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INTRODUCTION 



Nitrogen from the atmosphere can be fixed ab1ologically as well 

as biologically. Biological nitrogen fixation 1s much more important as 

it contributes to more than 70% of the input into the world's soil and 

water nitrogen. About 100 to 1 75 million tonnes of nitrogen are fixed 

annually by the process of biological N2-fixation, and out of this, 50% 1s 

contributed by the legume-Rhizobium symbiosis. 

Though nitrogenases from all known sourceS catalyze an ATP­

dependent reduction of not only Nz to NH4 + but also protons to H2 • This 

H2 loss results in an inefficient use of the energy provided by the 

organIsm to the N2 -f1xIng process, as a majority of the nodulated 

legumes lose 40-60% of their nitrogenase electron flux as hydrogen 

(Schubert and Evans, 1976). 

Many aerobic N 2 -f1xlng bacteria, including some rhizobia are 

capable of synthesizing a hydrogenase system that oxidizes Hz generated 

by the nitrogenase complex during the N2 fixation process. Among these 

rhizobia, H2 -uptake hydrogenase positive (Hup+) strains have been 

found in species of the three genera, Rhlzoblum, Br(.1qyrhizoblum and 

Azorhizoblum (Brewin, 1984; Starn et al.! 1984). Several potential 

advantages of the H2 -uptake (Hup) system have been demonstrated. 

These advantages include generation of energy for ATP synthesis, to 

provide reductant and to protect nitrogenase from 02 inactivation. 

These advantages could help Rhizobium-legume symbiotic system fix 

more N2 and produce more dry matter, and a consistent positive effect 

of the Hup system on overall plant productivity of legum~s has been 

shown. 
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Assuming that H2 recycling benefits legumes, it 1s desirable to 

transfer H2 -uptake (hup) genes to rhizobia which lack H2 ~uptake capacUy. 

Such transfers require the isolation of aU hup genes from a strain with 

an efficient H2 -recycling system. Moreover, not much is known about 

the regulation of hydrogenase inRhLzoblum. Ma1er et al. (1978) described 

the conditions required for the expression of hydrogenase in free~ljving 

R.Japonlcum. It has been suggested that high concentrations of carbon 

substrates and high 02 partial pressures repress the hydrogenase 

synthesis/ activity in Hup+ rhizobia. But, recent reports on Sesbanla 

rhizobia and azorhizo bia have provided evidence showing that these 

rhizobia. unlike all others can be derepressed for Hup activity in the 

presence of high organiC carbon under free-living conditions (de Vries 

et al., 1984; Saini et al., 1987). 

A study of such naturally occurring rhizobial spp. insensitive 

to carbon SUbstrate repression could be of potential agricultural 

significance, since these species as bacterolds could synthesize large 

amounts of hydrogenase. Such Rhlzoblum strains should also be useful 

in answering some basic questions concerning the regulatory aspects of 

hydrogenase synthesis and activity in Rhizobium. 

Attempts to transfer hup genes from R. Japonlcum and R. 

Legumlnosarum, which are normally repressed by high concentrations of 

carbon substrates, to Clcer·rhizobia have been made, These hup gene 

transfers involving transfer of cosm1d pHU52 containing Hup­

determinants to Hup· Clcer-rhizob1a have been successful in conferring 
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a Hup+ phenotype in the latter (Vasudev et at.. 1990; Kunnirnalaiyaan 

et al., 1992). However, no efforts have been made to transfer hup genes 

from Hup+ azorhizobia to other Hup·rhizobia and to study the regulatory 

parameters governing the expression of these genes. 

Thus, the present study was undertaken with the following 

objectives in view: 

1. To construct a gene bank of Sesbania-Hup+ Azorhlzoblum 

strain IRBG-46 and isolate H2-uptake (hup) genes. 

2. To transfer isolated hup genes into a Hup· Cleer-Rhizobium 

strain. 



REVIEW OF LITERATURE 



Nitrogenases from different sources exhibit ATP-dependent 

formation of both NH4 + and Hz. Many N2 -fixing microorganisms are able 

to recycle the nitrogenase mediated Hz evolution using a, membrane 

bound hydrogenase, thereby recovering some of the energy utilized in 

the formation of Hz (Lambert et al., 1985). 

Improvemen t oflegume productivi ty by increasing the N 2 -fixing 

capability of Rhizobium species has become a major research objective. 

In order to realize th1s goal it 1s desirable to transfer the H2 recycling 

capability to commercially important Rhizobium strains which lack this 

capability. A number of experiments have shown the beneficial effects 

of inoculating legume crops with H2 -uptake positive (Hup+) strains of 

Rhizobium (Dixon, 1972: Albrecht et aI" 1979; Eisbrenner and Evans, 

1983: Evans et al.. 1985). 

Recent developments in understanding the biochemistry of the 

uptake hydrogenase system and advantages conferred by H2 oxidation 

in Hup+ rhizobia in plants have been reviewed. In addition, progress in 

isolation, transfer and expression of hup genes both in free-living and 

symbiotic conditions in different species of rhizobia as well as the 

regulation of hydrogenase synthesis and activity have also been briefly 

reviewed. 

2.1 Hydrogen evolution and recycling 

The presence of a hydrogenase system was first reported by 

Phelps and Wilson in 1941 in nodules of pea formed by strain 311 of 

Rhizobium leguminosarum. This report was confirmed more than 25 
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years later by DiXon in 1967. 

Hoch et al. (1957, 1960) discov(>Y'ed that N2 -fixing soybean 

nodules evolved H2 and also concluded that the N2 reduction and H2 

evolution reactions may be catalyzed by the same enzyme. Bulen et al. 

(1965) demonstrated H2 evolution in the absence of N2 in a reaction 

containing purified nitrogenase, Na2S2 0 4 and anATP generating system. 

This provided direct evidence that H2 evolution during N2 -fixation was­

catalyzed by nitrogenase. 

In some H2 -oxidizing bacteria H2 Is needed to induce 

hydrogenase, whereas in others, hydrogenase synthesis occurs without 

H2 (Aragno and Schlegel, 1978; Friedrich et al.. 1984; Robson and 

Postgate, 1980; Bowten and Schlegel, 1981). 

The magnitude of Hz evolution in leguminous and non­

leguminous nodules has been surveyed by Schubert and Evans (1976). 

They found only very few strains which evolved little or no H2 which had 

been attributed to an uptake hydrogenase. For reasons not clear, only 

a minority of most species of Rhizobium express Hz recycling capability. 

The lack of this Hz recycling ability undoubtedly accounts for the 

estimate that one million or more metric tons ofH2 are produced globally 

each year by nodulated legumes (Evans et al., .1987). 

It is now well known that one of the main causes of inefficiency 

in the Rhizobium-legume symbiosis is the energy loss by H2 evolution 

from the nitrogenase-catalyzed reaction in nodules. In the fast growing 

rhizobia! species like R. legumlnosarum, R. meliloti. R. phaseoll and R. 
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trifolll, the occurrence of an Hup system is sporadic. Sometimes, some 

strains exhibit very slightly active Hup systems (Ruiz-Argueso et al., 

1978; Nelson and Child, 1981). An active uptake hydrogenase has been 

found more often in slow-growing cowpea and soybean rhizobia (Schubert 

et al., 1977, 1978: Lim et al., 1981; Pahwa and Dogra, 1981. 1983). 

Recently, fast-growing strains of cowpea rhizobia have also been found 

(Trin1ck, 1982). Isolates of urd bean (Vigna mungo) Rhizobium were 

tested for the presence of an Bup system using triphenyl tetrazolium 

chloride reduction as the screen1ngprocedure (Pahwa and Dogra, 1983). 

HUp+ I Hup- strains and Hup' mutants were compared on the basis of 

their effect on dry matter accumulation and N2 fixation. Plants inoculated 

with Bup+ strains produced higher N2 -content and dry matter over the 

plants inoculated with Hup' strains. This is in consonance with the 

belief that if energy supply 1s a major limiting factor for N2 fiXation in 

legumes as proposed by Burns and Hardy ( 1975) and Hardy and Havelka 

(1975), then the coupling of oxidation of H2 to energy yielding processes 

would conceivably increase the role of N2 fixation. Alternatively, the 

conservation of energy through the H2 -recycling process might decrease 

the demand for photosynthate and consequently contribute to increased 

dry matter production. Therefore, the increase in yield and N2-fixation 

observed in the above study seems to be ?ssociated with improved 

efficiency of symbiotic N2 fixation by Hup+ strains of Rhizobium. 

2.2 Advantages of the Hup system 

Several le.guminous plant species for~ N 2 -fixing symbioses. 

The bacteroids produce nitrogenase for the reduqtioIi of N2 to ammonia. 

An inefficient property of the nitrogenase-catalyzed reaction is the 
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reduction of protons to H2 , which utilizes ATP (Eisbrenner and Evans. 

1983; Maier, 1986). 

The efficiency of the symbiosis is improved Mth uptake 

hydrogenase (Hup) activity 1n the bacteroids, because the oxidation of 

H2 stimulates ATP production (Emerich et al., 1979). Thus, to bring 

about improvement in legume productivity by increasing the N2 -fixing 

capability of Rhizobium spp. strategies are being devised to isolate and 

transfer the genetic determinants for hydrogen uptake. into those 

species lacking them. Since H2 evolution appears to be inherent in the 

nitrogenase mechanism (Chatt, 1980; Simpson and Burris, 1984), 

attempts to mutate nitrogenase otherwise such that it produces only 

NH4 + and no H2 may be futile. 

Though Dixon (1972) has proposed several potential benefits of 

H2 recycling to the N2 -fixing process, it was Hyndman et al. (1953) who 

had already shown that H2 supported ATP synthesis by membrane 

particles from Azotobacter vtneLandlL 

Hydrogen recycling within a legume nodule leads to increases 

in N2 fixation and growth 1s based primarily upon the premise that the 

supply of respiratory substrates to nodules may be limiting (Hardy and 

Havelka, 1975; Bethlenfalvay and Phillips, 1977). Since 25% or more of 

the ATP consumption in the N2 fixation reaction is associated with H2 

evolution, recovery of a portion of the expended enetgy through an H2 

o:x1dation process should lead to increases in N2 fixation and growth if 

the energy supply to nodules limits nitrogen fixation. In addlt10n to 
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conservation of energy. Dixon (1972) has proposed that a functional H2 

oxidation system might be beneficial by : 

a) removing 02 from the nitrogenase environment thus decreasing 
the possibility of 02 damage; and 

b) removing H2 as a product of N2 fixation thereby preventing 
inhibition of nitrogenase by H2 . 

More recently, Dixon and Blunden (1981) observed that the 

apparent fraction of nitrogenase electrons allocated to N2 reduction in 

pea nodules was inversely related to nitrogenase activity under a variety 

of experimental conditions in which variations in nitrogenase actiVities 

were associated with water stress, ontogeny, temperature and 

incubation time. All the results were consistentwlth the conclusion that 

high nitrogenase activities were associated with high rates ofH2 evolution 

which resulted in the accumulation ofH2 at concentrations sufficient to 

inhibit N2 fixation. It has been proposed by Evans et al. (1987) that any 

Rhizobium strain that Is capable of chemolithotrophlc growth with H~ as 

the sole source of energy is capable of coupling H2 oxidation to ATP 

synthesis. It has been found that chemolithotrophic growth capability 

is mo,,>t prominent in the Hup+ strains of B.japonlcum or other rhizobia 

that have acquiredB.Japonicum determinant(s) for H2 oxidation (Lambert 

et at., 1985). Earlier, several experiments to support Dixon's View of H 2 -

dependent synthesis of AT.? have also been demonstrated with bacteroid 

preparations of R. legumlnosarum and with B. Japonlcum bacteroids 

(Emerich et al., 1979). 
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Nelson and Salminen (1982) observed that some strains of R. 

ieguminosarum contain Hup system that is coupled to ATP synthesis 

while in others it is not coupled. Salminen and Nelson (1984) further 

suggested that under conditions of substrate starvation, the uptake 

hydrogenase could provide reductant as well as ATP in an isolate in 

which the H2 uptake 1s coupled to ATP formation. Lodha and Nalk (1984) 

also reported that uptake hydrogenase from groundnut bacteroids 

reduced low redox potential carriers such as benzyl v101ogen and NAD+. 

Thus they suggested that the reduction of a primary physiological 

electron acceptor by H2 may be providing a reductant for nitrogenase 

activity. 

A number ofstudles also indicated that Hup system significantly 

benefits overall plant productiVity since energy supply could be one of 

the major limiting factors in N2 fixation in soybean (Hardy and Havelka. 

1975). Uptake hydrogeriase system in fast growing strains of Rhizobium 

sp. (Sesbania) was analyzed by Saini et al. (1987). They found a 

statistically significant increase (>22%) in total plant nitrogen content 

and dry matter yield by the inoculation of Hup+ strains over Hup­

strains. 

Thimmaiall and Lodha (1986) also reported that rhizobia! 

strains with an active Hup system were superior in their N2-fixing ability 

over H2 evolving Hup- strain in mungbean. More recently, it has been 

shown by Vasudev et ai. (1990) that interspecles transfer of B.japonicum 

hup genes into Cleer-rhizobia increased the relative efficiency (~E) of 

nitrogen fixation from 0.73 to 0.81 and 0.70 to 0.83 in two different 
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strains. Kunnimalaiyaan and Lodha (1992) reported that integration of 

the cosrnid pHU52 into the Clcer-rh1zo bial genome significantly improved 

the RE of symbiotic N2 fixation by imparting H2 -recycl1ng capability to 

these Hup' Cicer-rhizobial strains. 

2.3 Purification of the enzyme hydrogenase 

The hydrogenase from R. Japonlcum bacteroids was first re­

ported to be a monomer with a molecular weight of about 65,000 (Arp and 

Burris, 1979). Subsequent purifications of the R.Japonlcum hydrogenase 

from bacteroids (Arp, 1985), chemolithotrophically-grown cells (Harker 

et ai., 1984) and heterotrophically-grown cells (Stults et aI,. 1986) all 

revealed that the enzyme contains two subunits with molecular weights of 

approximately 65,000 and 35,000. The two subunits were present in a 1: 1 

molar ratio and were immunologically distinct from each other, since the 

molecular weight of the native enzyme was determined by sucrose density 

gradient centrifugation to be 104,000 (Arp, 1985). 

Antibodies raised against each of the two subunits did not 

cross-react with the other subunit, showing the 35 kDa subunit not to 

be a degradation product of the larger subunit (Harker et aL., 1984; 

Stults et al., 1986), Zuber et al. (1986) h.ave identified the structural 

genes for the components of B. Japonlcum uptake hydrogenase (Mw 

60,000 and 30,000) by expressing these genes in E. call and showing the 

products to cross-react with antibodies to the respective hydrogenase 

subunits. 

Although the H2 uptake hydrogenase from R. leguminosarum 
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has not yet been purified because of difficulties in obtaining working 

amounts ofhydrogenase-inducedceUs (Leyvaetal.. 1990), adimeric (Ct.~) 

polypeptide structure similar to that of hydrogenases from other N2 -

fixing bacteria such as B. japonicum (Arp. 1985; Harker et al., 1984; 

Stults et al., 1986), A. vinelandii (Seefeldt and Arp, 1986) or Rhodobacter 

capsulatus (Seefeldt et al.. 1987) is being expected. 

2:4 Regulation of hydrogenase synthesis and activity 

The genetic and environmental factors influencing the 

expression of the hydrogen uptake (Hup) system of rb1zobia have been 

analyzed. It was first shown by Maier et al. (1978) that in free-liv1ng 

cells, carbon substrates and oxygen prevent formation of the Hup 

system. whereas Hz and COz stimulate hydrogenase synthesis. These 

conditions are similar to those that undoubtedly occur inside the legum-e 

nodules (Appleby et al., 1975) where bacteroids actively synthesize 

hydrogenase if they possess the genetic capability. Schlegel et ai. (1972) 

have also earlier shown that in some organisms, ample supply of organic 

carbon substrates and high 02 concentration in the medium were also 

detrimental to hydrogenase expression. 

Experiments done by Maier et at. (1978) also showed that R. 

Japonicum cells removed from slants under aerobic conditions contained 

hydrogenase activity that was approximately equal to that of comparable 

cells removed from slants under anaerobic conditions. This suggested 

that the inhibitory effect of oxygen on hydrogenase expression was 

probably due to repression of hydrogenase synthesis rather than 
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inactivation of preformed hydrogenase. 

In an effort to answer some basic questions concerning the 

regulatory role of 02 in Rhizobium, Merberg and Maier (1983) isolated 

mutant strains of R.Japonicum that express H2 oxidizing activity in the 

presence of high concentrations of 02' These mutahts were shown to 

have increased hydrogenase activity when harvested from soybean 

nodules. Further experiments also indicated that the mutants were also 

partially relieved of the normal repression of hydrogenase by carbon 

substrates. Since the mutant strains having higher hydrogenase 

activity in culture. also have higher activity in nodules, suggesting 

thereby that common elements might be involved in regulating the Hup 

system in free-living cells and bacterolds. These mutants selected for 

the ability to express hydrogenase in 10.0% partial pressure of 02 were 

also less sensitive than the wild type to repression by carbon SUbstrates 

such as arabinose, glycerol. gluconate and succinate. 

