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INTRODUCTION



z. nPRqaycHQj

Paarl illkt «r bajra iPaanlaatua trpfaoldoa (burw.f ) fttapf aad Hubb
V

it aaa of the aaanaa aillata that tarva aa foodgralaa la India. Paarl 

aillat plant balwsga to tha fawli/ Poaoaaa. ItCa graina apa aaad far 

haaaa ooaauaption aad plaat atalka a m tad to aattla. la India ( it 

covora aa araa of about 973 ailliaa hoataraa. It ooaaa up wall la aa/ 

kind of aoll aad far thia raaaon poar ooila aot fit far graving rica, 

d m t  aad aartfiwa malljr ara aalaatad far thia trap. It la gram 

axtanalval/ la Oujanitf Itmtaka, Jfaharaabtra, Hadga Pradaab, Bajaathan, 

Taail iadtt aad Uttar Pradaah. Although about twaaty diaaaaaa of tbla 

m p  ara known, tha groan aor or downy alldaw diaaaaa aauaad by Solaroapara 

graalnleola (Saaa.) Sahroat* ia ona af tba aaat important aad widaapraad ' 

diaaaaaa ia India*

Salaraapara gnmiadaola (daaa.) Sohroafc, balonga to tha olaaa • 

Pbyaoagfoataa, ardar * Pamoaparalaa and faail/ t Paronoaporaaaaa. It ia 

aa abligata paruaita aa itra boat. Sow/ alldaw af paarl aillat waa 

firat npartad bgr bwtlar In 1907 froa India. Tha aaaa graan aar axplaiaa 

tha tranaforaation af tha aar* who 11/ or partially* into a vagatatlva 

atruatura aaapaaad af a aaaa af graan twlatad laaf-lika atroaturaa. Tha 

fuagua aaaaaa various t/paa af ajmptaaa la bajra. Tha diaaaaa ipjaara 

at all atagaa of dsnralopaont of tha plant» atartlng froa tha aaadling



•tag* opto th* so*' 3ystenle infection It obeerved **rly ia

th* seedling stag* when th* plant* attain $<•!$ *n height. bystenieelljr 

diseased plants art significantly stuntad with ehloretie leaves which 

p̂orulrfte heavily. Zn th« *ld plant* y*lltwlng and Mhitaning tf l**ve* 

art observed. a* th* die ate* pregr***t*» tha ohlorotie loeveo torn 

yellowish brown and finally reddish brown. impending upon tha severltjr 

of tho diaoaaa, tho /tang infoetod plant* tithor dry ap or rarely grow 

further and predae* oar hood** Dwarfing aad discolouration l**d to th*

•erly d*ath ef th* inf*et*d plant*• Frequently, plant* having foliage 

fno *f other aynptons develop infoet*d spiheo* Sonet im*af n areal 

eerh**dt develop on dl*****d plant.

fhi* disea** eauae* * tovtr* dtasg* to bsjre *rop resulting in 

wrked loa* in grain yield* Hitter end Tanden (19J0J reported 45 P«r 

eent It** awing to the green ear disease, ntar Allahabad in India* An 

extensive survey *f bajra orop in fiAjaathan (Mathar and Ualela, 1971) 

during 196S and 1964* revealed that tht di*se»e inoldtnot in differwt 

flelda rose* fron 0-*7 por etnt* On the basis of date eolloeted in 

1962 end 1964» tho wonetery less owing to th* greon ear di**s*e in 

Raj ss then alone we* oetinated to ho wore than 20 nlilien rupee* every 

year* It i* estiaated (anenyneas, 1971) that th* evtreg* annual 1*** 

in high yielding bajra var ietios duo te tha oowny nildow lnfeetiea wa* 

*b*ut JO por eent in India.
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kVent bough, this diaeeae ceusss such a devastating damage to bajra 

crop, till now tbaro la no proper control meeeure except using raalatant 

verietiea of boat plant. If tha cxact mechaniam of eymptoma eauaation 

in bajra plant by S.graminlqela fungus ia undaroteod certainly, it will 

balp in suggesting good control aeaaarsa and alao a way to scraan larga 

nunbar of raalatant varietlee agalnat downy mildew way bo found out.

The obj octivee of thia atudy werei

1) iaolation of a toxic compound froa the s.gramlnlcola lnfootod 

bajra planta.

2) To find out toe role cf the toxic compound in eauaing the 

aywptoma In planta.

3) To undcretand the aecbaniaa of action of the toxic ooopound 

in itss boat.

k) To elucidate tha biological properties of the toxin.

5) To purify and chanieally characterise the toxio compound*

6} To atudy phyaical and biochemical propartlea of the toxic 

compound.

%



REVIEW OF LITERATURE



II . SSflSW Of UTUtATUHK

Th* id** that plant pathogtnlc organisms may produe* toxic aubataocaa 

which play a cauaal role in plant diaaaaaa waa reported aa carl/ aa lb66. 

dc Bar/ (1666) while working with Sclorotlnla sclerotiorum on carrot* 

auccttodcd in rapredueing soft-rot by applying a atcrilc axtreat froa 

rotten ccrrctc to health/ carrot ticcucc.

Oottlich (1943;* hraun (1950) and Diaond end Ueggoaor (1953) reported 

that tha actchditee produced by tho plant pcthogcne are capable cf pro­

ducing diaeaae eyaptoae similar to thoee found ln native. Theee we ta bo- 

lit ea were produced by the pcthogcne both La five end in vitro end are 

listed in the rcvicwo by eeveral workera (wheeler end Luke, 1963) Pringle 

end t»cb offer* 196b) kslyanjsundaraa and Charudattan, 1966j Wheeler end 

Henchy, 196d| Wright, I966j Ovcne, 1969) Saaeddar, 1970) PatU, 1974) 

6trobcl, 1971»e and 1977) and Sal, 1977a )•

In the Held of plant pathology the word toxin haa been aaed under 

varied contexta that lta algniileanee hoc occoa* difficult to cetiaete. 

Termo eueh ce lew molecular weight toxlna, high molecular weight toxlna, 

fungal toxins, beeterial toxine, mycotoxine, phytetoxin*, plant toxins, 

vivotoxins, pathotoxine, boet-epeeifia toxlna, primary a nd aeeondcry 

determinants have been need by caverel authore. Oiaond and Waggon*r 

(1953) diacriainstcd between "toxine" and "vivotoxine". a  toxin waa
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deflacd ee »«ay coapouad produced by a microorganism which is texie to 

plants" and • rivetoxin as "s substense produced in tbs iafected best by 

tbs psthegsn s&d/or its hsst, whisb fnctins io ths product ion s f disease, 

bet is not itsslf ths ialtlsl inciting sgsnt cf dtseese** Later* Diecnd 

(lfS5) ststsd thst s substance sso bs regarded as s rirotoxla if it aeets 

tha IcUwiag criteria *

1* It coaid be isolatsd froa ths disasssi plant but not be 

prsssnt ia tbs health/ hoat|

2. it ceuld be c heatedly eharaeterlsed| aad

). When Intrcdaced* ia pars fe*e, into s health/ host# it 

aast predoss the sjmpteae sf disease er a portion af a 

syndrome*

Wheeler sad Udcs (1963) prepessd the terms "pethetoxln" sad "phytotoxia*. 

