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INTRODUCTION



I. INTROIGOYION

Pearl millet or bajra (Pennisetus typhoides (Burm.f) Stapf and Hubd
is ene of the sommet nillets that serve ss foodgr;m in India. Pearl
millet plant belemgs to ths family _P_ou:c. It’s greins are used for
hmacuq-ptiﬁu and plant stalks are fed to cattle. In India, it
covers an eres of sbout 973 million hestares. It comes up well in any
kind of eoil and fer this resscn poor seila mot fit fer growing rice,
wheat snd serghwm uwsually sre selested for this erep. It 1s grewn
extensively ia Gujarat, Karnstaks, Msharashtra, Hadhya Pradesh, Rajesthan,
Temil Madu and Uttar Predesh. Although about twenty diseases of thie
orop are known, the green ear or downy nildew disesse sesused by Sclerospers
graminieola (Saec.) Sehroet, is one of the mest important and widespreed -
diseases in India.

Sclervepers greninisola (Saes.) Schroet, belongs te the class
Phyconycetes, erder : Perncsperales and femily t Peroncsporssese. It ie

an cbligate parasite em it s hest. Downy mildew of pearl millet wss
first reperted by Butler in 1907 from Indis. Tha mame green ear explaine
the transformetion of tha ear, whelly or partislly, into s vegetative
structure conpesed of s mass of green twisted leaf-like strustures. The
fungus ocsuses various types of aymptoms in bajrea. The disease appearse
&b all stages of development of the plant, starting from the seedling



stage upto the ear’ stage. Systemic infection is eheerved eerly in

the seedling stazs shen the plants ettain 5-15 em height. Systemisally
disessed plants are significantly stunted with ghloretie leaves which
sporulate heavily. Ia the eld plants yellowing and whitening of lesves
are ocbserved. As the disesse progresses, the chloretic lesaves tura
yellowish brewn snd finally reddish wowm. Oepending upeon the severity
of the disease, the young infected plamts elther dry up or rarely grow
further and produse esrbeads. Iwarfing and discolouratien lesad to the
early death of the infested plants. Freguently, plants having foliage
free of other symptons develep infected spikes. Sometines, normal
earheads develop on diessased plant. |

This disease ciuns & severs damage to bajrs erop resulting in
marked less in grein yield. Nitter aad Tenden (1930) reperted kS per
eent less ﬂ'iﬂg. to the green ear disease, near Allahsbsd in India. An
extensive survey ef bajra orep in Rajasthan (Methur and Dalela, 1971)
during 1962 and 196k, revealed that the disease incidense in differeat
fields renge fyom 0-27 per emt. Un the basis of data collected in
1962 and 1964, the monetary less owing to the green ear disesse in
Rajasthan alone was estimated t0 be more than 20 millien rupees svery
yoar. It is estimated (Ancnymous, 1971) that the everage ancusl loss
in high ylelding bajra varisties dse o the aowny sildew infestion wes
ebout 30 per sent ia India.

2~



Bventhough, this dn-n causes such a devastating damage t° bajra
erop, till now there is no preper control measure except using resistant
varieties of host plant. If the exact mechanism of symptoms cesusation
in bajra plant by S.graminicela fungus is understeod certainly, it will
help in suggesting good control measures and also a way to screen large
nunber of resistant varieties against downy mildew may be found out.
The objectives of this study were:

1) isclation of a taxic compound from the 3.graminicola infected
bajra plants,

2) To find out the role of the toxic compound in causing the
symptoms in plants.

3) To understand the mechanism of sction of the texic compound
in it°s host.

L) To elucidate the biological properties of the toxin.
5) Te purify and chemically charscterize the toxic cempound.

6) To study physical and biochemical properties of the toxic
compound.
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11, REVIEW OF LITERATUERE

The idea that plant pathogenic organisms may produce toxic substances
which play a causal role in plant diseases was reported as early as 1686.
de Bary (1886) while working with Sclerctinia sclerotiorum on carrots
succeeded in reprodusing soft-rot by applying a sterile extrsct from
rotten carrots to healthy carrot tissues.

Gottlieb (1943), Braun (1950) and Dimond and Waggoner (1953) reported
that the metabolites produced by the plant pathogens are capable of pro-
ducing disease symptoms similar to those found in nature. These metabo-
lites were produced by the pathogens both in vive and in yitre and are
listed in the reviews by several workers (Wheeler and Luke, 19633 Pringle
and Scheffer, 1964; Kalysnpundsrem and Charudsttan, 1966; Wheeler and
Hanchy, 19683 wright, 19683 Owens, 1969; Sameddar, 19703 Patil, 197kL;
Strobel, 19Tka and 1977; and Rai, 1977a ).

In the field of plant pethology the word toxin has been used under
varied contexts that its signilicance has become difficult to estimate.
Terms such a8 low molecular weight toxins, high molecular weight toxins,
fungal toxins, becterial toxins, mycotoxins, phytotoxins, plant toxins,
vivotoxins , pathotoxins, host-specific toxins, primary and secondary
determinants have been used by several suthors. Dimond and Waggoner
(1953) discriminsted between "toxins® and "vivotoxins®™. A toxin was



defined a8 "any compound prodused by a misrcorganism vhisch is texiec ¢o
plants” and a vivetoxin a8 "e substance prodused in the infested hest by
the pathogen and/or its hest, whish funstions io the production ef diseass,
but is not itself the initial inciting egent of disease®. later, Disond
(1955) stated that a substance san be regarded as ¢ vivotoxin if 18 meets
the follawing sriteria -

1. IS could be isolated from the diseased plant but not be
present in the healthy bost}

2. It could be e}humm eharesterised; and

3. When intreduced, in pure fosm,; into a bealthy hosy, 4o
st preduse the syuptoms of disease or a partion of a
SYyndrons «

Wheeler and Luke (1963) propesed the terms “"pathotoxin® and "phytotoxin®.
Pathotoxing are those toxine which play an impertant rels in disease pro-
duction. They listed four eriteria to preve s toxin to be pathotexin.
They aret

1. The toxin applied at conemtrations which could be
reasonably expested ia or areund the disease plang,
produces in a sweeptidle host all the symptons character-
istic of the disease)

2. the pathogen and the texin exhibit eimilar suscept
spesificity)



3. the ability of the pathogen to produce the texin
varies directly with the ability to cause diseasej and

4. a single toxin is involved.

The same authors coined the term "phytotoxins™ for all products of living
organisms toxic to plants, without reference to their role in plant
diseases. Fringle and Scheffer (196l) proposed “Host-specific toxius®

to include the metabolic products of the pathogenic microorganisss which
are toxie only to the host-susceptible to the pathogen. In addition to
these, wWright (1968) coined the term "Mycotoxins® to include all toxins

of fungal origin. The literature pertsining to the toxins produced by
plant pathogenic fungi has been reviewed below. For convenience, the
literature is grouped into two groups as Toxins produced by (i) Facultative
parasitic fungi, and (ii) obligate parasites.

Toxins produced by facultative parasitic fungi
Helminthosporium toxins:

The texte activity in culture filtrate of Helminthosporium victoriae
causing blight of ocats was reported by Meehan and Hurphy (1946).
Litsenberger (1949) detected the toxin in infected plants in suffisient
concentration to bring about the effects similar to those cbtained in
pure culture. Wheeler snd Luke (195k) obtained high ylelds of
H.victoriae toxin by growing it in chemically defined medium. The toxin
wes partially purified and designated as "victorin®. They alse obtained



& nutant which was highly pathogenic and produced high yields of toxie
compeund. Pringle and Breun (1957) purified the toxin and noted that
victerin inhibited the growth of susceptible cat roots at a eoncentration
of 0.01 )m/nl. They found biologisslly active victerin to be s pely-
peptide in nature. 7The taxin pro&uoa was restristed teo only pathegemic
isolates and selested high toxin yielding strains (Soheffer et al., 196k).
The toxin preduwstion was genstically econtrolled and influenged by age of
the cultures used (Nelson et al., 1963). Pringle and irsun (1958)
degraded the purified toxin by adjusting the pH of aquecus solution with
sodiur bicarbonate. The degraded toxin gave e strongly positive ninhydrin
reaction and when chromatographed on paper, two sSpets appeared with Rf
values of 0,67 and O.8k. In 1960, they found sut the empirical formula

of the latter compound uthmn:muco:o.ahuoua”»oum

it as “vioctexinine". This compound was found te be eGually toxie to
toxin-susceptible and resistant varieties indieating that it was men-
host spesific and it may be isolated directly from culture filtretes of
poor or non-texin preducing iselates of H.vistariss. liuhhun ot al., |
(1966) reported the sppearsnce of vistoxinine befers victorin in eultuwre
asdium.

Krupka (1958) and Scheffer and Pringle (1963) ouserved that vieteria
increased 3-5 fold oxygen wptake by susesptible oat tissues but not by
resistant aats. Also the sscorbie acid axidase activity wse feund to be
24 fold as great in suseeptible oat kmahm but it reduced the
transpiration in both resistant and susoeptible eat varieties
(litaenberger, 1949 and Wheeler, 1968). sStudies with respiretery



inhibitors by Krupka (1959) revesled that 2,h~dinitrophencl, an uncoupler
of oxidative phosphorylstion had no effect on victorin treated susceptible
oat tissue. [However, sodium fluoride reduced the high respiratory level
of victorin treated plants and sodium diethyldithiossrbamate and phenyl
thiourea, two inhibitors of copper containing enzymes had a greater effect
on victorin treated tissues. . - Malonic acid, a Kreb's cycle inhibitor
had the reverse effect. luke and Freeman (1962a) reported that viectorin
treatment caused an increase of free amino acide in susceptible varieties.
The increase of free amine acids coupled with a decrease of bound amine
acids indicated that toxiu treatment disputes protein metabolism. While
studylng the effects of victorin oa Areb's cycle intermediates of suscepti~
ble cat variety, Luke and ‘reeman (1965) found that victorin caused in-

ereased production of malic acid through a €U, fixzation reaction. It

2
also enhanced citric acid symthesis but had no effect on aconitiec and
suceinic acids. The smino acids uptake was decreased after exposure

to 2.5 x 107 dilution of a toxin (Scheffer, 156k).

A increased permeability of both the plasma membrane and tonoplast
of root cells in susceptible cultivars but not in resistant cultivars
treated with vietorin was observed (Black and Wheeler, 1962a; Wheeler and
Black , 1962 and 19633 and Keck and Hodges, 1973), ' - Vietorin trestaent
caused breskdown of the nuclear membrane, collapse and aggregation of
eytoplasn and modification of mitechondria, disruption of the internal
menbrane systems, lysis of plasms membrane, chloroplast membrane, and



disorganisation of grana framework system of chloroplasts (Hanchy and
Wheeler, 1965; luke ot al., 1966; and Samaddar and Scheffer, 1966). The
loss of the ability of reot hair cells to plasmolyse, uptake of exogencus
amino seids and inorganic phesphorus, incorporation of P inte organic P and
anino acids into proteins and protoplasmic streaming, wers recorded after
the victorin treataent in susceptible cultivars (Samaddar and Scheffer,
1968). Increased leakage of electrolytes and phosphorylated sugars from
victorin trested tissues were recorded (Black and Wheeler, 1962b; Black ,
19635 Luke gt al., 1969; and Gardner et al., 197h).

The reaction of the plants to victorin indicated that the uptake of
toxin by susceptible plants may be due to recepter sites present in
susceptible plants to which toxin gets adsorbed as reported by Luke and
Freeman (1962b) and Hanchy and wheeler (1965). This receptor site was
found to be absent in resistant varieties (Hanchy and wheeler, 1965).
The statement was disproved by Doupnik and Wheeler (1965) showing that
victorin is adsorbed even by resistant variety. OSamaddar (1968) suggested
that the carbonyl group may be involved in binding the victorin on the
membrane. Doupnik (1968) noted the suppression of victorin induced
symptons by trestment of CaCl,, Hanchy (1969) reported suppression of
victorin toxicity in cats, when pretreated with Uranyl salts. Gardner
and Scheffer (1969, 1970 and 1973) found that when susceptible plants
were treated with cycleheximide and sulfahydryl binding compounds, the
victorin indwed electrolyte leakege was reduced. Saftner et al. (1976)
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suggested that selective effects of vietorin may be caused by a victorin
induced deficiency of calcium in suseeptible but not in resistant tissue.

A host-specific toxic metabolite from Helminthosporium carbonum was
reported by Scheffer and Ullstrup (1965). They noted the inhiditory

action of culture filtrate only when susceptible corn was the test plant
and had no inhibitery effects on resistant corn seedlings. Well developed
seedlings of susceptible corn developed necrosis when placed in a cultwe
filtrate but had no effect on resistant seedlings. Kuo and Scheffer
(1967) and Kuo et al. (1970) while stulying the comparative effects of
H.carbonum and H.victorise found that HC-texin did not stimulate Oy uptake
uuummmmmdc“mouwmmw
trichloroscetic acid inseluble plant components wes not affected. It did
not cause electrolyte leskage from suseeptible tissue nor the activity

was affected by suifite. Very dilute solutions of the Hi-toxin stimulated
root growth of corn seedlings. Fringle and Scheffer (1967b) isolated a
host-specific toxin and a related substance with non-specific toxieity
from H.carbonum. The non-specific toxin was referred as carbtoxinine.
ihey crystallised HC-toxin and found that crystalline texin did not resct
with ninhydrin but yielded amine acids on acid hydrolysis. Kuo and
Scheffer (1968 and 1969) noted that toxin uptake by susceptible corn
seedlings was affected by l.carbonum toxin comcentration and the time of
exposure to the texin. The toxin uptake was temperature dependent and
was decressed by 2,L~dinitrephencl, sodius aside and potassium cynide.



The toxin incressed the GOy uptske in tisswe axtracts. Yoder and
Seheffer (1969) noted the stimulatory sffects of lower songsntrations
of H.garbenum taxin oa ecern seedlings.

Pringle (1970) found eut its molecular weight which was 700 cni.
empirisal fermala as cnﬂganéem. He identified the compound as ayclic
peptide having alanine, preline and three other ninhydrin pesitive
compounds. The produstiecn of amines similar to vistoxinime by H.csrbonwm
ws reported by Fringle and Scheffer (1970). Pringle (1971) studied the
snino acid compesition of the hest-spevifie toxin of H.carbovum.

