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ABSTRACT..

attachment;'

.' ',', ", '

hairsudace:,,~ith th~ rod ~o:ms Sh~in9 ·dist.inct po~air'

I ',.' ~ •

_: ,.~~. initial CC:l .6U;faCe·,~n,tcra~t.l~n'b_~tweeg~'es.:

and ~h1i~bi,. aUring , ~:n~.~ctiO~! is,.,,~c.~ieVc.~ ,to, .be medl.at~~', by .

legUllle seed lectins. The sp.eci~icity and: host-r~coqn.itl,o?

a:r;e thc"two important prerequisites. for 'the successful
. '. '. , ",'" ') <>.

infection' Of~ leg~meS b:, rhi,:~~~,a.~ _'~he 'pres,~n~ ~tu,d1'"'de'~;is

with ,t~~ ¥volveJllen~ of. ,"?YbeA~,lec::t'~~ in the, ·~terl!-~tion

betw,een Q~Ybe~:aitd Rhizobi&n ja??nicUm> I

Differ~nt~a~ ,centr:ifu9~,iOn l"a~ 'us~d":~ fracti"onate

. the' rod .and '~occo,id. f,orms. :W~ic~,were' ,then furth~,r

", ",' .
usin.g J?iOC:he~~C:al'and c:y"tologi'cal t~Chn~qU~~" so~-

b(;\'a;, le.ctin bindingr pr?~erti~~s O,f a no'n~JlIuco;'d' ,~_tra1n 0-£

~ japonicu"iifuilder t:w~ ,~ditferent illbor~tor~>,culture c:.ondi-

Hons,.we,r,e ~tu~ied.; Th_~ ,',p~~~rY:,~eCt1h'b'~.~d~n9 ,8~te8 :.w~r~ "

'lC?clllhed ,in :thec:~psular ~~tr.acel~.ular polys'accharide .(EPS) ..I
:of 'the ba'ct~~i~, usi~g.lferritin and:.C~lloidal'90,l~ ;labe~e~. : .'\

so.ybe·an . lectin 'at th'e ultr~struc-bu'r~l,level. ,It .~as also

po~~ible ,to shbw ,the" se"c~ndarY SO~bea~ .l~cti.n birld..ir:g:.si tes. . ..

to :'be the out7r' cell.wal~ of ~he, '~ac~ex:ia.l .cel~s '.;, Furt.her,

thq ,lect,in Bp~cifi'c 'ce,l1s· '1"~re chara~~erize!3:.a.s,c:~cco:i.d

'for~ embe'dded in a,'capsular ~t'rb:,.ilIid. reid,,' forms havi~9 II"

~lllr ~apsu~'~; . In' e~per~me~.tal .6~ud~e~'~otJ:l capSU:l:at~
~·occoi~ And ·r~d,for;,swe~e foun~',to"ati:.,~ch to the"~odt



~I··,
l,.-:':

• ' , i

. ":.,.," . .
characl(e'"rIzed. 'BOth the.' .f~J::TIIS· were dearly distinguishable, . . ." .. .
~:t·"the:> light and 'electron mic;roa"t::,ope ·ievels; .' 'The '. i=ods. were:.

often falird -aggr~.g.ated .bf their yol~r,ends, to iOfID' '~tArs" .

:-'l'h~ 6~coi~ fOI;.ms,were 'found'''~6 be either c:apsul~ted or

" nc;:m-c'aprilulated'. : Th~ coccoid ",nd· rod celis when"allowed to

I gro~ .sel?arat~lY in fr~sh't:luhient medium we"re shown t~ -under-

I

the. type, .0, cell. wore 't""',d. The .cdulation cap.dty I

0.' th."· ~'c tYP~""inet ·'CYbee. we,. c~rried o~t.. "I,
.~ .' - . .

G '-chro~to?raphic analys~s of .E~~ and LPS 'f~ac- '.

~i~n8 of .th'a ,bacteria gr~ in yeast e~tract_: ~hnitOl

i
;":

.,

(
I

!

..

.' . - '., .
"medium: id,not , reveal 'any dete'ctable'q~antit:/ofie~nn

spe~ifi~.r~cep~:rs ., {9al.a-~~.ose .~r-'~-acetYl~alactOs~~~~),'.