Pethotodns are thsss tcatiras which pis/ sa 1aperient rsle ia disesee pro­

duction. the/ listsd fscr criteria to prove a toxia to be pathotexla* 

The/ srsi

1. Ths taxin appliad at ceceeatratioas which ceold bs 

ressoasbl/ axpscted ia er are tend ths disssss pis at* 

prcdssss ia s eeeceptible best all the syaptoms eheracter- 

istis sf ths diseesef

2* tbs pat no gen ead the texia exhibit similar suae apt 

specificity)
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3* the ability of the pathogen to proauee the toxia

varies directly with the ability to esuee disease) and

4* c single toxin is involved*

The sans anthors coined the term "pnytotoxins* for all products ef living 

organisms toxic to plants, without reference to their role in plent 

diseases. firingle and ^chaffer (1964) propeeed "Hoet-epceific toxics"

to includc the setebolic products of the pstbsgenie aioreorganises which 

are toxic only to the hoet-euaceptible to the pathogen. In addition to 

theee, ftrlght (1966) coined the taro "Mycotoxine" to include all toxins 

of fungal origin. Ths literature pertaining to the toxins produced by 

plant pathogenic fungi has been reviewed below, for convenience, the 

litcreture is grouped into two groups aa Toxins produced by (i) Facultative 

parasitic fungi, and (ii) obligate parasites.

Toxins produced by facultative parceltio fungi 

MclsAnthccporluw toxins*

A he toxic ectivity in culture filtrate of Heist intnoaporlun vlctoriae 

ceasing blight ef oets wss reported by Meehan and Murphy (1946). 

hltsenbergcr (1949) detected the toxin in infected plants in sufficient 

concentration to bring about the effecta ainilar to thess obtained in 

pure culture. wheel«r end i«uks (1954) obtained high yields of 

H.victcriae toxia by growing it ia chosioelly defined aediua. Tbe toxin 

wee partially purified end deaignated ae "Victoria". They else obtaiaed



• aatant which w»a highly pathoganlc and producad high ylalda «f toads 

compound. Prlngla and Braun (1951) purlflad tha taxis and no tad that 

▼letarin inhibited tha growth of at *captibia oat roots st « aana antra tlaa 

af 0.01 Thay round bio log Isa 11/ active victerin to ba a paly*

paptida in natura. Its taxia production waa raatriatad ta only pathagaaio 

isolstas snd salastad high toxin yialdicg strsins (Sohaffar at al.* 1964). 

fha toxic pradaotlon wss ganatlaally aontrollad and inf luanaad by aga af 

tha oaltaraa us ad (liaison at al.* 1963). Pringle and iaraun (1958) 

degraded tha parlfied toxin by adjwating tha pfi of aqueoua solation with 

sodlvus bioarbonata* Tha dcgradad toxin gave a strongly paaitive nlnhydrln

raaction and whan chroaatographed aa pspar* two spats sppearad with 8f 

valtiaa af 0.67 and 0.&4. la I960* thsgr found aut tha aapiriaal foraola 

af tha lattar ooapound with tha M  value af 0*84 sa C ^ i ^ m  and nsasd 

it as *vietaxinliia". This eoapound waa found ta ba aqoally toxia ta 

toxiii-auaesptlbls sod rssistant varietiea indieatlng that it waa non- 

hast apealfle and it aay bs isolated directly fraa culture filira tee af 

poor or non-toxin prefacing lsalatas af H.Victoria a. fc'lahiaura at al.*

(1966) rapartad tha appearance af vietaadaina bafara victoria in culture 

aadiua.

Xrupka (1958) and Schaffer and Magla (1963) abaarrad that vieteria 

inaraaaad 3*5 fold oxygen uptake bgr auaeeptible aat tlsaaaa but net bar 

resistsnt oats. Also tbs asaarbia aoid «*idaee activity was fauad ta ba 

9-4 fold as great ia svaaaptibla oat henegeniatea but it radosad tha 

tranapiration in bath rasisWnt sad susceptible est varieties 

(Utsenbergar, 194? snd Wheeler, I960), stadias with rsspirstary
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inhibitors by Krupka (1959) revealed that 2,k-dinltrophenol, an uncoupler 

of oxidetive phosphor/lation bad no offset on Victoria traatod %>ueecptible 

oat tissuo. howavar, sodiun fluoride reduced the high respirstor/ level 

of victoria treatsd plants sad sodiun dlethyldithioearbanate and phen/1 

tniourea, tee inhibitora of copper containing ens/nes bad s greater effect 

on vietorin trected ticcuea. * a ha Ionic acid, a fcreb'e e/cle Inhibitor 

bad the reverse effect. Lake and precasn (1962c) reported that victoria 

trectnent cauaed an inerecce of free anino aoidc In aueeeptlble Varicticc. 

The lncrcaae cf free aid. no acida coop led with c decrease ef bound aelne 

acida indicated that toxin treatment die pa tee protein aetebollen. While 

studying the effcots of vietorin on ftreb'e cycle intermediates of eueeepti- 

ble oat variety> Luke and *recnen (1965) found thst vietorin caussd In- 

crceced production of malic as id through a CQ̂  fixation reaction. It 

also enhanced citric acid synthesis but had no effect on aconitle end 

succinic acids. Ths aeino eelds uptsks ass dsereessd sfter exposure 

to 2.5 x 107 dilution of s toxin (ocbeffer, 196k).

.An ineresssd permeability of both the plssns nenbrane and tonoplsst 

ef root cells In susceptible cultlvsrs but not In rsslatent cultivars 

treated with vietorin vac ebeenred (Black and wheeler, 1962s) Wheeler snd 

Black, 1962 and 1963) aad Keck and Hodgee, 1973). a Victoria trectnent 

caused breakdown of the nuclccr wbrane, collapss and aggrsgsticn of 

c/tcplaen and nodIflection of mitochondria, disruption of ths intarnsl 

nenbrene systens, 1/els of plssns nenbrane, chloroplaet nenbrane, and



disorganisation of grans framework systea of chloroplasts (hanctgr ana 

wheeler, 1965 j Luka at al., I966j and Sswadrtar and ocheffcr, 1966). Th* 

loaa of the ability of root b*ir sails to pleaaolyee, uptake of exagenoue 

amino *oid* and inorganic phosphorus, inoorparation of F into organic P and 

amino aoids into prcteins and protoplaanie streaming, war* recorded aftar 

tho victorin treatment in eusesptibls oultlvara (oaaaddar and Schoffer, 

1968). Incraaaod laakag* of eleetrolytee and pheephorylated eugara froa 

vietorin traatad tisauos war* raoordod (Black and eheeler, 1962bj Black, 

19631 Luka at al., 1969J and Gardner st al., 1974).

Tha roseti<90 ef tha plants to victorin indicated that tho uptake of 

toxin by su^ocptibl* planta way bo duo to receptor aitoc pr*a*nt in 

susceptible planta to which toxin gets sdaorbod aa ropertad b/ Luka and 

Freeman (1962b) and Hanohy and »heeler (196$). This receptor site waa 

found to bo abcont in realatant varieties (risnchy and wheeler, 196$).

The statesant was disproved by Doupnik end Ubeeler (1965) chewing that 

victorin ia adeerbed even by resistant variety, asaaddar (1966) suggested 

that tha carbonyl group nay be involved in binding the victorin on the 

membrane. Doupnlk (1968) noted the suppreeaion of victorin induead 

symptoms by treataant cf CsClj. Hanohy (1969) reported supproMicn ef 

victorin toxicity in oats, when p re treated with Uranyl a a Its. Gardner 

and ^chaffer (1969, 1970 and 1973) found that when susceptible plants 

were treated with cyclohexislde and sulfahydryl binding compounds, the 

victorin induced electrolyte leakage waa reduced. Saftner et el. (1976)
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auggaeted that aelective effects of vietorin aey bo eauaed by o vlotorln 

induead deficiency ef ealciua ia susceptible but not In roolotont tieaue.