Merberg et al. (1983) also revealed by polyacrylamide gel 

electrophoresis (PAGE) that during heterotrophic growth the Hupc R. 

japonicum mutant strain SR 470 synthesized at least six peptides not 

found in the wild type strain. One of these peptides is presumed by them 

to be the hydrogen-activating enzyme; other pep tides may be involved 

in regulation of hydrogenase. This observation is consistent with a 

hypotheSiS that the gene affected in the Hupc mutant controls the 

synthesis of several enzymes. However. the concentrations of cyclic AMP 

and guanosine tetraphosphate were slmllar in strain SR and the Hupc 

mutants during heterotrophiC growth. thereby not providing a very clear 
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picture of the Hup system being subject to a catabolite repression-like 

regulation, a phen~menon that has been linked to regulatio;n by carbon 

substrates and respiratory electron acceptors (Botsford. 1981; Lee etal., 

1983). 

A fast-growing Rhizobium strain, DRS 571 has been isolated 

from stem nodules of the tropIcal legume Sesbanla rostrata (Dreyfus and 

Dommergues, 1981). This strain forms nodules on both the stem and 

roots ofllie host plant. Under N2 -fixing conditions, an uptake hydrogenase 

is induced in Rhizobium ORS 571 (Stam et al., 1984). They also showed 

that N2-fixing cultures of Rhizobium ORS 571 contained conSiderable 

hydrogenase activity, and for the induction of hydrogenase in ammonia­

assimilating cultures, addition of H2 to the gas phase was required. This 

induction of hydrogenase in Nz -fixing cultures suggests that H2 formed 

1ntracellularly by nitrogenase is recycled. 

de Vries et at. (1984) described the influence of H2 oxidation on 

the behaviour of Rhizobium ORS 571 in free-living, energy-limited 

cultures. They provided the first report that in this bacterium, the 

presence of a carbon source does not repress or inhibit hydrogenase 

synthesis/ activity. In this respect Rhizobium ORS 571 differs from R. 

japonicum in which the synthesis of hydrogenase is repressed by carbon 

substrates. 

de Vries et al (1984) also reported that the Hup system of 

Rhizobium DRS 571 seems to function not only in carbon-limited N2 

fixing cultures but also 1n 02 limited N2-fixing cultures. Though Hardy 
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and Havelka (1976) suggest nitrogen-fixation in nodules to be limited by 

the supply of carbohydrates, recent studies by Larue e~ al. (1984) 

suggest the condition of the bacteroids in the nodule to be oxygen­

limited. 

The conditions necessary for coordinate derepression of 

nitrogenase and 02 -dependent hydrogenase activities in free-living 

cultures of R.japonicum were studied by Graham et al. (1984). A positive 

correlation was observed between the level of nitrogenase and 

corresponding hydrogenase activities among the nineteen carbon 

substrates screened for their ability to support nitrogenase, and then 

hydrogenase activities, Only media containing mannitol, gluconate, 

a-ketoglutarate, malate and succinate gave cells which were able to 

express nitrogenase and 02-dependent Hup activity with the highest 

values yielded by a-ketoglutarate. Coordinate relationships have been 

observed earlier also in other H2 -oxidizing N2 -fixing bacteria (Robson 

and Postgate, 1980). contrary to these studies. Lim and Shanmugam 

(1979) have reported Hup actiVity to be lowest in R.japonlcum when cells 

were incubated in media that supported highest nitrogenase activities. 

Further experiments have been performed by Graham et al. 

(1984) to show that the positive correlation between nitrogenase and 

hydrogenase 1s due to the stimulatory effect of nitrogenase produced Hz 

on hydrogenase expression. They observed high levels of Hup activity in 

cells incubated under N2 -fixing conditions, i.e., in a-ketoglutarate 

containing medium in the presence of Hz. Also, H2 ~oxldatlon was 

observed in the nitrogenase induction m'edium without the addition of 
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H2 , as the cells are producing H2 via nitrogenase. 

Though these results suggest there is coordinate regulation of 

the expression of both these enzymes involved in H2 metabolism, there 

may be some regulatory differences between the two enzyme systems. 

This is demonstrated by the fact that the Hupc mutants isolated by 

Merberg and Maier (1983) expressed much greater hydrogenase activity 

in the nitrogenase-induction medium (LOKG), but nitrogenase activity 

was no greater than the wild-type in these Hupc mutants. Therefore, the 

regulatory factor(s) in the Hupc mutants causing increased hydrogenase, 

activity, do not correspondingly affect nitrogenase activity. 

Expression of uptake hydrogenase activ1 ty in free-liv1n~ cultures 

of mungbean RhlzobIum strain S-24 has been studied by.Thimmaiah 

et al. (1986). The results of their experiments also indicated that the 

expression of hydrogenase in the Rhizoblum strain was greatly influenced 

by the quality and quantity of carbon source present in the H2 -uptake 

medium for its growth. Carbon sources like ribose, sodium citrate, 

glycerol and sodium succinate at 15 mM conce'ntration were found to 

enhance the growth of the stra1n, but completely repressed the expression 

of the enzyme. The enhancement in the expression of the enzyme was_ 

maximum with sorbitol and fructose ( .... 55%) followed by arabinose and 

sucrose (-22%). With increasing concentration of glucose from 5 to 

25 roM, inhibition on the expression of the enzyme also increased. The 

repression effect (64%) brought about by 25 roM glucose was reversed 

by addition of both cAMP or cGMP. This is contrary to the studies on R.. 

japonLcum Hupc mutant by Merberg et al. (1983). The concentrations of 
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cAMP were almost similar in the wild-type and Hupc mutant strains 

during heterotrophic growth. This also contradicts the earlier observation 

of Lim and Shanmugrun (1979) thatinR.Japonlcum strain 110 when the 

hydrogenase activity is low, intracellular concentration of cAMP also 

remains low. Thus. variation in cAMP concentration alone may not 

completely account for catabolite repression. 

More recent studies by Saini et al. (1987) on the uptake 

hydrogenase system ofRhizoblum sp. (Sesbania) have shown derepression 

of uptake hydrogenase in both poor as well as in rich carbon media in 

all isolated Hup+ strains. Eight strains which were found to express ex 

planta hydrogenase on the H2 -uptake medium of Maier et al. (1978) also 

expressed uptake hydrogenase activity on media containing high carbon, 

viz nitrogenase induction medium (Dada rwal et al., 1981)' and YEMA 

medium. The specific activity of uptake hydrogenase, however, was high 

on H.:~-uptake medium as compared with that on YEMA and nitrogenase 

induction media. 

The activity of uptake hydrogenase in the nodules of Sesbanla 

was also sufficiently high (30 - 70 Ilmol/hl gfresh nod\.lles) as compared 

with that in pea nodules (0.2 - O.8Ilmol/h/gfreshnodules) and soybean 

nodules (3.7· 6.7llmol/h/gfresh nodules) (Ruiz-Argueso etal., 1978; 

Hanus et al., 1981). Thus there could be a possibility of these strains 

being less sensitive to high carbon repression. 

Mechanisms by which carbon SUbstrates repress Hup activity 

of cell suspensions were shown by van Berkum and Maier (1988) to be 
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changes in pH of the induction medium or limitations in the supply of 

02 to the cells caused by carbon substrate metabolism. In this study, 

expression of ex planta Hup activity in Bradyrhizobium Japonicum 

induced in the absence or presence of carbon substrates was compared. 

The results showed an increased demand for 02 in cells induced in the 

presence of a carbon substrate compared with those induced in the 

absence of a carbon substrate. This is due to the presence of a higher 

respiration rate in the presence of a carbon substrate. A limitation in 02 

supply results in lower Hup activity because 02 is necessary for the 

induction ofHup activity inB.japonlcum (van Berkum, 1987). Also, Hup 

activity was influenced by pH indicating that acidification of induction 

medium with low buffering activity resulting from carbon sUbstrate 

metabolism inhibited Hup activity. These studies thus showed that the 

expression ofHup activity by whole cell preparations was sensitive to the 

pH of the induction medium and on the type of carbon substrate used. 

All R. Japonicum Hupc mutants isolated so far produced 

significantly more cytoc?r0me '0' than did the wild type (O'Brian and 

Maier, 1985). Like hydrogenase, cytochrome '0' is synthesized under 

low 02 conditions in many bacteria (Poole, 1983) suggesting that the 

regulatory gene altered in the Hupc mutants also affects cell systems not 

directly related to hydrogenase, (O'Brian and ~a1er, 1988). 

More recen~ views indicate that certain genes which are regulated 

in response to environmental changes show altered expression that 1s 

dependent on DNA tertiary structure. A link has been demonstrated' 

between some genes that are expressed anaerobic8J.ly and gyrase activity 
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in different bacteria~like E. coll (Axley and Stadtman, 1988), Salmonella 

typhlmurlum (Yamamoto and Droffner, 1985), Klebsiella pneumonlae 

(Kranz and Hase1korn, 1986), in B.Japontcum (Novak and Maier, 1987) 

and inA. caulinodans ORS 571 (Ratet et al., 1988). 

Synthesis of the uptake hydrogenase ofB.Japonicum is repressed 

by high levels of oxygen (Maier et al., 1979; vanBerkum, 1987), and the 

synthesis of the enzyme has been shown to be prevented by inhibitors 

of DNA gyrase (Novak and Maier, 1987). But, mutants of B.Japontcum 

SR have been described in which hydrogenase is expressed constitutively 

even under high-level oxygen condHions (Merberg and Maier, 1983; 

Merberg et al., 1983). 

It has been further shown that in the Hupc mutants of B. 

japonlcum SR, regulation of expression of hydrogenase Is altered; the 

mutants synthesize hydrogenase constitutively in the presence of 

atmospheric levels of oxygen (Noval{ and Maier, 1989). In contrast to the 

wild type, the Hupc mutants synthesized hydrogenase in the presence of 

high levels of DNA gyrase inhibitors-nalidixic acid, novobiocin, and 

coumermycin. 

This alteration in regulation has· been. tied to alterations in 

gyrase activity or in the dependence of the cell on gyrase activity, both 

of which are, in turn, tied to the degree of super coiling of the DNA. They 

suggest that in the mutants, an alteration probably occurred in a 

regulatory element, so that a normal environmental signal displayed an 

altered regulatory capacity. 
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Differential expression of uptake hydrogenase activity because 

of host influence has been recently demonstrated (van Berkum, 1990). 

Their experiments revealed the existence of an additional uptake 

hydrogenase phenotype, b~sides Hup+ and Hup' among the soybean 

bradyrhizobia. The strains belonging to this phenotype showed hydrogen 

oxidation capability only in symbiosis with specific host plants and were 

also not capable of having hydrogen oxidation induced as free-liVing 

bacteria by using standard methods. Since these characteristics were 

distinctly different from those used to describe the Hup+ phenotype, the 

term hydrogen uptake host-regulated (Hup-hr) phenotype has been 

suggested to describe strains belonging to this third class of hydrogen­

oxidizing bradyrhizobia. 

2:5 Localization of Hup determinants in Rhizobia 

2:5: 1 Hup determinants in Slow-growing rhizobia 

Although large plasm.1ds have been detected in R. Japonlcum, 

correlations of Hup with plasmid content have not been possible 

(Cantrell etal., 1982; O'Hara, 1984). The plasmid profiles ofaseries of 

Hup+ and Hup' strains were compared by Cantrell etal. (1982). None of 

the strains of R. Japonlcum with high H2 -uptake activities exhibited 

discernible plasmids, while most of the stratns, with little or no Hup 

activity, showed plasmids with molecular weights ranging from 

apprOximately 49-290x106. Thus the Hup determinants whenever 

present seem to be chromosomally encoded. 

2:5:2 Hup determinants in fast-growing rhizobia 

In contrast to the slow-growingrh1zob1a,in fastgrowingrhtzob1a, 
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H2 recycling ability has been found to be plasmid-encoded (Brewin et al.. 

1980a; DeJongetal.. 1982: Kagan and Brewin, 1985; Bekhi etal., 1985). 

Brewlll et al. (1980b) reported that determinants for hydrogenase 

activity (hup) in a particular strain of R. legumlnosarum 128C53 to be 

located on the non-transmissible plasmid pRL6Jl of nl01ecular weight 

19x107 and to be linked to the determinants for nodulation ability 

residing on the same plasmid. But hydrogenase activity in R. 

Legumlrtosarum in contrast to that in B.japonicum. is expressed only in 

symbiotic association with the host (Evans et al., 1987). Consequently, 

screening for Hupt strains must be carried out using nodule bacteroids. 

The variability in the H2 oxidation systems is also reflected in 

the level of homology of the hup-specific DNA in R. legumlnosarum and 

R.japonicum. Nelson et aL. (1985) found that hup-spec1f1c DNA from R. 

japonlcum and R. ieguminosarum hybridized weakly or not at all With 

total and plasmid DNA from four out of twelve R. legumlnosarum Hup+ 

strains examined. These observations not only reflect Intergenic 

variability of hup-specific DNA, but also differences among R. 

ieguminosarum strains. 

2:5:3 Hup determinants in Azorhizobia 

Not much is known about the detailed genetic organization of 

hup determinants in azorhizobia. de Vries etal. (1988) have isolated four 

Tn5-iilduced Hup' mutants of. A. cauUnodans ORS 571. The Tn5 

insertions in these Hup' strains have recently been found to map in the 

same region of the ORS 571 genome (upublished work ofHHgert etal. as 

cited by deVries et ai., 1988), which shares a high degree of DNA 
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homology with the hup locus of R. leguminosarum, described by Tichy 

et al. (1987). 

2:5:4 Transfer of plasmid-encoded Hup determinants into 
HUp' rhizobia 

Since H2 recycling capability is a desirable trait in a species of 

Rhizobium-as far as legume productivity is concerned, it 1s desirable to 

transfer H2-uptake (hup) genes to species of Rhizobium which lack this 

ability. Such gene transfer requires the isolation of all hup genes from 

a strain with an efficient H2 recycling system (Lambert et al., 1985). 

Since transfer ofHup activity can be facilitated ifH2 -uptake determinants 

are located on plasmids. several experiments have been performed on 

these lines. 

DeJong et al. (1982) reported effects of transfer of plaslnid 

pIJ 1 008 (a recombinant of pVW5JI and pRL6JI) into several Hup- R. 

legumlnosarum strains. Since it carries hup determinants, its transfer 

prod uced strains with significantly better symbiotic properties. Ruiz­

Argueso et al. (1979) reported that no strain of R. melLlotL has been 

identified that possessed significant Hup activity. Thus plasmid pIJ l008 

was transferred from R. Leguminosarum to R. melllotl without impairing 

the capacity of the latter species to form root nodules on alfa)fa. Though 

the plasmid was still present in rhizobia reisolated from the root nodules 

of 12 different alfalfa cultivars, but only low levels of Hup activity were 

detected in alfalfa (Bedmar et al., 1984). Plasmid pIJ 1008 was also 

transferable to three of seven natural isolates of R. meltlott tested (Bekh1 

et aL., 1985). In these three strains, pIJ 1 008 was maintained stably With 
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the respective sym megaplasmid indigenous to each R. melllotl strain. 

These strains carrying both plasmids nodulated alfalfa but not pea. 

Reisolation and examination of the strains from alfalfa nodule tissue 

showed that pIJ 1008 continued to be maintained but that the pea~ 

nodulation ability was suppressed. In three separate plant growth 

experiments by Bekhi etal. (1985). alfalfa nodules induced byeach of the 

R. mellioti strains carrying both sym plasmids were assayed for Hup 

activity. Though the activity was found to be 40~. 3.5· and 2 fold higher 

than the respective pIJ1008 free strains. this higher activity was not 

accompanied by an increase in plant biomass or nitrogen content of 

shoots. 

Contrasting reports of the effect of transfer of hup genes on 

improvement of symbiotic efficiency has been provided (Sorenson and 

Wyndaele, 1986). Plasmid~encoded symbiotic determinants from theR. 

legumtnosarum strain MA I (81 7) with Hup activity and from the Hup~ 

strain MC I (18a) were mobilized by recombination with the self­

transmissible plasmid pVW5J 1. The symbiotic determinants were 

transferred by conjugation from strain MAl to strain Mel and to a 

derivative of Me 1 without the symbiotic plasmid, and vice versa, thus 

constructing four types of transconjugants. Strain MC 1 was found to fiX 

60% more N2 in pea root nodules determined as mg nitrogen per plant 

than strain MAl. The difference was not increased in the Me 1 derivative 

that obtained hydrogenase activity. Plants inoculated with a derivative 

of strain MA I, however, where the symbiotic plasmid was replaced by 

that of strain Me 1 had a higher percentage nitrogen content. 
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Conjugal transfer of plasmid pIJ 1 008 from R. legumlnosarum to 

two Hup- Clcer-rhizobial strains G36-84 and BG4 has been reported by 

Vasudev et al. (1991). This was shown to confer Hup activity in the free­

living state as well as under symbiotic conditions thereby improving the 

RE of N2 fixation in the mentioned strains. 

