 %_aggrose in TBB and alloued_to.solidi?y.
_ Both the chambérs of hofizontél get electrophoresis apparatus.
| were filled with slectrophoresis buffer (TBB) andvconnected" /
to power supply. The gef was run at 15mA for 2 h gnd 4Dva

for 20 to 25 hours, |

After the rﬁn was over, the gél vas taken out and §£gined
for 15-20 min in aqueous 501U£ion of ethidium Eromide (0.4 ng
ml“1)o The gel was visualized under short wave UV light
(300nm) transilluminator. Photogfaphs were taken with an

Olympus, OM~2 camera using 400 ASA film (ORWO ,FDR Germany).,

3.14, A rapid alkaline sxtraction procedurs for scréening
plasmid DNA: Birnboim and Doly (1979)

Cells were grown ovdhight in 5 ml of TY broth, the
culture was transferred to 1,5 ml Eppendorf tube:andcentrifuged
to get sufficient call'palleﬁ. -Tﬁa cell pellet uas suspended
in 100 pl of solution I (2 mg/ml lysozyme, SDmM'glucosé,
10mM EDTA, 25mM Tris Hcl pH 8.0). After a 30 min period of .
incubation at 0°C, 200 pl of solution II was added (0.2 N
NaOH, 1% SDS) and the tube was gently vortexed. The suspension

becams alﬁost clear and slightly viscous. The tube was kept
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fFor 5 min at 0°C and then 150 pl of solution III (3M sodium
acetate,pH 4,8) was added., The contents of the tube vere
gently mixed by inversion feor a few seconds, The tube uas
maintained at 0°C for 60 min to aliou most of the protein,

high mol. wt, RNA and chromosomal DNA to precipitate, The
mixture was contrifuged for 5 min, Th; clear supernatant uas
transferred to a second cenfrifuge tube,lone ml of cold

ethanbl (-20°C) vas added and finélly kept overnight in deep
freeze (-70°C). The precipitate was collected by centrifugation
for 2 min and the supernatant removed by aspiration, The

- pellet was dissolvedkin 100 pl of D.1 M sodium acetate/0.05 M
Tris Hcl (pH 8.0) and reprecipitated with 2 volumes of cold.
ethanol. After 10 min at -20°C, the brecipitate was again .
collected by centfifugation as before., it was dissplved in

'20 ul of solution I and ioading buf?er was charged into agarose
wells and run at 10mA for 1 h and 40mA for 24-25 h as HBefaore.

3.15.Effect of temperature on sx planta nitrogenase activity:

Tuwo approaches uere followed to see thgeffect of
temperature on the synthesis and activity of nitrogenase,
(i) To see the‘eFFect on synthesis of nitrogenase enzyme
YEMA slants were streaked with the culture and the slants
wvere kept at different temperatures i.e. 25°C, SUOC,
35°%, 40 and 45°C.After 96 h, 10 %'CZH2 ameSphere
was crsated, Slants.Qéfe again incubated at the

respective temperatures for an additional 48 h and

ex planta nitrogenase activity determined.
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hh(i;)meo seg the eFFact\on'activity'oF nitrogenase enzYme.
pYENA slants were streaked u*th the culture and incu-
bated atESOVC_For 96 h. A 10 % acatylsns atmoSphere
: uss creatsd,ahd the,slantsyincubatsd at;d;FFerept_
tsmperaturss for 48 h. Five slants each uvere heptj‘
at 25°¢, 30?;,'359C,;A09C and765°C2and acetyleoa
'neducingpectivityduas measufed;afte:pihcuhation,'
;Nitrogsnase actiyity,uas expfessedbas ARA ( n moles,h"?
- Mg proteln 1).: ) |

3 16.EFFsct of . combln d nltrogen sources on nitrogenass act1v1ty.

Tuo nltrogen Sourcss,pot3381um nltrate and ammonium .
Achlorlde, uere used For these studles. Yeast extract mannltol.
agar medlum (5 ml) slants as uell as YEN broth (5 ml) were .
‘ppepared with 1, 2, 5,,1Q, 20,,50_and ?UUWM,CQUCEDtFat1°"S,°f
KN03hpsr'ml. The slants and broth&uere inocuiatsd uith log‘ |
phase culture and 1ncubated for 96 h. A 10 % acetylsne levsi -
uas created and then 1ncubated For 48 h ,_Nltrogspase actlvity
was measured and exprsssed as ARA(n moles h -1 hg protein71)
Similar- procedure was adopted For .using ammonium chlorlds as.

»nltrogen source,

3 17 Grouth and EAPIBSSlOD of nltroqanase aot1v1ty on. nltrogen
‘frea mediums

f
. . Burk's medium was hodified by "substituting sucrose Uith ;
mannitol'andkurther addiog'ihOSitOldand other{vitahihs,‘iﬂs
- desorihed:aboue,SIants'(S’ﬁi'apar medium) as yeli as broth |

(S m1) weré used. The culture was scrapped from YEMA plates,

‘washed tuice with nitrogen free Bufk's\medium; suspended in
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Burk's medium and used For 1noculation. AiloopFul of culture
was spread on slants uhlle 0. 1 ml oF cell suspen81on uas used
For 1noculatlon of broth . .

The slants uere 1ncubated at’ 28+2 C'for 2, 4 and 6 days
‘andi‘ARA"uas measured as descrlbed‘earller.‘ Tubes containing
nitrogen:?ree oroth‘uere inoculatEd and'kept‘on’shaker at
28;2QC:"Samplesfuéreuremobed?ond2;”4land;é:daysyand nltrogenf‘
ase actlulty was determlned

3 18. Plasmid curlng'

ngh temperature and certaln chamlcals ellmlnate the.
'plasmlds.From the cellS by’ pre%rentlally lnhlblting the
'repllcatlon of plasmld DNA. Sihca‘thé concentratlon‘of the
curlng agent should not eFFect the replicatlon of’ chromosomal
"‘DNA, the’ non grouth 1nhib1tory concentratlon uas determlned

(1) Temperature i;“4Ifi"rajyf;"TVT‘%deﬂt/

The cultures wers inoculated (1 % inoculum) in 100 ml,‘
voF YEM broth in 250 ml con1cal FlaSks./ One set of FlaSks were
1ncubated ‘at- normal temperature for grouth(28+2 C)and other
sets at dlﬁferent hlgher temperatures. .The change in optlcal'
denslty was ﬁolloued aFter 48 h oﬁ_lncubationL;‘The”maXimum
' témpefétufefaﬁ which thereiuas‘no‘inhibltidn‘oF grouthdua3~
£akeﬁ as non-grouwth inhibitory Hiqh"tempera£Uréa

| " The culture was groun at selected hiqh temperature

p for ' 6 B days,a small amount of the culture appropriately
dlluted and plated on YEMA’plates to obtaln s;ngle;colon1es3"
ﬁabh'clone was transferred'in dublicate on nitrogenase -
induction mediumland ex planta nitrogenase'actiuityruas

L=

determlned;
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(ii)y Chemical agent8°.,

Tuo chemicals, Ethidium bromide (EtBr) and Sodium
.dodecyl sulphate (SDS) were used For curing oF plasmid DNA,
The nonfgrouth inhibltory concentration oF»each chemical uas

determined as fdllous' o \ |
| Flasks containing diFFerent concentrations of curing
agents in YEM broth were indculated at. 28+2 C. The maximum
'concentration oF_the.agent at which there was na inhrbition
- of grouth compared to the grouth in cont;rol'vfl'ask‘uas taken
| as’ non-gromth inhlbitory concentration. |
. The. culture was inoculated and 1ncubated in the medium
_cdntaining the curing agents at their reSpective‘non-grouth
inhibitory concentratione; The cultures uere plated to get
single clones, all of uthh uere then 1nd1vidually tested
For the expression of &x. Elanta nitrogenase in "the same manner _
as in case ‘of clones obtained after incubation at high

temperature.

" (iii) serial transfer in 505 and high temperature:

, The culture was grouwn in YEM broth containlng 100 pg/ml
oF SDS at 39° C'; An aliquot from this uas inoculated to Fresh
medium Flaske containing SDS,‘alloued to grou For 3-4 genera-‘
tldns and again transferred The serial transfer was contlnued
for a large number of generations and~at the time to Sth 1Uth
- and 15th transfer,'an aliquot oF culture uae appropriately

~diluted and plated to get 51ngle clones.‘ Each clone was then

tested for the expreSSion of ex Elanta nitrogenase act1v1ty.v :
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3.19. TranSposbn‘mut?genesiS°

Nodifled procedure oF Selvaraj and Iyer (1983) uas
| Uﬁed to obtain.TnS mutants ‘WABO3 (PGSQ.HHS) (Km Nm ) wers
mixed in‘1:1 ratib'énd saven patches uepevmade on,TY'plates
-using_éﬂ,ul of bacterial~sgspensipn.'.AFter ﬁhe_patches‘gqt’
q;iéd; thé'p1aﬁés were incubated at 30°C for 24 h, Later
;ﬁhé,g:outh oF,éach paich uaé'shspended in 6ne ml oF/TY
broth in a tube; Each of the suspen51on So obtained ‘was
plated dlrectly and also after tenfold dllutlon on, TY agar
‘medlum contalning 100_pg ml =1 kanamyc1n and 25 Mg ml -1
nalgdlxlp,801d The platas were incubated at 30°C For 5-6 h
fo obtain aﬁtiblotlc (km100" N§25r)‘re§istant,Tn5 mutants.
The .Tnc mutants obiainéd uefe_testedlﬁor the expression of
~ex plantz nitrogenase activity on solid niﬁrqbenase\indu?fidn
- medium aﬁd élso.ﬁor‘nddulafion_in‘plastic pﬁ&ches énd test

tubes as described earlisr,
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' EXPERIMENTAL RESULTS S

J ~During the course of present‘investigatione, one

ihundred rhizobia were isolated From root nodulss of guar'
7 E T EHAENS phe o ] P

Cyamopsms tetragonoloba collected From leFerent agroclimatlc:/

'reglons of Haryana,' Sixty Four or them wers slou grouers
while thitty Six uere Fest grou1ng Rhizobium isolates.