A host-epeeific toxie actebolite fren Hclnlnthoeporluw eerbonua waa 

reported by boheffcr end tflletrup (1965). They noted the Inhibitory 

action of culture filtrate cnly when ease opt ibis corn wee the toot plant 

and bed no Inhibitory cffaete on rooietent corn ecedlingo. Hell developed 

aeedlingc of auseeptibla corn developed necroole when pieced In e culture 

flltretc but bed no effect on reelatant aeedlinKC. luo end Sehoffer 

(1967) and Kuo et el. (1970) while studying the cooperative ef facta of

H.carbonue and H.vlctcriae found that KC-toxin did not atiettlete Oj uptake

Ik
in tisauea and ineorporetlen of 6 anino acida aad uridine into 

trichloroacetic acid inaeluble plant eoapoaente ace not effected* It die 

not eauee electrolyte leakage froa aaaeoptible tieeue nor Hie activity 

waa affected by eulfite* Very dilute eolationa ef the HC-toxin atiaulcted 

root growth of eern eeodlinga. Cringle end Sehcffer (1967b) laeleted e 

hoet-epcelfle toxin end e related euhetenee with nonspecific toxicity 

froa H.eerbonua. The non-specific toxin waa referred ee carbtoxinine. 

ihey e rye ta Ilia ed HC-toxin and found that c rye talline toxin did not reeet 

with nlnbydrin but yielded eaino aelde on ceid hydrolysia. Kuo and 

Schaffer (1968 end 1969) noted that toxin uptake by euaeoptible corn 

seedlings wee affeoted by h.carbonua toxia concentration and the tiao ef 

OKpoaure to the toxin. The toxin uptcke wee ten para ture dependent end 

mb dcereaacd by 2,U-dinitroph«ol, aodlua aside and poteeelua cynide.
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Tha toxin iaoraaaad tha Cog uptake in tiM«« cxtraeta. lodcr and 

Seheffer (1969) noted tha etinulatory affaeta «f lover eoneantratioe* 

of H«oarbooaa twrin oa earn aeodllnga.

JVingle (mo) found out lta aolaoular velght vhleh vaa TOO and 

aaplrieal female aa Ha identified tha eoapoend aa cyclic

peptide having alanine* preline and three other ninhydrln peaitive 

coapouada. Hie prodoetlao «f aalnaa alailar to vie taxi nine by H.oarbonea 

vu reported by Cringle and Schoffer (1970)* ^Tingle (1971) etudied tbe 

aalao aeld coapeslticn ef the heet-epoplfle texln ef H.carbcoaa.

laier (1970) reported that HC-texln eaaaad 30-70 par cant lnereeee 

ia HA activity and alae the nitrate redaction lndeetloa vaa lnarooaad. 

Toacin did net affeet HR activity ln tte abcenoa of H8 ayctheala (vitheat 

MOj ), nor did texln change the rate ef UR degradation. The inereaeed 

adaerption at nitrate end eediiw and reduced adsorption of potaaaiaa* 

aalphate and pheaphate lane due to toxin vaa ebeerved by Xeder and 

Schaffer (1971)* Coca took and Sehaffer (1970 end 1973) reported the 

naccaaity ef texln and toxin eaeieitive tieaue for euoeeoeful eelenlKatian 

ef H.carboaua. Xeder rad Soheffer (1973o and 1973b) proved thst the 

nitrate redact ion in toxin treated avaeaptible tlaeue vaa net dae to 

nitrate redueteee* They explalnad that inersaae in nitrate uptake and 

noeuemlatloa af nitrate waa dee te availability of eubatrate but not dae 

te Inareaee in actabolloa. They aaggeated that toxin eetloa aaa not by
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derangement of plasms aaabrane inataad It aay cause specific changes in 

plasae membrane, which night have increased the uptake of certain eolutce. 

The ebolishnent ef specific toxicity of host-epsolfie toxin of H.carbonun 

by electrolytic reduction wae noted by Pringle (1973)* Heffaen end 

^acheile (191k) detected loereeeed peroxidaae activity in toxin treated 

or lnoculatod com tieauee.

A part icily purified boat-specific toxin froa H.eecohari ceuaing an 

eye-opot dieeeee of eugaresne which ie eharecterlsed by a long shloretie 

etrooke free ef fungue wee Isolated by Steiner end Byther (1969). Byther 

end Steiner (1971) coed hoat-epacific toxia in detonaining the reaction 

of eugaroane ecodlings to eye-e pot diaeeae. They concluded that eye- 

apot susceptible eeedlings osn be eliainated froa e population bgr spray 

application of toxin. The pertiel chsrsctcriseticn of H.ceccheri hoet- 

specific toxin wee done by Steiner end Byther (1971) end also found that 

planta susceptible to fungue were effoetcd fay the train. They euggooted 

the uee of toxin for ecreening of eugaroane varietiee for rosistsnoc to 

eye-epot disssse. Steiner end Strobel (1971) purified end ncned the 

compound ae "Helninthosporoside". They proposed the structure ef 

helainthosperooidc ee 2-hydroxy~cjrelopropyl-alfa-D-galacto-pyranoeide.

The helainthoeporoeide wee recovered froa c runner cn an infected leef 

end it wee purified (Strcbel and Steiner, 1972). Byther and 3teiner(197t) 

ueed helMinthosperoside to select sugarcene secdlinge reeietent to ey*- 

spet dissaec. The etudiee with ultras true turec of cells in toxin treated
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sad H.saochsrl infested susocptibls wgtrun* Issvss Hr ftrobel *i al. 

(1971) r«v**l*d virtually no alteration cf tha cytoplasm ta it* *oapl*t* 

disruption and abn«raalltisa ia tha ultras true tars sf ohloroplssts*

Bythsr sod St*in*r (1974) gov* a possibls a*ohsalsa of hsst indaosd rs* 

aistsne* to hslaiatfeospor o*Ida. 5trob*l (1973s) found that auaooptiblo

teats poa*«sa*d aeabran* protein which oan bind th* toxin. Bs purified 

tha binding protein and dotarained its aolaoular weight as Jt5,000« It 

was found to hava k sub-anits of molecular weight 11*700 sad stlasst 

t binding aitoa eaoh. FtKrtb«r» expariaento by Strabsl (1973b) sbovai 

thst tli* binding proton sf rssistsat slsass differed vith ttet sf 

susceptible elsaas in having las electrophoretic aebility and four 

diffsrsat sal no said residues. StnN& sad Bass (197k) gsvs th* evidsaee 

for th* prassnss sf s tsxia binding protsia sa th* plssas aeabrane *f th* 

plant ssll* Th* atudios vith th* texla binding protsLa of sagsraaas by 

Strabol (197M») rovsalsd ttet it possessed raffinoss blading activity, 

it p*rUolp*t*s in alfa-̂ alactoaide transport snd activated I* - Mg** 

ATPase ensyae. Strabel at *1.(197$) shoved ths Ink of tsxLa binding 

protsin sotivity ia astaats of sogsra&a* olano obtained by Irradiation. 