Yeder (1970) reported that HC-texin saused 30=70 per cent inerease
in Ni sctivity and slse the nitrate reduction industion was insressed.
Toxin did not affest KR astivity in the absence of NR eynthesia (witheat
m;).mraammu.uucnwmzm. The inoreased
adsorption of nitrate and eodium and reduced adsorption of potassium,
sulphate and phosphate ions due to toxin was ebserved by Ieder snd
Scheffer (1971). Comstock and Scheffer (1970 and 1973) reperted the
necessity of toxin and toxin emmsitive tissue for successful celonisatien
of H.garbonum. Xeder and Soheffer (1973e end 1773b) proved that the
nitrate reduction in toxia treated swceptible tissue was not dae o
aitrete reductase. They explained that ineresse in nitrate upteke and
socumulation of nitrete vas due to availadility of substrete but not due
to insresse in metzdolism. IThey suggested that toxin action was mot by

11
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derangenent of plasma membrane instead it may cause specific changes in
plasma membrane, which might have increased the uptake of certain solutes.
The abolishment of specific toxicity of host-specific toxin of H.carbonus
by electrolytic reducticn was noted by Pringle (1973). Hoffwan and
Zscheile (197k) detected inoreased peroxidase sctivity in toxin treated
or inoculated corn tissues.

A partially purified host-specifiec toxin from H.sacchari causing an
eye-spot disease of sugarcane which is characterised by a long chloreotic
streaks free of fungus was isclated by Steiner and Byther (1969). Byther
and Steiner (1971) wsed host-specific toxin in determining the resction
of sugarcane seedlings to eye-spot disease. They concluded that eye-
spot susceptible seedlings can be eliminsted from a population by spray
applieation of texin. The partial charscterisation of H.sacchari host-
specific toxin was done by Steiner and Byther (1971) and also found that
Plants susceptible to fungus were affected by the toxin. They suggested
the use of toxin for screening of sugarcane varicties for resistance to
eye-spot disease. Steimer and Strobel (1971) purified and named the
compound as "Helminthosporeoside®. They proposed the structure eof
helninthesporoside as z-hm-oyclml-uua-nmhnmuﬁzh.

The helminthosporeside was recovered fros a runner on an infected leaf

and it was purified (Strobel and Steiner, 1972). Byther and Steiner(1972)
used helminthosporeside to select sugarcane seediings resistant to eye-
spot disease. The studies with ultrastructures of cells in toxin treated
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and H.saschari infested susceptible sugsrcane leaves by Strodel ¢t al.
(1972) revealed virtually no alteratien of tha aytoplasm to its ecomplete .
dlsrvptien and abnormalities in the ultrestrusturs of chloreplasts. |
Syther and Steiner (197h) gave a possible sechanism of heat induced re-
sistance to helminthosporoside. Strebel (1973a) found tiat suseeptible
hests possesaed membrane pretein which can bind the texin: He puwrified
the binding protein and determined it® molecular weight ea Lk5,000. It
wes found te tave b sub-units ef molecular weight 11,700 and etlesst

2 dinding sites emeh. Further, expsrimsnts by Strebvel (1973d) showed
that the binding pretein ef resistant slenes differed with that eof
susesptidle elones in having lew lhttl'bpmme mobility and four
different smimo 0id residues., 3tredel and Hess (197k) gave the evidenee
for the presense of & texin binding protein sa the plasma nenbrane of the
Plant eell. The studies with the texia binding protein of sugsresne by
Strcbel (197kb) revesled that it pessessed raffinose binding sctivity,

it participates in slfa-galactoside transport and activated k* - ug**
ATPase meyme. Stredel ot 31.(1975) showed the lask of texin binding
protein nuviﬁ in nutants of sugarcane olone obtained by irradistion.
Steiner and Syther (1976) oompared and charscterised the toxia prodwsed
by H.sascharl from Australia, Florida and Haweii. Piokerton and

Strobel (1976) cbtained the productien of belminthosporoside in s medium
by attenuated cultures by adding the material chbtained from the wster
wash of the susseptible sugarcane leaves. One sctivator was identified
as oerinol wideh sctiveted texin prodwctien in sttenuated eultures

ltl.F.
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Snedegard-Peterson and Nelson (1969) demonstrated the produstien
of a host-specific taxin from isclates of H.maydis eausing blight re-
sstions on eorn. They detected toxin by following biocassay methods
¥is., detached corn leaves snd seediing assay. From the experiments
they noted that toxin production was under genetic contrel, Linderberg
(1971) noted that disessed 1s0lates of H.maydls produged more toxin than
the healthy isolstes. The host-epesific toxin of H.maydia wes purified

and some of its properties were studied by Comstesk (1971). He chserved

that toxin was heat ladile, sotivity was reduced by 50 per eent in

2«h hr at 25 C and pH 7.0, less than 20 per eent et pH 3.5 and toxia
bad an epproximate Rf valus of 0.85 on paper chromstograms. The pro-
dustion of different spesifie taxins by different iselates of H.maydie
was reported by linderberg (1972). Wheelsr gt 21.(1972) fnvestigated
the pessidility of using mitochondrial sensitivity te the fungal toxins
of H.maydis for detecting resistant plants. The perweability shanges
induced by H.maydis rese I texin wers studied by recen et el. (1972).
Comsteck and Scheffer (1972) noted thet isclates of H.maydis rese ¥
differed greatly in the ability te produce hest-spesifis toxin and tiw
. toxin produstion wes varied with the composition of the medivm and age
of the cultures. MNe host-selestive toxin was detected from H.mepdis

race O,

The pathotoxin Irom H.maydis caused a rapid inhibition of phote-
syathesis, indused etomatal closure and inhibited o uptake hy guard
cells (Arntsen gt sl., 1973). Arntsen gt al. (1973) studied ths effest
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of Hemayiis (race T) pathotoxin on emergy linked processes of corn
seedlings. Tipton et al. (1973) obscrved the inhibition of the K’
stimulated AlPase of maise root miciosomes by H.maydis rece T pathotoxin,.
The reaction of geralieu.ug inu pollen to ll.maydis pathotoxins was
studied by laughman and Jreby (1973). Herts and Arntsen (1973) found
that the texin dopclarized the electrical petential in suseeptible malse
varieties.

Lin and Hooker (1972) charscterised the taxins from Homaydis rece T
and rece 0. H.maydis rece T toxin was having Rf value of 0.95 and found
te be involved in diseuse development. Helminthosperium race 0 toxin was
having Rf value 0.87 and had no role in disease development. Karr et al.
(197k) isclated four host-specific texins end found that toxins I and II
were chemically similer and toxin III was s glycoside chemically similar
to toxin I and II. Halloin gt al. (1973) reperted that the toxin is host-
specific only with respect to electrolyte leakage but not with respect to
leakage of carbohydrates from root and leaf tissue of corn. A simple
biockenical assay for "Texas® cytoplasm in corn by the wse of H.maydis
race T pathotoxin was developed by Peterson ot 21.(197h). Pelcher et al.
(1975) reported thst the susceptible protoplaste exposed to toxin inhibited
cytoplasmic streaming. The inhibition of electron transpert in maise
mitochondria by H.naydis race T pathotoxin was reported by Flavell (1975).
Bouller gt 81.(1975) reported the inhibition of dark CO, fixation and
photosynthesis in lsaf discs cf corn suseeptible to the host-specific
toxin produced by H.maydis rece 7. The involvement of H.saydis rece T
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toxin during colonisation of maise leaves was reported by Comstock and
Martinson (1975).  Karr and Hsu (1975) reported 5 chemically related
host~specific toxins from H.maydis race T. Bednarski et al. (1977)
reparted increased GDz uptake by toxin treated leaves and coleoptiles
from susceptible plants, inhibited glycolysis and decrsased levels of
acid labile organic piumm in susceptible tissues. They reported
that mitochondrial site may be the only important site for direst actien
of the toxin.

Ludwig (1557) noted toxin produetion by H.sativum and its role in
pathogenieity. lLinderberg (1969) reported disesse induged toxin pro-
duction in H.orysae culture filtrate.

ilternavia

o

Strains of ilternaries tenuis are known to produce many compounds

like Alternariol snd Alternariol moncmethyl ether (Raistrick et sl.,1953);
altenulc acid, altenuisin, alteuucl (Rosett ot al., 1957); altenurid.i
(Pero et al., 1973) and Senasoic acid (iosett et al., 1957) and Stickings,
1959). ione of these compounds were isolated for texin studies.

The texie principle isolsted from culture filtrates of A.temuis
caused chlorosis when applied to cotyledonary leaves of the seedlings of
cotton, citrus, and cucumber (Fulten et al., 1960). Templeton gt al.
(1965 and 1967) studied the factors affecting the induction of chloresis
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due to A.tenuis toxin. Fulton et al. (1965) isclated a metabolite

from A.tenuis which inhibited chlorophyll production in the seedlings of
okra, pea, bean, cucumber and watemelon. Siailar aetabolite was pro-
duced by A.citri and A.longipes. Orsble et al. (1966) and Templeton et al.
(1967) purified the toxin from A.tenuis which was peptide based. They
gave the molecular formula of A.tenuis toxin as 0&!’:!“% and nsmed as
*Tentoxin". Saad gt al. (1969 and 1970) parified the tentoxin and
standardised a biocassay method for its activity. Halloin gt al.(1969 and
1970) studied the effests of tentexin on chlorophyll symthesis and plastid
structure in cucusber snd cabbage. They noted that the toxin escts
through disruption of the normal plastid development rather than tirough
direct interference with chlorophyll synthesis as reported by Fulten gt al.
(1965). Durbin and Uehytil (1972) reported that tentoxin affect the
transpiration and opening of stomata. Asaldin end Patil (1972) isclated
a phytotoxic substance produced by A.tenuis affecting pussion fruit vines
in Hawaii. Arntsen (1972) suggested that the tentoxin is en energy
transfer inhibitor which acts at the terminal step of ATP synthesis.
Durbin et al. (1973) reperted that tentoxin induced clesure of stomata,
retarded stomatal opening and the uptake of potassium by guard cells

was inhibited. Woodhead et 8l.(1975) gave procedure for erystallisation
and further purificstion of tentoxin.

The selective toxicity of Alternaris kikuchiana was reported by
Tanaka (1933) end texin was isolated by Hiroe et al.(1958). Otani et al.
(1975) studied the role of hest-spesific toxin in early step of infection



18

and noted increased loss of electrolytes from suseeptidle leaves after
toxin treatment. Utasni et al. (1976) reperted that exposure of tissues
to abscisic acid decressed the sensitivity and indole-3-scetis secid on
the other hand, gave a psrtial promotion. Park et sl. (1976) studied
the effects of the host-specific toxin frem A.kikuchisna on the ultra-
structure of plasma membranes of cells in leaves of Japanese pear.

Park (1977a) found the origin of inclusive materials between cell walls
and invaginated plasma membranes. Park (1977b) studied the effests of
the host-spesific toxin and octher toxic metabolites produced by
A.kikushiana. Park (1977¢c) studied ultrestructural changes in cells

of susceptible leaves of Japsnese pear. lMorikaws et al. (1977) studied
the efflux of cell constituents from pear leaves treated with Ak-toxin.

Pound and Stahman (1951) reported the production of a texic sutstance
by A.solani and ite relation to the early blight of tomato. Ueno st al.
(1975 and 1975) isolated and characterized the host-specifie AM-toxin I
and I1 produced by A.mali causing bloteh of apple. Padmeanabhan and
Narayanswamy (1975) reported the toxin from A.macrospora a causal agent
of leaf spot. A host-spesific toxin produced by A.alternata f. sp.
lycopersici was reported by Gilehrist and Orogan (1976). Maity and
Samaddar (1977) reported a toxic metabolite from A.cichhornias cawsing
blight of water hyacinth and studied its properties. Toxins produced
by species of Alternaria has been excellently reviewed by Tespleton
(1972).
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The culture filtrate of Periconia cireinata, causal agent of milo
disease of sorghus, inhibited the root growth of suseceptible variety at
dilutions of 113200 (Scheffer and Pringle, 1961). Pringle and Scheffer
(1963) purified the toxin and found that it was polypeptide in nature.
Pringle and Scheffer (1966) crystallised the toxin and its further analysis
revealed that toxin to be a polypeptide of alanine, aspartic aeid,
glutamic acid and serine in the retio of 6341212, The production of two
different host-specific toxins which were named as P.circinata toxins A
and B by Fericonia circinata wss reported by Pringle and Scheffer (1967a).
Gardner et al. (1972) reported that P.circinsta toxin increased loss of
electrolytes with increased toxin concentration. The toxin decreased
thé ability of tissue to take up and/or to retain anino asid ineorpora-
tion into insoluble components of the cell. The cycloheximides, phes-
pholipase and uranyl salts decreased the semsitivity of tissues to toxin.

shylloeticts maydls vexin:

Comstock et al. (1972) and Toder (1973) reported the production and
studied the chermcteristics of a host-specific taxin from Phyllesticte
maydis causing yellow blight of corn leaves. Comstock et al. (1973)
reported that the toxin selectively inhibited seedling root growth,
induced leaf chlorosis and caused an incressed leakage of electrolytes
from maise leaves containing Texas male sterile cytoplasm. The toxin
treatment of mitochondria caused an immediate irreversible swelling,
uncoupled oxidative phosphorylation and (depending upon substrate) elther
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stimulated or inhibited 03 uptake. Comstock and Martinson (197h)
chrons tograpnically compared texins of Piyllesticts maydis and

Heluinthosporius maydis and did not find any difference in their Rf
values and elution volume suggesting their probable similar nature.

