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CHAPTER - I 

IN·TRODUCTlON 



INTRODUCTION 

Bacteria of the genus Azospirillum are free living 

diazotrophs that have been isolated from the rhizosphere and· 

roots of forage and grain grasses. It is suggested that bio-

logical nitrogen fixation by Azospirillum species· in associat-

ion with the cereal roots may contribute significant amounts . . 

of nitrogen to plant growth. However, results from field 

experiments carried out since 1975 have led to the conclusion 

that Azospirillum spp. promote plant growth only uoder low 

fertility conditions and that the net beneficial effect observed 

by Azospirillum inoculation is the result of many other properties 

in addition .to nitrd~~~ fi~ation. 
. . 

In recent years, a number of studies have been carried 

out to· understand and improve the beneficial effects of, 

Azospirillum applic~tion. To improve the process, however, a 

detailed knowledge of ·the bacterium is essential. So far little 

is known about the genetic organisation of this bacterium or. 

molecular biology of its association with plants, Mutants 

impaired in nitrogenase activi~y by site directed transposon 

mutagenesis have been developed ~!lowing a study of the nif genes 

in Azospirillum spp. A major difficulty in unders~anding.the 

genetics of Azospirillum spp. is the lack of a suitable system 

for transposon mutagenesis li~e that applied to the genetic 

analysis of Rhizobium and Pseudomonas spp._ 
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Azospirillum spp. contain plasmids of varying number and 

sizes. The number of such plasmids has been found to vary with­

in a species. These plasmids in Azospirillum may confer 

resistance to various antibiotics and heavy metals. In addition,· 

it is ·likely that they may also be involved ih nitrogen fixation, 

.hydrogen. oxidation production of grCMth promoting substances etc., 

all properties associated with this bacterium. So far, however,. 

none of these characterstics has been localized on any of the 

plasmids except in Azospirillum brasilense strain ATCC 29710 

in which carbenicillin resistance has been shown tb be as~ociated 

with the plasmid. This study was aimed at a better understnading 

of the nature of plasmids in this bacterium in order to improve 

it with respect to its various beneficial activities. 



CHAPTER - II 

REVIEW OF LITERATURE 



REVIEW OF LITERATURE 

5 i n c e t h·e f i r s t r e p o r t b y D a b e r e i n e r a n d D a y ( 1 9 7 6 ) 

that azospirilla can fix atmospheric nitrogen in association 

with the roots of grasses, nitrogen fixation in tropical grass 

bacterial associations has ·now been well established (Pedresen 

et al., 1978; Nur et al., 1980; Dobereiner and Baldani, 1981; 
' 

Haahtela et al., 1981; Hegazi et al., 1981 and Baldani et al., 

1983). Amongst the various associative diazotrophs reported 
\ 

till date, Azopsirillum species (Table-1) have been of consider-

able importance and are thought to be major organisms responsible 

for nitrogen fixation in the roots of cereals and grasses 

( Do b e r e i rre r a n d Day , 1 9 7-a ) •. r u r t h e r , am o n g t h e b a c t e r i a t h a t, 

are able to fix nitrogen in free l{ving conditions azospirilla 

d i s p 1 a y t h e m a x i m.u m n i t r o g e n a s e a c t i v i t y . As a r e s u 1 t o f _ t t:l i s 

consideiable interest has been displ~yed in understanding this 

organism and this is testified by the large number of papers 

and reviews published on this subject (Klingmi..iller, 1982, 1983, 
\ 

1985; Okon, 19~5). Other beneficial effects of Azospirillum are 

promotion of root hair development and root branqhing (Tien.et al .. 

1979; Patriquin et al., 1983), increase in dry·matter and 

mineral accumulation in plant parts (Kapulnik et al., 1983; 

.Sarig et al., 1984) and improvement of water status of the 

plant (Okon, 1984). 

The morphological and physiological characteristics of 

the genus Spirillum described by Dobereine~ and Day (1976) 

agree with th~ description of Spirillum lipofer~m (Beijerinck, 
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1925) summarized in Bergey's Manual (Kreig and Dobereiner, 

1984). Kreig (1977) observed that the DNA base composition· 

of eleven ~.lipoferum isolates was 69-71 moles % G + C, a 

value much higher than the average 38% found in the members of 

the genus Spirillum and he suggested the generic name Azospirillum 

Consequently, Tarrand et ai. (1978) defined the Azospirillum 

genus and two species A.brasilense and ~· lipoferum. Subsequently) 

two more species viz. A.amazonense and A. halopraefrans were 
.• 

isolated (Magalhaes et al., 1983; Dobereiner, 1981). 

Azospirillum species are aerobic, Gram negative bacteria, 

curved rods with a polar flagellum and contain globules of 

poly-~-hydroxybutyrate. The demonstration of high nitrogen 

fix!ng ability by the orga~ism isolated from ~igitaria roots 

when low corycentrati·b~· of energy sources and semisolid media 

were used (Dobereiner and Day, 1976), brought this organ~sm 

into the forefront among free-living nitrogen fixing· bacteria, 

,Azospirilla are capable of using a very wide variety of 

carbon and energy sou~ces for grow~h on NH 3 ar N2 . Azospirillum 

brasilense preferentially utilizes organic acids such as malate, 

succinate, gluconate ,lact~te and pyruvate but also grows· 

satisfactori~y on sugars such as galactose, arabin~se and fructose 

~, 1 i p o f e rum u t i 1 i z e s g 1 u cos e w hi 1 e ~. amazon ens e can a 1 so use 

sucrose (Burris et al., 1978; Dobereiner, 1983; Dei-Gallo et al., 

1984). It has been shown by Del-Galla et al (1984) that A . . 
brasilense and ~- lipoferum posess all the enzymes of the Embden­

Meyerhoff-Parnas Pathway and of the TCA cy9le·. Both species po~es 
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all the enzymes of the. Entner-Doudoroff Pathway (Westby et al., 

1983; Del-Galla et al., 1984). These enzym~s are however 

induced only by growth in the presence of gluconate. Oxidative 

hexose monophosphate pathway was not operative in these organisms~ 

Similar results have been reported for A. brasilense Sp 7 by Westby 

et al. (1983). 

A.brasilense Cd is reported to respond che~otacticalry to 

a wide variety of amino acids, sugars and organic acids (Barak et 

al., 1983). These observations were made using a chemotactic 

assay under conditions that prevented aerotaxis (Barak et al., 
: --

1 9 8 3 ) • A e r o t a x i s w h en me a s u r e d b y t h ~ c a p i 11 a r y .me t h o d w a s 

found to mask chemotaxis of Azospirillum to•attractants (Barak 

et al., 1983). 

When grown on N2 at low p0 2 , A.brasilense synthesizes poly­

~-hydroxybuty~ate (PHS) which comprises about 30% of the cell dry 

weight. In cells grown under high p0
2 

and in the presence of 

NH 4Cl, PHS ?onstitutes less than 1% of the cell weigh~ (Burris 

et al;, 1978). Since bacteria containing large amounts of PHS 

are found to be more resi~t~nt to high temperatures, drying or 

radiation and osmotic shock (Okon, 1985), the presence of this 

chemical in. this organism may have a role in thei~ ability to 

survive in soil. 

The ability of Azospirillum to be chemotactically 

attracted to utilize carbon and energy sources present at low 

concentrations in the rhizosphere efficiently, as well as its 

ability to store caruo·n a-A-d energy as PHS makes this organism 

a good candidate for adaptation and colonization of -the 

rhizosphere. 
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2.1 Nitrogen metabolism 

Azospirilla adapt to the constantly changing nutritional 

conditions in the rhizosphere by their capacity for ni~rogen . 

fixation, assimilatory NO) reduction, respiratory reduction of 

NO} to NOZ, N2o or N2 and nitrate dependent N2 fixation (Bothe 

et al., 1983; Dobereiner, 1983). In nitrogen free semi-solid 

medium, Azospirillum behaves as a typical micro-aerobic organism 

and forms a pellicle below the surface (Dobereiner and Day, 1976; 

Barak et al., 1982). Azospirillum is also capable of growth under 

fully aerobic conditions in the presence of combined nitrogen. 

Under steady state growth conditions in a chemostat, the protein 

content, succinate oxidase and superoxide dismutase activities 6f 

A.brasilense Cd cells increased sharply as compared to the . 

respective activities detected in cell extracts under low dissolved 

o x y g e n t ens i o n ( d . o • t . ) ( N u r e t al . , 1 9 8 2 ) • U n d err hi g h d • o . t • 

Azospirilla tend to clump (Nur et al., 1
1981). A. brasilense Cd 

readily adapted in the chemostat to intermediate d.o.t. le;eis 

by producing red carotenoids (Nur et al., 1981; Nur et al., 1982). 

This observation has been confirmed by using mutants of A. 

brasilense Sp7 a~d Cd that do not prodyce carotenoids Hartmann 

et al., 1983 , suggested that carotenoids perhaps. protect 

Azospirillum growth and nitrogen fixation under certain oxygen 

stress conditions. 

Azospirillum grows well under very low d.o.t. In the 

presence of unlimited carbon supply, excess reductant is disposed 

off by synthesis of yery large amounts of PHS (Okon, 1985). Under 

these conditions (d.o.t. 005- 0.01) the cells produce less 

c.arotenoids, ( Nur et al., 1982) and express nitrogenase ~ctivity 
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and g raw in N- free medium ( Burris e t a 1 . , 1 9 7 7 ; B.u r r is e t a 1 . , 1 9 7 8 ) . 

The nitrogenase in Azospirillum brasilense has been studied by 

Ludden et a1.(1978). In order to obtain the nitrogenase components: 

the organism was cultured in a chemostat under oxygen pontrolled 

conditions (Okon et al., 1977; Ludden et al., 1978; Pedrosa 

and Yates, 1984). Properties of the nitrogenase complex are 

similar to those found in other nitrogen fixing bacteria (Ludden· 

et al., 1978). The partially purified nitrogenase enzyme 

cont~ined the normal Mo-fe and fe proteins as well as the 

activating factor of fe protein (Ludden et al., 1978). Using 

antisera prepared against K· pneumoniae Mo-Fe and Fe proteins, 

cross reacting material w~s precipitated from nitrogen fixing 

cultures of .A.br.asil'E~~~'se Sp7 (Ludde'n et al.·~ 1978).· Molecular 

weights of the polypeptides· after SDS gel electrophoresis were· 

·estimated to be 60,000 and 64,000 for the Mo-Fe protei~ and 

33,000 and 36,000 for Fe protein (Nair et al., 1983), which agrees' 

clearly with the values for these proteins re~orted fa~ other 

organisms. These polypeptides are not detected in. cells •grown 

in ammonia or under aerobic conditions. 

2.2 Hydrogen metabolism 

In Azospiri~lum, like in other diazotroph~, hydro~en 

evolution .is intrinsically associated with nTlrogen: fixatipn 
. . 

in an irreversible, energy dependent reaction catalysed by 

nitrogenase (Chan et al., 1980). In other aerobic nitrogen 

fixing bacteria such as Rhizobium and Azotobacter, the hydrogen 

evolved is recycled by an uptake hydrogenase (Smith et al., 

1976; Bothe et al., 1977; Dixon, 1978). In Azospir.illum 

brasilense Sp7, a high uptake hydrogenase activity has been 
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reported (Berlier ,and Lespinat, 1980; Chan et al., 1980; Kundu 

and Tauro, 1985; Gupta, 1987). 
' 

Chan et al. (1980) showed that hydrogen evolution in 

nitrogen fixing ~.brasilense was presumably_mediated by 

nitrogenase. However, hydrogen evolution was not detect~d in 

cultures growri in an inert atmosphere when nitrogenase mediated 

hydrogen production would be expected to be highest, suggesting 

the presence of an efficient uptake hydrogenase capable of oxidiz-

ing hydrogen at a rate equivalent to'its rate of maximal production. 

This uptake hydrogenase was found to be stimulated by lQW levels 

of carbon sources (Pedrosa et al., 1980). . --
An enhancement of uptake hydrogenase in A.chroococcum 

under carbon limiting conditions has been reported (Maier et.al., 

1978; Walker and Yates, 1978). In Azotobacter hydrogen is used 

to reduce carbon dioxide to carbohydrate and lower concentration 

of C-source allows betber derepression of hydrogenase (Walker 

and Yates, 1978). Pedrosa eta!. (1982) reported that Jl.brasilense 

was capable of hydrogen dependent acetylene reduction by whole 

cells starved of'carbon metabolites. Hydrogen did not support 

acetylene reduction when sufficient carbon was available, although, 

carbon substrate did not inhibit hydrogen dependent respiration. 
' 

Mixed cultures of Hup+ and ~up strains. showed higher nitrogenase 

activity than that of pure Hup- culture suggesting that Hup 

character is beneficial for nitrogenase (Wang et al., 1985). 