Transfer of a plasmid from Hup+ Nod- R. leguminosarum strain 

Vm2 to Hup- Nod+ strain Vml resulted into a Hup+ Nod+ transconjugant 

strain Vc4 (Garg et al., 1990). The strain Vc4 showed Hup activity both 

ex planta and in nodules. Results obtained showed nearly 26% and 51 % 

higher accumulation of dry matter and nitrogen respectively in plants 

inoculated With the Hup+ transconjugant Vc4 as compared to its parent 

Hup- Vm1, and comparable to the parent Hup+ field isolate Vpl. They 

also suggested that the improved symbiotiC performance on transfer of 

pIJ 1 008 could not be solely attributed to Hup alone, since it carries 

other symbiotic traits as well. In contrast, in strains Vpl and Vc4, the 

Hup character was present on a plasmid which did not appear to carry 

any other gene involved in Nz fixation. Thus, besides conclusively 

proving the beneficial effect of HUp+ character in legume-rhizobia 

symbiosis, such Hup locations are more useful, as they do not affect any 

other aspect of symbiosis. 

Uptake hydrogenase genes of B. japonicum 122 DES cloned in 

cosm1d pLAFRl (pHU52) were transferred to two Hup- strains, viz. 

G36-84 and BG4 of Clcer-rhizobia by conjugation (Vasudev et al., 

1990). Transconjugants obtained after transfer of Hup complementing 

cosmid pHU 5 2 showed ex planta H up activity, Hz -dependent autotrophic 
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growth and increased relative efficiency of N2 fixation under symbiotic 

conditions. Cosmid profile analysis and DNA hybridizatIon studies 

indicated maintenance of introduced cosmid in the extrachromo~omal 

state. Thus, demonstration of Hup activity in genetically manipulated 

strains suggested that hup gene expression Is not repressed in natural 

isolates ofCicer-Rhlzoblum. However. cosmids like pHU52 are beset with 

the problem of instability in Rhizobium (Hom et al., 1985; Vasudev, 

1989). Thus, the hup gene cosmid pHUS2 was integrated into the 

chromosome of a Hup- Clcer-Rhizoblum strain G36-84 by usingtransposon 

Tn5 as an homologous sequence between them (Kunnimalaiyaan et al., 

1992). Functional characterization of the final recombinants has 

already demonstrated uptake hydrogenase activity in free-living cells 

and hup stability in nodules (Kunnimalaiyaan and Lodha, 1992). 

2:6 Isolation of hup genes 

A gene bank of R.japonlcum 122 DES DNA was constructed by 

using the broad host range conjugative cosmid pLAFRl (Cantrell 

et al., 1983). A series of cosmids containing H2 -uptake (hup) genes was 

identified by transferring the gene bank into a H2 uptake .. negative (Hup-) 

R.japonlcum point mutant (pJ 1 7nal) and screening tetracyclIne resistant 

colonies for the ability to grow chemol1thotrophlcally and to reduce 

methylene blue in a colony assay method devised by Haugland et at. 

(1983). Though all the pJ 1 7nal transconjugants were Hup+, the frequency 

of Hupt transconjugants with another point mutant, PJ18 nal was 

approximately 10.3 . These results indicated the hup gene cosmid to , 

contain one gene and a portion of another by their ability to complement 
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the Hup- derivative of 122 DES PJ17 nal. Haugland et al. .(1984) then 

characterized several of these cosmids with respect to organization of all 

the hup sequences within them as well as their stability and influence 

on Hup activity in bacteroids from soybean and alfalfa nodules. 

Transposon Tn5 insertions were made into one of the recombinant 

cosmlds, pHUI using the strategy of Ruvkin and Ausubel (1981) to 

demonstrate the hup-specific sequences spanning a regIon of about 15 kb. 

Acquisition of pHUI by Hup- wild type B. Japonlcum and R. 

melilott strains did not confer Hup activity in the free-living state. 

Lambert et al. (1985 a) isolated an additional hup cosmid from the gene 

bank by complementation of one of the Tn5 generated Hup' mutants. 

One of the new cosmids isolated, pHU52, was Similar to pHU I except 

that 1t possessed a 5.5 kb EcoRI fragment at the right hand end. 

Conjugal transfer ofpHU52, in contrast to that ofpHU I, conferred Hup 

activity in all Hup- B. Japonicum strains. Similarly conjugal transfer of 

pHU52 conferred Hup activity in Hup- chickpea rhizobia in free-living as 

well as symbiotiC condition (Vasudev et al. 1990). 

The cosmid pHU52 also conferred Hup activity and autotrophic 

growth capability to Hup' R. melilotl and R. legumlnosarum. Conjugal 

transfer of pHU52 into these Hup- rhizobia also conferred the ability to 

synthesize both the 60 and 30 kDa polypeptide components of the 

uptake hydrogenase (Harker et al., 1985). These results suggested that 

all the determinants for hydrogenase subunit synthesis are present on 

pHU52. 
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Direct evidence for the presence of uptake hydrogenase 

structural genes (60 and 30 kDa) on the Hup-complementtng eosmid 

pHU52 has been provided by Zuber et al. (1986). The strategy involved 

expressing these genes in E. coli and then showing immunological cross­

reaction with antibodies to the respective hydrogenase subunits. The 

protein synthesized from the insert DNA of pHU52 in E. coli maxlcells, 

was used to identify the clones that direct the synthesis of 60~and 

30-kDa polypeptides in maxicells, to maximize their expression in E. 

coli, and then to show immunological cross-reaction. A transcriptional 

fusion vector, pMZ545 was constructed and used for this.purpose. A 

5.9 kb HtndIII fragment and an adjacent 2.9 kb EcoRI fragment (lOcated 

distal to the 5.9 kb HlndIII fragment) directed the synthesis of 60 and 30 

kDa proteins, respectively in E. colt max1ceils. 

To examine the contribution of the Hup phenotype of other 

rhizobia to plant N2 fixation and growth has become essential. Thus, by 

using DNA from pHDl as a hybridization probe, Nelson et al. (1985) 

fO'l;lnd homology between hup-specific DNA of B.japonlcum and genomic 

DNA from some Hup+ R. leguminosarum strains but not from others. 

Thus they suggested the existence of two different types ofhup sequences 

within HUp+ strains of R. legumlnosarum. But, later Leyva et ai. (1987a) 

showed that all the strains of R.iegumlnosarumthat1nduced significant 

hydrogenase activity in pea bacteroids contained DNA sequences 

homologous to B.Japontcl1m 122 DES and that its organization is highly 

conserved within Hup+ strains in this symbiotic species. In all instances 

the putative hup sequences were located on a plasmid that also contained 
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nif genes, the resulting sym plasmids ranging between 184-212 

megadaltons. 

The hup genes of R. leguminosarum strain 128C53 were also 

isolated by screening a gene library with B.Japonlcum hup-specific DNA 

probes (Leyva et al., 1987b). Subsequently, the hup cluster from R. 

leguminosarum in recombinant cosmid pAL618 has been physically 

mapped by Tn5 insertions (Palacios et al., 1988). 

Further evidence was presented by Leyva et al. (1990) that 

pAL618 contains the entire hup DNA region of R. leguminosarum and 

that hup genes within this region are organized in six transcriptional 

units, deSignated hup I to hup VI. The large subunit ofhydr?g~nase has 

been specifically localized to region hup 1. To study hup gene organization, 

site directed transposon mutagenesis and complementation analysis 

were carried out. According to the Hup phenotype associated with the 

transposon insertions, hup genes were found to span a region of 15 kb 

in their pAL618 insert DNA. Complementation analysis revealed that 

Hup- mutants fall into six distinct complementation groups that define 

six transcriptional units, deSignated regions hup I to hup VI. Region hup 

I was further subcloned by them and expressed in E. colt cells which 

produced a polypeptide of Ca. 65kDa that was cross-reactive With 

antiserum against the large subunit ofB.Japonicum hydrogenase. It was 

detected both in E. coli cells carrying the cloned hup I region and in pea 

bacteroids from strain UPM 791 indicating that region hup I codes for 

structural genes of R. legumlnosarum hydrogenase. 
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The large size of native RK2 DNA (56 kb) is a serious drawback 

to its use as a plasmid cloning system in E. coll. In order to reduce the 

size and still retain overall broad host range transfer capability, a 

cloning system has been devised that separates RK2 transfer and 

replication functions onto separate plasmids (Ditta et al..19BO). The 

tetracycline-resistant plasmid component of this system pRK290, 

contains a functional RK2 replicon and can be mobilized at high 

frequency by using a helper plasmid, but is non-self transmissible. 

pRK290 contains single EcoRI and BglII sites, either of which can be 

used for insertion of foreign DNA without loss of essential functions 

(Fig. 1). 

The kanamycin-resistant helper plasmid, pRK20 13, consists of 

the RK2 transfer genes cloned onto a Col E1 replicon and its sale 

function is to trans-complement the vector for mobilization. 

The plasmid pRK290 has been used for construction of gene 

banks of various bacterial spp. Ditta et at. (1980) constructed a gene 

bank of the DNA from a wild type strain of R. melilott using pRK290 as 

a vector. Isolation of hydrogenase genes froIll A. eutrophus was made 

possible by construction of a gene bank of its DNA in pRK290 (TaU et al., 

1991). 
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3:1 MATERIALS 

3: 1: 1 Bacterial Strains 

Pure cultures of Escherichia coll strains HB I 0 I, HB 101 

(pRK290), HBIOI (pRK2073) and Clcer-Rhizobium strain Rcd30 1 (a SmR 

derivative of F75) were obtained from the Biotechnology Centre, Indian 

Agricultural Research Institute, New Delhi. Pure culture of Rhizobium 

leguminosarum strain B 1 64 containing plasmid pIJ 1 008 was obtained 

from the Division of Micro biOlogy, Indian Agricultural Research Institute, 

New Delhi. An Azorhlzobium isolate of Sesbania rostrata, IRBG-46 was 

obtained from Dr. J.K. Ladha, International Rice Research Institute, 

Manila, Philippines and E. coll containing the cosmid pHU52 was 

supplied by Prof. H.J. Evans, Oregon State University, USA. Relevant 

characteristics of these strains/plasmids are given in Table 1. 

3: 1:2 Plant Seed Material 

The seeds of Sesbanla rostrata were obtained from the 

International Rice Research Institute, Manila, Philippines. 

3:1:3 Chemicals and Reagents 

L-arabinose, lysozyme, ethidium bromide, cesium chloride, 

sodium lauryl sulfate, RNase-A, Ficoll-400, salmon sperm DNA, pronase. 

agarose, calcium chloride, tetracycline and kanamycin were obtained 

from Sigma Chemicals Co., USA. Restriction enzymes EcoRI, HindIII and 

the Random Primed DNA labelling kit were obtained from United States 

Biochemical, USA. The nick -transla t10n kit was 0 bta1ned from Amersham, 

USA. Enzymes T4DNA ligase and alkaline phosphatase were from 

Promega, USA. Proteinase-K was obtained from Boehringer Manheim, 
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Table 1: Bacterial strains and plasmids used in this study. 

Strain/plasmid Relevant characteristics Source / Reference 

E. coli 

HBIOI Tee A, hsd R,hsd M, pro, leu, 
SmR 

HBIOI (pRK2073) Mob+, Tra+, SmR, SpR 

Azorhizobium 

IRBG-46 

ctcer-Rhtzobium 

Rcd 301 Spontaneous SmR derivative 
of F 7S 

R. legumtnosarum 

Boyer et al. 
(1969) 

Figurski and 
Helinski (1979) 

Dr.J.K. Ladha, 
IRRI~ Manila, 
Philippines 

Khanuja (1991). 

B 164 (prJ 1008) Tra+, Hup+, Nod+, Fix+, KmR Brewin et al. 
(1982) 

Plasmtds 

pHU52 

pRK290 

pLAFRl ::hup,TcR 

Wide host range plasmid 
vector, TcR, OTt (RK2) 

Lambert, et al. 
(1985) 

Djtta et al. 
(1980) 
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Germany. 

The Clean Genei kit was obtained from Bangalore Gene! Pvt. 

Ltd., Bangalore. Bacto-agar, yeast extract and tryptone used were from 

Difco Laboratories, USA. Lambda DNA marker was supplied by CSIR 

Centre for Biochemicals, New Delhi. Sucrose, L-glutamic acid, 1nos1tol, 

pyridoxal-HCI, thiamine- HCl, Tris, EDTA were from Sisco Research 

Laboratories Pvt. Ltd., Bombay. Sodium gluconate was from Sarabhai 

M-chemicals, Baroda and nicotinIc acid from BDH, England. Absolute 

ethanol was obtained from Bengal Chemicals Ltd., and (a32p) dCTP was 

supplied by BARC, Bombay. 

All other chemicals used were of analytical grade obtained from 

SRL. Qualigenes, BDH and Merck. Double glass distilled water and 

Milli-Q water were used throughout the studies. 

3:2 METHODS 

3:2: 1 Preparation of growth media 

The medium used for the growth of E. colt strains was Luria­

Bertani (LB) medium (Kahn et al., 1979) containing gL -1 : tryptone, 10.0; 

yeast extract, 5.0; and NaCl, 5.0, adjusted to pH 7.5. Revival of 

lyophilized culture of IRBG-46 was done on yeast-extract mannitol 

(¥EM) medium (Vincent, 1970) containing gL-l mannitol, 10.0; K
2
HP0

4
, 

0.5: NaCI, 0.1; MgS04 .7H20, 0.2, and yeast-extract, 1.0 adjusted to pH 

6.8. 1.5% agar was added to obtain the solid media. To obtain yeast­

extract lactate (YEL) medium, mannitol was replaced by sod1um­

lactate (w/v). 1 JUl of 2.5% aqueous solution of congo red per litre was 
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added to the YEMA medium to check the purity of the rhizobjal 

culture. This strain was subsequently characterizeq and maintained 

on TYM medium (Khanuja 1991) containing bactotryptone, 5g: yeast 

extract, O.5g; mannitol 10 g and CaC12 .2H20, ImMVl Rhizobia! strain 

Rcd30l was also maIntained on TYM. 

Conjugal transfer experiments involved the use of Mannitol­

Salts-Yeast Extract (MSY) medium (Khanuja and Kumar, 1989) and 

Rhizobial Mjnimal Medium (RMM) (SiIcka and Kumar, 1984). 

Unless otherwise indicated, the concentration of antibiotics 

(~g\ml) used in solid medium was as follows: tetracycline (Tc), 10; 

ampicillin (Ap), 50; spectinomycin (Sp.), 50; nalidixic acid (Nd), 25. 

3:2:2 Sterilization 

All media, solutions were sterilized at 15 psi. Heat labile 

chemicals like vitamins, antibiotics and glucose were sterilized by 

passing through sterile m1111pore membrane filters (Pore size 0.45 11m). 

3:2:3 Incubation 

For growth, cultures of Rhizobium were incubated at 30to.SoC 

and E. coIl cultures at 37±1 °C using New Brunswick G-25 Refrigerated 

Incubator shaker and G -24 Environmental Incubator shaker, respectively. 

3:3 Studies on nodulation and expression of hup genes of 
Sesbanla-rhizobia under symbiotic conditions 

Sesbanla rostrata seeds were initially sterilized, for use in 

nodulation experiments as described by Adebayo et ql. (1989). They 
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were intially treated with concentrated sulfuric acid for 30 min. This 

was followed by subsequently treating them with 70% ethanol (v\ v) for 

5 min and then with 0.1 % acidic HgC12 for 3 min. Seeds were then rinsed 

several times with sterile distilled water and soaked in it for 12h. The 

sterilized seeds were then germinated in petri-plates on sterile 

Hoagland-Agar nitrogen-free nutrient medium (Hoagland and Arnon, 

1950) (Table 2). 

Meanwhile, slants of Hoagland-Agar were prepared in Gibson's 

tubes with a double layer of aluminium foil covering the rim of the tube. 

The tubes were filled with Hoagland nitrogen-free nutrient solution, and 

then the seedlings (- 2 days old) were inserted into the tube with the help 

of a sterile [orcep via a small hole made with the help of a sterile needle. 

Another hole was made opposite to the initial one through which the 

seedlings were inoculated with the rhizobial strains. These tubes were 

then incubated at 25±2DC under alternate light and dark periods of 16 

and 8 hours respectively. 

The plants were harvested 30 days after sowing. The roots with 

nodules were separated and were used for determination of nitrogenase 

(acetylene reduction) activity and hydrogen uptake (Hup) activity. 

Uninoculated plants were used as control. Four replications were used 

for each strain. 

3:3: 1 Estimation of H2 evolved by nodules 

Intact nodules were used for determining the rate ofH2 evolution 

in air. Nodulated roots were transferred to 25.5 m1 vials which were 
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Table 2: Composition of Hoagland solution (Hoagland and Arnon. 
1950). 

Salt Concentration Qty. (ml/L) 

Solution A (macronutrient) 

~S04 0.500M 5 

MgS04·7H2 O I.OOOM 2 

Ca(HZP04)2 O.050M 10 

CaS04 O.OIOM 200 

Solution B (micronutrient) g/500 mt 

Boric acid 1.430 

MnC12 .4HzO 0.905 1 

ZnS04 ·7H2O 0.110 

CuS04·5H2O 0.040 

Na2Mo04 ·H2O 0.010 

Solution C 

Iron citrate 0.500% I 

The pH was adjusted to 6.5 using O.IN NaOH. The medium was then 
autoclaved at 15 psi for 15 min.. - '. 