Steiner sad Byther (1976) ooap*r*d sad cbaract*ri**d tho toxin produo*d 

by M.spsehsrl froa Australis, flaida snd Hawaii. Pinkerton and 

Strobol (1976) obtained th* production of helalathoaporoeids in a asdlaa 

by attsnaated cultures by adding ths astsrial obtained Aroa tho water 

vssh sf th* saassptibls sugarcane lasvos. On* sstivator waa identified 

ss eeriaol vttUh sstivstsd toxin prsdastisa ia sttonustsd oultaras 

st lyrit*



Ssidf^ird-PftifBon and Nelaon (196?) deecnetrated the production 

of o boet-epecific toxin froa isolate® of H.naydie eitflai blight re- 

oetiono on eom. They detected toxin fegr follow inf biocecay adhode 

Til.,  dotoohod corn leavee and aoodLlng aeeay. Fna tho experinente 

they notad that toadn production «aa under genetic control* Lindcrberg

(1971) notod that dlseacod loolatoo of B.noydlo produced noro toxin thon 

tho haaithy isolates. Tha hoot-opaslfic toxin of H.aaydia mo purified 

and oono of lta propertiee vere atudiod by Com took (1971)* Mo obeerved 

that toxin w i hoot labile, activity wae roduoad by 50 par aont In 

2*4 hr at t$ C aad pH 7*0, laoa than 20 por oant ot pH 3*5 and toxin 

had on epfrexinate 8f vain* of 0*85 on p*p*r ehrenstogreaa. Tho pro* 

dootlon of differ*nt spec if ie toxin* by differ ant iselat** ef H.aajdio 

«** reported by Llnderberg (1972). Wheeler jt e l.(1972) lnvcetigated 

the peceibility of u*ing nitochondrial aenoitivity to tho fungal toxin* 

of H»wydio for detecting reelatant plant*. The permeability ehangeo 

indueed by H.aaydla ro*o f toxin noro studied by <*reeen at el. (1972). 

Con*took and 8ohoffer (1972) notod that iaelatee of B.a*ydlo raee T 

differed groetly in th* *hility to produce be*t-ep«eifio toxin end the 

toxin production nee varied with the oonpoeition ef the nodtun end age 

of the oulturee. Ie host-eeleetive toxin vea detected from H.acjdlemm mmmmmmmm

rece o.

The psthotoxin froa H«xe»di* eeueed e rapid inhibition of photo* 

eynthcoia, induced etonetal clceere end inhibited I + uptake fegr guerd 

celle (Arntecn ot el.# 1973)* Arntsen jt jU. (1973) otudiod the off cot
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of U.Majdle (race t) pathotaxin oo energy linked processes ef corn 

seedlings. Tipton et al. (1973) observed the inhibition of tbe t *  

stimulated Al'Pass of maise root micro saxes by H.maydls race T patbotaxin. 

fbe reaction of germinating nalse pollen to K.naydig pathotoxin* waa 

•tudifco by Leugbman and jrsby (1973). Herts and Arntsen (1973) found 

that tbe toxin depolarised tbe electrical potential in susceptible maise 

varieties.

L U \ and Hooker (1972) characterised the toxins fron H.mojdlo rsc* T 

ar.d race 0. H.magdls race T toxin ms haring If value of 0.9$ and found 

tc be involved in disease development. Helsinthospariu» race 0 toxin was

having Rf value 0.87 and had no role in disease developaent. Karr et al.

(1974) isolated four host~apacific toxins end found that toxins I and II 

vers chemically similar and toxin III vaa a glycoetde chemically similar

to toxin X and IX. Halloin et el. (1973) reported that the toxin is host- 

specific only vitb respeot to electrolyte leakage but not vith reapact te 

leakage of carbohydrates from root and leaf tissue of com. A simple 

oiochenieal assay for "Texas* cytoplasm in oorn by the use of H.maydla 

race T pathotoxin was developed by Peterson at *1.(1974). Pels her et al«

(1975) reported that the susceptible protoplasts exposed to toxin inhibited 

c/top la ami; streaming. The iiihibition of electron transport in maise 

mitochondria by h.maydic race T pathotoxin vas reported by flsvell (197$). 

Bhailer et al.(197S) reported the inhibition of dark COg fixation and 

piiatos/nthesi* in leaf discs cf corn susceptible to the host-specific 

toxin produced by H^aaydia race T. The involvement of K.msydis race T



toxin during colonisation of Mice leave* wee reported by Coastssk and 

Martinson (If75)• .Karr and flam (1975) reported 5 ehomieelly related 

host-epecific toxin* froa H.asydls raee T. Bednereki at el* (1977) 

reported i no recced 0^ uptake by toxin treated leevec end coleop tiles 

from susceptible planta, inhibited glycolysis end decreesed levels of 

odd labile orgenic phoephatce in eusceptiblo tiesueo. They reported 

thst eitocbondrisl cite nsy be the only important sits for direst oction 

ef the toxin.

Ludvig (1957) noted toxin production by H.satira and its role in 

psthogcnieity. Underberg (1969) reported disease 1 educed toxin pro­

duction in a.oryaso culture filtrete.

Alternsria toxins:

otrains ef Altornarls tenuis ere known to produce neny compounds 

like Alternsriol and Alternsriol aonon ethyl ether (Re is trick et cl.,1953 )| 

altenuic acid, a It aiuis in, sltenuel (Hoeett et si., 1957) I eltenun'd 

(Pore et sl«, 1973) and Senasoic aeid (Rooett et £l», 1957| and Stiekinge, 

1959). *one of these compounds were isolated for toxin studiea.

the toxic principle isolated from culture filtrates of A.tenuis 

caused chlorosis shen applied to cotyledonery leaves of the seedlings ef 

cotton, citrus, and eucunber (Fulton at e l., I960). Teapleton et si. 

(196$ snd 1967) studied the factors effecting the induction of chlorosis
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due to l .twaali toxia* Fulton et el* (1965) isolated •  metebollto 

froa A.tenuia wtiich inhibited chlorophyll production in tho seedling* of 

ok re, pee, bean, cucumber end watermelon. Similar netebolite woo pro­

duced by A.cltri and A*lon«lpos. arable et el. (ly66) and Templeton et al.

(1967) purified the toxin froa A .teaaie which me peptide beaed. They 

geTe the molecular formula of A.tenuia toxin ee end nemed aa

',Xentoxin,,. Seed et el* (1969 end 1970) purified the ten toxin end 

standardised e bioaaeay method for ite activity* Halloin at a1.(1969 and 

1970) studied the effeeta of ten toxin on chlorophyll ayntheeie and plaatid 

atruoture in cucumber and cabbage. The/ noted that the toxin ecta 

through disruption of the normal plaatid development rather then through 

direct interference with chlorophyll a/ntheeia ae reported by fait on et al. 

(1965). Durbin and Uchytil (1972) reported that tootoxin effect the 

transpiration awl opening of atomata* Asaldin and Fa til (1972) iaelated 

e phyto toxic subs tone e produced fcgr A.tenuia affecting paeeioa fruit vines 

in Hawaii* Arntsen (1972) suggeeted that the tentoxin i»  en energy 

transfer inhibitor which acta at the terminal otep of ATP eyothoeia.