Tilak et ~· (1986) reported that hy9rogenase of Azospirillum 

spp. strain CC is located in the particulate fraction (cytoplasmic. 

membrance bound) and it cross reacts with antibodies raised 

against. the membrane bound hydrogenase of A. eutrophus. 
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Hydrogen oxidizing chemoautotrophic ability has also been 

reported in Azospirillum (Malik and Schlegel, 1981). Similar 

hydrogen dependent chemolithotrophy has been observed in 

Azospirilluin isolated from wetland rice (Watanabe et al._, 1982; 

Gowda and Watanabe, 1983). Gowda and Watanabe (1985a and b) 

confirmed stimulation of nitrogen fixation by hydrogen in the 

rhizosphere association with field grown, decapitated rice plants 

b 15N . t· y 2 1ncorpora 1on. They found that addition bf 10% hydro~en 

stimulated acetylene reduction associated with excised rodts, 

decapitated and intact plants of rice grown in a cbntinuo~sly 

flooded field. Gupta (1987) has demonstrated using both varying 

growth conditions as well as mutants defective in hydrogenase 

of A.brasilense that loss of H2ase leads to.a decrease in growth 

and nitrogen fixation to the extent of about 30%. It is, 
---

thus, possible that the presence of an hydrogen dependent nitrogen 

fixation and hydrogen ~ependent carbon dioxide fixation (Gowda and 
.. 

Watanabe, 1983) could. provide these bacteria .an advaRtage of 

survival in nature, especially in carbon limited soil, endo and 

ectorhizosph~res. 

2.3 Genetics of Azospirillum 

One of the main ~roblems in the development of ex~erimental 

programs in Azospirillum has been the unforeseen difficulty in 

obtaining stable mutations. Wood et al. (1982) concluded that 

the difficulty met in ·mutagenizing Azospirillum even after treatmen1 

with powerful mutagens, is due to the peculiar structure of its 

genome. According to these investigators, the Azospirillum 

genome does not have a main chromosome, but is compo~ed of a set 
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of different overlapping plasmids. The presence of multiple 

copies of each gene may explain the difficulty in obtaining 

mutations. These conclusions are, ·however, not confirmed by 

others (Plazinski et al., 1983; Del.-Gallo et al., 1985), because 

both electron microscopy and gel electrophoresis haverevealed the 

presence of plasmids in this organism and this hypdthesis .seems 

to be improbab~e because of its genome size which is only 1.8 

times the genome of E.coli. 

Among the classical techniques of mutagenesis previously 

described for E.coli (Miller, 1972) such as UV irradiation or 

treatment with ethyl methane sulfonate (EMS), N-methyl-N' Nitro­

N-nitrosoguanidine (NTG) etc .. only EMS and NTG were effective 

in ra~sing mutation frequencies (Del-Galla et al., 1985). The 

most likely explanation of the unusual behaviour of.A.brasi~ense 

is that this bacterium, like Hemophilus influenz~e, Proteus 
' 

mirabilis etc. lacks SOS functions (Walker, 1984), as a result 

of which the DNA following treatment with NTG is not repaired and 

leads to a mutation. 

Despite the difficulties isolation of mutants impaired in 

various functions has·been reported. In A.brasilense Sp7 

(Franche et al., 1981), ~.brasilense 13t (Wood et.al., 1982),and 

A.brasilense Sp6 (Polsinelli et al., 1980) using an enrichment 

procedure for auxotrophs the frequency of mutation is raised to 

1x10- 3 to 5x10- 3 (Hartmann et al., 1983). Spontaneous antibiotic -·- . 

resistant mutants have been isolated without mutagenesis (Mishra 

and Roy, 1979). However, the spontaneous rate is low (1x10- 8 ). 



.Antimetabolite resistant mutants and those defective in 

nitrogen metabolism (Barberio et al.,1982; Hartmann, 1982; 

Hartmann et al., 1983) have also been isolated. 

12 

The suicide plasmid pJB4J1 (In6P, Gm, Mu,inS) used by 

Beringer et al. (1978) to introduce InS in the chromosome of 

Rhizobium was found to be very useful in Azospiri11um (Elmerich 
' 

an d F r a n c h e , 1 9 8.2 ) . P 1 a s m i d s p 5 U P 2 0 2 1 ( 5 i m o n e t a 1 . , 1 9 8 3 ) an d 

pGS9 .(Singh aAd K1ingmU11er, 1986) which can not replicate 

outside the enteric bacteria wer~ used for introduction of InS 

in Aiosprillum brasilense Sp7. Using suicide vector plasmids 

s.a. pBR 325 with TnS, TnS Mob RP 4 (Simonet al.,. 1983) and 

Tn V (Tn5 Replicon pSC101, Furuichi et a1., 198S), a variety 

of transpospn and vector insertion mutants of A.brasilense 

(auxotrophic, chemotactic, motionless, IAA deficient and othets) 

have been reported. These plasmids deliver trans~oson in A. 

brasi1ense at frequencies of 10- 8 - 10-6 per receipient depend­

ing upon the nature of transposons and the recipient strains 

( Vanstockem et a1., 1987; Borovok et al., 1988). 

2.3.1 Genetics of nitrogen fixation 

The genetics of nitrogen fixation in l<lebsiella and few 

o t h e r b a c t e r i a h a s n ow b e e n we 11 demo n s t r a t e d ( K e.n ned y ~ a 1 . , 

1981; Scott et al., 1982; Nguyen et al., 1983). In ~.pneumoniae 

a cluster of 17 nif genes (nifregu1on) is arranged in seven'/ 

eight transcriptional units (Mac Neil et a1., 1978; Merrick et al., 

1980; Kennedy et al., 1981; PUhler and Klipp, 1981; Sibold, 1982). 

The structural proteins of nitrogenase are coded .bY the three 

genes nif H,nif D and nif K which are arranged in a single operon 
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(Kennedy et al., 1981). These three genes and the nif Y gene 

are transcribed in~he order nif HDKY. This operon and part of 

n~f ·E are carried on a 6.2 kb EcoR1 fragment whic~ has been 

cloned in pl?smid pSAjO (Cannon et al., 1979). These structural 

ni.f gene sequences ·are conserved between the diverse nitrogen 

.. fixing organisms (Nuti et al., 1979; Mazur et al., 1980; 

Ruvukun and Ausubel, 1980) including several strains of 

Azospirillum (Elmerich and Franche, 1982; Quiviger et al., 

1982). The cloned nif HDK genes of ~.pneumoniae have been 

used as radioactively labelled probes for Southern hybridizat~on 

(Mazur et .al., 1980; Hennecke, 1981; Ruvukun and Ausubel, 1981; 

Quiviger et al., 1982; Scott, et al., 1982) and on the basis -- --
of this it is established that the nif DNA sequence~ are highly 

conserved in different nitrogen fixing bacteria (Singh and 

KlingmGller, 1986). Two A.lipoferum strains ~nd three A. 

br asi 1 ense strains were examined for s true t ~ r a·l n if gene 

sequences. The size of the homologous EcoR1 and Hind III 

fragments were differant from one strain to another (Quiviger 

et al., 1982). With A.brasilense strain Sp7 the probe hybridized 

with ·a single 6. 7 kb Hind I I I fragment and a 22 kb Bam H1 

fragment. With A.lipoferum strain Br17, homology was found 

with two EcoR1 gragments of 16 and 1.8 kb and with a single 15 

k b Hind I I L fragment ( Qui vi g e r e t a 1 . , 1 9 8 2 ) . I n the case 0 f 

strains Sp7 and Br17, homology with a nif A probe was also 

detected (Nair et al., 1983). 
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2. 3·. 2 Cloning of ni f genes of Azospir illum 

The structural ~enes for nitrogenase in Azospirill~m, 

nif HDK are ·present on a 6.2 kb EcoR1 fragment and the three 
. 

genes are transcribed as a single operon (Elmerich, 1984). Using 

"homology wit~ a ~.pneumoniae nif HDK probe a 6.7 kb EcoR1 fragment 

designated as Abr1 was cloned from the total DNA of A.Qrasilense 

5 p 7 ( Qui vi g e r e t a 1 .. , 1"9 8 2 ). . He t e rod up 1 ex an a 1 y sis performed 

with nif HDK cluster of ~.pneumoniae established the approximate 

localization of the corresponding Azospirillum nif H,D,~ genes 

in· this fragment (Quiviger et al., 1_982). The Abr1 fragment 

carrying nif genes was subcloned in. the broad host range vector 

pRK290 (Ditta et al., 1980) and after constr~ction ~f partial 

diploids in Azospirillum, complementation ~f a few Ni~- mutants 

was observed (Jara et al., 1983). By heteroduplex analysis, the 

approximate localization of nif H was found-in· the 2.8 kb EcoR1-

Pst 1 fragment of Abr1 (Perroud et al., 1985) and by complementatior 

analysis, it was established that the nif HDK genes are transcribed 

as a single operon . 

. Elmer ich et al. ( 1988) cloned a 30 kb region from 

A z o s pi r i ll u m co nt a i n i n g t he . s t r u c t u r a 1 n i f H D. K g e n e s . T h e 

presence of nif genes in the 20 kb region located ~ext to. nif HDK 

was explored aft~r subcloning various restriction fragments in 

the broad host range suicide plasmid p5UP2021. Over fifty Tn$ 

induced mutations, randomly inserted in the 20 kb region were 

obtained and recombined· in the host genome of Sp7. Two new 

nif .loci were identified and located about 5 kb and 12 kb 

respectively downstream from nif K. Hybridization with heterologou1 
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nif probes from ~.pneumoniae, Bradyrhizobium japonicum and 

Azorhizobium sesbaniae was performed to characteriie the new 

nif regions. These studies revealed that the region proximal 

to nif K contained nif E and the distal region contained genes 

h om o 1 o g u s t o . n· i f U S ( E 1m e r i c h e t a 1 . , 1 9 8 8 ) • H y b r i d i z a t i on 

with fix genes from B. japonicum and A. sesbaniae has revealed 

homology with. fix ABC in the vicinity of nif US. The 

implications of this are at present not clear. 

2. 3. 3 Cha~a~terization of nif mutants 

Most mutants isolated by Bani et al. (1980) as porirly 

growing or unable to grow on nitrogen free medium had an Asm 

phenotype, ,while other mutants isolated by various mutagenic 

treatments fall into two categories viz. regulatory mutants and 

nitrogenase mutants (Elmerich, 1986). Pedrosa and Yates (1984) 

reported the isolation of Nif mutants with nif A and ntrC 

phenotypes. The ntrC mutants were complemented by plasmids 

pGE10 and pCK3 which carry glnA ntrBC and the nifA genes of~-

pneumoniae respectively. Several other Azospirillum mutants 

derepressed for nitrogen fixation in the presence of high 

concentration of ammonium chloride (10mM) have been isolated 

(Pedrosa et al., 1987) and used to determine the roles of nif A 

and ntrC genes in the regulation of nitrogenase synthesis and 

activity in A. brasilense Sp7. Mutant FP10 (A.brasilense NifA-) 

was complemented by a recombinant 'plasmid (pEMS1, 48 kbp) from 

a gene bank contructed in the broad host range v~ctor cosmid 

pVK102. These results suggest that the regulatory mechanisms in 

Azospirillum may be very similar to that of ~.pneumoniae. 

Two nitrogenase mutants defective in the structural genes 
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of Mo-Fe protein have been isolated (Jara et al., 1983; 

Pedrosa and Yates, 1984). One of them was characterized byb 

complementation with pAB35 which contains the wild type nif HDK 

cluster, of ~.pneumoniae and by lack of complementation by pAB36 

which is depleted of nif D and a part of nifK but contains 

nif H (Jara et· al., 1983). The mutant was also characterized 

biochemically by complementation of the crude extract with pure 

Mo-Fe protein of K.pneumoniae (Nair et al., 1983). 

2.3.4 Genetics of hydrogenase 

Studies on genetics of hydrogenase have developed only 

recently. The~ genes of ~.japonicum that are involved in 

the synthesis Ni-hydrogenase have been characterized (Lambert 

e t a 1 . , 1 9 8 5 ) . Cos mid pH U 1 con t a in in g ~ spec i f i c s e q·u en c e s 
~ 

from B.. j a p on i cum (Cant r e 11 e t a 1 . , 1 9 8 3 ) com p 1 em e'~ t with H up-

mutants of A.chrooco~cum (Yates and Robson, 1~8~). The hup 

genes of R. japonicum are believed to be contiguous and cdmprise 

a 15.5 .- 21.9 kb region divided into atleast three transcriptional 

units (Haugland et al., 1984). In A. eutrophus, the hox genes·· 

(hydrogen oxidation) are plasmid borne, encode both the me~br~ne 

b o u n d ·and a s o 1 u b 1 e _...N AD 1 i n ked h y d r o gena s e a n d con t a i n t h e 

structural and regulatory genes in a 50 kb fragment (Cammack and 

Yates, 1986). The ~::genes in R. leguminosarum and ~.japonicum 

appear e to be p 1 as mid. borne w hi 1 e in A. c h roo co c cum t h.e s e appear 

to be located on the chromosome (Cammack and Yates, 1986). The 

genetics of ~ydrogenase system in azospirilla is relatively . . 
left unexploredexcept for a report on the isolation of mutant 
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strain 5 p 7 0.2 9 . ( Gauthier and E 1m erich , 1 9 7 7 ) that was devoid o f 

both nitrogenase and hydrogenase activities. However, subsequently 

both the activities were recovered. Contrary to this Gupta(1987) 

found that both the enzymes nitrogenase and hydrogenase are 

co-ordinately regu!~ted but can be induced/de~epressed indepdenent 

of each other though hydrogenase has a supporting role in the 

expression of N-zase genes. The ~ mutants decreased the N2ase 

activity by 30% in A.brasilense Sp7. 