Fusarial wilt toxins:

As sarly a8 in 1923 a toxic excretory prodwet of Fusarium selani
capable of wilting tomato cuttings was reported by Fabmy. Gottlied
(1943) deteoted the presence of toxins in temato plants effected with
fusarial wilt. The virulent strains of Fusarium produced more toxic
compounds compared to mild strains.(Wellman, 1943). A toxic poly-
saccharide from F.solani f. eumartii was reported by Thomas (15k9).
Kalyarfpunderam and Venkatram (1956) detected fusaric acid in culture
filtrates of Fusarium vasinfectum causal agent of cotton wilt. OGausmann
{1957) reported the produstion of fusaric acid by other members of
family Hypocreaceae in addition to Fussrius vasiafectum and F.lyeopersici.
He also explained that fusarial wilt symptoms are due to § other
compounds apart from fusaric acid. Some of the compounds are fusarie
acid, dehydrofusaric acid, alfa picolinie acid, phytotonievein, novorubin,
lycomarasmin, etc., sccording to Uwens (1969). Osumann (1958) reported
the mechanism of fusaric scid injury. Page (1959) found the fusaric
acid in banana plants infected with Fusarium cxysporum f. cubens.
Fusarie acid has been detected in cultwre filtrates of many spesies of
fungl (Kalyarfundaram and Venkatram, 1956; Gaumann, 1957 Collins and
Scheffer, 1958; Kuo and Scheffer, 1964; and Davis, 1965). Chemically



fusaric acid is a pyridine cartexylic acid (Caumann, 1957) found to
increase respiration and mitochondrial activity at low concemtrations.
At higher concentraticns caused a drastic decrease in succino oxidase
sctivity in mitochondria as reported by Kue and Scheffer (1964). Many
other eompounds produced by Fusarium sp. have been reviewed by Dimond
(1955), Wright (1968), Owens (1969) and Strobel (1974). The prodwstiocn
of toxic substances particularly trichothecene derivatives by Fusarium
oxysporun F. sp. carthami was reported by Ghosal et al. (1976).
Lakshminarasimhen and Kalysnfundarss (1977) eorrelated the virulence of
three Indian and two Americen isolates of Fusarium vasinfectum with
their aggressiveness - the capacity to colonise the host vasculature.
They found that on their non-econgenial hosts, the isolates were
circumscribed to the host cortex. They cbserved Indian isolates
synthesised the texin, fusaric scid, in vitre on 'living roots' of the
congenial host G.arboreum, but the American isolates failed te do so.
llone of the indian isolates could preduce fusaric acid when grown on
'living roots' of J.hirsutum. Malsthi and Kelyadbundarem (a977)
studied the changes in the host-constituents like cations and anions
in the xylem of G.arboreum and 3.hirsutum plants infected by Indian and
American strains of Fusarium vesinfectum. They noted differences of
the two host species to their respective anions in the xylem sap of
O.arboreum and G.hirsutum. They ocbserved a desrease in the levels of
the most of the constituents studied.
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A parified toxic cempsund from culture ftltruu of Fusisoscin
anygdali causing wilting of eak was reperted by Ballie o al. (1964).
The majer asctive compound smengst seven iwxic compounds was purified end
saned a8 "Fusicoecin®. It's non-specific nature and reversible wilting
offect vere reperted by Chain gt al. (1971). Ballie st al. (1968)
geve its strusture. DBesides Fussicoscin, Ballio et al. (1970) identi-
fied six mere compounds whish they designated as F II to F VIII which
vere later idemtified by Ballie et al. (1970 end 1972). Twaer ad
Granity (1969) found it to be a tricerboxylic terpens with a molesular
veight of 680. Turner and Grenity (1969) and Squire and Mansfield
(1974) reperted that the toxin stimulated stomatal opeming thersby
insreasing perwmesbility of cells to potassium icas. Squire and
Mansfield (197h) evidenced the ability of the Fusicoscin to overcoms
the avirommental fasters which inhibit the stomatal opming. Lado ot al.
(1972 end 197k) reperted that Fusicescin was mere active than indole«=}~
seetis esid, gibberiis asid snd bensyl sdemine. |

Miscellaneous M toxing s

Barnum (1924) reperted the preduction of substances toxie te plants
by Penieillium expansun s ssprophyte. The produwction of texin by
Cerstostomella ulai ceusing Duteh sim disease was reperted by iLentmyer
(lskR). The physiolegy of toxin predustien by the same fungus was



stadied by Feldman st sl. (1950). Perter and Sresn (1952) reperted
production of exotexin in the gemw Verticillius. White and Fredriek
(195k) reperted toxin produwetion by osk wilt fungus Egtoconidiophers |
fagacearun. Goodman (1960) reperted colletotin, a texin prodused by
Colletotrichun fuscum. Sally and Goodman (1962) studied the merpholo-~
gical effests of colletotin on temato and Digitalis foliage. Sherwood
and Lindberg (1962) reperted the production of a phytetexin by Rhisoctonis
solani. Miller (1966) noted production of toxin by Dothidella ulei

in vitre. Selemink et al. (1966) purified the phytotoxic compound from
culture filtrates of Didymella applanta. Bassett ot al. (1967) reported
production and biological activity of formannosin, a toxic sesquiterpene
metabolite of Fomes annosus. The toxin produced by Ceratocystis
fagacearum was partially purified (Jergor, 1969) and its general character-
istics were studied by Uregory and MewWain (1969). Cunfor and Lukesio
(1970) studied the possible role of texin from Myrothecium roridum in

leaf spot of red clover. Balis and Payne (1971) reported s toxin from
Cercospera beticols. It was toxic to sugarbeat leaves. It was found
to contain cercosporin and mixtures of triglycerides and some autolysed
products of fatty acids. The formula of cercosperin was suggested as
Cagligglyo® A toxic factor from Dyrencchaeta terrestris was reported

by Hess et al. (1972). A non-hest specific toxin producing necrotic
spots on sunflower leaves was isclated from broth cultures of Sclerotium
bataticola (Chan and Sackton, 1973). Dhingrs and Sinclair (197h)
isolated a phytotoxin from culture filtrates of Hicrophonina phaseolina
{(Rhisoctonia bataticola) and from the leaves infected by the same organism.
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Bousquet and Skejennikoff (197h) isolated and purified an active compound
from culture filtrates of Septoris modorum, causal sgent of glume bloteh

of wheat. Oray and Chamberlain (197k) gave an evidence for texin pro-
duction by Cephalosporium gregatiua. Isssc et al. (1975) isolated and
characterised stemphylin, a chromone glucoside from Stemphylium

botryosum. Mnm.ilym;gmmwiymgg.
(197h) end Reddy and Prasad (1575).

Balakrishna (1575) isolated a toxic but non-specific glycopeptide
from culture filtrates of Septoria lycopersici a causal agent of leaf
spot disease of tomato. Ile isolated the toxin from the plants infected
with S.lycopersici. The texin contained two fractions having molecular
weight 129,200 and 9078, the fraction II was more toxic. He found that
toxin was antigenic but only fraction II wes serologically related to
erude toxin, Kent and Strobel (1976) reported a phytotoxin from
Septoris nodurum & causal agent of glume blotch of wheat. The teoxin
was non-specific, unstable and a low molecular weight cationiec acid.
Smedegard-Peterson (1977a) isolated two toxins produced by Pyrencphora
teres and studied their role in disease development of net-spot blotch
of barley. The respiratory changes of barley leaves infected with
Pyrenophors teres and affected by isolated toxins of thls fungus were
studied by Smedegard-Peterson (1977d).

Toxins o lant
Litsenberger (1949) obtained a toxic extract from resistant
Vietoria oat plants infected with erown rust, the toxin csused a wilting
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and a dm‘n in developing seedlings of Vicland (a derivative of
Victoria cats) as evidenced by reduwced root and top growth. The toxin
was obtained from resistant hosts but not from susceptible hosts and
was specific for Victoria cats and its derivatives.

Swaebly (1960) demonstrated that germinsting urediospores of race
158 of Pugcinia graminis var. tritiei produced a substance that, imtroduced
into Lentana Wheat seedlings under reduced pressure, caused a necrotic
reaction similar to that occurred with natural infection. Olien (1956)
using electrophoretic treatments during certain stages of pustule deve-
lopment, demonstrated that the necrotie ares resulting from the infection
of Khapli emmer with race-56 of wheat stem rust could be displaced from
the region of mycelial invesion towards the anode. He postulated that
a negatively charged toxin produced by the disease complex causes the
necrotic response of Khapli emmer to infection by the rece of wheat stem

rust used.

Silverman (1960) extracted ‘o host-specific toxin from Puscinia
graminis ver. tritici rece-38 fres infected Marquis wheat. le noted
that toxin which caused chloresis in test Harquis whest seedlings was
extractable from infected plamts grown at a higher temperature (90°F)
but not from those grown at a lower temperature (70° F). Chalorosis
appeared in seedlings of Marquis infiltrated with the toxin only when these
test plants were grown at & low temperature but did not appear on plants



grown at high temperature. Little Club wheat, which was susceptible

to race=38 at all temperatures did not become chlorotic follewing ine
filtration with the toxin regardless of the tempersture, preceding or
following infiltration. The toxin causing chlorosis was a water soluble,
heat-stable compound that retained its toxicity for atleast four months
at <10° C.

Rai (1977b) isclated a toxic compound produced by Flasmepara viticola
infected leaves and further purified aud characterised. The toxie
compound csused wilting of tomato plant cuttings and alsc caused a
chlorotic spot on the grape leaves on spot tests, The molecular weight
of toxic compound was 89,760, It was composed of galacturenic aeid,
gluconic acid, glucoronic acid, mannuronic acid and three unknown organie
acids. The cationic fraction composed of arginine, aspartic aecid,
glutamic acid and glycine. The neutral fraction yielded galactese,
glucose, mannose, meliblose, raffinose and xyloss. The toxin was non-
specific and a glycopeptide in nature.
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III. MATERIALS AND METHODS

Inceulaticn of bejre plants with Solercepees gresiaisels

For obtaining the bajra plants infested by Sclerospera graminicels
causing green ear or downy mildew disease, seeds of H.B.~3 variety

which is most susceptible to this fungus were sown in 10" diameter
plastic pots under greenhouse condition. Young bajra plants of 6+7 em
height were inoculated with the sporangia of S.greminicola as described
below,.

Bajra leaves infected by S.graminicola were collected in the evening
from the Main Research Station farm of the University of Agricultural
Sciences, Bangalore. The downy growth on the infected lesves, if any,
was washed off with gentle flow of water in order to remove the
sporangiophores produced during the previous night. The leaves were
cut into 10 cm length pieces and kept in moist chamber with the ventral
surface of the leaf in contect with wmoist filter paper. After incubating
for 8«10 hr a good crep of sporangiospores was obtained under laboratory
conditions. The sporangia were harvested in distilled water rubbing
off the downy growth by using camel hair brush. The young HBe3 bajra
seedlings were inoculated between 5.30 and 6.00 a.m. by putting
sporangial suspension thus prepared in the whorl of the opening leaf
with the help of hypodermic syringe. The inoculated plants were kept



in shade and covered with polythene bags to avolid direct exposure to
the sun and evaporation of sporangial suspension lrn the leaf whorl.
Corresponding control plants of bajrs inoculated with only distilled
water were maintained.

Msintenance of culture

The soil in the cement pots of sise 10" x 12" x 12 was wade downy
mildew sick by burying infected bajra plants where the ocspores were
produgced. In such sick soil seeds of iB-3 bajra variety were sown and
the infected plants were obtained under green house conditions. In this
way, throughout the year, culture of S.greminicola was maintained en
bajra plants.

Extrestion and pertisl purificetics of toxin from infested bajrs plssts
The infected plants showing typical downy mildew symptoms vis.,
chloresis, downy growth, wilting or green earhesd were selested. The
selected plants were air dried and powdered in meshanical grinder.
About 200 g powder of infected bajre plants was scaked in 100 ml distilled
water for 2«3 hr and then homogenised with 500 ml distilled water in
Sorvall Omni mixer. The extract was filtered through four layers of
cheese cloth, filtered through Whatman No.h2 filter paper and then
centrifuged at 15,000 rpm for I.Smuntupn\d Servall centrifuge.
The supernatant was collected and the pellet was discarded. The clear
supernatant was concentrated to 1/kth of its volume by evaperating



200 g of diseased bajra leaves
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Concentrate 100 ml. Discard Precipitate
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1

Pass through Dowex anionic
and cationic resin columns.

l

Air dry the sample

Sephadex -G-200 gel Chromatography.

| ]
Fraction.1 Fraction.

Fig. 1 Flow sheet summarizing the procedure used to purify
Sclerospora graminicola toxin.




at w’ C by vacuum flash evaporation. The concentrated supernstant was
precipitated by sdding 2-3 volumes acetone with constant stirring and
allowed to stand at 4 C overnight. The supernatant was slowly decanted
out without disturbing the pellet settled at the bottom of the beaker.
The pellet was collected by centrifuging the remaining material at
10,000 rpm for 10 min. The pellet was collected in beaker and dried
completely by using compressed air and stored in vacuum desiccator over
r:es and Kalli. The dried compound was dissolved in 10 ml distilled
water and then passed through charged 10.0 x 2.0 em columns of anienie
Dowex~). (200-400 mesh formate form) and cationic Dowex-50 (200-400 mesh,
H') resins. The effluent was collected, sir dried and stored in vacuum
desiceator containing ons and KaGll; such a preparation was termed as
erude toxin. By following the same procedure healthy bajra plants were
also extracted for comparison. The flow sheet summarising the procedare
used to extract and purify S.graminicols toxin is given in Fig.l. The
fractions obtained after passing the Sg-toxin through Sephadex Gel
column were referred as Fraction I and II respectively (Fig.6).

Bicassay of crude toxin

Two-fold dilutions starting from 2.0 per cent level were prepered
by dissolving compounds obtained from healthy and diseased bajrs plants
in distilled water. Young 10 days old plant culbings of HB~3 bajra
variety were put in serially diluted samples. Tomato plant cuttings
have been used for testing toxicity of several microbial pelysaccharides,
other polysaccharides and other large molecules (Hodgson et al., 1947 and
1949). Tomato cuttings were alse tried for testing texicity.
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Comparison of toxicity of erude texin to fractions I and II

Two-fold serial dilutions starting from 2.0 per cent level were
prepared by dissolving crude toxin, and fractions I and II in distilled
water., Tomato plant cuttings were put in the diluted compounds. The
time required to show symptoms was recorded in each case. The proper
control of healthy plant extract was maintained. During this experiment,
plants were exposed to artificial illumination and asretion.

