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with the involvement of soybean lectin in the -interaction

L ABSTRACT. 4

- The initial cell surface mtezactmn betweeh leguies .

and :hxzobxa during infection, is belleved to be med].ated by

legume seed lectins.. The specificity and hcst—racognn: on

isites for' the 1

are the ‘two important

3 ¥ ©
infection of, legumes by rhizobia. ‘The present study deals

between soybean and Rhizobitm japdnicum.” - - '

Using biochemical and cytological techniques, soy-
bean lectin binding: ;Q:?peztigﬂs of a non-mucoid strain of |
R. japoniciii under two different laboratory ¢ulture condi-
tions were studied.. The primary leotin binding sites were

localized in the capsula: extracellular polysacchatlﬂe (EPS)

| of tie bacteria. using Eerru:xn; and’ colloidal gold ‘labeled

sSoybean lectin at the ultrastructural level. .It.was also
possible to show the secondary soybean lectin binding sites
o be thé outer cell wall of the bacterial cells.. Further,

the lectin specific cells were characterized as:coccoid

forms embedded in a capsular matrix-and rod. forms having a

% polar eapsule. 'In expérimantal studies both capsulated

coccoid and rod. forns were found to attach to the root

hair surface with the rod forms showing distinct polar’

attachment. A : .
Differentxal centrifugation s was used to fractionate

the rod and coccold forms th.ch were then fuzther




-

' go interconversion. The lectin binding kinetics of both
the: types of cells were studied. ' The hodulation capacity

' of these tWo types against soybean were carried out., . ° i

characterized. Both the .forms were clearly distinguishable
at ‘the-light and electron microstope levels: . The fods were:
often found aggregated by their polar ends, to form 'stars'.

The coccoid forms were found to be either capsulated or

_-non-capsilated. ' The coccoid and rod cells when allowed to

grow separately in fresh nuirient medium were shown to under-

phromatoqxaphic analyses of EPS and LPS frac-

tions of the bacteria grown in yeast extract mannitol

mediun &id not,reveal any detectable quantity of lectin o
specific, recepcm.—s (galactose or N—acetylgalactosanu.ne)
However, when the bacteriawere grown in soil extract medium,
galactose, ‘a soyhe.an lectin sbecifi;: sugar, vas found, to be
one ‘of ‘the ccomponents in both EPS and s, ‘mis induction
of galactose synthes:.s was ucccmpanled by inéredsds th cell b2
size, percentage 6 coceoid forms and 'in’ the ‘amount of 7
lectln bound to the_ bacterial cells. These results ;ndxcate(

that moré lectin binding receptors can ba induced "in

#hiizobia grown in'soil extract mediuh.

| The study leads-to the following Condlusions: - (1)
the 1e/ct1n binding sites are located‘in the capsular’extra-
Gellulax polysacchande (prinary lectin bmamg site) and
in the lxpopolysgccharide v ioe wiita GE1Y ALY eRietepe.

(secondary binding site) of the bacteria; (2) there are -

© aistinct rods and coccoid forms of bacteria in the broth #

T Y TS e, SO L



4

"
culture reﬂ.ecf.ing the different. phases of qrowtlu and (3)
that the lectin receptor ‘sites are induced in Fhizobim '
vhzn culture conditions simulate f.he,nntunl envl:onment
(0£1) of the bacteria. '
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INTRODUCTION
i

Nitrogen is an important element of cells, being

incorporated into protein molecules which are ible for

. ‘cell and . is of 78.1%

of nitrogen on molar basis. Most of the organisms canmot
ke in free elemental ‘nitmqan and -therefore "fixation® of
nitrogen, a process by which the mtrogen is converted into
a combmed form for uptake, is ef fundamental  importance to
life. Such a process has been going on since the existence
of life fezx;s [(Yung a‘ndﬁci:koy, 1979) . - Reactions between.
ttrugen and qxylen'di the eir takes place:dus to Lightaing
discharges and ultraviolet radiation.  The oxides of nitrogen
fomgd,_ are subsequently 'cunvetcedb into nitrites
and nitrates. It has been estimted that'lightning and sub-
sequent atmospheric chemistry can provide as much as.10° tons,
of nitrogen per year, sufficient to fill the primitivé oceas .
"to its present level Of mitrate in Iess tham 10% years (Yung
and MeElroy, 1979) . ) e
The nitrogen is cycleéd through plants, animals and
) microbes. The combined nitrogen is either cycled through
animals or returned directly to the soil (Fig.! 1) where it is
- ‘nifneralized' and further combined foi uptake by the living
forms. As the flow Of nitrogen within the terrestrial and

aquatic systems is governed by biological activitfes, the ..