2.4. Phytohormone production 

In addition to nitrogen fixation it is believed that· 
I 

Azospirilla also help in plant growth by the production of growth 

stimulating factors. Appp!ication of Azorpirillum to cereals has 

been found to result in an increase in the number of lateral roots 

and root hairs (Tien eta!., 1979; Uma!i Garcia et al., 1980; 

K a p u 1 n ~ k e t a 1 . , 1 9 8 1 ) • T h i s w a s m o s t 1 i k e 1 y d u·e to ph y t o h o r m o n e 

production ( Reynders and V lassak, 1979; T ien et al., . 1979; 

Barbieri et al., 19tM). JLb-ra..ailense strain 13t, has been found 

to produce auxins (indole acetic acid and indole lactic acid), 

g i b b e r e 11. i n a n d c y t o k in i n 1 i k e s u b s t an c e s ( T i en e t. a l. ~ 1-9 7.9 ) . 

Hartmann et a1.,(1983) have examined 3 strains of A. brasilense 

including Sp7and Cd and three strains of A-lipoferum including 

Br 17 for indole acetic acid (IAA) and.anthranillic acid production 

in malate medium. When the culture supernatants of all the 

strains were analysed, anthranillic acid was detected only in 

the strains of A. lipoferum whereas, IAA was found in both the 
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speci~s. Addition of tryptophan stimulated the production of 

I A A i n A . b r a s i 1 en s e ( H a r t m.a n n e t a 1 • , 1 9 8 3 ; H o reman s an d 

Vlassak, 1985) but the effect was small in the case of ~.lipoferum 

(Hartmann et al., 1983). Mutants resistant,to fluorotryptophan, 

which excreted higher amounts of IAA have been isolated from 

A. brasilense (Hartmann et al., 1983; Francesco et al., 1985). 

In these mutants the amount of IAA produced was much higher as 

compared to the wild type. However these overproducing mutants 

did not yield· IAA in the absence of tryptophan. 

2.5 Plasmids in Azospirillum 

All Azospirillum strains examined.so far have been found 

to contain plasmids of varying number. The size of these ranges 

from 4 Md to 300 Md (Franche and Elmerich, 1981; Heulin et al.,. 

1982; Singh and Wenzel, 1982; Wood et al., 1982; Plazinsky et al. 

1983; Vieille et al.., 1987). These plasmids hav·e been detected 

by electrophoretic migration in agarose gels of cell lysates 

obtained by various techniques such as those described by Meyers 

et al. (1976), Eckhardt (1978), Birnboim and Daly (1979), Casse 

et al. (1979) and Kado and Liu (1981). Several discrepancies. 

between the numb~r and the size of the plasmids within a given 

strain have been observed. For example, Singh and Wenzel 

(1982) found three plasmids of 5.4, 12 and 51 kb in ~.lipoferum 

~train Br17 wh~reas Fr~nche and Elmerich (1981) f~und a single 

large plasmid of about 200 Md in the same strain. Similarly in 

A. brasilense strain Sp7, Wood et al. (1982) reported the 

presence of seven pla~mids, while in the same strain Michiels 
~-

et al. (1985) reported the detection of only three plasmids and, 
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Vieille et al. (1987) found four plasmids. It is not clear 

whether this was due to instability of the plasmids, or due to 

technical artifacts or due to misnaming of the bacterial strain. 

The taxonomic groups of Azospirillum can not be 

distinguished on the basis of their plasmid content as there 

is variation in the number even within the same species. 

Moreover, there is no indication that plasmids with the same app-

arent molec~lar weight belong to the same molecular speci~s. The 

plasmids from various strains of Azospirillum have been purified 

by cesuium chloride density gradient centrifugation and their 

restriction endonuclease pattern has been studied (franche and 

Elmerich, 1981; Singh and Wenzel, 1982). Hpa1 and Hind II were 

found to cleave plasmid pAL1 from A.Lipoferum whereas Ecofl1 and 

Hind III had no site on the same molecule (Singh and Wenze1,1982). 

So far, there·is no evidence of any phenotype associated 

with the plasmids in Azospirillum except only one report by 

Singh and Wenzel (1982) who have found carbenicillin resistance 

to be associated with a plasmid in A.brasilense. Spontaneous 

loss (Franche and Elmerich, 1981), temperature curing (Heulin et 

al., 1982) and curing by acridjne organe (Wood et al., 1982) of 

some plasmids has been reported but, no specific features were 

demonstrated as plasmid borne. Recently, homology was detected 

between total DNA from several Azospirillum strains and R. 

meliloti nodulation (nod and hsn) genes, which in Rhizobium· 

are plasmid borne (Vieille et al., 1987). From A.brasilense 

Sp7, a 10 kb EcoR1 fragment sharing homology to ~.meliloti hs·n 
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region was cloned in pUC18 to yield pAB502 (Vieille et al. 1987). 

It was later found that the hsn homologous regioo was localised 

on the 90 Md plasmid, contained in strain Sp7 (Vieille et al., 

1988). This was confirmed by mutagenesis of pAB502 with Tn5-Mob 

and recombination of the insertion into the plasmid p90. 

2.6 Genetic transf~rmation in Azospirillum 

I 

So far phages:~nd plasmids of Azospirillum have not 

been used for the transfer of genetic material. Plasmid R68-45 

(Haas and Holloway, 1978) can promote chromosome mobilisation 

in various G~am -negative bacteria including Rhizobium (Kondor~si 

et ~-,1980)and A.brasilense strain Sp7 (Franche et al., 

1981). Crosses were made with a series of _multiple auxotrophs 

and the frequency of transfer was found to be -6 
abo~e 10 pe~ 

recipient. The ratio between recombinants and transcojugants 

which received R68-45 was always close to 10-S and the plasmLd 

was inherited by 90% of the recombinants. The marker transfer 

promoted by R68-45 appeared to be unpolarized and suggested the 

existance of multiple origins of transfer i~ Azospiriilum 

(Elmerich an~ Franche, 1982), as has been previously report~d 

in Pseudomonas aerugenosa (Haas and Holloway~ 1978). Similar 

results were also obtained with A.brasilense strain Sp6 

(Bazzicalupq and Gallori, .1983). 

Recently vector pSUP5011 carrying Tn5-Mob has been 

used for mobilization of A.brasilense Sp245 plasmids in 
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. __ .---

plasmidless f.putida (Katzy et al., 1988)·. Kanamycin 

r e s i s t a n t t r a n s co n j u g.~·~ t s a p p e a r e d f r om c r o s s i n g w i t h f ·. co 1 i 

517-1 (pSUP5011) wit~ a frequency of 10-S pe·r recepient. Wi.th 

the help of plasmid RP 4 (Km 5 derivative) kanamycin resistance 

was transferred from Azospirillum to f· putida AC340 (Matveev 

et al., 1988; Katzy et al., 1988). A number of KmR Pseudomonas 

transconjugants have been obtained using 85 Md plasmid from 

Azospirillum brasilense but their stability in t~~ new host. 

has not been established. 
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MATERIAL AND METHODS 

3.1 Bacterial cultures 

Various bacterial cultures used in this study are listed 

in Table 2. Stock cultures of Azospirillum were maintained by 
' 

regular transfers on malate medium (Pedrosa et al., 1980). E.coli 

cultures were maintained on nutrient agar and selective media 

slants. 

The azospirilla were characterized by Gram staining, 

production of pigment by t~e cultures an malate medium, gra~th 

on various sugars, estimation of nitrogenase and hy~rogenase 

activiti~s.and antibiotic resistance. 

Chemicals used were from either Sigma Chemical Ca., USA; 

Bethesda Research Laboratories, Neu Isenburg, W.Germany; Amersham 

International plc, Amersham, U.K.; Pharmacia LKB, Uppsala, Sweden; 

Hi-Media,Bombay; Sisco Research Laboratories, Bombay or CSIR 

Centre for Biochemicals New Delhi. Nitrogen and H2 _gases used 

in the N2ase and H2ase assay were fr~m Indian Oxygen limited, 

New Delhi. 

3.2 Estimation of nitrogenase and hydrogenase 

Nitrogenase and hydrogenase in Azospirillum were assayed 

by growing lhe cultures in Nfb medium (Pedrosa et al., 1980) 

( -1) -1 with biotin 10 ug ml replaced by 200 ug ml of yeast extract 

(Shukla and Kundu, 1986). 
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The composition of the medium was as follows: 

Component 

KH
2

PD
4 

Sod. malate 

K2HP0 4 

MgS0 4 .7H 20 

NaCl 

Yeast extract 

CaC1 2. 

Feso4 .7H 2o 

*Trace mineral soln 

*Trace mineral solution 

Mnso 4 .H
2

o· 

H
3

so
3 

Na 2Moo4 .2H 2o 

lnso
4 

CuS0 4 .sH 2o 

1-1 g . 

1 . 200 

5.000 

0.800 

0.200 

0.200 

0.200 

0.200 

o.rao~ 

2.0 ml 

1 • 7 5 

1 • 40 

1. 00 

0. 1 2 

0.04 

24 

'Agar was used :at a concentration of 1.5% and 0.15% for 

solid and semi-solid medium, respectively. The pH of the medium 

was adjusted to 6.8 before autoclaving. for A.brasilanse and 

A.lipoferum and 6.0 for A.~mazonese, For preparing the 

inoculum, this medium was supplemented with 1.0 gl- 1 of ammonium 

chloride (Pedrosa et al., 1980). 

Inoculum was prepar,ed by transferring a ioopful of 

the culture from fresh (24 h old) malate agar plates into so ml 

of the malate medium containing ammonium chloride ih 150 ml 
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Erlenmeyer flask. lhe culture was grown aerobically on a 

rotary shaker (250 rpm) at 30°C for 24h. The cells were then 

collected by centrifugation aseptically at 6,000 rpm for 10 min 

at 30°C in a Hittachi refrigerated centrifuge. The pellet was 

washed twice with sterilized N-free malate broth and resuspended 

in 5 m 1 of N- free m a 1 ate broth . This was then used to inoculate 

10ml of medium in a 50 ml flask and incubated at 30°C in a BOD 

incubator for 24 h under stationary conditions. From this, 0.1 

ml was used to inoculate 5 ml of N-free semi-solid malate medium. 

Nitrogenase activity was assayed as Acetylene Reduction 

Activity (ARA). Tubes (15 ml) containing 5 ml of the semisolid 

malate medium (Kundu and Tauro, 1987) were inoculated with 0.1 

ml of the inoculum-~nd after 24h of incubation, cotton plugs 

wer~ replaced by pres~erilized serum stoppers (alcohol wahsed 

an d U V i r r a d.i a t e d ) a ii d · · 1 . 0 m 1 o f t he a i r w a s. r e p 1 ace d w i t h 

~cetylene CC 2H2 ) to create 10% C2H2 atmosphere in the assay tubes 

and incubated "further for 24h. Gas samples ( 0. 5 ml) were 

assayed for extent of acetylane reduction using a Nucon Dual 

Column /Gas chromatograph equipped with Porapak Q column and 

Flame Ionization Detector (FID). Nitrogen was used as the 

carrier gas (flow rate: -1 ) 30 ml min and H2 as t.he fuel gas. 

Temperatures of oven, ihjector and detector were 150°, 110o 

and 110°C respectively. Standard ethylene was from EDT, Research, 

65 IVY Crescent, London. Nitrogenase activity was'calculated 

-1 -1 . ( . 
as n moles c2H4 produced h mg protein Appendix-!). 
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The initial procedure used for estimati~n of hydrogenase 

was similar to that of nitrogenase except that 0.2 ml of the air 

was replac~d by H2 after Z4hr of growth to create Z.O% Hz 

atmosphere in the assay tubes. Gas samples (0.5ml) were assayed 

for initial and final levels of H2 using a Perkin Elmer Sigma 

3b Gas chromatograph having a Thermal Conductivity Detector (TCD) 
. I 

and moleculare seive SA stainless steel column. Nitrogen served 

as the carrier gas with an inlet pressure of 180 KPa and a flow 

t 40 1 
. -1 ra e of m m1n . The oven, injector and detector temperatures 

were 70°, 80° and 80°C respectively. The hydrogenase activity 

-1 -1 ( ) is expressed as n moles Hz consumed h mg protein Appendix-!!· . 

3.2.1 Bacterial cell protein determ~nation 

Soluble proteins were extracted from the whole cells by 

adding 1.0 ml of:2N NaOH to the assay.tubes containing 5 ml of 

the semi-solid medium and bacterial growth aft~r estimting N2ase 

and .H 2ase activities. The tubes were kept in a boiling water bath 

for·10 min. The contents were then neutralized with 1.0 ml of 

2 N HCl. The total soluble protein was then estimated in 1.0 ml 

a f the n e u t r a 1 i zed extract ·using Fa 1 in Cia c a 1 tea u rea g~ n t (.Lowry 

et al., 1951). Samples were centrifuged at 5000 rpm for 5 min 

to remove the agar particles before determining the colour intensi 

at 660 nm using a Bausch & Lomb Spectronic 20. Bovine serum 

albumen was used as the standard protein. 

3.3 Plasmid isolation and characterization 

3.3.1 Small scale isolation 

For rapid isolation of small amounts of plasmid DNAt 

several methods were .tested. These included the b~iling method 



27 

(Holmes and Quigley, 1981); alkaline extraction ~ethod (BJrnboim 

a~d Daly, 1979); Eckhardt's method (Eckhardt, 1978) and Simon's 

method (Simon, 1984). For analysis of the plasmids, cultures 

were grown in Luria broth (5 ml) for 24h/ of the following 

composition; 

Tryptone 

Yeast extract 

NaCl 

Distilled water 

10g 

5g 

10g 

1 L 

3.3.1. Boillng method (Holmes and Quigley, 1981) 

The culture was grown.in 2.5 ml of Luria broth on a 

rotar~ shaker at 30°C. Cells were collected from 1.5-ml of the 

broth in Eppendorf tubes by centrifugation at 5000 rpm for 5' 

min using a Hettich Micro Rapid/K table top centrifuge at 25°C. 

