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SUMMABY 

lX?A from two rhisobial strains Cicer snd Phaseolus and 
their bacterolds from root nodules ha-en ls~urlfled 
and charactsrlsed for thermal denaturation temperature and 
buoyant density. Bacterold DNA had a lower P vdue and buoyant 
density oompamd to Rhl.sobium cell UNA. The calculatedGC 
content of becterold DHLL was lower than the Rhisobium cell DNA. 

INTDDDCTION 

The establlskent of a effective symbiosis betwmn a strain 

of Rhiroblum and Its legume host Involves complex physiologlcsl and 

blocheadcal Interactions which are not well understood. The 

rhlrobla are released iron the Infection thread into tetraplold 

hoet cell and change from vegetative rods to the nitrogen fixing 

bacterolds. In addition to the synthesis of nltmgenase, many 

other blochemlcal ohanges occur during bactemoid fomatloo (1,2), 

Studies of DNA from Rhlroblum cell have been made ty many workers 

(3-7), yet DRlA of bacterolds from root nodules has not been 

characterlsed. In the present study, DNA of laboratory cultured 

Rhlsobiun cells and their bacterolda from mot nodules have been 

isolated, purified and characterlsed with respect to themal 

deaaturatlon temperature and buoyant density. 

+ Part of the Ph.D. thesis sutmltted to P.G. School, 1.A.R.I.a 
New Delhi. 
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The cultures of Phaseolus rhizobiud strain Ml and Cicer 

rhioobium2 strain 02, obtained from the DZvision of NictPbiologS; 

IARI, ‘New Delhi, ware maintained on yeast extract mannitol agar 

laediunl (8). Tim cultures were tested for Weir ability to nodulate 

their respective hosts, After 72 bra growth at 2~~': on rotary 

shaker, the culture broth uaa centrifuged at 5000 x g for 15 min. 

The cells were suspended and washed t&c% with distilled water and 

finally washed with saline EDTA (NaCl, 0.015.M; EDTA diaodium salt, 

0.1 H; pH 8.0) * 

The seeds of green-gram (Phaseolus aweus Rox b.) var. 

Pusa Raisakhi and Rengal-gram (Cicer arietinum L.) var, C 235 were 

surface sterilized, aoaked in aterUe water for 6 hrs, inoculated 

uith 72 hrs old cultures of respective Rhirsobium strains by 

conventional method (9) and sown in earthen pots under bacteriologi- 

cally controlled condition& 

Isolation of Racteroidar Waehed nodules from the roots (25 days of 

growth in case of green-gram and 35 days of growth in case of 

Bengal-gram) were crashed in Tris-Cl buffer (Tris 0.1 HI 2-mercap- 

toethanol, 4nMj Kgcl2, 10 mM; pB 7.6) (lr2 W/V) containing 0.2 H 

Sodium ascorbate. Polyvinyl polypyrrolidons (high molecular 

weight) wail added (1.5 ghOO ml) to remove the phenolio 

Bnpuril;iee. Thehomgenate, afterpcrssingthrough4layers 

of cheesecloth was centrifkged at 500 x g for 10 *in at k@C 

to remove starch grdas and nodule debrie. The aspernatant 

was centrifuged at 21,OOC x g for 15 min to sediment bactereids, 

The bactwoidlr were washed twice kq euspending in buffer and 

1 An isolate from Phaseoloe aureu8 Rox b. 
2 An laolate from CXcereWL 
The name 
in the tl 

Phamolta8 rfifrobium and dicer rhisobium have been \rrred 
9xt for coaveDi8acH?O. Themsobia have not been 

included in any of the specified cross-inoculation groups* 
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finally washed with saline EDTA. All operations unless 

otherwise stated were perfonwd at I&. 

DNA Prrtractioot ENA fms rhisobial cells and bacteroids was 

extracted aad purified essentially using Mam@s method (lo), 

excepting that the lysis of rhixobial cells maa affected first 

with 2% Triton X 100, later by addition of 2 ml sodium lauryl 

sulfate (25% solution) and heating to &PC for 30 min. Purified 

DNA had spectral ratios of A2&!A23, 1.85-2.00 and A260/A280~ 

1.89-1.98. 

Thermal Dsnaturatioat Thmnal denakation curves were 

prepared and base composition from Tm values was determined 

using the method of Haxmur and.DotJr (11). 

C&l Dsnsity Gradient Centrifugation: Equilibrium centrifngatj.on 

of purified DNA in C&l aolntion was carried out in L2-‘$B Beckman 

preparative ultracentrifuge and GC content calculated according 

to the a&hod detscribed by Schildkraut, et al. (12). -- 

RFSULTS AND DISCUSSION 

The thermal denaturafion curves of DNA were sigmoid in 

nature indicatiw the pressace of one type of DNA (Fig. 1). 

All ths four DNA preparations showed a shaaprp increase in 

hyperchromicity indicating double stranded nature of DNA 

of both cultured cell8 and bacteroids, However, the increase 

in ~e~~ci~ in DNA fron Rhiaebinm cells was higher 

compared to bacteroid DNA (Table 1). The decrease in therm& 

denaturation temperature indicates a decrease in GC content 

ia bacteroid DNA. The melting profiles of Cicer rbisobium 

0011s and bacteroid DNA are not completely parallel but hPd 

different slopes indicative of differences in the GC content 

of different segments of DNA. 