=5




Fig. -1
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i

industrial process which, is 40-x 10° metric tons per year - }
i

nitrogen cyclé is closely linked to the cycles of geobio-

" chemicals. Estimates show that 122 x 10° metric tons of N
;

per year is fixed by biological activity' when compared to !

(Burris,. 1980).

. Industrial fixation of nitrogen is energy demandinqL
and is becéming increasingly expensive-as world's natural
oil r'ese;ves sxd beconing scafce. About 35% input into’
world's agricultural productivity is made up of chemical %t B
nitrogenous fertilizer alone. The global consumption of
chemical fertilizer for 1978 was 50,000,000 tons whereas
annual biological ﬁicmqen fixation of 150-175,000,000 tons has

not changed (Delwiche, 1977) . It takes 30 cubic. feet of

natural gas to produce oné pound of nitrogen fertilizer.'
Because oil and.gas are non-renewable natural resources, a ‘]
‘concerted and intensive search for alternative fertilizer

technology is warranted. The answer seems to lie in rhizo- e

bial technology. - Research into farming systems, liKe raking’

.more extensivé use of legumes, green manure and winter cover

. crops, forage legunes and possible intéx-cropping or mixed

cropping’of legumes with hon-legumes:may provide a suitable

alternative. ‘Possible application of genec‘ic engine}xing

techniques for the xmprovement of both the host and the !

microorganism 1n ’,lequme-khuo um symbiosis, ac
nodulated angiosperms and blue-green algal technSlogy -£or
rice cultivation needs to be explored for beneficial. E i

exploitation.




Table 1:

xing plants and their associative
microorganisms : : -

The Nitrogen £

1. ‘Free-living organisms’

(a) ‘Heterotrophic bacterla, eg: Azotobacter,

S -

(c) Blue-green algae, ,e .

Clostrldium, Spirillum, Bel]erlnckla. Klebsiella.

{b) Autotrophic bacteria, eg: Rhodo] se\ldcmonas,

illum Thlobaclllus.

Anabaena; Calothrix,
- Nostoc; Plectonema, Mastigocladus,.Gloeotrichia.

2. Assaciative symbiosis¥

eg.

© 3. "Root’
(a)

Paspalum notatum - Azotoba ter paspali
Digitaria decumbens - Spirillum lxglofer\m\
) =

nodule forming’ symbioses:
Rhizobiun-legume asso

a:ums, eg: , Glycine max,

Phaseolus vulgaris, Vicia
repens, etc.

Rh.\.zohlmn~non—1cgume asscclatlons, eg: Trema '
Cannabina [

Actinomycete-non-leguminous. angiosperm associa-
tions, ‘eg: Alnus glutinosa, Myrica gale,

Hippophae rh des, Casaurina equisetifolia,

etc. : . ] ] _—

. Cycad-Blue green algae: associations, eg:
g

Bowenia, Cycas, Encephalartos, etc.

iR ittt e




_vhat is of. important concern 1s, to use biological

nitrogen fixation as 'a means of provxdlng nxtzcgennus

fertilizer: ° Although biclogical nitrogen fixation is a

highly ‘energy dependent process, when'coupled with
photosynthesis it can Limit the use of fossil fuels 'to other
agricultural needs. ¢

* The abui\% to fix nitrogen is found only in pro-

caryotes such as blue-green algaé, actinomycetes, clostri- !
dium, Azotobacter and Rhizobium. These microorganismé: can:

£ix nitrogen either independently or .in association with

higher plants (see Table 1). (Stewart, 1977). Of these,’
nodulating members of the family Leguminosae (Fabaceae)
have bee;; zecuMze»ﬂ‘a’s of agronomic importance since the
beginning of agriculture.’ The hodulated legunes fix
atnospheric nitrogen symbiotically in their root nodules..
The legume root nodules are small, Trounded, peripheral
growths. on the sides of legume roots and ;e caused by the

.infection of a soil bacterium of the genus Rhizobium.

I. Mechanism of Symbiotic Nitroger Fixation - . sl
Biological nitrogen fixation has two major require-
ments, a_continuous supply of adenosine triphosphate (ATP) and
reduced oxygen tension for nitrogenase activity. Oxidative : '§

- phosphorylation of ‘the photosymhenc caxbohydrates, and‘ leg- g

‘haemoglobin in conjunction with the membrane envelope provides
these conditions (Yocum, 1964; Bergersen, 1971; Appleby :
Wittengerg et'al., 1974).  Poly-f-hydroxybutyrate which

?o‘ﬂstit\\tes about 50% (Klucas and Evans, 1968) of the dry
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