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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
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"
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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weight of bactemms. uuppcrts ‘the process of nxtrbqen

fixation under limited photosynthéetic conditions (Bezgersen,

1977J . Bacteroids are mrphologlcally and functionally, '

distinct ceils of Rhizobium in their n;{trogen fixing/state

within the root nodule.

“The overall mechanism of nltrogen fixation in the *

legume xoot nodule is-shown in a sinplified didgram (Fig..2),

The prlmary product of nitrogen fixation is ammonia and its

) fuxther assxm:.lanon is carried out as shown in the dxégram

(Fig. 3) (Scctt et al.. 1976). The /réduction of n).trngen

- to ammonia in Rhizobium balcterods tan B pummarized ag:
follows: " ;=

N; +. nATP +6 NADPH + 28"+ ZNH4+ + DADP +nP; +

Yl 6 NADP+ +6e”
=6.0 - 6. 9or.6.5 ATP/NH (Rawsthuxne et a1.,
1980) : o S e ;
:High concentration of hydrogen is known to competi-
tively inhibit the reduction of nitrogen (Bergersen, 1977).

During nitrogen fixatitn 30% of the eléctron flux ‘through

" the.nitr enzyme is in' the.reduction of

protons to hydrogen (Evans et al., 1978). L.
" Some strains of Rhizsbium oxidize hydrogen with

the help of hydrogeriase and utilize the energy from brtes o

Fesntion (Ma)}er‘g_t‘: al., 1978). ‘In such rhizobia, there.is

%, 3
a high efficiency of nitrogen Eixation (Schubert and Evans',

1976).
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LI. The Symbxetlc—begume Root nodule

The ,sequence of events that ledd to hhe formation of

.7 a functional root nodile is presented in the table 4. The
n_o’dules are broadly classified inté round or oval, elongate
carselvb-shaped, branthed to corallolds and collar shaped.
The shape is'determined by the host's pattern of meristematic
activity. In soybean, the initial meristematic activity is
spread, throughout the nodule and’ after 10' - .20 days the '
mazxstematic activity 1s s}ufted to localxzed pockets in

the penphery. The effective nodule is filled mainly with

the central id zone by 1 obin which

is outside ‘the membrane envelopes and which in turn is sur- . °

rounded by cortex supplied with conducting elements of the
vascular System (Verma and Bal, 1976). The meristematic

activity is preceded by’ cell expansion in both the host cell

and ‘the rhizobia: - .

SO O, .;M_M;.X,

e e

Bacteria within the, nodnle_un.de;ge—cha’nge‘{xn shape

and s:Lze and become 'bactarolds' While these mcrpholoqxcal
changes occur in the bacteria, their eytochrome system is
altered and the outer cell'wall of the bacteria undergoes a'.
change (Van Brussel, 1973, 1977; Sutton and Paterson, 1979;
Bal et al.,.1980 manuscript Qccepte'}i.fof publication) .
Reviews have been published (Dart; 1977; Neweonb, 1980) that
* describe the cytological changes i TaSicoat mednle, g

phogenesis. ' Functional aspects have been described by

Bergersen (1974, 1977), Boland et al: (1980) and Dilworth

(1980) .
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ITI. The Leguie’and ‘its Rhi B 1 : - 2% =)
'\, 5 s ! The tern 'legume" is used somevhat' non-specifically ' ]
TN %o describe; the seed pod itself and to describe the members
"o O the family‘L.eguminosae.‘ Menbers of this family-evolvea
; . i .probably in’tie late Jurassic and expanded and diversified
© 7 " during the Cretacious (Delwiche; 1978).. The importancs of ’l
legures in agronomy was realized by Aryans and _Greeks but.. " i
' 4t was only in the 19th century that Hellriegel and Wilfarth !
(1888) scientifically demonstrated the biological Frkaeton

“of nitrogen by the association of legumes and microorganisms..

Generally thé legumes, particularly in the seeds,
are rich in protein content (soybean, peas, beans, peanuts,

. ete.) due’to the symbiotic fixation of nitrogen in their

< e root nodules. - However, only a few cultivated legume species —
i 3 PR S
4 . have been used as'a source of 'protein~bEcause. of the

preseice oftoXic substances in the latge majority of

species (Aykroyd and Doughty, 1964; Milner, 1975).
~ Hiltner (1904) was the first to coin the term

g
irhizosphere'. . It generally refers to' the.thin. layer of

I
|

s0il ‘adhering to -the root surface (Kitznélson, 1965): The
thickness of the rhizosphere varies from species %o species .
depending upon”the nature of root exudates and the moi_éture ‘
content. In contrast, the rhizoplane is the'area on'the
root, Surfacas i rhizosphere harbours various microbes
like protozoa, algae, fungi, nematodes and' bacteria. npart: i
£rom the Well establishod legume-Rhizobium and mycorrhizal

i associations, there i’ .no evidence that a plant species
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supports a specific microbial population (Baker and Snyder,
1965) .
g ' some of the - early studies on_the ultrastructure of

the rhizosphere have shown that root surface. is ccated wil'_h

‘an amorphous. mucilage in which the bacteria-are -embedded

_(Campbell and Rovira, 1973). ‘The methods employed were not

suitable for the identificition of the bacteria (Foster and,
Marks, 1967; Foster ‘and Rovira, 1973; 0ld and Nicholson,

1975). Recently Foster and Rovira (1978) have described ',

sthe ultrastructure of the rhizosphere of Trifolium subter-

raneum L. The mucilage matnx (muclgel) nmeasures a.bout 20
um.. There is a clear zone demarcatlng the capsule of the
bacteria. They have also identified more than elght types
of bacteria based on their ultrastructural cytology. .There
is a concentration gradient of microbes in the rhizosph;re.
Humbers are ‘greater nearest the root and gradually decrease
farther away. from the root surface (Rovira and Davey, 1965a).
Raots generauy smmulate fast-growing gram—negatlve
bacteria by providing the growth substances like glucose,
Wt i and other organic root exudates (Rovira, 1965b) .

It 15 well known that colonlzatlan of a partxcular rhizo-

*‘spheré is dominated by certain types of bacteria. It is

aifficult to envisage a nutrient in the root exudate which
will not be utilized by the general soil microflora and yet
will stimulate Rhizobium -(Rovira, 1961).- Some of the com-
ponents of root exudates are’vitamins, amino acids, amides,

sugars and nucleotides  (Fahraeus and Ljunggren, 1968). It
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1nv01ved in incltlng 1nfect).on and nadulation xn ‘the legume

rhl osphere (Valera and Alexander' \1964). Such “nodulatl.on :

faccors whl.ch are ‘dxffused into the rhxzosphere have been A
sHown ‘toexist indirectly .(Thornton, 1929;. Lie, 1964).
However, an antagonlst factot is.also belxeved to be-
present in the zhizosphere (Elkan, 1961). This 's)ehstance
) \perhap_s coild be a gxbberélhn—llke substance ' (Darbyshire,

1964 . In ‘the model systems of Krasllxnlkov (1958) it was

shoun’ that dlfﬁerent species of plants can stijulate aig-

ferent’ types, of bacteria

The 1eacnmq of’ £he xoot exudates is’ greatly influ-

?nced by ‘the mxcroorganlsms in'the following ways.. The
pexmeability of root. cells is affected and the root metabo-
lisnand the nutrieht availability to élancs is-altered
Rovira and Davey, 1965b) . Tt is rather difficult to dssess

"t‘—iha'.effects of any single group of microorganisms or factor.
and Sinpoint their role-in the _rhizosphere: The role of

‘Bacteria,- fungi and nematodes have been: previously reuewea

( aker and Synder, 1965, Rovira ‘and Davey, 1965b; Fahraeus

d Ljunggren, 19687 Loutit and Miles, 1978) :

V. Rhizobium.- the u'itroge;n i;ixing Bactéria
5 l - e baccena belonging to the’ genus Rhizobisn are
those that.can jnduce zoot nodules in' lequmes atter 1nfec-

tion.: They are gram negatwe rods (0. 5,:- 0. 9 um x 1.2

340 i) ocourring smgly orin pairs and they are generally
hS

o™ r .'_,\l

e
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motile. ‘Those that are motilé have peritrichous, polar

“‘or sub-polar flagella (Buchanan ahd Gibbons, 1974).

and poly acid are present as

storage granules. They do not produce endospores, they

are aerobic diazotrophs, and f;heiz optimum teq;e:atm:e for
growth, is 25° - 30% in ‘yesst extract medium. Soms are \
fast grovers (nean generation time of 2.= 4 hr) while athers’
are slow growers (mean generation time of. 6 - 8 hr) (Vincent,
-1977) . Unlike the fast growers, slow growers do not produce a
Iot of nucoid extiacellular polysaccharide on agar. ¥
A mature Rhizobiun cell'is rod shaped and shows the .
typical cell-wall ehvelope of a gram negative bacteria i
(thornie, 1877; DieRichzo et aly, 1978; Nikaido and Nakae,
1979). ‘The intracellular inclusions include a’central
n\x:l;oid\lm) in a homogeneous cytopla:mic‘mat_xlx inter-

spersed with poly=8-hy  acid, 1 and. ribo-

somes. Flagella are.nof visible all the time. The young

_and the motile cells have characteristic flagella. -R.

has ‘a po] ide capsule which is firmly

adhering to the cells, in addition to 2 soluble exopoly-

Another i feature of free—living

Rhizobium is its ability to infect specific legume hosts
and convert into bacteroids within the host xoot nodule
f =5t

and to fix c m:rogen ally.. Such a

bacteroid state can ba induced in cultures (Jordan, 1962). -
'The bacterbids ‘are characterized by the highly.irregular '
shape resulting from changes in the outer cell wall
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envelope (Van Brussel, 1973; Sutton’ and Paterson, 1979;
. . ; .
Bal et al. 1980; manuscript accepted for publication).’ The

terminal respiratory chain in bacteroids and certain

cytochromes -are either altered or lost (Bergerson, 1977,

1978; Yates, 1976) . However, rhizobia have also been shown to -

fix nitrogen in a free Yiving stite (Artishevskaya, 1963;
Pagan et'al., 1975; McComb et al., 1975; Kurz and LaRue,
1975; -Wilcockson and Wexrner, 1976; Kaneshiro et -al., 1978;
‘skotnicki et ‘al., 1979) . S .
Rh:.zob:.a in general produce various indole com-
pounds (vincent, 1977).  Tetracycline antibiotics are
generally active against rhizobia although the‘y aré
susceptible to.a wide spectrum of antibiotics. A compound
from the seeds of. white clover identified as 'myrecetin'
has been shown to be toxic to Rhizobium (Fottrell et al.,
1964) . L fag ;
‘Antagonism is exhibited towards. rhizobia by Fungi,

actinomycetés, eubacteria and indeed by rhizobia it-
: : i

. self. Other soil mi isms such as :

ia and Bdellovibrio ‘are the predators of rhizobia.

Lyscgeny caused by rhizo has. been T (vinicent,
1977) . Data related to agglutma:mn, precipition reac-
tions, - éomplement - £ixation and antibody absorption have
helped a great deal"in understanding the chemical structure,
‘taxonomy and 1dentz.ty of rhizobia (Vxnceht: 1977) Rhizobia
are usually absent in highly acidic soils and/in soils

where legumes are not cultivated (Nutman et al., 1978).




A comprehensive chapter on the ecology of Rhizobium has

‘heen written hy Parker et al. (1977, ~ !

The Concept of Cell té Cell Interaction %

In order to understand the cell surface interaction
T D legume during the infection
process, it is relevant to introduce the existing concepts - '
regarding gell-cell 1nteract10n, cell recognition and
specificity in enbiyonis morphogenesis and ﬂlffezentxation
A theoretical model involving specificity for the adhesion
of cell.to cell has been proposed by Bell (1978).° The -
nechanism is operative at the.cell surface involving ligand
nolecules such as lectins. Vo F

Investigations into Yoe1f1ar, mansaiciv, Both 'ofia

biochemical and biophysical nature, have not yet produced

an established .theory or a widely accepted hypothesis to

explain the mechanics of this fundamental biological process’

. although much information concerning the structure and func-

tion of the mammaiian cell surface has been gained.® At

the present time thére is inéreasing evidence to suggest
that cellular adhesion is mediated by specific cell sur—
face macromplecules which are capable of forminq protein-

carbohydx‘ate complexss possibly resembling those found

~ between plant lectl.ns and their carbohydrate substrates

(Gréig and Jones, 1977; Frazier and Glaser, 1979).

Specificity is hard to define in a multicellular’organ-

ism. Whether specificity reflects the.cytoarchitecture at the




‘cell adhesion-and a change in cell shape (Frazier and

time of cell disaggregation, or should the cellular

.affinities indicate the earlier embryonic hierarchy remains

a big.umansyered question. The terms,cell recognition and g

adhesion which are often used interchangeably may in some

respecuvely, and in others to a coniunat&on of these events.

It'is apparent that even defining specificity i

instances re!er to reversible and irreversible associations _ . !
|
dlff:.cn_\lt ‘

and it varies from one bioloqical system to nnothez, and

i ixum one ty‘pe of as!ly !‘.o another (Frazier and Glaser, 1979).

Tils fact fs'vasy . trde in lequme-Rhizobiun symbiotic .

associations.” | - 5 o g .