Durbin et el* (1973) reported thet tea toxin induced oleoure of etcmete, 

retarded atometel opening and the uptake of potaeeium by guard eeUa 

wee inhibited* tfoedheod et el.(1975) gave procedure for eryetellisetien 

end furthsr purification of tentoxin*

The eeleotire toxicity of Alternaria klkaohiona wee reported by 

Tanake (1933) and taxin wae iaolated by Hiroe et cl*(1956)* Oteni et el* 

(197$) etudied tho role of hoet-epesifie toxin in eerly etep ef infection
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end noted increased loss el electrolytes fron suseeptible leaves after 

toxin treatment. oteni et al. (1976j reported that exposure of tissues 

to abscialc acid dec reseed the sensitivity and indole-3-acetic as id os 

the other hand, gave s partial prosotien. Perk st si. (1976) studied 

the effects of the heet-epeeifio toxin free A.klkaohlana on ths ultra- 

structure st pie sue membranes of cells ln leevee ef Japanese peer.

Parte (1977s) found the origin ef inclusive esterisls between cell sells 

and invagina ted plasma nonbrsnee. Psrk (1977b) studied the effects of 

ths host-speaifie toxin and other toxic seta boll tee produced by 

S.klkuohlana. Psrk (1977c) studisd ultrastructurs1 changes in sells 

of suscsptible leaves of Japanese psar. Morikawa st si. (1977) studied

ths tttlax of cell censtituente fron peer leevee treated vith Ak-toxin.

Pound and Stahnen (1951) reported the production of e toxio eubstsnss 

by A.solsnl snd its relation to ths eerly blight of toesto. Dene et si. 

(197$ snd 197$) isolatsd and ehareoterised the bost-epeeifie AK-toxin Z 

snd ZZ produced by A.ijali causing blotch ef apple. Padnanabhen and 

tiersyanswsny (1975) reported the toxin fron A.meerospore a esusal agent 

cf leaf spot. A hoet-epeeific toxin producsd by A.alternate f. sp. 

lycoperslcl was reported by atlehriet and Oregon (1976). Maity and 

dsnsddsr (1977) reported a toxic setsoolite froa A.cicbhomiae causing 

blight of weter hyacinth end atudied ite propertiec. Toxine produced 

by apeciee ef Alterneria hae been excellently reviewed by Templeton

(1972).
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i tricoi.ia circlnate toxint

The culture filtrate of Poriconie circlnata, causal agent of mile 

disosse of sorghos* inhibited the root growth of auaeeptible Tariety et 

dilations of 1*3200 (̂ chaffer end rtringle, 1961)* Pringle end Scheffer 

(1963) purified the toxin end found that it was polypeptide in nature. 

Pringle end Seheffer (ly66) crystallised ths toxin end its furthsr analyeia 

revealed thst toxia to ho s polypeptide of slanins, sapsrtie eold, 

glutamic aeid and aerine in the ratio of 6tU*2t2* *he production ef two 

different hoatspecific texine whleh wore naaea ss f.circlnata toxins A 

sod fi by ferlconla oircinata wae reported by Pringle and Schaffer (1967a)« 

vierdner et el. (1972) reported that P.oiroinata toxin inercaaed lose of 

electrolytee with inoraeaed toxin eonewatretion. The toxin decreased 

the abillt/ of tissue to take up end/or to retain amino ssid incorpora- 

tion into insoluble eaapoaents ef the soil. The cyelohexiaidss, phce- 

pholipsss end ursnyl sslts dssrssssd tho eensitivity of tissuss to toxin.

Hallo, u cu  M flU  taUm

Comstock et si. (1972j sod lodsr (1973) rsportsd the produetion end 

etudiod the ohersoteristles of s hoe t-epacific toxin froa Phy lloa tie to 

asydla eeuaing yellow blight of corn leavee. Coma toe* et al. (1973)

reported that the toxin aeleetively inhibited ooodllng root growth, 

induced leaf ehleroaia end eeuoed an lnereeaed leakage of eleetro 1/tee 

froa aaiae leevee eonteining Tsxss asls eterile o/toplasa* Ths toxin 

treatasnt of mitochondria eauaed an iaaediate irrevaraible awellise, 

unooupled oxidative phoephor/lation end (depending upon aubetrete) either



stimulated or inhibited uptake. Coastock and Martinaon (197U) 

chromatogrspnicslly coapared toxina ef Forlloatiota maydie and 

rtslwinthosporlam maydle and did not find any differ one* in their Rf 

values end elution volume suggesting their prsbebla sinilar nature.

Fusarial wilt toxine»

As early as in 1923 a toxic excretory product of /ussrlum solani 

capsbis ef silting tomato cutting a m u  reportsd by *sbmy* Gottlieb 

(lyii3) detected the prsseuee of toxins in tons to plants ef lasted with 

fussrisl wilt* fhs virulent strsins sf Fussrium produced more toxic 

compounds compared to mild strains (Wellmsn, 1943)* A toxic poly- 

sscchsrids froa f.eolani f. sumsrtli was reported by Thsmas (1949). 

Kslyar&undaram and Veckatrsm (1956) dstsstsd fussric scid in milters 

filtrates of Fsssrlua vesinfsstum causal agent of cotton wilt* Samson 

(1957) rspsrted ths jrodustion sf i’usaric acid by othsr members sf 

fmily Hypocreacsss la addition to Fasarim vssinfsstae snd F.ljcoperaici 

Hs slse explained thst fusarial wilt symptoms srs dus to 5 other 

compounds apart from fussric sold. Some sf ths oimpounds srs fussric 

acid, dehydrofucaric acid, alfa picolinie sold, phytotonievein, nevcrsbin 

lycomsrssmin, etc., according to uwene (1969)* Ssumsnn (1958) reported 

ths seshsnism of fuSaric scid injury. Fags (1959) found ths fssaris 

asid in bansns plants infsctsd vlth Fussrium oxrsporum f • cubsns.

Fussric acid has bscc detected in sulttsrs f i It re tec of ashy species sf 

fungi Uslyanjtttndaraa snd Venkatran, 1956) Qauasnn, 19571 Collins snd 

Schsffsr, 1958) Kuo snd Schsffor, 1964) snd Davis, 1969)* Chsaisslly
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Fuaarlc acid is s pyridine carboxylie sold (Oeumann* 195?) found to 

Increase reepiretlon snd mitochoiairial activity st leu coneantratlone.

At higher concontratlcne caused s drsstlc dseresss in auccino exldass 

activity in nltoehendrie ea reported fay Kuo end Seheffer (196i»). Many 

other compounds produced by Fueeriun sp. have been reviewed by ittnond 

(iy5>5), wright (1966), Owens (1969) and Strebel (197i»). the production 

of toxic eubctenooc pertle ulsrly trie he thee one derive tlvec by Fueeriun 

sgyoporum F. sp* certheni was reported by dhocel et al* (1976)* 

Lskebminsrsslmhsn end lalyan̂ undarem (1977) correlated the virulence cf 

three Indlen end two Aneriesn la ole tee of Fueeriun vsslnfsctun with 

their eggrccoivenecc - the capacity to colonise the hoot vscculeture. 