The nodulatlon status oF guar in Haryana is generally
'lpoot. Keeplng this in v1eu, the overall obJective of the
preeent study has been~kept as to cerry out investigations
‘uhlch ‘will help in the understanding of phy31ology and
genetiCo of quar rhizobla.' | ‘

The proposed physiological studies includad deter-
mination of grouth rata, eFFiciency, host ranga,carbohydrate
utlllzation, antiblotic re81stance pattern and ex Elanta
nltrogenase activity of selected strains.‘ Genetic studies -
‘1noludad curlng treatments and Tn5 mutagenesis.n‘

441 Screening of quar rhizobia isolates in chillum iars-'

“All the isolates were eoreened in chillum jar assemb;
-'lies under pot house conditions to select aFFioient stralns‘
’For Further phy51ological and genetic studies° The plants
were uproated aFter forty days and observations on per plant
ba51s For nodule number nodule Fresh weight,ishoot dry weight
’ and nitrogenase actlvlty as aoetylene reducing activity (ARA)
\ ;uere,recordad. Frequancy of veniaticn\uith :eepect‘to‘each

‘of these characters is giVen in Tabla 1;i‘The'range’oPtnodule"
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 Table. 1: Frequency of variation in various characters
’ of guar rhizobia isolates. :

Il

Charagter . ,? :_, ,”“ii%%S?aél I A>Frequency"'

1

Nodulesplant” 1= . 30
o S s 531 1=20 ’,':"‘5'2_‘7? ! 39
f‘ﬁ21_30 T C 18
- 31-40 1

41-50 2

" Nodule,fresh wt. - . . 1-100 . 51
plant- (mg) © 401-2000 16
o 201-300 11
301-400 15
~ 4D1-500 5
- s01-600 2

© Shoot_dry ut. . 30d-400 19
plant™l(mg) 401-500 . 37
| ﬁ 501-600 12
601700 .~ - 22
761-800 100
ARA ( p mole's 0 D.1-0.500 36
h-1;plant-1): SRR 0‘501_1;000 e g
7 1.001-1.500
1.501-2.000
2.001-2.500
2.501-3.000
3.001-3.500

e N - @
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: number plant ! nodule fresh ueightkplang :shoot dry uelght

‘plant and nltrogenase act1v1ty plant 1 were found to ‘be t

1-49, 1= 585 mg, 310~ 789 mg and 0. 1-3.4 ARA (p moles h1

~ plant 1) reSpectively. Unly 2% oF the 1solates shoued high

| nodule number plant -1 (41 50) uhereas most oF thsm (69 %) had

lesser number of nodules ( ¢:20 plant ). Similarly higher'
"+’ nodule fresh ueight (501- 600 mg plant ) uas. observed in

2% plants uhile 67 % had lesser nodule fresh ueight ( < 200 mg

plant ) Highest shoot dry ueight uas seen in 10 %'of plants

(‘>7DD mg) uhlle the maximum shoot dry ueight oF the isolates

. was observed within the range’ 401 500 mg. Maximum number of

1solates had nltrogenase activity betueen 0. 501 1 DOU ARA
( p moles h -1 plant ) while 3 7 oF the 1solates expressed
\maximal nltrogenase act1v1ty:>2 5 ARA (‘n moles h 1 plant 1)§'
| On the’ b831s of these results ten cultures each of
slou”and,Fast grouers~uere‘selected._.The‘detalled;results
of'these[isolates uith reSpect to eachiof the above mentioned
kcharacters are represented in tablesZ and 3. The values seen
in all the Fast grouers (Table 2) uere generally louer as
compared to those seen in case oF their slow grouing counter
parts (Table 3) Fast grouers showed more variablllty in all
, characters, as’ ev1dent f rom thelr high CU% with the exceptlon
| in case of the nodule Fresh ueight wvhers the CW? was almost
1dentical. Maximum varlablllty was noted for nitrogenase _
activity.in fast grouers (cvg = 31.32) and ‘minimum varlabllity
‘uas observed in number‘offnodules'plant"1'ﬁ3r slow grouers:

“(cvg = 13.58), Max imum number of nOdules plant—j (36),and

i



' Table 2 Evaluatlon of Fast grouing RhlZobium 1 olatas in
o chlllum JarS{ ‘ . \

Isolate Shoot dry 1‘ Number of ~ Nodule Ffeshi',rARA'
: ' wt, plant™ ' nodules ' wt, plantT} (p‘qolesv R
(mg) - plant ' (mg) + ~ h7' plant™’) -

‘1¢59 T e e B s
fc-ja . 540 ﬂ“' 21 313 ;é o 1;972;-
G-20 - . 625 T S 368 2,104
k’G?28k  . 58  2m . 350  1,210 -
5434; ,~l | &06.‘ o \"13_ RN ‘7éo7 o "1,021;
G-s4 - 452 . "16 ,»:~ ' 208 ,'f © . 1.009
673 s06 19 o213 ﬁ 1,265
G-76 455 18 . 25 1.106

Gg-76 - 322 21 209 . ©0.983

; . v

Control . 285 5 409 0,531

(Average of six plants}).



Table 33 Evaluatlon of Slou growing Rhlzdblum isolates in

chlllum jars .|

_Isolate  Shoot dry_, Number of Nodule fresh - ARA
_ o wt, plant nodule? . wt, plant =1 (u1moles'—1
(mg) | plant‘ . (mg) o h plant )

G-2 . 402 o R 4324 . 195
ee3 651 . 27 S gzéj'; 2460
G4 98 28 :,'  | szq - f 3.0193
Ce-s 152 F ‘yzgs 2781
66 ' ees 32 360 1.982

. G=v1 - 725 36 . 553 . 2,008

G-12 701 .24 - 308 2,103
S G-13 65D - 34 351 2.182

S 1.904°

Control as in table 2

(Average of‘six'planﬁs)f§” .
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and nodula FréSh'ut. plant” -1 (553 mg) was saen in G-11 among
Slou growsrs. For dry wt, plant =1 and nitrogenase act1v1ty,
-the maximum values. (798 (mg) and 3 019) ARA ( M moles h

‘plant ) were found in G-4.
G-2 (402 mg), G- ~12 (24), G- 5. (296 mg) and G-17 (1 904

‘ -1
CM moles oF CZHZ red. h-

plant™ ) were Found to have mlnlmum
‘values For plant dry uelght, nadule number, nodule fresh uelght '

and nltroganase act1V1ty reSpectivaly. ?

402 Carbohydrate utilization by Fast and slou gpoui_g _
: "Rhizobium isclates:

A broad dlstlnctlon has been mada’betueen fast and slou
_ groulng rhlzobla in their ablllty to use diFFarant carbon
soupces. |

| VAll the ten fast and slou:grouing'Rhizobium straina‘uere'
tested for g;outh‘by spot tests onidiFFarentlcarbpn Sgurces.
Thesa‘carbon’gounoes were supplamentadvindividuall?Ain
'ﬂglgggigﬂ~minlmal adar mediUm; ‘Thefcafbon'sourcas tasted were
: pentoses, hexoses, disaccharides,dfrlsacoharides and ofganic
: acids. | e o |
“ Fast grouing‘rhiaobia UBre,able to uae a 'broad range of
carbon subotrates,'uhereas‘slou grou1ng ‘rhizobia shoued
restrlctad ablllty to use dlverse carbon sources (Table 4).

All the ten Fast growing isolates.tested.uare found to

'utiliza‘ribose, xylose, gluqose;(Fructose,imannosa; SuCrose,_
lactose, maltose, mannitol,‘pyruvaﬁe)malate and suocinaté.
Arablnosa, raFFlnose and fumarate were. utilized by ‘eight

isolates only, while galactose and rhamnose weras utilized

‘bY nine lSOlateS. All the slou grauers could grou only on

t
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vglucose and mannitol, uhlle rafflnose, sucrose, pyruvate
and Fumarate vere not utllized by any oF tha slou grouers
(Table 5).

‘4,3, Intrinsic antibictlc resistance pattern of guar
Rhizobium isolatess: .

Antlblotic r931stance proPilé is a straln 8p901Fic
character, which helps in the 1dent1Fication of the deri-
vatives of wild type. With a vieuw to eventually select the
right strain for Tn5 hutagen931s, ten lsolates each oF Fast
“and: sdow grouing.rhizobia were subjected to test- For‘resistance
‘tokdiFFerent antibiotics. teast.extract mannitol égér.platES'
cﬁntéihing'different concentrations (18, 25, 5&;;100,pg/ml)

. of Kanamycin (Km), Nedmycin (Nh), Ampicillin (Ap), Erythro-
mycin (Er), Naladixic écid (Nx),vTetracycl;net(Tc), Chlora-
mphenicol (Cm) and Streptomycin (sm) uwere usa& ﬁorvtésting
the rasistancé patterh. 'Thé antibibtid resigtance pattern
of Fastrapd slow growing isolates has bgeh'sﬁoun in tables

6 and 7;re5pectivély.

Fast and slow growing iscolates exhibited qifﬁerent_
antibiotic resistancevpatterns. G-34, G-54 and G-28 among
fast growers and'G-d.ahd\G—S’among;Slou growers were found
to be resistant to all the antibiotics tested.

4,4, Parformance of fast and 8low growing isolatss on
different hosts:

Host range of the selected slow and fast growing
(10 from esach group)tisolatésfotfRhizbbigm‘ués studied byv
inoculating Varibué legumes liks.gdar (HG-75), Urdbean (T-9),"

-mungbean (K-851), pigeonpea (UPAS-120) and ricebean (RBS3),



Table 5: Carbohydrate utilization'by'selscted fast and
' slow growing Rhizobium isolates . .