The simplest model for ceil-cell adheSion assumes

that specific cell-cell recognition is brought about by the . -

“interaction of at least two mutually complementary ligands,

muchin the same manner as’an antibody, an enzyme or a
lectin binds a ligand. This first step is reversible . .

followed by one or more apparently irreversible events,

denoted ically by the of multiple cell-

Glaser, 1979). These events are strikingly temperature
dependent. It is implicit in the model that one of the {
interacting molecules is a protein which exhibit-the

required specificity. The model completely ignores any

"othexr second ligand like another protein of a carbohydrate,

as has been assumed in other model systems (Roseman, S.,
1970 ‘Shur, B.D., and §. Roth, 1975). It is clear that other




nOn—SPeCJ.flC- S\lrface £oz:ces can alter cell to cell adhes].on,
but’ cannot by t.hemselves account for the spesiricity

observed ‘in many cell to cell ad.hesmn assay.. The speci-

ficity for revérsal may be as '_mpartént as the spécificity
of binding ‘in aocounting for 'the ultimate position of a cell

within en organized structure (Frazier and Glaser, 1979).

VI. Properties of Lectins

) he word lectin has been derived £rom the Latin

Tt SO ‘lLegere', meariing to'chobse. Legume seéd lectins (Horsisberger
; "+ and Vonlanthen, 1980) ‘have been used to study the cell sur-
Sy o "faca carbohydrates in a y;ariecy of biolegical systems

(Sb}lrevel y 1979; Horrisberger and Vcnlanthen, 1980) -

o 'Bhese proteins are ‘of non~immune ongm and are capable of

aqqlutlnatnng erythzocy(:es and pxeclpltaung carbohydrates.

Ho Some of the excltlng features of 1ecuns are their
ahxln.y to; dzscmgm.sh between “human blood gmups, nomal

“and malxgnant ceus, tb act as antxtudbr agents, matoqens,

\ and’ to stimulate histanune from the mast Cells. The role of

e "lectins 'in. Siants is 1srgely unkmwn. X Thex may be involved .

. | in sigar transpcrt, stordge, speclflclty ih host-parasite/

Wl symbiont 1nteract),on and t_hey may . act as enz;ymes such as.

i Talbct and EBtzler (1975), Hankins et al. (1979) Ysolated
’ prolectlns Srof the leaves of Dolichos bif16Tus which might
“Be ‘cpnsidéred a starting Point for ‘the better understanding

07 of lectin's metabolism.’ Some of ‘the gther, properties of




~mic'ro'organisms, vin‘xses and ‘vesicle
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lectins include . agglutination®of lymphocytes, tuidf cells, -

stimulation bf cell

dlvxsan ~in lymphocytes, inhibitmn ef fungal growth

:msulln like acuvuy oh fat cells, degzanulatxo!} of mast’
cells, cytotoxic act:.\uty tuward ‘mdmmalian cells and modula- 5,

t.ion ‘of the mmune response.:

Some of the @bove properties Have' been vezy useful

in'blood typing, characterlzat:mn of complex cirb ahydrate .

ing molecules, ‘tion of vzruses, cellula:

orqanelles aj vesxcles, idehtlflcﬂtlcn of cell surface

. antigens, models for 'bohydrate—protem and antigen ant:.»

' “body interactions and to generate leqtiﬁ-xes!.stant variants’

of ‘eucaryotic cells for, acud‘ies}guco;smtem 'structure and

nietabolism, . ’ TS A .
|

ufepartmulaz. 1nterest .ln‘thxs study isthe soybean
lectin, also known ‘as soybean agglutinin. Soybean I&tin is .
routlnely J.solm:ed and pnrifxed'on immobilized, detxvatlves

of: galactose (Gordon et al., }972) or galactosamne (Allen

" and Neuberger, 1975). /It has 2 moledalar weight of 120,000

{Lis and Sharon, 1977). Ies polymeric form has'a molecular.

wexght of 240,000 and. is mitogenig (Sc‘)echter et al., 1976) -

It is made'up of fourz subi ts with a moleculax welght of -

.30, 600, each.» 2 Sy ¢

‘ Soybean lectin:is:a. glycoptotexn cmﬂ:alnxng 458

manriose /and 1 5% N-acetylglucosamine. The carbohydrate i

ty isingt essentlal for its bislogical acti

nteg: ity (L;Ls g

and Sharon, 1977 o




" siu et al.y 1975). ; i 3
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“has, been establishéd that soybean lectin.is specific' for

N-acetylgalactosamine. and galactose {Lis.and Sharon 1977) .

. The diverse and' dynamic ligand patterns specify the

:nature of cell’.surfaces and decode the.information necessary °

. for ‘cell recognition and specific cell :association (Moscona,

1975). The nature and funétion of cell surface receptois:

‘reveal not only their presénce but also their dynamics in

Yy % R o k:
the' plane Of surface membranes (Rutishauser et al., 1975;

Multicellular organisms exhibit a well Tegulated and

“ coordinated cell division, cell movement and: specific cell to:

cell interaction in their developmient,  The cell sutface mem-
brane components. 1ike glycoproteins, appear to play a major
role. in acting as receptors for hormohes,. growth factors and -
‘antigens. ‘They also mediate cellular Svonts subh ek mlber
genesis, morphogenetic movement or specific.cell adhesion
(Bds1man, 1976) .. After; the anchoring 6f 'such molecules on

the cell surface, modulation of the .cell surface components:

' take ‘place which possibly signals recognition as exemplified::

“in“T-lymphocytes' {Nussenzweig, 1974; Schreiner and Unanue, 1976;

Dickler, 1976y, . The morphological’ changes inlymphocytes.
by‘mit;:genic léctins is.accompanied by increases. in protein,
RNA and DNA synthesis (Lis and Shaton, 1973). The exact
mechanism of lylnph\ocyte stimulation by.lectins is not yet
clear. . ;

Both glycolipids. (Surolia et al., 1975) and glyco-

proteins (Dulaney et al., 1979) serve as lectin receptors . ..
o) . ek
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e . P
on cell surfaces. . The lectin receptors are not affectgd,

‘by proteases uxt:n.sug;sq that Similar carbo-

hydrate groups may exist on different protein species and <
aleo the same lectin receptor may contain receptor sites
for more fJ:an one lectm (Hard:es.l Gt al., 1972; wan and
Bunt, 1978). ' The lectin receptors on lymphocytes have
" been identified as glycoproteins and glycopeptides ‘(Gold-
stein and Bayes, 1978). - Acidic glyoopmteins and . glyco-
p:otems have been 1solated as lectin receptors from neuzcmal
cells (Goldstein and Hayes, 1978) <

Exogenous lectins have boen detected in’cell surface

events in membranan of lymphocytes (Kieda et al., 1978)., -

‘There seems to be a cooperativity of lectin binding to.

lymphocytes where receptors are clustered and tﬂ\fomdoﬁal
changes in membrane structure take place a priori to
mitogenic' stimulation (Prujansky et al., 1978). -Endogenous
lectins have bee'n implicated in the fun:tional role of the
recognition process during internal tissue A1 fferentiation

in vertebrate embryos (Simpson et al., 1978). Precipitins, -

" agqlutinmins, lysins, opsonins and neutralizing antibodies,

‘of cell surface

all evoke the same kind Of T-cell médiated immunoresponse

causing hypersensitivity and immunity (Waksman, 1979). ~Sich -

phenomena, have tremendous implications in the understanding -

and their functi s

The importance of membrane.glycoproteins in recogni*

‘tion phenomena is well established (Barondes and Rosen, 1976; °

Prazier et al:, 1976; McMahon and’ Hof fman,” 1978;
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“vix. Sgec;Lf.chtx in Plant-Microbe Interactions .

7 i %
Singer and Morrison, 1979 Frizier and Glaser, 1979).
Ashwell and Mnrrell (1977) ‘have descrxbed the. informatxon
encoded- in specific sugar. ;esu\ues of membrane glycopruts(ns

Which exert a tremendous;effect on cellular activity.

‘Lectins.and agglutinating proteins (Sharon, 1972;.Dulaney,

1979) have been  used to gain an unéerstanding of the cell

surface biochemistry of -animals and plants (Schatten and

Gonataé, 1977; Ofek et'al., 1978; Kabat, 1978; Clarke and
Knnx, ‘19785 Damsky et al., 1979; Ffennlnger apd Jamieson,

*1979a, 1979b, Clarke and Knox, 1979; Sharon and Lis; 1972)

In nature, plants are expused to a multxtude of

microo:qanisms,, yet only & few of them cause infection,

Some plants resist the microorganisms and-others aré sus-

" ceptiblé. ‘Tiere is a certain degree of specificify between

plants and ymicroorganisms whetheY they are pathogens or
symbionts. The specificity and recognition is mutual and

these properties reside in the host plant or -in. the micro-

, organism.

.The resistance:by the plants alsc operates on.the
basis of specifidity, with the attacking microbe triggering
or indwding the formation of. & group of antimicrobial’ com-
pounds known as 'phytoalexins'i These compounds Hate simfisr
properties to that of antibiotics and are accumulated when
exposadste icil1-buntace olibodbiinridesiot ieropldl]

origin (Albersheim and Valent, 1978) .

‘Mazia, 1976; Goldstein et al., 1977; Greig and Jones, 1977; .

e




‘pea (Phaseolus vulgaris)?” In.reply, they themselves wrote: "The

Such ‘a phenomenon :does not occur in host-symbiont

interactions or in disease affected host-plants. A Iow

degree of host-pathogen specificity is seen in the genus

Agrobacteriun ' (Anderson and Moore, 1979). Enrichment of
hydroxyprbline-rich glycoproteins takes.place in the cell
wall an & Basult ot developing, detence mechanism. for the
anthracnose disease in muskmelon (Esquerre-'l‘ugaye, 1979)
which is again related & specificity. g
Hence,  plants have developed a capacityto recognize

'self' and 'nonself' at the cellular level, through a ‘p:oce'és

of coevolution of"the host and its related microbe. " The
@ 3 i

mechanisn of such a process is not thoroughly understood at .
the biochemical level. The basic tenets of specificity in

the host-pathogen interaction liés in their mutual recogni-

- tioh and jn’'eliciting a host-response (Sequeira, 1978).
Several ‘specific steps are essential before ‘the soil

bacterium Rhizobium can enter the homologous host and fix

atmospheric nitrogen symbiotically. -The most important of -
them is the mutual recognition,on cell surface contact
bétieen the Rhizobitn'and legume. ‘The legitne-Rhizohium’
symbiosis is characterized by & high degree of négt speci-
ficity which has formed the basis for the classification of
Rhiizobitm. Baldwin et al. {1927) asked "why should the
organi:‘:m responsible for nodule: formation ‘on the xoots of
lima bean (Phaseclus lunatus) be able to infect the roots’

of cowpea (Vigna ungiculata), and not those of the garden
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. answer must be found in differences among’ the .various species,
of the host plant, and the various races of oot nodule
o:qén;sms." subséquen‘t research has found it to be true.

‘\ The ubiquitous presence of lectins in plants and
their well knowy properties .of differentiating animal cells
wa.th minor differences in cell surface colnpanents has
prompted many people to ook for the possibility of lectin
SeaLakas Hhst apeLLETEy i TetouRition Bl Rhiieblue
legume interaction. ' ‘ }
_Bver since the implication of lectins ‘in legume-

Rhizobium ‘specificity '(Bohlool and'Schmidt, 1974),a consider
SRZODC AT P 2

i ahsant GOGHE Bhn Ueen donk LSV veupact kb 1iekin
‘medidted specifidity in Rhizobium-legume symbiosis (Schmidt;
1979) .

Brian (1976) has suggested that specificity in
plant-parasite interactions exists at-five different.levels
as follows: .(a) pathogeixs versus non-pathogens, (b) broad-
host-range pathogens, ' (c) marrow host-range pathogens,

(@) §ing1é species specific pathogens; and (e) race-specific
pathogens. Whatever be the level of interaction and speci-
ficity, the net result is either the entry or rejection of
the pathogen h;, the host. Perhaps, susceptibility defines
recognition and specificity much better than resistance:
Whatever the host response is, it has ¢ be mediated by
certain cell surface molecules and lectins seem to be a

favourite choice. . - . i




The recognition system in plants ‘involves the comple-

" mentary interaction of & saccharide.containing macromolecule’,

PSS

from one 8f the interacting organisms ard a lectin like

)

molecule on the other. 'Althoush lectins are not able to
differentiate protoplasts of different species (Larkin, 1978)
" iHexelnra s ovevdk wall studled shicgnbeinn:phetdiens: in
yeasts (Bfock, 1979) , chlamydomonas (Snell, 1976) and slime
molds (Raper, 1960; Simpson et al., 1874; Newell, 1977). Of
particular interest is the cell recognition and.immunity in
flovering plants (Clarke and Knox, 1978; 1979)i ° Also, lec= .
tins have been found in the plant cell walls dnd in organelles
Of plant cells (Clarke et al., 1975; Allen and Neuberger,

1975; Chrispeels, 1976; Sequeira apd. Graham, 1977).

VITL. Lectins and Recognition in legume-Rhizobium Interaction
» o du deisionTinouladel tiat thsee 18 aunben deg;éé'
of specificity between the-two partners in Rhizobium-legume
symbiosis: Thesgeneral pattern of the infection process =
“Weadiny to-the sucassstul establishuint of a symbiotic root
nodule is well known but knowledge concerning the specific
intéraction and host-récognition by the bacteria is-rather
poor. i ‘\ L ' '
" a very attractive hypothesis implicating legume seed

‘lectins acting'as. cell surface recognizing molecules: has.

been proposed by Bohlool and Schmidt (1974). Since then

there have been many publications in which-a precise biologi=

cal role for lectins is proposed in this process.




