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(KCN) in the-incubation, mutuu lnd also hy ple-honh{g ncllonl of menhﬂng

ii
ABSTRACT " g

‘_Stndia were undertaken “to examine the ultrastructure and enzyme,

. ‘activities of _puiug Arachis hypogses }[ Var. Jumbo virginia root nodules .

induced by the nitrogen-fixing rhizobial strain, Bndz’ rhizobium sp. 33H1. Root

E nodules at different stages of development were assayed for their nitrogen-fixing

ability using the acetylene redugtion technique. Highest values for fitrogen ¢
fﬁnion were obtsined in 35 days old nodules. The bacteroids and the host

cytosol/orgmelln fractions of root nodulul wd/nnyed for catalage nctivi':y

Cntnlm activity was praent in all fractions, being highest in_the bacteroids. “The

in ‘(tro grown | 32H1 were:also assayed for catalase activity. There was neghpblz

or no catalase activity nl intact bacteria, but the” mpernltnnt from—brokun—’ 5

ulerﬂ showed conslderlblc catalase Ictmty g g \ -

Peﬁmt root nodule lnnonii differs i _from the nodules of other

'nitrogen-fuiﬁg legumes. The :mtﬂ_infactnd zone is devoid of any uninfected

cells ucebt !or‘_tvhe rays of-cortical cells runnipg through the infected cells, which

divide_'them into sever: muel. Sections fixed in ‘u mixture of paraformaldehyde !

. and. iglutaraldehjde wefe Y “"‘ for ul | studies. Tha

Ssdlhmmobenndme (DAB) rlu.‘hon‘lc} localization ot ennlue was uud
o71,2, - triszol (A__) si cynn&d’.

Controls were run -by nddln;

tie 5ectmnu whhout DAB and hydrogen peroxldo kDY ' L

. 2. -

The charaéteristic ultrs [ an and differentiation of

. rhizobia 'inﬁ large spherical bacteroids was observed within the bost cells,




e,

. i,

s - s s oo Y g - .
Besides other organelles, lipid bodies Were present in abundance and. in close

mmim; with the bactefoids. - Often they were seen attached to the
] s o

perib:cbei'oid:l membrane, envelope. chrobodla were observed in . both

unmlacud and ‘infected cells at all stages af nodule development unhke uther

mtrogon-r'uhng Ieg\lmel wheu they are only l'ound in unmfeebed cellx ’«Bze

Pa mxcrobodlu in peanut rool. nodules were in close‘assoclltlon _and ol‘ten in contact

wnh the penbntermdal membnne envelope md the buteroldu Occasionally ' *

their membranes were seen [usmg with the peribacteroi lope.

Microbodies were found to be DAB yoéitive nnd‘;he osmiophilic electron dense

" reaction product ‘was found ‘within its matrix, The presence of abundant lipid

bodiu‘a,,their physical contact with the peribact ‘ | b lope and

" with the-b ids along with the microbodies and high catalase activity suggest

. that th':e 'lipidx‘ may be utilized as a carbon sourcé during symi>iosis through

Mixidllion pathway. -

y ¢ _ N ‘ " - \" »
- Besi the lipid bodies. and the microbodies smother osmiophilic. DAB

»pomiva structure called the dem% gody was observed - associated ‘with the ’

bltterblds It resembled the central core of the microbody, lacked a membnne
and was present at the mtarluc between .the perlbll:umxdnl membrane envelope
and the oul.sr blbla_l:oid;l membrane and also within the matrix of the bacteroids.

The DAB positive ullctlon sli'own by the dense bodies and their association with

,the bacteroids indicate thn there is a possible role. for-them in tha brexkdown of

hydmgan psmxide, producad durlng lipid utilization.
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Chapter 1;
INTRODUCTION.

7

i

1.1. General Introduction. l_ : L

1 Nitrogen fixation is the proéus ofTambining free 9t'mospheri;: nitrogen (N,) -

wi‘tl': other glexi:enis such ls'hydrogen and oxygén making it rbnﬂil;' availablé, to

len; orgsmsms aned muogen is.of prime importance to sl.l hvmg forms, for it

‘u ‘an essential component of nucleic mds wd proteins. It is one orm mBjO’ e
i 3

Nitrogen is: a .major i of the biosphere The atmosph

occupim‘ proxil 1 75%. by—weight and 78% by volume of the

lmosphere u\d totalx 39 x 101 memc tons. .Th

Ik. of the nitrogen, in the

' Iithosphere is m the !\lndnmenlal mkr’ﬁ?he form of dmlh‘ogen lnd amounwto S 1,

P 50 tlmea ch}'\) pruent in the ntmosphere (Burns and Hardy, 1975) Dmmogen is

very. ive and ilabl 'to the hlgher [eukaryotu) orga.mxms

Nitrosen by an, organism invoqu its ;" i to moxe rencuve ;
}omu, unn.lly to the hi;l:ly oxidized uhies 8s mtratu, nimles or O.o the rednced ’

' )ute as Ammonin. Sueh convemona “occur through physlcnl proemu nuch as"’
—

Ii;htnlng, uv. iation and intérnal i engnqea or chrqugh blolom;al




’ mlrcgen in sonl and wner :

prog su"chn.i y and asy i6ti nitrogen ﬁxlhon Howevu. lhmm

not nmdlnctlon:l ‘processes and lutm;el is tycleilhmugh 8 series of mumlnm

.pm&d lddmg it blck to the nitrogéh rmrvom (Flg l-l)

The bmlogcl.l ﬁntwn ol nitrogen, rymbmu or uyml»olu: wlncb is clm!d

out by !he enxynuuc uuv;'.y of eertun prohryoﬁc mcroorun‘l!ms, is the m;or "

* source ol‘ nnewpbl: 'combmed mt:ogan a l.ihbh to l.he bios) here (Pos'.pte
E 10821) The biologi le ﬁxed mtmgen lmnnnll’ to nbont 122 x IO° metric tons”
- per annum (Burns, mso) Thu acconnb for llmost 70% al the” woﬁu ﬁxed

lndustmlimro;en fixation (N &mhnrs) con!nbutu a s.gmr cant nmounl of
the ﬁxed nitrogen to the bmpiere lts umlnl produ:tlon for. the"years] um-lm
.was 6340 x w° metric wnna md its lumul ;ammpllon [ar the ume period”
was 81 x 10° metric wnnu (FAO, 1083), Hwevar, this nmo\uﬂ. is h.r less lhn

the nmoun; ﬁxed By bxo!oglcnl procma Industrial ﬁxnm is a ‘high enqu

demndmg process and’ [is B i 0. i i xpensive source of ﬁxed

mlro;en due lo high. energy costs. Howzver, lha blologlcll proceu is nlso lp;hly
4

energy dependent. but when eonpled wnth phelo:ynlhuu, can limit' the use of my

other energy source. Due to the high wst of Iemlizen, research emphuh is hein. LI

given to the bwlog'h:d ﬁxnion o[ nmogen to cumpennt! for the ne| Iou ol

nllro;en to- the

through’ 'The biologi nilmln

fixation process can uho ba uged' to i increase thc crop productlhly in l(rlcnlmnl ol

E puclleel to lulm the tnnrgy nqmumunll in the fortheomln‘ yun

7\
ﬁ
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.5/ simplified diagram of the biological nitrogen cycle”

_ /"showing the pathway through which nitrogen is cycled
.+ between the atmosphere and the biosphere.
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The~ blologlcll fixation of nitrogen is cnmed out by blue-green algae,

nctmomyeeeeu and bacteria such as, "Clostridium,. Azowbacter and Rhizobium,

respectively. There are two major categories of mlmgen-ﬁxmg systems according
to the types of organisms involved, i.e., Ni‘trogen fixation by free living
B

micmorginisms and Nitrogen fixation by symbiotic association, which. is either

ymbiosis or root-nodule-forming symbiosis (Stewart, 1977).

Non-symbiotic nitrogen fixation. . In free-living ,systems the .prokaryotic

microorganisms fix nitrogen without a host. Bacteria are dominant smong the

" soil nitrogen-fixing organisms, whereas blue-green " algae predéminat; in the

aquatic environment. Nitrogen fixed by free-living microorgnqhms is not directly

available to the higher plants Tor it is taken up only after—the death.and

decomposition of the microbe. It Lias been esti d that free-living nitrog
fixers are about 1,000 times less effective in their contribution of fixed nitrogen to

_the soil than is a good symbiotic association (Bray, 1983). o

§1mblouc mtrogen fixation. Symbmuc nitrogen fixation is either associative
symblosls, between two microorganisms,—e.g. betweén Paspalum n gt_htnm and

Azotobacter EHE!]I or between Digitaria decumbens and Spirillum liploferum 0

it is nodule-lormil;g symbiosis, e.g. Rhi‘zohium < legume association, Rhizob;

. i A L
not-legume gssociation, Actinomycete - non-legume association and Cycad - blue- G-
~ i, L " .

green algae iati From' the agri point of view, Rhizcbium—leg\l?/f
symbiosis is recognized as one of the most importani systems, because it is a

major sou}c;ifn_nd nitrogen available to the crop plants.




1.2, Rhiloblum—Legume Symblolis.

The legumes belong to Fabaceae or Leguminosae, the third largest family of

flowering plants in the world, It has'three major slib-fimilie!: Papilionoideae,

Mimosoideae and Caesalpinivideae. The family Fabaceae contains about 750

o, 1081). It by

genera dnd 16,000 - 10,000 species (Allen and s worldwide

distribution and is found in teniper_nte, tropical and arctic :clir'nnleu. It includes

family is‘chnmcttrizexi by its fruit, the legume. The mnjority of the members of

this family show a cteristic symbioti iation_with the itrogen-fixing
s

“~.. bacterium Rhizobium. Of all the spegies examined for nodulation, 85% of the
-;peciu of the “sub-family Pqp:'l-'onaidefu produce effective nodules and" fix
) nizrlogen. Symbiotic nitrogen fixation is found in.nbout‘?&% of the members of
the sub-family Mimuaaidgae and is .rnre among the subfamily :q;mbers of

Caesalpinioideae (Postgate, 1082b). The nodules are generally restricted to the

roots, however-the tropical marsh legume, Sesbiana.rostrata develops nodules on.

thé stem (Dreyfus and Dommergues, 1081).

The nodules induced by Rhizobium are specialized structures in which some
of the host cells are inhabited by the symbiotic rhizobial partner. In general, the

proknryoue partner contains the enzyme i 0 nase, which redubes dini

gen to

its own organic molecules and pmvndu the microorganism with a suitable

environment in which to live (Fig. 1-2).

by, plants liké.peas, beans, alfalfs, clover, lupin, soybean, c‘owpex and pénnu!s. The -

ammonia. The eukaryotic partner (the hosl plant) asslmllues the lmmqnil into .




| X

Figure '1-2: A schematic represenhﬁ>ﬁ showing the interaction
between the microorganism (bacteroid) and the host
plant (legume) and the biological components involved
in symbiotic pitrogen fixation. .

“(Verma, 1980).
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Rhizoﬁ‘gnmil.[enulo!, gative,. it gen-fixing bacteria belonging to o

lh\p {amily Rhizobiacede which usually produces root nodules in légumies (Beringer
et gl., 1979). They are usually rod-shaped with a typlul cell wall envelope of &
xnm {egmve hnctem They are approxxmnely 1)5-0 Opm x 1.2-3. Oum and can

occur singly or m mnlnpla numbers orming rosettes, They are’ .r;omnyonly

pleomorphlc under adverse growth condi jo T}:e" llular incl
melude a centrnl nuc/le:;d (DNA) in a homoseneons cytoplasmic matrix
inienpersed with a large mm’l'ber of puly—ﬂ-hydmxyhi!tyrnto zrmllla, glycogen -
and nbosomu They are genenlly motxle' having one polnr or sulrpnhr

ﬂngellum. or two tosix penmchous flagella. ‘The genus thoblum is leroblc,
-

y ism with oxygen-as lhe terminal electron

mcepwr and grows well under low oxygen concentration. They grow best. under

a temperature nnge of 25° - 30°C and a pH range of 6.0 - 7. 0 _Their colonies on, *

agar medmm are nbout 2. 4mm in diameter and appear circular, convex,
semitranslucent and mucilaginous.- On the basis of differential growth yn.t 1hey‘
are divided inwilwo groups, - fast m‘wers md slow_growers .(Quispel, 1974).
According to the new.classification in Bergey's Mnnunl (.lordan, 1984), the fast -

growen are classified as Rhuobmm and the slow growers as Br;dzrhxzobmm

The fast growers have a mean genernmn time of 2 - 4 hours and the slow growers

have a mean generation time of 6-8 hours (Vincent, lﬂ”‘l?).