: .• '> The sterilized medium was stored. 
sometimes uptD 3 to 4 days. Once the container was opened, the left out 
medi urn was not used. 
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closed with serum stoppers and incubated at 25°C for I h. H2 evolved 

was estimated by the gas chromatographic method using an AIMIL­

NUCON gas chromatograph equipped with a TCD and dual column 

(0.32x200cm) packed with molecular sieve SA (80-100mesh). The 

results have been expressed as nmo1 Hz evolved per g nodules fresh 

weight per h. 

3:3:2 Assay of nitrogenase activity 

The same nodules were assayed for nitrogenase activity by 

the acetylene reduction method (Hardy et al., 1968). The reduction 

assay was performed in 25.5 m1 capacity vials provided with serum 

stoppers. In each bottle 3.0 ml of air was replaced by 3.0· ml of CZH2 

and incubated at 25°C for lh. After incubation, gas samples (1 ml) 

were removed from each vial and analyzed for CZH4 using an AIMIL­

NUCON gas chromatograph equipped with a FID and porapakT (60~80 

mesh) dual columns (182 x 0.32 cm) maintained at 90DC with Nz as 

carrier gas at a flow rate of 30ml/min. Both injector and detector were 

maintained at 110°C. Nitrogenase activity has been expressed as 

nmol C2H4 formed per g nodule fresh weight per h. 

3:3:3 Determination of relative efficiency (RE) 

The expression of hup genes in nodules was revealed by 

measuring the relative effiCiency (RE) of electron transfer to N2 via 

nitrogenase as described by Schubert and Evans (1976) at 30 days of 
plant growth. 
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Rate of H2 evolution in air 
Relative efficiency (RE) = 1 -

Rate of C2H2 reduction in air 

If RE is greater than 0.8, then the rhizobial strains are 

considered to have uptake hydrogenase activity. Only one strain 

having highest RE was used for subsequent studies. 

3:4 Studies on expression of hup genes under free-living 
conditions 

In order to study the strainAzorhizobium IRBO-46 for explanta 

expression of hup genes in high organic carbon media, the folloWing 

experiment was performed. 

Azorhizoblum cells were cultured in 16x150 mm tubes, each 

containing 7 ml of the H2-uptake medium (HUM) (Table 3). yeast-extract 

mannitol (YEM) medium or yeast-extract lactate (YEL) medium as 1.5% 

agar slants. A 100 III suspension of log phase cells were distributed on 

the surface of the slants. The method of derepression and assay of 

hydrogenase as described by Maier et at. (1978) was used with slight 

modifications. The cotton plugs in the slants were replaced by sterile 

serum stoppers and H2 gas was injected aseptically into the slants after 

removal of an equal volume of air to give an atmosphere of 10% H2 1n air. 

The inoculated slants were incubated at 30°C for growth and hydrogenase 

induction. 

After 5 days of incubation, the serum stoppers were removed 

and the slants left open in air for a minute and again closed with the 

stoppers. This whole operation was carried out in sterile conditions in 
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Table 3 : Composition of hydrogen uptake medium 
(Maier et al._ 1978). 

Medium Weight/L Stock Quantity of 
constituent of medium solution stock/L 

Part A 
Sodium gluconate O.5g 
Sodium glutamate O.5g 
Yeast extract O.lg 
Distilled water l.OL 
Agar 14.0g 
PartB 
Iron EDTA 28.0rng 14.000g 1 
Boric acid 3.0mg 1.500g I 
ZnS04 ·7H2O 2.0mg 1.000g 1 
MnS04 ·7H2O IO.Omg 5.Ooog I In 250 ml H2O O.5nli 
CuS04 ·5H2O O.04mg O.020g 1 
CoC12 ·6H2 O 0.025mg O.OI3g I 
KI O.780mg O.390g I 
Na2Mo04 ·2H2O 0.250mg 1.125g 
Parte 
NaH2P04 ·2H2 O 150.000mg 2.500g I In 25 ml H2O 1.5m! 
PartD 
CaCI2 ·2H2 O 150.000mg 0.375 I In 25m! lO.OmI 
MgS04 ·7H2O 250.000mg 0.625 H2O 
PartE 
Sucrose O.5g 5.000g I In 2.5ml 
L-arabinose 1.og 3.571g 125 ml 7.0ml 
Inosttol IOO.Omg 0.500g I H2 O 5.0rnl 
Thiamine Hel lO.Omg 0.500g 1 1.Oml 
PartF 
Nicotinic acid I.Omg O.OIOg I In 25 m1 
Pyridoxal Hel I.Omg O.OIOg I H2 O 2,5ml 

Note ': Part B was added to Part At mixed th~roughly and the pH was 
adjusted to 6.8 using o.lN NaOH before adding agar. It was then 
autoc1aved at 15 psi for 15 min. Parts C and D were autoclaved 
separately and added at the time of slant preparation. The stock 
solutions in Part E were prepared separately in 25 ml water, mixed with 
Part F proportionately by volume and filter sterilized using a bacteriological 
filter (pore size 0.45 J-tm), it was then added at the time of slant 
preparation. Seven ml of induction medium was added to each culture 
tube (16 x 150 mm). 
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a 1am.inar flow cabinet. The slants were then provided with a new 

atmosphere of 5% H2 in air after removal of an equal vPlume of air with 

a syringe. The slants were incubated at 30°C and gas samples 

removed after 3h and 5h of incubation, and analyzed for their H2 

content using an AIMIL-NUeON gas chromatograph as described in 

Section 3:3: 1. 

In order to account for the H2 leakage from the tubes, 

un1noculated control slants were included' in the experiments. Six 

replicates were used for each strain and the hydrogenase activity 

expressed as nmol of H2 consumed per h per mg protein. 

3:4: 1 Soluble protein estimation 

After the H2 -uptake assay, the cells from each slant were gently 

scraped off and removed by repeated washing with sterile distilled water. 

Tile cell suspension was centrifuged for 20 min at 12, OOOxg at 4°C, using 

a Sorvall RC5B refrigerated centrifuge. The cell pellet obtained was 

digested according to the method of Stickland (1951). The pellet was 

suspended in 3 ml of 0.75M NaOH and the proteIn in the sample 

precipitated by adding 0.6 ml of 25% TeA and 1.8 ml ethanol. After 

thorough mixing, the sample was centrifuged as described earlier. The 

pellet obtained was again dissolved in water with the help of a minimal 

amount of NaOH solution and heated at 70°C for 5 min. The protein in . . 
the supernatant was estimated by the method of Lowry et al. (1951) 

using bovine serum albumin as a standard. 

Since the Azorhlzoblum strairt showed t~e expression of hup 
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genes in all the media used, it was selected for isolation of hup genes. 

3:5 Selection of hup genes probe for Azorhizobium 
IRBG-46 

In order to find out whether the hup genes of Azorhizoblum 

IRBG·46 have homology with hup genes ofB.japonlcum 122DES cloned 

in pLAFRl (pHU52), the following experiment was carried out. The 

rhizobia! total genomic DNA was isolated, dot-blotted on nitrocellulose 

membrane filter and then hybridized with the labelled cosmid pHU52 as 

probe. 

3:5: 1 Isolation of genomic DNA 

The genomic DNA of Sesbanla rhizobial strains was isolated by 

the following method. 

The cells of Sesbanla-Rhlzoblum were grown tn 10 ml TY 

medium. The cells after 24h of growth were collected by centrifugation 

at 2,000x g for 10 min. The cells were then resuspended in 5 ml of 50mM 

Tris containing 50mM EDTA, pH 8.0 and frozen at -20°C. 0.5 ml 

lysozyme (lOrng/m1in 0.25M Tris, pH 8.0) was added to the frozen cell 

suspension and thawing was carried out with occasional mixing in a 

water bath kept at room temperature. When just thawed, the cells were 

placed on ice for 45 min. Later Iml of proteinase K (lmg/mlin 0.5% 

SDS, 50mM Tris, DAM EDTA, pH 7.5) was added to the above and mixed 

well by inversion of the tubes. The tubes were then heated at 500 e for 

60 min. 6 ml of buffered phenol was then added and mixed by inversion 

for 5 min to emulsify. The mix was then centrjfuged at 5000 x g for 
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. 
15 min to separate layers with DNA in the top aqueous layer. To the 

aqueous upper layer 0.1 volume 3M NaOAc was added and mixed gently 

by inversion. Addition of two volumes of ethanol withmixingprec1pitated 

the nucleic acids as a stringy glob. The precipitate was spooled out and 

dissolved in 5 ml of TIOEI [(lOmM Tris, ImM EDTA) (pH 8.0)). Mter 

overnight dissolution at 4°C, an equal volume of chloroform was added 

to the tubes and mixed and centrifuged for 5 min to separate layers. The 

upper aqueous layer was transferred to a clean tube, and 0.1 volume 3M 

N aOAc followed by two volumes of ethanol were added. DNA precipitated 

as long threads was spooled out and dissolved completely in 0.1 ml T 1 oE 1 

overnight at 4°C. Five j..ll of this DNA sample was loaded onto a 0.4% 

agarose gel. Electrophoresis was carried out at 60V for 8h and the DNA 

was viewed under the Fotodyne UV transilluminator to estimate the 

amount to be taken for the dot-blot experiment. 

3:5:2 Dot-blot experiment 

The total genomic DNA isolated as above was transferred to 

nitrocellulose membrane filter by using a dot-blot kit. Three pieces of 

Whatman 3MM filter paper and an NC filter were cut to the size of the 

apparatus. The prewetted NC filter was placed on the Whatman fHter 

pap(;'rs which were placed on the apparatus. The lid was put on the 

apparatus and latched in place. The apparatus was then hooked to a 

vacuum source. Five j..ll of DNA samples were added to the wells. 

Vacuum was then turned-off and NC filter was removed. It was initially 

dried at room temperature and then soaked first in denaturing solution 

(NaOH. O.SM. NaCl. 1.5M) for 5 min and then in a neutralizing solution 

(NaCl, 1.5M. Tris-CI. a.5M, pH 8.0) for 5 min. It was dried at room 
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temperature and baked between two fresh Whatman 3MM filter papers 

in a vacuum oven at 80a C for 2h. 

The baked filter was then hybridized with the labelled probe as 

follows : 

3:5:3 Isolation of pHU52 

For probe making. first cosmid pHU52 was isolated. For this E. 

coli cells containing pHU52 were grown overnight in 6 rol LB medium 

With tetracycline. About 1.5-2 ml culture was poured into an eppendorf 

tube and centrifuged for 2 min in an eppendorf centrifuge. The 

supernatant was poured off and the pellet was dried as much as possible 

by inverting the tube on a filter paper. It was then resusp~nded in 

100 III of an ice cold Solution I [50mM glucose. 10mM EDTA, 25mM 

Tris-Cl (pH 8.0)], and 0.5 rng of lysozyme (25,550 U) was added just 

before use. The solution was kept on ice for 5 min and subsequently 

200 III of a freshly prepared Solution II (0.2N NaOH and 1 % SDS) was 

added, and the contents were mixed thoroughly. The tubes were again 

kept on ice for 10 min. Then 150 JlI of an ice cold Solution III (3M NaOAc, 

pH 4.8) was added, mixed well and kept on ice for 10 min. It was then 

centrifuged in an eppendorf centrifuge for 5 min. The supernatant was 

tr_ansferred to fresh tubes carefully and an equal volume. of phenol/ 

chloroform/isoamyl alcohol (25:24: 1) was added and centrifuged for 

2 min. The aqueous phase was transferred to fresh eppendorftubes and 

an equal! volume of chloroform/isoamyl alcohol (24: I) was added and 

centrifuged for 2 min at 8000 x g. The aqueous phase was then 

transferred to fresh eppenq,orf tubes and two volumes of ethanol (ice 
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cold) were added, mixed well and kept at -70DC for 30 min. It was then 

centrifuged at 8000 x g for 5 min, the supernatant was discarded and to 

the pellet, 100 Jll of Solution IV [1M Tris-Cl (pH 8.0), 3M NaOAc] was 

added and tapped gently to dissolve the pellet. To this solution again two 

volumes of chilled ethanol were added, mixed well and kept at -70°C for 

30 min. The tube was centrifuged again for 5 min. and the pellet was 

washed w:1th 100 111 of 75% cold ethanol. It was then dried and dissolved 

in 20111 TE buffer (lOmM Tris; O.lmM EDTA, pH 8.0). An aliquot of the 

DNA was then electrophoresed to determine its approximate 

concentration. 

3:5:4 Preparation of probe by Nick-translation 

For the preparation of probe, the pHU52 DNA isolated as above 

was nick translated using the Amersham nick-translation kit. The nick 

translation reaction was set up as follows: 

DNA - 15 Jll 

Solution I - 20 J..ll 

(dTTP, dGTP, dATP in equal concentration, in a concentrated 

nick translation buffer containing Tris-Cl (pH 8.0), MgC12 and 

2 -mercaptoethanol) 

(a_ 32p) dCTP 

(Sp. act., 

2000 Ci/mmole) 
H 20 

Enzyme solution 

Total volume 100 III 
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The above mixture was incubated in a water bath at 15°C for 

90 min. The reaction was stopped by adding 4 J.11 of 0.5M EDTA (pH 

8.0). Salmon sperm DNA (10 J.11 of 10 mg/mI) was then added, the 

mixture was kept in boiling water for 5 min for denaturation and then 

cooled immediately on ice. The free nucleotides in the solution (both 

labelled and unlabelled) were removed by passing through a Sephadex 

G50 column. This denatured probe was then used for dot-blot 

hybridization. 

3:5:5 Prehybridization 

The baked NC filter was put in a dry polythene bag and the 

following prehybr1dization solution was added. 

Prehybrldfzation solution 

20 x sse 3mI 

20% SDS 200 J.11 

0.2M EDTA 80 J.11 

100xDenhatdt's 200 J.1l 
sol IJ t'it)l"l 

Water 15,1 ml 

Denatured salmon 100 J.11 
sperm DNA (5 mg/ml) 

(lOOxDenhardt's solution contained 2% PVP, 2% BSA and 2% Ficoll 

400). 

The air bubbles were carefully removed and the bag was sealed 

and kept immersed for p~ehybrjdization in a water bath at B8°e for 2h. 
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3:5:6 Hybridization 

Mter 2h of pre hybridization, the excess prehybridization solution 

was discarded and only enough was left so as to wet the filter in the bag. 

Through a small cut in one corner of the bag, the denatured probe Was 

added, the bag was sealed and incubated overnight at 68D e in a shaking 

water bath. 

3:5:7 Washing of filters and Autoradiography 

Following hybridization, the filter was carefully removed from 

the bag, immersed in 300 ml of2xSSe and 0.1 % SDS at room ~emperature 

and agitated gently for 10 min. It was then transferred to a fresh batch 

of the above mentioned wash solution and continued to be agitated 

gently. Subsequently, the filter was washed for one hour in 5·00 ml of a 

solution of 1xSSC and 0.1 % SDS at 50°C. The filter was then dried, 

wrapped in a Saran wrap and exposed using Indu X-ray film for 48h at 

-70oe. The film was then developed using Indu developer for 3 min at 

room temperature in dark followed by washing in wat~r for a minute and 

then fixed in Indu fixer for 5 min. Finally the film was washed under 

running tap water for 30 lnin and dried at room temperature. 

3:6 Characterization of Azorhizobium IRBG-46 

3:6: 1 Antibiotic resistance profile 

To determine the antibiotic resistance pattern of strain IRBG-46, 

the ,culture was grown on solid TY medium supplemented with the 

antibiotics mentioned in Table 6. The stock solution of tetracycline and 

rifampicin were prepared in 50% ethanol and methanol respectively. 
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Stocks of ampic1llin, nalidixic acid and kanamycin Were prepared in 

water. 

3:6:2 Plasmid profile 

Megaplasmid an~ysis of strain IRBG-46 was done according 

to the procedure of Plazinski et al. (1985). This is a double comb 

method which is normally used for megaplasmid isolation. A horizontal 

0.65% agarose gel was made with a double-comb system and left for 

setting for lh. The comb closest to the cathode was then removed and 

the wells were overfilled with a solution of 0.4% agatose - 1.5% SDS 

in the running buffer. After another hour, the second comb was 

removed, and the gel was placed into the electrophoresis tank covered 

with Ca.3mm of the running buffer. The electrophoresis tank containing 

the gel was then placed at 4°C, and the vacant wells were filled with 

60 III of sample. Preparation of sample was done as follows : 

2m! culture pellet was washed with 300 III of 0.1 % Sarkosyl 

in T50E20 (pH 7.5), The pellet was then suspended in 60 ~l lysis 

mixture consisting of lysozyme (lmg/mlJ, RNase A (lmg/ml), 0.1% 

bromophenol blue and 20% Fico1l400. Samples were then immediately 

loaded into wells, and after 15 minutes, 8 III of proteinase K was added 

(10 mg/ml) to each well. The wells were left as such for 10 min. 