Biologiecal properties of the toxin
The crude toxin was used to study the biological properties by
testing the seed germination of toxin treated seeds, detecting its antie~

microbial property and observing its effect on plant growth as deseribed

below:

Effect of toxin on seed germination, radicle and plumule lengths

This experiment was conducted by using seeds of eight different
crop varieties belonging to the families Foaceae, Fabaceae and Solanscese.
Seeds were selected and surface sterilized by treating them in 0.1 per
cent mercuric chloride for two minutes and then washed thoroughly 67
times with sterile water. These surfece sterilised seeds were soaked
in different dilutions vis., 2.0 per cent, 1.0 per cent and 0.5 per cemt
«mmnm Similarly, seeds were soaked in sterile distilled
vater to serve as control. The soaked seeds wers placed on sterile
noist filter paper discs in sterilised petriplates. The plates were
incubated at room tempersture for 3~i days and sterile water was added
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to keep the filter paper molst a8 and when required. The cbservations

of geminating seeds particularly gemination percentage, radicle and
plumule lengths were recorded.

Host-specificity of the texin

Two-fold serial dilutions of crude toxin in agqueous solution starting
from 2.0 per cent level were prepared and 0.5 ml of each of these dilutions
was transferred into small glass vials. Ten different crop plants re~
presenting different families were tested by treating 4~5 cm plant cuttings
in different test dilutions of the toxin. These test plants wers exposed
to artificial illumination and aeration so a# to enhance uptake of the
toxin. OUbservations on the nature of symptoms that developed and time
taken for development of such symptoms was recorded.

Effect of toxin on the growth of mieroorganisms

To study the effect of toxin on the growth of microorganisms 23
different microbial cultures representing different groups vis., actino-
mycetes, algae, bacteria and fungl were used. For actinomycetes and
bacterial cultures standard filter paper disc method wes followed. The
discs of Whatman No.l filter paper (6 mm) were soaked in different
dilutions vis., 1 per cent, 2 per ceant and 4 per cent of toxin im distilled
water and were put in the centre of the plate on agar swface seeded with
particular culture. For fungal and algal cultures antibiotic cup assay
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method was used. The sterilized steel cups were kept at the centre of
the sterilized plates and then slowly seeded agar was poured. After
solidifying the agar, 0.1 ul solution of different test dilutions of texin
was put in each cup. These plates were incubated for 12 hr at L C for
allowing the toxin to diffuse in the s wrrounding agar medium. Then, the
plates were incubated for 3 days at room temperature (30 ¢). Observations
on presence or absence of an inhibition sone and its diameter, if present,
was recorded.

Effect oh plants grown from seeds soaked in toxin selution

Bajra seeds were soaked in erude toxin solution (2.0 per cent,

1 per cent and 0.5 per cent) for about 12 hr. Seeds sosked in water
served as econtrol. MMdean in small pots and kept
at room temperature. These plants were grown for a period of 6 weeks
and observed regularly for symptome like gemination, mm.
chlorosis and wilting of plants.

Histochenical changes in bajra seeds due to toxin

Sound, healthy bajra seeds were selected and surface sterilised
and washed thoroughly im sterile water. They were then socaked in
2.0 per cent toxin solution for 12 hr. Control seeds were sogked in
sterile water. The scaked seeds were geminated in petriplates con-
taining moist filter papers and incubated at room temperature for 24 hr.
These geminated seeds as well as the leaves from plants showing
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symptoms (plants grown from seeds soaked in toxin) and from healthy
plants were processed a8 follows. The leaves showing the symptoms

were divided into three stages as (1) partially chloretic, (2) completely
yellow, and (3) curled snd partially dried leaves.

Fixation and dehydration

The gemminated bajra seeds were killed and fixed in Carnoy's B
Fixative (6 parts alcohol ¢ 3 parts chloreform + 1 part acetic acid).
They were later washed in 80 per cent alcohel for 15 min and subjected
to dehydration by using absolute alcohol-butancl grades at 3:l and 1:l
proportions and treated with pure butanol twice.

Tissue infiltration and embedding

The materials were transferred from the medium of pure butanol, to
small vials and the chips of paraffin were added successively until the
nedium reached a saturation point at the room temperature and later
under the table lamp (LO watts). Finally, the materials were given
changes with the molten pure paraffin in the oven at 60 C; thus re-
placing the last traces of butanol with paraffin. The materials were
then embedded in paraffin employing paperboet method.

Hiero

Serial microtome sections of 6 microm thickness wers obtained.



urg_sn; the sestions to slides

(ne per cent gelatia with a 1littls of potassium dichremeto was wsed
as® an sdhesive. Iylol was used te deparaffinise the sectiens. After
e fow ninutes the slides ware psssed through the selutien of xylol and
butanel (1l1l), purs butensl and then absslute alschol sucsessively. The
sections wers hydrsted passing through alcohel (downgrade) series.

Histochemiecal @

Rpirated sestions were subjested %o the histoshenical staining, them
detydrated snd mounted in Canada balsan. listoshemnisal ssssasment wms
- wade for inselubls pelyssccharides, nucleic scids and preteins. Follewing
are the details eof the histoschemical procedures whish are deseribed under
eash substance and adepted in the present investigation.
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Metabolite Tosts (From Jemsen, 1962) Indication
Insoluble Periodic Acid-Schiff's (FAS) Magenta coleur
polysaccharides test (Hotehkiss, 1948) .
Stareh ledine~potassium iodide (IKI) Srownish violet o
test (Johansen, 1940) deep blue
Proteins Nereurie bremophensl blue | Deep bLlue
) wethed (Masia et el., 1953) .
Buslels asids Asur B methed (Plax and Deoxyribenucleis asecid
Himes, 1952) (DdA ) =greenish Riboe-

ausleis soid (RNA)-

purpls or de@ blue
Methyl green-pyroain (MoP) s:.-ma or deep

REA « doep purple
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Sm&
Preparation of antiserun

ruMmmdbynmmmnm by Rai
and Strobel (1968). Two rabbits were used for immunisation and the
nornal serum was collscted from both the rabbits 15 days before immunisa~
tion. mmumuannunumupmhkmat-m'c

after adding 3-4 drops of 0.1 per cent sodium aside.

Une ml of 1.0 per cent crude toxin selution prepared in physioclogical
saline (0.85 per cent NaCl) was emulsified with an equal volume of
Freund's complete adjuvant and injected intramuscularly. Similarly,
second injection of the same dose of toxin was given intremuscularly
15 days after the fipst injection. Third injection of 1 ml of 1.5 per
cent toxin emulsified with an equal volume of adjuvant wes given intra-
venously after a gap of 15 days after second injection. Fifteen days
after the last injection the blood was collested by - . puncturing the
heart. The serum was collected from the clotted blood and centrifuged
at LOOO rpm for 10 min. The pooled antiserum was stored in small serew
cap vials at =10°C after adding 3-i drops of 0.1 per cent sodium aside
solution.

Precipitin test
Two-fold dilutions of the antiserum starting from 1:S were prepared
in physiological saline (0.85 per cent) and 0.2 ml of each dilution was



transferred to different serological tubes. To each of these tubes.
0.2 nl of 1.ommtmmMmmMmmm
at 37° c.

Immuno-diffusion

The procedure of Oshterlony (1958) and Hamilton (1961) was followed.
Une per cent agar was prepared by disselving Difeo Bacto purified agar
in 0.85 per cent saline, 0.01M phosphate buffer (pH 7.00) and distilled
water. The sterilised ager after adding k<5 drops of 0.1 per cent
udtu-uuonhugmmuphm. The wells were dug out
by using 9 sm template. The bottoms of the wells were sealed with
molten agar. The antiserum was added into the central well and 1 per
cent solutions of crude toxin, Frectioms I and 1I prepared in 0.85 per
cent saline were added to peripheral wells. Similarly, three sets of
each type of agar plates were prepared. Une set of each type of agar plate
was incubated st L°C, room temperature (l);l' C) and snother set at 37°C.
All the plates were observed after 48 hr of incubstion et particular
temperature. The normsl serum and 0.55 per cent saline were used as
controls,

ti )

Effect [ C)

The dried crude toxin was stored iu small serew cap vial and small
besker. fihe vial was kept in refrigerator and beaker was stored in



desiccator containing caleium chloride for 10 menths. At monthly
interval a sample wvas removed from both the sets and 1 per cent aqueous
solution was prepared. The activity of the toxin ssmples was tested
by using young tomato plant cuttings as described in earlier experiments
for testing the toxicity of the compound.

Effect of temperature on the texin

_ Une per cent aqueous solution of toxin prepared and 0.5 al solution
was distributed in each small glass test tube. The test tubes containing

toxin solution were maintained st various temperatures ranging from 50°C

to 97° C for 10 min in thermostat water bath. After holding the tubes

for 10 min at particular temperature, the tubes were transferred to icebath.
The activity of the toxin was tested by using tomato plant biosssay method.
The proper control if.e., without exposing the toxin solution to any
teaperature was maintained. The experiment was conducted in duplicate.

Effect of partial scid hydrolysis on texin

An agqueous solution (0.5 per cemt) of crude toxin was prepared in

1guzaoh. At an interval of 15, 20, 30, 60, and $0 minutes, 1 ml of

acidic toxic solution was removed and neutraliszed Yy adding excess of
a-co,. The pellet was discarded by centrifuging and filtering through
Whatman No.l filter paper. The filtrate was dried and kept in vacuum

desiccator containing Pz s NaOH for 12 hr. From the dried neutralized
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compound 0.5 per cent squeous solution was prepered and its texicity was
tested by following tomate plant bicassay method. The time required for
causing wilting of plant cuttings was recerded. The proper control i.e.,
without exposing the wnulgn’lo‘m-m-m.

Biochenical and physical properties of the texin

Solumn chromstography

The crude toxin was further purified by passing through a column of
Sephadex (=200 and eluting with distilled water. Fifteen milligrams of
crude toxin was dissolved in 2 ml distilled water and pleced on top surface
of Sephadex column. The effluent was collected in 3 nl fractions using
rotary automatic fraction collestor. The absorption of these fractions
mnunm,u-nmmhyumsnm-mumw
compounds. The recovery of purified fractions from the crude toxin
was calculated.

Mole % tion

Column chromatography with Sephadex has been used effectively for
wolecular weight estimation of pelysaccharides and toxins (Gramath, 1965;
Rai, 1971 and Balekrishne and Rai, 1978). Using sephadex 0-200, the
equation for molecular weight estimation is:
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g.g-mouo.sahgumumt
Where, Ve = The volume at which the sample is eluted frem the column ~
the void volume of the column.
Vet = Total bed volume of the column which was 32 ml.

(The void volume was determined by the wse of blue
mu‘mlOJﬂ).

Let the elution volume be 'A' ml. Then the molecular weight csn be
determined by the ubove formula,

X°10:3) o 3.20 to log 0.58 molecular weight

3.20 - =30:3) . 0.58 log molecular weight

Noleoular weight = Antileg of 55,,'94-1: "

Specific viscosity determination

The specific viscosity of the crude toxin and ite purified
fracticns was determined by wsing the method similar to that of Flery
(1953) and Rei and Strobel (1969). The intriunsic viscesity wes cal~
culated from specific viscosity. For determining the specific viscosity
one per cent solution of crude or purified toxins was used.

P _detevmination
pii of the one per ecent selutions of crude toxin and purified
fregtions I and Ii were determined by wsing digital pH meter.
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Electrophoretic studies

One per sent aqueous solution (0.1 ml) of the srude texin was
epplied on @ 20 om x 5 om strip of Wastman No.l filter paper in )l ea
streak and geatly wetted with 0.01 M phesphate buffer of pil 7.00.
Kleotrephoresis was carried out at 3OO velts for one beur with the ends
of the paper strip immersed in phosphate buffer sontaiming the electrodes.
Afver drylang, half of the paper was treated with the reagent of
Trevelyan ot al. (1950) for redusing grewps end the other half was
trested with O.] per ceat minhydrin selutisn ia aleshol fer mmine groups,

Aeid hydrelyeis

The erude taxin snd its purified fractions were asid hydrolysed
by fellowing the procedurs of Strebel (1967). The toxin was esid
hydrolysed by refluxing (O.b per sent) in 1 ¥ .50, at 100°C for 12 hr
after wiich the 80id was neutrelised with an excess of BaCO, 1l tie
effervescence ceased. The precipitate was remeved by ssntrifugation

and filtering throwgh Whatman Neo.u42 filter paper.

D -eNs a6 &

The neutralised hydrolysate was passed through eharged Dowex-l _
(formate foru) snd Dewex-50 (R® form) colusms te get neutrel frastien
(Stredbel, 1967). An snienis and the satienis fractions were collssted
by eluting the Dowex=l and Dowex-50 columns with 6 )N formis acid and
6 i hydreshleric acid respestively, follewed by elution with about § =l



distilled water. The differsnt frastions were dried using e stremm of
sonprezsed air and then kept in vacuum desiccator having P'os overnight.
The weight of eath frection was recorded and perecentage constitated by
esch frastion of erude and purified frsstions was calsulated.

Sugar snalysis by paper ehrematography
The neutral fractions of the eruds toxin and its purified fractiens
I end II were spotted on Whatman No.l filter psper slong with the standsrds.

The eldomatograns were daveloped by wsing the following selvent systems:

1. n=butancl ¢ asetis asid ¢ water (hi1ls5 v/v).
2. nebutanol ¢ ethanol : water (Silsh v/v).
3. Bthyl acetate ¢ Pyridine : water (81211 v/fv).

However, better results were obtained by using n-butanol : agetis

aoid ¢ water (L1l1S v/v). After drying tha chromatograme the compounds
were detected by treating with the resgemts of Irevelyan et al. (1950).
The cempounds were identified by ecwparing with the standards and the
Bg values (with referense te glusese) for unidentified eompounds were
esslounlated.

Quantitative estimetion of sugers

For estisating known eugars from orude toxin and 1ts purified
fresticas, the selutions of known concsutrations were prepared by
disselving weighed neutrsl fractions frem essh toxin. The known velume
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was spotted on Whatuan kKe.)l filter paper in duplicate. On one psper
standard augare were alse spotted and chromatograms were deoveleped in
butanol s acetie acid s water (k315 v/v). The chrematogram with
etandard sugars ws trested vith Travelyan resgents, The correspouding
spots of known sugars from untreated chromatograms were cut and eluted
with distilled vater. The quantifieation of each sugar was done
asparately by fellowing helson's method (13ki) sad by comparing with

the standard curve of respective sugars.