HOW~VElr_, _whe~ .:~e ~acterl~,lferE!' gr.~' fn, 8'oil extract ~ediuili,

galactose. "a soybean'le6t;'in' speci1ic s.uga~, was found" to be

c:meof :'th~'__ -com~hent8 iii -bo_t~ ~PS. and, LP-S.' ',This ind~ction

o~' ga~a~t;os~ ;8y-nt~e~.is,,w~~ ac~~~Panted.by. ,incr~a:se,s ~n cel.~;'

size,' percentage of".coccdid forms and'iri the 'amount of

l~ct-in':b~Un~ ~~ ,t-he. bacte~i_~l'cellS " '. "'he$~' ,'re,su~ ~~ i~.~i:ca ~e.r:
that more lectin binding .receptors.. can be. induced in ~

. " ' , ,'- ..
·(secondar.y bin!'Ungsite) '~f 1:he b.acteria; .(2) there are

distinct r~s' ~n~.io~c~id fOrJIIs '~f .ba~teria'· in, ,th~: J:i~oth

J
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v

.' .
,that the leetin receptor 'sjtes ue induced in Rhizobium

"'h~n: Cul~~e' condit~ons ~l",ulilte' th~ ~aturai. enviro.nn.:nt

(s'on) of' th.~ bacteria ..
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anDna1s or returned ,"direct.lf to the. soil" (Fiq. I 1) "where it is

"microbes." T~e combined.n~trogen is either.cyc,liad through

" 'ni!neulhed I .and 'further c.ombined· for uptake by the livinq

for~. ' A~ ~e fi~w' of n,itrogsn- within "~hO t~:x;e!!,t.r'i~l and

!lqU~~7' ~Y5t~lI~ is .gov~.(n~4· by biologic'~l act!vit:1'es, the ..

. INTRODUCTIoN.,
. Ni~rQ9'en' i.5 an iJnpo~ta'nt el~nt of cella, ·~.ef~g.

.'incorporated into protein molecul.es wh~ch are responsible for:

" :qell s_~ucture and func~.ion. Atmosphere. is cOllpo~c:d ,of 78.U

. of nitro<;en on raolar b~9is. Most" of the orqlinislllS .cannot

'.(~k~ i,n ',free .elemental- .~~~rogen and "~~erefore '.fiX.~~io.n,tI?of

. .nitrogen,. ,a' process by which the nitrogen' ~s convert'ad into. '. " \ .,. . .
,a- co~i1:1ed.fom for up.tll;ke,. i's ,of fundamental .im~rtllnce to

Hfe. Such~' '£lroceu has been goln9 on since the existence

of'l~fe for~ .(1un9 a~d~cElro~.' ~9j9). Reac~ion8 betw~en.

nitrogen"and oxygen '.1n the" aiz: .takes .place due to lighbtlng

discharges' and' ultraviolet 'radiat.ion.· The' oxides of ni.troge·n

i~~~... aie s~sequent,ly "conv~r"~" into ~itriees
and nitrates: It /haa been est,icated ,tho; lightning" llnd sub:'""

sequent· ~tmospher~c che~i&try can provide. as ~cb !lis: lO~ tons.

of pitrogen per year, sufficient to fill the primitiv~ oc:elu'l :" .

. ';-0 i'ta' pre'sent ],.evel of nitrate 'in- h~& than .lO~ .years· (y~g.

and McE1ro;, 1979).'
Th~ ':litrogen is cycled. throug9 p~ant~, animals ~nd
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nitr,ogen. cycle is closeiy' linked to the <;yclJ'!'s ,o.! geobio-:-

. ,chemicals ..Estimate·s ShOw.' ~hat 122 ~ .10 6 metri~ tons of N­

per year is fixc,~ by 'b'io.ioqlcal acti:vit~" when 'compared" to

. indu.9trh,l,pro~~ss, ~hich, i~ 40' x ,10 6 metric tons 'p~ 'ye,:,r'

(Bu~as,,'l!I£l(i).

industrial fi:K~tiO~'Of ~itroqen is e'nergy '(]e~nding\.

and ,is bec6~in9 in~reaain~iy eXl?ensive'~s world'~' naturill

bial: tech.nology. ~e~e~rc~ in.to, f~rminq sys~ems,.:iiK~ making'

/' ..more exten5i~e. u~e of. ~egume~, grelj!,'n .Jitanure ,ana wi.nter cove;r

"crop~! ',for,age 1':!9'umes" a~d"p6s'sibie 'i~ter-croppi~g '0; mixed

crop'p'in9:':~f lc:gumes with ~on:"legUmes.. may ,pr6v1de ~ SUit~b.lc ­

al t~7~ai:iV~:'.', P~:~~.ible a:PPlicatio~' o/~en~tj.~. ~~9i~~~ng
techniques ,for the improyement of bott). tf.1e host' and. the

micr.oorqanism, ~h. ::'-,egume-Rhizobium symbi,?-?is,~ ac,t~nomycete

nOd~late~ 'ah<:!~~~p~r~ a~d blue-gre~n alga'l .te~~n6logy,~or

rl,ce c.ul tivatiori needs to. be explored: :f.or bEmefic~al.

exploi ta tion ,.
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Table 1: The Ni:troge'n fi~in.9' p~an~5'~and'the~~' asio:c"~.ativ,~
J!licrqorganisnis ;.

l~ 'Free:"living o~~ani5ms·.
{al 'Heter~trophic 'bacteria, eg: Azotobacter, .