Number of isolétes utilizing .
a _particular carbon source

' Carbahydrates | Fast grouers  S5lou QrOwers
Ribose | : 10 | 5
Arabinose N 8 ‘) 4
Xylose | o 0 5
Glucese = | 10 S 10

- Frddtqée | | ﬁb | 6
Galvactose;’ : ‘ o 9 6
Mannose = 4 | 10 2
Rhamnose : - N 9 1
Raffinose ) | .8 ,5 -
Suorosé - ‘ 10 . ,J, ‘fv
Lactdse - o 10 - 2
Maltose 1w 1
Mannitol 0 10
Pyruvate | | 10 -
Malate " ) 10 ‘ 2
Succinate : 10 v 2

Fumarate _ : ‘ 8 | -




Table 6: Intrinsic antibiotic’ resistance pattern in fast
growing Rhizobium isoclates -

Isolate Hm Nm Ap Er .NX‘ Te “Cm/ Sm
G-73 so S 100 100 - 100 S 100 50
G-20 50 s s 100 100 s 50 5
G-14 5 s 100 100 100 10 100 s
-7 25 25§ 100 50 s 100 100
G=76 50 25 5 100 s9 - s 50 25

G-54 100 100 100 700 100 25 100 . 100

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

G-74 S 25 .50 100 1000 S 100 S -

G-28 25 25 100 50 50 10° 100 = 25
6-9 s s 100 100 sa 25 100 s

$  Suscepkible



" Table 7: Intr1n51c antlblotlc resistance pattern 1n slou.
geouing Rhizobium isaolates

Isolate Km ~ Nm | . Ap Er ~Nx Tc Cm. : sm
G-2 10 100 5 50 100 25 100 5
G-3 w0 w00 s .s w0 10 S0 s
G-4 100 100 100 100 100 25 100 50
G-5 100 100 100 100 100 25 100 100
G-6 . S5 S 5 s so s 100 s
6-11 100 100 100 s w0 10 100 s
G-12 100 100 S s w0 10 50 s
6-13 100 100 100 s 100 1@ so s
=17 100 50 100 s 100 10 100 5
G-18 100 50 1000 . 5 50 10 SO 5

< 'SuSCePHHev .
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Plénts were raised in chillum jérs saharatgly aftér inocuiation
with all the isolates individually. Plants uere’uprbdted
aFtef'AD days to record observations for nuhbar of nodulss,
nodules dry wt, plant dry weight and nitrogenase activity

per plant. The performance of slow and fast growing isolaﬁes
with each host is presented in Table B\and~9 respectively.

The results showed that siou>grouing :hizobial i5018£8$
viz., G~4, G=5, G=11 and G=-18 are good for all the five hoSt
crops (Table 8). Highest values of each character uwere
aobtained in all the host crops. Hcmevér, the performénce of -
G—Z,'G—13 and G-17 was found to be boor as'comparéd to above
”mentibned isclateé. -Pperformance of G=6 and G-12 iSolateé,uas
inte:mediaté. Isolate G-4 uas'exceptiohally better 6n guar,
urdbeén, mungbean and ricebean. Similérly isolate G-18
performed better on pigeonpea and ficsbean while G-5 perFﬁfmédA
better oh aquar, urdbean and mungbéén.A

Rmonq'Fasé gfouar isolates G=-9, 5-20 and G-28 éhouad
maximum values of sach character invali the crops tested(Tableq).
Isolates G-73, G-74 and G-76 praved to be intermediate uhile
G;34 Qaé found to be the poorest dne. Among all fﬁe isolates
tested G-14 was better while G-7 and G-54 vere poor for. guar,

4,5. EX blanta nitrogenase expression by slow and fast .
growing Rhizobium isolates: ,

The normal practice'to screen for nif/nod mutations in -
Rhizobium is by plant infection test. This test is tedious
and time consuming and may become impracticabie when a large
number QF clones are to be screensd., A stré;n shouing\gi
. . y

planta nitrogenase activity will be highly advantageous.

- ‘When tested for the expression of ex planta nitrogenase
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activity on nitrogénase induction medium, all the sloull.“
‘/grouing,iSOlatasbraduced acatylené under Frae-libing e

: éonditions (Tabléxﬁﬂ). Oonly tud_?ast gruq1ﬁg isolates

expressed ex planta ARA. Significantly tﬁeflevei,oas‘faf

.highér:invﬁast‘grouihg isolates as combarad,to:tha slowu

grouers.

4,6 Pplasmid profile of quar rhizobia s

The genes responsible for symbilosis may be prasent on

v

chromosoma or on plasmids. In ordar to carry out molsculay

ﬂbiological studies, it ia essential to knou_the plasmid

'pro?ila of an - iaolate.

Tuo differant techniques wera usad for visualizing tha

‘.plasmid DNA. ‘one" nf tho mathoda involvsd the isolation of L
gplasmid DNA by alkaline extraction and then datermining the - Jfﬁ,.

numbar of plaamids by agarosa gel electrophoresis.‘ The other:i
techniqun involved gantla lysis of cells directly in tha
slots df an agarosa gal. ' ‘ v

Fast and alou growing 1isclates shoued different plasmid
profilaﬂg Among slow grousrs, maximum‘nupber pf plasmid bands
uéra'bbaawad in Ge=3, Gwd ond Gm17 aaoh‘p"ff);:,\qh:‘l.oﬁ showed two
plasmids, G-6, =13 did not shou any plaémidbéﬁd, rest of
the slow gfouers shoued'one plasmid sach (Table 113 ﬁlatq 1).

G-54 among fast grauwers showed the maximum number of

‘plasmids i.e, 3 plasmid bands., G-76 and G~9 had one plasmid

sach. The remaining fast grouars harboured tuo plasmids sach.,

Unlike the slow growers, all tha Past grouing isolatses shoued

»

plasmids (Plate 1)



| Table 10s Ex~-planta nitrogenase activity oF slau-and
' fast grouing Rhizobium isplates: S

Iéolata‘ : ' ARA'(}n moles h'1 mg protain-?)

Slow Qrowers

sl

G=2 o 2.72

G=3 4.76
G-4 o 3.74

6-5 4,12
G-6 4,25
G-11 4,50
6=12 1.24
G-13 3.83
G=17 3.91
G-18 4.0B

Fast-qgrouwers-

G-9 0.00
G-14 - 0.00
G20 | 46,83
G-28 0,00
G-34 0.00
G-54 - 0.00
6-73 |  45.12
G=74 ~ 0.00
G-756 - 0.00

G-78 S 0.00




| Table 11: Plasmid proFlle of slow-and Fast gruuing
Rhizobium isplates

Rhizobium isnlates - Number of.plaémids
' observad :

SloQ Qrowers

G=2 “ L 1
G=3 2.
G-4 21
G=5 - 1
G-6" | -j'
3;11' | 1
G-12 1
G-13 -
G=-17 2
G-18 !
Fast qrowers

G-73 | 2
G~20 2
G-~14 2:
G=7 -2

[mp)
]
-3
o
-

54 3
G-34 2
G=74 2
G-28 2




A) Plasmid pattern of slou growing
Rhizobjum isolates

1

2

G-12

G=-17

10
11

12

B) Plasmid pattern of
Rhizebium isglates

1

2

6
7

10

G=2

fast grouing

G-76
G~7
G-14
G-20
G-73
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®.7. Physiological and gengtic stiudies:

Faor further physiological and genetic studies on guar
rhizobia, isolate G~20 was chosen, 1t is an efficlent strain,
shouing a broad host range, it expresses high level of 8x planta
nitrogenase activity, it harbours two plasmids and is alse
suitable for TnS mutagenesis by virtue of tha antibigtie
resistance marker,

Colony types of Rhizobium isolate G-20:

Colonial variation 1s generslly observed in slow as
well as fast grouing isolates, When spread on media platss,
they may give rise to big and small colonies or slimy or
non=slimy colonies,

Tuwo types of colonies yere gbsarved in the ariginal
culture of G-20, when spread on YEMA plates, O0One colony type
was slimy uhich was designated as G-20 (8) and another was
mucoid, designated as G~-20 (M) based on their external
morphology. The characterstics of these colony types ars
repressnted in Table 12,

4,8, Kinetics of acetylene reduction by G-20 {5) and G=20 (M

cultured on splid nitrogenass inouction medium and yeas
extract mannitol "agar madium:

Expression of ex planta nitrogenase activity depends
on the genotype of the strain, composition and state of the
media for the inductien of nitrogenase and age of the culture,
Nitrogenase activity was determined for tuo colony
types of strain G-20 i.e. G-20(8) and G-20 (M) at different

intervals of time, on nitrogenase induction medium ¢NIM) and



Table 123 Characteristics of G-20(S) and G-20(M)
colony types of Rhizobium isglats G-20

.

Character G-20(S) G=20(M)
Colonial type Slimy Mucoid

Shape Flat colonies Raised colonies
Appearance Dull Glistening
Periphery Irregular Circular

Colour on ageing 7 Turns pinkish No change

EPS* content 1.189 6.519

* £xo poly saccharide in terms of mg glucaose
mg proteiﬂ_1



A) Coloni:al morgholocy of slimy colony type G=20(S)

B) Colonial morphulogy of muceid colony type G=-20(M)
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‘'yeast extract mannitol agar (YENA). _Acfivity vas seen till
| éﬁ_days in fourteen batches (Table 13),

NIM was found better than YEMA for ARA axpression by
both the colony types (Fig.1). The ARA increased from 3rd-
.day onuards and attained the maximum value on 4th day in
all the cases, uhersafter. it declined Slouly_and reduced fa,
zero on 24th day. 1In both ths media tested G-20 (S) showed
highef ex planta nitrogenase activity than mucoid colany =
type G-20 (M), | | -
4.9, Kinetics of acetylens reduction by G-20 (5) and

G=20 (M) in liguid nitrogenase induction::medium
and yeast extract mannitol modiums

The trend of ARA in liquid medium was simiiér to'that of
solid medium. The activity reached maximum on fourth day in
all the cases (Tablav14) and subsequently decreased to almost
zero on .16th day., No activity uas obsarved_bayond thaf
sixteenth day. ARA in liquid‘medium, in genéral, was lesser -
than in the sdid medium., The slimy colony type G-20 (S)
showed higher activivuvy than.tha mucoid colony type (figjx2).