8 d is

The anienic fractions of the crude toxin and fractions I and II
wre tpotm on the Whatman do.l filter paper along with the standard.
The chremategrems were doveloped in different solvent systems mentioned
under sugar snalysis. The chromatograms were dried and treated with
the reageats of irevelysn % el. (1550). The compounds wers identified
by comparing with the standards and in ease of the unidenmiified eompounds
the Rg valuss (with reference to galacturomic ascid) wers calsulated.

Amine asid snalysis

The crude toxin and 148 purifisd fractions were analysed for
thelir amine acid contents by using automatis anine ssid analyser Nedel
Kld=3B Hitachi Ltd., (esurtesy of the Department of Bicchemistry,
University of Agrisultwral Scisnces, Bengalore). The sanples were
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hydrolysed in 6 N HCL for 24 hr at 100°C and then the scid was evaporated
and dried by using compressed air. The samples were dissolved in 2.2 pH
acetate buffer and used for further analysis.

Elsmental a

The carbon (C) and hydrogen (H) contents of the crude toxin and its
purified fractions were done by following the standard procedure (courtesy
of the Department of Organic Chemistry, Indian Iustitute of Seience,
Bangalare). The nitrogen (N) content was estimated by following the
microk jeldahl method (Jackson, 1973). The oxygen comtent was calculated
by deducting C, H and N contents. The empirical formula was calculated
by using this data on the basis of one atom of nitrogen.



EXPERIMENTAL RESULTS
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IV. EXPERINENTAL RESULTS

M“hu“ ‘ Nu ’m u“ - > ‘..‘.:.;;,.:: e S A e

Bajra plants, (6~7 cm tall, 10 days old) of lbe«} variety were
inoculated with sporangiospores of Sclerospera graminicola. The
sporangial inoculation gave more and early infection than the cespore
inoculation method under green house condition. In the plants inocu~
lated with sporangiospores, initial symptoms of chlorosis of legves
appesred within L5 days and later developed yellowing. Further, the
infected plants showed stunted growth and wilting symptoms in about
two weeks. When very young plants (3-4 om tall, L~5 days old) were
ineculated the first symptom that appeared was wilting without showing
chlorosis. If the inoculated plants survived, they developed typical
green garheads. ‘hen bajra plants were grown on sick seil 100 per cent
infection was observed, but slower in comparison to the sporangial
inoculation. In control plants, inoculated with enly distilled water
no incidence of downy mildew was observed.

Extraction and partial purification of the texin

The toxin was isolated from the powdered, downy mildew infested
bajra plants by the method summarised in Fig.l. This toxin was filtered
through Whatman No.42 filter paper and then through appropriate Dowex



‘Sclerosporg graminicolg Infected bajra plants.

Extraction and purification

Recovery L}ss
1-75 %% 98-25¢,

Filtration and passing
through dowex columns

1

Recovery
28-559, Loss
(crude toxin) 71459,

[Recovery of crude toxin from
plants 0-496 o

Column chromatography.,

Recovery ' 1
78-:00%, Loss
22:00°%,
Fraction 1 Fraction
27:00 % 5100%

. Fig.2 Filow sheet summarizing the percentage recovery of

Sclerospora graminicolg toxin during Its extraction

and purification processes.



ion exchange resin columns. | Such preparation was referred as Sg-crude
toxin. Similarly, extracts from healthy bajra plamts of the same age
were taken.

The recovery of Sg-crude toxin was estimated as showm in Fig.2.
it was observed thet duwring the first step of extraction about 98.25
per cent material was lost as solid waste whils passing through cheese
celoth and then precipitation by scetone. The precipitated compound
constituted only 1.75 per cent of the total plant material on dry weight
basis. During the second step of partial purification i.e., passing
through filter paper and then through Dowex resin columns enly 206.55
per cent of the total precipitated compound was recovered and remaining
about T1.45 per cent compound was lost. From these dats, it was cal-
culated that the recovery of Sg-crude toxin from infected bajra plants
was only O.496 per cent and 99.51 per cent plant materisl was lost during
first two steps of Sg-toxin purification. These results indicated that
Sg=crude toxin was present in infected bajra plants in a very low

quantity.

Bleassay of orwde Sexin

The toxicity of the compounds extracted from healthy and downy
mildew infected bajra plants was tested by using bajra plant cuttings
and tomato plant cuttings. Two-fold serial dilutions of the isolated
compounds starting from 2.00 per cent were prepared in distilled water
and plant cuttings were put in these test solutioms.
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Flate 1
Bicassay of Sg-crude toxin by using tomato plant cuttings.

¢ = Tomato cuttings treated in 2.0 per cent solution
of compound isolated from healthy bajra plants.

1) Tomato cuttings treated in 2.0 per cent Sg-toxin
solution.

2) 1.0 per cent Sgetoxin solution.

3) 0.5 per cent Sg-toxin solution.

L) 0.25 per cent Sg-toxin solutien.






The preliminary studies shcwed that tomato plants expressed wilting
symptoms earlier as compared to bajra plants. Se. for further studies
tomato plant cuttings were used to test the toxieity. The highest dilu~
tion which proved to be toxic to tomato plant cuttings was 0,06 per gent
and the time required for wilting was 210 min. The time required to
cause symptoms at variow concentrations of Sg-erude toxin is given in
Table 1 and Fig.3. The compound extracted from the healthy bajre plants
did not cause wilting ar any type of symptoms even at 2.00 per cent level.
At the beginning, leaves of the plants in toxin solution lost the turgi-
dity and then curling of leaves from tip towards petiole started. The
plants started drooping down and showed wilting symptoms. The stems of
the wilted plants were flattensd, fragile and sunken. lNone of these
symptoms was seen in control plants (Plate 1).

There was & relationship between the toxin comentration and the
time reguired for wilting. There was an inverse relationship between
toxin comsentration and time required for wilting upto 0.125 per ceat
lsvel. At the lower level of concentration the time required for wilting
was more. However, at 0.06 per cent and higher dilution no such inverse
relationship between toxin quantity and time to cause symptoms was

observed.

Two per cent Sg toxin caused wilting in tomate cuttings within
” min (r.bh 1 and ?!.(.3).
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Table 1. Comparative toxicity of Sohrqu grasinicela crude

toxin and its fractions

........ L I IR I I I R R IR R R R IR IR

Toxin concentration (%)

foxin 2.00 1.00 0050 0.25 0.12 00% 000’ 0.5

L R IR I I L R R I B R B B

Crude 0% 60 0 100 120 210 - -
Fraction~i 0 30 90 120 20 - - -

Fractioneil 20 30 60 90 120 150 20 -

# Time in min. required for wilting of tomato cuttings.

- 80 lil‘m .
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Time (min).
Fig.3 Relationship between toxin concentration and time required to cause wilting
in test plant.




G tive toxicity of Sg-crude toxin and its ied fractions

Toxicity of Sgecrude toxin and 418 purified fractions obtained by
column chromstography was compared. it showed that the fraction-I was
identical in toxicity to that of Sg-crude taxin upto 0.5 per cent level,
but at higher dilutions it proved to be less toxic (Table 1). At 0.25
per cent and 0.12 per cent levels the Sg-crude toxin showed symptoms in
100 and 120 min respectively, whereas Fraction~I reguired 120 and 210
nin to csuse wilting in the same dilutions, But the Fraction-II was
more toxic than the Sg-crude toxin and fraction-l. Frection-I1 required
only 20 min to cause symptoms at 2.00 per cent level and was toxic upto
0,03 per cent level, whereas Sgecrude texin required 30 min to cause
symptoms in tomato plants at 2.0 per cent level and was not toxic at
dilutions beyend 0.06 per cent.

Effect of texin on sSeed germination, radicle and plusule lengths

Effect of three concentrations vis., 0.5, 1.0 and 2.0 per cent of
Sg-texin on germination of sight different crop seeds and their redicle
sud plumule lengths was -tm. The Sgetoxin affected germination of
seeds (Table 2). The direct relationship between toxin concentration
and inhibition of seed germimation was obtained in case of bajra and ragi
seeds. At 2.0 per cent level of the toxin bajra and reagi seeds germina-
tion was inhibited by 27 and 12 per cent respectively. At 1.0 per cent
level the inhibition of gemmination in bajra and regi was 13 and 6 per
cent respectively. Similarly, 0.5 per cent toxin inhibited 3 per cent
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Table 2. Effect ’WW on germination,
radicle P erent crop seeds.

49

- Em e e e e e e - e e .- ™ L B R B I R

Plant Control Toxin concentration (in per cenmt)
cm M ------ - - weeeweee-eee
cboarved (™ teNin) T o 1.00 2.00
Bajra A# 100,00 97.00 87.00 73.00
(thtm B hols hc“ s." ‘.“
) ¢ 2.57 2.40 2.30 2.0
Ragi A 100.00 $8.00 94.00 86.00
ine B Lek? 3.85 3.63 2.83
coracana) ¢ 2.35 2,26 1.97 197
:“’ A 73022 “&og 6:.2: 5;.3
Sorghum B 2. e . .
‘3‘.1::; ¢ 2.47 2.3k 2.02 1.69
Wheat A 66.00 88,00 68.00 844,00
Tri n B 5.00 ‘0” ‘ou ‘.B
) ¢ 335 330 3.20 2.55
Tomate A 86.00 “Q“ CD.W “o“
con B 6.70 ‘tu ’o” so”
QE:E’ ¢ 3.50 3.h2 3.0 333
Green gram A 100,00 76.00 72.00 60.00
{ ] B !o"’ 201‘ 'o” ’0“
¢ 3.17 2.03 1.67 1.33
Black gram A $0.00 86.00 84.00 80.00
(Phaseolus B 2.99 2.80 2.60 1.82
M (+ 0090 00” 1.00 1.00
l(lanu A 9!;.210 ﬂgogo 'Ig.gg 1&.:
S5 B . 19 . 3.
T, c 2.20 1.52 1.68 2.06

# A = Jermination percentage
B = Radicle length (om)
¢ = Plumule length (em)



Flate 2

Effect of Sg-toxin on radicle length of bajra seeds.

1) radicle length of seeds soaked in distilled
water (eontrel). '

2) in 0.5 per et 3g-texin selution.

3) in 1.0 per cent Sg~texia selution.

L) in 2.0 par cent 3g-toxin selution.

3
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and 2 per cent seed germipation. This elearly indicated that there was
an inverse linear relationship between the toxin comcentration and seed
gemination inhibition of crops in particular of bajra and ragi at 2.0
and 1.0 per cent toxin cmﬁo—. In other cases, the gemmination
was affected due to Sg-toxin treatmernt to a considerable extent but the
relationship vas not linear (Table 2). |

The radicle lengths of various germinating seeds showed a varied
response. In majority of the cases the Sg-toxin treatment of seeds
before geminastion, caused increased radicle lengths. Amongst the eight
crop seeds studied increased radicle length wus noted in five crop seeds
vis., bajra, jowar, wheat, green graa and navane. However, the results
in bajra seeds were very conspicuous. A direct relationship was observed
between the toxin corcentrations and the inereased radicle lengths (Flate 2).
At 0.5 per ecent Sg-toxin the increase of radicle length was 0.51 em
whereas, at 1.0 per cent and 2.0 per cent levels, it was 1.52 om and
2.6 cm respectively. The texin effect was not directly propertional to
the increased growth of radicle but the inerease was noticeable. The
radicle growth was inhibited in case of regl, tomate and black gram to
some extent as shown in Table 2.

The data in Table 2 ealse indicated that the plumule length decreased
as the toxin concentration inereased in all the crop plants tested except
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in black gram and navane. There was ne direct relationship between the
ingreased toxia concentration and the reduced plumule length. The plumuls
length of black gram was slightly increased. About 0«1 cm length of
plumule was ingressed at 1.0 per cent and 2.0 per cent toxin concentrations.
These results indicated that Sg-toxin adversely affected the plumule i.e.,
shoot portion of the plant and not the redicle i.e., root portion.

Host specificity test

The host specificity of Sg-toxin was studied by treating the cuttings
of various young plants belonging to different families in serially
diluted toxin. The results presented in Table 3 revealed that Sg-toxin
was not a hostespecific toxin and it wilted cuttings of plants belenging
to different families. It was observed that in all the cases wherever
toxin caused symptoms the highest dilution of the toxin was almost the
same, but the time required to cause notable symptoms varied considerably.
Amongst the various plants tested paddy was found to be the most resistant
followed by green gram and maize in that order of decreasing resistence.
The green gram cuttings kept in 2.0 per cent Sg-toxin solution showed
curling of leaves after 5 hr and at higher dilutions there was no effect
at all. Haise plants showed partial wilting at 0.25 per cent texin
solution which indicated its resistance to Sg-toxin action. The most
susceptible plant was found to be tomato. At 0.06 per cent level of
Sg~toxin the lsaves lost turgidity, drooped down and finally wilted within
210 min time. Bajrs took 300 min time at 0.06 per cent level to show the
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Table 3. Hoest-specificity of Sclerospora graminicols texin
Dilution  Time
Grop ToxielW  ond potnt  (min) .
Bajra . 0.06 300 At the begimning leaves lost turgidity,
(ﬁm curling and drooping of lsaves took
ides ) place and at higher concentrations of
toxin leaves wilted completely and
dried.

1"0-“ B 0.06 210 leaves l:::-mtgvi;m
ﬁuw drooped and fina
Black . 0.06 360 leaves lost turgidity and cuttings
(Phaseolus drooped down.

nenge.
Green gram * - - After five hours only ia case of
ML"’ - 2.0 per cent toxin conceniration

aureous curling of leaves was observed.
wheat * 0.06 1080 lLeaves lost turgidity.

tic
are)

Ragi * 0.06 360 Wilting of cuttings took place.
(Eleucine corasana)
Maise * 0.25 L8O  Partial wilting was observed, but
(Zes mays) almost no reaction to toxin.

Paddy - - - No reaction
(Orysa sativa)

W W e W E e EE T e e ew - e, e eew
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syaptons. The time required for showing the symptoms and types of
symptoms observed in different plants are presented in Table 3.