In‘spite of evidence against the involvanent of

_lectln (Dazzo and Hubbell, 1975; Rouqe and Labroue, 1977;,

Law and Strijdom, 1977; Pull et al., 1978) there seems to
be an overwhelming interest to assign lectlns as the poss)hle
candidates for recognitisn and specificity follmnq the

report -of thloal and Schmidt (1974). - The lectin hl.ndi.ng

Jin snybean—n. japonicum interaction is reversibly inhibited

by N-acetylgalactosamine (Bhuvaneswari et al., 1977; Bal
et al., 1978; Shantharam et al., 1930) . Certain strains of

R. JaEnxcum which did not )nnd to soyhean ‘lectin in’labora-

m:y media were found to bxnd when cultﬁred in rhizosphere/

rhizoplane conditions (Bhuvaneswari aqd baver, 1978).
Interestingly enough, when R. :ag'onicun\‘ was Gultured in soil
extidot mediun. thirs was increased 1ect1n binding ,(Shantharam
et al. 1980 submitted for publication): Subsequently,’ many
other reports strongly suggested that lectins play an
important role in cell-surface interactions a priori to.

the infection process (Broughton, 1978; Dazzo, 1979a;
Schmidt, 1979) . .

There are many reports of lectin binding' to
Lipopolysaccharide (LPS) (Dazzo and liubbell, 1975; Wolpert -
and Albersheim, 1976; Planque and Kine, 1977; Mafer and
Brill, 1978; Kato et al., 1979). 'On the other hand lectins
have also been shown to bind to the extracellular poly-
saccharide (EPS) of rhizébia (Bohlool and Schmidt, 1976:

Bal et al., 1978; talvert et al., 1978; Kamberger, 1979a,.

- 1979b; ‘Shahtharam et al., 1980). There are some reports of
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Pue?pke et al.; 1973' xato e(: al., 1979)/

. There are: also conslderable var)atlons in the appear-

ande of lectin receptors during the different:growth phases
ofRhiZobium (Bhuvareswari et al., 1977; Dazzo et al., -1979b).,

. The fhct that many "leghmes. have multiple lectins and with
igferent sugar specificities (Kaust ana Glaser, 1974;
‘Bdwles and Kauss, 1975) and also’ bohs lectins are either

mgdlflad oF exist in ﬂxfferem: forms as @ cell wall con-

shtuent in the roots (K;;ne et al., 1980) has pro}p:ea many
orkers to; Lok £6& gt oniy erthyocyte agglutinating ™' |

roteins but other lectin liké proteins to be involved in

{legume-Riiizobium specificity and recogrution.
o _ The specificity has been defined at the very early

stages of Rhizobium-legume interaction. It has been shown

‘f that the vexry act of ‘bactexual docking on the root hair -,
" surface is a selectite but spacific process operated by the
“rhizobial capsular polysaccharide (Reporter et al., 1975;"
* Bohlool and Schmidt, 1976; Dazzo et al., 1976; Bal et al.,:

-, 1978; Da’zzo and Brill, 1977, 1979;

[ 1978; Sanders et al

- 'Kamberger, 1979; Highes et al., 1979). The bacteria have

heen shown:to produce 'glycocalyx' fibres that help'in
adhering to' the surfaces and to other cenls (Costerton et

}‘ g_l_., 1978). However, Chen and Phillips (1976) have suggested

/ that simple attachment of Rhizobium to the root hair surface

" 'is'non-specific in nature. o .

J







II.

‘MATERTALS ANDMETHODS

Organisms:and Their c\nture ¢onditions

; Rhizohiun japonicun Nitragin 61A76, K. leguminosarun
Nitragin '92al, R. meliloti 102F28 (N:Ltragxn Co., Wisconsin),
R. trifolii ATCC 10140, were used. Rhizobial strains were
main:ained’ on 'yeast-extract-mannitol agar.slants at 26°C
and su.bcultured every three months.

‘The rhizobial strains weré broth cultured.in yeast-
extract=mannitol medium (mannitol, 10g; K,HPO,, 0.5q;

Mgs0, 7.H,0, 0.2g; NaCl, 0.1g; yeast extract, 1.0g; dis-—

'tilled water, 1 liter, pH 6.8-7.00) ‘and soil extract edium

coil extract, 200 ml yeast extract, 1.0g; mannitol, 10. Og.
distilled water, 800 m, PH 7.2); and shake cultures in'125
ml culture flasks with 30 ml media at,220 rpm on a Gyrotory
shaker model Gz (New'Brunswick Scientific Co.) at 30°C.

The. soil extract was prepared by mixing one volume

" of soil :(obtained from Agrifulture Canada, Research Station,

St. John's West, Nfld.) with two volumes'of distilled water
and steaming .for one hour or autoclaving for a few minutes;
‘after cooling the liquid was decanted, allowed to stand

overnight or centrifuged clear (McLachlan, 1973).

Growth Pattern of R. japonicum 61A76

“Phe growth curve of R. japonicum 61a76 was plotted

. by measuring the turbidity of growth using a Shimadzu digital




The source of inocula was a stationary phase broth’culture:

“iIT.
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doublé-Bean spectrophotometer UV-210 at.a wavelength of 600
nm spéctrophotometrically both ifi yeast extract mannitol
and sq'i)]'extract media with or without 350 yg of. soybean
lectifi: | Starting with 1 ml and 1 loopful of the inoculum

separately, the growth of R. japonicum-61A76 wds compared

‘for their generation time in yeast extract mannitol medium.

of R. japonicum 61A76.

Electron Microscopy

Bacterial’ cuitgze,(hetemqenéous, rods and coccoid
forms) 'at stationary phase was pelleted;by cencriéugation
and fixed (a) in a mixture of 4% paraformaldehydé and 2.5%
glutaraldehyde (Karnovsky, 41‘955) in 0.1M Sorensen's buffer,

pH 7.2 for 1 hr at 23°C and (b) in 2.5% glutaraldehyde in the

:same buffer under the same conditions, After thorough wash-

| :
ing in buffer, the pellet clumps were tFeaFed with 1% osmium

L
tetroxide in 0.1M. Sorensen's phosphate buffexr, pH 7.2 for

‘1'nr at 4°C. This was followed by dehydratién in &thanol

series and subsequent embedding in.Spurr's medium (Spurr, '

1969) . -Ultrathin sections were cut with a diamond Knife and

' stained with uranyl acetate and lead citrate. Some Sf the

sections were also stained with phosphotungstic acid (PTA)
and chromic acid mixture (Roland et _B_l‘ +1972) , and others
vere stained with periodic acid-lead specific stain for

glycogen - (Perry, 1967).  For staining extracellular poly-

saccharides, ruthenium red (1 mg/ml) was mixed with
“a ? N . .




.

colloidal gold was employed. | SBL-ferritin conjugate was a

‘et al: (1971). Radiodctivity was measured with a Beckman

“specific activity of 1140 cpmfiig of soybean lectin. -

b

aldehyde fixative and osmium tetroxide during fixation (Pate
and Ordal, 1967).  The whole mount preparations of coccoid
and rod forms of bacteria treated with colloidal gold

labeled soybean lectin were made on carbon. stabilized

Formvar-coated grids without chemical fixation and staining.
Observations were made using a'Zeiks 9S electron micfoscope.

Soybean ‘Lectin (SBL) . : g
/ Soybean lectin labeled with }2%I, ferritin'and

gift from D.B.S. Verma (Dept. of Biology, McGill University,

3 ; 4 5 R
Moritreal) . _Soybean-lectin -type VI was purchased fromy - s

Sigma ‘chemi‘c}u Company. -The purity of ‘soybean lectin was
confirmed by zone electrophoresis in polyacrylamide’ gels.
(Davis, 1964). The phytohaemagglutination property of soy-.
bean leCtll\ was tested against human erchrocytes ‘A" in

physiological saline with galactose (50my), N—acetygalactosamne .

(5mM) as’ controls. (Lis et al., 1970; Lis and Sharon, 1973). - .

125 -

(a) Pre ion of I- Lecun
soybean lectin (Sigma Chemical co.) was radio= .
125 g

iodinated with I (New Bngland Nuclear) by the lacto- PR

peroxidase catalyzed method (Rittanhouse et al., 1973) anﬂ -

125,

dialyzed to remove unbound I (Gow et al., 1976); the

leetin concentration was deteriined by the’method’of Herbért

7000 gamma counter. The labeled soybean léctin had-a final




E ) _1 1_Soybean. Lectm Binding Studxea T Ve

. - Bac;enal suspenswns were standard:zed to 100 Hg dry

‘weight-of cells per ml using Mthoawm\

‘\inherent erxors’ in Uptxcal density measurements (Lawrence

dnd Maier, 1977)- . ; T
{ 5 ' § : :
varying amounts of 1251-san (50 ug/ml to 500 yg/nl)’

i
o - ‘vere added to ‘the reactlon mixtures containing 1 ml.of <5

A
! . ’ bactetlal suspensxon in 0.2M phosphate‘ huffer and sufflcxent
S 2 dxsnued water was added 'to, give a total reaction volume of
s i 42ml. Mhe reaction mixtures were incubated for' 30 mins. The

125

o binding saturation concentration of I was determined.

P Control. reaction mixtures were included by treating P

the bacteérial cells with galactose (50mM) and N-acetyl- " .

. galactosamine (5mM) for 30 mins at room temperature
th 125

prior to incubation wi I-SBL (Lis'et al.; 1970; Lis and

4 -
«“ . Sharon, 1973). The reaction mixtures were washed three
! %

“times .at 115,000 % g for 15 mins each in 0.2M phosphate  —— ~—-'-
. Ibutfer. . : i, o :

he FesuEs Wite éalculatad_accordin; to e metlion
5 7. of Bhuvanesvari et.al. (1977) and Steck and Wallach. (1965) .
' The plots obtained were a result of linear regression done,.
by computer. . Y T N

(c)' Ferritin-Soybean Léctin Binding Studies -

s 8 ~ pellets prefxxed in paraformaldehyde—qlutaraldehyde

i
% ' * ‘mixture (a) at 0°C were washed thoroughly ‘in cold buffer for
‘ 18 hrs and then'treated with ferritih-lectin ¢onjugate for




i

(d) Preparati

g : 37
'1 he at 25°C. This was followed by repeated “(5%) washings
in buffer for- 18 hrs at 35% wlth cont;\.nuous shaking (Hal
et al, 1976). After treatment with osmium tetroxide, the
pellet clumps were processed for electron microscopy. #

For in vivo binding,’ stdtionary phase bacterial

cultures “Were washed in 0,1M phospl}ate buffer; pH.7, to _

xemove /the nutz;enc media and were then treated with soybean
lect:m (Miles Laho:amnes) con]uqated with ‘ferritin (Andres
et al., 1973). after. fxve washes. in buffer (repeated Centr).-
f}ngation’) ,» ‘the final pellet was fixed in qldehyde fixaf_iver

and- processed for transmission electron microscepy.

n_of'Colloidal Gold

“The most ~common method of pxeparlng gold hydrosol

cons:.sts of :educxng «<chlorauric. acid thh a sultable agent

(Weiser, 1933). A'2.5 1l of 0.6% potassiun‘carbonate solu-
tion wis added to 120 ml of glass distilled water followed
by the addition of 1 ml of pure ether-saturated phosphorous

solution. .The solution was boiled for 15 mins in an open

_flame in ‘a hood when the wine red colloid gold solution is =

formed ‘(Au I). ~The boiling removes the excess ether~and

- excess phosphorous by atmospheric éxidation. }

(e) Prega\ration_of Colloidal Gald-SBiﬁ. Coﬁjngate

Soybean lectin'which is a water soluble protein was’:

" used to coat gold at pH'7.0 by centrifégation at 19 000 xg

for. 30 mins, 35,000 x g for 45 mn,s, 78,000 x-g for 45 mns

,(Faulk and Taylor, 1971; Garland, 1973). Soybean iectin
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saturating point for colloidal gold:was détermined accord-

", ing to Horrisbergerset al. (1975) and was found to be 500 ng

of ‘lectin/ml. :Usually a 10% excess of soybean lectin was

added to. saturate the gold '(Horrisberger and. Rosset, 1977).

\ . ‘ .
(£)_Colloidal Gold-Soybean Lectin Binding Studies

# . For in vivo binding, stationary phasé bacterial cul- -

tures were washed in ‘0.1M phosphate”buffeér, pH 7, to remove
thé nutrient media and treated with colloidal gold conjugated

soybean lectin for 1 hr at 25°C. (Shantharam et al., 1980).

After five washes in'buffer (repeated centrifugation), the
fihal pellet was fixed'in aldehyde fixatives and processed '
for transmission electron microscopy. Whole mounts of the
above hactezia were prepared on'Formvar, oated and carbon
stabilized gnds without ‘¢hemical £ixation or Staining:

Sucrose pexisity’ Gradient Centrifugation

Both linear and step gradients of various concentra-
‘tions of sucroser (108 - 408 w/v) were employed. The centri-
fugation was pefformed using a SW-27 rotor in a Beckman

ultracentrifuge for 3 hrs.

Differential Centrifugation

Bacterial cells were harvested from 24 hr statiomary
phase broth cultures and two fractions were separace:i By dif-
ferential centrifugation at 12,000 x g for 10 mins, contained
the rod form and ‘the: 'supgrnatanc the ‘coccoid form. The

coccoid form was then sedimented by centrifugation at
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VIII,

115,000 x.g ~for .60 mins. (Shantharam et al., 1980).