Cicer rhisobitua cell lEfA showed a single mafor peek 
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Temperature OC 

Phosealus 
Rhizobium cell DNA 

Tm92.5% / 
D 

80 90 
Temperature OC 

Temperature *C 

Green-gram 
Bacteroids DNA 

Tm 91.0% 

a0 
Temper@ ure aC 

%F 
Thermal denaturation proiiles of DNA in standard saline 

c rate (NaCl, 0.15 Ml Sodium citrate, 0,015 PI; pH 7.0). DNA 
(25 ug/ldlf was heated in a 3 ml Teflon stoppered quarts euvette 
placed in a Hitachi Spectrophotometer Model 124 attached with 
therarastatic cell holder, Wiiperature of which was regulated 
by circulating hot glycerol : water solution Ulrough a lauda 
constant taaperature circulating water bath, The tasperatura 
of the chamber vas raised quickly to about SoC below the 
estimated onset of the melting region after first measuring 
the optical density at 25oC. The temperature was Iri8ed about 
l°C at a time, allowing about 20 mln for equilibration at eacrh 
temperature. The optkeal density read at 26oOn was corrected 
for thermal expension of t&e soluW.oa. Relative absorbance 
was plotted as a f'unction of Mnperature,of the aample. The 
temperature correspon&i.ng to half the increase, in the relative 
absorbance was taken as Tm of the DNA. 
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Table 1. Them1 denaturation, buoyant density and mole 

per cent GC of various DNA* 

Source 
Hype* 
chromi- ml 
city oc 
% 

Buoyant 
density 
l&J 

Mole per cent 
GC calculated from 
Tfiermal moYa$ 
denatura- denarity 
tion 

Cieer rhisobium cell 40.5 92.0 1.7l9 !%a sL.08 

Bengal-gram Becteroids 33.1 90.0 1.709 50.48 50.00 

Phaseolus rhicobium cell 37.6 92.5 1.720 56.5’8 55.10 

Green-gram bacteroids 34.0 91.0 1.717 52.91 52.02 

banding at a density of 1,719 g/u%3 and a lainor colnponeat 

banding atl.710 g/cm3 which waa not well separated. The 

bacteroid DUA from Bengal-g- root nodules showed a single peak 

bending at 1.709 g/cpl 3, mA frola Phaaeolaa rhirobium cell as well 

as its bacteroids showed a single peak Wding at1.720 and L7l7 

g/cd eig.2). Plasmid DNA has been shown to control the 

symbiotic propertier in Rhirobiuw (13) but in present etug 

such particles were not observed in cultured cell INA. Although, 

Tm r&ues and nole per cent CC obtained in the pres~t,stU@ are 

lower than the vtiues obtained by other workers (3-7) for 

_R.japonicum, R.meliloti and $leguni -- norannu, the similarity in 

GC content based on Tm valuee and buoyant density data suggest 

that them species possess lower GC content. 

Raeteroidm had alowerbuoyantdensi~as oowared 

to their rhiaobial ceU D&L The decrease in buoyant density of 

the bacteroid DNA further confirma the decrease ia GC content. 

The lower GC content of the bacteroid DN4 indicatea changes in 
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FR1CftON kc 
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FRACTION No 

GREEN -GNU 
BACTCRO106 
ONA 

Sedimentation equilibrium of Rhizobiwi cell and bactemid 
Purified INA (- 250 i&-d in 3 ziL C&l 

solutions hiving initial density 1.700 g/an3 arid sedimentation wa8 
performed at 33,ooO rpm in a SW rjs’ !l’i rotor for 72 hm at 2!@C in 
Beckman L2-?SB ultraoemtrifuge. 3 drop fractions mere collected 
using BeckRupn fraction recovery system. Ereqy fourth tube was 
mad for refractive index using Abbe-Zeiss 60 refractometer, 
maintained at 250% Th~meaawwaentof dbnsityuaa facilitatedby 
use of the linsar relationship betmen refractive index and density 
(17). Then absorbance of different fractions was read after 
diluting with 0.5 ml of 20 I&I Tris-Cl buffer pH 8.5 at 260 urn. 
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~~0~~ cell DNA during t~sfo~t~~ eud thie aould occur 

either by trausformation of Rhizobium CNA where a portion of its 

DNA that was needed specifically for ita nitrogenaee system, but 

uhich the plant already produced for some other function was 

lost (I&), or a transfer of DNA from host plant to bacterium could 

occur as thebacterla arebudded off tbeinfection thread into 

the plant cytoplasm (15). Alternatively, GC rich segments 

of Rhlzobium cell DNA could be cleaved during bacteroid traw- 

formatioa and this would result in the loss of DNA content per 

cell as has been observed (16). This needs further confirmat;tOb 

The authors are grateful to the Projeot Mrector, Nuclear 

Basearc& Laboratory and Dr. M.S. Haik, Read, Mzision of 

Biochemistry for keen interest and providing facilitie,a for wlb 

work. Thanks are al60 due to Indian Council of Agricultural 

Research, New Delhi for plrrviding Senior Research Fellowship 

to A.K.A. 
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