As observed earlisr in solid medium,.in liquid medium.also’.
the activity Laé highser inrhitrogenasa induction padiuﬁ fhan-me
yeast extract mannitol agar nedivm. '

.4.10. Effect of tamparatura on nitrogenase actiuity in G-20 (S)

and G=-20{M) in sSolld nitrogenase induction medium and
yeast extract mannitol mediums

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 temperaturé,

To see the effect of temperature on the synthesis of



Table 13: Kinetlcs of acetylens rsduction by G- 20(3)
and G-20(M) cultured on nitrogenase induction
medium (NIM} and yeast extract mannitol
medium (YEM) agar slopes

P I ———

Days | ARA {n moles h mg,protein'1)
~NIM -  YEMA
G=20(S) G-20(my = G-20(5) G-20(m)

2 . 2.96  0.29 1.52 0,28

3 42,56 12.83 12.88 - 11.76
4 61.94 25.99 39.83 20 .04
6 ' ] | | 44,78 19,24 31,54 12,36
8 ‘ 34.69 17.88 . 21411 711.05
10 o 32,30 15,23  18.23.  B.00
12 | 21.88 14,45 11.61 4.06.‘
14 16,87 10,93 7.24 - 3.06
16  15.08 B8.89 4,43 2.86
18 13,70 8,16 1,44 2,73
20 | 13,12 6.11 0.70  1.63
22 0.23. 0,96 0.08  1.48
24 | - - - -




‘Fig.1. Kinetics of acetylene reduction by G-20(S)
and G-20(M) cultured on solid nitrogenase
induction medium and yeast extract mannitol
medium |
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Table 14: Kinetics of acetylens reduction by G-20(5)
and G~20(M} cultured on ligquid nitrogenase’
induction medium (NIM)} and yeast extract
mannitol (YEM) medium -

Days ARA (n molas h? mg prbtein—1)

NIM YEM

G-20(8) 6-20(R) G-20(3) G-20(M)

2 2.93 1.82 1.64 0.95
3 | 8.33  5.36 4.66 3.53
4 | 12,63 6.19 5.81 4,30

5 11.41 5.18 5,44 2,65

8 10,52 2,65 4,90 1.26
0 6.46 2,12 2.66 1.25
12 | é.11 1.05 1.45 0499
14 1.22 0,92 1.29  0.07
16 | 0,09 0.10 ' 0.01 004

18 - - - -




¥inetics of acetylene reduction by
G-20(S) and G-20(M) cultursd on

liguid nitrogenase induction medium
and yeast extract mannitol medium
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nitrogenase snzyme, the culfure tubes uerB.inﬁubated for
four days at 25, 30, 35, 40 and 45°C and théan the activity
was also récorded én the respacfiue témparaturas.‘ Tha results
are shoun in table 15, |

A gradual increase in ARA was sSsen in Slimf as.uall
as mucold colony types, Maximum ;alue was observed at 35°C,
The values faor G~20 (S) were 33,96 and 25,35 n moles of

Y mg protein™' in NIM and YEMA medium

acetylene reduced h”
respectively, G=~20 (M) on ths other hand showed similar
_activities of ARA, 11.76 and 11,73 n moles of ARA h™ ! mg
proteiﬁ-1 in both the media tested, Further, for G-éﬂ {Mm)

the difference in activity in nitrogenass indﬁction medium.ués
not much at 30 and 35°C, Beyond 35°C the ARA decreased
abruptly in all the cases. Activity seen at 45°C (Fig. 3)

was vary louw. |

Teo see the effect of temperature on the activity of
nitfugenase anzyme tha culture tubes ware initially incubated
at 30°C for four days and then afier acetylens injection -
the tubes were further incubatad,ét‘?S, 30, 35, 40 and 45°C
for recording the ARA,

The results represented in Table 16 indicated ﬁighar
activity on YEMA than on NIM at all the temperatures, except
for G-20 (S) at 45%¢c, Activity was higher in slimy‘coldny
type G~20 (S) as compared to mucoid colony type G-20 (M)
barring the higher values of G-20(M) at 40°C in YEMA.

In case of G~-20 (S) ex E&gﬂié'nitrogenase'éétivity

was maximum at 35°C., On NIM and YEMA media;%nd 16.38 ARA



Tabls 15:.'EFFect of temperaturs on‘synthaSis of nitrdgenase
in G-20(S) end G-20{M) on NIM and YEM agar slopes

Temparatufe ARA (n moles h—1-mg protein'1)
(°c) NIM YEMA .
G-20(S) G-20{M)  G-20(S) G-20(M)
25 4,71 0.15 .  5.82 0.18
30 | 22465 9,06 15.84 4 .41
35 o 33,96 11,76 25,35 11,73
40 2.79 1,95  2.58 0.39

45 1.35 0,12 0,12 0.24
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Table 163 Effect of tamparature an ex-gianta nitrogenase -
Cactivity G-28{(5) and G-20(f) on NIM and YEM
agar Slopes _ :

Témperature ARA (n moles h-1 mg-prdteinf1)
(°c) NIM YEMA
G-20{s) G-20(M) (G-20{(S) G-20(M)

- 25 7.38 1,62 12,60 7441
30 | B0 3.4 13,98 B.25
35 13,83 8410 15.38 = B8.91
w0 5.07  5.91  13.53  7.62

45 0.81 Q.21 0.33 0.36.
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(n_moléa_h'1 mg}protqinf1) wers observed ragpadtivaly. In
case of G=20 (n) the ualﬁas wvers 8,10 and 8,91 ARA ( n moloe
ﬁ -1 mg protain ). AR abrupt raductinn in tha activity was
seen at 40°C which uas Purther louerad at 45°%¢ (Fig. &)
compar;ng tha rasults of both tha approaqhag it 1is qvidant
that = | I "
!(1) At 35°C the corresponding activitios uarslhighar 1ﬁ'tha'
Pirst mathod wuhere ths tubes were incubated at 35°C
throughout the experiment, than the second method of
approach where thers was temperature shift from 30§C
to 35°C. | | |
(2)  The reduction of ARA uaﬁ‘highar in the Pirst matﬁod '
- of approach at 40 °c. |

(3) At 259C the ARA was higha: 1n the sacond mathod uf

approach of temparature’ ahift than tha first methad

' 4.11 EfPact of NH,C1 on ex planta nitroganase activity
in solid and 11quid culturess

Combined nitruqan sources have baen repartod to hava an ;
‘inhibitory affact on nitroganaau actiuity. To aaa tha effoct
on thu expraaaion or ex planta nitrnganase activity 1n slimy

-20 (5) and mucoid G-20 (N) colony typas, NH4Cl vas suhstltutad
at diffurnnt concantrationa (1, 2. 5, 10, 20 50 and 1nnmm) in

'splid as uall as liquid ysast extract mannitol madiun.
Tha rasults prasantad in Table 17 shou a: ° wegatiuu.
corralatian bstuaan NH4Cl cﬁncantration and ARA, in‘qolid _
as wel)l as 11qu1d medium for both the colony typas. Inhibition
~.in ARA shoun by G-20 (M) and G20 (5) at 1mn concentrafiun
of NH,Cl vas higher in liquid madium (98 5% and 72, 1 %
 r8ap9ctiva1y) as comparad to splid medium, (76,94 % and



Table 17: Effect of NH,Cl on 8x planta nifrcganase activity
of G=20(5) agd G-20(M) In solid and liquid . cultures

NH,C1 ARA (n mol-as h? mg protein-1)
concentration Sglid = = Liquid |
(mM) G-20(5) G-20(M) Efﬁdtﬁiu'ﬁ:ﬁdlﬁff"
0 o 27 .30 23 .85 5,13 4.01
( 0.00) ( 0.00) (o.00)  (0.00)
1 16,97 5.50 1,40  0.06°
(37.84) (76.94) (72.71) (98.50)
2  15.96 5.15 0.00  0.00
(41.54) (78.41) (100.00) (108,00)
5 0.33 D.00 0.00 0.00
| (98.79) (100.00) (100.00) (100.00)
10 - 0,00 0.00 0.00 0.00
: - (100.00) (100.00) (100.00) (100.00)
20 0.00  0.00 . g.00  0.00
(100.00) (100.00) (105.00) (100.00)
50 0,00 0.00 0.00 0.00
_ (100,00) (100.,00) (100,00) (100.00)
100 0.00 0.00 0,00 0.00

(100.00) (100.00) (100,00) (100.00)

Figures in parentheses indicate per cent inhibition
of nitrogenase activity
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37484‘%4r88psptively). Thers was complete rebressionéof(Fig;S)
éctiuity.From A0mM concentration onwards, though the grobth r
was observed upto 100mM concentration of NH,cl. At higher
concentration the colour of ths culture also changad

to»pale yellou. ' S

'4 12 Effect of K NO3 on ex planta nitroganaae activity oF
G epli (55 nd G =20 Giy~In soTIE na" iI NEC TR ERE

; Both colony types shoued higher ex planta nitroganasn ,v' 

activity in solid medium than in liquid medium. Among tha

two types, it was higher in G-20 (S) than in 8-20 (m) (Tabla 18)
In 1iquid medium ARA was negativaly associated Uith KNG3

| concantrqtion (Fig. 6). The activity vas qilAat 20mmM

Vbén#aﬁtratioh in G=20 (M) colany typs in‘liquid madidm,

thla it uaé fetained till 50mM concentration by G-Zﬂ.is) in

solid medium. In solid medium the ARA was ralatiVely higher

v, ’

at lower concontrationa of KNO; (Fig. 7).

' 4,13 EPFect oF yeast extract on ax planta nitrogenasa (
i . activily of G=20(S5) and G-ZG(N) in solid and
liquid culturo'

| Yeast extract (Y E.) is o aourcn of cnmbined urganic.ff
‘nitrogen and vitamins. To atudy its affect on ex Elanta nitro-.,
‘ganasn activity, difFerent concontrationa of yaast extract (0.05
»0" 20, 0.50, 1.0, 2.0, 3.0 and 4.0 g/l) were taken in yeast extract
mannitol medium, The results are shoun in Table 19, The ARA
Qas highar in sdlid medium as comparsed to the liquid mgdium.
1In both solid and liquid media, G-20(S) colony typs shoused
higher ARA as coﬁpared‘to G-20 (M) except at 0.05 g/l

'concentrat;oﬁ,'uhere G~-20 (M) showed higher valuss.