. The important feature of free-living Rhizobium is its ability to infect specific
legume hosts, differentiate into bacteroids within the host’root nodule and fix

pheric nitrogen symbioti . The b

id state can also be {nduced in

o

.
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cultures (Jordan, 1962). The bacteroids are characterized by highly in‘t:uln

shape resulting from changes in the outer cell wall envelope (Van Brussel, 1973; -

Sutton and Pmmn.,lﬂﬂl‘. Bal et al., 1080). Rhizobia in'g_enanl produce various
indole compounds (Vincent, 1677). Tetracyeline antibiotics are mml!yyiive

against rhizobis,

1th: ‘theylre eptil to a wide sp _l of ar
Anugvmsm is exhibited wwudl rhlmbll hy fungi, aétinomycetes, uubuuru md
by rlnmbu itself. Members of the genﬁn Ambuug!m, also. belonging to the

show close with Rhlzoblum All lpeclu of

-
Agobnctenum, wnb lhe exception of A. radiobacter incite cortical hypenrophm

on plants, Other soll i isms sich as p b
* Bdellovibri are the preda of rhizobia. - caused by thizoph has

been recorded (Vincent, 1911). Dltp related to -agglutination, pmnpnnwn

reactions, ;:oin'pliment fixation and mhhody “absorption have helped 8 great tlnl

in the the chemical and identity of rhizobia
(Vi_‘cent, 1977). " )

Before penetrating the root off the plant, Rhizobium™is found hi;hly‘
B

concentrated in the rhiluﬁhere region (Quispel, 1974; Brock, 1979). This is due
to the release of metabolites by the'plant which muct. the Rhiwl;i‘um and

support their heterotrophic growth in the soil (Sharifi, 1984). Tl;ﬁhiznsphen

also harbours-various other forms of microbes such as protozos, algae, fungi,

. " o X 4
nematodes and bacteria. - The thickness of the rhizosphere varies from species to

species depend{ng upon the nature of root exudates and the water :canlenl: The

»pl'nnt exudates, which include sugars, aming acids and vitamins, activate the

and
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micmbill—uﬁvity in the plant rhizi)sphere U]trastruculrl.l studies of the““

rlmoaplm'e show that the root xur!ue is coated ‘with an amorphnus mucilage in
whu:h the bacteria are embedded (Cunpbell and Rovirs, 1073). The mucilage
\matrix (muéis&l) ix'& about 20um thick (Foster ‘a.nd Rovira, 1078). Rhizobia v;ith
goln or peritrichous flagella are attracted to, the roots of the legu.minoui piints
by chemo/nxia. Tize rhizobia are found \\vith‘in the mucilaﬁnﬁus l;y,ey Fo;leriqg

the root shortly after their innoculation (Quispel, 1074).

A certnm degree of specificity exuts between specla of legumes and atrnns

of Rhi: ‘nm, ie,8 pntmllu- slum of leobmm mfecu only cerfain specm of - .

egumes b\lt not others. This specificity leads to the phenomenonAof " mutual .

: Lo f '
henomenon of r!cognition is mostly, but not always, ‘attributed to plant surface

recognition by ‘the Rhizobium strain and’ thé leguine species involved. The

“glycoproteins called lectins, that bind to g:rboilydru es-of tl_gé’ rhizobial 5n_psule. 3

e 3 Lectins are comidered’bo‘be responsible for the speéiﬁc attachment of compatible ¢

rhizoi)iul cells on the root hairs and act as a molecular ‘bridge between the

common or cross-reactive antigens of the roots and the Rlnz ium cells (Dnzm

nnd Hubbell 1975). The host’ specificity is therefore pnrﬂy explalned by. "

$ . preferentul binding of its homologous Rhizobium strains py specific lectins, The .

ability of lhlzoblll cells to deyelop lectin: ‘receptars ’depequ on the gmw'.h
condluonu of tbe bubem (Bhllvmeewm and Bauer; 1978) In many cases there

is-a correlation between Iecnn bmdmg snd leohmm «infectivity (Bol\lool and

Schmidt, 1674), ‘even thongh there are some negmve resul!s cancermng lectln-

may not be a lmgle nep hut ‘the eumulntwe




effect of a series of signals and receptor i;nterutio&m with lectin s the first step '
|
(Sharifi, 1084). . i L

Ses .
Once Rhizobjum recognizes the host, infeeﬁo“n ususlly occurs through the
~ i %

_root‘hairs. In soybean, the infection is rtricted‘w‘ to the zone just below the.

smn]lw, emerging root hairs and above the reg'io.n of rapid elongation of the root

(Bhuvaneswnn et al., 1080).. In'plants which are oot infected thro\lgh root hairs,

such as-pesnuts and-in uquntlc plants ﬁikmg ‘oot hLu's, the Rhizobium infection -

occurs at the lateul _root branches or between lwo epldermnl cells (Chandler,

1078) The site of the mtectlon is dependent on th cell wall structure and the

J

rhlzobnl f of the pomt of h 'l‘ha root hmr cell wnll hu two

dutmct pnmn.ry and seconda.ry layers. The pnmny vlayer is’ conhnuous over the

‘ennre hnr and consists munly of pectic sulmnncu and hemicellulose nnd toa

'lmer extent, cellulole ﬁbnls whnb are arrsnged in n random network at the up

|
of the root hair. The mondnry layer is laid umde the primary layer away l‘rom

“ the root np with cellulose ﬁbn]s running pnrlllel the axis of the root hair,

. sugge:tmg that l.he root lmr is wenker at the: tip dunng development md hence

facilitates rhlzobul . ol throush

In plants that aru‘invaded at thn base of lateral rool. branches; the infection site is

. ‘esun'lillly B 'wound wh;}a the éuticle:_ and ,gpidermil cells are injured during the

course of uormd lltenl loot Widwell ‘1079) “In case of in!eétien between

%  the twd epidermal cells; the pg;te substances rilling the £8p between the celh are

eAslly degnded ‘by the pectolytic enzymes,

vdetecm:le in !ree-hvms rlnzohh (Hubbell at a! 1078; Vermn et al lWBh)

'l‘ld, erging root hairs.

low level of pccwlyuc enxymu u
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| Pectinase utivity also inerme- in the m!ecud roou, but the the involvement of

: cell wall hydrolyzing enzymes in the process of. rhizobial |nfechon remains

f unwlved (an;, 1082).

The curling of the root hair 1s the first indication of infection by Rhizobium.

Infectmn occurs more frequently in curled root ham (Bauer, 1981), but cllrlmg is

i i nnt essential’ for infection, In the process of curling, the Rluzobmm_ becomes . k:

enm.pped in the folds lnd pockets, * enabling the accumulation of high
' ,eonce_ntntlmu of bacterial substances  and hydmlytlc enzyma uientml for
infection (Fabraeus and Sahlman, 1677).  Electron microscopic examination of the

infection sité revesls a disintegration of the céll wall. Callsham (1979) sune;ts'
: s

the Rhizobium cells infecting the roots of the legume induce the production of

! wall-degrading eniym_u in the p:lant (V’enna et al., 1078b).

Another indication of |n!ect|on isa colnrless spot or & swelhng at the site of.

ln(ectwn and m merem in cyloplnmlc shnmmg of che plant cell, There is ‘also

" an‘increase in the sizé of the nucleus, a r mi and a of
-—the nueleus fo the m ot infection within the cell (Bauer, 1981). Ths growth. Zf
the mreetlon thnsd produced by the leobmm <ells is directed by the host cell
nucleus that doubles in size and‘precedgs l.he tip of, the ml’eehon thrnd
(Fnhusua,»loﬂ) The infection tlneld stnts lt the’ points where curling and
brmehm; of the bair form an enclosnu (Turgwn and Buler, 1083). The

y Ehigol_ﬂum dlrectly penatmea lhe hair walls by a Ioca.lmd disintegration of the

 that the cell wall is altered by the bydrolytic enzymes. It has béen suggestéd.that

*" ‘wall material. A new layer of the wall material is deposited around the mhctioxr"




g )t 5"

. sites which encloses the rhizobia snd thls mku the infection thresd wnll lld the
hair cell wall &°¢ eo\mnuou- structure. As rlnzobn increase in number and volume
the hp of the thread is stretched being the most plastic region of the ipfection
thread. The "depositio(jt the wall material sround rhizob.il *is continued,

- yunlhng in zhe dongltwtgﬂhe m!ecmn thread. The infection thread normally

. grows. centnpen.lly and invades the cortex.
£ R J

@

In plants ' which lack root bairs, such as peanuts, the infection is initiated iu__ %
epidermal cells of the rpots. In lhls cm, there is no infection thread lurmltwn 4

* and thu access to the central comcal ulh is gllned lrum the site where thb

. epldermu is dlmlged like the pomt of the emer(ence of lateral root branches or
‘ through intercellular spaces (Chmdler, 1978). ‘The infection and nodnlntwn occur
e ) ) around 'the base of the emergent hu.nl Toots in\imnuu. The rhizobia enter from
j the intercelular sace nio the cyloplaem by disinlgratiog the plaa cell will. In
this respect the infection process in pesput is different from that of other legimes.
Kecelit!y root-hair-like structures have Béen found to be 'presenl -t- the site of

Iateral root emergence in nodylating qu\ts, but are reported to be sbsent in’ B

non-nodulating mutant varieties (Nambiar et al., >°83). In loa/.ulu without ) =

. infection threads,’all the host cells in-tho‘ngim:'uo invaded by ;hixobil. wirereas )

uninvaded host cells are eoMn in the nodules with infection _llirud (B‘uer,

1081).

CL When the infection thread reuhu the cortex, the corllcll cells begln o

_ divide to form tetraploid nodule tmne, ‘which in tum is invaded hy the . o

Rhizobium. Subsequent division of the mrsplold cells is related to the relnu of T
- - s . ~ -
3 - ’ ‘ /




- from the host
. The penbactemldn.l membnne envelopa dnﬂ‘en from the Fost pluma membrane .

" exsh exAchmged belween the Rhuobmm and ths plsn( v.-ytoylsum

it by s membrsne (Verma_ nnd Long, 1053) Most of the dry welght of the nodllle

- .known 8s volutin) and nxtmgen reduclue than thu free livmg rhlzobm (Mu:kenm %

=
Rbhizobis Irom the mfzchonxthreld ‘are relwed into the cywplum of the host e

cells nmgly or ln small pollps sulrollnded by a membnne, called the

. penhncleroidnl membnne envelope, which ~'keeps them separated from the host ‘

cytoplum. The rhizobia m thus conslqlered extncytop'lumlc rather. than

PRy

bl thp ibae idal b envelape is denved

Hj’

asms membr-ne becune of_their thlanly with! re;nrd m

hick and staining properties (R ‘.‘ m, et al., . 1078; Vermn et nl 10785)

) in its lack o! cellulose fibrils' and “its greater: permenlnluy w substnnces bemg

o

Within the penhlctermdll membrane- envelope, thizobia pmhl'erate bo the

. extent that mosl of lha phnt cell cytoplasm is occupled The rlmobm are

transformed to 8 more nphemll form, called huterolds At this, stage they can

fix nitrogen snd beccmo the it ,- i ,‘ 2 1l o( the pllnl ; d rrom

—— 3
(25 50%) consists of bacteroids (B 1074) ids also liave an

2 sltend cell wall and - pluml membrane composltmn The)/ contain more .

polyp-hydroxybntym acid gnnula,tglycoxen, polyphosphm grq;mlu (also

; i
et al, 1913, 1974). Mo , ribosom are almost lbsenc from the .

b ids Dllnng i ‘lnh._ teroids, ‘an inhibition of cell wnll N\ '

nthesh ocﬂm, ruu,lun; ln a . thinner lnd l&ss rlnd pephdo;lycm wall -




(—' ) BT SR
(Bergersen and Bnggs, 1058 Mu:kerme etal., 1973; anoh ‘and Hubbel 1975).