Clostridium, spirillum, Beij~rinck:ia, 'Kieb.9iella.~i

~uto~ophi~ ~acter;ia. e~: RhOdO~S~~dOlllona8'
Rhodosplrililim, Thioliacillus; .

2. Ass~c~a,ti~e'SYmbiOS{~·;,"I. , '.
eg. PaspalUlll,notatum' - A'zotobaeter~

Digita~ria~ - spirillUm lipl:oferurn

3. R?0t.:nodule' _foqn.:i..n9'-_s}'lilbios,e~:

(a) Rhi~Obi~m~le~me assojiatj,onso- e g ::." GIYc'in:e"·~.
'~haseolus vulgaris, Vieta ~, Trifolium

~ •. _etc •.

(b) -RhHObium-nOn':'le9'l;lme.' ~s:sociatiOn~ •. eg: 'Trema

cannabina

~cl '. Actin~~Yi::e~e·~no.n.,.~equiniiu)u:~: a?giosper~ ..asS:~c~'a­
"tions! 'egl ~ glutinosa,~~,

~ rhamnoides. CasAurina eguisetl.fOlia..:..-----....:-o-

ete.., - -----:"" ~

cal, Cycad-b;Lue .t;(reen ,a1.gae' a~s.oci"iiions'. eg':

Bowenia~ '~. Enc~arto8, ,etc.

::~.. ' / ~~.i .. . .. :.. : .
1 .,. .' ". .•
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what i~ ~f'import~nt c;neern' is. tq U6e 'biolog-'real
. ' I" ,;;

nit.~og~n,f+?Cation,as "ill mea.ns pt, providing ~itrogcn.,?us

£!i!rti'lizer. . '. Al't~~Ugh .bicilo"9iC~I,,· ni:,trogen. fbation,~i~ ,a

.<hi9hIY~energy,depe~deht process, wheh.coupl.ed with
.' ,', . " ,',-', ,'.

pho;tosynthesis it can ,~.t:: the use of foadl fuels "to, other

.. agri~ultural'needs. .

• The ab~~i\ to .iix,.niti~'iJC~ ~s i~und onty ,in pr'o-"

ca:ryot,es'such as bl!-1e-g~een' aiga.e, ~~ti'homycetes.. clostrh

. 'dium, .~~ot~bact~ra:nd',Rhizobium. T~e$e mlcr9Qrqan'ism;s ,'can'
j

n'y' nitrogen either inl'fe~en,d€!ntly or ,in association '':ith

'higher Plantll·(s.e,~'T~ble 1) (Stewart, 197"71. 0'£ these,

nodulating members 'of the family Lequminpsae IPabaceae)

have bee~ reco~n:1~c'~ ~s: of "aqr~nb1l\i~ impOrtance '!ii'~~e the. . '"

beginning of aqiicul ture.· The nodulated legumes fix

atrnosphed.!==l)itrogc~s~mbiO~iCaliy,~n :!=-heir' root nOdul~s.

,.he·'leqWDe roo,~ ncid~les are sritall, ~r6undeti, per~p~e:r,al.

grm,.~s: on the sides of' legbme .r~t~.and?, caused by the

.infection of a soil bacteri.um, of the genus Rhi:!:obium:. .. ---
.1. Me~hanism of Symbiotic Nitrog'en Fl~a.tion

Biol~,gical ni~r~gen "f~'xation .h~s' t~o, major ;:~qUire-
. . ' )

ments~.,a. ..<:on'tinuous supply 9f adenosine tripho.~phate (ATP) .an,d.

:ieduc~d oxygen ·t.ension for ni,trogenase 'activitY'.' 6xi~ati"ve

"phosphorYlatio~~fthe Photos'yntlietic Cal':~h~p.ia'tes"·and" ieg-­

:h..=,'ObiO in cOnjU~"iOO withth. m,mbran•.enve~ope. p~~.. ;

the,se condi~ions, (Yocum, 1964, Bergersen, ,:'9~'I,,~PPleb)'~;

,Wittenqe~q, et:ill., .1~74).. P01Y-B-h;dro~Yb~tYiate....?ich .

..f6);s~it~tes abo.ut 50i,',{.~iuca.s a~d E':I:~~s.' 1968,' or the d~y
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