3



Table 18: Effect of pot asium nltrate on ex glanta nitrogenase
activity of G- 20(5) and G=20(M) in liqu1d and sglid

cultures . )
. . M
‘KNOS' | ~_ARA (n moles R mg protein~ﬁ) :
(M) | G20(5) . G-20 (1)
. Solid Liquid Solid Liquid
o | 37,75 5,90 21,01  4.30
1 : 69.03 4.92 23.00  3.47
2 o 45,73 4,65 23.92 2,71
5 : 42,57 2.18 16,87  1.73
10 . - 30.85 o 0.37 7.67  0.21
20 S v 11.43 0,28 0.61 0.00

50 | o 5,61 © 0,00 0.15  0.00
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Table 19: Effect of yeast extract on ex planta nltrogenasé
activity of G-20(S) and G- ZﬁTN; in solid and
llquld cultures

-Yeast‘eXtract . | ‘AR A (n moles h -1 mg_ protein 1)

a/l . Solid Liquid
G-20(5) 6-20(Mm) G- =207s) G-20(M)

0.05 20,96 . 14. 69*,‘7 2}{4 BN 5.14
0.20 | 32,59 18,37 7.58  6.62
0.50 38.60  22.03  B8.08  7.04
1.00 23.56  16.49  4.58  2.04
1,50 | © 11.06 9.80 0.2 0,21
2.00 o 10.04 1,28 0.00°  0.00
3.00 | 0.56 0.00 0.00  0.00

4.00 041 0.00  0.00 . 0.00




s 80 )

Maximum values uere ohserved at"O.S.g/l of Y.E. in'all

the cases, whereafter the actiQity decreéged progressive;y;
While in liquid medium there uwas a total cessation of

activity at 2 g/i concenﬁratiqﬁ oFYQGagt(exﬁract for both

thé‘colody types, in solid mediumjcomplete inhibition

‘occured at 3 g/1 concentration in\basg of G=20(M)s

4,14, Expression of ex'planta~nitfoqanase activity on
liquid and splid nitrogen fres medium by G-20:

Geﬁerally, the amount of nit:&@eh Fixeawﬁﬁdérifrée  
living conditions is not enough to.sustain growth, The
;dombinéd nitrogen source is therefore necessary for the
grouth‘oﬁ Rhizobium culture, For thb<inductidn,of ex Elﬂl&é .
nitfogsnase activity é sburce of combiped nitrogen ié éluays
included in the medium used. To see if there isvahy‘akhressibn4'
of ex planta nitrogenase activiiy Qnder nitrogen free cbndié
tionS,modiFied Burk's médium was used, Sucrose uas subStitutea
in Burk's medium with mannitol in one experiment and uitﬁ
maléte in another. The activity uaé seen both in liquid as
well as in solid media after 2, 4, 6 and 9 days. Tha’acﬁivity
in general was more in solid medium thén in liquid ﬁedium‘ |
, (Table 20). The activity increased From second day onuafds .
to .reach a maximum on-the sixth day . in all the%caées (Fig. B&9).

The activity was higher in the malate substiiutaq
médium than in mannitol éubstituted’medium upto fourth day,

4415« Non~arowth 1nh1b1tory concentratlons of dlfFerant
plasmid curing agents:

Most of the curing agents are knoun to sliminate
plasmids from cells by preferentially inhibitihg the repli-

‘cation of plasmid.DNA. Thus the concentration of the agent



Table 20 lanta ' nitrogenase activity by G 20 in
solid and liquid mannitol and malate
substituted Burk's medium

Incubation | ARA (n moles h mg protein’ 1)'
(Days) Mannitol substitution Malate substlfutlon
Liquid Solid  ~ Liquid = Sclid
© 2 2.103 8,065 11,782 10.867
4 5.405 10.687 15.960 243391
6 29,148 48,238 27.338 40,582

9 . 3.193 39,713 7.162 24,147
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Fig.9 Expression of gi planta 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 should be the ohs that
does not interfere with the replicatien of chromosomal ONA
'énd hence has no iethal eFFaéﬁ'oh ihekorganism under study,

| During the present study, Ethidium bromide and sodium
dodecyl sulphate were used as chemical agents for curing
plasmids in G-20. 1In aadition, high temperature, a physigal
agent that has beeh widely reported to be very effective in
curing plasmid DNA in many bacteri;i Systems;‘més also used,
. Differsnt combinations of chemical and physical agents were

" alsp tried,

(1) Tempefatpre: .

| §-20 was incubated im liquid culture at 30, 35, 39 and
429C, 1t was observed that upto 39°C there was no inhibition
of growth, while at 42°C the grouwth was inhibited after 48
hours (Table 21). For further studies 39°C was selacted as

the non—grbuth inhibitory high temperature,

(ii) Sodium dodecyl sulphates |

G-20 wuas incybated in media containing S0S at 25, 50,,
100, 150 and 200 pg/ml concentrations, Inhibition of grouwth
was seen . at 150 pg/ml concentration. Hence 100 pg/ml |
concentration of SDS was chosen as the non-grouwth inhibitory
concentration for G-20 (Table 22).‘ \

(iii) Ethidium bromide ( EtBr)y -

G-20 was incubated in liquid cultura in presence of
EtBr at concentrations of 0.5,I1.O’aﬁd 1.5 pg/ml. Relatively
less. grouwth was seen at 1.0 mg/ml, and hence 1.0 mg/ml
concentration of EtBr was chosen as non-growth inhibitory

concentration (Table 22),



o e

"Table 21 ¢ .Growth of G=20 at different tempsratures |
: aftor 48 hours (Optical density)

Time - -~ Tomperature (°c).
(h) | — —
30 37 39 40
o 0.042 0.041 0,040 0.041
48 0.612  0.518 0.615 0,501




‘Table 22 ¢ Growth of G-20 in tho prosence of different
, .euring agsnto

" Curing agent~b : : Concohtration : ~‘D'pt::t.t':ial dahsity

- : | : ug/ml T 0 h ~ 88°h
sDS 25 p.034 0.688

© s0 . 0.035 ' 0.694

| S 100 0.032  0.685

150 0.032 0.482

200 0.034 0;27b,

Et B¢ 0.5 °  D.0B4 0,753

| | 1.0 0.085 0,748
1.5 0.084 + 0.489

2.0 0.086 0.239

2.5 0.083 -
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4.,16% Elimination of nif characﬁer:

The parent strainkG;20>uas subjected to"cnring treat-
ments, at nonegr0uth inhibitiopy temperature and non-groufh
inhibitcryilevels of 5SDS and EtBr. The parent uaS'grOUnfin'
liguid culture in presence ofieufing,agents for 6-7 days
under stationary conditions, ' The flesks were manually
shaken 4-5 times a day for about 30 eeconds each time, En
allquot of the culture uas plated on YEMA plates and single
clones were obtained,Table 23 lists diFFerent curing treatments
given and the number of clones screened For,the expreasion of
nitrogenase act1v1ty under free living conditions against
gach treatment For.ﬁgigggigg.q;aG-ZO, The data: presented in
 Table 23 shouw that no cleone was Found to‘be 1dcking,nitrogenaee
expression under Ffee.livingbconditions.' ’

In case of bacterial systems where the frequency of
plasmid elimination is very low, serial transfer in the
presence of SDS is recommended as it results in the enrich-
ment of plasmid-cured cells, HThe wild type strain uas groun
in liquid medium containing 100 pg/ml SDS at 39°C. An ’aliquot

from this was later innculeled iﬁéto fresh medium and alloued
| to grow for 3-4 generations. The eer1a1 transfer was repeatedk
| The serial transfer was contlnued for a l;rge ‘number of
generations. At tho time of 5th, 10th and 15th transfer, an
aliquot of culture was appropriately diluted and plated to
get single clones, each of which was then tested for the

expression of -ex planta nitrogenase actlvity.



Table 23; Elimination of ex planta nitrogenase activity
in G-20 by different curing agents :

- Treatment : ‘No. of - Ex ﬁlanta
clones nitrogenase
tested negative clones

High temperaturse (39°C) 147 Nil
sps | 160 | Nil
~ EtBr 180 Nild
High temperature (39°C) + 208 - Nil

 SDS + EtBr




T QT
 No ex planta nitrogenéée‘negaﬁiye clone was.detacted
aﬁoné a total.of 307 clones scréenéa. The dafatﬂé présgntedv
in table 24, | |

4,1. 1solation and characterlzation of TnS mutants oF
‘ Rhizobium sp. G-203

Transposen Tn5 has the property af integrating randomly
in the bacterial genome, which cahvf95u1£ in a éeriQSQOf
symbibtig mutants., Great advantage of fransposén mﬁtageneSis
is that it marks the gene in uhiph it inserté.  Vari6uS'Qi£' ~‘
and nod~ mutants thus obtained mayuhelp in understandiné'bf
;‘number, étructure and location of the genes involved in
nodulation and nitrogen fixation.l
- TnS mutagenesis was carried out acCordidg to a modi?iedA‘
 _meth6d described by Selvaraj and Iyer (1983)., Patch maﬁihg
of WA 803 (PGS9) and straln G-20, was carried out and 1,860
Tn5 mutants showing (NalZS NmSS Km10§), were 1solated. But\‘
of the above, 1200 mutants were tested For the expression of
8x Elgg_a nltrogenase activity and also for nodulatlon and
- nitrogenase act1v1ty in planta. FfFour categories of mutants
were isolated (Table 25), | |

Group 1 ¢ Consisted of 0.58%20? ex planté nitrogenase

activity negative (ex ﬂiﬁE) nqdulatioh'
‘negative (nod") mutants.
Group IT1: Included 0.75% of (ex nif” nod”) mutants,

Broup 1112 Included 0.5%‘0F (ex nif* nod® Fix-)-mutants.

Group IV : Eonsisted of 1.5% of (ex nif~ nod* and fix™)



Table 243 Elimipation of ex planta nitrogénase activity
. of G-20 by serial transfer in SDS medium at
high temperature#

Serial transfer  Total No. of ‘§§ planta
clones tested nitrogenase
: negative clones

sth 86 Nil
10th . 102 Nil
15th 19 Nil

% SDS 100 mg/ml at 39°C



Table 25: Nature of Tn5 mutants

Types of muténts o # of mutants
ex nif” nad” 0,58
ex giﬁf nod~ 0.75
ex nift nod* fix” 0.50
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4.18, - In planta and ex planta nitroqenaao activity of
‘ TnS derivatives:

Tho in planta and 8x Elanta nitrogenase activity of
_eight TnS mutants is represented in Table. 26,

- In all the eight Tn5 mutants the 8% Elanta nitrogenasa
‘activity uwas Pound lousr than the parant strain, It was |
',kmaximum in t-233 (9.5) and minimum in £-165 (5.6). 1In glanta

nitrogenase activity also was low in £-163 and =251 than

‘the parent strain,uhich shouad 4.98 ARA ( u moles h 1 plant 1)~

‘ 4,19. Plasmid pattern oF TnS mutants:

To know if thé‘transpoaon mutaganaéis has caused
‘some change in the plaémid pattern of the parsnt strain;
The plasmid profile of the eight TnS mutants was checked.
The plasmid pattnrn of Tn5 mutants has baen ahoun n
in Table 27. ALl the Tns mutants shoued tuo plasmid bands
each, like the parent strain, excspt the mutant t-49 (ex nif”
-‘nod ) in which only onc placmid band wae dateatnd (Plata 3)



[}

Table 263 In planta and ex planta nitrogenase activity
: - of parents and Tn5 derivatives .