The cytochrome pnttern of thé Rhizobmm and transformed bacteroids shows that *

» more cytochtome C aid P-450 and less c_ytochrome a And ag are present in thg

bncteroids as compared with the free living Rhizobium. A This pattern Ql;ow;n by

the buctermds is due to. low oxygen tenslon in the host: cywpla.sm (Tnnchny

1981), which is 3 sultable envnmngnent for the enz me nltmgﬂnln -to fix mtrogen i

In general, rhizobia I”|x mtmgen symbloheully wnhm the nodules, but nuny v

A_Rhmbmm strains_can also ﬁx nitrogen qsymbmncllly in pure-in in vnm cnlmre

( dgan et al, 1975 Bergersen md Glbson, 1017) in tﬂu presence o! mdnchon )

C i
-.medlum :

,1.2.1. Mechmllm of Nltro;an lentlon. "l /’

The overall procus o( symblotlc dinitrogen fixation raulh in thu productlon

of fa within the teroid and can be ized as: i

 Ny+ nATP + GNADPH -+ 2litpmr2NH,* 4 nADP + nP +INADP & 30
| -whm n =60:6.0 or 6.5 ATP/NH + (Rawsthorne ¢ al,, 1980), ° \

.Y

In the al ‘ve biological nim/wgen fixation reiction the ehergy- requirement to
s e e . s

fix one molecule of ammonia is 355 KJ \'vhmu for industrial nituigen fu’mio;x ;i

the'value is approximately 680 KJ. Thm mdlcatu that the biological mtw[én
ﬁxmou is zwnce as efficient u s the mdultrul ‘process. be basio raqmremenu lur
thé reaction to ta.ke plua are (Bray, wsa):. M
- 'the prmnce oLA enzyme nl'.rogenue, (R L
8 strong nduemg agent like NADPH " 5 = ¥ )
‘ energy source as udenoeine mphosphsta (ATP), M( o+ ion,’ i

and low oxygen tﬂuiun




" i nitmgen-ﬁxmg ory
- NADPH is utlhzed asa reducmﬂ (Wong et al., lWl) In other aerobic mtrogen-‘_-

17

. g 9
Nitrogenase- is an enzyme unique ‘to nitrogen-fixing Rhizobium. The

-pl.'odllcﬁbvll of nitrogenase is coded by the vfif gene: Nitrogenase is-a-multi-

sﬁpw‘:it‘ protein, consisting of two major components, molybdoferredoxin and

azoferredoxin: of 200,“)00 and 50,000 daltons, respectively. The lnrga'r\_ p

) mdlxhdngrrédgxh, has four subunits contsini lybd n-haem iron and

;ulﬁde, and’ ilip smaller c(;mponent azoferredoxin, has only two subunits .

ing iron and sulfide _(Oiklelohnson e? al., lb77).
S s ; L g oo I T
'l’he origin and natiire of electron donors vary among.the different groups of

mm".s In vitro st/udiés show that in nitrogen-fixing Rhizobium .

fixing T mxcroaxpmsm: NADPH is used asa réﬁcmg source (Y ‘ates, 1077). There

; .Inve been repnru of an NADP -lpecnﬁc Eccnrute dehydrogena.se in the -

hutemds ol‘ the’ root nodules in legumu, -indicating that NADPH may be the )

- électron donor rnr mlrogennse in vwo (Brny, 1983)

The ml;or energy source m lymbumc mtrogen .ﬁxmon is ATP During the

process, the mono-magnesmm salt of ATP is hydolyzed to- the-

salt of ADP and i j“ hosphate. -The reduction of other sub by

g nmogenm is nho coupled to the hydrolym of ATP In vitro studies show that

- 12°- 15 molel t:ATP ‘are consumed for -each mole of ‘mtrolgen xeduced» tg

In tha 0 ion of ATP"mol ul , biological nit}ogen fixation is n'

bloener;etlcnlly expunswe procus The ATP moleculu are nupplxed by various &

memn, eg. lrorn the idation of i Y é m case of serobic i
org-nhm: and via- thy horocl. .eleav'lgAe off to ;eetntz in
- anaerobes. e
"o & .
o .




Eoa : 18

The enzyme nil ls readily inactivated at high oxygen

. (Bergersen, 1971). In order to regulate- the oxygen concentration at the site of.
nitrogen fixation within the nodulé, a special type of haemoglobin called -

leghngmgglobin is synthesized by the host plant (Diiworth, 1069; Vermsa and'Bal, Y

1976). Leghaemoglobin is a réd pigment which gives a characteristic coloration to

!he nodnl% ll hu a probable: locmon outside the membrane surrounding the

baclermds Laghnemglnbm has high s{ﬁmty fot oxyged. It aids in the delivery

of sufﬁﬂent oxygen to thg bacteroids for tlmr mpurak)ry metabollsm, at 3

concenhstwn leﬂl\whmh is not harmful to mtrngenne (Wluenber; et al 1074).

The root nodules can thusbe considered as hlghlx pecialized
pm;}idins ny:nviionment,in which the nitrogen fixation and oxidative

pop e
afe

—
Ammonis is produced as the first,stable- end.-ﬁroduct_ by nitregenase in the]
bacteroids wi!lzin the plant root nodules (Kennedy, lﬂwn, 1966b). 'Some of l.lle

ammonia is utilized by the lmcloorgunum for lts \uwn ;ruwth but most of it is

véxported to the host cytosol where it is assimilated (O'Gura d - Shi

. “1076). The two major a‘mmoniun’g assimilatory’ enzyme systems are glutamate

. dehydrogénase which is present in both the host cytosol and the bacteroid, and

g]uhmine s}nthem\e-glntum-tz ‘yn_thm which is only' active in®he bacteroid.

: Buici these, various oth;at enzymes have been'implicated in the assimilatory

. sys‘tei‘l\n for amma'nium ions, such as the bacteroid alanine dehydrdgenase (Dunn *

# atid Klucas, 173}, snd & combination. of alsnise ami a5d gl

dehydrogenase which is present in the host cei]_ cytosol (Rysn and Fottrell, 1974).




The initial productof i imilation is gl ine or gl The
nitrogenous compounds exported to the host plant have been ldeunﬁed as

1 . k7 h : £l

fad which are found in

proportions which depend on the host legume species (Fig. 1-3). Thc energy for
" this process is provided by the breakdown of glucose through the tri-carboxylic

acid (TCA) cycle in the host cell.

1
1.2.2. Trlnlport of Fixed Nitrogen.

Most of the infe i ing the of fixed - nitrogen is
uvail;hle from studies in soybean and cowpen.‘,'Ureid'?u are present in the 'nodules
of legumes nnd are the mnjor wmpounds exported l'rom the nodllles to other parts
of the hpst plant (Pate, 1973) (Fig. 114) It has béen demonstrnted that notable
quanfities_of allantoin, a ureide cycle product, is transported fron] the nodules of
soybeans and cowpea (lv’fntsllmdu': £t al., 1977s; lj!?’lb; Herridge et al., 1978), and
its (mount in soybean plants c;rreinm with the nitrogen fixation rnle.

Ureides require “fewer urbcn atoms to transport the equwnlent amount of
nitrogen complred to other amino acids which pve it an ndvnntnge in nodule
nitrogen export. . The enzyme uricase has also been shown to be more active in

the nodules than in the other parts of soybean plant-and its activity is assogiated '

" with the b ids (Tajima and Y: ;1'077). In cowpea, uricase activity
has been uhown to be associated with host-cell cytosol and is neghglble in the

b-cterolds (Hemdge et al 1018] ¥

Experimental \evidence shows that allantoin is synthesized indirectly from

th&.dmldlli&n of purines (Larner, l!ﬁl)'anci that xfutamige acts as a nitrogen



Figure 1-3:

A, schematic representation vof nodular symbiotic
nitrogert aésimilation. A A

hetase (B), Glutamine synthetase (GS),
and Glutamate synthase (GOGAT). o

“(Scott et al.,1076).
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precursor (Fujihara and Y: hi 191.8).7 Since is one nitrogen-

N <
product produced through the p. iotic nitrogen fixation, it

suggests that ureide metabolism is- related to nitrogen fixation.—Synthesis of
allsntoin, through xanthine oxidase, generates b):cl_\'ogen peroxide which is toxje to
cellulsr .components, * Hydrogen peroxide is degraded to hydrogen and oxygen by

the enzyme cunlm to remove the intracellular toxicity. The catalase activity

has <been shown to be ated with the effectiv ess of ‘the b oids to fix

|
nitrogen in soybeans (Franc;s and Alexander, 1972).
% {

Catalase i3 Lvr;m'ker enzyme for. microbodies. Microbodies are a’ distinc_i

and ubiqui class of with specific menl’lic functions and

- are found in all yotes. ies have been

h ized and classified
_on the_basis of the enzymes they ‘possess for different mtabolic pathways. -In
addition ‘lo sp‘ecil'ie enzylr;e complements fela_%ed to their physiological function,
microbodiee; contain flavin-linked .oxidueu which generslte hydrogen pero::ideI and
a catalase which degrades it (Hall, 1083; Hall et ul.ﬁ;‘u; Schnarrenberger and
‘f‘ock, 1976; Tolbert, 1611). The déuting\lixhing‘genenl feature of all microbodies
that “can be x_ecognized in electron micrographs through ‘DAB (3,3"-
diaminobenzidine) reaction, is“!he‘pmencg of catllsie_ (Frederick and’ Nev;v:ambl
*1060; Frider'ick et al.; 1075; \:irgil, 1969, 1970, 1973). The microbodies are
spherif;ul elongate or &luinb-bn;ll shaped and have a diameter 'nnging between 0.2

- 1. 5ym 'l'hey are bound hy a\single, lipid bilayer membrane nmolmding an
4

or granular electron-densé matrix, often having a dense nuéreold

Although two major classes of microbodies have been recognized in animals,

4 § " .




e

three types of microbodies have beén recognized in plants (Beevers, 1970; Tolbert,
1981; Vigil, 1983): (1) peroxisomes which contain catalases and oxidases (s

R found ‘in mnmmlliln/,ymml nfld were named after their peroxidative release of
* “CO‘fm{ -adioactive H“COOHr (2) glyoxysomes which contain'part or all of

the enzymes of the glyoxylate' cycle, in nddnlon to the catalases and oxidases -

“(generally found in the endosperms of ‘plant seeds); (3) nom-specislized

bodies. Peroxisomes aid gl are both lly and functionall

_ralmd and only differ qummmvoly in urm- of tllelr enzyme conlent (Thorpe,

1084).

: P&:t glyoxysomes' also contain all-of éhe enzymes_for p-n;(idnkion llld..l
complete sequence ‘ol enzymes (or Ii: #yﬁhte cyclé, where (in the c&nyenioh of
fats to sucrose) Iipni acts as the first enzyme for the conversion 'ol lipids to fatty

acids (Breidenbach et al., 1968; Cooper;.1971; Cooper snd Beevers, 1969; Hutton

‘and Stumpf, 1969). These types of microbodies are usually found in germinating

fatty seeds (Trelesse, 1084).
v

‘The, second 'peeil.lh&—l:m of phnt microbodies, the peroxisomes, found in
leaves associated with ehloropl.uu (Tolbert et al., 1088; 1960), contain’high levels

of gycolate oxidase, hydroxypy and

heir role in pholoruplrnion (Tolbert, 1971). They also contain cntnlm'!nd

uricase (Huang and Beevers, 1073).