Subsequently, the gel was run at lOmA for 2h and then at 45mA for 

8h at 4°C. After electrophoresis, the gel was stained with ethldiurn 

bromide and photographed using an FCR- 10 camera attached to a 

Fotodyne UV DNA transilluminator. The presence of small plasmid(s) 



46 

was analyzed by performing plasmid isolations using the alkaline lysis 

and the PEG procedures 

3:6:3 Localization of htip genes in Azorhizobium IRBG-46 

In order to determine whether the hup genes are present on 

the megaplasmid or on the chromosome of Azor(1lzobium 

IRBG-46. a plasmid curing experiment was performed. 

Following the curing, the strain was checked for the expression of hup 

genes under free-living conditions on HUM. 

For curing of the plasmid, a log phase culture of IRBG-46 was 

taken and inoculated into a series of culture tubes containing TY 

medium amended with different concentrations (10-200 ~g/ml) of 

acridine orange as a curing agent. The cultures were grown at 30°C in 

an environmentallncubation shaker. 

The culture tube containing the highest concentration of acridine 

orange (150 ~g/ml in this case), and displaying observable turbidity was 

used for plating dUu tions and checking random individual colonies for 

loss of plasmid electrophoreUcally. Following electrophoretic determi­

nation of loss of plasmid, the strain was checked for expression of hup 

genes under free-living conditions on HUM as described in Section 3:4. 

The Hup activity of cured and uncured strains has been expressed as 

nmol of H2 consumed per h per mg protein. 



3:7 Construction of gene bank of Azorhizobium strain 
IRBG-46 

3:7: 1 Large scale genomic DNA isolation 

47 

Azorhizobium IRBG-46 was grown for 24h in lL ofTY medium. 

The culture broth was then centrifuged at 3800xg in a GS-3 rotor using 

a Sorvall RC5B refrigerated centrifuge. Each 250 ml culture pellet 

was then washed in 25 ml cold T 50E20' The pellet was suspended in 

21.5 m1 T 50E2o after washing, and 1.25 ml 20% Sarkosyl prepared in 

T50E20 was added. 2.5 ml pronase (5 mg/rol predigested 37°C(90 

min.) was also added and incubation in plastic bottles was carried out 

at 55°C for 2h in a water bath. The mixture was then vortexed at 

maximum speed. Equal volume of buffered phenol was added and 

mixed by inversion for 5 min to emulsify. The emulsified mixture was 

transferred to sterile corex tubes and centrifuged at SOOOxg for IS lnin 

to separate layers. To the aqueous upper layer containing DNA, 0.1 

volume of 3M NaOAc, (pH 4.8) was added and mixed gently by 

inversion. This was followed by addition of two vqlumes of ethanol 

with inversion to mix. The nucleic acids which preCipitated as a 

stringy glob was spooled out, kept for overnight d1ssqlution at 4QC and 

purified using cesium chloride equilibrium density gradient 

centrifugation. For purification, CsCl was added at the rate of 1 g ml­

I DNA solution and 200 ~l ethidium bromide (10 rug/ml) was also 

added. The DNA sample was loaded into Beckman 5 ml QUickseal 

polypropylene tubes which were sealed and spun at 350,000 x g at 

20°C in a VTi 65 rotor for 24h. The genomic DNA band w,as carefully 

removed with the help of a sterile 18 gauge needle into tubes carefully 
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wrapped in aluminium foil to avoid nicking of DNA. Ethidium bromide 

in the DNA solution was removed by repeated extraction with an equal 

volume of l·butanol saturated with water. When all the pink colour 

disappeared, the lower aqueous phase containing DNA sample was 

dialyzed for 24h against several changes of TE buffer (pH 8.0) to 

remove the esCl. The OD26o of the final solution of DNA was measured 

to calculate the concentration of DNA. This DNA was now stored in 

aliquots of 100 III at ·20oC. 

3:7:2 Partial digestion of genomic DNA 

Fragments of genomic DNA suitable for the construction of 

gene bank were prepared as follows : 

Initially test digestions on aliquots of the batch of purified DNA 

with varying units of EcoRI restriction enzyme were carried out. This 

was done to determine the amount of enzyme required to reduce the 

modal size of the DNA to approx1mately20 kb. After this pilot experiment 

in which all the conditions for partial digestion were established. large 

scale digestion of the genomic DNA was carried out to get maximum 

fragments in the range of 15·23 kb. 

Test digestions included 

DNA (15 Ilg) 

lOx EcoRI restric­

tion enzyme buffer 

10 x BSA 

Water 

Total volume 

15 f..ll 

30 f..ll 

30 III 

225 ill 

300 III 
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The DNA sample was distributed into five tubes. In the first 

tube 80 I-ll of DNA was added whereas the next four tubes were dispensed 

with 40 I-ll each of DNA. 1 IJ-l of EcoRI enzyme (14U) was diluted to 10 !AI 

in 1 x EcoRI restriction enzyme buffer. 3 I-ll of this diluted enzyme 

containing 4.2U was dispensed into the first tube containing 80 1-11 

DNA (4.0 Jlg). It was thoroughly mixed and 40 Jll of the mix was now 

dispensed from this tube into the second tube. A similar serial 

dilution was made in the next two tubes with the la$'\. tube left free of 

enzyme. Thus serial dilutions to get varying concentrations of enzyme 

such as lUhtg, 0.5U/l-lg, 0.25U/l-lg and 0.125U/l-lg were made 

to check for maximum number of fragments in the range of 15-23 kb. 

The restriction enzyme digestion was carried out at 37°C for lh. The 

samples were electrophoresed in 0.4% agarose gels to confirm the 

restriction digestions. 

For large scale digestion, the concentration of 0.25U enzyme/I-lg 

DNA was taken to digest about 400 I-lg of the genomic DNA at 37°C for 

lh. The restriction was terminated by addition of 10mM EDTA (pH 8.0). 

An aliquot of the digested DNA was electrophoresed in a 0.4% agarose 

gel to confirm the restriction digestion. Then the restricted DNA samples 

were extracted once with an equal volume of a 1: 1 .mixture of 

phenol: chloroform and again with a 24:1 mixture ofchloroforrn:isoamyl 

alcohol. The aqueous phase was removed and precipitated overnight at 

~20oC with two volumes of ethanol and 0.1 volume of 3M NH
4
0Ac 

(pH 7.5). The DNA sample was pelleted at 11220 x g in a Sorvall RC5B 

refrigerated centrifuge for 20 min. 
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Finally the DNA pellet was dissolved in 250 III ofTE buffer and 

stored at -20°C. 

3:7:3 Size fractionation of the restricted DNA 

A 38 m1 10-40% linear sucrose density gradient was prepared 

in TE buffer using a gradient former in a Beckman SW28 po1yallomer 

tube. The DNA sample (250 j..ll) was then heated to 68°e for 10 min, 

cooled slowly to 20°C and layered onto the gradient. The gradient was 

run at 90,000 x g in a SW28 rotor for 24h at 20°C. After cenuifugat1on, 

the bottom ofthe tube was punctured uSing a 19 gauge sterile needle and 

0.5 m1 fractions were collected in sterile eppendorftubes. Then 10 J.Ll of 

every third fraction was mixed with 10 J.Ll of water and 2 JAl gel loading 

dye and analyzed on a 0.4% agarose gel uSing AHtndIII marker whose 

sucrose and salt concentration was adjusted to correspond that of the 

samples. After electrophoresis, the gradient containing DNA fraglllents 

in the 15 -23 kb size ral1ge were pooled for preCipitation. The pooled 

samples were diluted so as to reduce the sucrose concentration to less 

than 10%. Then the sample was preCipitated with ethanol at -20°C for 

4h and recovered by cen tr1fugaUon at 4°C in a Sorvall RC 5B refrigerated 

centrifuge at 11,220 x g. The DNA pellet was dissolved in T l()EO.
1 

and a.n 

aliquot was analyzed on a 0.4% agarose gel. This was stored at -200C. 

3:7:4 Isolation of Vector pRK290 

A modified Birnboim and Doly (1979) procedure was followed 

for large scale isolation of plasmid pRK290. A freshly grown culture of 

E. coli HBIOI (pRK290) was used for inoculation of IL LB medium and 
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the overnight grown culture was used for plasmid isolation. 

The cells were spun in a GS -3 rotor at 2661 x g at 4°C for 5 min. 

The pellets were resuspended in 16 ml Solution A (10mM EDTA; 25mM 

Tris, pH 8.0). Then 32 ml Solution B (0.2N NaOH; 1 % SDS) was added. 

shaken to mix and left on ice for 5 min. After 5 min, 24 ml Solution C 

(3M NaOAc, pH 4.8) was added, mixed and left on ice for l-2h. The 

sample was centrifuged later in GS-3 rotur at 6800xg at 4°C for 15 min. 

The supernatant was decanted carefully into clean bottles and 160 ml 

cold .100% ethanol was added, mixed and left at -20°C for 30 min. 

Following this. the DNA was centrifuged agrun at 76QOxg at 4°C for 20 

min. The supernatant was carefully drained off and the pellet resuspended 

in T 1 oE 1 so that the final volume was 7ml for 1 L of original culture broth. 

For purification of DNA, 9.0 g of solid CsCl was added to the 7 ml DNA 

solution alongwith 1.5 ml ethidium bromide (5rng/ml) and 40 ~l 30% 

Sarkosyl. The sample was centrifuged at 350,000xg in a Beckman VTi 

65 rotor for l7h. The lower band of covalently closed c.rcular (CCC) form 

of DNA was removed with a sterile 18 gauge needle. The ethldium 

bromide and CsCl were removed from the DNA sa:mple as described 

earlier in Section 3:7: 1. 

3:7:5 Restriction of plasmid pRK 290 

The plasmid pRK290 was subjected to complete restriction by 

restriction enzyme EcoRI to linearize it for subsequertt ligation with the 

insert DNA. In order to linearize the plasmid, excess of EcoRI (5U / f.l,g 

DNA) was used, and the restricted DNA was visualized on a 0.7% agarose 
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gel. The unrestricted plaslllid DNA showed three bands corresponding 

to linear, open circular (OC) and covalently closed circle (CCC) fonns, 

whereas the restricted DNA showed only one band where all the forms 

had been linearized. The large scale restriction digestion reaction 

included: 

DNA (10 ~g) 

EcoRI (SOU) 

lOx restriction 
enzyme buffer 

BSA (100 Ilg/ml) 

Water 

Total volume 

20 ~l 

4 1-11 

15 1-11 

Restriction was carried out for 1h at 37°C. 

3:7:6 Dephosphorylation of linearized plasmid DNA 

Calf intestinal alkaline phosphatase (CIP) wa~ used to remove 

5 '-phosphate groups from the linearized plasmid DNA according to 

Maniatis et al. (1989). 

Once the restriction digestion of pRK290 was complete I the 

sample was extracted with phenol: chloroform (1: I, v Iv) and precipitated 

With two volumes of ethanol for 4h at -20°C. The DNA was recovered by 

centrifugation at 12,000 x g for 15 min at 4°e in a Sorvall RC 5B 

refrigerated centrifuge. It was redissolved in gOmM Tris-Cl (pH 8.3). 10 III 

of 10 x elP dephosphorylation buffer and 0.05U CIP If.lg DNA. added and 

the DNA sample incubated at 37°C for 1 h. 10xelP dephosphorylation 
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buffer contained 500mM Tris-Hel, pH 9.0, lOmM MgC12 , ImM ZnCl2 

and 10mM spermidine. 

At the end of the incubation period, the elP was inactivated by 

heating to 65°C for Ih in the presence of 5mM EDTA (pH 8.0). The 

reaction mixture was then cooled to room temperature, and extracted 

once with phenol and once with phenol:chloroform (1: 1, v Iv). Then, 

0.1 volume of 3M sodium acetate (pH 7.0) was added followed by 

addition of two volumes of ethanol. It was mixed well and stored at OOC 

for lh. The DNA was finally recovered by centrifugation at l2,OOOxg 

for 10 min at 4°C. The pellet was washed with 70% ethanol at 4°C and 

recentrifuged. The precipitated DNA was redissolved in sterile Mill! Q 

water and stored at -20°C. 

3:7:7 Ligation of restricted plasmid DNA with insert DNA 

Initially a test ligation mixture was set up as follows: 0.1 ~g 

of the vector DNA was transferred to a sterile microfuge tube. Since 

the molecular size of the insert and vector DNA was about the same, 

i.e., ...... 20 kb, an equal amount (0.1 Ilg) of insert DNA was added to 

the same tube. To this, water was added to make up the volume to 

8.5 III and the solution was warmed to 45°C for 5 min to melt any 

cohesive termini that may have reannealed. It was then chilled to GOC. 

To this mixture was added 1 f-ll of 10xbacteriophage T4DNA ligase 

buffer containing ATP, and 0.1 weiss unit of bacteriophage T4 DNA 

ligase. 

The IOxbacteriophage T4DNA ligase buffer contains: 300mM 

Tris HCl, (pH 7.8), IOOmM MgCl2 , IOOmM DTT and lOlnM ATP. 
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The reaction mixture was incubated for 24h at 15°C. Two 

additional control reactions were also set up that contained : (1) the 

plasmid vector alone, and (2) the fragment of insert DNA. 1-2 III of each 

of the ligation reaction mixture was used to transform competent E. coli 

HBIOI cells. After checking for successful ligation reaction between 

insert and plasmid DNA, large scale ligation reactions were carried out 

involving 2 ~g insert DNA, 2 J.Lg linearized plasmid pRK290 DNA and 

2 weiss units of bacteriophage T4DNA ligase. 

3:7:8 Preparation of competent cells for transformation 

E. coll HB 101 cells were streaked on plain LB medium and 

grown overnight at 37°C. A single colony was picked up and inoculated 

into 10 ml LB broth and shaken overnight at 37°e in an en~ronmental 

incubator shaker. One rnl of this culture was used as inoculum for a 

100 ml LB medium and was grown to OD550 = 0.5. Once the required OD 

was reached, the cells were centrifuged a.t 3800 x g in a Sorvall RC 5B 

refrigerated centrifuge at 4°C for 7 min in Oakridge polypropylene tubes. 

The cells were then resuspended in 50 ml cold 0.1 M CaClz and kept on 

ice for 20 min. The cells were again given a spin at 1247 x g for 3 min. 

The pellet was resuspended in 4 ml 0.1 M CaC12 . To this 1 ml sterile 

glycerol was added. The cells were dispensed in sterile eppendorf tubes 

in 1 rnl aliquots and frozen at -70°C. 

3:7:9 Transformation 

For each transformation reaction, not more thah 50-1 Dang 

ligated DNA was used in a maximum volume of 10 Ill. To this DNA 

sample, 100 JAI of thawed competent cells were added and the tubes were 
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swirled gently several times in order to mix their contents. The tubes 

were then stored on ice for 30 min. Subsequently a heat shock was given 

to the cells by heating- them to 42°C for exactly 2 min. This was followed 

by immediately chilling them on ice for 2 min. Then, 1 ml LB medium 

was added to the tube and the cells were transferred to a shaking 

incubator set at 37°C for 1h. The cells were agitated at 150 cycles/ 

min during this recovery period. Finally, the cells were concentrated 

by centrifuging them briefly in an eppendorf centrifuge and the pellet 

was suspended in 1 00 ~l LB broth. This transformation mixture was 

plated on LB-Tc selective plates. A control transfdrrnation reaction 

with linearized, phosphatased pRK290 vector was also included to 

check for the extent of self ligation of vector. 

3:7: 10 Pooling of transformed colonies 

The transformed colonies from the ligation reactions were 

pooled as follows: To eaoh 90 mm plate. 5 ml of LB broth was added, the 

colonies gently scraped with the help of a sterile loop and a suspension 

of the cells made on the plate. This suspension in 2 m1 aliquots was 

transferred to 3 m1 storage vials and 176 j..ll dimethyl sulfoxide (DMSO) 

was added to it. It was mixed thoroughly by inverting the tubes and 

stored at -70°C. 

After the gene bank was prepared, the colonies from different 

ligation mixtures were pooled in a final volume of 1 mI. This was 

centrifuged in order to remove the DMSO and again resuspended in 100 ~l 

LB broth. Five spots of 20 ~l each were then made With 1t on an LB-Tc 

plate and incubated overnight at 37°C. Three of the overnight grown 
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spots were separately suspended in 1 m1 LB broth each alongwith 88 !J.1 

of DMSO to be stored at -70DC. Two spots were suspended in 1 ml LB 

broth each. in which on.e WCl.S stored at 4°C whereas the other was used 

immediately to determine the titre of the library. 

3:7: 11 Titre determination of the library 

Serial dilutions of the 1 ml suspended culture were made. 

Dilu tions of the order of 10-6 • 10-7 and 10-8 were plated in duplicate and 

incubated overnight at 37°C. The dilution corresponding to 10.7 gave 

300 colonies and thus the titre was determined to be 3xl 09 . 

3:8 Screening of the gene bank for hup genes 

Screening of Azorhlzoblum IRBG-46 gene bank was. done to 

isolate the hup gene(s). The gene bank was poured at a dilution of 10-7 in 

order to obtain approximately 3000 colonies. From these plates, single 

colonies were picked up at random and spotted on oriented LB-Tc plates 

in duplicate with the help of sterile tooth picks. Each plate was spotted 

with 100 colonies. They were incubated overnight at 37°C and 2000 

such clones were used for the initial screening by colony hybridization. 

