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Cross-azelutination reaction among different species
of Rhizobium

(Agglutination tubes kept at 70°C for 2 hrs and

overnight at 4°C)

Highest diluticn of antisera showing firm
agglutination
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Antigen — - .
M1 M7 SB-16 P-2  G-2
L 6400 6400 200 .. ..
M7 12800 12800 400 .. .
SB-16 400 400 12.800
p-2 . . .. 12,800 1,600
G-2 1,600 6,400

Our thanks are due to Dr, N. S. Subba Rao,
Head of thé Division of Microbiology, for providing
necessary facilities and constant encouragement to
carty out the work.
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NITROGEN FIXATION AND AMMONIA
ASSIMILATION IN AZOTOBACTER
CHROOCOCCUM 1SOLATES

FROM C; AND C3 PLANTS

THE diazotroph, Azotobacter, still holdg greater
promise not only for fundamental studies on nitrogen
fixation but also in the praceical use as a bioferti.
lizerl'2, Though of wider discribution in the tropical
soils, Azor0bacter cOlonizing the rhizosphere of certaig
rropical grasses are significant as they have been found
vo ba more efficient in dinitrogen fixation®4, Recemly.
from our laboratory it has been brought out thy
the isolates of Azorobacter from the rhizosphere of
certaln €4 plants recorded more efficiency in nitrogen
hxation than the isolates from C, plane species®, Qne
of the reasons for the luxuriant and rank growth of
the tropical grasses and weed plants is believed to be
their asocCiation in their root system with more efficient
nitrogen fixing organisms®7, In the present paper,
using the acetylene reduction technique, the N-fixing
capacigies of Az010pbacter chroococcum isolates and
the pathway of ammonia assimilation are reported.

The cultures of A, chroococeum (Table I) were
isolated from the rhizosphere of the respective plant
species and the pure cultures were maintained op
Waksman medium No, 77 agar slopes. The isolates
were grown under aerated conditions in N-free liquid
medium for ten days at room temperature (28 == 2° C)
and the nitrogen Content was estimated in a mikro-
kjeldhal unit3.

The enzyme€ nitrogenase, (nitrogen acCeptor 0xido.
redudtase E . C.1.7-99-27) of the isolates was assayed in
a Perkin Elmer Model F-33 gas chromatograph fitted
with potapak—N column (80-100 mesh) and flame
ionization deteCtor?, The assay systern consisted of
2-0 ml of the cell suspension, hatvested from the early
log phase growth of the organism in Waksman No. 77
broth devoid of calcium carbonate 2and washed in
0-1 M phosphate buffer (pH 7°0) in 20 ml vial. The
air in the vessel was driven-off by flushing with a jet
of nitrogen. Ten per cent aCetylene was injected and
the internal oxygen pressute was maintained at 0-2
atm, The vials were incubated for 24 h at 28° C after
which 1 ml of the gas sample was analysed, The
ethylene peaks were compared with a standard graph
prepared with pure ethylene and the quantity of C,H,
formed calculated, The ammonia assimilatory pathway
predominantly involved the coupled reaction catalysed
by the dual enzymes, glutamine synthetase (GS, E.C
6.3.1.2) and glutamate synthdse (GOGAT, E.C.
2.6.1.5.3) in most of the pitrogen fixing orga-
nlsms10-11,  With a view tO estimating the activitics
of these enzymes early log phase cultures were harvested
by centrifugation, washed in bufter, distupted by sonica-
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activity. Admittedly, this enhanced activity is not
only confined to the “microhabitat”, rhizosphere, but
also traceable under laboratory conditions,

QOur earlier attempt to study the ammonia assimilat-
ing enzyme in A20:0bacter revealed1t compararively
higher aCtivity of GOT (Glutamate oxalocetate trans-
aminase E.C. 2:6:1-1) in C; isolates and low GDH
(Glutmate dehydrogenase, E.C. 1.4.1.4) in both
the groups of isolates.

tion and the cell-free. extract was wused as enzyme
source. GS and GOGAT activites were determined
as detailed by Shapiro and S;adtmanl? and VandecCasteele
et all3  respectively.

TABLE [

Nitrogen fixation* by different Azotobacter isolates

Isolate Nitrogen
Plant species No. fixed TABLE 11
(mgfgf ?F Activities of Glutamine synthetase (GS) and Glutamate
mannifol) Synthase (GOGAT) in Azotobacter isolates
C; plants: Nitmgena:e GS GOGAT
fivit tivity * tivity **
Oryza sativa L. AB. 1 1680 acltvity activity activity
AB. 2 16-00 .
AB. 3 17-00 Isolate from
C3 plant
Gossypium hirsutum L. Gh. 1 760 species
Gh. 3 8:20 AB, 1 12000 5-80 148-09
Capsicum annuum L. Ca. 1 9-50 AB.2 2500 530 115-43
Ca. 2 9.00 AB. 3 18200 6-03 206-14
G_h. 1 5000 3-50 144-29
Lycopersicon esculentun Gh. 2 15000 3.43 65-96
Mill. Le. 1 6-40 Ca. 1 9300 352 116-99
Le. 2 920 Ca. 2 7000 475 161-87
C; plants: Le. 1 9500 2-16 96-19
Le. 2 9400 2:96 82:43
Amaranthus viridis L. Am. v. 4 22-40
Brachiaria mutica Stapf. Bm. 3 22-00 Isotate from
Cyperus rotundus L. Cyp. 3 2520 Cs Plant
Cynodon dactylon Pers, Cyn. 3 2200 SPCCICS |
Portulace tuberosum Am, 4 28000 7-30 150-05
R{}xb. P, tub. 1 23-60 Bm. 3 48000 8-26 19406
Zea mays L. Zm. | 17-20 Cyp_ 3 11000 940 26500
Sorghum vulgare Pers. Sorgh. 1 21-00 Cyn, 3 12000 10-00 40000
Portulaca oleracea L, P ole, 3 25-00 P.tub. 1 54000 664 180-37
Amaranthus pentaphylla .. Am, P, 1 2160 7m 1 8000 6-05 20000
— — Sorgh. 1 25000 1294 501-03
* Data represent averagé of three estimations. P.ole. 3 19000 11-42 15973
Am.p. | 23000 {117 330-87