Measurement of Bacterial Growth; Cell-Size and Number .

The bacterial growth in broth culture was monitered
spectrophotometrically at 600 nm in each of the media and

the genérdtion time vas calculated ‘graphically.’

Fractiona-
tion of fods and cocci was done by differential centrifuga-
tion as’described above and the fractions were examined by
.using a Zei;s microscope fi{‘:ted with phase: contrast

optics.
. C e

I ion of H-Thylm.dlne in Coccold and Rod Forms

The fractionated:coccoid and rod forms of cells L

were adjusted to 1 x 10 cells per ml concentration in

Co.im phosphate buffer and were separated into 3 ml aliguots

in duplicates. The bacterial suspensions were continuously

labéled with JH-Thymidine for 10 mins. The labeling was

' washed by 5% trichlozoacetic acid at 1-min, 5 min—and 10

min intervals using a millipore filtration' apparatus and

IX.

washed three times. The samples were counted in a Beckman
liquid scintillation counter.

Interconversion-of Coccoid and Rod Forms 4
(a) Conversion of Coccoid Forms to Rod Forms
Under ascepuc conditions, pellets obtained at. i

115, 000 xg (coccax.d fraction) were uwculated into yeast

e)_:tract mannitol mediuln and incubated on a" rotary ~shaker at -




220 rpm at 30°C.. Samples of hacter:La were prepared on_

8,
glass slides for phase contrast microscopic observation

at 8 hr intervals and random counts of coccoid ahd rod
forms were made’ (Shantharam et al., 1980). ° :

The coccoid’ ‘fraction of cells were Sstreaked onto g

" sterile yeast extract agar plates and incubated at 30°C.

After 5 days small isolated, colonies appeared and thése
colonies were exanined by light microscopy to,detérmine K
if the bacterial population was heterogeneous with respect

‘to rod and coccoid forms.
‘ =

(b) Conversion of Rod Forms to Cocc

Form;
The xod fraction was obtained by centrifugation at
12,000 x. g for 10 mins using sterile centrifuge tubes.
A loopful of bactéria was inoculated into'a fresh yeast
extract mannitol médium'and incubated on 4 rotary shaker
at 220 rpm at 30°C. Sampies of bacteria were exanined by
phase contrast microscopy smeared. on glass slmas at 8 hr
1ntervals and random counts.of coccoid’ and rod forms' were

made as described above.

Root Hair Attachment Studies .

Roots of 5 day old soybean seedlings grown in
sterile vermiculite were placed in-a bacterialisuspénsion_ s
of stationary phase R. jaE‘n'icum‘,Ei}ﬂE. The ‘£inal con-

centration of hacterial cells was adjusted to 100 ug dry weight of |

§-A
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cells per ml.

The roots, were thoroughly washed by rinsing
x‘epeatedly ina series of 500 ml beLke:s contamxng sterile
|aistilled water. . After washing, free hand sectxons were
cut’ and stained with ‘12 Ros%al (Rose Bengal, 14"
Cac12. 0.01g in 5% phenol) . Root hairs showing attached
bacteria were counted. Some R. japonicum attached root

. hairs were processed for transmission electron microscopy.

i1 +
XI. Nodulation Studies
i

e

_‘The nodulation tests ofscoccoid, and rod fractmns
were carried out using soybean in an envirorment Ghamber.
A modified Leonard's’jar assembly was used -(Vincent, 1370) .
Soybean seeds were surface sterilized Wwith® 0.5% “Clorox,

' washed 'with sterile aistilled water and were allowed to
germinate in sterile Pet‘ri dishes. : The bacterial cells
veréd fncuanatea ana grown in. yeast extract mannitol
nutrient medium for 24 hrs (Shantharam et al., '1980) and
suspended again in the nutrient medium without the yeast

; extract, The. cells were adjusted to 100 hg dry weight of
. ' cells per ml(Lawrence and Maier, 1977) and 5 ml of this
suspension per_ seed were. used to inoculate 5 day old 28 soy-
bean seedlings. . The heterogeneous broth culture and
seedlings without’ J.noculum were vsed as contiols. The
plants were harvested after 25 days and the nodules yere

counted.
ol
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i
XII. Carbohydrate Analyses :-° . | -

(a) Iatge-Scale Cultivation of. X. japonicum
The inoculum for idrgerscals culture vas groin'in '

30 nl of medium for 24 hrs and transferred to 300 ml of

the same medium. The 300 ml culture (grown for 48 hrs at
30°C with aeration) was then transferred to 2.5 liters of
‘the same médium and grown'for 48 hrs). This was used-as

the inoculum for a 25 1it§r batch grown in a commércial
fermenter (New Brunswick Scientific Co. Model No. MF-1285)
for 7 days at 30°C with.an air £low of 5 - 6 liters pet
minute. The cells were harvested by continuous ‘cen‘t_d-v

fugation and then lyophilized.
o

(b) Isolation of Lipopolysaccharide (LFS)

The LPS from the freezé dried cells ‘was extracted by
 the, phenol-vater nethod of Westphal et al. (1952) with two
wash cyclés of the phenol layer. The conbined aqueous layers
were dialyze§ against,:ap—wate:. ‘The retentate was centii-' "
fuged at 5000 x g for 20 ming to remove cellular and other
precipitated debris prior to ultracentrifugation 105,000 x g
for 3 hrs.” The resulting gel was’ resuspended and, recentri- -

-fuged twice, before lyophilization to give the purified LPS.

(c) Isolation of Extracellular Polysaccharide (EPS)

The EPS was isolated from the supernatant of the

broth culture by mixing.the superratant with DEAE-Cellulose;

s eluting the DEAE-Cellulose with N-NaCl and precipitating

‘the polysaccharide with 95% ethanol overnight at 4°C

i
i
i
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(Humphrey. et al., 1974). The preupxtaced polysacchatlde

- was centrlfuged and !.yophll]_zeﬂ

(@ Analysis of Extracellular and Lipopolysaccharides

The polysaccharides were hydrolyzed in N-H,50, (1 nl)
for A‘hrs‘ at. 100% for analysis of neutral sugars. The
hydrolysate was neutralized with BaCo,, filtered and divided
into equal parts. One“part was concentrated and.run against
standards on paper chropatography; the other was reduced with
sodiun borohydride (for.1 hr) and subsequently acidified with
acetic acid. Borate ion was‘removed by co-evaporation three
times with acidified methapol, The reduced monosaccharides were:
acetylated with a 1:1 mixture of pyridine ‘jax':d acetic .
afhydride (1 ml) for 15 mins at-100°C (Lehnhardt and Winzler,
1968) . ) :

. Gas-liguid chromatography of acetylated alditols was

performed using a Perkin-Elmer Model 3920 gas chromatoqzaph,
using the column of 1.5% ECNSS-M on Gas Chrom Q
(Applied Science Laboratories) at 190°C, ‘with a’ helium £low
zate of 40 ml per minute. Use of 1.5% ECNSS-M rather .than
the usual 3% ECNSS-M column allowed the detection of .
acetylated amino sugar alditols in a reasonable time A
(app:oxunately 60 mins) .

Paper chromatography was carried out by descending
irrigation with ethyl acetate: ‘pyridine: water: (10:4:3)
and the m;:nosaccharides were visualized with p-anisidine. '

hydrochloride or with the alkaline silver nitrate reagent .. -
{ 2 B P

of Trevelyan gt al.-(1950).







RESULTS

Culture Conditions and Growth Pattern 2 2
R. japonicum 61376 grown in yeast extract mannitol

medivm shoved a_typical igebidal.growth pattam (Fig:'S).
The mean generation time was 5 — 6 hrs-when 1 ml of inoculum
was \lsed to generate the bx‘oth culture in 30 ml medium.

But, wben one loopful of 1nocu1um was. used to start the
culture, the mean genex‘atxcn time appeared to be 10 hrs.’

This strain of bacteria attains &tationary phase in'less

than 14 hrs or. in'about 70 hrs, depending on . the size of

IIX.

the u\nculum .

Morphology of R. japonicum as Revealed by Light and

Electron Microscopy
K The morphology of a \typical cell of R. japonicum, as

i

obtained from the i ectron
is” diagrammatically represented in Fig. 6. It has a typical

gram-negative bacterial cell wall envelope. The outer mem-

brane of lipids, lipopo. ides'and protein,
the dense middle layer composed mainly of peptidoglycan and

the innex.plasma membrané. ~The cytoplasm is homogeneous

enclosing glycogen, poly-8—hy ic acid and
There is a central core of DNA. ' The cell has a single polar . "
or ‘'sub-polar fladéllum, as clearly demonstrated from the

45 =




Grovth .curve: of. R: daponicun '61A76 in yeast .
extract mannitol broth culture (0.1%: yeast
extract) at 30°C at 220, rpm with va

amounts of:starterinoculum

ryin




1 loopful of Imeulum:
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'S:;hematic diagram of a typical cell 8

“a ggmcum as revealed by
study. %
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Fig.
Z

§. . Chemically unfixed'smd unstained whole mount: -

of capsulated coccord fraction of cells; (A)-
clustered coccoid forms within a‘common
capsular matrix, (B) Beaded or ‘linear row of
cnccoid ionns of cenn within:a common capaule.







chnxml.y -nﬂxndmdmnn uhoh -mnt R

R. japonicus 61a76.







" Fig. lo.

Whole mount electxon croqnph n{ a 'star'.
Note the single sub-polar flagellum attached
to one of the bacteria. ‘Insert: . Photo-
micrograph of the rod fraction (12,000 x g. -

pellet) nhowing :he 'na:s' as ueu as zzae




o

Fig. 10



~.rounding the.éell ‘and the diffusion of capsulat
Biay

ial into the dium. Inuett! % o

; e
Photomicrograph of the coccoid fraction

(105,000 x.g pellet); free and clustered e L
bacteria as well as_ the onu vllich appear as LA
beaded chains or in’ u:nea S, $ s
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Whole mount pxeparatmns for electron microscopy (Fiq 7 ¥

! ‘Repeated observations of bacteria wichl Light Yen
electron mitcroscope revealed. the presence of mrpheloglcally
distinct types of cells in the broth culture of R. japonicum

61A76. The cells vere either small rods, rounded to ovbidal.

in shape measuring 0.5 to 2.5 ym in size'and they were
either free or associated forming chains (Fig..'8): The
' other typé of cells were rods measuring.3.5 to'S ym in
length, eithér free or often agg:eq;c'ea to form distinct
."star’ shaped configurations (Fig. ' 9). Most often the rod
‘fofm of cells'whieh aggregatdd into 'stars'-exhibited -
polarity by accumulating glycogen (Fig. 10) at one end.
Such a polarity has been noted earlier (Tsien and Schmidt,
1977).  rig. 1b shows a whole mount of chemically unfixed
and unstained 'star' which exemplifies heterogeneity in - :
itself. There are two rods showing constriction due. to
impénding cell division and only one of thewcells in the '
‘stax'’is having & sib-polar flagellui dng alt five rod cells
show variation'in size. ;
The, cap&ulated coccoids were very few in number.(less.-

than1%) (Bal et'al:, 1978) in the broth culture of R.

japonicum 61A76, which'is a non-mucoid strain (Dazzo and Brill,
1979b). The capsulated cells had a distinct capsule surround-
ing the cells (Fig 8). Fig. 8 is a whole mount :
preparation of bacteria within the capsular sheath; some are
in’clusters (A) and othérs are in'rows (B). 'In ultrathin

R — .
sections the capsule shows loose fibrillar nature (Fig: 12).




U!.txathin section of a’ . abalaten worcsia
.cell of R. Japonl.cllm 61A76... Note the
fibrillar connections between the capsule
© and- the cell wall (arrows).. Glycogen
e - ‘granules can be seenas. storage‘material.
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Fig. 12
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N
Fig.

13.

(Above)

Elactmn lncmqraph of a rod cell o£

(Balowj Ultrathin ‘section of “stars’

cum 61A76 showing the polar capsule
ycogen (G) ‘determines the polar

showing

the“central common capsule (arrow) and ‘the
ion.’

polarity axhibited by accumulat:







' Fig. 14.. Photomi
"R rods (stars) (above)-and coccoid forms of cells

- 3 o
S ' B
4 SRS
i 4 HEEy LET
of ai ially fracti 4 -

.. '<'(below) from the stationary phase of R.
japordcym 61476 broth culture. -

' 1‘
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Usually a gap appears between the cell wall and the
capsular material and there is evidence for the secretion
. of ‘capsular material as indicated by connecting capsular
mater1al betveen the cell wall and the capsule (arrows).
The capsulat.ed rod forms exhibit a po].ax_— capsule
s which has been referred to ‘as polar tips (Hohlool and
i Schmiat, 1976) . The capsulated-rods in ultrathin sections
« Show polarity in the'accunulation of glycogen (G) at. the
capsulated end (Fig. 13). The rods are often seen
©r . aggregated to foim "atars' ~The rods are held by & common
Geitral polar capsular (arrovs). material, (Fig. 13) ¢
o Rm:hanxun\ red did not stain the capsule in cither rod or
' . coccoid forms. o

III. Fractionation and Cl ization of Rods and ‘Cocci

b - Isopycnic sucrose :gradient (10 = 40%) centrifuga=~
tion failed to produce clean reprodicible fractions as they

‘were seen overlapping.  Therefore, ‘the rod and coccoid ° ’

fozms of cells WEZE fractionated by differential centmr
fugatxon at 12, 000 % g for 10 mins and 115,000 'x g.for "
E 60 mins, respectively, from a 34 hr stationary phase. brotf
.a culture of R. 1‘agon£cum 61A76 (Fig. 14), grown in yeast, -
estract mannitol broth culture. 'R. meliloti, R. trifolfi

: and R leguminosarum, also grown in' yeast extract mamnitol

medium, showed similar coccoid and rod forms on fragtiona—

tion by differentidl centrifugation confirming the above

- observation and thereby establishing morphological
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. 1 . Fig. 15 Coriversien of coccoid forms ‘to rod forms, when

MRS © % allowed to grow in yeagt-extract mannitol %
P medium for 72 hrs at 30°C at 220° rpm.
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1

heterogeneity in Rhizobium.