Non-specialized ‘microbodies are found in a vniaty 'o! pl;nt tissues. The

major eluy!:a constituents of these mierobotiiu are iltnlm, uricase and glycolate
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‘oxidase. ‘The_ only Kinown - ions of the iali ies are in

puri|;e catabolism and the demxiﬁcnion._n! hydrogen peroxide (Huang and

Beevers, 1071). 3 -
Overall, the microbodies are nsible- for the ion of celis from the
wxicx\y of high oxy;gen ions, the gl ic_¢ ion of fats -to-

sugars, the {nrm:tion of glycin‘ and serine, compartmentalization ol purine md
pyrimidine cltnbohsm and D-amino” acld deetrueuon nnd regulutlén of growth m
plants by consllmpnon of excess reduem; power.

} Fao J

L 3. Arm:hi. hxgo; L~ Bradxrhgloblum Interaction.,

1.3.1. T s DI and Impo: of A. hm;u-.

i

Arachis hmégnn L., commonly known as peanut or groundnlib, belongs w
the sub-family Pnpilianm’deae of the family I;'abueae. It has about 19 species -
whlch usually occur in tropical and suhtromcnl regwns Peanut is an annusl or
perennial herb and has a well- developed t€b-root uysum with many lateral roots

# emgrsl{ag from the hypecotyl and aerial bunchu. The roots are soft, -cylindrical
and lgck root hairs. Recently root-hair-like structures *have been found by »

‘ l\iambm et ul .(1683). The primary root grows to 8 depth of 80 -“120cm wnh an
extensive net of young roots mn!nly produced at a depth of 10 - 25cm. - -

Peanut is’an economically i;l\portml crop, and native to South America. It

is the only plant species now under cultivation which is not found. in the wild

. state. The crop ;'ield varies from 742 kg/bslto 4400 kg/ha (Duke, 1081). It ,i' A

warm season ieguma and grows well 'with 50 - 100cm of rainfall per year in well




_ drained, friable, loam soil with a pH qLS.Ofﬂ.’S, containing suffigient- amounts of

phosphates, potassium and calcium (Allen and Allen, 1081).

The commercial impﬁrtnnce of pemﬁu is multifold and it ranks second to
I, Ty soybeuls as a source of high qllnhly edible vegetable oil. Peanuts have easily

s , digestible. ueds wnh a high nutritive value The xeed isa rlch source of vitamif ,

‘B r‘,v speci thmmn, iboflavin and mcotuuc ncld It contains14 - 24%

pmteln, 00% curbohydrnte nnd B 12% oil (Haq, 1083). * F o

l.a.ﬂ.‘Budghhoblnm Species and the lndnczlon of Nltrn;en—l‘lx.lng .

Root Nédulu. .
Nltrogen unmllmon in pemuu is the direct mault of :ymblouc nitrogen
rxxmon by speclﬁc Bndxrhxzobmm spp. which’ mduce el(eckve‘root nndnl’u m'
the plant. Bndxrhlzobu_nm is'a gram negative baceria which belongs to the family
Rhizobiaceae and is slow gmwing'. _Some strains of Brndxrhiz;bium. called crogs-
inoculating strains, can nodul;u different varieties of pé:nuu as well as different
legume species. ) ) T i
a ¥ 2
In pemuta rhizobia enter through the ruptured sites ot emerging lnteral
. roots uuund of thmugh root lmrs, and the nodules lppenr on the roots at nboul. X
the time the third set of leaves sre bung Iqrmed (A!len and Allen, 1981). The, -
# " penﬂﬁt _noduleu«ue morphologically simple, being smooth and aphei-icnl with a )
diameter of “n!mu‘t 1-5mm. They have a broad basal connection and are mostly
clustered on’the tap root In very small newly differentiating nodules. of peanuts,

the rhilﬂbil are mostly found in the itercellular spaces showing an inviginntion




>/
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into the host cell. They‘ are then released into the host cells and are enclosed in

ib idal b velopes (Bal et al., 1085) The rhuobu within the
_nodule cells nndergo considerable morphological - clnngec resultmg in the

formation of 'giant sphemal hac!ermds (Staphorst and Strijdom, 1912; Van

. Rensburg et al., 1973). Before diff ntiating into nit gen-fixing b ids, the

rlnmbln shed off their outer membruna (cell w&ll) and replue them wnh a nétv
outer membrane (Bal et al., 1985) The enzymé, nitrogenase, becomu active in
dlfferentmed butemlds and'starts ﬁxmg nitrogen which is tnnsported ou'. mw

the host cell as ammonium ions and trom theré to other pms of pnmn

Mthough it is not known in which form fixed mtrogen is transpprted, the presence,. .

of high® Jevels of 4-methyleneglutamine in ihe x)‘yzm of ‘mature peanut plaﬁu’

suggests that .t‘his amino acid- may be one of the msior ‘nitrogen carriers from the

, Toots to other partg of the plant (Winter et al., 1981).

1.4. Con;pa;-ative Study of Peanuts and other Related

Nodule-Producing Legumes. -

Cytologically, the bacteroidal zone in til;{ nodule of?hnuta features some :

uniqne propertié. It has been sll(;wn that the cells are diploid .(Kodmn, 1967)

7 “rather than tetraploid as observed in athet nodulating legumé species, and that

the-infection i is not ied by host cell hy phy. Also, because. of the

absence of an infection thread there is 8 corﬂplete infestation of the newly-formed

inner tissue by rhizobia through passive issi [

mldm show tlut peanut roct noduleu have & much thlnnar lnd unﬂorm outer
. cortex with an inner lphencnl buleroidd zone totally. mrectud with butaroldn,




‘.‘, 2 compared with ct’;wp‘u where the ‘conex is" much’ thil;ker, bacteroidal zone
* somewhst indented and i m represent:d by both mleeted as well as umn!ected cells
(Sen and ane,r, 19811). The cells conmmng bnumnds o! peanuts are
isodiametrical and uni!or;n in size’ with a central vncuole and l.‘nucfeus
sun:onndid by |i§h}ly arranged bacteroids. The number of bacteroids is much

lower in' péanut nodv;les then in cowpea but the peanut bacteroids are 3.3 - 4.5 :

times larger, more sph_eric?ll and one and a hall w‘three‘tima more effective in

fixing nitmgen thln are. eowpes butéroid’s (Se.ix ulhd 'W;nver, 1080; lﬂSAé)
these cump:uhve studies, the ume strain of rlnzobla (32H1) was used to infect

: the two dlllerent hom

The pennut bacteroids produced by Bradzrhizol;inm: spp. are
morpholcglcally very dum’ct from those in cowpea.as well 8, in soybesn In
peanuts they are enldrged and sphenca.l have an. mner and an outer bnctermdal

membrane and are enclosed singly within the cenvelop! ”

_whlch separates Ohem from the plant cytosol.  The cowpen' bacteroids;
transformed from the same str‘ . of rhizobia, are rod-shaped, branched and
smaller in size. Usually only one hlcteroid is observed in each memb’rain‘a

etivelope, but o¢casionally several may Im pree at (Sen, Webver md Bhl 1988)

ybem foot, nodules’ hsve hat small md ylindrical |

domb and Tandon, 10815)

The anatomies of loybnn Illd cowpea. root nadules are vu;y similat. Both’

contain an unter eomenl Ilyer wlueh is uvonl célls thick. [nslde the nodule is & - “’_
eentnl zone of enlnged célla infected wn.h rhizobia l‘l well as nnny(umuller‘”




uninfected cells interspersed among the infected ones (Be'r‘geru’n _sad Goddehild,

1973; Newcomb, 1081). lt has nlso bnn shown | thnl. 2t nﬂy‘su;u f nodule

el the uninfected (i itial) "onholeybu.nrootnodnluunder‘o

conndeuble ultrastructural changes, reflected in’the enlargement of microbodies
. . °

(-bout 60 tuna) -and l‘e iferation of lnbuln lasmie reticil hese

: mxcmbodxs are lbsent or very, much udused in size ud number in ﬂze infected

cells o!&oybun root nodules (New:omb -and Tandon, 1981s; lO&lb \Newcomb et
al., 1085]. The  microbodies in the \lnmfe\cted cella of wybnn root nodulu

contsm most of-thé enzymes of \uel(le mallbohlm hke .uncn.u. —}nt\l i nd

and are

mvolvedm in i ioticallg-fi ‘nmogeu

A o
as ureldes (Newcomb et al 1985 and Hmkx et al 1083) Cowpn root nodulu, .

like soybem, hnve uninfected ce]ls interspersed lmong the mfecte‘d ones l.nd .

assimilate fixed mitrogen as umdu ﬂ?:?vever, both mfected and linmleeud cells
in cowpea pmds the necuury enynfe complement !& umde formation (Shelp

et al, 1083) Moreover, the elfecmenm ol mtmgu linuon.a soybeans and

other, nitrog: g legumes is orrelated with hl‘b catalgse utmiy (anen and
+ Alexander, 1972). This catalase may be involved in the detoxification of hxdm‘en‘

peroxide ‘which is pmaﬁceﬂ l:llll‘ill‘ the :ynti:uh of ;llsnlnin _il n’lgtqboliu of

‘ureide m;hbolism) (lenhol:ne El al., 1980).

by

Peanut mt.nodplu have s unique angtomy which' d)"eullllll& them from
ocher nodule-producm; legumes (Sen nnd Weaver, 1984a; San, Weaver n.nd Bnl
1086) Peanut root nodulu, unllks cowpel ‘and loybm, have been ll:op to have

a central darker zone coln\mng mainly. nl in(eeud cells hl;hly infested with




. and eowpen are thought to be. rellted to uructunl dllferences in the nodnlu and '

L
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'bu:tarold! There are very rgw unml’ected célls inttrapersed among the mhcud
ones, except for rays of cortical ceﬂs between infected mmu of cells. thm the_ g
ifected c:llx of the pemut root nodules the bactersids arg hrge a.nd uphericll
occupymg a majorﬁurtlon of the-] hoe'. cell.” In contnal butermds of cowpea and
. soybean’are ususlly lmll and cylmdnul occnpynig s leuer uenMAe host cell.

'l‘ha'lngher rates of-: lymbmne nhrogen ﬁxmon in pemul.s cnmpnred with' soybean'

bnccermds, and also to! the tyye ofi _»’ étion between the teroids' and the host\

plant (Sep m'd Weaver, 1984s; Sen, Weaver md Bal, lﬂ&b). o it ‘

. The uni‘que- 'annﬁmy' -of -peanut. root nodiles snd * théir chnruter'isti.c
bncu:md upecuhz\hon wlpch regults in lugh nte of mtrogen ﬁxmon, ccmpa.red '

ith cowpes, toybun and other nltrogen-ﬁxmq legum- has’ prompted & detuled

7w
- study of the ul e and biochemistry of peanut Foot nodules.

‘Thg~primary aim of this research project has been to examine: the

1t | and ic (nif and cififfase) npéu of peanut root
nodules which may be i to their high nitrogen-fixing ability. ‘!o
’
B \




. Chabter 2
e s MATERIALS AND METHODS

2.1.,Brndxrhhoblum sp. and its Cultural Condh.lnnl.‘ S
2 Brldxrhlgg&!um sp 32Hl (Nltugm Co., 'Mllwnnkee, \!uconum, USA) was'

“used as a‘quific strain to produce eﬂec;we root nodules in Arachis hypogaea

L. Var. Jumbo virginia. ) : &

‘Bradyrhizobium sp: 32H1.wu aintained on yeast extract itol agar. |
It was cultured in yeast extract itol broth o it 1, 10g;
i KZHPO” 0.5g; MgSO, x 7H20 0.2g; “NaCl, I)lg yml extract, 0.4g; dur illed
‘ « water, 1 liter; pH 8.8 - 7.0 (Vincent, 1970) with constant llnhng (140 - 150 rpm) -
at 28"0 in an orblt Environ-shak l.lb-llne Inc.