The pellet was washed with· 20p pl of TE-8 buffex (10mM T~~sCl, 

1mM EDTA, pH 8.0), and entrifugation and w~s then: resuspended 

in 25 ;.d of 51 buffer of the followi[lg campos it i.on; 

Sucrose 80' tO 

EDTA 50mM 

Tris 50mM 

lysozyme 2mg ml -1 

51 buffer (except lysozyme) was sterilized at 10 lb in -2 

p r e s s u r e f o.r 1 0 m i n and 1 y s o z y me w a s add e d . j u s t b e f o r e u s ·e . 

The suspension. was vortexed .and incubated on ice for 

5 min and was followed by the addition of 25 ~1 of 52 buffer 

(51 buffer+ 10% Triton X 10Q). The contents were again vortexed 
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and incubated in a boiling water bath for 40-50 sec. The 

tubes were then quickly chilled by plunging in ice-cold water. 

When the tubes had cooled down, 250 ~1 of 53 buffer (500 mM 

NaCl, 10mM Tris, pH 8·.0) were added and the contents were mixed 

thor ugh 1 y by. inverting·· the tubes sever a 1 times . The contents 

were centrifuged at 12,000 rpm at 30°C for 20 min to separate 

the cell debris. The clear supernatant was transferred to 

another clean Eppendorf tube and the pellet was discarded. To 

the supernatant, an equal volume of phen~l/chloroform mixture 

(1:1) was added and the contents were mixed gently.by invert~ng 

the tubes followed by centrifugation for 5 min and the aqueous 

phase was transferred to another Eppendorf tube. The phenol/ 

chloroform step was repeated twice and finally, the aqueous 

phase was mixed with 500 ~1 of isopropanol; mixed 1thoroughly 

and kept.!at -20°£Z for 20 min. The contents were recentrifuged 

at 12,000 rpm for 20 min at 10°C ·to pellet the DNA. The DNA 

pellet was washed with 70% ethanol and dis~olved in 50 ~1 of 

TE-8 buffer. 

3.3.1.2 Alkaline extraction procedure (modified by Ish-Horowicz 
and Burke, 1981). 

Bac~eria were grown in 2.5 ml of Luria broth at 30°C 

overnight on a rotary shaker. One ml of the culture was 

transferred to Eppendorf tubes and centrifuged at 5000 rpm, for 

5 min. The supernatant was drained off and traces were removed 

with the help of filter paper strips. The pellet was resuspended 

-1 
in 100 ~1 of solution I containing 5 mg ml lysozyme. 
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Solution I 

Glucose 50mM 

Tris.Cl 20mM 

EDTA 10mM 

pH , , 8.0 

Solution I was made in batches of 20 ml, autoclaved at 10 lb 

. -2 1n for 15 min and stored at 4°C. Powdered lysozyme was added 

just before use. 

Cells were treated with lysozyme for 30 min in an ice 

bucket. This was followed by the addition of 200 ~1 of freshly 

made solution II (1% SDS in 0.2 N NaOH) which was prepared by 

dilution of a stock solution (20N NaOH containing 20% SDS). 

The contents of the tubes were mixed by gentle shaking on a 

vortex mixer and kept in ice for ~ min. To this, 150 ~1 of ice 

cold 3 M sodium acetate (pH 4.8) solution was added and the 

tubes were inverted. several times to ~ix the contents and then 

kept in ice for 60 min. The contents were centrifuged at 

12,000 rpm for 30 min at 4°C to settle the cell debris. The 

clear supernatant was transferred to a second tube and DNA was 

extracted twice with phenol/chloroform mixture (1:1) and finally 
• 

with an equal volume of 95% cold ethanol. The pellet was 

finally suspended in 40 ~1 of buffer containing 5% Ficoll and 

0.05% bromo-phenol blue. 

3.3.1.3 Preparation of phenol-chloroform mixture 

Phenol was distilled at 160°C and stored at -20°C in 

small aliquots. When needed, phenol was removed from the 

freezer, ~!lowed to thaw and melted at 68°C. To this, 8-
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hydroxyquinoline was added to a final concentration of 0.1%. 

This was then extracted several times with 1 M Tris (pH 8.0), 

till the pH of the aqueous phase was 7.6. This was followed 

by a final extraction with 0.1 M Tris containing 0.2% ~­

mercaptoethanol. The phenol so prepar~d was stored at 4°C. 

Chloroform was mixed with isoamyl alcohol in the ratio 

24: 1 v/v and phenol-chloroform mixlure was prepared by mixing 

the above prepBred phenol and chloroform in the ratio 1:1 v/v. 
-

3.3.1..4 Eckhardt's method (modified by Rosenberg et al., 1981) 

Cells were collected from 1.0 ml of an overnight grown· cult-

ure as before by centrifugation at 5000 rpm for 5 min. The pellet 

was washed with 0.1% sarkosyl solution in TE-8 buffer, 

centrifuged and rinsed with the same buffer and was then resus-

pended in 20 pl of the lysozyme mixture of the following 

composition prepared in the electrophoretic buffer (Tris 89 mM, 

Boric acid 89 mM EDTA 2.5 mM, pH 8-8.2) 

Lysozyme 7500 u ml -1 

RNase 0.3 u ml -1 

Bromophenol blu~- 0.05% 

Ficoll zm~ 

"After 5 min of incubation in the above solution, 30 ~1 of SDS 

mixture (0.2% SDS, 10% Ficoll in electrophoretic buffer) were 

added and mixed by gentle vortexing. Five ~1 'of pronase 

solution (5 ~g ml- 1 in Tris-borate buffer) were added, mixed 

gently by tapping and kept for 5 min at room temperature. 

Hundered ~1 of 0.2% SDS and 5% Ficoll were then overlayed. 

The gel was loaded with the lysed cells and the wells sealed 
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with hot agarose to avoid any air bubbles. Electrophoretic 

buffer was then added in the chambers and electric current was 

passed initially for 30 min at 10mA followed by 40 rnA for 4-6h. 

3.1.5 S~mon's Method (Simon, 1984) 

Cell were harvested from 1.0 ml of an overnight grown 

culture as before ~~d suspended in 20 )Jl of solution I. 

Solution I (made in electrophoretic buffer) 

ficoll 

Sucrose 2 o~o 

RNase 1U ml- 1 

Lysoz'yme 5 mg ml- 1 

The solution was stored at 4°C. Lysozyme was added at the time 

of use. 

The suspension was incubated for 10 min at room tempe~atu~e 

Then 40 ~1 of solution II were added and incubated. further for 

20 min. 

Solution II (in electrophoretic buffer) 

SDS 

Sucrose 

Bromo·phenol blue o.os~o 

This solution was stored at 4°C. 

The contents were mixed by sbaking the tubes manually. 

After incubation, the gel was loaded with 50 ul of the lysate and 

5mA .current was passed for 30 min followed by 60 rnA for 3--4h. 

3.3.2 large sc~le isolation of plas~id DNA (Godson & Vapnek, 1973) 

Large scale isolation of plasmid DNA was done for 

restriction endonuclease digestion and transformation experiments. 



32 

The plasmid DNA for .this purpose was isolated by the method 

of gentle lysis described by Godson and Vapnek (1973), The 

cultures weie grown in 500 ml of Luria broth for 24h on a rotary 

shaker at 30°C. Cells were collected by centrifugation at 

6,000 rpm for 5 min at 4°C in a Hittachi refrigerated centrifuge. 

The pellet was washed with 100 ml of an ice cold STE solution 

(0.1 M NaCl, 10mM Tris. Cl, ImM EDTA, pH 8.0) and resuspended 

in 10 ml of ice cold 10% sucrose made in 50 mM Tris.Cl (pH 8.0). 

The contents were transferred to a SO ml centrifug~ tube. To 

this, 2.0 ml of a freshly made lyso~~me solution.(10.mg ml- 1 

lysozyme in 0.25 M Tris. Cl.pH 8.0) were ad~ed. The tube was 

shaken well and incubated for 10 min in ice. Then, 8.0 ml of 

0.25 M EDTA were added and the contents were mixed by inverting 

the tubes se~eral times and kept on ice for another 10 min. To 

this mixture 4.0 ml of 10% SDS were added. The·contents were 

mixed qUickly with a glass rod so as to disperse the SDS evenly 

throughout the bacterial suspension.and gently so as not to shear 

the liberated bacterial DNA. Immediately after this, 6.0 mi of 

S M NaCl were added to give a final concentration of 1 M, mixed 

gently but thoroughly and placed in ice at least for 2h. This 

was followed by centrifugation at 20,000 rpm for .45 min at 4°C 

to remove high molecular weight DNA and bacterial debris. The 

pellet was discarded and the supernatant was saved. This was 

extracted twice with phenol/chloroform mixture and once with only 

chloroform. After each extraction, the aqueous layer was 

transferred to a clean tube. Following the final extraction, 

2 volumes of 95% ethanol were added, the contents were mixed 
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thoroughly and kept at -20°C overnight. Next day the plasmi~ 

DNA was recovered by centrifugation at 20,000 rpm for 45 min· 

at 4°C. The supernatant was discarded and the pellet was washed 

twice with 70% ethanol. The plasmid DNA was finally dissolved 

in 4 ml of TE-8 buffer (10mM Tris Cl, 1mM, EDTA, pH 8.0) .. 

3.3.3 Gel electrophoresis 

Iris-borate buffer of the foll~wing composition was used 

as the electrophoretic buffer; 

Tris 

Boric acid 

EDTA 

pH 

89 mM 

89 mM 

2.5 mM 

8 - 8.2 

A 10X buffer was prepared and stored at room temperature. The 

buffer was'diluted at the time of electrophoresis. 

3~3.~;' Preparation ·or the Gel 

Agarose (0.7- 0.8 g) was added to 100 ml of the 

electrophoretic buffer in· a 2~0 ml fiask. ·The slurry was heate~ 

in a boiling water bath until the'agarose melted completely. The 

solution was kept at room temperature for cooling. In the mean 

time, the edges of a clean dry polystyrene plate were sealed with 

a cello type so as to form a mould of about 8 mm thickness. 

When the agarose solution cooled to 50°C, it was poured into 

the mould so as to form a gel 5-6 mm thic~ and immediately the 

camp was clamped, the teeth of which formed the sample wells. 

The distance between the ~late and th~ teeth of the comb was 

kept 0.5 - 1.0 mm so that the wells were completely sealed at 

the bottom. After the gel was completely set (30-45 min at room 
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temerature) th~ comb and the tape were carefully removed. For 

vertical gel electophoresis the agarose was cast (1-3 mm thickness) 

in a vertical box. DNA samples, prepared by different methods 

were mixed with the' loading buffer (5% glycerol, 7% Ficoll and 

0.05% Bromo phenol blue) and loaded into the wel~s of the gel. 

The wells were then sealed and the gel was kept in an electro-

heretic chamber filled with the buffer. The depth of the buffer 

was such that the gel was completely submerged. For vertical 

electrophoresis the upper and lower chambers were filled with 

the buffer. 

3.3.5 Electrophoresis 

The current was p~ssed through the buffer for a defined 

period depending upon the method used. The loaded wells were 

kept on the side of the -ve electrode, so that the DNA would 

move towards the -~ ve electrode. 

3 3 6 Staining and photography 

·for staining of the neucleic acids, ethidium bromide 

(0.5 ~g ml- 1 ) was incorporated in the gel before pouring. 

Destaining of the excess dye was done by immersing the stained 

gel in 1mM MgSO for 1 h at room temperature. Gel was then 
4 

visualised using a UV transilluminator (UltTaviolet products 

Inci U.S.A.) at 25~ n~ an~ photographed using a 400 ASA film. 

3.4. Physical characterization of plasmids 

3.4.1 Determination of molecular weights 

Molecular wei~hts of the plasmidswere determined by 

comparing the mobility of the standard known molecular weight 



plasmids RP 4 and R68-45 with the plasmids of Azospirillum 

brasilense 825. Vertical agarose gel electrophoresis was 
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done by Simon's method. Electrophoresis was done initally at 

5mA for 1 h followed by 6DmA for 3-4h. The distance from the 

plasmid band to the sample well was measured (migration distance). 

and the relative mobility was calculated as: 

relative mobility _ migration distance 
- length of the gel 

A standard curve was derived by- plotting the' log of molecular 

weight of the standards against their relative mobilities (Fig.1). 

The molecular weight of the unknown was determined:by placing the 

value of the relative mobility of the unknown on· the standard 

curve. 