+ IV. Interconversion of Rods and Cocci in Broth Culture

The coccoid fraction of célls when allwb;ed to gr;)w
in fresh medium was cnnverte@ into a heterogeneous popula-
t:.qn of both rod and coccoid forms. Fig. 15 shows that over

3 90% of coccoid cells were converted into rods in the course
of 72 hrs. Fig. 16 also shies Ehat ¥oa fravelos Gells. La0k
rods) also convert into-a hetercgeneous.broe-_h culture of

rods and cocci over a period of time. .

' When the same fractionated coccoid cells were
stresked oh sterile yeast extract mannitol agar plates,
they gave rise to single isnzatewcuohi’és on incubation
and these isolated colonies when observed by light micro-
_scopy revealed a large majority of rod forms and fov

coccoid forms. | % ™ b

¢ V. 3B-Thymidine Incorporation into Rods and Coccoid Foims
Yo JB-Thym Lacozper: -

The results obtained from the above experiments
are represented graphically in Fig.'17. It shows that

occi incorporate SH-Thymidine into their
g oate

DNA and the nereased labeling shovs that both are udex-
going the preparation (DNA synthesis) for celI ‘aivision.
This shoL:s that both rods ami coccoxd £oms are capa.ble of
undergoing cell divigions

g SR

S

|
J;
l
|
}
i
!
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¢

Section of the root hair surface showing
attachment of capsulated coccoid bacteria
to.the root hair surface. The root hair
cytoplasm is plasmolyzed in'this fixative
and therefore not- seen.. Note(the capsular
material (arrows) and its attachment to the
xoot hair surface; poly-B-hydroxybutyric
acid (Pb) and glycogen granules can be seen.

)
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Table 2.: Nodulat:.on oi soybean mfected with ditferent_

fractions oi R. japoricum 61A76 -in mdxfxed
) Leonard's hoct:le ‘jar assemb).y-

..Fractions ;
| i e

ke Coccoxd

2. Rod w

3., Heterogeneous ;

4. Control without bacteria LA
[ s o ;
s 2 '




|
!
|

VI

number. of bacteria attached per root was highly. 'vaname

- pendicular to'the root hair surface. At the ultrastruc-

‘were capable of inducing nodule formation in soybeans

RDOt Halr Attﬂchment Studies

When the 5 day old soybean roots were dipped iha

bacterial ‘suspension and. analyzed for bactena]. attachment
ey
to ‘the root hair surface, the number of root hairs. showing

the - attached bacteria were law4 of the 1,798 root hairs

counted, only, about 5% revealed Bacterial attachment and the

(1 to.16) . 'Examination by llght m1crcscope showed that
there was a random attachment of both :occold and rod . forms

of celis. The rods’ showed aistinet polar attachment per-

tural 1evem§n1y the, attachment of capsulated coccoid forms .
wers visibld in seckions GF root haizs (Fig. 18].

It was d).fflcult to fxx both the bacterla and the i 1
root hair using the same fixative. . The root hairs we:e '
piasmolyzed as seén in Fig. 18 and theze_fore root hair |
cytoplasm was not visible in the particular area. . The
electron mcxograph feveals the persxstence of capsule
(arrows) ‘after attachment of the bacteria. f 5 % ey L

Nodulation Experiments 8 o 8 . 3
g . i

The rodulation tests of 25 soybean plants’ in each

case indicated that both the coccoid-and rod fractions

(Table 2). 2 wig e, B el




Fig..19.

“saturation curve o:

ve of 1251 soybean ‘lectin binding: .
t5-100 pg dry weight of kells of
61A76. .Note the drop in ‘the curv
‘400 “1g/ml concentration .of lectin:
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Table 3¢ The inhibitory effect of N=. p
‘acetylgalactosamine and.Galactose on
© 1251 soybean lectin Binding to Ehizobiun
japonicum 61A76.
. Experimental = - i cpm
‘125 T
350 pg of I—-soybeah lectin 29,439
" (control)
N-acetylgalacto$amine (5mM) 224
e, b: B sy
" - Galactose. (50mM) 13,442
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‘Table 4:
] : forms.

. 8 ' Rod forms |
¥ a 1 .
-1

Affinity constant

' Number of soybean 1ect:$n
molecules bound

3 PO 15
microgram dry weight 1x 10
of bacteria <

- s
-4
.
N £l
3 ; i
! | G
>
«.

1.0 x 10° M

- . o '
5 |
J.
T
3 g 82" °,

-scybean leqtin binding ‘to rod and coccoid . 5
8] . % 3

Coccoid forms
1.1 x 105

.1 x 10%
~
;
1
1
q I

-

g St
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Fig. 20.

c ion of 125 b
lectin binding to the coccoid and rod forms
nicum 61A76, shown as' a
douhle reciprocal plot of the molar con-
centzatxon of free and. bound. lectin.
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Pig 21.

Gxowfh curve of R.
extract  mannitol b k‘m
extract) at,220 P!

© per ml of suybaan 1ect1n.

jaj nip 61A76 imyea-t
Fculture (0.1% yeast
with and wit.hout 350 ug,
f
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1 Extract Mannifol (YEM) medium
. and Soybean lectin (SBL)
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Viii. Labeled SDyl:ean LECt).n B).ndu\g Studies
' 125

(a) 1-Soybean Lecnn Bindin
( "' ’ - The radioiodinated soybean lectin shoved saturation”
at a concentration between 350'to 400 ug/ml with respect to
its binding to. the bacteria géizwn in yeast -extract manni tol
4 medium. There'was a.drop in lectin bindmg at )ughe\: con-
. centrations (Fig. 19):. fhe hinding kinetics revealed an .
ba ; affinity constant of 4.x 10'M 'and the avezagé nunber of
soybean. Lectin molecules T [ BT
. cellsws ‘9 x 104

o The ‘control experiménts set up with galactose'and : ;

N-acétylgalactosamine ‘show’ed that galactose at 50m causes
" partial’inhibition of soyhean:lectin binding and N—acetyl- .
; = ‘
3 galactosamine: at 5mM -causes total mhlblnon of soybean

§ lectin binding to R. japonicum cells in broth culture i -

(Table 3) . B 5

The binding kinetics of 1251 soybean lectin in

both L‘Occoxd and rod forms revealed minor di fﬁexences B i

(Tahle 4). Fig. 20 shows a monophasic L\near relationship
betueen 1/(sBL) bound and 1/(SBL) free over a range of molar %

concentrations employed. .

'
(b) Effel:t of Soybean -Lectin on the Growth of R. japonicum

in Broth culture’ -— : : ‘

There were obsérvable differences in the growth .- "
pattern 45 K..japonicus growm in yeast extzact mannitol
N - medium with 350 ug/ml of -soybean lectin as shown in Fig.

[ . - E :
\  21.: The percentage of-coccoid forms (70 - 80%) was higher




s

i s 2

Growth of R. japonicum 61A76 in soil extract
medium broth culture with and “without 350 ug
per ml soybean lectin. -

*
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Table 5: The, charactéristics. of R. japonicum 61A76

i

Generation time

Percentage of coccoid forms
. ©

Size of coccoid forms

Size of tod ‘forms'

YEM Medium
- 6.5 hr
45

i »o.s?z.s-?n. -

3.5-5 " um

" grown in yeast extract mannitol (YEM) and soil
extract (SE) medium, . il

* ‘

7O

"1:5-3.0 um

4-5.6. um°







92

Pige 23



ing n the pulu'




94

E
a
4
©

24

Fig.



oi tha rnd fra
treated with colloidal.gold labeled soybean
lectin. . Note-the colloidalgold particles
in the capsular matérial (arrows) at the’
h polar tips of the rods ‘and also:the
:accumulation of quccqen A6) definmg the
polarity. .The figure; rep:esents a seceion

through” the centre of 'star' shwing the
‘cmnmon capsular mtenal.




Fig. 25
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Fig. 26. ' (Top) Capsulated coccoid cell showing ferritin-
N . ‘conjugated soybean lectin (drrow) in the .
s amorphous. capsule ‘material.. 'Lectin hindxng
‘. 'was carried out on fixed bacteria.
. (Bottom) Capsulated coccoid cell shovu.ng fezncm-
_lectin binding-(arrow). : In this in vivo experi-
ment, lectin binding was carried out in live
! " bacteria, which were fixed aftér thorough wash- ‘-
/. ing, Note the fibrous nature of the capsule.




Fig. 26
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*

‘ than in’ ‘the ‘control medium seen in soil extract medium !
with and without 350 yg/ml of soybean lectin’ (Fig.22) P i

Tablée 5).

Labeled Soybean Lectin Binding Studies in Chemically Fixed -
Preparations '
(a) Colloidal Gold Labeled Soybean Lectin

Ultrathin sections of aldehyde fixed bacteria

. treated with colloidal gold labeled soybean léctin revealed

(b). Ferritin Conjugated Soybean Lectin z

gold label in the capsular material surrounding the coccoid #
forms (Fig. 23). The rod-forms showed golé'labeling 15" the
polar capsules (Fig. 24) and in the polar ﬁpsﬁlaz material
Gf ‘the rods in the 'stars' (Fig. 25). In both the cases a

gap appeargd betveen the cell wall and capsular material.

!
i

Whek the cells were aldehyde fixed, washed and

then treated with ferritin conjugated with soybean lectin

f . g
for 1'hr, the label was seen distinctly in the capsular.

material of the coccoid foims (Fig. 26). - The capsular
y ]

" material appeared loose and there was a gap between the

cell-wall and the capsule. When the treatment of ferritin

conjugated soybean -lectin was followed by fixation; the

sit

£ labeling remained the same (Fig..26) but the i

capsular material appeared £ibkillar. 'The gap described o )

earlier between the cell wall and the capsule was also $

> s
in'this on ? ;

\




Fig.

27.

Whole mount of a capsulated cell of R. japonicum
61A76 showing colloidal gold lectin label
(arrows) around the capsule and in the loose
capsular material (arrows).



0.5pm ‘ e s
. * .

Fig. 27
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Fig. 28-

Whole mount of a non-capsulated R. japonicum
61A76 cell showing colloidal gold labeled
soybean lectin label directly on the cell wall.
The labeling can be seen in the form of
clusters (arrows) .
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mwle mount p:Lpazatxon of R. aponicum 61A76 "'
treated with colloidal ‘gold mﬂzﬁavb.m \.\ X

lectin. ' The cells were neither che-ieal 1y

fixed nor/stained.. Note the two Binding

sites for soybean lectin (arrows) Viz:, the
primary binding site in the ‘extracellular :
capsule and secondary binding site in the R

outer cell wall. -Insert: a low power. = T e
picture of the same.
:
“
: & >
’ ' $
B e
% >







: X.

capsular matena]. whl.ch is bound to: the cell is shown to

‘be labeled. The gold labeling was'also seen in close’ . .

“the . label v‘:a's clustéred: : Fig.. 23 shcvws agal lectxn bind=

i ‘soybésn lectin binding by N-acetylgalactosanirie and partjal

inhibition by galactose. In electron microscopy, the ;

Colloidal Gold_Labelea soxbean Lectin mnﬂmg in

chemcaug Ynfixed Whole Mounts of Bacteria . ! '.
Whole mounts of bacteria made after treatment with

colloldal 901a Labeléd. soybedn lLectin revealed smua:

labeling of th: capsular material with" soybean lec-

tin.' - The capsule inFig, I1 is massive ‘showing gold label "

‘and '_ by 1oese 1£fusing capsular matenal.» The

dlffu51on of capsular materlal labeled Wlth qnld lectln is

't:learly exhl.bited in Fig. 27 ‘(arrows) . ' The condensed s AR

proximity to the céll wall. (Fig. 28).  Small coccoid forms
without any capsule distinctly revealed coccoidalgold

label on the cell wall. ' (Fig.. 28 ~arrévs).. In nx':st cases

ing o capsule and the’ cell wail. v it 8 ol Rl &
" Inall the three labeled: soybeap ‘lectin binding
ekparinents N-acetylgalactasamine and galactose’ treated

célls were:used as controls.’ The results from 1251 Soybean

1ectin binding experjments ‘indicated a total 1nh1h1t10n of

hacter).al cells treated wlth N- acetqualactosaﬂ\xne were’

completely devoid of any gold or ferritin label.




5 Gas—li a ams of alditol : E
*6f ‘sugars ' from R. jagonicum 61276 extracellular
‘polysaccharides. ;EPS-YEM=Extracellular poly-
“saccharide extraqted £ cm thie bacteria grown.
-'in yeast extract manni 1 medium; EPS- -S=Extra-
..cellular po(ysacchande from the bacteria’ gmwn
: in\soll‘extraat medium







Gas-liquigd-" chromatograms of aldxtol acetates
of ‘sugars from-R. japonicum 61A76 lipopoly-
saccharides:. PS-YEM=Lipopolysaccharide ’
“.from the bafteria grown in yeast extract

manhitol. mediam; LPS-S—LLpopolysaccharldey ;
rom soJl extract: medium !