"gmwn in induction k\tdmm LN'BS-GAS (Van Brussel et al., 1970) which conluned
te, 8.75g; inose; 3.7533g; MgSO,,-250mg; NAH,PO

To obmn an jn vitro cnltnre of dlmnntmed butemlds 32H1 was nl.to

i 1 ine, 300mg;

TR H,O 150mg' CaCl, x 2 Hy0, 150mg; myo-lmmwl lDOmg‘ sucrose, 30;. ’

-thumme, 10mg; m-em, lmg, pyndoxm-HCI lmg, and tncc elemenu l'-‘e. iBm;. g

MiSo,, 10mg; H;B0,, 3mg; 2050, 2gme; NaMoO,, 0.25mg; CnSO‘. 0.025mg;”

i CoCl,, 0.025mg; KI; ‘0.18m(lm 1 liter of duﬁlled water.
. * . ? . A
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2.2. Arachis m L. and its Growth Conditions.

' The seeds .of . Jumbo virginia were obtuned from W. Atlu’\l‘pee Cc
Wnrmmam,f}’ennnylvanu, USA. The seeds were nurhce sterilized by rinsing
them with 95% ethy] alcohol for I - 2 minutes, lmm/emng them in 0.2% I—lg('.}l2 for

5 mmnlu, !hen thoroughly washiig in sterlllze/d dlshll.ed water (Vincent, 1970).
‘These irfacesterilized seeds were :

4

on moist paper towel. for 5 - 7

- L dnys, inoculated with broth culture of 321{1 nnd sown” in vermlcuhle, moutened

Py g . w h a nitrogen-free nutrient solunon (Vincent, 1970). All" steps were carried out,

4 under sterile conditions. The sceds were grown in an envnronmentnl chamber

" (C led Envi Ltd.) under lled conditions of light, "
and humidity. The photoperiod was kept as 16 hours light and 8 hours dark.

Day. temperature was kept at 27°C and the night temperature at 22°C, day and

N 3 K
night humiditiu were 70% and 50% respectively. L i
2 3. Light nnd Elccf.ron er.roscopy of A. hypogaea Rnot DI
Nodulu. Iy z
’,_m' - 2.3.1. nghe Mlemeopy. ) 5 . . ~

/] / Healthy root nodules Irom three to four week old peanut plants were rrozen

- at -25°C .in.a cryo-cut_mi e (Ameri Optical -C i " After

_ complete freezing, 20 / 30um thlck sections wereftut and stainel with alcoholic

s safranin and 1% fast green. The sections were rinsed wnh' distilled wnter and.

' puged thrqu;h a series of ‘l.lcnhol ;rldgt and xylene, and then ounted in
Y ; '

(Fisher . Ob jons were made with a Zeiss

photomicroscope.
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2.3.2. Hlltocham'lul Test for Lipids.
Fresh uu‘i healthy root nodules from three to fo\ir. week old peanut pilnt;
were used ﬁo test for the presence of lipids in the nodule ‘c;lh The nodules w/e;e
first thorwghly washed with distilled water and then uqnuhed on a°glass ahde
’ The squashed nodules were stained with Sndm-l]l and m\medmely mounted wnth 3
a cover slip and sealed with paraffin to preven'. drymg. The prepumons were

" observed with a Zeiss photomlcroscope

. ?.S.S. Electron Microscopy. B}

Thick hand sections (80 - 1004m) of fresh and healthy peanut root nodules

of different: developmental stages, (3-8 weeks) were cut and fixed in & mixture of

_par dehyde and glutaraldehyde in 0.IM phosph buffer - (pH. 7,2j

.(Karnovsky, 1965) and incubated for 60 mintites at 0-4°C. After”] hour, for at
‘.ust 15 minutes, the sections wer; washed tho;ouxhly with 0.41M phosphate buffer
(pH 7.2) at 0-4°C. The sections were then J)ostﬁxed in 1% osmium tetroxide in -
0.IM phésphate buffer (pH 7.2) fot 60 min‘utes at-0-4°C. , The sections were then
washed with phosphate buffer and dehydm‘ed‘ By passing them th’roug.h a series of
. ethanol (35%, 50%, 70% 80%, 9% & absolute). The exposure was § minutes in
each concenk&tlon, and at least 60 nmmtes in lbsolute ethanol, whlch was
ehnnged every 20 mmutes After dehydration, the necuonu were mna!ered to a
1:1 (V/V) mutuu of absolute alcohol and Spurr's cmbeddmg resin (Spurr, xm) ; a2 E
and left under vacuum for 30 ‘minutes. Ths amount o! resin in lho ‘mixture was .
doubled (l 2) and tripled (l 3) every 30 minutes. The sections were then

transferred to 100% resin and kept overnight under vacuum. ‘The'uetion- were




embedded with resin in capsules or blocks which ;vei"e polymerized at 70°C for at

least 8 hours.

\

¥ Ultra-thin' plastic’sections were cut with’the: help of’ 3 Sorvall MT-1 ultra-
microtome poststained with lead citrate and \ign_nyl_uehte and observed under a
Zeiss 109 tnn'smission electron micrmcbpé Plnhc sections 05 1.0pm tlnck

stained with 1% %lndme blue in 1% sodmm bornte, were also observed under a

"Zeiss phommlcm:ope -
z}s, Nitroge Assay by Acetylene (C,H,) Reducti
Technique. ) . -

_ Peanut root nodules at different developmental stages (3-8 weeks old) were¥

nssayzd for mtmgenge nchvlty following the method of Hardy et al. (1968)
F‘uh root nodules were picked and placed in 13 ml V“W ith
air tlgbt ‘riibber stoppers. Usmg a pressure loe gas syringe (| ampling

Corpormon), 0.1 atmosphere. of air wu then replaced by 0.1 atmosphere of

aeetylene (rreshly made up in the lb'j

acetylene for 3 hours at roo:

The nodhles were incubated with

A tempentu;e‘ “Two controls \‘Gere used-for the assay:

o1 here of pure o ! uply, @

root™ nodulu without acetylene. After mcnbnhon, 1 ml of gas sample was lnken

(1) without any noduleg

) from each tube and- injected mdlYldu‘Hy,mw aanlcTM Gas Chromatograph-GC

'0700 (Carle ll;strumenl;i Ine.) with n‘"hydrog-n flame ionization deuc!:?r‘ and
lqeliuin 88 & catrier gas. Ths,unchmgéd ;CI;"’]GIIO ;ud the ethyleqe produced . -

were indicated as peak l!ieghig on an Omni-scribe r.ecardarl(ﬂouslon Instruments).

£.> The nitrogenase activity was caleulated using atmd'u;d -curves for l;:etylene nn:i
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ethylene and expressed as n mols/hr/pg nodule wt. - The nitrogenase activity
assays were repeated on five different batches of same age group pesnut plants -

and standard devini(;n from the mean values was calculated.. s
L o g 4 s
2.5. Fractionation of Peanut Root Nodule Components and

Isolntion nf Bacteroids. :

Pemut root nodules' were fractionated at different stages of " their
development (3-8 weeks). “Fresh and healthy root nodules were picked and kept
" 8t 0-4°C (on ice). -'_lfhey. were weighed 'nnci wnim‘iv with cold_deiopized: water:
‘ (0-4°C) to remove any ]?Aniclu of vermiculite -.zmh”ed to them. " For each grfln{
. of nodules, 2 - 4ml of cold S0mM phosphate buffer (pH 7.0) w@-dded‘mq the
-nodules were crushed n;xd homogenized vex:y' genay. using a mortar and pestle.

' The homogenate was_diluted 40 times with 50mM phosphate buffer (pH. 7.0) and

then centrifuged at 285, x g for 10 minutes at 0-4°C " \The pellet contnining.p)mt‘ _

’ cell wnll-,debris’waa discarded auﬂ "n gliquot of the supernatant (total nodule
extract or whole homog(:ute) was retained. The rest of the supernafant.was

. cén‘tr'\fuggd at 14,000 x g for 10 minutes at 4°C in & Sorvall RC-§ Super Speed
Centrifuge. Thé resultant pellet‘:connihd the bacteroids and the supernatapt _

contained plant cytosol and orgnnellu

2 6.-Catalase Auay of Different Fractions of Rmt Nodulu. 1/ /

Different ‘fractions of pemut root nodulu, namely wholg/,homogenlu
5 "utioi: (conuisting of bacteroids and plant cell cytosol and orsmallu), bacteroid
frncuon and the ‘plant cyeoaol and organelle fraction were unyad for thelr

catalase activity at different stages of the nodule davelopment la—B weeks old)'by




a7
the ui)ectlophotomvtrie method of Beers and Sizer (10§2). The amount of protein
present in different fractions was determined by Low[ry's ‘m’:l_hod (Lowry et al.,
1951). ' ) o )

. -

in the catalase assay procedure, 2ml of the fraction (whole homogenate
fraction, hafteroid lr:letioy'ér plgnt' cytosol aiid organelle fraction) made in 50mM
plxosphala buffer (pH. 7.0) was taken in a 3ml cuvetté. To this sample Iml Bf
somM i, ,0, in. 50mM phosphte buffer-(pH. 7.0) was added ]llsl before snrung
the reuuon (zero time). Ina conuol reacuo?duu]]ed ‘water was u!ed instead of
the enzyma mmixture, ‘THe reactants were mixed lhoroughly and the. change in
nbsorbancu was t?rded at 10 second intervals for 70 seconds At ‘Zlonm ona
Slnmndxu UVv-280 doubl. beam spectrophowmeter The speclﬁc activity of

entllue was calcullied s units/mg of protems wnth the (ormnln

_ _Change in absorbance/minute x 1,000 -
~ 43.8 x.mg protein/ml of reaction mixture
]

eq\ill to one mi le of hydrogen peroxide per minute

(Worthington Enyme Manual, 1672).

‘The catalase activity assays were repeated on all fractions of peanut root
tiodules from four different batches of. ssme age group plants and standard

deviation from the mean values was calculated.

ere 43.8 = Molar Absorbance v]ndex For H,0,, "and one efizyme uni§ is

“~
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" 2.7. Catalase Assay of'.lg vitro Grown Cultures of 32H1.

vitro grown 32H1 and standard deviation was calculsted. = . . ~
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-Bradyrhizobium strain 32H1 was grown in yeast 'extnc&-n;m'h'lg@ broth for
8- l2‘dnyu. It was centrifuged at 14,000 x g in a8 Sorvali RC-5; Super Speed”
éentriruge at 4°C for‘ 15 = 20 minutes to-obtain a hard pellet of 32H1. A small
portion of the pellet was suspended in 50mM phosphate buffer (pH 7.0) and set
aside for ;:atahsé’mny. The rest of the pellet' was made ir‘m I‘ f.hiv.;k pm’;te with
50mM phosphate buffer (pH 7.0). Alter freezing at -20°C under dry ice it was
subjected to highl,hydnulic pressure in a Carver Laboratory Press - model C
(Fred S. Carver Inc,, USA). The broken rhizobia were reeentr’i!uxed‘ (at the'same
speed and temperature indicat:l above) for 5.~ 10 minutes. The uupern;lint
obtained from, broken 32Hi cells ;nd.phe aliquot- of intact bacterial u‘uspension
which was set aside (see above) \;vera !ub‘jeczed w‘cnnlue pssay as described in
section® 2.6, n;a the specific ac_tivily was calcnlst‘et‘! by measuring the amount of

(protein/ml. The catalase assays were re&ened on thiree different batches of in

;.8. Election Microscopy of Isolated Bacteroids.