The duplicate plates were stored at 4°C for picking up positive clones. 

3:8: 1 Colony hybridization 

3:8: 1: 1 Tansfer of colonies to filters 

Four pieces ofWhatman 3MM paper were cut to an appropriate 

size and shape and fitted neatly onto the bottoms of 4 glass trays. These 

papers were saturated separately with the following solutions: 

(a) O.5N NaOH 



(b) 1M Tris (pH 7.4) 

(c) 2xSSC (pH 7.0) 

(d) 95% ethanol 
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Using blunt-ended forceps, Whatman 541 filters were placed 

onto the spotted plates and all the air bubbles were removed slowly. 

The filters were then peeled off from the plates and placed colony side 

up sequentiruIy on each of the above four solution impregnated 3MM 

papers for 5 min each. Following these treatments, the filters were air 

dried and kept in a dessicator for use in later hybridization experiments. 

The filters were oriented beforehand by marking them With pencil. 

3:8:1:2 Preparation of probe 

Cosmid pHU52 DNA was isolated as described earlier in 

Section 3:5:3 and restl'icted USing EcoRI enzyme. The restricted 

s8..1nple was run on a 0.7% low melting point agarose gel. The band of 

interest i.e., 12.9 kb EcoRI fragment was cut with the help of a gel 

cutter. This was heated for 5 min at 65°C. To the 500 III of sample was 

added 50 III of 5M NaCl. After vortextng. the sample was given a brief 

spin in an eppendorf centrifuge. The sample was again heated for 5 

min at 65°C. An equal volume of phenol was then added and was 

immediatelyvortexed. Following this the sample was again. centrifuged 

in an eppendorf centrifuge from which the upper phase was eluted. It 

was phenolized once more after which two volumes of ether were added . . 
to the upper phase. The upper layer of ether was discarded and the tube 

was heated with its cap open at 65°C for 2 min. This enabled all the ether 

to evaporate, after which two volumes of ethanol were added. The DNA 
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sample was precipitated overnight at -20nc and recovered by 

centrifugation at 11220 x g in a Sorvall RC 5B refrigerated centrif'l,lge. 

3:8: 1:3 Random primed DNA labelling 

The eluted fragment after being checked on a 0.7% agarose gel 

was labelled using the USB Random Primed DNA labelling kit according 

to the methodology of Feinberg and Vogelstein (1983). 

The labelling was performed according to the following 

procedure. 

(a) The DNA fragment (12.9 kb) was denat~red in a volume of 

10 J.ll by heating for 10 min at 95°C and then chilling on ice. 

(b) To an eppendorf tube on ice, the following were added: 

5 f.!l Denatured DNA (50 ng) 

3 j..ll - dATP, dGTP, dTTP mixture 

( 1 : 1 : 1 mixture of' each dNTP) 

2 f..ll - reaction mixture (random hexanucleot1des in 

10xreact10n buffer) 

5 J-tl - [a-32Pl dCTP, 50 J-tC1, 3000 Ci/mmole. aqueous 
solution. 

4 f..ll • sterile Milli Q water 

1 J.ll - Klenow enzyme (2 units) 

(c) The reaction mixture was incubated for Ih at 370C. 

(d) The reaction was then terminated by heating to 65°C for 
10 min. 
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3:8: 1:4 Hybridization 

The prehybridization and hybridization reactions were carried 

out as described earlier except that the probe used in this case was the 

12.9 kb EcoRI fragment of pHU52 which was ol1go1abelled using the 

random primed oligo1abelling kit, as described in Sections 3:8: 1:2 and 

3:8:1:3. 

3:8: 1:5 Restriction analysis of the recombinant plasmids 

The positive clones were picked up from the duplicate plates 

and their plasmid DNA was isolated by the following procedure: 10 ml 

culture was grown overnight in LB·Tc broth at 37°e. The cells were 
, , 

centrifuged at 1,949 x g for 5 min. 111 S834 rotor itl a Sorvali RC 5B 

refr1gera~ed centrifuge at 4°C. The pellet was resuspended in Solution 

A (25 mM Tris Cl; 10mM EDTA; pH 8.0) and vortexed. 1001-11 of this mix 

was transferred to eppendorftubes and 200 ~l of801ution B (0.2N NaOH 

and 1 % 8DS) was added ana mixed vigorously. It was kept on ice for 10-

20 min with intermittent shaking. Later, 150 JAl Solution C (7.5M 

NH4 0Ac) was added, the tubes were shaken and kept on ice for 

10-20 min. The mix was then centrifuged in an eppendorf centrifuge for 

2.5 min and the supernatant was dispersed into fresh tubes having 1 ml 

cold ethanol. The tubes were again kept on ice for 20 min, and then 

centrifuged for 2.5 min. The ethanol was aspirated off tWice. The pellet 

was redissolved In 1 00 ~ water and let stand for 10 min at room 

temperature. Then, 50 III Solution C was added, followed by additIon of 

300 , .. ll cold ethanol. It was shaken well and kept on ice for 15 min. The 

plasmid DNA was recovered by centrifugation in an eppendorf centrifuge 

for 2.5 min. The supernatant was aspirated off and the pellet was a1r-
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dried. It was then dissolved in 40 IJ.I sterile Mlll1-Q water and used for 

restriction analysis and dot-blot hybridization for secondary screening 

of the positive clones. 

The following restriction digestion reactions were set up for 

each positive clone obtained after primary screening. 

DNA 

lOx restriction -
enzyme buffer 

Water 

EcoRI 

Total volume 

The digestion reaction was carried out at 37°C for 3h~ terminated 

by addition of bromophenol blue dye and loaded along with 11 HtndIII 

marker on a 0.7% agarose gel. The gel was photographed using a 

UV -Fotodyne transilluminator. 

3:8: 1:6 Secondary screening 

Following restriction analysis. some of the recombinant plasmlds 

were dot-blot hybridized with the 12.9 kb EcoRI fragrnent ofpHU52 as 

described in Sections 3:5:5 and 3:5:6. The recombinant plasm1ds have 

been designated as pSRH plasmids. 

3:9: 1 Transfer of plasmids pSRH into ticer-Rhizobium strain 
Red 301 

The tr1parental mating system was used. for transfer of 

recombinant plasm1ds pSRH to Cicer-RhizobLum strain Red 301. Clcer­

Rhizobium strain Red 301 was grown on a TYM plate for 3 days to get a 
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log phase culture. Two to three loopfuls of this culture was mixed with 

one loopful of an overnight grown culture of E. colt HB I 0 I containing the 

recombinant plasmids pSRH on a fresh TYM plate. 5 ml of overnight 

grown culture of E. colt HBIOI (pRK 2073) was centrifuged at 3,000 x 

g and the -cells were resuspended in 5 ml of mannitol salts solution 

(MSS). Then 0.1 rnl of the supension was added as a helper plasmid and 

mixed in the minimum possible space to get a spot on the plate. This was 

subsequently dried at room temperature and incubated at 30°C for 24~ 

36h. Later a loopful of cells from the grown spot were used for dilution 

plating on selective RMM-Tc plates. Slt:lce E. coli HB 101 cannot grow on 

RMM, only the transconjugants carrying the recombinant plasmids 

pSRH were picked up for further studies of assaying the Hup activity 

under free-living conditions. 

3:9:2 Studies on the expression of hup genes in ftee-living 
transconjugants 

In order to study the expression of cloned hup genes in the 

transconjugants of Clcer-rhizobial strain Rcd 301, the activity of uptake 

hydrogenase was Induceq1n them in the free-living conditions and then 

uptake of H2 measured gas chromatographically as described earlier in 

Section 3 :4. The only difference in the conditions maintained was that 

the time of induction was extended t,o six days in a H2 gas atmosphere 

of 5%. Subsequently the assay of uptake hydrogenase was carried out 

in an atmosphere of 1 % H2 after 3h and 24h of incubation. The acttvity 

of uptake hydrogenase has been expressed as nmol H2 consumed per h 

per mg protein. 



RESULTS 



Hydrogen may act as an energy source in N2 -fixing nodules 

and thus create less demand for potentially lim1tingrespiratory substrates 

from the plant. In view of these observed or potential benefits of H2 

oxidation, transfer of H 2 -uptake (hup) genes from an eff1cient Hup 

system to strains of several Rhizobium spp. that lack this phenotype 

might result in an improvement in their symbiotic performance. 

Comprehensive efforts to transfer hup genes to wild type Hup· Rhtzoblum 

strains by genetic engineering techniques necessitates a basic 

understanding of the organization of Hup-determinants in the donor 

organism. In this excercise, it would be desirable if these determinants 

are closely linked. 

Considerable efforts towards the understanding of the 

organization of hup genes in BradyrhizobiumJaponicum and Rhizobium 

legumlnosarum have been made. But, the efforts leading to an 

understandiI1g of hup genes organization in Sesbahia-azorhizob1a are 

still at the preliminary stage. Some available reports show the presence 

of an Hup system in these rhizobia not to be repressed by high 

concentrations of organic carbon substrates. This is in contrast to all 

other Hup+ rhizobia-which show a repression of their Hup system in free­

living cells in presence of high concentrations of organic carbon sUbstrates 

or high (>4.0%) 02 partial pressures. In view of this it was considered 

worthwhile to clone hup genes from an efficient Hup+ Sesbanla 

Azorhlzobium strain and transfer these to Hup- Clcer-Rhlzoblum 1n order 

to further analyze the expression of 1ts hup genes when transferred to 

this slow-growing RhIzobium. The exper1mental find1ngs of the present 
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investigation are reported under the following headings : 

1. Studies on the Hz-recycling ability of Azorhlzoblum strain 
IRBG-46 and some isolates under symbiOtic conditions. 

2. Studies on the expression of hup genes of Azorhlzobium strain 
IRBG-46 under free-living conditions. 

3. Selection of hup gene probe for Azorhizobium IRBG-46. 

4. Characterization of Azorhlzobium IRBG-46 with respect to : 

(a) antibiotic resistance profile. 
(b) plasmid profile. and. 
(c) localization of hup genes. 

5. Construction of gene bank of Azorhizoblum strain IRBG-46. 

6. Isolation of hup genes from the constructed gene bank. 

7. Transfer of recombinant pSRH plasmids into Cicer-Rhlzobium 
strain Rcd 301. 

8. Analysis of expression of hup genes in the transconjugants 
under free-liVing conditions. 

4: 1 Studies on H 2-recycling ability of Azorhizobium 
strain IRBG-46 and some isolates under symbiotic 
conditions 

The expression of hup genes in Sesbanla rostrata root nodules 

formed by different rhizobial isolates was studied by measuring the 

relative efficiency (RE) of electron transfer to N2 via nitrogenase as 

described by Schubert and Evans (1976). RE 1s an estimate of H z-

recycling ability. 

The seeds of Sesbanla rostrata inoculated with the Sesbania-

rhizob1allso1ates. were grown in Gibson tubes as described in Section 

3:3. Nodules were taken from ·30-day-old plants and tested for H2 



64 

evolution and acetylen_e reduction a~t1Vity. The relative efficiency (RE) 

was then calculated, as presented in Table 4. The REs of the isolates S 1 

and S2 were found to be 0.61 and 0.59, respectively, whereas REs for the 

isolate 83 andstraln IRBG-46 were 0.87 and 0.95, respectively (Table 4). 

Since strains showing RE greater than 0.8 are considered to be Hup+, it 

is clear that only isolate S3 and strain IRBG-46 are having H2 -recycling 

abilities. Since the strain IRBG-46 showed high RE (0.95). it was 

selected for further studies. 

Table - 4 : Acetylene reduction, hydrogen evolution and 
relative efficiency in Sesbanla rostrata nodules induced 
by Sesbanla rhizoblal isolates (30 day stage, Gibson tube 
experiment). 

Strain/ Nodule fro H2 evolution C2 H2 reduction Relative 
Isolate No. wt. (nmoIH2h- l g (nmolC2H 4h· 1g effiei-

(mg) fro wt.nodule- 1) fro wt.nodule· 1) ency 

SI 70 916 2347 0.61 

82 56 1271 3111 0.59 

S3 58 1361 10647 0.87 

IRBG-46 96 895 17436 0.95 

Note: Each Salnple consisted of 4 plants. 

• Relative efficiency (RE) = 1 -
Rate of H2 evolution in air 

Rate of C2H2 reduction in air 

4:2 Studies on the expression of hup genes of 
Azorhlzoblum strain IRBG-46 under free-living 
conditions 

• 

Azorhlzoblum strain IRBG-46 was assayed for hup gene 
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expression under free-living condit1ons as described in Sect~on 3:4. The 

different media used for derepression of uptake hydrogenase in this 

strain were low organic carbon containing H2 -uptake medium (HUM) 

and media containing high organic carbon, viz. yeast extract~mannitol 

agar (YEMA) and yeast extract-lactate agar (YELA) media. For induction 

of uptake hydrogenase, the culture of the strain was grown on the slants 

of the different media in the presence of 10% H2 for 5 days, and then 

assayed in the presence of 5% H2 in air. 

The results presented in Table 5 show the expression of uptake 

hydrogenase activity on both low as well as high organic carbon 

containing media. Although the specific activity of the enzyme was very 

high on all the media tested, the maximum specific activity was recorded 

on HUM. The specific activities obtained on YELA and YEMA media were 

more or less comparable t and they were 53% and 57% lower, respectively, 

as compared to specific activity obtained on HUM. 

Table .. 5 : Uptake hydrogenase activity of HUp+ Azorhizobfum 
strain IRBG-46 in different media under free-living 
conditions. 

Medium 

HUM 
YELA 
YEMA 

Protein 

285 
520 
265 

Uptake hydrogenase 
activity 

(nnlOl H 2h- 1mg protein-I) 

5355 ± 1884 
2504 ± 355 
2290 ± 815 

Values are the mean ± SE of six replications. 

4:3 Selection of hup gene probe for Azorhizobium 
IRBG .. 46 

Since the genetic organization of hup genes of Sesbanta-
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Azorhlzoblum is not well known, it was considered necessary to perform 

preliminary experiments to determine the homology of Its hup genes with 

an available probe of the hup genes of B. Japonicum cloned in pLAFRl 

(pHU52). For the above study, a DNA:DNA dot-blot hybridization 

experiment was performed in which the total genomic DNA's of strain 

IRBG-46 and some isolates (81 ,S2 and S3J of Sesbania-Rhlzoblum were 

hybridized with nick translated pHU52 DNA. The results presented in 

Plate I clearly indicated strain IRBG -46 to have a good homology with the 

hup genes of B. japonicum as it gave a strong positive Signal. Thus the 

hup genes of B. japonlcum can be used as a heterologous probe in 

isolating the hup genes ofAzorhlzoblum IRBG-46. However, at the same 

time isolate S3 which was found to be Hup+ under symbioti~ conditions 

(see Table 4), did not give any signal. This shows that the heterologous 

probe, nick translated pHU52, cannot be used for isolating hup genes 

from all Sesbania rhizobia. Similarly, the isolates S 1 and S2, which have 

been shown to be Hup- under symbiotic conditions, also did not give any 

signal when hybridized with nick-translated pHU52. 

4:4 Characterization of Azorhizobium IRBG~46 

Since there are no available reports on the characterization of 

Azorhlzoblum IRBG-46, efforts were made to characterize the strain with 

respect to its antibiotic resistance profile, plasmid /megaplasm1d profile 

and the localization of hup genes in it. 

4:4:1 Antibiotic resistance profile 

The growth of the strain IRBG-46 was tested on an agar 

medium With different concentrations (5,10,15,25 and 50 ~g/ml) of 



PLATE I 

Autoradiogram showing dot-blot hydridiza­
tion of total DNA isolated from Sesbanla 
rhizobia} strains to nick-translated pHU52' 

1 - Sesbanta-Rhlzoblum isolat.e S 1 

2 - Sesbanla-Rhizobium isolate 82 

3 - Sesbanla-RhtzobLum isolate S3 

4 - Azorhizobium strain IRBG-46 

5 - Posltive control (pHU52) 
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antibiotics namely kanamycin (Km),ampicillin (Ap), nalidixic acid (Nd). 

tetracycline (Tc) and rifampicin (RiD. The growth of the S~ain on the 

respective plates was recorded after a period of two days. 

The results presented in Table 6 show that the rhizobia1 strain 

was foun..l to be resistant to Ap upto a concentration of 50 I-lg/ml and Nd 

upto 15· f,lg/ml. However, the strain was sensitive to Km. Tc and Rtf. 

Table - 6 : Antibiotic resistance and sensitivity profile of 
A.zorhizoblum strain IRBG·46 

Antibiotic Concentration (j.tg/ml) 
5 10 15 25 

Ampicillin 

Kanamycin 

N al1<iixk acid 

Tetracycline 

Rifampicin 

+ + 

+ + 

'+' indicates resistance to the antibiotic 
'_, indicates sensitivity to the antibiotic. 