Lquid chx:m.atoyralua of amim: suqar
alditole from R. japonicum 61A76 - extra~
cellular. polysaccharides. YEM=
. Bxi:zucennlurpolyucchlride from ths
" bacteria- grown in yeast extrlct mnnitol
" medit lular

from the bacterta gtwn in soil extract
S nndium




Fig. 32
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Fig. 33. 'Gas-hquxd chromatugzams for amino sugar
) u alditols from R. jagomcum 61A76 lxpopoly—
. saccharides. ' TP§- YEM: propolysaccharxde 3

© from bacteria grown ‘in’yeast extract mannitol’

meditm; LPS- S=L1popolysnccharlde £rom bac:eua

grown in soil extract, medi:







Table 6..

Gé; Liquid Chrmtabraphy (GLC) analysis of acetylatéd alditols (as moles 8) .
of ‘Lipopolysaccharides (LPS) and Extra

'Rhizobium japonicum 61A76. . - )

lular Polysadcharides (EPS) of - °

wt. of cells

Culture [ . W . i
media Fractions analyzed Relafive retention time -(glucos K
0.23.°-0.74 v+ 0,80 . 0.86 | 1.00. ' 2.22 : 5.35
<  rhamnose unknown . mannoses galactisé glicose  heptose glwosamiine -

Yeast Extracellular TEY ; o k

extract ° polysaccharide 8.01°°-11,66 .-'10.03 - 70.29, . - S

mannitol . (from 1 litre of :

“(YEM) supernatant) A E
Lipopolysaccharide - —. ¢ e e .
yield = 0.6% dry 7.66 .- i~ C 5479 . - 86.22 trace trace

X wt. of cells f F 3 : —
Soil: Extracellular poly- i = G ¥
extract  saccharide = 29.3 5.59 . 52,77 ‘- =
(SE) {Fzom 1 litre of i ; Al oa o
supernatant x .
Lipopolysaccharide . . e e = 2
yield = 0.3% dry - = +10.04 '23:55 - _47.03 11:08 8.03 -

STT




"o Table 7-;

Af€inity comstant - . 4 x 10’

‘125
% 51A75 qmwn in yeast extract mannltnl and

soilh extracr. medl\m,

B YEM Mediun. ' - SE Medium

75l

sltx 106 M

o

Average nutber of .

soybean lectin molecules EZI L o -3
bound per microgr 9x10 _' 9x10

of dry we:u;ht of cells”

*I-soybean: lectin binding to K. japonicun

e e e e

bl e
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XI. Carbohydrate Analysés of Extracellular and Lipo- i

pol ides of R. japonicim 61A76 in Yeast Extract

Mannitol and Soil Extract Medium

‘In‘ordex to detect the soybean. Lectin, speck fic
‘sugars (galactose ahd N-acetylgalactosamine), -the Suger
analyses of extracellular and 1ipopolysaccharides Fron -
R. japonicum 61A76 cells grown in yeast extract mannitol

-.and s0il extracy media were carried out using gas :
chromatography’ (Figs: 30, 31, 2, 33)..'A comparison of sugars
analyzed (bl 6) indicated that there was no detectable

| quantity of soybean lectin specific sugars'in either of £he

fractions- from. the bacteria grown ‘in yeast extract, mamitol *

medium. But, the bacteria‘ grown in soil extract mediun

showed detectable al‘ncun‘t of soybean lectin specific i

galactose in both the fractions of polysaccharidss.: By
pa;)er or thin layer chromatography it was ot glasible to
detect the presence of any acidic groups, like -uropic acid 5 &
_in ‘the extracellular polysaccharides.
The xégionqxnated soybean lectin studies (Table
7). indicated that there is an increased ambunt of lectin
~ botnd t6 the bacteria grown in soil extract medium when

compared to'those grown in ‘yeast extract mannitol medium.




‘DISCUSSTON' S

The intent: of the present study vas. to-examine How'
both the partners control speufmty as mediated by .legume" :
seed lectins in soybeah-R-’ ;agomqum lntatacticn.

_Mthough specificity operates at rhlzosphere,’ i
bial and legune oot hair ‘surface interphase, Rhizobium

induced ‘oot haxr curling, i.nvagination of . the: x zoot! haix:
cell wall and infection thread “fomation, the present ais:

cussion will be strictly.confined to lectin mediated speci-’

‘fic interaction. Hamblin and Kent (1973) suggested that

phy utining. £ron Phaseolus yulgerls inight’ be

Envetiealti Eaespealriotey. Thep shous the: prBenss OF

tion of human eiythrocytes 'A' and the. homclogous rhuobiaA

The secteucn ‘of lectin on the root haxrs was den\onstzated

by the attachment ‘of ery(:hrouytes in few Localued regions -

‘of the root hair. Whenthe nodulafed roots below the

rodule region were tested for lectin activity, it gave strong

results.  These results led them’'to'suggest that lectins.were
capable of binding bacteria to the r;‘o\:s of . vulgaris L.*
at sites.suitable for the infection of the plant by the
bacteria (root hairs). This was followed by Bohlool-and
Schmidt's '(1974) extensive work: on soybean lectin 1abe1e§1-"

with fluorescein isothiocyanate binding to 22 of 25

. high lectin activity in the cotyledons By neans of agglutina- .
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s I s .
| strains of Rhizobium japonidum which are .capable of nodulat-.’

mg soybea’h.' The lectin. did no bind to ahy.other. Rhizobium '~ ..

sPE&nes which do“not nodulate soybeans. On the basis of 8 N 4
2 4 the:ur stndy, thay snggesr_ed that legulne seed lectxns _speci- it

fzcally interac:s with x;he Rhizobium cell surface and may

acco\mt for the specxfimty expressed beween zmzoma and . - i

- host plant in ‘the initiation of, the nitrogen fixing.

symbiosxs 2 L

Ty ke TR " several subseqient ‘studies Lde.ptifled sther legumes -

i d iwhich had lectins that bdund speclfically to the homologous

ha.zob).um Spp. (‘Dazzo and Hubbell, 1975, Solhelm, 1975; WOI-‘

pett and Albersheun, 19765, Kambérger, 19792, 1979b).. These
‘studies indicated that recognit).on may involvé. the binding of
lectins to spec1f1c carbnhydrates cn the Eell sirface of

Rhiz%b:mm

Appropna(:ely, ﬁhe work of Bowleés and Kauss (1975)

showed that legumes have \multlple Q‘,echns w:th different

carbohydrate speclfxclues 2 Rhuomum-—cluvexg sy;nb;osxs v

! 4 'the infective bacteria selectively'adhere o the root haifs:

within hours' after inoculation.: Electxon mu:roscoplc examina~

(:ion of the 1nitial "docking" stages of attachment shows a

" common’ féatuza. the adherent £hizobial ‘cell i surrounded

-.»by a m:nuaz capsu].e in contact, with electron-dense
. globular’ aqgregaces normally having a high affinity for the
‘outer pe_rlgl':ery of the cell wall of the legume root’ hair

(bazzo and ‘Hubbell, 1975a; Bal et al), 1978). Timunochemi-




b

Lo flcally elutas tx‘ifal).:l.n from intact’ clovsr root.or from

suggest thit this selective adhekence may be ‘inikiated by
‘a spesific cmss-budgmg of antigenlcally reldted sac-
charide determinants on the surface of both the hactertum

“add the, cell wall of the'clover xoot hair by a muuxvalenc,.f

plant host—caded 1ect1n called "l‘rlfoliln VDazzo et El.,
hY

3
1978). ‘The receptor sites onclover rogts wmch seleécs

tively bind both R. trifolii and its capsular polysac-

charide %ccumulate at the growing t1ps of réot Hairs’ anﬂ
\ dl.mlnxsh towaxds Athe base of- the root halrs’ thus match:\.nq .

_the cell surface .aistribunon of trifoliin on roots. (pazzo i

" and Bnll, 1977; Dazzo. e\t al., 1975, Dazzo and Brlll. 1979b);

Several expenments have' shown ‘that tnfotun -and
the antxbpdy o olover root am—.xgen bmd to the same or

suula: averlapplng detezmnants on'R. trifolii and their

is Y for the. of the hactena to.

‘ :
the root hairs, The Sugar 2 ﬂeoxyglucose spﬂclflcally

mhibits both ‘ine Sgglutination of

trifolii by oither

trl.follln or the anti-clover mat ant).body (Dazzc and Hubbell,

1975b, Dazzo and 81‘111, 1977)« :Also, thls §ugax speci.

trifolz.i if precoated with trifoliin (Dazzo and Brill,

"1977) . - Monovalent: antxgen-bn\dlng (Fab)* fragmem:s of o

N imn'ugiogxobul‘m & antibiody against the clover oot .ahtigeiis

block the agqlutina;iion of R. trifolii iay purified trifoli

and these mondvalent Fab fragnénts also block heé binding

-of, R. ttifylll to Clovat roct hairs (Dazzo and’ Brill , 1979)




body are co—transfor!ned into Azotobacter v].nelﬂnd:.l. w:.th -
frequency ‘of 1008, and.only:the hybrid transformants which
Ga¥ry this surface determinant bind in’high nunbers to”

clover root ha).z t).ps (S:Lshcp’& al., .1977; Dazzo and Brxll,

1979) . Because these hybrids selectively aghere. to lover
root halrs but" do ‘not’ infect them, it is clear tjnat selv:ctxve_

 ihaedhos ik et ih bmdmg to‘cell surface receptors, is

cmly one of the requirements -needed- to tugqer root haxr

' infection. The seleactive ability of R. trifolii to ad.here to.

‘clover robt hairs is mﬂuenced by conditions that- affect the .

accumulation of trifoliin on the host root Sulface,and the

.sa'ccharide receptor on the badcetium (Dazzo and Brill, 1978)

The foregoing studies with m-‘zob' m-clover symb).os).s

strong;y md:.cated the possxb;hty sf lectm mediation ‘in:

the specificity and recognition between Rii zobiiny” ahd 1eguria
ihteraction.

Culture “Conditions and Growth Pattern i

The; generation time of R. japonicum Nitragin 61A76

grown in yeast ‘extract mannitol -medium varies:depending on

| the 'size of the inoculun. Rhizobiun is a soil bacterium and

it is quite reasonable to expect therm to thrive very well in

a s0il based environment: - There is.experimental evidence

* /that more number of Rhizobium occpr.in rhizosphere E

3




alagian of the 1ifé eyc].e of
Rs. ;Egoninum 61A76 in.yeast extract mannitol
medium brof culture. . The top.sketch shows ' . ‘.
‘the interconversion of ‘rod and cogcoid forms.'
_ The bottom sketch reveals the fa tion:of "
'stars'. -The rod forms divide to give rise. “ :
to coccoid forms accompanied by the synthesis’ R
-of extracellular capsule and the cocci divide 7 - kL
within the capsule resulting in the formation® 5
of a cluster of coccoid forms. ‘These further ., -
elpngate to form stars leaving hchmd 2 cumpn
centrnlvnpcuhz material. - . !







“and rhxzoplane envxronments (part and Mexcer, 1964, Rovira,

1965, 1969 Bowen and Rovn.‘a, 1976 Bhuvaneswan and Bauer,
1978; Reyes and Schm].dt, 1979 Schmxdt, 1979) . It .seems that
rhizosphere environment provides “cortain rhizobial specifié

growth factors (Rcyl.xa, 1969) . “Hence; -the soil extract was

" chosen to_ onitor the growth pattern of Rhizébiun japonicum.

The bacterial ‘growth is :etarded as 1ndlcated by a méan, °
generatlon time of 15 hrs. 3 erce the soybean ! "
lectin binds ‘to. R. japonicum in broth culture (Bhuvaneswari
et al., 1977) the growth pattern of R. japonicum 61A76 was
studied in - both yeast extract mannitol and soil extract medium

with ‘saturating concentrations of- (350 ug/ml) lectin added.

L ‘The geéneration time increased from 6.5 hr to 20 hrs

’in' yeast extract mannitol medium with lectin. - There was an

increase in number of coccoid forms of cells (70-80%):as

-opposed to that found in the control medium’(30-40%). .This

is a clear indication that elongation of .the coccoid forms to

rod forms is inhibited. Under'similar growth conditions,~
without the soybean lectin, the coccoid forms. would have ' -
converted themselves into a majority of rcd forms. It
appears. that coccoid and rod forms are two different phases |
of growth, as.revealed by the interconversion studies of both
zod and coccoid forms. ! )

From the interconversion studies of coccoid and
rod forms in'liquid culture and on agar plates,

it was possible to build a schematic diagram of the life

- cycle of R. japonicum cells (Fig. 34)." A singlé coccoid

~cell undergoes elongation to form a rod which undergoes
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furthe‘y cell division to form.cocci. Electron microscopic

5 \ b . A : i
observations of the R. japonicum broth cultures have shown that:

a singlé’capsulated coccoid ‘form undergoes repeated cell
divisions te give rise to a group of coccoid forms held
togéther in a capsular matrix.. Bach one of them elongate
¥ Fowi Vetats" with s celitzal capsular material (Fig. ‘34) .
These elongated zods separate and divide, to give rise to,
cocei. Such a pattern of life cycle seems’ to Be reandniile
A smular 11fe cycle was also conceived by. Bewley and
*Hiechinson (1929) and Hubbell (1962)

The increased number of coccoid “forms in'broth
s wheita sybeas Yadlin Wy aaded, 16 indicative of:
-the ‘inhibitory effect Of soybean lectin on elongation and:
fornation of rods: . ¥ ]
. Similar retardation in growth of R. japonicum in <
s6il e);tract medium with soybean lectin wasiobsezved as
indicated by lengthening of the generation time to 20 hrs:

from 15 hrs. ' These résults have important consequences from

the point of view of 'infection' process: 'Apparently; cap-

sulated coccoid cells are the “infective forms". It would
e wagasts, Susithe thet the chahtasvofintedtisn would” <
increase in s6il extract medium, which induces more cap-
sulated c3lls to be formed. Usually, in natural soil,

. extracellular polysdccharide. is subject ‘to microbial -
. P 24 2%

degradation but in rhizosphere §0il where Fe?*, ca?* and. %

Mg®* are present, cationic complexes of polysaccharides

are formed, which are hot biodegradable (Lasik and

DERABEPH I3 3 S-SV

i
|
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- . !