The iso!ateﬂ bacteroids obtained from mature (35 days old) peanut root

nodulee’we_rg also p d for electron microscopy. The bacteroid pellet was
washed with cold 50 mM phosphate buffer (pH 7.0) and cen@lged §14000x g
in a Sorvall RC-5 Super Speed Centrifuge at 4°C for 10 - 15 minutes,

The pellét was at into small chunks snd fixed ‘in‘ s r:ixhln\ of -

and gl Idehyde fixative (K: ky, 1085) for 60 minutes

at 0-4°C. They were then washed wlfﬁ ice cold 50mM ﬁhuphnte buffer sz 7.0j. i

2




A l'nctxon of the pellet was also treated with 0.2% NP40 (detergent) in EOGI.M
phosphnta buffer (pH 1.0%2 hours at 4°C and procmed for electron

microscopy as described earlier.

2.9. Cytochemical Localisation of C by Electron

Mlcros;aopy,

Cylochemipnl locl.lizutibn of catalase in peanut, root nod}llax nt 'diﬂeren\

~. stages of . nndnle developmenl (38 weeku) was’ d'on‘smg the dlammobenzndme v.‘

_(DAB). " .:n ham and K. vsl ’mw).u .um'r 1 oy

by Fregerin_k and Neweomb (1089).‘.

‘\- Thick hand sections (80 - 100,m) of freéh and hesltliy_pesnut root nodules

and

were sliced in the presence of a mixture of

fixative in So;nM potassium-phosphate buﬂer (pH 6.8) (Knrnovsky, 1985). The

e -y sections were kept in the fixative for Ob\mumm at 0-4°C. They .were then

* washed th hly with 50mM il hosph huﬂu (pH 8. 8) for at least 15
= 20 minutes at 0-4°C. - ’

s s o | ) T

* - The fixed and washed sections were pre-incubated for 60 minutés at 0-4°C
N in a prei ¢ ubation  mixture ining 10mg DAB (3,3':dilminob'enzidine -
hydrochloride) and 5mi 2-ami y >-2-methyl-1,3 diol 50mM buffer a{ pH

195~ .10 0. Pre-incubutioi; was followed b}' incubation ol the l’éctions at 37°C for . .
80 mlnutu wnth genlle shaking in a media contnmng lOmg DAB, . Oml e
: propmedml buﬂer a.nd o. lml of 3% H201, at pH.0.0.

\ B v
g . - ; X
Mm_incubntion the sections were wuhed with buffer and post-fixed in 2%
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= E IR,
osmium ide in 50mM i hosphate buffer (pH. 8.8) for 2 hoursN\__,
.

They were then processed for electron mi )| g ron_tin" 4

Five different controls were used for DAB reaction: ‘To inactivate the '

enzyme, sections were (1) pre-boiled in-the buffer, after fixation and subsequent N

washing, (2) 0.IM KON aud (3). 0.02M 3-amino-1,24-triazdle (a
. inhibitor) werfe added to the preing:‘}bﬁon and incubation medis. The sections - %
- were also processed (4) without DAB in both pre-ir cubati a3 well as incubation

o medil, .and ineubltiqp was carried out "(5) without the substrate “hydrogen 2

peioxic‘l'e‘ i o o B o : ) ‘

¢ L
B
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Chapter 3
RESULT.S

,‘v X
\ 3 !.. Growt.h Plﬁoﬁp of Bradxrﬂloblgm and A. hypogaes.
Bndxrhnzobmm sp. 321 cultured m yeast extrub-msnmwl broth shuwed 7

pesk growlh in 8-9 days at an optimum tempernure of 28"[7 And pHBS:
NOF ' i

A thogug seeds showed the first signs of profucing 8 rndiel;: 'hrough the.
testa on the thlrd day of germination. The Iateral roots emelged in 57 days time
, and when inoculated and sown showed their first leaves emerging through the
vermiculite in anothef¥. 5-7 dnyu“ ‘The pennut plants (Fig. 3-1) started forming root
nodnles sbout 2 weeks after inoculation. The nodules increued in size ;nd were
Iully developed (with respect. to their nltrogen-ﬁxmg nbﬂlty and rhizobial
dxlferenummr into bacteroids) in 45 weeks time at a size o[ ;bont 2-3mm in
djameter (Fl; 3-2). The plnnts remlmed healthy in vermleuhte for a period of

7-8 weeks wnth a subsequent yellowing and wilting of the leaves“after 8 weeks,

3.2. Nitrogenase Activity. ¢

Nltm’(en‘ui activity was very low in newly diflerentlat'mg 'm’)dulu. There

was a steady increase in the rate of nitrogen fixation along with the maturation of
. . " 5

the nodules, o ) S




5
=

t

Figure 3-1:
\
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. {
A mature plant of A. hypogaea L. Var Jur‘m\

virginia grown undér controlled hght, temperature &
Jhumidity condltlou -
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V‘Tile activity increased conli&ar;bly after the second week, reaching its maxirum
at about tl}{{h week after inoculation (Fig. 3-3). The nittogenase activity then
declined with lhe‘mcnue in age of the nodules and dropped abon!- 80% from the-

peak in 7 week old root uodules. A

’
3.3. Catalase Activity.

Dllferent fractions (whole homogenate, fraction, buterond lnchon, and plant
cytosol and organelle fraction) of ‘peanut root nudnlu mnyed for_ entnhse numy
!
" ‘at different stngﬂ of nodule development showed a trend very sumhr to thn seen

for mtrogenue activity (Flg 3-4)

The isolated bacteroid fraction showed hig?:er sp!eihc activity of catalase

d to the whole h 3 ffaction, the plant cytosol and the frhction

carrying organelles. e catalale activity of the nodules increaged with the

increase in the age of the plant#in newly dlﬂereﬁtntmg root nodula (around 3°

weeks) the activity was low. Aeuvuy mcreued with mmmty and réached a
gt
maximum at 5 weeks. After the 5!]1 w:ek the unvnr.y declined to low valuu m'l
/week old root nodules.
The in vitro grown 32H1 )howed negligible or no catalase activity in intact
batteria: but the supernatant from broken bacteria gave a high value of specific

activity for catalase (Table 3-1). w




Nil (Acetvl

activity in root

. nodul:s of A. hypogaea, assayed at different days after
_inocullli& Mean values with standard deviation are
5). .

plotted (!
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assayed "at different days  after
lnoelllmon Mean values with sh.ndlrd deviation are

plotted (N=4). =
T = 1
e '’ 2
N
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3.4. Nodule Anatomy and Ultrastructure. L §

% * The peanut root nodule section under ths'lighé microscope (Fig. 3-5) lhow;d
|'n inner dense infected zone with cells highly, infested by Bradyrhizobium 32H1
and sho\‘ved no uninfected cell;‘inumpened m}'\he ‘mémd cells. The outer

corlfétl region, however, consisted of uninfected cells clearly demarcated from the
Jnfected regioi, being lighter and havfns uniformly arranged vascular bundles

around the central inféc!ed region. Rays of uninfected cells tnvers‘w:v central
é\aes ‘of

iﬁ{ected zone, .th'e';‘eby dividing the iﬁl‘e_cled z0me into two or thre
infected cells. ' . i

The ~ ultra-thin -sections of root nodules, observed under the electron

microscope showed characteristic tightly-packed bnéteioidf occupying a mnjor‘.

portion of tie host cell cytosol and were arranged around the central vacuole wit_h

- the cell nucleus adpressed to its side (Fig. 3-8). The bacteroids were much

. enlarged and spherical in.appearence,” bounded by an inmer and an outer

bacteroidal membrane and: were.enclosed singly in an envelope sac kno'vyn-u the

peribacteroidal ‘membrane envelope. .The "bacteroids :contained glycogen,

poly-g-hydroxybutyfic acid granules, ribosomés and a central core of DNA (Fig.

37).

The cytosol of hpit plant cells contained a number ‘of mitochondria lnd_'

—‘.proplutidx located - close to the plant cell wall. Fragments ol,e\‘\!oplnmic
& § o

‘reticulum and lipid- bodies could also be found between the peribacteroidal

‘membranes in the cytoplasm:
% o . ¥




Photomicrograph of ‘a frozen section of A. hypogaea
root nodule s seen under the light, microscope after
staining with fast green and safranin. Note the masses
of infected"cells (IC), rays of uninfected cells (UC) and
uniformly arranged- vascular bundles- (VB)-within a

thin layer of cortex around the central infected region.
= (x98).
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,. Figure 3-6: ’

455

Ultrastructure of an infec| cell of A. hypogaea root

. nodule “showing -bacteroid" (B), cell wall (CW);

(ER), space (IS),
hpld hody (L), mltochondm (M), nucleus (Nu), *
memb envelope
- (PME) and cell vacuole (V)
r
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. . '
Figure 3-7: Ultrastructuré of A. hypogaes root nodule cells
showing infetted cell (IC) wijh spherical bacteroids (B)
containing poly-p-hydrnxybﬁz'ric acid granules (PAG)

and a central core of DNA), Endoplasmic reticulum

A3 4

cell ('UC)

I

LS

(ER) is seen running between.the peribacteroidal
membrane envelopes (PME). Also note the presence
of lipid bodies (L) and numerous.mitochondria (M)
near the plant cell wall (CW), and a typical microBody
(Mb) in the uninfecte

+
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I T80 o
‘l‘he ultrutructure exumnnhon also revenled very close contact between the
hpxd bodlel and the butelmds which” were observed in contact wuh the‘
pcnbuuroxdd membnu envelope and nﬁpuently fusmg with jt. The lipid ~
l”dl!! were lound\nt all stn;a of nodule development, but were seen in greater -

abundance itr fuuy-deveﬁped oot nodule celly (Flg 3—8) The squuhed nodules,

. stained with sudm-[[l showed the pr- nce or |Ipld bodies whxch staiffed red.

.

They were lound in close mocnmon w:th the bxctero:ds N

" A, e
The nodule cells also showed the presence of, miembudiu which were

chnnctenstxc}lly 0.2 -.0.754m in dlnmetet had a gunulu to ﬁbnllnr mntnywnh

a dense h nucleoid-lik ture and were bounded by 'single’
membrang. Microbodies were found in both Tnfected and \lmnfected_ cells-of the
root nodules; the larger ones being in the \ln‘ilihc‘ted cells (Fig. 3-9 & 3-10). They *

.wen’ pment.n all stages of nodule_«»ieveloplgent G N &
Ak N K : .
'I‘he mlcrobodm in lnfect;d celh were present in close mocnnon wnh the
butermdn These were seen in close contact with the peribact, Oldll membrnne
:nvelope (l-‘lg 3-10). Besides the pmence of well defaded mlcmbodis, amorphous

e eleetron-d/nse ltrnetura called denu bodles ‘were seeq in the mlected cells

“These dense bodiesdwere Iolmd elther at lhe muﬂue between perlbnurmdsl

membrane eu‘clope and the outer butemxdll membune or within the mutnx of _
the bacteroids (Fig. 3-10 & 3-11). .The dense bodies, hke the @x:robodies{ wen/
found' to pemu at nll stages of nodule developmen! Even after the removal oI'

pexibuumidd memﬁrme*lope with a detergent (NP40) in the Asohted.

hcleroid fraction, the denp bodies ‘were feund to femain attached to thav ™
bnmojd-l outer membraze (Fig. 3-12).




v
N\

Ultrastructure of s mature A. hypogses root nodule
cell showing the close association of lipid‘oddiu with
the bacteroids. Note the virtual fusion of lipid body
with the bacteroid. i "
Bacteroid (B), cell wall (GW), .lipid body, (L)"and
petibacteroidal membrane envelope (PME).
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Ultrastructure of A. hypogaea root nodule showing
both infected and uninfected cells and the presence of
a typical microbody in the uninfected cell.