3.4.2 Restriction analysis 

The cured strains (see 3.5.1) of A.brasilense 825 viz 

Ab1 an.d Ab6 carrying either of the plasmids pAb
1 

and pAb 2 were 

grown in 500 ml of Luria broth on a rotary shaker for 24h. The 

plasmid DNA from both the strains was extracted by Godson and 

Vapnek's procedure described above. The purified plasmid DNA 

( 250-300 ug) was finally suspended in 4.0 ml of distilled water 

From this, suspension, 18 ~l was transferred to a clean sterile 

Eppendorf tube To this, 2 ~1 of 10 X digestion buffer was 

added (Appendix III). The contents were mixed by tapping the 

tube. Then 1 unit of each restriction enzyme (Eco R1, BamH1, 

Kpn1 and Sal 1) was added and the contents were again mixed (One 

unit of restriction endonuclease defined as the amount required 

to digest 1 ~g of DNA to completion in 1 h in the recommended 

buffer and at the recommended temperature (Appendix-IV) in a 

2n ul reaction mixture. 



fig.1 Molecular weight versus relative mobility of plasmid DNA 

The plasmid ON~ was isolated from A.brasilense 825, 

~.coli (R68-45) and .E.coli (RP4) by Simon's method and subjected 

to electrophoresis. The approximate MW was calcu~ated by 

comparing the relative mobility of pAb1 and pAb2 with R68-45 
(39Md) and.RP4 (36Md.). 



2.5 

2·0 

. .. 
1·5 ~ . -0 

E 
Ol 1·0 0 _. 

0·5 

.o 
0·05 0·10 0·15 0·20 0·25 

Relative mobili~y 



.. 37 

Incubation of DNA with the restriction enzymes w~s done 

at the appropriate temperature for 1h. The reaction was stopped 

by immersing the tubes in a water bath held at 70°C for 5 min. 

Then, 10 )Jl of the loading buffer without the tracking dye were 

added and the contents were mixed by tapping the tubes. The 

digested mixture was loaded in a 0.8% horizontal agarose gel. 

Electrophoresis was carried out in Tris-borate buffer at 20mA 

for 6-8 h. 

The restriction enzymes were stored at -20°C. While 

carrying out the restriction enzyme digestion the reaction 

mixture was prepared to the point when all the r~agents except 

the enzyme had been mixed. The enzymes were taken out of the 

freezer and immediately put in an ice bucket. They were used in 

the minimum possible time and placed back in the freezer after 

use. The gel was stained and photographed ~s described earlier. 

3.5-Phenotypic characterization of the plasmids in A.brasilense 
Strain 825 

This was based on curing, conjugation and transformation 

experiments .. 

3.5.1 Curing (Wood et al., 1982) 

Plasmid curing was attempted using ethidium bromide, 

acridine organe, acriflavin at concentrations 2, 2~5, 3, 3.5~ 4 

and 5 ~g ml- 1 , 505 at concentrations 10, 25, 50, 75 and 100 

~g ml- 1 and a combination of ethidium bromide (2.5 ~g ml- 1 ) and 

505 (25 ~g ml- 1 ). Stock solutions of the curing agents were 

prepared and stored at 4°C. Five ml nutrient broth in 15 ml 

tubes were prepared and suitable amounts of the curi~g agents 
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were added to give the required final concentrations. Tubes 

so prepared were inoculated with 0.1 ml of an overnight grown 

culture of A.brasilense 825 and incubated on a rotary shaker at 30! 

for 24h. Following incubation, the cultures were serially diluted 

and spread on nutrient aqar plates so as to give around 50 

colonies per plate. The plates were incubated at 30°C for 24-

48 h which were then replicated on selective media plate~-centain­

ing various antibiotics viz. penicillin (500 ~g ml- 1 ), ampicillin 

(500 ~g ml- 1 ) amoxycillin (50 ~g ml- 1 ), nalidixic acid. (10 ~g 

ml- 1 ), carbenicillin (100 ~g ml- 1 ) erythromycin (10 ~g ml- 1 ), 

streptomycin (10 ~g· ml- 1 ), chloramphenicol (10 ~g ml- 1 ) and 

cephalosporidin (25 ~g ml- 1 ) and heavy metals viz. Cadmium chlorid 

( -1 ( -1) G · 200 ~g ml ) and chromate 25 ~g ml . rowth on the plates 

was compared after incubat~on and clones missing on selective 

media plates were revived . from the master plate and transfered 

on fresh nutrient agar plates for further testing. The clones 

which had lost one or the other marker were purified and maintaine 

on nutrient agar slants and kept at 4°C. Frequency of c~ring was 

calculated after five transfers as the percentage of total number. 

To confirm that the strains were cured of the plasmids, "gel 

electrophoresis of the cured variants was done according to the 

method of Simon (1984). Strains having lost the plasmids were 

selected and tested for the loss of other characteristics like 

nitrogenase, hydroge~·~e, carbon source utilization, polysaccharid 

utilization and growth hormone production. 

3.5.1.2 Antibiotic resistance pattern of the cured strains 

A.brasilense 8 25 was tested for resistance against a 
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variety of antibiotics viz. penicillin, ampicillin, amoxycillin, 

carbenicillin, nalidixic acid, erythromycin, streptomycin, 

chloramphenicol and cephalospridin. Stock solutions of the 

antibiotics were prepared and sterilized by passing through. 

p~esterilized sintered glass filter, Grade 5 (Corning). The 

solutions were kept in the refrigerator and suitable amounts were 

added to the medium to give the appropriate final concentTation. 

The medium was cooled to 45-50°C before adding the antibiotics 

at the time of pouring. Suspensions of the cultures including 

the parent were streaked on these plates and incubated at 30:~c··fo:r- 48 

3.5.1.3 Heavy metal_resistance pattern of the cured strains 

The cultures were tested for resistance against cadmium 

( 1 0 0 )J g m 1 - 1 ) and c h :r:"om. ate ( 2 5 )J g m 1- 1 ) • Stock so 1 uti on s of these 

two compounds were prepared, sterilized by autoclaving and 

stored at 4°C. Suitable amounts from the stock solutions were 

added to thi medium before pouring to give the required final 

concentrations. The cured strains along with the parent were 

streaked on these. plates and incubated at 30°C for 48h~ 

3.5.1.4 Ability to utilize different carbon sources 

A.brasilense 825 and the cured cultures were tested for 

growth on various carbon compounds viz. glucose, fructose, 

sucrose, lactose, maltose, mannitol, malate, galac~ose, arabinose, 

mannose, sorbitol, glycerol, xylose, -xylene and toluene, which 

served as sole source of carbon and energy.' The medium described 

by Pedrosa et al. (1980) was used in which malate was replaced 

by the desired carbon source (25 mM). The medium containing 

the carbon source was sterilized at 10 lbs in- 2 for 10 min. 
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Various cultures along with the parent were tested for growth 

both in solid and li~uid media having diffe~ent carbon and 

energy sources and incubated at 30°~ for 24-48 h or longer. The 

~rowth was estimated as + or 

3.5.1.5 Estimation of Indole Acetic Acid (IAA) 

Cultures were inoculated in malate broth supplemented 

-1 -1 ( with 1 g L NH 4Cl and 100 ~g ml DL-tryptophan Hartmann et al., 

1983). Yeast extract and biotin were omitted to avoid any 

misinterpretation of phytoho~mone assay results. The tubes 

were incubated on a rotary shaker in dark for 6 days. After 6 

cays the cultures were centrifuged at 6,000 rpm fat 10 mi8 and 

the pellet was discarded. To 2.0 ml supernatant, an equal volume 

of Salkowski 's reagent was added .. 

Salkowskxs reagent 

FeC1 3 0.05 M 

Perchloric abid 35% 

The contents were mixed thoroughly and incubated at room 

temp~ratur~ for 5 min for the development of pink colour, which 

was estimated calorimetrically at 500 nm using a Spectronic-21 

spectrophotometer (Systronics). IAA (Hi-media) was used as the 

standard. , 

3. 5 • 1 · 6 Polysaccharide utilization 

· Ability of the various strains to utilize polysaccharides 

such as pectin, starch and cellulose was also determined. The 

culture was grown in malate medium (+N) containing 0.25% pectin 

(Hubbel et al., 1978) and a loop-ful of cell suspension of each 

\ 
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strain was spotted on malate plates contai~ing 0.25% pectin. The 

plates were incubated for 12 days at 30°C. Ability to utilize 

pectin was determined by flooding the plates with 2% aqueous 

solution of hexadecyltrimethyl ammonium bromide. taking care 

not to dislodge the growth. After 20-30 min the plates· were 

examined ~nd the appearance of a clear zone around the colonies 

was considered as a proof of pectin utilizing ability of the 

strain. 

For starch utilization, the cultures were directly 

spotted on' plates containing 0.5% starch instead of malate. 

After 8 days of incubation at 30°C the plates were flooded with 

iodine solution. After 30 min" the plates were examined for the 

presence of a clear zone around the area of growth. 

Cellulqse utilization by Azospirillum strains was 

examined by dire.ctly s.J)-OttiRg the cultures on plates containing 

0.5% cellulose as the c-source. The plates were.examined for 

growth after 10-12 days of incubation. 

3 · 5 · 2 · Conjugation 

A-brasilense 825 was grown in ·nutrient broth at )0°C on 

a rotary shaker for 24h to give a titre of 2x10
8 

to 3x10
8 

cells 

1 -1 m • The recepient (E.coli, pRK 290) was grown separately in 

nutrient broth and incubated overnight to give the same titre 

approximately. 

Selective media plates containing a combination of 

tetracyclin (25 pg ml- 1 ) and either one of the other antibiotics 

viz. amoxyclllin (50 ~g ml- 1 ), streptomycin (10 pg ml- 1 ), 
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( -1 1 carbenicillin 100 )Jg ml ) or ampicillin (100 )lg ml- ) to 

which the recepient was sensitive, were prepared. Neither 

the donor nor the recepient could grow on these plates. 

Conjugation was carried o~t by spot mating for this 

a drop of the recepient was first placed on a nutrient agar 

p 1 a t e , an d a 11 owe d t o ads o r b on the a g a r f o r 1 0 - 1 5 mt n . . Then 

a drop of the donor was placed over the recepient spot and allowed 

to stand for another 15-20 min. Several spots were plaGed on 

3-4 different plates and il)cubated at 30°C· for 24-48 h in a 

BOD incubator. The thick growth from the spots was then scrapped 

and suspended in a small volume of sterile nutrient ·broth. -The 

contents were mixed thoroughly on a vortex mixet. From this 

suspension 0.1 ml aliquots were spread on various selective media 

plates. The plates were then incubated at 37°C for 48 h and scor~1 

for exconjugants. 

Transformation(Mandel and Higa, 1970) 

3.5:3.1. Preparation of cells 

The recepient (f.coli) was cultu~ed in 250 ml of Luria 

broth and incubated on a rotary shaker for 24h. The cells weT~ · 

then chilled for 30-40 min o~ ice and transferied to sterilized 

cold centrifuge tubes and were harvested by centr.ifugation at - . 

6,000 rpm for 10 min at 4°C. The pellet was resuspended in 100 

m 1 0 f c 0 1 d 0 . 1 M c a C 1·
2

,. and i n c u b a t e d f o r 2 0 m i n on i c e . r h e 

cells were ~ollected -again by centrifugation and resuspended in 

5 ml of cold o. 1 M CaClz and stored on ice for 24h in_ a refrigerat 

or. Next day, the chilled cell suspension was vortexed and 
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sterile glycerol was added to a final concentration of 10%. 

Glycerol was added slowly and with gentle mixing to avoid 

heat release. The CaC1 2 treated cells were distributed in 

aliquots of 0.2 ml 1n sterile microfuge tubes for storage a~ 

-70°C in a Queue Cryostar (Japan). The tubes were removed from 

the freezer as and when required and each aliquot was sufficient 

for one transfomration. 

3.5. 3.2. Transformation of E.coli with plasmid DNA 

Plasmid DNA for transformation was isolated by the 

method of Godson & Vapnok (1973). The·required number of 

microfuge tubes cont~ining CaC1 2 treated cells was removed from 

the freezer and trawed on ice. After thawing the cells were 

vort~xed and 10 pl of:~~e DNA solution was added to the tub~s. 

The contents were mixed by tapping the tub-es· and reincubat·ed .on 

ice for 60 min. Following incubation, the cells· were ~eat 

shocked for 2 min by transferring the tubes to a water bath at 

37oc followed by incubation for 10 min at 25°~. Then 1.0 ml of 

sterile Luria broth was added to the microfuge tubes and incubated 

for 30 min at 37oc for phenotypJc expression. The transformation 

mixture was then spread on selective media plates containing anti­

biotics and heavy metals. The plates were incubated at 37°C over­

night and scored for transformants. 

The transformants were maintaiQed on selec~ive medium 

containing the respective antibiotic/heavy metal. 
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EXPERIMENTAl RESUlTS 

4.1 Characterization of the strains 

Before initiating studies on plasmid analysii in 

Azospirillum it was necessary to characterize the strains used 

in the present study. This was done by confirming their 

ability to i) fix N2 and oxidize H2 ii) to utilize various 

carbon sources iii) to produce pigmentation on nutritent anq 

malate agar and antibiotic resis.tance. 

For estimation of ni-trogenase and hydrogenase, ~11 the 

cultures were grown on nitrogen free semi-solid malate medium. 

It was found that all strains were positive for nitrogenase and 

hydrogenase ( lable-3) confirming their identity as diazolrophs. 

The ARA and H2ase levels, however, varied amongst these cultures. 