They Found that on their non-song an lal host a ( the ieoletee ware 

clrcunsorlbed to ths host ocartsx. they obssrvsd Indian Isolate* 

synthssised the toxin* l'ussric sold* in vitro cn 'living recta1 of the 

congeniel host i.srborsum. but the American ieoletee failed to do co. 

tfone cf the Indian ieoletee eould produce fucerle aeid when grown on 

'living roote' cf H.hlrsutum. Melethi end Kslysi&undsrsn (1977) 

atudled the ehengee in the hoet-oonetltusntc liks cctions snd snions 

in ths xylem sf U.erboreum snd q.hirautum plsnts infected by Indian snd 

American atrelns sf i usarlum veainfeotun. They noted differenecs of 

the two host spaeieo to their recpectlve snicnc in the xylem ssp sf 

Q.srborsum and a.hlrsutun. They Obssrvsd s dssrssso in ths levels sf 

ths moot of the eonetltuente atudled.



Fuslsoocln a*ygdsll toadM«

A purifisd toxin ocspound fion colter* filtrates of F us loosein 

fgxdsll ssu*ing wilting of oak moo r^trtod by Bailie j| si* (1964)* 

no Mjor setirs soopound onongst aovon toxic eospounds mm periflsd snd 

nsnsd *o "Fasloosein”. It's non-epsoifie nature and reversible wilting

affect wore rspsrtsd by Chsin et al. (1971). Bailie at al. (1968)

gave it* structure. Besidoo Fussieoocin, Bsllio at al. (1970) ldenti*

flod aix aero coapound* which they designated aa ? II to F VIZI ifcleh

two Istsr ldsstifisd by Bailie «t si. (1970 snd 1972)* T v u r  sad 

Qrsnity (1969) found it to be s tricarboxylic terpens with * aolseuler 

wsight of 680. Turnsr end Qrsnity (1969) snd Squirs snd Msnefisld 

(197k) reported thst ths toxin etinulstsd stasstsl opsning thsrsby 

inarsssing psressbility of cells to potsssiua ions. Squirs snd 

Msnsfisld (1974) onridsnsod tho sbility sf tho Fucioooeln to oversows 

tho eaviroaaootel fsstsrs vhLsh inhibit ths stoastsl opaning. Lsdo st si. 

(1972 snd 1974) reported thet Fusiosooin vs* esrs setive then indole-3* 

seetio ssid, gihbsrlls osid snd bonsjrl sdsnin*.

Miscsllsosous fangs! tort as >

Bormm (1924) rsported the production of suhstsoass tsacio to pleats 

Psnlelllla* aatpsnsua s ssprophyts. Tho production of toxin by 

Csrstsstonslla ulal osasing Dutch sis disosss us* rsported by ̂ sntstysr 

(1942). ths physiology of toxin production by the ssae tmgns »ss



atudiad by Palauan at al. (1950). Porter and '•‘roan U952) reportod

production of axotoxin io the genua Vortlcilliuft. Mbit* and Fredriek

(195k) reported taxi* prodaotlen by oak wilt fungas fccteconldiophora 

fagaoocruM. Ooodaan (I960) raportad eollatotin, a toxin produead by 

Coilototricfaua fuacaa. Sally and loodaan (1962) atudiad tha aorpfaole- 

gieal affects at eollatotin an taaato and Digits lie folisge. Sherwood 

and Lindbarg (1962) rapartad tha production af a phytotoacln by Rhlaooteals 

ooloci. Millar (1966) no tod production af toxin by i'othldolla alai 

in vitro. Seleaink at ai. (1966) poriflad tha phytotoxio eeapound froa 

oultnra filtretee af Dldyaolla applaata. Baaaatt at ai* (1967) raportad 

production and biological activity af famannoain, a toxic ooaquitarpono 

aatabelita cf Foaiaa annoaue. Tha toxin produced by Coretooyetie 

fogaooaru* was partially purified Uergor, 1969) and lta general eharactcr- 

istica wara atudiad by Gregory and Metialn (1969)* Cunfor and Lukas ia 

V1970) atudiad tha paaaibla rala ef toxin fron Myrethociua rorldea ln 

loaf a pet of rod clcvar* Bolls and Payne (1971) raportad a toxin froa 

Corcoowro botlccla* It wos toxic to eugarbeat laavco. it waa faaad

to contoin eereeoperis and aixtnres of triglyeeridee ond cone autolyaed

products of fetty acids. Tha feraula ef eerooaperin was suggeeted aa 

C29H26°10* A toxic fee tor froa Pyrenochoota t err ec trio wee reported 

by hose st ai. (1972). A non-heat epecifie toxin producing necrotic 

epete on eunflcwer leevee waa isolated froa broth eulturee of Sclerotiua 

bataticole (Chen end Sock ton, 1973)* Dhlngre end Sinclair (1974) 

isolated a phytotoxin froa culture flit re tae ef rtlcrophonlna pheeeoline 

(Rhisootonic bataticole> and froa the leaves infected by the ssne erganiea*



Bousqust snd Sksjsnnikoff (197k) lMbtad and purl/led an sctivs compound 

from culture filtratas af S^torla nodosrun* aauaal agant of gluaia blotch 

at wheat. 3wy and Chan bar lain (l*7k) gave an evidence for texin pro­

duction by Cepfaalocporluo groftatiua. lacac ot al* (197$) loo la tod and 

characterised steophylin, a ohroaonc flue eel do from fltoapfayliaa 

botryoaum* Train produced by Pyrlcularla orjcoo hoc reported by Roc et al. 

(197k) and Reddy and frcecd (191$),

Balakrichnc (1975; isolated a toxic but non-opacific glyeopoptido 

froa culture filtratoc af Soptorla lycoporolcl a cancel agent of leaf 

c pot diaeeee of toasto* Ha laolatcd the toxin froa tho plants infee tod 

with a.lycopsralci. ihs toxin sontsinsd two fractions having aoleoular 

weight 129*200 and 9076* tho fraction XX wac sere toxic* Ho found that 

toxin css antigenic but only fraction XX oas serologieslly rolsted to 

crude toxin* Kent and Strobol (1976) reported c phytotoxin froa 

Saptorls nodurca c csussl agent of gloss blotch ot whsst. Ths train 

woe non-specific, unstable and s low nolscular weight cstionio aeid. 

Saodegcrd-fotorcon (1977c) isolated two toxins produced by Pyronophors 

torec snd studied tbslr role in dlsoccc devslopasnt of nst-epot blotch 

of bsrloy. Ths respiratory changes of barley leavee infected with 

Pyronophors tores snd sffeoted by isolated train ef tide fungus wers 

studied by Soedsgsrd-Potsreon (1977b)*

Trains produced ear obllgsts plant psrssltss

Litssnbsrger (19k9) obtained a toxic extract froa reeiatont 

Victoria cot planta infected with crow root* the toxin caused s wilting



and a depreeaiot. in developing aeedlinga ef Vic land (a derivative of 

Victoria cots) oo evidenced by reduced root and top growth. Tha toxin 

wao obtained froa roaiataut boats but nut fron suaceptible host a and 

waa apaoifie far Victoria oata and ita derivativea.

Swaebly (I960) deaonetreted that gerainctlag uradioaporoa of race 

15B of Puocinia iraalnla war. triticl produced a eubotance that, introduced 

into Aentane Wheat aeedlinga under reduced preoeuro, cauaed a necrotic 

reaction aiallar to that occurred with natural infection. Olion (1956) 

using electrophoretic treatsonta daring certain atagee ef puatule dove* 

lopaent, demonstrated that the nacretie area resulting froa toe infection 

of Khapli aaaer with race-56 of wheat atea ruat could ba displaced frcai 

the region of nycclial tnvaeion towarda the anode. He peotulated that 

a negatively ehargcd toxin produced by the diaeaae coeiplex causes the 

necrotic rceponoe of Khapli easier to infection by the race of wheat ateai 

ruat uaed.