The data in Tables I and II clearly indicate that the
1yolates of A. chroococcum from the rhizosphere of e -
the C* plants possess a greater potential for dinirrogen t Expressed as n moles of CiHy formed/g of cell/
fixation than the C, plane isolates. The acetylenc-reduc- 24 hr at 287 C,
ti0n test confirms  Our  carlier results. The greawer * Enzyme activity expressed as p moles of glutas
availability of organic aCids and carbon compounds mic acid  wmonochydroxyamate formed/mg  protein/
30 mun.

¥* 4 moles of NADPH onidised/me protein/30 nun,

g ey ey eSS M —inwrwrwr rrr iyt

through root-¢xCretion in the rhicosphere of C, plant
specics might be responsible for greater nicrogen fixing
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The results (Table 1) strongly  suggest that in
A. chrogeocexnn: ammonia assimilauon  is chiefly
mediated through the coupled freactions of GS and
GOGAT.  Intarestingly, the C, plant isolates of
AzC10baeter  refistered 4 greater actuivity o©of these
enzymes than the C, plant isolates Suggesting that the
former isolates not only poOssess a more efhcient N
fixing system but also an efficient ammonia assimilating
epzyme System.

The authors are thankful 10 the Heads of the Depart-
ments of Microbiology and Biochemistdy for thelr
interest in the work and for facilitics extended.

Faculry of Basic Sciences and D. PURUSHOTHAMAN,
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RAPID CLONAL PROPAGATION QF DIOSCOREA
FLORIBUNDA BY IN VITRO CULTURE OF
EXCISED LEAVES

DEVELOPED excised leaves devoid of axillant  buds
of Drioscorea flovibnnda were induced to differentiate
multiple shoots from their pulvinus in a treatment

Sctence

containing 0'3 mg/l BA +-50 mg/l AdS + 0-1
mg/l NAA under aseptic cultures. Stngle-node
leaf cuttings taken from such aseptically growing
plants were rooted 10094 in the presence of 0°1 my/]
2,4-D, resulting in the formation cf plantets, 1007,
of which were sucCessfully transplanted in soil wherd

they grew normally and vigorously and produced
tubers

The possibilicy of mass multiplication of D 05:0req
floribunda, a Commercially important medicinal plant,
through Tissue Culture was  first  demonstrated by
Chaturvedi! followed by confirmatory reports by
Lakshmi Sitd et 4/2 for D, floribanda and Charurvedi
¢t al3 for D. deltoidea. In such studies, the single-
node leal cuttings of aseptiCally-growsn plants were
used for rooting. It was noticed! that after repeatediy
obtaining numerous single-node leaf cuttings (cz 40)
from a single culture of aseptically-grown plant of D,
floribunda a g0od number of exCised leaves were wasted
every time. It was, therefore, thought more advan-
tageous to utilize these leaves so as to further augmeat
the rate of propagation than was possible throuzh
only single-node leaf cutringsl. There is noO previous
report 0f propagation of DiOscorea by aseptic cultuze
of leaf cuttings. We now report the results of such
A0 1DVESTIZation,

The hasal medium used, procedure adopted for esta-
blishing the plants Of Dioscorea floribunda Mart, and
Gal. in aseptic cultures and other cultural conditings
were reported earlierl Fully developed leaves 6-8 cm
in length and devoid of axillant buds were excised from
aseptically-grown  plants and  inoculated, one per
Culture tube, with their pulvinus base inserted jn the
nutrient agar (Fig. 1), The Cultures were incubated
under 3 kl fluorescent light for 14 hr daily and at
a temperature of about 27° C. Ae the preliminarcy
experiments showed kinetin (Kn) to be ineffective for
shoot bud induction in excised leaves, the morpho-
genenc effects of different concns, (0-25, 05, 10, 1-5
and 20 mg/1) of 6-benzyladenine (BA), or, G-isopen-
tenyladenine  (IPA), or, 25, 50 and 100 mg/1 of
thiourea along with 0-1 mg/1 a-naphthaleneacetic acid
(NAA) were studied. 2,4-Dichlorophenoxiyacetic acid
(2,4-D) was used for induction of roots in single-node

leaf cuttings and indoleacetic acid (IAA) in excised
leaves

In the control, an excCised leaf remained green and
healthy throughout the incubation period of 50 days,
but did not produce callus from ijts pulvinus base nor
any organs (Fig, 1), whereas, several thin roots were
formed in the mweatment containing 1 mg/l 1AA
(Fig, 2). BA was more effective thag JPA, whereas,