The ARA level was found to vary from 23 nm moles mg -1 protein h-1 

106.4 mol as -1 protein h-1 and the H2ase level found to n mg ' 
was 

' 

to vary from 1 3. 5 n moles mg -1 protein h-1 to 291 . 5 n moles mg -1 

p r 0 t e i n , h .:. 1 . ' F u r t he r c h a r a c t e r i z a t i o n w a s do n e ' on t h e b. a s i s o f 

their ability·to utilize malate, ·glucose, sucrose, fructose, 

citrate and glutarate (Table 4). It was found that malate and 

fructose were utilized by all the species. A. brasilense was 

not able to grow .on giucose and A.a~azonens& was the only one to 

have the ability to utilize sucrose. Citrate and glutarate 

were utilized by A.lipoferum and ~.seropedicae. A.brasilense and 

A~amozonense did n6t need biotin for growth. Azospirillum 

brasilense strains produce a pink pigmentation after 3-4 days 
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of growth o~ nutrient'·as well as malate agar plates. All the 

cultures were long Gram-negative curved rods. 

4 2.1. Standardisation of the method for plasmid analysis 

In literature, the number of plasmids in some species 

and strains of Azospirillum has been detected and reported to 

contain 2-6 plasmids further, the same strain analysed in two 

different laboratories has been found to have varying ·number 

of plasmids for example in A.brasilense Sp7, presence of three, 

four and seven plasmids has been .reported by different laborator-

ies. Obviously, the method for investigat-ion largely determined 

the efficiency of de~ection. In order to detect the corre~t 

numb e r 0 f p 1 a s m i d s i n t he s e s t r a i n s s e v e r a 1 me t h 0 d s v i z . b·o ~ 1 i n g 

method (Homles and Quigley, 1981), alkalihe ~ydrol~sis (Birnboim 

& Doly, 197~), Eckhardt's method (Eckhardt, 1978); Simon's method 

(Simon, 1984) and the method of gentle lysis .(Godson and 

Vapnek, 1973) were tried to determine which of the methods 

re~ulted in identifying the maximum and correct number of 

plasmids. The first four techniques were used for small scale 

preparation of plasmid DNA, two of which ~nvolved the isolation 

of· DNA (~oiling and alkaline hydr~lysis methods) and then 

determining.the numbe~ of plasmids by agarose g~l electrophoresi~ 

The other two techniques (Eckhardt's and Simon's methods) 

involved gentle lysis of the cells directly ·in the gel wells 

or in the Eppendorf tubes. A.brasilense Sp7 and 825 were used: 

in these stuides. 
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On gel electrophoresis the number of plasmids in 

A.brasilense Sp7, was found to vary from 0-2 when boiling 

and alkaline hydrolysis methods were used (Table 5) but with 

Eckhardt's and Simon's methods the number of plasmids obtained 

was 4 in the standard strain of A.brasilense ~p7. Although 

Simon's method and Eckardt's method gave equally good results 

but Simon's method ~as preferred since it is a simp)er 

version of Eckhardt (1978), and was used for further studies. 

As regards Godson and Vap~ek's method, this involves gentle 

lysis· and minimum of shearing. It, therefor~, worked very well 

with larger cell mass. This method also yielded 4 plasmids 

in strain Sp7 ~nd was therefore, followed when plasmid DNA was 

required in larger amounts for transformation and restriction 

endonuclease dige~1ion experiments. 

4.2.2. Detection of plasmid number in-Azospirillum spp. 

'After standa~~lzing the method for the detection of 

plasmids, the plasmid profile of the various strains 1 belonging 

to-different species (listed in Table 2) was examined. Gel 

analysis was repeated thrice so as to establish that the results' 

are reproducible. Agarose gel electrophoresis by Simon's me~hod . . 

revealed the presence of 2-4 plasmids (Fig.2) of various sizes 

in the various strains. The number of plasmids differed from 

one species to another for example, A.brasilense Sp7 had four 

plasmids, A.lipoferum three, A amazonense v1 had onl-y two, 

while H.seropedicae Z67 had three Interestingly; the n~mber 

of plasmids varied from one strain to another within· the same 
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Fig.2 PlasmLd.pattern of Azospirillum species 

Lane 1 . A.lieoferum A6 

2. A.b'rasilense 125 

3 . A.brasilense Sp7 
4 . ~.amazonense v, 
5. H.seroeedicae Z67 
6. ~.brasilense 9 
7 • ·A.brasilense B25 
8 . A.lieoferum 708 
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species. A lipoferum strain 708 had 2 plasmids while strain 

A6 had 3 (lanes 8 and 1) similarly in A.brasilense the number 

varied from 2-4 (lanes 2,3,6 and 7), in different strains. 

The size of the plasmids also varied. As·seen in Fig.2, the 

position of all the bands is not identical' indicating that 

the molecular weight of the plasmids varies within the species. 

A.brasilense 825 (lene 7) having only two plasmids was selected 

f o r · f.u r l h e r s t. u d i r. n . Thr.nr. nrc dr.signnt.cd ns pAh1 nnd pAb2 

respectively 

4.2 3. Physical characterization of plasmids in A.brasilense 8251 

Determination of molecular weights 

The molecular weights of plasmids in strain 825 were 

determined by comparing their relative mobility with the 

standard known mol. wt plasmid DNA molecules. The migration 

of plasmid DNA in agarose gels is inversly related to their 

m o 1 e c u 1 a r we i g h ts' ( Me y e r s e t a 1 .. , 1 9 7 6 ) . T h e 1 a r g lil r t he m o 1 e c u 1 a r 1 

weight the slower the rate of migration. Standard plasmid 

DNAs of known molecul~r weights viz. RP
4 

(36 Md) and R68.- 45 

(39 Md) carried in E.coli were also isolated and run along with 

A.brasilense 825. The cultures were lysed and loaded on the 

same gel and subjected to electrophoresis under identical 

conditions (Fig.3). In each case a single well defined band 

of DNA is observed for each plasmid species except for 825 

which showed the presence of two distinct sharp bands The 

relative mobility of each band was calculated and plotted 

against log of molecular weight of the plasmid DNA (Fig.1). 



Fi~.3 Gel electrophoresis of DNA from A.brasilense 

825 and E.coli 

Lane 1 t 2 

3,4 

5,6 

A.brasilense 825; 

E.coli (R68-45); 

E.coli (RP4) 
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from this, the mo.lecular weights of 'the two plasmids viz. 

pAb 1 and pAb 2 in ~.brasilense 825 were calculated (Table 6) 

which were determined to be about 90 and 120 Md, respectively. 

The chromosomal fragments, as is clear from the figure did not 

interfere with the detection of any of the plasmid bands. 

4.2.4. Restriction endonuclease digestion 

The two plasmids in A.brasilense 825 were further 

characterized by restriction endonuclease digestion since, 

restriction endonucleases cleave DNA molecules ~t:.specific 

s i t e s ( M a n i a t i s e t ~ • , 1 9 8 2 ) • f o u r r e s t r i c t i o n end o n u c 1 e a s e.s 

viz. Eco R1, Kpn1, Bam H1 and Sal 1 ·were used. To test the 

activity of the enzymes a standard plasmid pBR322 with known 

restriction sites was used and it was found that all the 

r e $ t r i c t ion enzymes· were active ( Fig . 4 ) . ' Plasmid p8R322 
.. 

has only one site each for EcoR1, Bam H1 and Sal 1 but is not 

cleaved by Kpn1" The results are consistent with the published 

informatior:t (Maniatis et al., 1982). 

The two plasmids pAb 1 and pAb 2 were purified separately 

from the cured strai~s Ab~ and Ab 6 . Before they were subjected 

to restriction endonuclease digestion, gel electrophoresis 

was carried out to detect any chromosomal contamination. The 

two plasmids were then incubated separately with the respective 

restriction en~ymes as detailed in section 3.4.2, Appendix-III 

and Appendix-IV. On gel electrophoresis or the ~igestion mixtur 

it was found that only EcoR1 was able to cut the plasmid pAb 
I 1 

at 6 sites whereas the other three enzymes used did not cut any 
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fig.4 RE digestion of the plasmid pBR322. 

Plasmid pBR322 was purified and cleaved as described 

in Material and Methods and subjected to gel electrophoresis. 

Lane 1. EcoR1; 

2. Kpn1 ; 

3. Bam H1; 

4. Sal1 
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of the two plasmids at any sites (Fig.5) The enzyme and 

DNA concentration were varied but no difference. in the results 

was observed. T h i s s·u g g e s t s t h a t e i. t h e r t h e r e ~ s n'o s i t e fa r 

these enzymes on these plasmid molecules Dr the DNA is modified 

to .make it resistant to the restriction endonuclease attack 

(Yuan, 1981) 

4.3. Phenotypic characterization of mark~rs carried on the 
plasmids 

P~enotypic characterization of the plasmids in A. 

brasilense 825 was done to undertstand their role in this 

organism. This was achieved in two ways i) by eliminating. 

the plasmid and studying the phenotype of the cured strain 

and ii) by transfer of the plasmids co a recepient strain 

through conjugation or transformation and examining the change 

in the pheotypes of the rec~pient. 

4.3.1. Curing 

Ethidium bromide (EtBr), acridine orange (AO), 

acriflavin (Af) and soditrm dod·ecyl sulphate (5D5) were used 

for the curing of plasmids. Before subjecting the culture to 

the curing treatments the minimum inhibitory concentr-ation (MIC) 

of each agent for A.brasilense 825 was determined. 

For this, nutrient broth tubes containing different 

concentrations of the curing agents were inoculated with same 

number of cells and incubated on a shaker at 30°C for 24 h. The 

MIC was found to be 2.5 pg ml-
1 

for EtBr, AO and Af, andSO ~g 
-1 ml for 5D5 These concentrations were chosen for subsequent 

sutdies. 



Fig.5 RE digestion of pAb1 and pAb2 

The two plasmids were purified sepaiately from the 

cured strains b~ Godson and Vapnek's mefhod and subjected 

to RE digestion. Lanes1-4 represent pAb1. while lanes 5-8 

represent pAb2. Other details are: 
Lanes 1 , 5 - EcoR1; 

2,6 .Kpn1; 
3,7 - Bam H 1 ; 
4,8 - Sal1 





58 

Table-7 lists the different ~uring treatments and the 

number of clones screened for the loss of plasmids. None of 

the curing agents whe~ used alone had any effect even on .5 

serial transfers. Since individually these had no effect, a 

combination of the two chemicals, acridine orange an~ SDS was 

tested. Wnen this was done few clones were obtained which 

were found to have lost either of the two plasmids. So as 

to enrich the medium with the cured strains (if at all they 

arose), spreading on selective media plates was done after 5 

serial transfers. 

4.3. 2. Antibiotic resistance and plasmid analysis of the 
cured strains 

To establish the identity of the cured ~trains, the 

mutants derived after the curing treatmen~ were serially 

diluted and-spread on nutrient agar plates (master plates) 

so as to give around 50 colonies per plat~. The plates 

following incubation were replica plated on selective media 

plates and incubated for 24-48 h at 30°C. The clones not 

growing on selective media plates were picked up from the 

masier plates and retested to confirm the loss of the respec-

tive marker. Table-8 shows the antibiotic resistance pattern 

of the various clones which had become sensitive to one or the 

other antibiotic. It is seen that all the clones are resistant 

to penicillin, ampicillin, cephalosporidine and nalidixic 

l
.d however, some are sensitive to axomycillin, carbenicillin 

ac ' ' 

t omycin and erythromycin while others are sensitive to 
streP 



fig.3 Gel electrophoresis of DNA from A.brasilense 

825 and E.coli 

Lane 1 '2 
3,4 

5,6 

A.brasilense 825; 

f.coli (R68-45); 

E.coli (RP4) 
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From this, the molecular weights of 'the two plasmids viz. 

pAb 1 and pAb 2 in A.brasilense B25 were calculated (Table 6) 

which were determined to be about 90 and 120 Md, respectively. 

The chromosomal fragments, as is clear from t~e figure did not 

interfere with the detection of any of the plasmid bands. 

4.2.4. Restriction endonuclease digestion 

The two plasmids in A.brasilense B25 were further 

characterized by restriction endonuclease digestion since, 

restriction endonucleases cleave DNA molecules ~t:.specific 

s i t e s ( M a n i a t i s e t a 1 . , 1 9 8 2 ) . F ~ u r r e s t r i c t i on end on u c 1 e a s e.s 

viz. Eco R1, Kpn1, Bam Hl and Sal 1 ·were used. To test the 

activity of the enzymes a standard plasmid paR322 with known 

restriction sites ~as used and it was found that all the 

' r e 13 t r i c t i o n e n z y me s· we r e a c t i v e ( F i g • 4 ) . Plasmid pBR322 

has only one site e~~~ for EcoR1, Bam H1 and Sal 1 but is not 

cleaved by Kpn1. The results are consistent with the published 

information (Maniatis et al., 1982). --
The two plasmids pAb 1 and pAb 2 were purified separately 

from the cured strai~s Ab~ and Ab 6 . Before they were subjected 

to restriction endonuclease digestion, gel electrophoresis 

wa~ carried out to detect any chromosomal contamination. The 

two plasmids were then incubated separately with the respective 

restriction en?ymes as detailed in section 3.4.2, Appendix-III 

and Appendix-IV. On gel electrophoresis ·or the ~igestion mixtur 
. ' 

it was found that only EcoR1 was able to cut the plasmid pAb 1 

at 6 sites whereas the other three enzymes used did not cut anv 
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Fig.4 RE digestion of the plasmid pBR322. 

Plasmid pBR322 was purified and cleaved as described 

in Material and Methods and subjected to gel electrophoresis. 