Silveraan (I960) extracted a noet-epeoific toxin froa Puoclnia 

graainia ttr. triticl race-38 frw* infected Marquis wheat. He noted 

that toxin which cauaed ehlcreoio in teat Morquio wheat eeedlinga waa 

ex tree table froa infected plsnte grown at a higher taaperature (90°P) 

but not free thoaa grown et a lower temperature (70° I). Cnloroais

appeared in seedlings of Marquie infiltrated with the toxin only when theee 

toot planta were grown et e law teaporetare but did not appear m i plante
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grown at high temperature. Little Club wheat, whleh wae susceptible 

to race-3# at all tssperstiree did not bee os s chlerotio following In­

filtration with the toxin rogardleee of tho temperature, preceding or 

following infiltration. The toxin caueing cnlerowie wae e water soluble, 

heat stable compound that retained ite toxicity for atleeet four months 

st -10° C.

ksi vl>?7b/ isolstsd s toxic compound produced hr Flasmopsrs Ti tic da 

infsctod lssvss snd further purified Slid coarsetsrissd. ths toxic 

compound caueed wilting of tomato plant cuttings snd slso ssussd a 

chlorotic spot on the grape leaves on spot teeto. Tho moleeulsr weight 

of toxic compound wss 89,760. it was compossd of gslscturomie ssid, 

gluconic sold, glucoronio scid, ascnuronic aeid end three unknown orgenie 

acide. the cotionic fraction compoosd of srginins, aspartic aeid, 

glutamic aoid and glycine. The neutral fraction yielded galaeteso, 

gluooee, mannoae, melibioee, raffinoce snd xyloss. Ths toxin wss non- 

spsolfic snd s gl/copsptids in naturs.



MATERIALS AND METHODS



Il l *  mtSfilAIfl AMP WPHPPS

Inoculation af bajra planta with 3£lgroî ora jgli2i£k£2̂ &

For obtaining tha bajra planta inf aa tad by acleroopero arawiniaala 

eauainc groan aar or downy nildew dLeeaee, aeeda of H.B.-3 variety 

whleh ia ooot auacaptibla to thia fungua woro aown in 10* diaaeter 

plaatle pota under groanhouee condition. Xbung bajra planta of 6*7 on 

height were inoculated with the eporongie of S.groninleola aa deooribod 

below.

Bajra leavee infected by S.grawinicola wore eolleeted in the evening 

froa the Main Reeearch Station fern of the Unlvereity ef Agricultural 

Seiencee, Bangalore. the demy growth on the infeeted leavee, if any, 

wae waahed off with gentle flow ef water in ardor to rmeve the 

aporanglopharea produced during the prevleue night* The leavee were 

cut into 10 on length pieeea ana kept in aeiat ehanber with tho ventral 

•uri'aee cf the loaf in contact with ooiat filter paper. After incubating 

for 6*10 hr a coed crop of eporengloaporee wae obtained aader laboratory 

conditiona. The eporangia wore herveeted in dietilled water rubbing 

off the cowny growth by ueing easel heir b r u a h .  The young HB-3 bejre 

eeodlinge were inoculated between $.30 and 6.00 a.a* by putting 

eporangial aucpeneion thuc prepared ia the whorl of the opening leaf 

with tha help of hypodornio eyringe. The inoculated planta were kept



in shade and covered with polythene begs to avoid direet exposure to 

the sun end evaporation of eperangiel auapension froo the loaf whorl* 

Corresponding control plants of bajra inoculated with only distilled 

nater were Maintained.

Maintenance of culture

The soil ia the eeaent pots of slse Id* x 12" x 12" was wsde downy 

mildew sick by burying infested bajra plants where the oospores were 

produced. la eueh aiek soil seeds cf <*8-3 bajra variety «*re sown end 

tho infested plants were obtained under green heuae conditions. In this 

way, throughout ths year, culture of o.graalnlcola was maintained sc 

bajra plants.

Extraction and partial purification ef toxin fron infested bajra planta

Tho infected planta a bowing typical down/ slid aw sjrapteas vis*, 

chlorosis, downy growth, wilting or green earhead were aol as ted* The

aeleoted plants wsre air dried and powdered in acchenleal grindsr.

About 200 g powder of infected bejrs plants wss seeked in 100 al distilled 

water for 2*3 hr end then hoaogenlsed with 500 al distilled water in 

Sorvall Oani aixer* The extrect was filtered through four laysre of 

choeee cloth, filtered through Vhataan no*42 filter paper and then 

centrifuged at 15,000 rpa for 15 ain in refrigerated Serve 11 centrifuge. 

The supernatant was collected end the pellet waa discarded. The clear 

supernatant wae concentrated to 1/kth of its voluaa by evaporating



Fig. 1

200 g of diseased ba jra  leaves

'  i
M acerate  in 5 0 0 m l distilled w a te r

I
F ilte r th rough cheese cloth and 
cen trifuge  at low sp e e d .---------------------------------j

C oncen tra te  100 m l. D iscard Precip ita te

I
3 vo lum es A ce ton e  ---------------------------- ■,

I *
1 Discard Acetone fraction

Collect P rec ip ita te  and dissolve 

in 50  ml d istilled w a te r.

I
3 volumes A ce to n e  ------------------------ ^

Discard Acetone fraction  

C ollect P rec ip ita te  dissolve 

in d istilled w a te r.

I
Pass through Dowex anionic 

and cationic resin columns.

I
A ir d ry  the sam ple

S e p ha d e x-G -2 0 0  gel C hrom atography.

F ra c tio n .! F raction  n

Flow  sheet sum m ariz ing  the  p rocedu re  used to  purify 

Sclerospora qraminicola toxin .
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at U0° C by fiewn flash evaporation. Tba cone ant rated supernatant was 

precipitated by adding 2*3 volumea acetone with constant stirring and 

aliened to a tend at 4 C overnight. The svperaetent wae a lowly decanted 

cut without dieturbiag the pellet eettled et the bottom ef the beaker*

The pellet w&c collected by centrifuging the remaining materiel et

10,000 rpm for 10 mln. The pellet wee collected in beekcr aad dried 

completely by ueing eomprocoed air and stored in vecuua dec locator over

snd keOH. Tbs dried compound sms dissolved in lu ml diatiUad

water end than passed through charged 10*0 x 2*0 cm eoluaae af anionic

Jowck-1 (200-400 mesh f ornate form) and cetionic £owcx-50 (200-400 mcch,

H*) recinc. The effluent wae collected, air dried and atored in vacuum

deeieeater containing f 0  and kaUKj ouch c preparation was termed cc
• 5

crude toxin* By following the eano procedure heclthy bajra planta were 

eloe extreeted for compcriaon. The flew ohoct summarising the procedure 

used to extreet end purify S.gramlnieola toxin is gtvsn in Fig.l. Tho 

fraetiona obtained after peeeing the Sg-toxin through Sophadex Gel 

column were referred ac Fraction 1 and XI recpestively (Fig.6).