: ’ .
‘Gordiyenko, 1977) .. Therefore, 'such capsilated’ bacteria

. éan thrive well. It appears that, at.least in laboYatory

125

X

-culture, soybean:lectin fhcilitates formation of capsulated

coccoid forms as revealed by the increased percentage.of

coccoid forms in soil extract grown R. japonicum.
I-Soybean Lectin Bmdmg Kinetics

Quantitative 1251_5°ybean lectin binding studies

.‘carried out on R. Jagonxcum 61A76 revealed that although

'a phenomenon is'exemplified in concanvalin A binding to

the saturation point Lies between 350-400 lig/ml of soybean
lectin per 100 ¥g dry weight of cells, at higher lectin:

ccncentrations‘ there is a drop in lectin binqing. The drop
beyond the' saturation’point is possibly due to scarcity of

free lectin receptors. on the ¢ell surface (Bell, 1978). :Such

Terythrocytes ‘(Linnemans et al., 1976) and hepatopa: cells

(Kaneko et.dl., 1975). Oné explanation that can be offered,
£0% 'the observed drop in léctin binding at higher concentra-
tions is that the shearing forces created by surface molecular
interactions would break up cell su.rf‘ace bonds and break

down the call surface recéptors (Bell, 1978) It could,

however, be due to negative éooperativity of Tectin binding

at high concen ions ( % ilet al., 1977).

‘Quantification of soybean lectin binding kinetics

showed an affinity constant of 4'x 107 witich s dn'

 mrlement Wit an esrlivt ruperh (BhuvanGEVAEY Bt A1, 1977) .~

Rods and coccoid forms showed slight differences.
'

¢
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tthe amount of soybean lectin'bound to R. japonicum
cells grown in soil exnfag,t/ medium registexgq an_ increase’
over that of bacteria' grown in yeast extract mannivtol
featii, “Wils: 185 Svidehse Tor the appearance of :

increased leétin binding. receptors in bacteria, cultivated

in soil extract medium which is close to dts natural :

III.

environment. ‘This led to the conclusion that.a lectin
mediated interaction between R. japonicum and soybean is.
| i

better expressed in a soil based medium.’

‘Hetérogeneity in'R. japonicum’ Broth’ Culture

Repeated observations of stationary phase broth

culturé cells under light and electron-microscopy revealed

the presence of two morphologically distinct ¢ells. Such

an oceurrence of different types of cells in pure cultures '
of bacteria are quite. common (Wilson and Ashley Miles, 1966;
B:xnkenhnff 1970; Clasener, 1972; I\Lbexshexm and Anderson
Prouty,‘ 1975). But their Mitrabeructubal and functional.
characterization Has been investigated only recently (Murray

et al., 1965; Costerton et al., 1974; Cheng and Costerton,

1975; Irvin et al., 1975). It is only recently that such

an attempt has been made in the bacteroid populatigns of

soybean xoot nodules where four different f\mctional and

developmental types have been found (Ching et al., 1977) .
“In’ free lJ.vmg cells of R. jagm.cum two forms were found,:

. coccoid and rod forms. -The coccoid forms varied ifi’ shape
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from rounded to oval to small rods ranging in size £rom . i

0.5 -.2.5 im in'yeast. extract mannitol medium and 1.5 -.3.0: wy

. um in-soil exfract medium. -The rod forms ranged in size
f£rom 3.5~ 5 um in yeast extract metiw;\' and 4'-'5.6 umin
soil extract medium.. Both the types of cells were dis- .

_tinguishable :under both light and electron microscopes.

Rod ‘forms were often seen to agdtegate to form stars.
Heterogensity within the 'star'is also evident in the
"whole mount prepax‘a\:xon which ‘has nct been chemcally Eixed
or stalned. Out of fxve rod cells in the 'star' two Of
them are undergoan cell d].Vl.BlOn which is.evident from the
constr).ctlons. Only. one of the rods had a sub-polar

N * flagell\m\ and all the fx.ve rod cells varied in size. It

appears that for a 'star! to exhibit motility, it is suf:
ficient if only one, of them has aflagellum which can propel

the entire constellation." :
0 B - ¥ i

S Iv. Fractlunatlon of Coccoid and Rod Forms

/. Bn attempt to fractionate these two types of cells

. ‘with éhe help.of -sucrose density gradient ce_ntnfugatmn
resulted in thrée,overlapping fractions biit the separations- :
were not very clear. Therefore, differential centrifugation

(12,000:x ¢ and 115,000 x g) was employed to : L ;

_.separate ‘the two fractions. However, & slight contamina- E !

tioh of .rods and cocci in both the fractions were found.
h : %

This fact has Deen borne in mind while discussing the

“ functional characterization of these two fractionsy .Such

|
b
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a heterdgeneity is also characteristic of R.'meliloti
meliloti

R trifolii and R.. leguminosarum and they could be .separated

‘ by differential centrifugation. THe hetercgenexty was, also

“evident in L2 japonicum’grown in,sou éxtract medium.”

V-‘ MCEllZathn of Scxbean Lectin Blndxng Sites -

Soybean lectin binding studies were carried out’
using electron microscopy. "Perritin Sonjugated soybean
léctin was used to localize ex'(;_racellu.la‘r capsule as the
“primary binding site for lectin. 'In nhizabium'scudies the
term capsule has been used to mean’ the loose extracellular

) polysacchande (Dudman, 1968) . " Results of this study show
‘ that a clear distinction can be made betwee'n the loose and
diffusing extragellular polysaccharide and a _t{ghuy bound )
massive capsular material. ‘However, the labeled lectin bind~
ing studies strongly indicate that the materials are .similar
in nature from the point of view of lectin binding.
The capsular material is known £o be a mucopolysac-
cazride (Dudman, 1964, 1968, 1972; Amarger et al., 1966;
Zevenhuizen, 1971; Chaudhari ¢t al.; 1973; Hepper, 1975;
‘Bjorndal et al., 1977; Dazzo and Brill, 1977). The, absence
of ruthenitm red staining (Luft, 1968) suggests that the '
capsular polysaccharide is not acidic ‘i nature. The speci-
ficity of soybein Lactin 1ies in 45¢ presence of galactoss

. and N-acetylgalactosamine residues of - the. capsular poly-
i P

‘. saccharide.
»

P . i The thin layet and paper’ chromatography of extra-

.cglula: polysaccharide from R japonicum 61A76 grown in

SRR R S S N
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both ‘yeast extract and soil -extract mediu.m daia nat show any
comparable acidic group when run with qlucuronu: acia as
standard. However, there is a report of the presence of
d.a—methyl—ll—qlul:t.lxcnic acid from R. japonicum strains 71A;
€C708 and CBLI9S (Dudman, 1978). In this study further
chemical characterization of uronic acid was not carried
out. The lular poly ; i of different strains

of ‘Rhizobium japonicum and other slow growing rhizobia have

shown extreme diversityyin their composition .(Dudman, 1976; :
Kennedy and Bailey,1976; Kemmedy, 1976; Jansson et al., i p
1977).° Also, the degree 6f capsulation in various straiiis
varies with the nature of the medium as well as conditions
(Dudman, 1968). ;

It is noteworthy that in aldehyde fixed cells the -
ferritin conjugated soybean‘binds to the capsular material.

The capsule, however, does not show direct contact with: the

i
,3

cell surface in sections. .The tenacity of lectin binding S

sites seems to become stronger because of cross-linkage by
aldehyqé fixation and can withstand extraction during ’
processing for electron microscopy. In unfixed bacteria,
although the primary lectin binding site remained ;xnaltered,

the capsule showed apparent fibrous nature. The gap between
the capsule and bacteria séems to be an artifact of fixation. il

These were again using colloi-

dal gold labeled soybean lectin. The labeling of gold -

with soybean lectir was done by high speed centrifugation.

"Colloidal gold is electron dense and therefore. easily
@ ) p : : 4
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& .
|recognizable under the electron microscope. Particles of

gold carzy a net negative charge in vater and their

SEaBLILEy 1 nalitained by eléctrostatic repulsxon. The
addition of strn‘ng electrolytes -causes flocculation (Weiser,
1933). This can be prevented by adding a 'protective’ protein
colloid like soybean lectin. The proteins are adsorbed onto
gold particles and aré stabilizéd against subsequent floccula-
tion by electrolytes (Horrisberger and Rosset, 1977). ‘A
detailed description of these methods concerning the 5 .
versatility of gold method has beén published by Horrisberger
and Rosset (1977) ana Horzisberger (1979).

In the gold method, the bacterial cells.were treated
'

.with gold.labeled léctin in suspension and were directly

mounted on’carbon staBilized formvar coated quds. The

bacterial cells were neld’xer chemically fixed nor sta‘ined

' thereby minimizing the formation of artifacts. The gold=,

lectin treated bacterial cells were also sectioned for trans-
mission electron microscopy. It was evident.that primary
lectin binding sites were located in'the extracellulax
capsule in both whole mounts and ultrathin sections. In.
certain non-capsulated bacteria, the gold lectin was
intimately bound to the exposed cell wall. 'In most of these

cells lectin binding is localized and.clustered near a sub-

-.polar region of the bacteria. This binding has been - - . }

. designated as the ‘secondary binding site.

In soybean lectin binding studies with ferritin-

labeled lectin, the ultrathin sections djid not reveal any

. . . : i




132
lectin binding to the cell wall. This may have been due to

the solubilization of lipopolysaccharide of the outer cell

wall during the alcohol dehydration précess of the b?cteri:al

preparatxon for electron microscopy:
T’heze is biochemical ev;dence fcr the presence. of
dual lectin binding sites (Bhagawat and Thomas, 1980) for
! peanut agglutinin; bxnd:.ng was repon:ed to Both EPS and' LPS.

The electron-microscopi study lends Sighological evjdence

to the fact that soybean lectin-also binds to both EPS and

LPS. Therefore, ‘there are two Soybean lectin binding sites

on’R. japonicum cell surface; Jthe primary lectin binding

!

site in thé cell wall npopolysacchande.

site in the lar. pol: ide and y binding
Mostly all the lectin binding cells had capsules.
The“capsu).ated cells weré usually. embedded in a ‘common

capsula: matrix, presumably because the cells haye divided -

thin the Capsular sheath. Cherlu.cally unf:l.xed and unstained

2rations. of lectin treated cells showed. that the capsular

polysaccharide forms a compact sheath’ inmediately  sucrounding
the cells and are-in turn surrounded by a Toose ‘material of -

. polysaccharide. Both the compact sheath and loose material
shiow seybniy Jeotin Bidding Sultdiring vhat Both the mterials
may. be ‘similar in nature as far as their lectin binding
property, is. concerned ana that the capeule’ is 1h o dynamic

steady state of secretion and diffnsxonv

3




ttachment Stud:

The, foot.hair attachment studies of bacteria sup- :

ports the above electron microscopic observations. that soy-
.bean ‘lectin binds to. thé extracellular capsule and. the .-
" ; .'v'out‘e‘r cm wall of the bacteria. Only the capsular bac-. ° . i
w & teria were found attached to the root hair surface after
a t:hnr_ough waslungt The number .of bacteria’ attached tu
-'root hairs was less than 5% of the 1,798 root hairs

examined. This shows that R. japonicum 6176 is a low

N _ .lectin bmdmg strain (Schxudt, E.L. Personal Comunxcatlon). . i

Y Less than 18 of the population posséssed capsules. It took
© irepeated scanning'of'a number of sections to locate a cap-
E i § sulated cell. : o ; £

Attachment of capsulated bacteria to root hairs has -

heen 1nterpreted as theé basis for speclfxclty (Pazzo et ‘al.;
7

d976 Dazzo and Br111 1977; Bal etal., 1979, Dazzo and g

Br.\.ll, £1979) . Usually the cccc01d forms held together in a
common capsular matrix, seemed to attach firmly tp the root
" hair surface.(Bal et al., 1978).

SN /it has been shown by Costerton et al. (1974, 1979)

that in bovine.rumen bacteria and- bacterla f).rmly adherlnq

to substrates under water in flzymg streams or bacteria

_cultured on glass slides have an extracellular gummy poly— :

saccharide by which these (bacteria adhere or stick to the’
5 - . surface of sibstrates. That extracellular polysaccharide ' .

has. béen termed "glycocalyx .. Bacterial pathogens bftén




171975). :

" attachment, which cax§ be observed by using!the light

invasion of the rootshairs are coccoid swarmers. 'l'herefare,

have capsulated forms that- are Virulent and cause . . %
pathogenicity (Wilson and Ashley. Miles, 1966; Clasener,
1972; .Schuster and Coyne,. 1974 Lippincot and :Lippincot; .