Strain Genotype o __ARA

ex‘pléntaa in planta®

. At melpme—

=49 ex nif” nod” - -
£m237 ex nif” naod” - | -
(+-233 ox pie* nod” 9.5 s
£-90 ex nif* nod” 6o -
=165 ex nif* nod* pix” 560 -
;‘t-f?zs'a © ex nif* nod* pix” 8.3 .
t=-163  ex nif” pod* fix* - - 2.18
 £-251 ex nif” nod* fix* - 3,02
parent  ex nift nod* Pix* - 38 .61 4,98
G-20 » | ‘
‘_:_g_d, = nodulatibn SO ’
ax nif = ex Elanr’bca n‘itrogqu'g? . :
Pl = &Q Blngﬂiainitxg‘géha;;"' R
a = ARA (n molaal h"1, mg érotai'n-j)
b "= ARA ( u moles h=1 plént'1) |

b .



Table 27t Plasmid pattern of Tn5 mutants

. Mutant | Plasmid bands

£=49
£=237
=233
£-90
£-165
t-264
£-163

N N N N N N N =

. te251

Parent | : - 2
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DISCUSSION -

Guar, an impotéant Kﬁarif legume of Indian arid:zona
is nodulated by rhizobia that are taxonomically grouped with
‘coupea miscellany graup (Richmpnd5 1926‘and Uilson,f1939§. o
The survey of guar growing areahas reveéisd'that tﬁe{nodu—f
iation sta£ﬁs Qith regard to natiﬁe rhizobia under field
conditions, is genérally poor. To improve the nodulation
statﬁs; it is therefore impﬁrtant,thaﬁ ef ficient Rhizobium’
cultures aré introduced as bioFertilizers.. Not much uOfk
has been‘prorted>on the physiological and gpnetic.aSpects 
of §uar rhizobia, |
| In the présent studies, guar nodules uere colledﬁéd
from different agroclimatib regions of Hérygnakénd one:
hUndred rhizoﬁial isolates usré obtained, Thése isolgtes
were 1déntified as slqu‘grpuars;(Bd isoiates) and fast
gnﬁuers (36 isolates), Fast gfouers appeared on YEMA piates
| betusen 2-4 days, while slow groueré took 5-10 days. Thié
indicateS,both'slouAand'Fast grouwing rhizobia cahfnodulata
guar. Numerous reports have so far appeared showing that» ;

an individual hpst legume can be nodulated by bath types‘of .

rhizobia (Lotus pendunculatus : Pankhurst, 1977} Viena sinesis :

Broughton and Dilworth, 1971; Glycine max 3 Keyser:gg al.,
'1982)._ These rhizobia must contain, atleast, a similar

complement of sym geneé-plus other ancillary genes required



qu.nodulation of thekparticular haost., Cross}ﬁybridization‘
- studies betuween such strains méy.éséist in idenﬁifying and.
- characterizing such éenes.__InAaddition, analysis of coﬁpohents
 present on the surface of bothhtyps§oﬁ fh12qpia‘may help~ih
detecting a common Factor required Fof nodulation,
| In order to carry out detailed studies, teﬁ>Faét\énd
:ten,slou grouing,reéresentative isolat88~uere‘chdsen; The
choice was based on the data obtained in pot house studiés'
. on guar."1301ates showing high plant dry weight ahd high
nitfpgenass aétivity wvere selectad; ‘

| . When the. fast and the slow grouiﬁg isolétas were
compared Fér the_metabdlic differsncesa clear distiﬁbtion 
was observed in barbohydrate utilizétionv(Tabla 4 and'S),v
The Fast grouéfs reSembled the clessical fast growers

like R. meliloti, R. trifolii and R, leéuminosarum*‘iﬁ‘carbon_

utilization, while the slou grouers resembledithe~8radxfﬁi-_
~zobium, The fast growers were able‘to'use a broad faﬁge of
hexoses, pentoses,ndisaccharides,>trisaccharidés énd organic
acids while slow growers had limited:ability to use divgfse
carbon sources. Differences in carban uﬁiliZation-betuaenl
fast and.slow growing rhizobia were reported by Graham (1964),
Chakrabarti st al. (1981) and Stowsrs ~° - (1985).. The
observations made ih'the present~studies are similar to
>thoseirecorded,by Bfoughtod‘ggwgl. (1984% in fast and slou '.
grouingkrhizobia belonging to coupea miscellany,gfoup.,
Intrinsic drugfrésistance iswuidely”seeh in_rhizobia}'

It probably imparts survival value to the rhizobia in natural
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, e‘nv.ifonment Drug rasistahce ‘mérkéfs: help inl strain
1dent1Ficatlon 1n acologlcal and in ganetic experimants."
vIn tha present studies also multipla drug resistance was
Aobaarved in all fast-and slow groulng RhlZOblum isolates
(Table 6 and 7). o }

Trinick (1980, 1982) obsarOed that many ?ast and slow
‘ grouing Rhizoblum sp.,display a broad host ranga, and

that some strains have the capacity GVen to nodulata the

non-legume para5ponla andersonili(Trlnlck and Galbraith,>'
1980). |

fduring the present invastigaﬁiohs,kit was obaérvad that
uhen tested for nodulation on_diFFafent‘cropsi"both slou and
tFastvprouing rhizobia exhibited a brdad host range and nodu-
lated guar, pigeonpaa;'mungbeah,'ufdbeaﬁ and ricebaap but ‘
not soybean and Chickpéa;' Ampnq slpm grcuing rhizobial
strains (Table 8) G- 4 6-5, G=11 and G-18 showed unlformly
good performance on all the five host crops; and among fast
Qrouers (Tabla 9) G- 9, G-20 and G- 28 were Found better Por
all the crops tested, Strains shou1ng wvide hqst range can
prove usa?ul(in studying.vapious“aapacta of nodula‘develop-"
ment such as idantiFying differsnt'ataps incurred and number
of plant genes involved in the devalopment. Tha npdulas
formed on ricebean uere very small uhlle those formed .on
gua; and pigeonpea were large. Detailed comparisvpns oF the
~nodulins (Uafma EEQEA'! 19é1) they contain must prove usaFul.
- Since theadiscovery‘byyfiva indapahdaht'prbups'of

workers that some rhizobia‘exprass nierogenasa activity on
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deFined laboratory media in the aboence of plant host
'(Keister, 1975; Kurz and LaRue, 1975 Mc Comb et al., 1975;
Pagan et al., 1975; TJepkema and Evane, 1975), many reports
‘have appeared on the BXpre331on of ex glanta nitrogenase‘
-activity. ~ These StUdlBS are malnly on slou grou1ng strains
uhlch shou free living nltrogen Fixation under deFined
cultural conditionS. Attempts to extend derepression of
nitrogenase.to,other‘rhizobia haveilargely proved :afractory
(Mohapatra and Gresshoff, 1983)4 most of the strains shouing
‘Bex glanta nltrogenase belong to R, Jagonicum and slou grou1ng
--coupea stralns. Also, highly SpeCiFic and regulated condltl-
| ons are reported to be requ1red For its expression. Although

the Condltlons were standardized For coupea strain 32H1 and

some RhlZDblum Japonicum strains For.the ex. Elanta nitrogenase

'act1V1ty, many other strains could not be derepressed Reports
on the plesence oF BX Eléﬂii nitrogenase actlvity in fast
groulng'rhlzobla are very limlted;and only recentv(D:eyFus
et g_.; 1983 ; Bender g&lél.,.1986; Ufban et al., 1986),

During the coufse of present studies all the'ten slouvv
grouing isolates tested showed ex Elﬂﬂﬁi nltrogenasa activ1ty
on nitrogenase inductlon medium (NIM), A1l the available
fast growers were tested for the activity, but only tuo ivo-
lates G-73 and’ G-ZU‘expreesed free 1living acetylene reduction
aetivity.‘bThe,actiVity uasgalso'veryihigh as compared‘to;
that seen in slou groeing isolates (Table 10).

The‘reason for not observing the ex planta nitrogenase:

activity in other fast grouing isolatee may be that the
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‘conditions werse not'dptimalrﬁofrthé dgrepfeséicn of nitro;/
genase in these isolaﬁes. Gibson st al. (1976), Pankhurst
(1981) and Kaneshiro and Kurtzman.(1982) have reported that
the requirements for-thg,exprgssion of ex planta nitrogenase
in Rhizobium strains'afe,diﬁfereqt. Alternatively, the .
derepreSsion of nitrogenase‘in-thegiaporatory culﬁures may .
bé.under genetic control and it may bg straih specific as
proposed by Mohapétra and Gresshoff (1983).

All the classical Fasﬁvgrouing rhizobia (R. ﬂgliioti,A

- R. leguminosarum, R. trifolii, R. Eﬂgggglg)_have/baenishdwn

" to contain plasmids (Prakash st gl;, jgaj;ﬂﬁ% Banfalvi gi‘gl.,
'1981); The fast grouing rhizobia infgcﬁing soybeéns and

t couwpea miscellany plants resembie the, clessital Fast~groﬁiﬁg
rhizobial species in regard to presence Gf plasmids as well
‘as location of pod and nif genes (Ma§¢;rson et al., 19823
Sadousky et al., 1983; Broughton et al., 1984; Prakash and
- Atherly, 19843 Applebaum gg;g;.,71985b)° Dufing the prasent'.
studies, 1-3 plasmids were observed in Fast growing isolates
of rhizobia. lﬁghﬁ slow growing isolates~shoued(1-2 plasm;ds

but two others did not harbour any (Table 1), Bradyrhizobium

have not always been-foqnd;to harbouriplasmids;gyggestinq
that the genes controlling nodulation‘ahd nitrogen'Fixaﬁidn
might be located on the cﬁrombsoma; DNA (Cantreil gE al.,
1982;3ag§dish and Szalay, 1984;;Hahna§ke.33‘gl., 19853
Noti et al., 1985)., ‘