4:4:2 Plasmid/megaplasmid profile 

+ + 

+ 

50 

+ 

Megaplasmid analysis of cured and uncured strain of IRBC!-46 

was done according to the procedure of Plazlnski et al. (1985). This 1s 

a double comb method which 1s used for megaplasmid isolation (Section 

3:6:2). Plate II shows the megaplasmid composition of cured (lanes f~j) 

and uncured (lanes a-d) IRBG-46 obta1nedon a 0.4% agarose gel. In this 

study two rnegaplasmids of 350 kb and 280 kb sizes obtained from R. 

legumlnosarum strain B164. have b.~en used as size markers. 
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Since_ only_ the lower band comparable to a megaplasm1d of 

approximately 280 kb size was obtained with reproducibility on 

performing several electrophoretic runs, 1t is suggested that the strajn 

harbours only one megaplasmid. Plasmid curing experjments also 

demonstrated that only this band, corresponding to the presumptive 

megaplasmid disappeared upon curing (Plate II; lanes f-j). This 

conclusively demonstrates the presence of a single megaplasmid tn this 

strain. 

The presence of small plasmid(s) was analyzed by performing 

plasmid isolations using the alkaline lysis method and the PEG procedure. 

Plate III shows that only one small plaSmid (approx. 55 kb) is present in 

this strain. 

4:4:3 Localization of hup genes in Azorhlzobium IRBG·46 

Since a megaplaSmid has been found with reproducibility in 

IRBG-46, it was necessary to determine the localization of hup genes in 

this- strain, i.e., whether they are plasmid or chromosomal borne. in 

order to be able to isolate these hup genes in further studies. To localize 

the hup genes, a plasmid curing experiment was performed as described 

in Section 3:6:3, and the results of this experiment are presented above 

in Plate II. Following the curing, the strain was checked for the 

expression of hup genes under free·!iving conditions on HUM. The Hup 

activity of cured and uncured stratns was found to be comparable 

(Table 7). This demonstrates presence offunct1onal Hup determinants 

on the chromosome. though 1t does not eliminate the possibility of these 

determinants being present on the megaplasmid as well. 



PLATE II 

Mega'plasmid profile of Azorhizobium strain 
IRBG·46 following in situ lysis on 0.4% 
agarose gel. 

Lanes a-d. megaplasm1d of IRBG·46 

Lane e, megaplasmid markers 

Lanes f·j, cured IRBG·46 (without 
megaplasmid) 

Arrow indicates megaplasmid band. 

PLATE III 

Electrophoretic analysis of small plasmid(s) 
of strain IRBG·46 on a 0.7% agarose gel 

Lanes a-b, 

Lanes cod, 

Lane e, 

Plasmid DNA isolated by 
alkal1ne lYS1s method . 

Plasmid DNA isolated by PEG 
procedure 

A. DNA marker (uncut) 



PLATE. 1r 

PLATE. III 
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Table ~ 7 : Study on the expression of hup genes of plasmid cured 
and uncured Azorhizoblum ,strain IRBG-46 •. 

Strain Protein 

Uncured 217 

Cured 133 

Values are mean ±. SE of six replications. 

Uptake hydrogenase 
activity 

(runol H2h- 1mg protein-I) 

3216±862 

3587 ± 621 

4:5 Construction of gene bank of Azorhizobium strain 
IRBG-46 

Hup+ Azorhlzobium strain IRBG-46 was chosen for construction 

of a gene bank since it consists of an extremely efficient H 2 -recycl1ng 

system (see Table 5) .. Understanding the genetics of its Hup-system is 

possible only by isolation and characterization of the .hup gene(s) from 

the gene bank. 

The construction of the gene bank involved the use of plasmid 

pRK290 as 9- vector. Since this plasmid is a broad host range mobil1zable 

vector, the recombinants can be introduced and maintained in Rhizobium 

spp. 

4:5:1 Partial digestion of genomic DNA of Azorhizoblum 
IRBG .. 46 

Since hup genes in the fast-growing rhizobia are mostly found 

to span regions between 15 to 20 kb, a partial EcoRI digest of the genomic 

DNA of strain IRBG-46 was made to obtain maximum fragments in the 

size range of 15-23 kb. The conditions,. i.e. the amount of enzyme and 
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the time of incubation required to obtain this partial digest were 

standardized by performing a pilot experiment as described in Section 

3:7:2. An aliquot of the partially digested DNA was then electrophoresed 

on a 0.4% agarose gel in order to confirm the digestion (Plate IV). 

Following confirmation of the restriction digestion, this partially 

digested genomic DNA was reprecipitated and dissolved in a volume of 

-250 Jll of TIOEI buffer. It was then run on a 10-40% linear sucrose 

density gradient as described in Section 3:7:3. The fractions obtained 

were collected and every third fraction was electrophoresed on a 0.4% 

agarose gel alongwtth HlndlII marker (Plate V A). Only those fractions 

containing fragments in the desired range (15-23 kb) have been pooled 

and reprecipttated as mentioned in Section 3:7:3. Plate VB (lane b) 

shows the pooled fractions electrophoresed OIl a 1 % agarose gel. 

4:5:2 Preparation of vector plasmid pRK290 

The vector DNA which was isolated and purified as described in 

Section 3:7:4, was then run on 0.7% agarose gel to estimate its 

concentration. The vector DNA was then linearized with EcoRI and 

phosphatased with calf intestine alkaline phosphatase to prevent self 

ligation as described in Sections 3:7:5 and 3:7:6. The vector DNA is 

clearly shown as a single band ofl1J1.earized plasmid DNA (Plate VB, lane a). 

4:5:3 Ligation and transformation 

It is clear from Plate VB that the concentration of the insert DNA 

is at least two times greater than the concentration of the vector DNA. 

Thus, for ligation the concentrations of vector and insert DNA were 



PLATE IV 

Partial EcoRI digest of genomic DNA of strain 
IRBG-46 on 0.4% agarose gel. 

Lane at uncut genomic DNA 

Lane b, partial digest of genomic DNA 

Lane C, A HindU! marl{er 



PLATE VA 

Electrophoretic analysis of fractions obtained 
after sucrose-density gradient centrifugation 
on 0.4'{1J agarose gel. 



23 ·5 

9·6 

6·6 

PLATE. VA 
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adjusted With sterile water so as to obtain an equimolar ratio of vector 

(-20 kb) and inserts ( ..... 15-23 kb) as they had approximately similar sizes. 

Following ligation as described in Section 3:7:7, the ligated DNA was 

transformed into E. coll HBlOl and approximately 20,000 Tc~resjstant 

colonies were obtained to constitute the gene bank. Since a number of 

small scale ligations were carried out, EcoRI restriction analysis of 11 

randomly plc~ed clones from a single ligation showed 5 of these (45%) 

possessing desired inserts (Plate VIJ. 

4:6 Isolation of hup gene(s) 

4:6: 1 Primary screening of the gene bank for hup genes 

In order to isolate the hup gene(s) ofAzorhlzoblum strain IRBG-46 

from the gene bank prepared, the bank was poured onto LB-Tc plates 

after determ:inatlonafits titre. The-screenmgofrandomlyp1cked 2,000 

clones was done by colony hybridization using the 12.9 kb EcoRI 

fragment of pHU52 as a probe. Following hybridization. a total of 22 

positive clones were obtaJned (Plates VII to XIV). However, for further 

studies, only 13 clones showing stronger signals were taken. 

4:6:2 Restriction analysis of positive clones 

The 13- positive clones obtained from the primary screening 

were subjected to restriction digestion With EcoRI enzyme as described 

earlier In Section 3:8: 1 :5. Out of these 13 clones, only 7 clones got 

restrIcted (Plates XV and XVI). In Plate XV. lanes b, h and I show 3 clones 

having the same restriction pattern with an Insert size of approximately 

22 kb and, lanes j and k show 2 clones having sImilar restriction pattern 

having an insert size of approximately 15 kb. Plate XVI. lanes b and c 



PLATE VB 

Vector and insert DNA on a 1 % agarose gel. 

Lane a. Linearized vector pRK290 DNA 

Lane b. Pooled fractions of insert DNA 
( 15 -23 k b) following sucrose-density 
gradient centrifugation. 



PLATE VI 

Restriction analysis of random clones from 
the gene bank 

Lane at f. HindUI marker 

Lanes b-e & 1, EcoRI restriction pattern 
of randOln clones 

Lanes f-k. Clones not showing any 
insert 



'23·5 
9·6 
6·6 
4·4 

2·3 

1·9 

PLATE. VI 
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show 2 additional clones having different restriction patterns with insert 

sizes of approximately 20 kb and 19 kb. respectively. 

Thus, for secondary screening by DNA:DNA dot-blot 

hybridization, only 5 clones represented by lanes b,h,i,j in Plate XV and 

lane c in Plate XVI, were taken, and the recombinant plasmids have been 

designated as pSRHl, pSRH2, PSRH3, pSRH4 and pSRH5. respectively. 

4:6:3 Secondary screeening of the ge.ne bank 

The recombinant plasmids were isolated from the five clones 

and subjected to a dot-blot hybridization with 12.9 kb fragment of 

pHU52 DNA as a probe. Plate XVII shows the autoradiogram of the above 

hybridization. The positive Signals obtained with all the 5 recombinant 

plasmids clearly demonstrates that they all have homology with the hup 

gene probe used. However, no signal was obtained when only vector 

(pRK290) DNA was taken for hybridization. 

4:7 Transfer of recombinant pSRH plasmids into Clcer­
Rhizobium strain Red 301 

Since the recombinant pSRH plasm1ds, which are constructs of 

plasmid pRK290, are mobillzable but not self-rransrn1ssible·(Mob+, Tra-) 

a helper plasmid pRK2073 having tra functions was used for their 

transfer to Hup- Clcer-Rhlzoblum strain Red 301. The tr1parental mating 

system described in Section 3:9: 1 was used for the conjugal transfer of 

the five recomb1nantpSRH plasm1ds. Plate XVIII shows the identification 

of the transconjugants on RMM·Tc plates. 

. -! 



PLATE VII-X 

Autoradiograms showing· colony. hybridi­
zation of c1o~e.s fro~ ,gene ;b~nk using c>ligo­
labelled 12.9 kb EddRI fr~gm.ent of pHU52 
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PLATE Xl-XIV 

Autoradiograms showing colony hybridi­
zation of clones from gene bank using oligo­
labelled 12.9 kb EcoRl fragment of pHU62 
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Restriction analysis of 13 clones 

PLATE-XV 

Lane a, A HlndIII rnaTker 

Lanes b, h-k, EcoRI restriction pattern of 
5 positive clones 

Lane c-g & 1, Clones not showing 
restriction 

PLATE XVI 

Lane a, A HlndI11 l1wrker 

Lanes b & c, EcoRI restriction pattern of 2 
positive clones 

PLATE-XVII 

~utora~:llPS( ... m showing $econdary screening 
If a p.od{~~:c:lr;)nes; 

. ., ; )~ :~:.;;; ..•.. 

J . J,' PlpslttVe dOlles 

neg~tive c:ol,1trol (pRK290) 

positive control (pHU52) 
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The transconjugants obtained from the transfer of each of the 

recombinant plasmids were pooled separately and they have been 

des1gnatedasRed30l (pSRH1), Red30l (pSRH2), Red301 (pSRH3). Red 

301 (pSRH4) and Red 301 (pSRH5). 

4:8 Analysis of expression of hup gene(s) in the 
transconjugants under free-living conditions 

In order to find out whether the Hup-determtnants of 

Azorhizoblum IRBG-46 cloned in plasmid pRK290 are expressed in the 

genetic background of Clcer-Rhlzobium strain Rcd 301, the hup genes 

were derepressed in the transconjugants as obtained above under free-

11'Vi;{lg conditions and H2 -uptake activity determined jn them gas­

Chlio'matograph1callyas described in Sections 3:9:2. 
" " , ' 

The results presented in Table 8 show the expression of uptake 

hydrogenase activity in all the five transconjugants stUdied. The 

transconjugants Rcd 301 (pSRHl) and Red 301 (pSRH2) showed the 

highest activity of 392 and 340 nmole H2 h- I mg protein-I, respectively" 

The transconjugant Red 301 (pSRH5) showed the lowest activity of 

134 nmole H2 h· 1mg protein-I. However, no activity was detected in the 

reCipient Cicer-Rhizobium strain Red 301. 



Transconjugants of Cieer··Rhlzobium strain 
Red 301 grown on RMM·Tc 



PLA T E .. XVIII 
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Table - 8 : Uptake hydrogenase activity in transconjugants of 
Cicer-Rhizobfum strain Red 301 under free.Uving 
conditions. 

Strain/Trans­
conjugant 

Clcer-Rhlzoblum 

Red 301 

Transconjugants 

Red 301 (pSRHI) 

Red 301 (pSRH2) 

Red 301 (pSRH3) 

Red 301 (pSRH4) 

Red 301 (pSRH5) 

nd - not detected 

Protein 

154 

Hi6 

141 

231 

156 

Values are the mean ± SE of six replications. 

Uptake hydrogenase 
actiVity 

;nmolH2h-1rng protein,l) 

nd 

392 + 113 

.340 ± 54 

219 ± 89 

184 + 65 

134 ± 33 
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An nitrogenase preparations obtained_so far have been found 

to catalyze an ATP dependent H2 evolution, even in the presence of N2 • 

Evidence has been presented indicating that this reaction also occurs 

in vivo in various N2 fixing organisms. Schubert and Evans (1976) 

reported that loss of energy as ATP and reducing power in soybean and 

other legume root nodules attributed to nitrogenase catalyzed H2 

evolution may be as high as 40-60% of the total energy flow through 

nitrogenase. 

Oxidation of Hz by nodule bacteroid H2 -uptake (Hup) system is 

known to protect nitrogenase from 02 inactivation, generate ATP (Dixon, 

1972), and proVide reductant (Salminen and Nelson, 1984: Lodha and 

Naik, 1984}. However, not even a single na1uralisolate of chickpea (Cicer 

arletlnum L.) nodulating rhizobia! strains with Rup+ phenotype has been 

reported (Dadarwal and Sindhu, 1988; Vasudev et al., 1990). Cosm1d 

pHU52 containing hup genes of Bradyrhlzoblum Japonlcum has been 

transferred to Clcer-rhlzobial strains and shown to express in this new 

genetic background. But the hup genes of B. Japontcum cannot b~ 

derepressed in the presence of high organic carbon (Maier et ai .• 1979). 

In contrast to this, Sesbanla-rhizobia ~d stem nodmating azorhizobia 

are known to be derepressed in free-living ex-planta condition in the 

presence of high organic carbon substrates (de Vries et al .• 1984) Thus. 

the relevance of the differences in regulation of the Hup-system could be 

demonstrated by isolation and characterization of genetic determinants 

that are involved in the H2 recycling process. Following identification of 

these determinants, they could be either used to complement Hup· 
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mutant strains «?r transferred to other rhizobial spp. in order to study 

their complete organization. 

S1nce not much is known about the H2 -uptak~ system of 

Azorhlzoblum which is derepressed even in the presence of organic 

carbon substrates, the present investigation was undertaken to clone 

hup genes of Sesbanla stern nodulating Azorhlzoblum strain IRBG-46 

and to transfer these to Hup- Clcer-Rhlzoblum strain Rcd 301. 

Expression of hup genes of Azorhlzobium strain IRBG-46 

Before preparing the gene bank of Azorhizoblum strain IRBG-
,,' , 

~ hi: ; : " Ir j :' 

~6, 1t was necessary to see the expression of hup genes under symbiotic 

ahd ex-planta conditions, and to characterize the strain with respeC't to 

antibiOtiC resistance markers and plasmid profile. 

The expression of hup genes under symbiotic condition was 

studied by calculating the relative efficiency (RE) of electron transfer to 

nitrogen through nitrogenase. According to Schubert and Evans (1976), 

if the RE value is more than O.B, then it 1s considered that the bacterium 

possesses hup genes. Two out of the four strains of Rhizobium sp. 

(5esbania) tested were found to be H2 -uptake positive as their RE was 

~ore than 0.8. Since the Azorhlzoblum strain IRBG-46 showed the 

.tghest RE of 0.95, it was selected for further studies. 

For studying the effect of carbon substrates on the expression 
, l' 

: Qt', $up -activity, it 1s necessary that the activ1 ty Is derepressed under 
;:'~,:~~",::~:,II':(f;"~~: :,', ,:,~i",,';, "" 

i,~~-P~~rtt~ ,condition so that the growth conditions can be easily 
~::;~ ,J~"),',~~, '"lCr~\~,:,~;' "J~~:~' ,,'~~III" ': ,"' ,e I ' 
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manipulated. Carbpn substrates have been reported to repress , 

ex-planta Hup activ1ty (Maier et ai., 1979; Simpson et ai., 1979) in R. 

japonlcum. However, lack of carbon substrate repression ofHup actlvHy 

in B. japonlcum SR and in other strains of B. japonlcum have been 

reported (van Berkum and Maier, 1988; vanBerkum, 1987). de Vries 

et ai. (1984) proVided the first report that in Azorhlzoblum ORS571. the 

presence of an organic carbon source does not repress or inhibit 

hydrogenase synthesis activ1ty. More recently. Saini et al. (1987) also 

demonstrated Hup activity on high organic carbon media (YEMA and 

nitrogenase induction media) in all 8 Hup+ strains of Rhizobium sp. 