Lane 1. EcoR1; 

2. Kpn1; 

3. Bam H1; 

4. Sal1 
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of the two plasmids at any sites (Fig.S) The enzyme and 

DNA concentration were varied but no difference i~ the results 

was observed. T hi s s·u g g e s t s t h a t e it he r the r e j s n'o s i t e f 0 r 

these enzymes on these plasmid molecules Dr the DNA is ~edified 

to make it resistant to the restriction endonuclease attack 

(Yuan, 1981) 

4.3. Phenotypic characterization of mark~rs carried on the 
plasmids 

P~enotypic characterization of the plasmids in A. 

brasilense 825 was done to undertstand their role in this 

organism. This was achieved in two ways i) by eliminating' 

the plasmid and studying the phenotype of the cured strain 

and ii) by transfer of the plasmids co a recepient strain · 

through conjugation or transformation and examining the change 

in the pheotypes of the rec~pient. 

4.3.1. Curing 

Ethidium bromide (EtBr), acridine orange (AD), 

acriflavin (Af) and sodium dod~cyl sulphate (SDS) were used 

for the curing of plasmids. Before subjecting the culture to 

the curing treatments the minimum inhibitory concentration (MIC) 

of each agent for A.brasilense 825 was determined. 

for this, nutrient broth tubes containing different 

concentrations of the curing agents ~ere inoculated with same 

number of cells and incubated on a shaker at 3D°C for 24 h. The 
-1 

MIC was found to be 2. 5 pg ml for EtBr, AD and Af, and5D j.Jg 

-1 ml for SDS These concentrations were chosen for subsequent 

sutdies. 



fig.S RE digestion of pAb1 and pAb2 
1he two plasmids were purified separately from the 

cured strains bY Godson and Vapnek's method and subjected 

toRE digestion. Lane1-4 represent pAb1_ while lane 5-8 

represent pAb2. Other details are: 

lanes 1,5 - EcoR1; 

2,6 Xpn1; 
3,7 

4,8 

-Bam H1· 
' 

- Sal1 
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Table-7 lists the different ~uring treatments and the 

number of clones screened for the loss of plasmids. None of 

the curing agents wher used alone had any effect even on .5 

serial transfers. Since individually these had no effect, a 

combination of the two chemicals, acridine orange an~ SDS was 

tested. Wnen this was done few clones were obtained which 

were found to have lost either of the two plasmids. So as 

to enrich the medium with the cured strains (if at all they 

arose), spreading on selective media plates was done after S 

serial transfers. 

4.3. 2. Antibiotic resistance and plasmid analysis of the 
cured strains 

To establish the identity of the cured ~trains, the 

mutants derived after the curing treatment were serially 

diluted and· spread on nutrient agar plates (master plates) 

so as to give around 50 colonies per plat~. The plates 

following incubation were replica plated on selective media 

plates and incubated for 24-48 h at 30°C. The clones not 

growing on selective media plates were picked up from the 

master plates and retested to confirm the loss of the respec-

tive marker. Table-8 shows the antibiotic resistance pattern 

of the various clones which had become sensitive to one or the 

other antibiotic. It is seen that all the clones are resistant 

to penicillin, ampicillin, cephalosporidine and nalidixic 

acid, however, some are sensitive to axomycillin, carbenicillin, 

streptomycin and erythromycin while others are sensitive.to 
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chloramphenicol. This suggesled loss or some genetic 

component. 

To determine if the loss of antibiotic resistance 

was due to the loss of the plasmid/plasmids,DNA from represen­

tative clones was isolated and subjected to gel electrophoresis 

(fig.6). 
It was found that loss of antibiotic resistance was 

nssocialod with lh1~ lo!l!i ol r~ill11~r nr lhP lwn plnnmidn .. In 

strains Ab1-3, Ab5 and Ab0-10, plasmid pAb 1 hAd been eliminated., 

while in strains Ab6 and Ab7, plasmid pAb 2 had been lost. 

further, strains which had lost pAb 1 were sensitive to em and 

those which had lost pAb 2 were sensitive to Ax, Cb, Sm and 

Em. 

4.3~3 
Growth of cured strains in the presence of heavy metals 

To verify if the loss of plasmids was related to 

their resistance to heavy metals, the ability of the. cured 

strains to grow on medium containing either cadmium or chromium 

was also tested (Tab~e-9). It was found that the stralns which 

had lost pAb-1 had be~ome sensitive to cadmium, whereas strains 

which had lost pAbz continued to be resistant to these heavy 

metals. This suggested that pAb1 is also associated with 

de~ermining resistance to cadmium 

4.3.4 D
etermination of nif/hup character in cured strain 

In Rhizobium the genes far. nitrogenasn and hydrogena;P 

have been found to be carried on magaplasmids The nif HDK 

probe from ~.pneumoniae hybridized with total DNA isolated 

from Azospirillum (Elmerich, 1984), but there is no evidence 



fig.6 Gel electrophoresis of the plasmid DNA from 

cured strains of A.brasilense 825. 

Lanes 1,4 and 6 -strains without pAb2 

(Ab6, Ab7 and Ab~1) 

lanes 2,3,5,7 
and 8 

.~ Strains without pAb1 
(Ab1, Ab2, Ab3, Ab5 and Ab8) 
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about the localization of these genes in Azosplrillum. 

To verify if the loss of plasmid had resulted in the loss 

of either nitrogenase or hydrogenase activities the 10 strains 

listed in Table 8 were also tested for their ARA and hydrogenase 

activity by culturing in nitrogen free semisolid malate 

medium. Results in Table-10 show that these two activities 

in the cured strains are very similar to those of the parent. 

Loss of either plasmid had not affected these activities 

suggested that these plasmids are not involved either in 

nitrogen fixation or oxidation of hydrogen in A.brasilense 

strain 825. 

Production of indole acetic acid (IAA) 
,. 

4.3.5. 

Azospirillum spp have been found t·o promote root 

elongation in various grasses and cereals by their ability 

t 
0 

p r 0 d u c e .g r ow t h p r om o t i n g s u b s t a n c e s ( T i e n e t a 1 . , 1 9 7 9 ; 

Umali Garcia et a!. 1980; Horemans and Vlassak 1985). To --
verify if growth promoting substances such as.IAA production 

is associated with these plasmids, the cured strains were 

tested for any impairment in the production of IAA in mala£~ 

-1 1 
medi urn supp!.emented with 100 )Jg ml tryptophan and 1 gl- NH 4 Cl. 

After incubating the cultures for 6 dayn, fAA produced was 

estimated calorimetrically. It was found that there was no 

significant difference in the amounts of I~A produced by the 

parent or the two ~yp~s of cured strains excepting in strain 

No Ab 4 and Ab 10 (Table 11) which produced lower amounts of 

-1 . ) IAA (10.66 and 4.58 ~g mg prote1n as compared to the parent 

(27.60 pg mg- 1 protein) The reduced levels of IAA may be due 
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to random 
mutation in the genes coding for IAA biosynthesis. 

Utilization of various carbon s ources and polysacchar_ides 
4. 3. 6 

by the cured strains 

To verify if the plasmids control any other essential 

function such as different carbon sources and polysaccharides 

utilization the growth of the parent and the cur~d variants 

was tested on various carbon cources·(arabinose, sucrrise ' 
' 

fructose, glucose, malate, lactose, galactose, mannose, 

mal
tose, mannitol, sorbitol, glycerol, xylose, r 1

· b ose, salicin 
. ' 

xylene and toluene) and polysaccharides (cellulose, starch and 

All these were supplemented singly in minimal 
pectin). 
medium and served as the sole sourc~ of carbon and ene . . rgy. 

It was found that all the cured variants were similar to the 

parent (Table-12). 
Similarly there was no differeMce in 

utilization of polysaccharides between the parent and the 

This suggests that plasmids in 
cured strains (Table 13) 

Azospirillum are associated with some other function and not 

with any of those tested above. 

4.3.7. frequency ~f reversion 
·ro establish that the loss of antibiotic markers is 

due to the.eliminati~n of the plasmid and not as a result 

of a mutation the ~ured strains which had lost pAB,. or pAb2 

were tested for reversion. The results in Table 14 ~how that 
7 

none of the mutants reverted when 10 cells were spread on 

selective media plates. 
This allows us to conclude that the 

loss of antibiotic and cadmium resistance is due to the loss 

of plasmids. 
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4.4 Transformation experiments 

To further establish that the two plasmids are 

involved in antibiotic and heavy metal resistance an attempt 

was made to transfer these plasmids to f coli by conjugation 

and transformation and then examining the phenotype of the 

transconjugants and transformants. For this thB pRK290 strain 

of E.coli was used as the recepient which is restriction 

endonuclease negative and does not have the ability to reit~ict 

the entry of foreign DNA. A.brasilense 825 was used as the 

donor. Before proceeding for the conjugation and trarisform­

at'ion experiments t~·l;!, .. genotype of the donor and .the re9epient 

was established to facilitate selection of· the transconjugants 

and transformants. Growth of the donor and the recepient was 

tested in the presence of Ap, Cb, Ax, Cm, E~, Sm, Tc and Cd 

( Tabl.e-15) The donor strain ~ brasilense 825. was resistant 

to Ap, Cb, Ax, Cm, Em, Sm and Cd, and sensitive to Tc the 

recepient f·~ was sensitive to these antibiotics and 

resistant to tetracyclin. Thus fo~ the selection of exconj~gantsl 

and transformants each plate conta1ned only one antibiotic, 

in the selective medium along with tetracycline since this 

medium allowed only the excojugants.or the tra~sformant~ to 

grow. 

4.4.1. Conjugation tests 

. Conjugation was carried out by t~e spot mating technique 

as describe9 in section 3 5.2. The nutrient agar plates were 

fir~t spotted with the cultures and then transferred to 
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selective media plates after suspending them in fresh sterile 

nutrient broth. This was done to avoid killing of both the 

donor and the recepient. Following incubation of the plates 

at 37°C for 24-4Bh, they were scored for the presence of 

exconjugants. Growth occured only on the plates containing 

chloramphenicol and cadmium (Table 16). No clQnes were found 

on any o ·the r p 1 ate suggest in g t h a t on 1 y one o f the two 

plasmids could be transferred through conjugation. 

To verify whether the acquisition of characters:,by 

[.coli was due to the acquisition of plasmid by conjugation 

with A.brasilense gel electrophoresis of the exconjugants was 

done. As seen in Fig.7, all the exconjugants have gained 

a · p 1 a s m i d p A b 1 o f t h.~ .. p a r en t s t r a i n • I n 1 an e 2 , on 1 y one 

band corres:ponding ~o the host can be seen ·a.t the b-ottom of 

the figure, whereas in all the exconjugants two bands are 

seen which .confirms the earlier observation that chloramphenicol 

and cadmium resistance is coded by the 90Md plasmid of pAb
1 

of 

A.brasilense 825. 

Since the phenotype of pAb 2 could ~at be ~stablished 

by transfer of the plasmids to f.coli by conjugation, an 

attempt was made to see if this could be done by transformation 
-

using plasmid DNA of A.brasilense 825. 

4.4.2 Transformation 

For this, plasmfd DNA was isolated, by the method 

described in section 3.3.2. The pu~ity of DNA was verifie~ · 

by gel electrophoresis and transformation·was carried out by 

incubating this plasmid DNA with CaC1 2 ~reated E.coli cells. 
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f i.9. 7 Gel electrophoresis of plasmid DNA from 

exconjugants of E.coli 

lane 1. A.brasilense 825 

2. ~.coli (pKR290) 

3-5. exconjuqants ex 1 , ex 2 and ex 3 





76 

The transformation mixture was then spread on selective media 

plates containing either Ap (500 ~g ml- 1 ), Cb (50 ~g ml-
1

), 

( -1) ( -1 -1) ( -1) Ax 50 )Jg ml , Sm 10 }Jg ml ) , Em (10 yg ml , Cm 10 )J9 ml 

( -1-) -1 ) or Cd 200 ).Jg ml . Tetracyclin 25 (}Jg ml was added to. all 

the p 1 ate s to a 11 ow ·On 1 y I. co 1 i to grow. The p 1 ate s were 

i n c u b a ted at .3 7 ° C far'. 4 ~ h . . A f t e r i n cub at i on , grow t h was 

seen on all plates except the one containing ampicillin 

(Table 17). The number of transformante on ~11 the ~lates 

was determined and the frequen~y of transfer of the drug· 

resistance marker was calculated for all the antibiotics 

tested. The results in Table-17 show that transformation 

d . f -5 ' -5 occure at a frequency vary1ng rom 1.7 x 10 to 5.68 x 10 . 

Chloramphenicol and cadmium markers were transferred at a 

much higher frequency than the other drug markers tested. 

Around 20 trans formants were randollfl y .se 1 ec ted from 

each plate and counter tested for resistance to' all .the other· 

antibiotics and heavy metals used in the experiment. On this 

basis it was found that these 20 could be divided into three 

groups TpZ1, TpZZ and TpZx (Table-18). It was also seen that 

resistance to chloramphenicol and cadmium is co-transferred in 

TpZ1 while the other 4 mar~ers were co-transferred together in 

Tpt2. T~e third group of transformants, TpZx had gained 

resistance to all the markers tested except Ap which means 

that both the plasmids had been transferred in this group.' 