All detziled physiological ana genetic sthieé uéra

carried out on a fast growing Rhizobium isolate G-20 which
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in addition to expressing gﬁrglanté nitrogenase activity showed
kanamYCin'and neomycin sensitivity: thus making'it‘suitéble
for Tn5 mutagenesis as welly | | o
when G~20 was spread;on,yeasﬁ extfact mannitol agar
plates it qave rise‘tovlarge and small colonies and also
islimy and.mucoid dolonies.: The slimy and mucoid colonises
differed in certain charactefistics (Table 12). Such'colo-
niZal variation is reported to occur in almost all'cuitUres
of slou growing rhizobia and ués seen when fha cultures were .
spread on media plates containing sugar or sugar derivatives
. (Agarwal and Kéistér, 1983). On repieated isolation and
 rapla£ing, most of R. japonicum coleny types weTe found.bo
" be unstable and gave rise to another population., The deri=-
~vatives isolated by Kuykendall and ‘Elkan (1976) and Upchurch
and Elkan (1977) uere,houéver; stable in gL,jagonicum.' In
fast growing SpECiBSAaiSO'thB Coloni:al variation was
reborted by Bender gt al. (1986) uho‘bbsenvéd two colony
tybes in pigeonpea isolate IHP1UD; w _
Both slimy G-20(S) and mucoid G—ZO(N)kcdldny types
were selected to see the ePfect of differsnt Factors on 
g& planta hitrogenase activity., The expression of‘gﬁ planta
nitrogenase activity was observed on different-media agar
slopes or liguid cultures inéubated on shakar, Iqterestinély,
leZD showed ex planta mitrogenase activity on simple'YENA 
slants and YEM liquid cultu%é. No specific regulated
conditions of cell density (Keiéter and Evans, 1976) of’
control of gaseous étmosphgre was required (Agarwal and
Keister, 1983; Dreyfus st al., 1983). No such results have

so far been reported,
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Slimy colony type expressed high level oF‘gi glanta“
_knitrogehasé actiVity as compared to its mucoid counterpar£.‘
The activity was more on nitrogenase:iﬁduétién médiuﬁ\than
yeést extract mannitol agar ﬁedium.“?Also, in all experiments
ﬁhe activity was low in liquid qulfuresas compared to agar
slopes (Tables 13 and 14). |
| Production df Epé iS é chéradferiétic'of many ﬁitr&ée%

fixing bacteria., It is possiblé that EPS produdtion'is related
to derepression of nitrogenasé.“Kuri and LaRue‘(1975),'Pagah
- gg al, (1975)'andféahkhurst and créig'(1979) pfoposgg that the

: mucoid materiai‘produced by rhizobia miéht aid hitrogenasé\

'acﬁivity by lowering the speed of bxygéﬁ transfer., ‘Wilcockson
and Werner (1978) coﬁld,establish no“claar.correlation.betmeen
EPS and acetylene redQction. In isoiaté G-20, a negative
correlation was observed between EPS éﬁdknitroganase'activity} N
Upchurch and Elkan (1977) also'fouhd a‘recipropal correlation
between the tuo. InveVery case they studied, the Stfaih uith
less EPS developed'mqre gx glanta acetylene redqcéion'than
did the strain uith‘high content of. EPS, Similar results
were obtained by Agarwal and Keistér (1983) in 39 original
isolates of &.'jagonicum. The reciprocal relationship observed
4during_tﬁe present studies caﬁ~be explained by. the fact that
both nitrogen fixation and EPS synthésis demand cellular
enérgy and under miéroéerobic conditibns necessary for the
synthesis and eXpression~oF‘nitrogenase, chteria are'energy

limited, The available ATP may be dirscted towards the

synthesis of EPS instdad. of nitrogenase,
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. Higher egtiuity‘observed on nitrogeﬁase‘inqqction medium
could be attributedito the ﬁresencé ofjhalate,/inositél?‘
micronutrients and vitamins uhiéh‘are not present in the
yeast extra¢t ﬁannitol mndium‘j Nitroqenase'indubtion medium
being a rich mpdlum compared to YENA, ex 9 anta nltrogenase
.actlv1ty is hlgher in the Former medium.
| Ex Elanta nltrogenase act1v1ty is found to be more on'
agar Slopes than in liquid culture. Pankhurst and Cralg
(1978) reported that in the solid medium there is protectlon
from oxygen. The upper layer of cells do not synthesize
nitfogenase, Cells pfesent'in louer stratd are protected
from gxygen effect and hence fix nitrogen. Althqugh,in liquid .
‘mediag,nitrogenase activity,is subject to Bxygen éFFébt due
to continousvshaking; : reSpiratory pfofecﬁivé'mechanism"
can ‘operate due to high cell: rBSplration thereby allowing :
some nitrogenase~acu1vity. Bergersen and Tuner (1976) observed
such '02 shocki eFFect ih‘chemqstat qultures of‘ﬂﬁizobium»Sp.
strain 32H1. fhe maximum éctivity was ébserﬁed at 35°C,

Below and above this teﬁpereture the activity was iou. Altﬁough,‘
grouth was seen at 45 C, very little act1v1ty was observed.
(Table 15 and 16). Capa01ty of G-20 to;expressﬂgi Elanta-'
nltrogenase activity at high témperature is probébiy‘bebausé'
of the fact that guar rhiiobia'are adapted to conditions of
higﬁ.témperature. High tempefatura-is bréValent during summer'
Séaéon when sowing of gquar is generallyidohe. Nitrogénésé ofr

\
\

Azotobacter ,Clostridium and Bacillus are also Stablé‘ét

50-60°C (Burns and 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’

prbbably not expressed as reported by Hennecke and Shanmugam

- (1979) in Klebsiella Pneumgniae.
Pédkhurst’apd Craig (1978) observed that increasing

the incubation temperaturs of Rhizobium strain 32H1 decreased
or inhibited the nitrogenase activity and that this uas dug?
‘to the disruption of spescialized cells expressing nitfogenasa
activity, This uwas analogous to the disruptian of‘bacteroid
: development in clover nodules at hlgh temperature (Pankhurst

and Gibson, 1973) Detailed studies on.protelns and ultras-
Ltructure of cells are needed, undef conditions of nitrogen
Fixatidn, to come to definite conclﬁsion'on £he ePFact;of
temperature on ex planta nitrogenase aciiViﬁY.

Contradictory reports are ﬁressﬁt in the 1iterétu§e'oﬁ

| fhe effect of ammonium on sx planta niﬁroganqgé activityfx
Effect of ammonium on nitnogenase activityﬁié strain specific..
It'is~further aﬁfécted by type_of‘cé;bon';ources, oxygen‘levelg,
culture regime and presence of other nitrogenous‘compcunds.
| (Mohapatra and Gresshoff, 1983) | Amhoﬁium is found to inhibit
ex Eii_ta nitrogenass actlvity in G-20 but favoured grouth
(Table 17). These results are similar to those observed
by Pankhurst and Craig (1978) who Found that increase in
nitrogen conient of msdia represséd,nitrogenase‘activity and
stimulated growth, Keiéte; and Ranga Rao (1977)‘ob8ér0éd
that nitrogenasé aétivity was slightly repressed by NH4+ but

they attributed it to metabolic effect rather than repression.
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Experiméntal evidence has been presented by some
Qorkers to implicate the role of glugamine synthetase (Gs)
in ammonia assimilation in Rhizobium, Luduig and Signer

(1977) Found glutamine auxotrcphs oF RhlZDblUm strain 32H1

Falled to derepress synthesis oF nitrogenasa both in culture
and in E_EQEEf Reversion to prototrophy 81mul$aneously
recoveréd nitrogenase‘derepressinn_ébility. ‘Whether |
inhibition of ex E&gﬁ&g,nitrogenéseiéetivity;is due to
‘repressign orvsimpiy modulatioh of the éctiyity; can be .
pévealed'bnly by further studies on?poiypEptide syqfhééis
in the presencé of ammonia, )

| Nitréte was stimulatory at lowsr concentrations but
highqr co&dentrations inhibited the‘gi Qlanta-nitrogeﬁase
activity (Table 18). It is probable tholnitrate is used as
terminal electron acceptor in place oF oxygen, leading to
favourable growth. (Pankhurst 1981) but at hlghar concen-
trations it 1nh1b1ts nltrogenase actLV1ty by probably
5u1tch1ng of f nif operon, as nltrogen fixation in the
présence dF»a nitrogen source is ehérgy expensiVe.‘ngu
levels of KNDK uerse found benaFicial For in glanta nitrogenase
act1v1ty also(Mand and Chahal, 1987)

~The effect of yeast extract was also analogous to the

effect of nitratse, low levels being stlmulatory to the
nltrogenase\actlylty. nghest nltrogen leatlon was seen J-,
0.5 g/l yeast éxtract'concentrat;on (Table 49). The Stl-
leation of nitrogenase acﬁivity boqla be due £o tha availabi;‘A

lity of growth factors, rare carbonisources and nitrogen

)



102

‘sources that promote growth without inhibiting acetylene
reduction. Inhibition of nitroqénése activity at higher

concentrat10n~ could be due to 1m1no acxd%. Tﬁe‘intrace]]ular

N FC e - 3 W, ) R .

pool of amino 3cid& cause represslon of nitrogenase actlvlty
due to relesse of ammonis From them (Rennie, 1981, Das
.and Mishra, 1982)

For the expfeésion oFlgi Elaﬁta hitrogéngse‘éctiVity
a source o% cdmbinéd’nitrogéﬁ'iS rgquired in:thé medium '
:.Uhich sﬁpports tHelgromth dF Bﬂilﬂéiﬁﬁ' To daﬁé, the}e are.
only tuo repbrté of PEBQ—liVing'nifrogen Fikation without
cqmbinéd nitrbgen source. !Dfeyfus et gl}f(1983) isolated
 afEﬁEZEEiEﬂ straiﬁ Ffoh stem Hadules”bf tﬁé leghmé (55522223
fbstraig)uhicﬁ‘is'able to gfoo on aﬁmOSpheric’hitrogeﬁ(Nz)‘
. ‘as the scle nitrogen source, VUrbénaet'ai. (1986) shoméd

'that strain 0403 From RhlZDblum tr1F0111 is able to Qrou

" without combined nitrogen. - ;’/i‘ T R
‘Interestingly, the'RhizObiUm‘iSOlafe G-20 is able to

grow and fix 'nitrogen in modified Burk's nitrogen free medlum.

(Table 20). when Burk's medium containdng sucrose as carban

‘source was used G-20 showed a slight growth on 1t, but on

médifiéd Burkt's hedium‘ih'uhicﬁ sucrose is sUbstitu£ed with ”

either mannitql or Ta1ata, G-20 gréQ‘beééér aha expressed

‘better ex Elanté‘nitrdgehasevaCfivity;v High aétiyity: |

was oﬁserved on agar-slobes and‘liqﬁiﬂucuituress‘ morEOVer;

no control oF gassous atmOSphare as. reported by Dreﬁus g& al.