Bacterold (B), cell wnll (CW). |nl=eted eell (IC).
M), (Mb),
(UC) snd cell vu:\lole _(V)

oy !
!
-~
-
¢ -
Figure 3-9: )
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s
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' Figure 3-10:
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“Ultrastructure of a mature A. ﬂuggm root nodule *

cell showing the presence of both  dense body and
icrobody'in close iation with' the b oid (B),

dense body (Db), microbody (Mb) and peribay
membrage envelope, (PME). b
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Catalsse, the marker enzyme for microbodies, wag locilized"to characterize

‘microbodies within ‘the m{t nodule :elk. Diaminobenzidine (DAB) nut'n;n is

specific for the cytochemical localization of utdm In the pxuenee of hydmen

pemnde and catalase activity, DAB is polymerized, whu:h in turn rencu with

osmium to produce osmium-black electron-dense deposlu! The electron-dense.

DAB-osmium eomplgxdndleltu the presence of catalase ulmty DAB-posltwe

reaction products were found in the microbodi wlncll were ded hy

single b s i ing discontin and !Iure was 8 nuclecld- i Y

' type, -morphuul, inner electron-dense region, sh;hlly eccantrlcllly phced (Fig
3-13). Sometimes they nppnred a3 pear-ghaped structures,: continuous withi the
endoplasmic reticnlum' (Fig. 3-14). S

~ g .
L

"In s mature m(eeud cell, the dl:mnw?enzldm (DAB). lmmn menlnd the )

e
pruence of lmelobodlu in abundance (Fig. 3-15) and Ihey were ronnd in close

lmcm'on with th'e _bule{clds showing ocontsct with the penbseumldll

. A 3
membrane envelope. In some séttions the outer membrane of the microbodies was

seen ;o be inuous with the peribacteroidal b tavelope (Fig. 3-18). _

The osmium-black electron-dense DAB. reaction prodﬁcl could also be
detected in dangl bodies ivhigh are dense -morphou._l'l structures without any

membrane and sfow thelr clua‘_uwcinl.on with l}ybnc‘lerolds_ (Fig. 3-17). The

dense bodies were found in the Inkr!nc‘ between the peribacteroidal membrane ;

1 envelope and th; outer membrane of thé bacteroid (Ei(.‘&‘-’la). These dense .

bodies were also present within the matrix of the bumﬂ- The donu bodies
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Figure 3-:11:  Ultrastructure of a mature A. Exm toot nodule
[ . .. cell showihg s close association of dense bodies with
_ the bacteroids (B), cell wall (CW), dense body (Db)
and peribacteroidal membrane envelope (PME).
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Figure 3-12t
i -

Ultrastructure of isolated bacteroids from A. hypogses
root nodules showing ' dense bodies (Db) attached to-
the outer membrane of the isolated bacteroid (IB).
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Cell wl (GW), mhochondnin my. mxdobody (),
: unlnmud eell (UC) and cell'yacuole (V]
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ule cell of A.

hypogaes showing a typical pe: sped’ microbody *
.+ through DAB redction. jn close tact with the
‘4 peribacteroidal  mei brmu envelope and endoplasmic
3 B mlculum A'
b (ER g s
& : (Mb) and pu-lbuurokhl membrane envelope (PME).
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Figure.3-165:

. Ultrastructure of s¥mature A.

-

cell showing the abundance of 1y icrobodies, the density
of reaction product and their gose agsociation with the
bacteroids through DAB reattion. shown are the
inner and outer .bacteroidal merpbranes in fully-
~ developed bacteroids (B), inner bac| idd membnm
* (IBM), microbody” (Mb), outer b

(OBM) snd peribacteroidal memhnnle envelope
SNPME). .

b 3
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, Figure 3-18: Ultrastructure of a mature A. b root nodule
- " cell showing a continuity ol the microl membrane
. with the peribactetoidal membrane govel opq(t\!xr_o:x(h S
DAB reaction.
Bacteroid (B), cell:wall (CW), mierobody (Mb) and
pmb‘&!emld-.l membrane envelope (PME).
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’ lppelred 6 be pruled sgainst the outer blctermdd\‘mambrms for the

peribacteroidal m:mbnna envelope bulged. out lt the me wlxera dense bodies -

were present (Fig. aflﬂ)

; The osmiophilic electron n‘ieme reaction product was ﬁol seen in th; c‘o)‘trols‘
used for the DAB reaction. Tha controls wnthout DAB or hydmg:n peroxide i m_‘,
the incubation mmlue showed uo reaction product. KfN -treated and boiled
-ectnons showed partial or eompletq absence of rucnon product. 3-Amino-1,2,4-
tn zole, a coffpetetive inhibitor, also showed the absence of the chnuctemhc

reaction product within the root nodulu (Fig. 3-20).




Figure 3-17:

80

Ultrastructure of a mature A. hypogaea root nodule
cell showing the presence of both dense bodies and
microbodies and their close association with the
bacteroid through DAB reaction.

Bacteroid (B), dense body (Db), inner bacteroidal
membrane (IBM), mitochondria (M), microbody (Mb),
outer  bacteroidal membrane (OBM) and
peribacteroidal membrane envelope (PME).
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. Figure 8-1!: A mature A hxmnen root nodulu cell showing a
- . dense body at the “interface between the
. Y ¢ . peribacteroidal  membrane envelope and the outer
bacteroidal membrane, shows positive DAB reaction.
- X . Bacteroid (B), dense body (Db) :nd penbutemdnl
N v ; B . membrane envslepo (PME).
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Figure 3-10:  Ultrastructure.of a mature A. ‘Bypogaea+root nodule
- cell showing ®tlose association“of the dense bodies £

with the bacteroid and characteristic bulging q! the !
peribacteroidal membrane envelope at the site where

) ’ » dense bodies lunliuliud throng' DAB:reaction.
Bacteroid (B), dengl body (Dbl and *peribacteroidal
7~ membrane envelope (PME). :
5 - ~ N
. 5 : "
# . ’ (33 -
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- cell and that this agtivity increases will:_mnurition. L8 -

Jumbo vngum, in an attempt to understand some of the reasons why their

lymbmls resilts in the pmducuon of lnghly effective | nltrogen-ﬁxm; nodnla
/

4.1. ‘Catalase Actlvlty and Nit.ro;en lentlon (Czﬂ R.ednctlon‘) in d

Peanut Root N"lulel P

The catalase ulmty of punnt “Toot nodules at different stages of no&ule

de';hnl?l!n‘ﬂ“ low in young (2-3 weeks old) Hiﬂ;r\gntintin; nodiles and high in
mature (45 vle;h old) nodules when the activity had ;e\n]:hed its maximum. The
puk was followed by—p degline in en:;me activity along with pr;)g'rusive aging of
the nodules. The results Abo showed higher catalase nctivity-in- the ‘bu!arnid
[raction as eomPued to !.he plant cy!os‘ol‘ and organelle’ fraction, indicating that

i % - -
most of the enzyme activity is associated withvtﬁmut_e@){s within the host plant

)

The catalase activity was also assayed in the bacteria grown in culture in '

"order ‘_h‘detmnin; Af the enzyme was present in free livin'; asymbiotic, form or

induced in the noduleydurin; ;iirogen'ﬁntiom and symbiosis. There Was no or

Al . . . & a

between Bndxrhlzobmm ap 32H1 :nd the legume Qghu ypogaes L. Vnr\

\



. X 8

i neg}’lghle‘ nchvn,y m the mtact bacteria, although the superntant from the

bmken bacteria y:elded high cnnlue M:tmty, mdlcmng the presence of the ’

enzyme within cﬁe bacterial cells. The trace amounts-of utmty recorded in
.‘mtncl cells is most likely'du: to the presence of a few broken blctetinl cells. .In
lhe trnnsformcd bacteroids lsolaud from the" nodule homogenlte' most of _the
sctmty wis obwved in intact blcl.ermds, indicating thn the enzyme was
probnbly pruent on the surface of the badteroids’ or' was trumported ohto the

‘surface due toa pnwble increase in membnne perrnenblhty
A - * - £ -
_ "The results have nhow;z that small amounts ol‘ nitrogeli are fixed by ybung
dlﬂerenha‘,ing root nodul- The nitrogen-fixing ability of. the plant increases

" .with fon, reaching its maximum‘in lully-developed nodulas/hmterold:

The decline which follows is attributed to the ive degraidhtion of the

l}odule cells and the dgclin‘e in the number of blc(eroidn. - A similar tFend of

increaséd nitrogenase mtiv/ity of root nodules with maturity along with incréuad

numbers of bacterolds has been reported by Sen and Weaver (1080), in 1 different

-
. cultivar of pelnul nlmely Tumnut

- .

v’l;he el'legi\‘lenm. of nitmgen fixation in soybean- and other n&dulnling

legumes has been shown to correlate with hxgh ennlase activity . (Francis and.
A]exlnder, 1872); TIn pemnts, there is tempanl correlation be'.wezn catalase

activity and ni ' activity (acety ne' reduction) B"“w page and

catalase activities incr;nu with the mihlntion of {h’e nodulu, slthdngh catalase
|s not directly involved in mtrogenne activity per se. The corulltwn bétween

nitrogen fixation md host cxmsol cunlau activity is poulbly due to an efficient

coupling of assi and further _i“" of tﬁa fixed nltrogen

' . "




N g LT e
Bulda producing eﬂutive root nodules in p v/m the st{un 32H1 nlso
pmduu:u effective toot nodules in cowpes. Howe the nitrogenase actmty in
punnl root nodules is one and a. hnll to three times higher lh-.n i cowpesa (Sen

and Wuver, 1980‘ 1981a). The basis fnr &e different ulu of nitrogen fixation
—

by the same ltrun of Bndxrhuob “has been nunbnud to dl[lﬂeneel in the

hology of '.Ile b ids and to the 1 ization within' the.
N\

nodules’ o! the two legumc lgeelu (Sen and Wuver. 10841. Sen, Weaver and Bal,

1986). The in vitre nitroge u:tmty iments on isolated b ids from -
;o the‘~ two\ legume species done by Sen,and Weaver (1g81b,,1o§45) ‘also supported .
. th(h?p“hzsfx that the higher nitra;e?-ﬁxing -nbility of p;nnuu“wu related to the;

_unique structural mt_)dlﬁchiol’l :o! the rhizobial strain 32H1 and to the noduie.

jtsell. T

© e The Root Nodule A and Ultrastry

The root” nodules of péanut have nmmu cytologicat Inturu which
dlﬁerentme them' from the root nodules of other mtrog!n-ﬁ‘m; kgumu There- .

is a large central dense region of mlected cells occupying s major ‘portion of the

‘nodule which is highly infested by spherical bact roids! There are no uni d
+ cells interspersed 9mon‘5' the infected ones lpul_l’rom the rays .ol uniniect.ed “cells
.that divide the central infected region into' two to three distinct u;nnﬁ masses.
The outer umnlected cortical region of pel.mlt root nodulée harboirs vucullr

hundlu lrnnged uniformly around the central infected region. ) .‘ a ¥

Sllllllll‘ oburutlonl of peanut root nodules were duuuud by Sen and
Weaver | (10841) who ltndled the basis for different rates ol nitrogen fixation by

<8




* internal org-mz

the same straln of 'Bradzrhxzubmm in peanuts :nd cowpea. Compnnive‘ ¢

nmctuul studxes have shown clm, unhke peanuu the central mfected reglon ol

lhe cowpen .toot nodnle was mterspersed by a lar;e number of ‘uninfected cells

¥ devmd of bnctgmld;. The inner side o( the cortex in cowpea had an endodermu-

t also complrptively smaller in size in peanuts than cowpea.