Effect on lants from in Sg-toxin

mmaorm;-mmrcamu»uattmm-
tions of Sg-texin and then sowed in small pots and plants were grown
undsr green house condition. It was noted that the geraination was
reduced at 2.0 per cent, 1.0 per cent and 0.5 per cent toxin solutions.
At 2.0 per cent level germination was reduced by about LO per cent
whereas, in case of 0.5 and 1.0 per cent levels it wvas reduced in the
range of 5 to 12 per cent. The plants in all the treatments were
grovwing equally well during the early growth stage emsept showing pale
green leaves in toxin treated plants. The differences amongst the
treatasnts werc noticeabls in two weeks. The leaves showed chlorotiec
symptons and became yellow. The curling of the leaves from tip towards
base was cbserved first in the case of plant grown from seeds soaked
in 1.0 per cent toxin. One ar two days later leaves started becoming
fragile and finally wilted. The chlorotic leaves drooped down and
started drying from terminal end towards bese as seen in Plate 3. The
symptons like chloresis, curling, drooping, drying and wilting shown
by toxin treated plants are some of the major symptoms of the downy
nildew disease of bajra. At 0.5 per cent toxin selution similsr symptoms
htnﬁathtynnom. Flants grown from seeds
treated in 2.0 per cent toxin showed all these symptoms and in addition
showed very low germination. These results indicated that if the Sg~toxin



Bajra

1.

3.
k.

Plate 3

Plants grown frem seeds soaked in Sg-toxin.

Contreol

Plants grown from seeds sosked in
0.5 per cant Sg-toxin solution

1l per emnt Sg-texin selutien,
2 per cent 8g-toxin selution.
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was alloved to be absorbed in sufficient quantity by the germinating
bajra seeds most of the downy mildew symptoss can be mimicked. It
sugrested that Sg-toxin must have some role in the causation of symptoms
like chlorosis, curling and drying of leaves.

utgsummcm‘n____u-

The effect of Sg-toxin on the growth of various microorganisme
was tested by using 1.0 per cent, 2.0 per cent and L.0 per cent Sg-toxin
solution., Sge-teoxin did not affect the growth of any of the 23 micro-

oerganisms, belonging to different groups vis., algae, sctinmmycetes,

Histochesisal changes
The investigation regarding morphological and histochemical changes
in Sg-toxin treated and control geminating seeds revealed that there

were no significant changes in radicle, coleoptile or embryo, when
observed under light microscope.

Leaves

In bajra the leaf is dorsivemtrally differentiated. The lower
epidernis is having more number of stomata than the upper one. The
mesophyll cells contain discoid plastids. Both large and small veins
have sheaths made up of larger parenchymatous cells. The midrib region
has 8-10 veins.



Table L. iffect of Sclercs

of microorganisms,

a graminicola toxin on the growth

Growth inhibition at different
toxin concentration (per cent)

1.0

2.0 h.O

Aerobacter asrogens
Asotobseter chroogcoscun
Bacillus subtilis
Eschericnia coli
Klebsiella spp.

Nogardia spp.
Pseudomouas solanacearun
Ehisobiue pp.

Sareina lutes
Streptococeus gureus
Astinomyses epp.
Streptonyees spp.
Ssccharenyoes cerevicese
Chlorella spp.
Alternaria spp.
Aspergillus spp.
Chastoniun spp.

Fusarium spp.

Ganoderaa Spp.
lielainthosporium orysas
Helninthosporius sscchari
Phytophthora arecae
Fyricularia spp.

LB B
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Plate

Effect of Sg-toxin on insoluble polysaccharides (starch)
content of bajra leal cells.

A = Stareh content of nommal bajrs leaf cells
(Flants grown from control seeds).

B = Starch content in I stage of symptoms®

C = Sterch content iu III stage of symptoms®






Insoluble sharides (Stareh

The presense of insoludle polysaccharides in leaf tissues were
detected by following the periedic Aeid-Schiffe (PAS) tests. Im sontrol
lesf sestions only the bundle shesth eells contained small PAS pesitive
granules., Ko PAS positive granules were ebserved in eny of the ether
nesephyll or epidermal eells (Plate: h).

In the sections of stage 1 and £ plant lsaves frem Sg-toxin trested
sesds there wers no signifisant ehanges in insoluble polysaccharide
contents., lowever, the ingreased number of pelysascharids granules in
bundle sheath oells from etage 1 leaves wms noted and st stage 2 the
lessening of the PAS positive granules in the bundle sheath cells was
observed. At stage ) significant shanges were cbserved. All the
ssswmulated stareh graine were found to have dissppesred (Plates L).

.P test for DNA and LKda

The studies related to DNA and RRA in cells were sonducted hy
fellowing the iiethyl Green Pyrenin (MIP) test as mentieoned earlier,
In the eomtrel it was noted that the epidernmal sells, mesophyll eells
and alse the bundle sheath ealls did not eontain mush RiA. The plastide
were very falntly pesitive fer pyronine<i indisated that very little
smount of REA was present surreunding them. The nuslel whish were
smaller than ths plastids were found to be trightly stained for DilA
and nuclecli were deeply etained for REA.



Flate
Effect of 8g-toxin en protein content of bajra leaf cells.

A = large number of pretein grain: scattered throughout
the leaf cells of morwal bejre plant (Plauts grown
from control seeds).

B = Heduced nwsber of protein greins cbeerved duricg
1 stage of syuptomed®,

¢ = ibsence of protein grains observed cduring 111 stage
of symptoms®,

* Sgeds vere treated in 2 per cent 3g-toxin
solution before reising the plants.






The results of the samples taken from stage 1 and 2 indicated that
there were no significant changes in RiEA content of the nucleus and
cytoplasm. The nucleli were found to be stained for DNA. At stage 2
the cytoplasm around the plastids stained very faintly for REA. At
stage 3 in most of the cells the nuclei were found to be disappeared.
The presemce of plastids could not be detected. lMost part of the DA
and RiA head completely degraded.

Froteins

The data on proteins in leaves as detemined by mercuric bromephenol
blue method revealed that in control tissues the protein positive bodies
were discoid in shape and they were larger in bundle sheath cells., Their
distribution was found to be more in the ares nesring the bundle sheaths
than in the mesophyll cells (Flates 5).

At stage 1 the protein pesitive bodies were less brightly stained
as compared to contrel. The shape was getting distorted. Both these
facts indicated the degradation of plastid material (Plate: 5). It was
observed from the sections of leaves at stage 2 that protein pesitive
bodies becawe still smaller in sise and their stainability was faint.
They had distorted outlines. Some of the bundle sheath cells had
almost completely lost those bodies. At stage 3 it was noted that all
the protein positive bedies found in mesophyll cells and bundle sheath
cells have been completely disappeared (Plates 5).



Lipids

There were no lipids either in comtrol or trested plants.

Serolegy

The antiserum against the Sg-toxin was prepared as mentioned in
Materials and Methods. The titer of the antiserum was determined by
following the microprecipitin test. The highest dilution of the anti-
serum which showed the precipitation was taken as the titer of the
antiserum and it was found to be 1:1280. These results revealed the
antigenic nature of the Sg-toxin.

From the results of immuncdiffusion test (Fig.h) it was observed
that Sg-crude toxin and its purified fractions I and II were serclogi-
cally identical. The precipitation bands did not cross each other in
any case. Two precipitation bands appeared, a thick one near the central
well which contained antiserum and a thin single band near the peripheral
well containing the antigen. These results suggested the presence of
two types of molecules in samples Vis., one having a smaller size which
could diffuse fast towards a central well and the other a bigger sise
molecule which moved slower towards the central well.

The tewperature studies for imsubation of immunodiffusion plates
indicated that 4°C and room temperature were suitable temperatures but
not 37°C. The plates incubated at L% showed clear precipitation bands



Fig. he Serclogical relationship between the Sg-crude
toxin and its frections I and II.
8 = Norwal physiological saline (0.85%)
C = Sgecrude toxin
I = Fraction 1
11 » Fraction I1
§3 = Hormal serum

AS = Pooled antiserum
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after 2 hr whereas, for those incubated at roon temperaturs ki hr time
wes required. o bands were seen in the plates incubated at 37°C even
after ki br. 1t was alse noted that 0.01 M U, buffer (pi » 7.00),

nersal saling (0.65 per eent) or distilled water could be used for pre-
paring agar fer immunediffusion teshniges. The mmtigen cculd be disselved
in either of the selvents i.s., Poh-butfor or norwal saline. Doth
selvents gave equally goed resulis, lo presipitation bends could be seem
in those plates where normal serum was placsed instead of antiserum and
saline instead of avtigen (Pigs k).

Inactivation of Sg-texin

Efest of sterege

The results from this expesriment indicated thet completely dried
Sg-taxin ceuld be stored in either desicoator or refrigsrater fey a
long tine, as long as 18 wonths without loosing its sstivity. IV iadie
cated that Sg~toxin was s stable compound end ceuld be easily stered
for a suffisiently leng pericd. %The samples drawn from doth the sets
at various intervals md the last sample after 10 months were found %
be equally toxis as that ef freshly isclated texia indicated that the
astivity of Sg-erude toxin was not affested even during the sterage
period of 18 months.
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Effect of temperature

The test on the effect of temperature on the activity of Sg-toxin
indicated that Sg-toxin was quite stable upto 95°C but it lest its sctivity
at 97° and sbove if heated for 10 min. The sauples heated for 10 min
upto 95°C showed the same toxicity as that of comtrol (not exposed to any
of the test temperatures), but the sample which was heated at 97 C for
10 sdn in water bath did not show any toxicity indicating that it had
lost the activity.

Effect of al agid is

In this experiment Sg-toxin vas expesed to 1 X 50, for various
lengths of time ranging from 15 to 90 min and the toxicity of esch sample
drawn at various intervals was tested as mentioned under Materials and
Methods. It was noted that at 15 min intervel the activity of Sge-toxim
was reduced to some extent i.e., it caused wilting of plant cuttings in
180 min whereas the untreated control csused wilting in 150 min. After
20 nin exposure it took 200 =min for the trested toxin to cause symptoms
in test plant cuttings (Fig.5). The toxin semples exposed for more than
20 min did not ceuse any visible symptoms in test plants, indicating that
the Sg-toxin had lost its activity. This experiment clearly indicated
that expesure of Sg-toxin to 1 N Hy30, for shorter time intervals re-
duced its activity and if exposed for more than 20 min it lost its acti-

vity CﬂpM‘h‘.
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Fig. 5 Relationship between partial ockd hydrolysis in 1 N Hp SOq of Sg-

toxin and time required to cause wilting.



ical characteristics

The Sg-crude toxin when completely dried was dark brown and
erystalline in nature (Table $). It wes highly hygroscepic and when
exposed to room enviromment it readily absorbed meisture, from atmosphere
and formed a clump. In solution Sgecrude toxin was slightly viseous in
nature. PFrectionel was feint yellow in colour and fraction-Il was dark
brown in coelour. Both frasctions were hygroscopic in nature.

Column chromatography

Small quantity (15 mg) of Sg-crude toxin was dissolved in 2 m) of
distilled water and loaded on the Sephadex 3-200 gel column. The toxin
was eluted with distilled water and fractions of J al were collected
separately as mentioned earlier. The absorbance was read by usiug
spectronic~20 at 540 su. The elution volume was plotted against the
absorption to get a graph as plotted in Fig.6.

By column chromatography Sg-toxin was fractiomated in to two
fractions. Two peaks were obtained as depleted in Fig.6. One at an
elution volume of 12 ml and the other one at en elution volume of 2 ml.
These two fractions were air dried separately and total recovery of the
compound snd their proportional recovery was calculated. The total
recovery of Sge-toxin from column was 78.00 per cent and 22.00 per cent
of it was lost during the process of purification. The fractionel
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$abls 5. hysical properties of sclercs graminicola
and its frections I and I1. *

- e S W S G WSS G S W N % B TGS BT PG e e8> ®

Froperty Crude toxin Frastion 1 Fraction 1II

Colour Dark browm Faint yellew Dark browm
Nelscular weight - 2,73,000 61‘6”

Intrinsic 0.122 0.059 0-“7
viscosity o
(desilitre/g)

“ ‘-’8 6070 ‘o”
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Fig. 6 Fractionation of the Sclerospora graminicola toxin Preparation by Sephadex-G-200
gel Chromatography. Fractions of 3mi were coliected. Absorbance at 540 nm.
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constituted 27.0 per cent and the frection-II constituted 51.0 per cent
giving total resovery of 78.0 per sent through colusm chremategraphy
(Fig.2). it could be seen frem thess results that fraction-II was almest

doubls is weight that of fraction~l.

Molecular weight deteramination

the pl,uhr weights of Sg~texin frestions were eslsulated by
fellering m method desorided esrlier. The elutien volume of the
fraction~I wvas 12 ul and that of frection-ii was 24 ml. The estimated
wolecular weight of fraction=l was 2,733,200 and that of frestion~Il was
61,630. The results are presented in Tabdblg 5. |

Specific viscosity determinatiom

The specific viscosity of Sg-erude toxin end its purified fractions
wms deternined and from that the intrinsie viscosity of the Sg-crude
texin snd its purified fractions @8 noted in Table 5 was obtained by
caloulations. The intrinsic viscosity of the Sg-erude texin was 0.122
desilitre/g and that of fractions~l and II wes 0.089 and 0.0k7 desilitre/g
respeotively. It socuid be seen from these results that as the molesulsr
weight of frection decreased the intrinsic viscosity wes also redused.

Bicchemical preperties
d nation

IS wes noted that the Sg-erude toxin bed pii ef 6.96 and the



Plate 6

o e 1 ke

Electrophoretic movement of Sg-toxin on paper.

A = Sprayed with ninhydrin.

B = Developed with Trevelyan reagents.






fractions-l and II had pH of 6.70 and 6.90 respectively. These results
indicated that pHl of Sgecrude toxin was near neutrality but its purified
fractions were slightly acidic in nature. The fraction-i was slightly
more acidic having pHl of 6.70 as compared to fraction-Il which had pH
of 6.50.

Electrophoretic studies

Electrophoretic properties of the Sg-crude toxin were studied by
following the paper electrophoresis as meuticned earlier. The results
indicated that the Sg-texin consisted of only one fraction on the basis
of electrophoretic ubmq' The compound moved towards cathode which
indicated that it was cationic in nature. The electrophoretically

moved spot gave positive test with ninhydrin as well as reageants of
Trevelyan method (Plate: 6).