‘ (1983) or- treatment of cells with succinate or other nutrlents
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for the 1nduetlon oF nitrogénase in nltroqen Free medlum
 (Urban._§ al., 1986) was necessaryo“

N Plésmid‘cured deerdthBS have béen obtained‘by” -
' arowth at elevated £émparatufés.(Zbrkouski-and Lquie@icz,'
,1979) ﬁr in_ethidium bromide or SDé (Dunicén ahd Cannon

19713 Zurkouwski _E al., i973)‘ The plasmld cunlng -agents
when employed 31ngly or in comblnatlon dld not yleld ‘any ©
nif derivatives (Tabl= 21) Serial transfer in SODS at high
temperaturp Spannlng many generatlonsuas done but ‘no an
-~ clone could be obtained (Table 22).
| "‘The‘feéulté of the present study indicate that either
" the genes For‘nitrogeb fiXétiOn'afe borhe'oh the'bhrdmosome
in Rhizggigm isolate G-20, like many(cla351cal slou grouers

(Cantrell’ at al., 1982 and Not1 et a1.,‘1985) or the plasmlds
’do not carry nif and nod detarmlnants (Masterson et al.,

1982 and- Masterson et a _l.,f1985)°f Alternatlvely, Qiﬁ genes
may be located on a megaplasﬁid vhich could ﬁoﬁ be_cured,bxy
the above methods. For definite conclusions detailed studies
such as involving DNAhhybridization ére nécessafy.Vk

| DUrlng the present studies, transposon. mutagene51s of
'Rhlzoblum isolate G-20 led to ‘the isolatlon oF symblotic
mutants, After Screenlng tuelve hundred pu tatlve Tn5 mutants,
ﬁor’gz Elanta nltrogenase act1V1ty, for nodulatlon and in

E}anta.nltrogenase act1v1ty (Table 23) " . four categorles

of mutants have been obk elnod v1z,, ex nlf nod”, ex nif* nod”

—— ——— )

P IS SR C. C g+
ex nif nnd fix , ex n;? nod Fix
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Thé’gi nif” nod* Fix* derivatives uhich uere gi'pianta nif'
but‘oould form noddles.and fix nitrogen in*Elgggg do riot.
seem to be deFectlve in the structural genes for nitrogenase,
' It 18 llkely that these were regulatory mutdnts daFectlve

in a gene uwhose product is required for the 8x Elanta expre-
ssion onnltrogenase. One such gens product (a 15 Kd respl—
'ratory regulatory proteln) has been 1dent1F18d recently in
‘case of ﬂ. japonicum .mutants which are incapable of lelng

! niérogenvunder_gﬁglgggg conditions (Hennerke et al., 1985).

The derivatives ex nirt nod+r?ix-'again may bé mutants

ldefectiue in. regulatory genes oF nitrogen fixation but not bhe
struotural genes, as these could le nitrogen ax Eliﬂii:‘bqt
not in lanta, Alternatlvely, the control of nltrogonase
.activlty.ig vitro and ;E:E;gggg'cquld be diFForont. (cen

et al., 1982). Unlike the nodules from plants: inoculated
uith parent strain,‘the nodules from the plongs inoculated
with these Tn5 mutents were small andlpalelA This indioates
that the inserted Tn5 has caused dofect'in the génes asso- -:‘ .
ciated with heme synthosiS. Maier and Brill (1976) obtaineo

a mutanf strain of R. jagooicum which oroduces small ineffe-
ctive nodules lacking leghaemoglobin and incapable 'of fixing
‘nitrogen. However, the same strain could be induced to fix
nitrogen in culture, Isoletion of To5 muﬁanté which are ex
nif* nod” indicates that the transpason is inserted in the

nodulation genes, giving rise to nod phenotypse.

nod

‘

Tho‘ arent G-20 showed tuo plasmids while an _5 ni

mutant 1-49 showed only one plasmid (Table 27). The ex nif~ no

-
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mutant't—dg may represent a cured derivative due ﬁokthe
’insertion of Tn5 in the.repliCOh oé the éym plasmid carrying
-Qiﬁ‘and nod genes, Alternatively,‘ﬁhe transposbn'got inserted-
'i” the region of nif and nod genes, which indiqétes, they'are
closely linked (Long et al., 1982; Banfalvi st al., 1983;
Broughton et al., 1964);‘ txamination‘of the mutants with
current molecular bioloéy tachniqué_should enable an analysis
| of the bacterial genes involved in hodulatidn and nitrogen‘ :

fixation.



SUMMARY

Guar is a drought tolerant CPOP:UidQlY_CUltiVatEd in
.knorth-mest India. It is an ecqhohiééily important crop and
| is groun.for gum3‘gfain,,Qégetéblé4andkfodder‘pq:poseg.
 Guar is'ﬁodulatedkby Rhizgbium strainsibelbnging tovcoupea
miscellany grqup./‘The nodulatidn'sﬁatusiof this‘crop‘isw
fpbor, Also, gem:;tic,~ physiclogical aﬁdrbiochemicél‘basis‘
ﬁerfaihiné ta niérogén fikation, n6duiation_and cross
inFeétivity_in guar rhizobia is not knoun.‘iThe,preseﬁt
§tydies'Qere‘aimad“attidentiFying best nodulating and.
-éfFiéiént st:ains and qa:ryiqg;out'Studies}on the éhys?blogy
. éhd‘genétig make up of the_impbrtant'iSQlates.,
During fhe course of presént study, 64 leV_QrOUihQJ
and 36.Faét gfouing=rhizobia were isolated From nbdulés
collected From guar grou1ng areas 1n Haryana state.i Fgf
Further studles ten of each slow and:ﬁaqt.groulng‘;solapegf:{
‘uere selected on the basis'oﬁ'eﬁﬁiciency;ahd best nodulation
on'guar plants. All exhibited a multiple antibiotic resistance
pattern. A broad dlstlnctlon was obberved optueen Fast and
slou growlng 1solates 1n the abllzty to use dJFFercnt carbon‘
kooulce;. All the 1Solates had a wide h0at _range and nodulated "
guar, pigeonpeea, mqngbean, urdbean and ricebean, butknot_SQVbe;ﬁ
‘and chickpea, | |
The isolates were tested for ex Eiiﬂ&é nitnggnaéé
activity.i All slow growing isolateskexpfaséed:arlopiievel_gF
ex Q___ta nltrcge ase aCt1V1ty. Amond fast grouers‘tUO

(G 20, G=- 73) isclates expressed a hlgh level of ex glanta
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nitrogenése éctivity.,‘Spo growing isolates showed 0-2
'plasmids while fast growing isdlaies shoued 1-3_plasmids;

One of the Faét grouing EﬁizobiUm isolates, GQZO,
’expressed high levels of ex planta ni£rqgenase activity”in
liquid culture and agar slopes of both nitrogenase ;nductidnl
medium and yeast extract mannitol medium; Nq Speéific regulated
conditions were required, No Suéhfreporchaé éppéared in 
BDiZEElEﬂ'SO,éar' The maximum ex Eléﬁiﬂ nitrogeﬁase activity 
was obsérved at 359C._ Ammonium chloride depregsed the nitroge-
ﬁa#e activity even at low concentrations ( 1 hm). Louen'ddses
of potassium nitrate’(ﬁ-Z,mM) accelerated~the gﬁlgiéﬂggy
_nitrogenase activity,:nitrége;probably acting as tefminal
electron acceptor under the microaerobic,conditionS. In
. case of yeast extﬁact mannitol medium, yeast extract at the:
COnCEntration<0F 0.5 g/i uasvfouhd,optimum. G-20 aléo
expressed ex planta nltrogenase act1u1ty on modified Burk's
,nltrogen free medium requ1r1ng no SpBClFlC regulated conditlons
in both liguid culture and on’aggr slopes.

TnS mutagenesis of G-20 led to the isolation of four

~types of mutants namely, (ex niF—nod+Fix+);‘(gi'nif+nod+Fix;),
(ex nif" pod”) and (ex Qiﬁfyggg-);‘They are either structufél_ ‘.
or regulatory mutants and indicats that the control of ex planta
and in planta nitrogena;é activities is difFereﬁt. All.sym—’ f:
biotic mutants showed two plasmids like the parent Stfain,
except mutant T-49 in which one plasmid:uas’bbserVed.‘

-~

Curing was attempted by dsing 50s, Ethidium bromide and

high temperature but no gf\planta,nif negative derivati&e‘uas‘
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'obtained.. The results indicate that nif and.ggg'génés,ére,
probably borne on a megéplaémid’uhiéhfis not‘curable. _Alter—
nétively; they may be iocated on the chromosome.,

| ~ The Rhizobium isolate c-zo‘occupiés a‘unique pos:tibn
among:rhiiobia. ~ItbhaS-§helaPility to reduce acetyienevin
liquid. as well as in agar médium in'a_mahéerlsimilér-to that

of Brédyrhiioﬁium. Further,. as reported in strain ORS 571 -

from stem nodules of Sesbania rostrata. and " Rhizobium

trifolii 0403, it,can‘grou vithout combined nitrogen. Further
studies on it can help in’understanding‘nitrogen fixation = - .

'

under free living and symbiotic conditions,
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(An abstract of the dissertation submitted to Haryana
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Sixty-four slow growing and thirty-six fast’growing
- rhizobia were isolated from nodules collected from field
grown guar plants in Haryana State. For further studies,
ten each of slou and fast growing isolates were sslected

. on the basis of efficiency and best nodulation on ggar

~plants, All isolates exhibited multiple antibiotic

- resistance pattern. Compared to slow grouers, fast grouers
used a broad range of carbohydrates, In addition to gquar,
all isolates nodulated pigeonpesa, mungbean, urdbean and
ricebean but not soybean and chickpea. All slouw growers
expressed a low level of ex planta nitrogenases activity.

. 0nly tuwo of the fast growsrs (G-20, G-73) expressed a
high level of ex planta nitrogenass activity. Slow grouing
isolates showed 0 to 2 plasmids as compared to 1 to 3rof
the fast grouers° R : '

. G- 20 BXprBSSSd high ax - Q}gnta nitrogenase activity
on nitrogenase induction medium, yeast extract’ mannitol
medium and modified Burk'!s nitrogem free medium, The

.activity was seen on solid as well as liquid medium,

In case of yeast extract mannitol medium, the optimal

- concentration of geast extract was 0.5 g/l. The activity

- was maximum at 35 Ammonium chloride depressed the-
activity even at lou 1evels, but KNO3 stlmulated the

" activity at louw levsls,

No ex planta nif vderivatlves were obtained after
curlng with SDS, ethicium bromide and high temperature.

Tn5 mutagenesis of G 20 led to the isolation of ex
_ nif nod+F1x ex nif* nod*fix*, ex nif* nod  and ex nl?‘__g
" symbiotic mutantS.‘ AlT mutants Showed tuo plasmids like th
parent strain except tgag which showed only one plasmid,