4.3. Gel 1 . of the transformants ,e ectrophores1S 

To further verify that the transformants had acquired 

the new Phenotypes by virute of their having gained the plasmids 
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gel electrophoresis of the transformants was done. As 

seen in Fig,8, that in lane 1, two plasmids can be seen, 

in lane 2 only one plasmid can be seen, whereas in all the 
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other lanes, two pt three plasmids can be seen, one correspon~ 

ding to the upper band (120 Md) of lane 1 and the other 

corresponding to the lower band (90 Md) of lane 1 and~thind 

lower most band corresponding to the host, E.coli. This --
confirms that the transformants had acquired the new phenotypes 

by acquiring the plasmids and that the phenotype of pAb1 is 

resistance to chloramphenicol and cadmium and of pAb2 is 

resistance to carbenicillin, amoxycillin, streptomycin and 

erythromycin. 

4.4.4. N2 ase and H2 ase activities in the transformants 

To see if the plasmids had also transferred any other 

characteristic one representative, of TpZ 1 and· TpZ 2 was selected 

and further tested for both ARA and H2ase activities. As 

seen in Table -19, only the donor strain 825 displayed both 

the ARA and H ase activities confirming that the plasmids in 
2 . 

A.brasilense £25 do not code for either nitrogenase or Hydrogens~ 

4.4 .. 5. IAA production and carbon source utilization by the 
transformants · 

4 .3 5) it was found that strains cured Earlier (section 

of d h d not lost the ability to produce either of the plasmi s a 

IAA. 
. . periment, however, no exconjugants In conJugat1on ex 

wi.th pAb 2 were det~~~~d. 
Since, in transformation this was 

. · Ab and pAb were tested 
possible clones w1t~ P 1 2 

Utilization as before. 
and carbon source 

for IAA production 



Fig.B Gel electrnphoresis of plasmid DNA from transformants 
of E.coli ---
Lane 1 • 

2. 

A.brasilense 825; 

E~coli (pRK290); 
3,7 & 9.Tp Z1; 

4,6,8,10 & .TpZ2; 
11 

5 .. TpZx 
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Results in Table-20 show that there is no change in 

the level of IAA produced following a gain of the plasmid 

By E.coli. When the trans formants were tested for growth --- .. 
.. 

(Table 21 ) on various carbon sources there was no change in 

their ability to utilize any of the carbon sources tested. 

The results obtained by curing and conjugation are further 

confirmed by these results that plasmids pAb 1 and pAb
2 

do not 

code for any of these· functions in A.brasilense 825. 



CHAPTER - V 

DISCUSSION 



DISCUSS] 

The discovery in the seventies that some bacteria 

associate with the roots of tropical grasses and fix substantial 

amounts of nitrogen (Dobereiner and Day, 1976) suggested that 

this could be a potential a~ea for develQpment and use in c~real 

crop production. Today, a number of bacteria are known to· 

associate with th~ roots of cereal plants but among these species 

of Azospirillum have drawn the most interest. These bacteria 

fix substantial amounts 'of nitrogen and also associate with 

cereal roots, but the molecular basis of the complex process of 

bacterium-host association and other beneficial effects of 

Azospirill~m inoculation, have not been explored. One reason 

for this is the lack of information regarding the genetic 

organization in this organism. Like many other ~iazotrop~s, 

Azospirilla are also 'endowed with plasmids. Their number and 

size, however, has not been consistently reported. Detailed 

genetic studies in Azospirillum can help to uncover some plasmid 

determinants which may have a role in· its various activities and 

the complicated procesi of iln nnnnriotinn with lhe plant rootn. 

This may also allow improvement of these bacteria for better plant 

association and improved crop yields. 

Until now, the genetic techniques applicable to Azospirillum 

have been few. As a consequence, there are only a few studies in 

thiS area related to this organism. Although, plasmids have been· 

reported in Azospirillum, their number within one strain has been 



86 

reported differently (franche and Elmerich~ 1981; S~ngh and 

Wenzel, 1982; Vieille ~ ~.,1987). This difference may be 

due to the methods adopted. from our stu~i~s on standardizing 

the technique· to obtain reproducible results, we found .that the 

method of Simon (1984) was best ,suited and gave reproducible 

results. Using this method, the plasmid number in different 

Azospirillum species and strains was examined (fig.2) and as 

expected the number of plasmids varied amongst the various 

strains and within a species. This makes it difficult to 

distinguish the g~nus Azospirillum on the basis of their plasmid 

content. Recently, detailed serological studies using ELISA 

technique carried out by Wani et ~· (1988), have shown that all 

the Azospirillum species are serologically distinct and this 

corelates to a certain extent with the plasmids. St~ain A. 

brasilense 825 was found serologically similar to A.brasil~nse 

strain Sp7; yet, the number of plasmids in these two strains 

examined under identical conditions is different. This discrepency 

at this moment can not be sorted out. 

A.brasilense strain 825 was selected for further pla~mid 

studies because of its high Niese and H2ase activities as well 

as satisfactory growth in minimal medium and it contain~d the 

least number of plasmids among the different A.brasilense strains. 

The molecular weights of the two plasmids in this strain were 

determined by comparing their relative mobilities with the 

standard ones (~P 4 and R68-45) in agarose gels. The approximate 

lecular weights were found to be 90 and 120 Md for pAb1 and 
rna- , 

pAb
2 

respectively. Restriction endonuclease digestion showed 
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that EcoR1 has six sites on pAb1 while pAb2 could not be 

cleaved by any enzyme. The reason for this may be that either 

t h e DNA i s m a d i f i e d a r t h e de g r e e a f s up e rca i 1 i n g i.s s u c h t h a t 

the sensitive sites are inaccessible to the enzyme (Maniatis · 

et al. 1982). Similar res~lts have been reported by Singh and 

Wenzel (1982) who could nat· detect any site in the plasmid 

pAL1 (6.2 kb) from A.lipoferum strains 29708 and·29709 using 

EcoR1 and Hind III. 

To understand the genetic determinants of plasmids in 

this organism two approaches were used: 

i) to eliminate the plasmids and ii) to transfer the plasmids 

to E.coli cells through a) conjugation and. b) transformation and 

then examining the change in the phenotype of the cured and the 

t ranso frmed. cu 1 t u res. 

Among the various curing agen~s tested ta eliminate the 

plasmids for ~.brasilense 825, none yielded any results. Howe~er, 

curing was possible only when SDS and acridine orange were 

combined. rietectio~ was dane only after five transfers and the 

t ·ned at the end of this period. 
frequency was de erm1 

·Hence, the 

frequency dtermined does not represent the actual freque~cy of 

curing and this may be much higher or. lower. Further, despite 

Stral
·ns with the loss of one plasmid were derived and 

this, only 

for not 
eliminating both is not known. However, our 

the reason 
. t t as to understand the genetic elements an 

primary 1n eres w 

h 
e the clones c~rrying either of th~ 

these plasmids and enc ' 

two plasmids were studied further, 

When properties such as nitrogenase, hydrogenase, IAA 
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production, carbon so~rce and polysaccharide utilization by 
.. 

the cured or transfor~edstrains were compared with the wild 

type, there was no significant difference which suggests that 

in this strain the genes coding for these activities are not 

plasmid borne. Elmerich et al. (1988) have detected hybridiza-

tion between nif probes from Klebsiella pneumoniae, Bradyrhizobium 

japonicum and Azorhizobium sesbaniae and total DNA from Azospirillu 

This study supports their findings regarding the presence of nif 

genes on chromosome. 

These two plasmids, however, determine resistance to 

various antibiotics. The loss of pAb1 makes ~he stFain sensitive 

to chloramphenicol as well as cadmium-while loss ~f pAb2 makes it 

sensitive to carbenicillin, amoxycillin, streptomycin and 

erythromycin. Azospirillum strains are highly resistant to 

ampicillin and penicillin but no change in these. was noticed in 

the cured strains. It is, therefore, concluded that in this 

. nicillin and ampicillin resistance is not plasmid borne. 
stra~n pe ~ ~ · 

. . ;stent with the report by Singh and Wenzel ~1982). 
Th~s-~s cons~ 

· To further establish the genotype of the tw~ plasmids 

. . d transformation were tried in E.coli, 
conJugat~on an 

keeping in 

mind the ability of Azospirillum genes tb express in other hosts(franche 

1 Fani _et !..!.·, 1985, 1986). It was possible 
and Elmerich, 198 ; 

1 
}asmid pAb1 through conjugation and all the 

to transfer on Y P 
. d were resistant to chloramphenicol a~d 

exconjugants obta~ne 
for not being able to transfer pAb2 a~e 

The reason cadmium. 
non-conjugative 

i) this may be 8 

plasmid and ii) the conditions 
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for conjugation need to be further standardized. By deriving 

exconjugants for pAb1 the genetic determinants have been further 

established. 

Since plasmid pAb2 could not be transferred through 

conjugation transformation of f.coli with purified plasmid DNA 

was performed. When this was done transformants with either or 

both the plasmids were detected. The frequency of transformation 

with pAb1 was about 5 times that of pAb2 which is probably because 

of its smaller size. Double transformants were also obtained but 

their number was negligible as compared to the single transformants 

These double transformants were of no interest in this stugy since' 

the o~jective was to detect the transfer of either of the plas~ids' 

and to identify their determinants. 

It.allows us to conclude that the two plasmids in A.brasilen~ 

825 
determine antibiotic and heavy metal resistaAce. It app~ars 

that only the smaller plasmid is of the conjugative type. 

Unfortunately, the essential determinants such as nitrogen 

fixation and hydrogen oxidation etc. are not carried by these 
J' 

plasmids- The number of determinants detected on· these pla~mids 

is tbo small to satisfr. their large size and it is likely that 

they may als~ determi~e other functions related to b~cteria-

plant ass6ciation. 



CHAPI~R --VI 

SUMMARY 



1 . 

2. 

3. 

4. 

·sUMMARY 

Four strains of Azospirillum brasl."lense ~~~~~~~ ---~~~~' two of A. 

-· nense were screened for lipoferum and one of A amazo 

the presence of plasmids. 

The number of plasmids varied in species 

the species. In A.brasilense strains the 

and also within 
I 

number varied 

from 2-4 and in ~.lipoferum it varied from 2-3 · . . ln A. 

amazonense strain Y1 two plasmids were deteced. 

In ~.brasilense 825, the two plasmids d~tected were 

designated as pAb1 and pAb2. T,heir approximate molecular 

weights determined by comparing their relative mobilities 

in agarose gel were about 90 and 120 Md, respectively. 

When the plasmids were subjected to RE analysi~, it was 

found that EcoR1 has· 6 sites on pAb1 while Bam H1, Kpnj 

and Sal1 had no sites on this plasmid. Pl~smid pA62 was 

not ~leaved by any of these enzymes. 

5. Using a combination of acridine orange and sodium dodecyl 

sulphate, A.brasilense 825 was cured of either of the two 
--

plasmids. 
6. By transformation, both pAb1 and pAb2 could be transferred 

to ~.coli but by conjugation only pAb1 could be transferred. 

7. On the basis of curing, conjugation and transformation 

studies it was found that plasmid pAb1 codes for ChJoramphen 

icol and cadmium resistance while pAb2 codes For carbenicill 

in, amoxyc i 11 in, str.eptomycin and erythromycin resistance. 

Neither nitrogenase, hydrogenase, IAA production nor carbon 
I 

source utilization is associated with the plasmids in ~· 
brasilense 825. 
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APPENDICES 



APPENDIX - I 

Calculation for the assay of Acetylene Reduction Activity (ARA) 

22.4 L (100~o C2H4) = 

22.4 ml = 

22.4 ml (110 VPM) = 

1 ml of C2H4 = 

= 

= 

Standard 

= 

= 

= ARA 

= 
ARA 

1 mole 

1 m mole 

110 m moles 1000000. 
110 m moles 22.4x100 

4.91 X 10- 6 m moles 

4.91 n moles 

40x8x2 C.U. at 10mVx1000 

sensitivity 

-4. 91 
40x8x2 n moles ' 

4. 91 X C. U .X at t X 2 X 10 
40 X 8 X 2 n mole~ 

C.U. X att X 0.153 
time x mg prot. n moles 



APPENDIX -11 

Calculations for the assay of hydrogenase 

22.4 L of Hz = 1 mole 

22.4 ml (100~~ 11 2 ) 1 m mole 

1 ml (100~6 H,i) 
1 m mole :: 22.4 

o.5 ml (2% H2 ) 
1 2 5 ---- x ----- x----- m'moles 22.4 . 100 10 

Standard 

0.5 ml of Z~6 Hz :: 63.41 X 16 cu at 1mV 

1 z 5 20 moles = i2.4x 100 X 10 X n 
in 10 ml 

:: 1 2 5 . zo n moles at 
22.4x 100 x---:ro- x63.41 16x att & 1 cu 

::1 mV 

1 . 
:: 22.4 X 5 x· 63.41 

= 0.0001408 m moles 

= 140.8 n moles at 16 att & 1 mV 
or ICU 

C.U x 140. 8 n moles = ·timex mg protein 



APPENDIX -111 

Buffers for restriction endonuclease digestion 

Buffer NaCl Tris.Cl* MgC1 2 Dithiothreitol 

Low 0 10 mM 10 mM 1mM 

Medium 50mM 10mM 10mM 1mM 

High 100mM 50mM 10mM 1mM 

-' .:_._ --;~':.-' 

* fris. Cl pH 7.5 



APPENDIX - IV 

Conditions for restriction enzyme digestion 

Enzyme Buffer Incubation 'Recog':Ji ti on 
temperature sequence 

EcoR1 High salt J]OC G.JAATTC 

GGTAC ~ C 
Kpnr Low salt J]OC 

Bam H1 Medium salt 37°C ~~GA TCC 

Sal High salt J7°C G J,TCGAC 
1 