Acid is and ion-exec chroma

The Sg-crude toxin and its purified fractions were acid hydrolysed
at 100-110°C for 12 hr and then neutralised. Ihese Ssmples were
frectionated into an anionic, cationic and neutral frections. BEach
fraction was separately dried and weighed to calculate total recovery
and proportion of esch frection to other. It was found that the total
recovery of Sg-crude toxin was 52 per cent and 43 per cent was lest
during hydrolysis and neutralization. The anionic, cationic and neutral
fractions of Sg-erude texin were in the proportion of 5 ¢ 3 1 5 on weight
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basis. The results revealed that total recovery of fractionel and II
after hydrolysis was 73 and 6k per cent respectively. The fraction-I
and 11 contained three fractions vis., anionic, cationic and neutral in
the proportions of 3 ¢+ 5 ¢ 3 and 2 ¢t 9 ¢ § respestively. It was found
that neutral fraction formed the lorgest proportion smong three fractions
in case of Sg-crude toxin and its purified fractions. The uneutral
frection was followed in propertions by cationie and anionic fractions
in Ggecrude toxin and its purified fractions on weight basis.

Sugar snalyels

The neutral frection of Sg-crude toxin and its fractions I and II
vere analysed for their sugar conteuts by following descending paper
chromatography. The results regarding qualitative amalysis for sugar
contents of Sg-crude toxin and its purified fractions are presented in
Table 6. The results indicated the presence of four sugars in Sg-erude
toxin and three each in frection-l snd II. The Sg-erude toxin comtained
arabinose, glucose and two unknown with the Rg values of 0.42 and 0.58.
The fractions 1 and 1l contained arabinose and glucose and one unknown
sugar in esch fraction having Rg value of 0.53 and 0.60 respestively.

The quantification of arabinose and glucose from Sg-crude toxin and
its purified frections was done by following Nelson's methed. The results
indicated that Sg-crude toxin contained arabinose 0.036 per cent and



Iable O. Suger snd orgauic acid composition of

graminieols toxin and its fractions I .

L B I B I B B B B B B R R R R B B

Toxin Sugar Rg value*

Organiec secid

— 2

Rg valuew

66

Crude Arabinose
Glucose
Unknown 0,58
Unknown O.h2

Fraction=I Arabinocse
Zlucose
vaknown 0.53

Fraction~lI Arsbinose
dlucese
Unknown 0.60

# Rg values with reference
to Jlucose

L R I I R B B B I - .- - o - - - - - - - -

=-galacturenic
acid
Unknown

Unknown
Unknown

Unknown
Unknown
Unknown

Unknown
Vnknown

1.15
0.75
0.60

1.12
0.78
0.52

i1
0.60

#iig values with reference
to D-galacturonic acid
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glucose 0.016 per cent by weight, whereas fraction-l and Il contained
arabinose and glucose 0.015 per cent, traces and ﬂ.@ per cent traces

respectively.

Sugar acid is

The results of qualitative analysis of sugar uit of Sg-crude toxin
and its purified fractions are presented in Table 6. These results indie
cated that Sge-crude toxin contained four sugar acids out of which one
was identified as i-galacturonic acid and the remaining tiree were unknown
with the Rg values of 0.60, 0.75 and 1.15. The fraction-I comtained
three sugar acids which were unidentified with the ig values of 0.52,

0.76 and 1.12. The fraction-ll contained only t wo sugar acids and both
were unknown with the Hg values of 0.80 and 1.11.

Amino acid is

The amino acid composition of Sg-crude toxin and its purified
fractiors was determined by analysing the samples in asutomatic amine acid
anslyser (Figs.7, 8 and 9). The quantitative estimation of each known
-mnumaluauau&cmﬂummmﬂm!m.h it
was noted that Sg-crude toxin contained about 7.99 per cent total amino
acids on weight basis. in all it contained 24 amino scids amougst which
five were basic amino acids and the remaining 19 were neutral and acidie
amino scids. Amongst five basic awino scids two were unknown and of
the remaining 19, S5 were unknown. The aspartic acid content of 2.6834



‘Table:7 Aminoacid composition of Sclerospora graminicolg crude toxin

and its purified fractions.

| Fraction 1 | Fraction

St. _ _ Crude toxin
No- Amino acid (Mg. per 100 mg. of toxin)
Basic amino acids k
111 Lysine 0-4912 01095 01753
2 | Histidine ~ - ¢ 02792 0-0465 0-0933
3 | Arginine T 0-3764 0:0785 01393
4 | Unknown + + +
AS Unknown + -+ -
Neutral and acidic
. | amino_acids.
6 | Aspartic acid 2-6834 0+2195 0-9904
7 | Threonine 0-3288 012580 01716
8 1 Serine 03658 01575 01764
9 | Glutamic acid 1.2182 0-2430 0-5828
10 | Proline 04006 02075 0.1244
1 Glycine 0.3874 01350 0-2612
12 | Alanine 04384 01470 0-2460
13 | Cystine 0.1298 Traces 0-0432
14 | valine 02350 0-1055 01124
15 | Methionine 0.035% Traces 0-0360
16 | Isoleucine 01418 0-0395 0-0632
17 | Leucine 0.2362 00790 01578
« {18 | Tyrosine 0-0870 Traces 0-0436
19 | Phenylalanine 01586 Traces 0-0792
20| Unknown + + +
211 Unknown, + + +
221 Unknownh + - +
123 | Unknown + - +
24 { Unknown + - -
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FIG- 7 QUALITATIVE AND QUANTITATIVE ANALYSES OF AMINO ACIDS CONTAINED IN THE CRUDE TOXIN



i Sl GRS S GEaame o

o

e

R —

N

FIG 8 QUALITATIVE AND OQUANTITATIVE ANALYSES OF AMINC ACIDS CONTAINED IN THE FRACTION !
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FIG- 9 QUALITATIVE AND QUANTITATIVE ANALYSES OF AMINO ACIDS CONTAINED IN THE FRACTION. II
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per emt in Sg-crude taxin wae the highest wlue amongst all the aaino
scide and follewed by lysine, elanine, preline, glysine, arginine and
several others as indicated in Table 7.

The esleulations revealed thut the recovery of sing asids in
fraction-I and II from Sg-crude toxin was uot ceat per eent. About 30
per cent anine scide were lest during the prosess of purifieation and
kydrolysis. The frection~i ecntained 1.68 per sent and fractien<il
contained 3J.h9 per sent total suino asids on weight bdasia. In genersl,
froction-11 eontained all the amine aeids in higher quantities than
these 4in frection-I except for proline which wes higher in frastion-I.
The fractien-i eentained, in all, 21 anino acids whersas, frmnoé-n
contained 22 amino acids. Freetion-i contained five basic amino acids
a8 that of Sg-crude toxin, whereas th-»II c&uxm only fouwr
besic amino acids. ihe frection<l contained 16 neutral and seidie
aaino asids out of which enly twe were unknown, wnereas, frastion~i]
eontained 18 neutral and soidic emino mids sut of which four were
unknown., Fraction-l eontsined cystine, methiocnine, $;rosine and
phenylalanine in traces but fractien-ll sentained eonsidersble quanti-
tiss of these amino acids. Frection-l sontained glitamic acid in highest
quantity 1.4.; 0.243 per eent whersas frastion-il essatained aspertis asid
in highest quantity (0.99 per eent). These results elearly indisated
that frastion-I1 wae mors elesely related te Sg-crude toxia i enine ssid
composition than fractien-I,



Table 8. Elemeutal analysis of % ?!0 graminjeola crude
toxin and its purified fractioms.

Carbon  fHiydrogen  Oxygen  Nitregen  Empirical
foxda ) ) %) (%) forenla

Crude toxin 27.06 3.99 6h.35 k.60 B,,lnanl
Frection~l - - - 1.03 -

Fraction=Il u‘o“ 2 03’ “0'5 2 Q'S c'lwo”.

LR I I I BB B B B B R B B I

-« analysis was not done
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Eleaental enslysis

The Sg-crude toxin and its purified fractions were analysed for
their carbon, hydrogen, nitrogen and oxygen contents. From the results
presented in Table 8, it could be seen that Sg-crude texin contained
4.60 per cent total nitrogen, whereas fraction-l and Il contsined 1.03
and 2.25 per cent total nitrogen respectively. It was calculated that
the recovery of total nitrogen in frection=i and II from Sg-crude toxin
was only 72.05 per cent and the remaiming quantity of 27.15 per cent was
lost during the process of purification. From the percentage values of
Cy Hy O and N the empirical formulae of Sgecrude toxin and its purified
fraction were calculsted on the basis of one atom of nitrogen. The
Mrmltcnhoctsg-erﬁc toxin and its frectiom 11 mc,'nuﬂul

and GQHISO”I-
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V. DISCUSSION

Incculation of bajra plants with Sclercspore graminicols indicated
that -Ml incculation was supericr over ocospors icoculation which
resulted in early and more infection. Safesulla (1976) reported that
for obtaining higher percentage of infected plants, it was necessary te
allow the cospore material to weather in the soll for at least four weeks.
Bajra plants of 6+7 cm height and 1-2 weeks old are optimum for inccula-
tion and show the preliminary symptous of chloresis yellowing and doway
growth. Younger and smaller plants directly wilt en inesulation. The
organisa could be easily maintained on bajra plants grown in sick seil.
The cospore of S.graminicola survived iz soll for several years
(Safesulla, 1976).

The toxic compounds were isolated from the infected bajra plants
(Fig.l) but not from the healthy plants. Toxie compounds have been
recently reported from obligate parasites. Millerd and Seott (1955)
reported a toxin from powdery mildew infected barley plants. Silveman
(1960) reported ancther toxin from irfected wheat stem rust fungus.
Recently, Rai (1977b) reperted the production of a non-specific toxic
compound in grape leaves infected by Plasmopara viticela. About 0.50
per cent toxic compound was present in infected bajra plant (Fig.2).
Detection of the toxin becomes a problem becsuse of its occurrence in
mninute amounts.
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Toxicity of the sompound was tested by using tomato, and bdajrs
plant euttings (Teble 1, Fig.3) as suggested by varicus workers (Nedgses
ot sl., 197, 1949 and Heaf-Rath, 1972). Ral (1977b) used tomate
cam- sud grape leaves $o test the texicity of the cempeund prodused
by Plasmopara vitisela. Bicassay studies revesled that the dilutien end
peint of Sg-toxin was 0.06 per cent. The resovery of the toxin frem
infected plants and ita dilution end point suggested that i.grsminicola
produced a large amount of the toxic compeund in infected plants as
sonpared to that nscessary 1o sause disease symptoss. S.graminisels
prodused suffielent amcunt of texic eompound inm infested plants te canse
disease symptoms and sush & toxie eompound eould mot be isolated from
beslthy plants. These results fuifilled the eriteria far vivotexin
suggested by Dimond (1955). The studies on texin concentration and time
reletionship revesled that there was inverse relatienship bdetwesn these
two fasters, As the texin concentration insreased the time required te
esuse wilting ws desreased. The syaptons were gsused by 2.0 per sant
texin selution in 30 min which imdicated that the texin was quite petent
and highly texic in astivity.

The comparative taxicity eof Sg-toxin and 1ts fractions 1 and II
(Table 1) revesled that frestion-i was identissl ia texieity te Sg-crude
‘Sexin upto 0.5 per seat level ut et higher dilutions thers vas ne
sinilarity. 7The frastion-ll was more texic to plants. These rml..-’. '
e be explained en the basic of wp-take of texin by plants. The molesular
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woight (Table S) of the frastion-li wus lower than that of fractien<l
and henoe night be it tramwleceted faster in the planta.

Sg~taxin inhibited seed geraination as shown in fable 2. The mest
sonspicuous results were noted in ease of dajra and ragli seeds wherein
direst relationship betwsen the toxtn scnceatration and inhidition of
seed geralnation was notsd at 2.0 per sent and 1.0 per gent texia scteen~
tration. In other csses the germination was inhibited to & comiderstle
extent but even at higher levels of toxia the relationship ws not
linsar (ZTable 2). These results suggested that bajra and reagli seeds
wore affested mere by Sg-~taxin e8 compsred to other seeds. This might
be due to the partial specificity of Sg-toxin. S.praminicola affects
bajrs and it can be grown on ragi esllus (Safeenlls, 1976). It appears
reasonsble to expest that seeds absorb Sg-toxin im soil and loose
viability. This is of biologisal interest because S.graminicols is
corsidered aa a Suil borne puthogen, if germinating cospores énhu the
texic prineiple, the toxin might be starting its aotivity from the very
early stage. Natour (1957) reported a texin from germinating wredosperes
of rece 15-8 of Puscinia graminis var. Aritici. The inhibition of seed
germination particularly of Wajra ¢an be used &8 a bicassay test for
Sg~taxin after further standardisation. The inhibition of seed gemmina~
tion might be due to the effect of toxin on the vital parts of ﬁc“.
However, the histochemical atudies of the toxin treated seeds did not
show sny strwotural demage. The changes aight be ia ultrestrustures or
in the phyeielegy of gemminating sesds. This requires further study.



7ne results of radicle length of germinating seeds (Table 2) showed
a veried trend. Increased length of the radicle was noticed in all the
tests especially in bajra (Plate 2). It is known thet S.greminicola
affects mainly leaves and shoot portion of the plants. The increased
radicle length might be due to some growth promoting substances in Sg-toxin
whose effect was confined to the radicle., It needs further confirmation
and studies for concluding the nature of the substances involved. Bajrs
plants infected by S.graminicola in later stage produce the green earhead
where ovaries will be converted into leaf like structures, This also
suggests the association of growth premoting substances with downy mildew.
The growth regulators were reported to be involved in plant diseases
csused by bacteria and fungi (Thimann 1966 and Wani et al., 1977). In
general, toxins from phytopathogenic fungi are reported to inhibit the
radicle length of germinsting seeds (Juensi and ¥cCalla, 1967, and
Scheffer snd Ullstrup, 1965). fowever, kuo and Scheffer (1967) and
Kuo st 81.(1969) reported that dilute solution of Helminthosporium
carbonum toxin stimulated reot growth of corn seedlings. The reasens
for varied response of radicle lengths to Sg-toxins are not known,.