The ‘rod forms of Rhizobium show polar. attachment i

possibly due to the polar capsule.. It mppears. that. polar
; : :

mieroscope, does not withstand the preparations for trans-.

mission electron mi - Polar m is

mechanically wesk because the attachment is only by &
polar tip. The polar attachnent of rhizobia to root hairs
Seens.to be a common phenomer:on, but it is doubtful whether , = .. L J

l:lus reaction is typical for every infective bacteria

{Chen-and Phillips, 1976).

Although Chen and Phillips (1976) have repudiated
attachment as tiie basis of specifitity, Dazzo et'al. (1976)

have demonstrated a 3. - 10 . fold selective adsorption to,

clover xoot ‘hairs of infective bacteria over the non-

infective rh).znhza. ’ L A u

Dart -and Hax:cer (1961), and Hu.bbell (1962) have

suggested “that the znfectxve cells wh:.ch are 1nvolved in

£ron the root hair attachment studies’ it seams m:exy that




hypothe ualizi ﬂm attach-
ment of upsulauﬂ R. _j mic EIA7S cell
the ro6t hair suxma as mediated by
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the capsulated coccoid forms' £irmly attach to the root hair.

‘Surfage and are thé infective bacteria. '+
g w ' 5 e

Involvemént of ldctin in the binding process implies

either that thé!lroot hair' sirface secretes’ lectlns or. that

there are Speclf1c~ sites in the root hair that have bound -

lectins:  Recent reports. of lectins as integral parts of

the cell wall (Dazzo, 1977) 19nds support to the latter hywth&xs.

Evidénge’ also ‘comes fz¢m the reports of lectin ok dectin-

like g:tx(uty from soyﬂean roots (Pueppke et al., 1978;
Pueppke, 1979} Kato et al.,.1979; Bowles et al., 1979)..
Lectins have beer shown to be stradtural componente’ of “the
cell membrane system (Monsigny et al., 1979). Secretion of

soybean lectin by root hairs has not yet peen aemonstrated,'}/ﬂw—,

“ever glycoproteins responsible for Rhizobium chemotaxis in -

blrdsfoot trefoil are known (Currier and Strobel, 1974) ik

~Soybean lectin has.two reactlve sites (Sharnn, 1972), there-—

fore it is possible that it may bind to.the Yoot hair sui-
face' on ‘6ne side and td the bacteria on.the other. Such'a .
lectin mediated bacterial attachment to. the root naif sur- A}
face can be envisaged as'shown in the schematic diagram
(Fig. 35). ;

L R systens; lectin receptor sites Have Bey
enonstrated Both on surface ‘and.intracellularly for Con A’

and the processes of endocytosis or internalization of

/., microbes have been demonstrated (Guillouzo et al.; 1979).

Pinocytosis and phagocytosis have ‘been shown to be lectin

mediated I‘S;lverstem et al.; 1977 van 0ss, 197&: Monsigny




. Nodulation .Studi

& derive'd from the’ rods due to their cell dlvm:mn could cause

3 .. 5o ‘133

4 ot ;
‘gt“fl , 1979; Ryter and.Helio, 19791 Lectin' mediated cell
contacts: in liver cells; ‘epythrocytes and lymphocytes have
been shown to have' lectins bemeen?t/h::r contact points.

as_ the symbiotic' assosiation OF ‘Rhizobius ahd the

“Legune only results in'a nitrogen fixing beneficial ' :
partnership, 1t is prcposed that the prccess by which

Rhizobium enters into Jegune:xoot nodule syn\bmsls Bl iy

tamed "internalization®: Usually. the term *infection’

is used in the context of pathogenicity or disease result-
ing from the invasion of microbes in both plants and animals.-
Therefore, the -term” 'internalization' of RhiZohium seems -
justified as the bacterialenter by ‘a process of invagination

of the root hair. p -

: .Nodulation. studies’ showed that both coccoid and rod
forms were capable'of causing internalization and nodulation

in soybéans.. The variance which is greater than the mean

indicates multiple infection of the same plant rather than.
: i .
randomly distributed internalization. The nodulation by rod

forms could be explained o the basis that the differentially

fractionated rods and cocci are.not pure and moreover the

rods can divide and give'rise to cocci whilé .establishing

themsglves in the rhizosphere of Soybean. Such coced

¥
nodule gomation in soybean.

|
S




" VI ‘Increasing of Moré ectin Binding Receptors in R. .japonicum
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‘A comparative study of lectin binding properties of
R. Japonzcum in two difrerent laboratory culture media *
xeveals that there is more lect:.n b1nd1ng when Lhe bacteria

ax‘e grows in soil extract nediun. - This cbservanon is'

).mpoxtant because f loctin medidted pecific interaction -

‘and host recognition in soybean oot nodile symbiosis.

specificity and recognition are intér-related and both'are
achieved in a multistep process. .The first sc‘.ep is the.
establishment of Rhizobium ip its host rhizosphere and:
multiplicption therein (Fahraeus ‘and Ljunggren, 1968; i i
Rovira and, Davey, 1974). It is well known that such a !
phenonenon indeed takes place* (Reyes and Schmidt, 1979). HE
& Rhizosphere conditions provide a better envix’nqment for the - °
expression of specificity and host zec&gnicien phenomenon
(Hubbell, 1962; Dart and Mercer, 1964; Rovira, 1965, 1969;

Bowan and Rovira, 1976; Schmidt,  1979) . 'Rhizosphere/

oplane conditions have been showa to increase the soy-

bean lectin binding to R. japonicum (Bhuvaneswari and Bauer,

i
|
|
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1978).  The increased soybean lectin binéing in soil extract
medium supports the conclusions of cthe’ above reports:
Detactable qnoints of soybesn lectin specific hapten . L

(galactose) found in both extracellular polysaccharide and

1ipopolysaccharide fractions of R. japonicum grown in soil

extract medium indicates that soil extract medium increases ¢ -

the formation of soybean lectin specific binding receptor
1
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sites in this mon-mucoid strain. ‘In the yeast extract man-

nitol groun bacteria detectable amount$ of galacmse were
not' found, poss1bly because of the presence of a few capsu-
lated cells. m earlier. studies; less 'than 1% '6f me
'pop\xlat:.ion of R.jaj Enu:uln broth culture cells were found
o bind soybean lectin as. visualized by ferritin labeled
e soybean lectin at 'the electron microscope level (Bal et.al.,

.1978) . R« jagcnicum when grown in soil ‘extract medium

i
i
£

produced a highek, percentage 6f coccoid forms; these forms

- ; ; o T e iy
have @n increased number of total lectin binding receptors.

125

) From the\\arbohydmte analysis and ’I-soybean lectin o

binding studies, it was possible to conclude that ‘the soil

extract mediur was capable of inducing more lectin binding

xreceptors in R. japonicum.
The R. japonicum in broth .culture has two forms of ~. . . -
“ecells, z'u‘as 'and coccoids.” 'The capsulated coccoid forms are

the "internalizing” cells. Soybean lectin has ‘two binding

sites on the cell surface Of bacteria; the primary lectin
binding site is lobalized' in the capsular polysaccharide
which comes in contact with' lectin, before it can reach the
" secondary lectin binding site in the M pobalysacsharing

in the cell wall. TIt-is further hypothesized, that capsular ¥

are ible for of the. bacteria’ to

the root hair surfacé ‘and specificity and host recognition

< o
: are mediated by the receptors on the cell wall lipopoly-

saccharide. It appears that lectin mediated specificity

and host. recognition are better expressed in cells grown
i

AN
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in: the soll extxact ‘mediun.
‘Since the baccena ‘and the ‘plants 1nternct to

contxol specificity at a minimun "of four dlfferent levels

during the internalization process Viz.) rhxzosphere,

1
rhizobial attachment to the root hal.rsp response of root :

hair (cuzhng) to bacterial internalization and "infection-
thread" formatmn, there is no need. for absolute speci-
ficity at any ‘given point throughcut the members of the
fanily legumiriosae. Although the ledtin hypothesis is

an ar.tra'c:ive concept it would be difficult, to generalxie

its role throughout the nod\llating legumes. Perhaps, it/
would be wiser to restrict the application of the lectin
cheoxy toa specxfxc legume—Rh:.sz:.um symbiosis as every
symhmuc system ‘has not been thozoughly studxed.




SUMMARY AND CONCLUSIONS
: i i '
There is a high degree of specificity in legume-

‘Rhizobium interaction which leads to-the internalization of

legumes by Rhizobium and eventnal formition of a symbiotic ’

root-nodule. Legume seed glycoproteins known as "lectins®

i
or "phytoaemagglutinins” have been implicated in the host 3

recognition phenomenon. Lectins are storage proteins which
have the unique property of binding specifically to certain
sugar haptens present on. the-cell surfaces. . Little is

known about the role of lectins in plants, - hovever they are

generally believed to be mobilized into the ioot system
during seed germination afd the establishment of the seedlings.’
The present invest\gation has been carried out to
elucidate the rolée of soybehn lectin and the cell surface
interaction between soybean and Rhizobium japonicus during
the-internalization process. - Studies have been made on' the

rhizobial cell population to characterize the internalizing

There is heterogeneity of cells in broth culture
éells of R. jaEnicum 61A76. Small coccoid forms and large
rod forms could be distinguished by both light and electron
microscopy. The coccoid forms were observed/to be either 4
single and isolated or were found associated in chains. i

They were either capsulated or non-capsulated and it was not

|
1
cells and to localize lectin binding sites. #
I
1
i

uncommon to see a group of coccoid cells held ‘together in a

common capsular matrix..  On the other hand, rod forms were




free and non-capsulated or were in aggregates forming
‘stars’. The rods had'pilar tapsules. Tt was possible to
separate these two morphologically distinct fractions in the
broth culture of R. japonicum by differential. centrifugation.
" 50 WAl G CRBLA" S AT ORE Wik L ey
separately in a fresh nutrient medium, developed intd'a
hetexogenous population. I propose that rod forms ardse
by‘ the growth and elongation of coccoid forms; the rod forms
then divided to produce coccq’iﬂ—shaped cells. ' The two forms
of R. japonicum are no more than two different phases in the
life-cycle. Extensive election microscopic observations
indicated thit: capsulated coccoid forms undergo repeated
cell divisions, which resulted in the. formation of several
coccoid.cells held together in a capsular matrix. Elonga=
tion of such coccoid cells £rom within the matrix resulted
in the 'gtar' formation. It was observed in éxperimgncax
studies that both coccoid and rod forms showed attachment
%o ‘the soybean root hair. The rod ‘forms showed distinct
polar attachpent possibly due to the polar capsule. In
the ultrastructural study of the attachment process the
coccoid forms were clearly seen attached to the- root hair
whereas rod forms were not seen, which indicated that ',:}.e
rods Were unable to withstand the'rigours of preparative
procedures for electron microscopy. This suggested that

polar attachment was weak and rod forms might not be

: involved in the' internalization process. The firmly. attached

i
i
i




% ‘141
capsulated cocco:.ﬂ forms appeared to be .the internalizing cells.
Radiofodinated soybean lectin binds to both :
“forms of cells and the affinity constant was not signifi-
- ~cantly different in the two forms. Wher the bacteria are
'-cu;tiva?.ed in-both.yeast exbrac‘t manmnitol and soil extract

media, there was a significant ddifference in the lectin

o P e it it bind

bmqu kinetics vith'the soil extract medium grown bacte:ia
shawing incireased. lectin binding.

Using ferritin conjugated and colloidal-gold

labeled soybean lectin, it was-possible to localize ‘the

Jprim/ary’ ndi‘r;q'sites of lectin in the capsule of the bac—
teria. In'the capsulated coccoid, foris the ferritin and
gold labeling was seen distinctly all round the cells .
whereas. in the rod forms, the labeling was strictly ‘confined
to the polar capsule. In addition, ‘gold: labeled soybean
lectin was also seen bound to the outer cell wall G the
bacteria indicating a secondary binding site.

The gas chromatographic analysis, of extracellular
and lipopolysaccharides of R. japonicum 61A76 gxown in ydast
xtract-nannitol medium and soil extract medium, were carried

out . Y. The  polysa: ides from the yeast-

éxtract mannitol medium grown bacteria did yot reveal any
detectable amount of soybean lectin specific Sugar (galactose
or N-acetylgalactosamine) whereas the bacteria grown in soil

extract medium showed the presence of galactose in both

lular and lipopol ides. Concomitantly, the

bacteria grown in soil extract medium showed more lectin i

B <
|




“binding as revealed by

4 : . . o T ias
1251 _Soybean lectin binding s tudies
- More lectin binding receptor sites (galacms;) are
increased in’ the LES and EPS of R. japonicum, when' g’xowh in
soil extract medium.

In concluion, ‘(1) there are two distinot forms of
cells, i.e., rods and cocci in the R. japonicum broth .
culture; (2) there are two soybean lectin binding sites in
R. jagnicum, (a) primary binding sites localized in the
capsule, (b) secondary binding sites localized in the cell
wall lipopolysaccharide;. and. (3) more lectin binding receptor

sites are increased in bacteria grown in'soil extract medium.
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