(Sesbania) studied. In the present study also, when the Azorhizobium 

stra:fn IRBG-46 was grown on high carbon media Uke YEMA slopes 

(mannitol, 10 gIL) and YELA slopes (lactate, 1 og/L) for the derepression 

of Hup actiVity. high Hup activity (2290 and 2504 nmol Hz /h /mg 

protein) was observed. The activity on YEMA was 4 to 9 fold higher in 

this strain when compared to the activity reported for 8 Hup+ strains of 

Rhizoblum sp. (Sesbanla) by Saini et al. (1987). When the low carbon 

medium (HUM slopes) was used (sucrose + arabinose + sodIum gluconate , 

2g/L), the Hup actlvUy was 2.1 and 2.3 fold higher compared to the 

actiVity obta1ned with YELA and YEMA media. respectively (see Table 5). 

The derepression of Hup activity on high carbon media might be 

attributed to the fast depletion of carbon thereby reducing the 02 

concentration, since 02 at high concentration is known to repress Hup 

activity (Merberg et ai .• 1983). Another possibility could be that the hup 

genes in this strain constitute an hydrogenase operon which 1s less 

sensitive to high carbon repressIon. Study to unravel the functioning of 
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the Hup-system on these lines at the biochemical level has been made 

by Merberg et al. (1983), but this study has been performed on R. 

japonlcum, in which the synthesis of Hup-system in free-living cells is 

repressed both by 02 and carbon substrates. They have selected 

constitutive mutants which express hydrogenase in 10._0% partial 

pressure 02 which were also simultaneously less sensitive than the wild 

type to repression by organic carbon substrates, and have suggested 

that a conunon regulatory element may be involved in the control of 

hydrogenase synthesis by 02 and carbon. Thus, to exper1rnentallyprove 

the basis or cause for derepression in Azorh(zoblum stratns, it would be 

e:ssential to study the genetic loci of their hup genes With respect to the 

"above parameters. 

Once it w_as established that the hup genes of Azorhizobium 

strain IRBG-46 are expressed under both symbiotic and ex-planta 

conditions, the strain was characterized with respect to antibiotic 

resistance markers for the purpose of its maintenance in pure culture 

form. The strain was found resistant to ampicillin and nal1dixie acid at 

concentrations of 50 J.lg/ml and 15 J.l.g/ml, respectively and sensitive to 

tetracycline, rifampicin and kanamycin on TYM agar plates. 

As regards the plasmid profile of the Azorhizobtum strain used 

in the present investigation, 1t was found to contain one megaplasmid of 

approximately 210 kb size and one small plasmid of approxImately 

55 kb size. However, the presence of megaplasmid 1n Azorhtzobtum 

strain ORS 571 could never be demonstrated (Jarvis et al., 1986). 
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Selection of hup gene probe for Azorhlzobium IRBG-46 

In order to be able to isolate the hup genes from the Azorhlzobium 

strain, it was necessary to have an available hup gene probe which would 

show homology with hup genes to be isolated. Although, closer relatedness 

of an Azorhlzoblum ORS 571 to the bradyrhizohia than to the fast­

growingrhizobla has been suggested (Jarvis eta!., 1986), studies ofTn5 

insertions in the hydrogenase operon of the ORS 571 genome have 

shown that these insertions map in the same region of the genome which 

shares a high degree of DNA homology With the hup locus of R. 

legumlnosarum described by Tichy et at. (1987). In the present 

ulvestigatlon also it was found thatAzorhizoblum IRBG-46 DNA hybridizes 

. w.1.ththehup genes ofB.japonlcum clonedinpLAFRl (pHU52) (see Plate 1), 

This thus shows the genetic conservation of some hup sequences in 

diverse species of rhizobia. 

Localization of hup genes in Azorhizobium strain IRBG-46 and 
construction of gene bank 

In order to localize the presence of hup genes, 1t was thought 

worthwhile to cure the megaplasm1d using an appropriate curing agent 

lJke acridine orange at a concentration of 150 JIg/mI. Electrophoretic 

determination of the loss of the megaplasmid was established by 

performing an in situ lYSis of the cured strain. In cured strain. no band 

was visible corresponding to the megaplasmid band observed in the 

uncured strain. In order to further demonstrate whether hup genes are 

present on chromosomal DNA of strain IRBG·46. the expression of 

uptake hydrogenase activity was studied in the plaSmid cured and 

" 
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uncured strains by growiI}g them on HUM slopes and measuring H2 -

uptake gas-chromatographically. Since the Hup activ1t1es were found to 

be comparable in both the cured and the uncured strains (see Table 7), 

it is suggested that the hup genes are present on the chromosome of 

IRBG-46 and can be induced for expression of uptake hydrogenase 

activity in the free-living conditions. Further, it was decided to prepare 

a gene bank of Azorhlzoblum strain IRBG-46 in order to isolate the hup 

genes from this strain. 

The preparation of a gene bank necessitates the use of a vector 

which can take up larger inserts, as the hup genes could span a region 

of 15-20 kb.A broad host range plasmid vector, pRK290 which can take 

up large inserts was chosen for the gene bank construction. Another 

advantage of cloning Rhizobium DNA in a vector such as pRK290,!" 

instead of in a ColEl based plasmid or cosmid is that the clone bank can 

be used in genetic studies because the RK2 repl1can will function in 

Rhizobium cells (Friedman et at. 1982). 

Plasmid pRK290 has unique EcoRI and B glll sites (see Fig. I ). 

either of which can be utilized for the construction of the gene bank. In 

the present study, the unique EcoRI site of this plasmid has been 

utilized. A partial EcoRI digest of the strain IRBG-46 total DNA was made 

in order to get maximum fragments in the size range of l5~23 kb. 

After checking the partial digest on a 0.4% agarose gel (see 

Plate IV), the partially digested DNA was subjected to a sucrose density 

gradient centrifugaUon to obtain fragments of the desired range. The 
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fragments fpllowingreprecipitaUon were used for~igation with the EcoRI 

restricted vector pRK290. Before ligation of the insert DNA with 

pRK290, the linearized vector was phosphatased using calf intestine 

alkaline phosphatase. This is a necessary step in order to reduce self 

ligations among the pRK290 DNA molecules so as to improve the 

efficiency of the gene bank. Following phosphatase treatment, the 

enzym.e was removed to prevent its interference with the next step of 

ugation. 

The insert DNA and the vector DNA were ligated in an equimolar 

ratio as the sizes of the two are approximately comparable. The 

l!ecombinant plasm1ds were then transformed into E. coil HE 101 in order 

to constitute the gene bank. The basis of selection of the transformants 

was the appearance of colonies on tetracycline (Tc, 10 flg/ml) 

supplemented LB plates. Plasmid pRK290 confers Tc resistance to the 

transformed HB 101 cells which are otherwise sensitive to tetracycline. 

But, to determine whether the transformed colonies conSist of 

recombinant pRK290 plasm1ds or self-ugated pRK 290 plasmfds, an 

EcoRI restriction analysis of randomly picked clones is essential. In the 

pre,_sent study an EcoRI restrictlon..analysis of clones obtained from a 

single ligation showed 45% of them possessing inserts, (see Plate VI). 

The scheme for the construction of gene bank of Azorhizobium 

strain 1s shown in Fig. 2. 

Isolation of hup genes of Azorl1izobium IRBG-46 

In order to isolate the hup genes from the gene bank of 



Fig. 2: A schematic representation of the cloning 

strategy used to construct the gene bank 
of Azorhlzoblum strain IRBG-46. 
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Azorhlzoblum IRBG-46~ construc~ed as above .. a primary. screen1ng of_ 

2,000 randomly picked clones was done by colony hybrid1zation. The 

probe used was the hup-specific 12.9 kb EcoRI fragment of pHU52. A 

total of 22 positive signals (both weak and strong) were obtained 

following the primary screening. Earlier, the whole cosmid pHU52 was 

used as a pro be to demonstr ate homology between the genome of strain 

IRBG-46 and the hup genes of B.Japonicum. Since. later only one hup­

specific fragment has been used to initially screen the bank. it became 

necessary to follow 1t up with an EcoRI restriction analysis and secondary 

screening of the presumptive clones. 

A total of 13 clones showing stronger Signals were selected and 

subjected to a complete EcoRI restriction digestion (see Plates)01 & XVI). 

Seven clones were found to harbour inserts of different sizes. Only 5 

clones were chosen for a secondary screening by a DNA:DNA dot-blot 

hybridization. The recombinant plasmids, deSignated as pSRH 1. pSRH2, 

pSRH3, pSRH4 and pSRH5 were taken for dot-blot hybridization with 

the 12.9 kb EcoRI fragment of pHU52. All the 5 recombinant plasmids 

showed positive signals and thus were showing homology With the pro be 

used. 

Since. only one hup-specific fragment has been used to probe 

for the hup genes desired to be isolated in the present study. it may be 

possible that all the hup genes are not present in the clones obtained. 

Thus, even though large DNA inserts have been taken for preparation of 

the gene bank in order to minimize the possibility of the hup genes 

getting truncated, it 1s essential to actually observe the Hup-activ1ty 
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when thes~genes are transferred across genetic ~arriers to other Hup· 

Rhizobium spp. In view of this, the expression of cloned hup genes was 

studied in Cicer-Rhlzobium strain Rcd 301. Earlier report on the hup 

locus of Azorhlzoblum ORS 571 suggest that it spans regions between 

9.0 and 16.6 kb (de Vries et al.. 1988). 

Transfer of recombinant pSRH plasmids into Cicer-Rhlzobium 
Red 301 and expression of hup genes 

A functional Hup-system has not so far been detected tn any 

natural straIn of Clcer-Rhlzoblum (Vasudev et al.. 1990). Transfer of 

BJaponicum hup genes (pHU52) to Cicer-rhizobia has been successfully 

accompUshed by Vasudev et at. (1990) and Kunnimalaiyaan et al. 

(1992). Since the above studies have shown the expression of the 

transferred hup genes in the genetic background of Cleer-Rhizobium, it 

was considered worthwhile to transfer the hup genes of Azorhizoblum 

IRBG-46 to check for their expression in this Rhizobium. In View of this, 

the five pSRH p1asmids were conjugally transferred to the Cicer-rhizobial 

strain Red 301, and the different transconjugants namely. Red 301 

(pSRHl), Rcd 301 (pSRH2), Rcd 301 (pSRH3), Rcd 301 (pSRH4) and Rcd 

301 (pSRH5) were tested for the Hup a ctiv1 ty under free-l1v1ngconditions 

on HUM slopes. 

Though all the transconjugants showed Hup activity, the 

highest activity of 392 runol H2 h-1mg protein- l was observed in Red 301 

(pSRH1) (see Table 8). Cosmld pHU52 containIng hup genes of 

B. Japonlcum were conjugally transferred into Hup- Cicer-Rhlzobium 

strains G36-84 and BO-4 (Vasudev et al., 1990). The highest specific 
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activities obta_1ned In.G36~84 (pHU52) and BG-4. (pHU52) were 150 and 

130 runo! H2h ~ 1 mg protelng ~ 1. The present study though demonstrated 

Interspecles transfer ofAzorhlzobium hup genes and their expressIon in 

a Hup' Cicer-Rhizobium strain. the activity obtained Is very low when 

compared with the parent strain IRBG·46. Further studies are needed 

to demonstrate whether all the genes (structural and regulatory) have 

been isolated and cloned or whether the Hup activity in this strain 1s 

host~regulated in some way as demonstrated in soybean bradyrhizobia 

. (van Berkum, 1990). For this, the physical and genetiC analySiS of the 

clones obtained should prove to be useful in elucidating the biochemical, 

genetic and regulatory factors involved in the complex H2 ~uptake sYS1.em 

of this Azorhlzoblum. 

Thus', a gene bank of Hup+ Azorhizoblum strain I1i:BG-46 

nodulating Sesbanla rostrata has been prepared, and screened for 

recombinant plasmids, pSRH containing hup genes. These plasmids 

when transferred to Hup- Cicer-Rhizobium Rcd 301 have conferred Hup 

activity in free-living conditions. However, Itremalns to be seen whether 

the Hup activity 1s expressed under symbiotic conditions. In addition, 

the gene bank can be further screened for .getting clones With still higher 

Hup-activ1ty. and stUdying the organization of hup genes. This would 

provide an answer as to why these genes are not repressed 1n the 

presence of high organiC carbon substrates. 



SUMMARY AND CONCLUSION 



Nltrogenases from all known sources catalyzed an ATP­

dependent reduction of not only N2 to NH4 + but also protons to H2 • This 

H2 loss results in an inefficient use of the energy provided for the N2,­

fixing process. A minority of strains of Rhizobium possess the capability 

for synthesis of an H2 -recyling system that Oxidizes the H2 produced 

during N2 fixation, thus recapturing some of the energy expended during 

H2 evolution. Efforts leading to an understanding of H2 ·uptake (hup) 

gene(s) organization in Sesbanla-azorhizobia are stHI at the preliminary 

stage. Some available reports show the presence of an Hup-system in 

these rWzobia not to be repressed by Wgh concentrat1ons of organiC 

carbon sUbstrates. This 1s in contrast to all other Hup+ rhizobia which 

show a repression of their Hup system in free-living cells. In view oftWs, 

efforts have been made to isolate hup genes from the gene bank of Hup+ 

Sesbania Azorhlzoblum strain IRBG-46, and to transfer these to Hup' 

Cicer-Rhlzoblum strain Rcd 301 in an attempt to improve its energy 

efficiency. The salient findings of the present investigation are 

summansed below: 

(1) Initially, studies on the H2 -recycling ability of Azorhlzoblum 

strain IRBG-46 and some isolates have been carried out under 

symbiotic conditions. Based on the calculations of relative 

effiCiencies, strain IRBG-46 having a highest RE of 0.95 was 

selected for further work. 

(11) The Azorhlzoblum strain IRBG~46 was then assayed for hup 

expression under free-living conditions on low organiC carbon 
containing H2 -uptake medium (HUM) as well as media containing 

high organiC carbon. 1.e. YEMA and YELA media. The strain was 
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found to exhibit high specific activity in all the media tested, 

though the specific actiVity was the highest on HUM. 

(11i) In order to be able to isolate the hup genes from the strain IRBG~ 

46. it was necessary to select a hup gene probe for it. For this. 
a DNA:DNA dot~blot hybridization experiment was performed in 
which the total DNA of the strain was hyhridized with nick~ 

translated pHU52 DNA as a hup gene probe. The strain IRBG~46 
showed a strong positive signal with the pHU52 DNA. 

(iv) Characterization of the Azorhlzoblum strain IRBG-46 revealed 
the presence of a megaplasmid and a small plasmid of approximate 

280 kb and 55 kb sizes. respectively. 

(v) Further experiments were perfonnea to localize the hup genes 

present in this strain. Curing of megaplasmid and assaying the 
cured strain for Hup acUvity gas-chromatographically showed 
no loss of activity in this strCj.in. Thus, it was concluded that the 

hup genes are present on the chromosome. 

(vi) In order to isolate the hup genes from this Azorhlzoblum strain, 

a gene bank of the strain was constructed in E. coli HB 101 using 

a broad host range mobllizable plasmid vector pRK290. 

(vii) Initial screening of randomly picked 2, 000 clones from this gene 
bank by colony hybridization using the Ql1go~labelled 12.9 kb 

EcoRI fragment of pHU52 as probe revealed 22 positive elones. 

(viii) An EcoRI restriction analysis of 13 presumptive clones revealed 

the presence ofinserts in 7 of them. The insert sizes ranged from 
approximately 15 to 22 kb. Five positive clones from these were 
pIcked up for a secondazy screening oftheir recombinant piasmids 

by DNA:DNA dot-blot hybridization using the oligo-labelled 12.9 

kb EcoRI fragment of pHU52. All showed a positive signal with 

the probe used. 
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(ixl The five rec?m?inantpla~mids containing Hup determinants of 
Azorhizobium strain IRBG-46 have been designated as pSRH 1. 

pSRH2. pSRH3. pSRH4 and pSRH5. These pSRH plasmids were 
conjugally transferred into Hup- Clcer-Rhizoblum strain Red 301 

in order to check the expression of hup genes in this new genetic 

background. 

(x) Gas-chromatographic assay for Hup activity in the trans­

conjugants Rcd301 (pSRHl)., Rcd301 (pSRH2). Rcd301 (pSRH3). 
Rcd 301 (pSRH4) and Red 301 (pSRH5) all showed expression of 

hup genes in this Rhizobium under free-living conditions on H2 -

uptake medium. When compared with the parent strain. IRBG-

46. this activity was low and varied from 134 to 392 runol H2 

taken hoI mg protein-I. 

In conclusion it can be said that recombinant piasmids 

containing hup genes of Sesbania-Azorhlzobium strain IRBG-46 can be 

isolated from the gene bank prepared_ Few clones isolated from the gene 

bank conferred H2 -uptake activity on the Clcer-Rhizobium straIn Rcd 

301. However, the bank can be used for isolating such more clones, 

which can be used for studying the genetic organization of hup genes. 
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