The plumule length was adversely affected hy Sg-toxin trestment in
all the cases except in blackgram snd navane (Table 2). These results
suggested that Sg-toxin affected someof the activities of growing shoot
tissues resulting in reduced plumule length. Downy mildew affected plants
are genorally stunted. The reduced plumule length supported and clarified
the resson for the stunted growth of such infected bajra plants. The



pathogen also affects the shoot portionm of the plant, but the exact
mnechanism of reduced plumule length could not be understood even by
microscopic histochemical studies. But it may be affecting ultra-
structures of the seeds or metabolic processes which may be detected by
electron nicroscopic studies. With further standardisation, this methed
way serve as one of the methods for bioassay of Sg~toxin.

The studies on host specificity of Sg-toxin indicated that it was
not @ specific taxin., Rai (1977b) reported that Flasmopara viticols
toxin was non-specific, It was noted that Sg~toxin did not heve effect
on maise, paddy and green grem plants. Safeculla (1976) reported that
S.graninicela did not infect maise in India. He proposed that maise
varietiss in India may be resistant to this pathogen or the fungus spesies
prevalent in India belongs to a different pathogenic rase. The results
of the present studies suggested that maise and paddy were quite re-
sistant to Sg-toxin., From the non-spesific mture of the Sg-toxin, it
can be considered that the specificity of 5.graminicels in mature might
be dus to its nutritional requirements. If a non<host plant ceuld
provide the nutrients required by the fungus for its growth, then it may
attack the non<host plant alse. For example, regi, blackgram, tomatoe,
wheat, etc., could be attacked by S.graminicola if its mutritional re-
Quirensnts are met. These studies revealed that the mechanisms of host-
specificity in case of S.grawinicola might be based on the nutritional
hypothesis, and these results are of much biological importance.
Safeeulla (1976) hed suecessfully grown S.graminicola on ragi callus which
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was not a host for the psthogen. Even after removing the callus from
mediun, the fungus survived for some time in the absence of callus en the
nedium,

The Sg-toxin did not affect the growth of any of the microorganisas
tested (Table 5). It suggested that Sg-toxin was group specific if not
host-specific. It was toxic to some plants and not at all %0 micreo~
organisms. Brsun (1955) used Chlorella vulgeris as biocassay organism for
the sctivity of the Wildfire toxin and noted that toxin inhibited completely
the growth of this alga. lkawa et 3l.(1969) suggested the use of
Chlorells in mycotoxin and phycotoxin research. Sullivan and lkawas (1972)
found wide varistions in the ichibition of growth of four strains of

Ghlorells pyrencidoss sod a strain of Chlorells ulgaris by sous of the
aycotoxins.

The bajra plamts grown from seeds, sosked in Sg-toxin alwost mimicked
the symptons of downy mildew disesse. These results indicated the
possible role of Sg-toxin in the causation of most of the downy mildew
symptoms like ¢hlercsis, curling of leaves and wilting of the plants.

The ichibition of seed germination was 4O per cent in green house condition
and 27 per cent in laboratery condition when treated with 2 per cent toxin,
The symptoms in toxin treated plants, sppesred in steges which indicated
the step wise asction of Sg-toxin on bajra leaves. In firet stage
chlorosis was initiated and in second stage; it was followed by yellowing



and curling from tip towards leaf bese and at final stage the leaves
wilted completely. All these results clearly indicated that Sg~toxin
affected the metabolic activities of the planmt and these results were
pertially supported by the iistochemical studies,

The histochemical studies of leaves revealed that during I stage
of symptoms development there were no significant changes in periodie
acid Schiff's test pesitive gramules in the cells of the epldermis and
mesophylls., But the inereased nusber of polysaccharide grains was
noticed in bundle sheath cells (Plate h). 7This increased number of
polyssccharide granules in bundle sheath cells of leaves might be due
to either an increased activity o the polysascheride synthesising
ensymes or reduced activity of the ensymes which are responsible for the
incorporation of the polysaccharides in to different cell components.
During II and III stage, the polysaccharide granules in bundle sheath
cells were lessened and then completely disappeared which indicated that
polysaccharide granules were subsequently broken down and synthesis of
polysaccharide also -mtlnn been stopped. It has been reported
earlier that commonly starch sccumulates in plants infected by obligate
parasites. Generslly, it accumulates in granules in chlero-plasts of
photosynthetic tissues (Akai et al., 1967) and in host cytoplasm in non~
photosynthetic tissues (Williams et al., 1968). Mirocha and Zaki (1966)
reported that starch decreased at infection sites of rusted bean leaves
soon after infection, increased sharply just before sporulation, and
then decreased sharply after sperulation. Macdonald and Strobel (1970)
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reported that the s tarch content of rust infected wheat leaves decreased
from 5 to 9 days, increased from § to 12 days to double that of healthy
leaves, and decreased from 12 to 15 days after incculation. Tanaka and
Akai (1960) have hypothesised that increased starch comtent in rise leaves
infected with Coohliobolus miyabeanus (ito and Kuribay) Dickson was due to
a desrease in beta-smylase activity. Keen and Williams (1969) feund
increased specific activities of the starch synthesising ensymes, UDP-
glucose pyrophosphorylase and starch syuthetase, during starch sccumulation
in cabbage hypocotyls infected with Plasmodiophora brassicae.

The results of methyl green pyronin test for DNA and RNA showed that
upto Il stage there were no significant changes in DNA and RNA contents
but in I1I stage the nuclei of most of the cells disappeared and alse the
plastids. Jost of the DlA and RNA was found degraded. This indicated
that the Sg-toxin affected polysaccharides in the beginning and only
during the later stages the DNA and RNA were degraded. It clarified the
mechanism of sequential symptom causation in the toxin treated plants.

The results of test for protein indicated that during earlier stages
of symptoms development the protein particles became less stainable and
the shape also became distorted, indicated the degredation of plastid
material. During II stage particles becanme still smaller and some of
the bundle sheath cells lost protein bodies completely. In III stage
the protein positive bodies found completely disappesred, indisating the
successive degradation of those particles due to the toxin setivity(Plate §).
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All these results supported the findings of earlier sxperinents wherein
the stage wise symptoms were noticed in the toxin treated plants. Lewis
and Goodman (1962) reported the loss of integrity of foliar tissues
primarily in the spongy parenchyma soon after exposure to colletotin.
Luke et 81.(1966) reported several changes in ocat root cap tissues, first
a dark staining material appeared between the plasms membrane and the
cell wall, followed by partial separstion of the plasma membrane from the
cell wall, and disruption of the intermal membrene systems. Fark et al.
(1976) found that due to A.kikuchiana toxin the first change in ultra-
structure was iovagination of plasma membrane. They reported that the
plasna membrans was the site of initial effect of A.kukuchiana toxin.

In case of germinating seeds no significant changes could be cbserved
due to Sgetoxin trestment. lowever, the possibility of damage to ultra-
structures and at lower level cannot be ruled out. Such changes if any
may be detected by electron aicroscopy.

The experiments related to insctivation of Sgetoxin revesled that
dried Sg-toxin was quite a stable compound over extended peried of time.
it can be stored in desiccator or in refrigerator for 16 months without
less of its activity. Rai (1977b) reported that toxin produced by
Flasnopara viticola was quite stable. Unlikely, activity of H.maydis
toxin was reduced by 50 per cent in 24 hr. at 25 C (Comstock, 1971).

The Sg-toxin wad quite stable to temperature glso. It was stable up to
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9% ¢ bui inactivated at higher temperature. Similarly, H.ssechari

toxin was stable over extended periods of time and heat, up to 1k ©

(Steiner and Byther, 1971). The partial acid hydrolysis of Sg-toxin
by 1 N Hy50, indicated that exposure of toxin for 15 and 20 min reduced
its activity and above 20 min its activity was lost completely (Fig.5).
Mhl..lhlmvuwd%-toxinanhlgltlohthﬂhl
of critical sugsr or amino acid residues from the parent molecule re~
sulting in loss of biological activity. Similarly, about 50 per cent
loss in activity of toxic pelysaccharide produced by Corynebacterius

sepedonicun was reported by Strobel (1967) when refluxed for 1 min in
o.S!BISO. These results suggested that there is no possibility of
inactivation of Sg~toxin in host plant in nature either by temperature,
acidity or storsge over long periocd of time.

The Sg-toxin was immunogenic and the antiserwm with 1 : 1280 titer
was obtained ageinst the toxin., The Sg-crude toxin and its frections-l
and II formed clesr bands of identity with the homelogus ¢ ehowlng
that they were serologically idential (Uphterlony, 1958, and Kei and
Strobel, 1969). 1Inhe immunogenic mature of the toxin m.ght help in the
detection of the disease in host plamts in an early stage of the disease

and the method is quicker and economicsl.

Furification studies of the Sg-toxin by following Sephadex G200
colusn chromatography revealed that it comnsisted of two fractions (Fig.6)
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and fraction~il was recovered in more proportion (51 per cent) than
fraction=I (27 per cent). The estimated molecular weights of both these
frections were 2,73,200 and 61,630 respectively. The toxin preduced by
Plasacpara viticola was made up of only one fraction having melecular
welght of 89,760 (Rai, 1977b).

The intrinsic viscosity of the Sg-crude toxin was 0.122 decilitre/g
and that of fractions-l and II was 0.089 and 0.047 decilitre/g res-
pectively. The intrinsic viscosity values inereased with inereasing
molecular weight of the compounds (Tavle §).

The Sge=crude toxin and its fraction-il had pH near neutrality, but
fraction~i had slightly acidic pH (6.70). The electrophoretic studies
revealed that Sg-toxin was cationic in nature.

The results of recovery of anionic, cationic and neutral fractions
from ion-exchange chromatography indicated that an anionic and neutral
fractions dominated in crude toxin whereas in frectioms~l and II caticmic
fraction dominated. This might be due to more loss of sugar and sugar
acid residues during the process of gel chromatography, acid hydrolysis
and ion-exshange chromatography.

The analyses of different fractions of Sg-crude toxin and its
frections revealed that they are made up of variocus sugars, sugsr



acids (Table 6) and emino acids (Table 7). These results suggested
that Sg-crude toxin and its purified fractions were glycopeptide in
nature. Similarly, Rai (1977b) reported that Plaswopars viticols toxin
was glycopeptide in nature and made up of sugars, sugsr scids and amine
acids. The empirical formulas of Sg-crude toxin and fraction-II were

calculated as G,ﬁnﬂul and Galno’f respectively.
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Vi. SUMMARY

Bajra plents (10 days old, 6~7 em tall) of HB-3 variety were
inoculated with sporangiospores of Sclerospora graminicola. The sporanglal
inoculation method was proved superior over cospare inoculation. The
pathogen was maintained on bajre plants by growing in sick seil.

The toxic compound was isolated from powdered downy mildew infected
bajra plants but such toxic compound could not be isolated from healthy
plants, The Sgetoxin was present in infected bajra plants in a very low
quantity (0.495 per cent). The plant cuttings of bajra and tomate were
used for hicassay of texicity of Sg-tomin and tomato plant was found to be
more sensitive than bajra plant. There was an ioverse relationship bet~
ween toxin concentrstion and time required for wilting upto 0,125 per cent
level. The purified fraction~-ii of Sgetoxin was more toxic than fractionel
and Sgecrude toxin. The dilution end point of toxicity of frastion-lI
was 0.03 per cent whereas that of frection-l and Sg-crude toxin wes 0.12
per cent and 0,06 per cent respectively.

The Sg-toxin inkibited the germination of seeds in gemeral, however,
more conspicucus results were recorded in case of bajra and ragi seeds.
The germination of bajra and ragi seeds was inhibited by 27 per cent and
12 per cent respectively due to 2 per cent toxin treatment of seeds. In



genersl, the radiele length of germinating seeds wse inereased parti-
sularly of vajrs and plumule length was desressed in all the cases exsept
blagk grem and mavane.

The host specificity studies revealed that Sg-toxin was & nen- ‘
specifis toxin however paddy, green gram snd maise plants were not affected
by the 8g-toxin,

Bajrs plants grown from the seeds mmusgmmum-u
the synptons as that of 3.greminicola emsept downy growth, The dg-toxia
did not affest grewth of any of the microorganisms and it suggested that
Sg-toxin was grewp specific if not hoet-specifis toxin.

fhere were no significant merphologisal and histoohemical changes in
radicle, eoleoptils ar embryo of toxin treated and sontrol seeds. Signie
fisant histocherical changes were noted in leaves frem the plants grown
fyem seeds soaked in 9g-toxin. In the I stage of symptoms develspment
polysaccharide grains in bundle sheath cells were increased and then
subsecuently decressed during II stage and eompletely disappearsd in III
stages. 1ihe DNA and RHEA contents were not affected during I stage however,
st 111 stage most of the DHA sod RNA was completely degraded. During
subsequent etages of symptoms development proteins were degraded and
Plestics’ found to be degraded.
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The Sg-toxin was antigenic in nature and the crude texin and its
fractions~l and 1 were serologically related.

The Sg-toxin was quite stable compound and could be stored in dried
form in desicecator or refrigerator for longer time. It was heat resistant
and was active even when exposed to 95 C for 10 min. The partial hydro~
lysis of Sgetoxin in 1 8 stoh reduced its biological asctivity.

it was dark brown and crystaline in nature. The Sg-toxin was
separated into two fractions by Sephadex G-200 gel chromatography. The
fraction-I1 was recovered in more percentage than fraction-I frem column.
The fraction<l. had molecular weight of 2,73,200 and the fracticn~Ilhad
61,630. The intrinsic viscosity of the Sg-crude toxin was 0,122
deciliter/g and that of fractions<l and II was 0,089 and 0.047 decilitre/g
respectively.

The Sg-crude texin had pH of 6.98 and the fractions-I and II had
pH of 6.70 and 6.90 respectively. The elsctrophoretic studies indicated
that Sgetoxin was cationic in nature.

The acid hydrolysed Sg-crude toxin and its fractions-I and 11 were
fractionated inte an anionic, cationic and neutral frections. The
Sg-erude toxin contained arabinose, glucose and two unknown sugars, and



87

the fractions~l and 11 eontained arabinose, glucose and one unknown
sugar in each fraction. The Sg-crude toxin contained Degalacturenic
acid and three unknown sugar-acids, whereas fractions~i and 1II econtained
three and two unknown sugar acids respectively. In all Sg-erude texin
contained 24 amino scids and fractions~l and 1I contained 21 and 22
anino acids respestively. The empirical formulae of Sg-crude toxin and
its purified fraction~II were c?'llou. and G.I,SO”I.TesPectlve\‘y~
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