The nnntomlcul fentures o! soybean root nudules lre snmlnr to cowpea, for
the central yeglon |s heavily mfecled wuh the }hu.nbn and there are many small

uninfected cells mterspersed among, the mfected ones (Nawcamb nnd ’l‘andon,

1981s). Also, the central ‘region is b d by an outer comcnl hyer which is -

several cells thick. N

ion ol bncteroxds and host cell cnmponen's which differed {rom

like layer which was absent in peanut root nodules and the vascular bundies were |

e The ultrastructural studies of pean\lt root nodules’showed a characteristic

_ the mfectéd nodllle cells ol other itr g legumes. i cowpes
which -is nlm nodulated hy_ Bradxrhlvzobiurr; strain 32H1 (Sen, Weaver and- BAI,.
1086). The rhizobia, after i_nlet.:ﬁng through peanut r‘oou, ;Smlifern@g and cause. )
the‘ ;;veliipg of the host e;lh at the ﬁéint of inféction. The ‘rhizohil themselves

‘ara‘ \tungfoimed'lo- lt’r‘ge spherical ‘bacteroids with an inner. and an outer

|

membrane. The infected cells in penm;t root nodules consist of these Lnnafé;m.u.d

bacteroids-enclosed singly in the peribacteroidal . mem¥rane enveloy: n;o_und a

central vacuole and are éightly ineked. Most of the host cell components, such as

mitochondria and proplastids are located near. the plant cell wall. The:nucleus is -
. 4 “ - il 50

adpressed-against the.cell vacuole. In this study both lipids and mictobodies have

been observed in the host cytoplasm of the infected cells.
" - . o




4.2.1. Lipid Bodles in the Infected Rogt Nodule Cells. ,

A unique feature of pca.}nut oot nodules is the presence of lipid Abo\d’in in the
infected cells duri.‘ all stages of nodule development. There is a close mocinio‘n
of the lipid bodies with the bacteroids, for they are either uhched to the
yenbuteroldnl membrane envelope or are fused with it. The sqnnlud peanut

root modulés stained with Sudan-I slso give further Imwchelmcﬁ endence for

- the pluence of lipid bodies. 'l'he sttachment ol hpld bodies to the bncumds can

qven be demonstrated with the light micrc The presence of the hpld bodies

;Within the infected cells An;l their. close association with the bacteroids hu not

been reported in the root nodules of other nitrogen-fixing leg\gmec.‘. The

" sbundsnce of lipid “bodies, their physical contact ‘with the peribacteroidal

membrane envelope and with. the bacteroids suggest that the buuroid; of peanut
root nodules are involved in lipid metabolism. Lipids .nre ginenlly utilized

through p-oxidation, and the catalase activity in the root nodules may be related

F L @ 3
neutralize:its toxic effect on the cell components (Fig. 41). L

4.

to this pathway (Tolbert, 1981). Hydrogén peroxide. is liberated during the

process of g-oxidation which in turn should be degradbd by catalase in order to

Microbodies.

. The: ultrastructural studies of peanut root n;)dulu show the presence-of ~
microbodies  in' both uninfected and infected cells at all stages of nodule

* development. This is Ilnliké’ observations in soybean where microbodies are

'eompleuly absent, or mnly reduced in number u\i size in the mleeud cells

(Nuwcomb and Tnndon, lDﬂ"*Newcomb et l’, 1085). lt was further -




Schematic repfi;elftlthn of fatty acid poxidationiand

" glyoxylate pathway in germinating caster . bean
* endosperm. ~ Noteg(arrow)._thg formation of hy'd?ogen L

perBxide through dehydrogenation of fatty acid acyl-

CoA and its breakdown by the enzyme catalase.
(Tolbert, 1081). - .







anctemds may be using the e.nzymes prmn in the mlcrobodieo for .their own

documented thnﬁ the uninfected cells of soybem root nodulu contain enhrgad

mlcrabedxu wuh enzymes of ureide synthesis fol[ the production of ureides Crnm . L

recently fixed nit en. On the other hand, cow‘pe;, like soybun, is mvolved in .

|
ureide metmbolum, but the enzymes for ureide synthesis are reporled to be
present in both umnfgcted and infected cells (S J!p et.al., 1083).

" : ‘ .
Mlcmbodm in genenl lnve apeclﬁc] metabolic functions and are -

cﬁnruterlzed and clmnﬁcd biochemically on th“e basis of the enzymu they possess
| .

for different metabolic pnthwnya. They coqlmn flavin-linked oxidases which
, generate hydrogen peroxide and also contnu; catalase’ for the degradation of

hydrogen peroxide. The dutmguuhmg genenl feature of all mm-obodxea is the(’
\

presence of catalase th't can be recognized i in tll: eleclron mxcrographs through‘

diaminobenzidine resction. Mx?robodlgnppenr as spherical, elongate or dumb-

bell shaped and hlve a dlameté: between 0‘2 - 1Sum They. are bound by a i
\ | ’ 3

single, lipid-bilayer ding an hy of grnmlhr, electron-

\ \ .
dense’ matrix, o{ten.h-v'u)g a dense nucleoid.
- 4

_ . \ J (I -

iIn >pean|n nodules the micobodies are present in-close association with the

bnc@éroids. ’l;hey are seen attached m the. peribacteriodal membrane’ envelope.
Th/of oteasional fusion of the per‘ibacperoiusl membraiie envelope and the
3 « - \

ly is another indication of a close iation between.the two.

i L. 'S . .
/ .

The praence of mxembodxes in infected and umnhcted cells of peanut xoot

ﬁodulu, and thm intimate mcmlon wnth the bularold: lug;m that the B T




.’,..,: . . v%.. ‘. _!”
meubollc pnthwuys lq nnlmng lipids as well as for the asgimilation or ﬁxed
nmo;en It hu been shown that the synth{esm of allantoin, through xanthme ’
axldue in urelde me!nbohsm, would generate hydrogen peroxlde, whxch could
cn\lse damage_to . the cellulnr\ componenu (Rawslhorne-;lﬂso) Therefnre

con-ehhon of catnlue utmty with the effectiveness of a rhizobial stmn to fix ,

| nitrogen i soybem (Funcu and Alexnnder, 1072) i is not cnly due w rhlzobm\

endogenous catalase but is slso dne to the presence of mlcrobcdm and their
association wnth the bacteroids. . LR T \‘

-

'.'—f‘ inuity of microbodi w:ththe doplasmic reti oftenresnltsms

1 pear-shaped structure which was also conﬁrmed in-this smdy The denslty of the

‘renetmn product ol DAB reacnon is a qualitative measure or the catalnse actlvny

‘x"he staining rescuon of cntalnse/rmcrohodlee was mhnnr d completely or

. p\Trthlly by KCN and by 3-amino-1,2, 4-triazole (AT), suggemn; that smnmg o

with DAB is rehted to the enzyme catalase (Fnhum, 1958 1060) Tn plants the
eybochemi:sl locslnzsuon of catalase in leaf mlcrobodles thm\lgh the DAB renctlon
wu first conducted by Fredénck and Newcomb (IOGD) through their modified

techmque al incubating the leaf tissues in a ‘preincubation mediym for better

penwpl_wn‘

!
a4
b

The présence of microbodies in the inl'ected cells of peanut root nodules ’

l!onk with miux:hé a and lipid bodul indicates ad " enzymatlc role ol‘
|
-microbodies  in the poxidation of fats, where the breakdown o[ toxic hydrogan

peroxide by catalase, becomes esgentld. The luge mlcrobodlu in the unm!eeted

el . ‘ . *
" cells may- be involved in ureide metabolism as ‘has been suggested for soybean.

Lo

o



" . s .
« the presence of enzymes of different boli h and their- cy

97 : / |
i
However, their function in peanut nodules which hnve a dlﬂefem structnnl

orgnmuuon_“remsms,unknown. Fur!her uludm.‘ such as the igolation ot,,

mi¢robodies from both infected and uninfected cells, their biochermical analysis for

lociliquion within the cells, will provide more information along tliese lines. .

‘4.2.3. Dense Bodies.

ar— N 2

§ Coea . / 3
In this study of the peanut root nodule cell, unique osmiophilic structllus

were observed. These slructures which are urmd to as dense bodies ruemble’ i )

"7 the inner dense region of the microbodies but nre not e brane-bound. They

'were present’ at the mter!sce between the penb/cteroldal membrane envelope and” A

Efe outer bae!eroxdnl memhrnne snd they wére also found inside the bacteroids.

* The dense bodies were seen luached to thy ouler membrane of the bacteroids and

persistéd in isolated bntermds, evel alle; the removal of peribactercidal

X membru?:;envelope‘ The dense bodiés had a DAB positive reaction, possibly due

to catalase M:uvny associated wmy he bacteroids. . i

Iy pure ‘urftures of Bradyrhizobium , catalase activity was only found when R )

cells were broken; there wag no activity in whole bacteria. On the other hand the
7 . ¢ N
unbroken. bacteroids ftom nodules, when isolated, showed ver'y high catalase Y
o <
activity. It is quite ible that the catalase activity in this case was due ta\he —

dense bodies wh? re:mnin attached to the outer membrane of the bacteroids. It

should be men/t' ned that the dense bodies have not been encountered or reported _..\.
in any oih/; legume to my k ledg Further i ‘de ytochemi “ LW |
work needs to be done to characterize the densé bodlu and establish their




function. Beeam of their presence nt ‘the interface of the bmtemld nnd the host

. !hey are possibly phymg a s|gmf cmt role in pnnub—Bndzrhlzobmm symblosu

The close iation of the mijcrobodies with the b id: wnﬁ ional fusion
& with the penbacnroldxl membrane envelope and also the presence of dense bpdies
wnhm the peribacteroidal membrane envelope which bulges out at lhe site where

dense bodxu are locnled, Au;mu that-the membrane-bound microbodies originate

from the densesbodies.
0 "\
A hypothetical dngrm sl\owmg the series of events involving dense bud\es,

mlcrobodlen and. I)plds is pruented in Fig. 42. Itis hypothesxud\ that the .dense s

bodies - are” ded by the P ibacteroidal b envelope ‘and are -

eventually pmched off ifito the host eylophsm !rom the interfae of the bacteroid '
.and the host. as mlcrobodlu The llpld bodies which are also in cQse eontsct
lﬂi the penbmterolda.l mémbrane envelope :_are I:rroken down by the enzyme '

pnse into’ Im.y acids on the surface of peribacteroidal membnne envelope . .

H.m'ud and Bal, unpublished). ’nm'e rmy‘mds are {qrzhe\" degraded through -
ox:dnhon by a series of enzymu present in the mlcrobodles ‘These mlcrobodla ¢

are also in clod conuek wn.lx the penbnecermdal membnne envelope Durmg the

pronss hydfrgen peroxlde is d l.long wnh ion of Iauy ncyl-
oA wlnch in turn is cahbolxzed to water and oxygen t| Tongh the cnalue

u:tmty of the microbodies or the denae bodm The lipid brelkdown through

idation results in the formation of lcatyl-GoA as m‘end,prodnet. The pro(_:m




Figure 42: .
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. . CONCLUSIONS
In the pelmlb-Bradxrhlzoblum symblosls

A con-elnmn exsists between the nitrogen-fixing sbility and the catalase nctmty
of pemut root. nodule. : . - o & o
Mi:’roh'cdiu possessing catalase activity are present in both infected n\{d
uninfected cells of the nodule. In the infected cells the microlbodiel are in close
association with the bacteroids ’ ‘
Dense bodies, which show .chéilase activity, are present on the surface olj the

bacteroids within the peribacteroidal membrane envelope.

" In the in yitro grown Bradyrhizobium sp. 32H1, catalase activity is present.only - *

inside’ the cell, whereas }n the symhiotic form’ within pu\ﬁut root nodules, the'

- activity is found on the surface of the bacterold cells,

Llpld bodies are ptesent in ahunc[nnce in the nodule host cells in “close assqciation

¥ ?Ilﬂ.l the bacteroids. The abundance of lipid bodies, their physical contact with

the peribacteroidal membrane envelope and the bactercids, ‘and high- cngn’luz’.
s B .

activity in the presence of both microbodies and dénse bodies, strongly suggest

that lipids are utilized- as a carbon source by ‘the peanut bacteroids during

nitrogen fixation.
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