Bioaaaay of crude toxin

Two-fold dllutione starting from 2.0 per cent level were prepared 

by dlaeelvittg compounds obtain ad from healthy and diaeaaod bajra plants 

in distilled we ter. Xoung 10 deyc old plant cuitingc ef HB-3 bejra 

variety were put in serially diluted aomplee. Toaato plant cuttingo 

have boom uoed for tooting toxicity of earoral microbial polysaccharides, 

other polyeeecherldee end other large meleeulee uiodgcon et al*, 1947 and 

1949)* Tomato outtlngc were alee tried for tooting toxicity.
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Cowporiooa of toxicity of crude toxin to fractions X wd II

i wo-fold eeriel dilutiona starting froa 2.0 por oont level woro 

propsrod by dissolving cruao toxin, and fractiono 1 and II in diatillad 

watar. Tooele plant cuttinge woro pot in tho diluted coapoundo. Tho 

tiao required to a bow eymptome wao raoordod in aoch caoo. Tho proper 

control of healthy plant extract wae Maintained. During this experiment* 

plsnte were sxpeeed to ertil’iclal llluaination and aeration*

Blolegioal prsportlos of tbe toxin

Tbe crude toxin wee ueed to et*4r tbe biologioel propertiee by 

tooting the oood germinetion of toxin treeted eeode, detoeting lta enti- 

aierobisl property end oboervlng ite effeet on plant growth ea deaerlbed 

oolowt

Effect of toxin on eaed goralaetlon, radicle end

Tbie experiment wee conducted by ueing eaede ef eight different 

crop varietlee belonging to the feailiea Foacooo, Febeoeee and Solsnaoooo» 

ooode were eelected end eurfeee sterilised by treating thaa in 0*1 por 

oont merearie chloride for two ainutee ead then washed thoroughly 6-7 

tinoe with etorile water. Thoee surfeoe sterilised seeds were seeded 

in different dilutions ria., 2*0 por cent* 1*0 por cent end 0*5 per eent 

of toxin for 12 hr. Similarly, eeode were cooked in etorile die tilled 

water to eerre aa control. The eoaked seeds woro plowed on etorile 

moiet filter peper dieoe la eteriliaed pe triple toe. The platee were 

ineubeted et room temperature for 3-4 deye ead sterile water wee edded
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to kttp the filter paper aolat as aad when required. Tha observatiene 

of germinating aeeds particularly gemination percentage* radicle and 

plumule lengths vert recorded.

Hoet-cpecificity of the toxin

Two-fold aerial dilutions of crude toxin in aqueous solution o tar ting 

froa 2*0 per cent level wore prepared aad 0.5 al of each of theee dilutiooc 

waa tranaferred into aaall glaca vialc. Tan different crop plants re* 

presenting different faailiee were tooted by treating oa plant outtinga 

in different tect dilution a of the toxia. These toot planta were exposed 

to artificial illualnation and aeration ao aa to enhance uptake ef tha 

toxin. Uoaervatlona on the nature of symptoms thst developed and tiae 

taken for developaent of ouch oyaptoae waa reoordod.

Effect of toxin on the growth of alcroorganiams

To atudy tho effect of toxin on the growth ef aiorcorganicac 23 

different aierobial cultures representing different groupe vis., sotino* 

ayceteo, algae* bacteria and fungi ware aaad. For sctlaoayastss and 

bactorial cultures standard filter paper dice aothod vac followed. Tho 

diaco of Whatman No.l filter paper (6 aa) were eoaked in different 

dilutiono via., 1 per cent* 2 per cent and k per cent ef toxin in distilled 

water and ware put in the ocntre cf the plate on agar aurface coedcd with 

particular culture* For fungal and algal culturec antibiotic cup aaaay
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Method km  used* Tho sterilised steel eups were kept et the eentre of 

the sterilised pistes sod then slowly eeeded agar use poured. After 

solidifying the sgsr, 0.1 ml solution of different test dilutions of toxin 

wss put in eeeh cup. Theee pletee were incube ted for 12 hr at U C for 

si loving ths toxin to diffuse in the s unrounding sgsr Medium. Thsn, the 

pletee vere Incubeted for 3 days st rooo tenpereture (30 C). ubeerretione 

on preecnce or ebsenoe of sn inhibition sons snd its disaster, if present, 

was recorded.

Effect ojb plants grown froa eeede eeeked in toxin eelution

Bajra seeds vere eosked in crude toxin solution (2.0 per eent,

1 per cent snd 0*5 per eent) for sbout 12 hr. Seeds soaked in vetsr 

served ee control. Theee eoeked eeede vere sovn ln sms 11 pete end kept 

et room temperature. These plsnte were grown for e period of 6 vesks 

snd obeerved regularly for eymptcme like gemination, dwerfening, 

chloroeie end wilting of plsnte.

Histochselcs1 cbcngcs in bcjrc seeds due to toxin

Bound, hcelthy bajrs seeds were selected end surf see eterillsed 

and wss ted thoroughly ia sterile inter* They vere then soaked in

2.0 per cent toxin eolutlon for 12 hr. Control eeede vere eosked in

sterile vs ter. Tbe eoeked seeds were germineted in petrlplstes eon- 

teining ooiet filter papere and ineubeted et room tCMpereture for 2U hr. 

Theee geminated eeede ee veil aa the leevee from plante chewing
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syaptow (planta grown from sssda aoakod in toxin) and froa hsalthy 

planta wre procaaaad aa follow. tha loavaa showing tha ayaptoaa 

ware divided into throo a tag as as (1) partially ohlorotic, (2) completely 

/allow t and (3) curlod and partially drlsd Issvsa.

Fixation and dehydration

tho genaineted bejrs assets wars killed and fixed in Carnoy’a B 

Flxstlvs (6 parts alcohol ♦ 3 porta chloroform ♦ 1 part seatie acid), 

thay wore latsr wahad In 60 par cant alcohol for 1$ sin and subjected 

to dehydretion by wing absolute slcohoi-butenol grsdoc at 3il and 111 

proportions and traatsd with purs butsocl twice.

Ticsus infiltrstlcn snd smbsdding

tha wtcrlsls wre trsnsfsrrod from tho asdiua of pore butanol, to 

sms 11 vislc snd ths chips af psrsffin wre addsd suoesecivcly until tba 

asdltaa roschsd s ssturstion point st ths room tsnpsreturo snd Is ter 

under the tsbls lsap (1»0 wstto). Finslly* tbs as ter la Is wre glvsa 

ohsngss with tho aoltw pure psrsffin in tho own ct 60 Cj thac re­

placing tha last trscw of butsnol with psrsffin. the astsrlsls wars 

thsn sabedded in psrsffin mplsying pspsrbost asthed.

Microtowing

Ssrlel aicrotoae sections of & micron thicknscc wre obtsincd.



Affixing to  coctlcac to ilH w

On p«r ocat geletia vith a little of potaeeiuo die hr— to wss assd 

• •  an adheeive. Xylol m u  uaed to dtpinffiidn tho eectiene. After

•  f ev Minute* the slides vere passed through the eolation of xylol ead 

batanel (lil)i pore buteael aad thee ebeelute eleehol eueeeeeiwely. Tha

seetione vere hydreted passing through alcohol (dovngrede) seriee.

HietoeheMieel etaiaine
■ ■ M M H M a a a M M M O M M M e M i M M H i

^jdretcd eectiene vere eubjeeted to the hieteehOMieel etcining, thea 

dehydrated end aeoated ia Ceaede belee*. HiKtoeheaieal asoessaeat ace

oade for ineeluble polyeeeeharldee, naoleie aeidc ead proteins. Folleviag 

srs the deteils ef the hletcehealeel proeeduree vhieh are deeeribed under 

•ash sufeotsnee end edeptsd ia the present inveetigetion.

Mctebolite Teats (Froa Jensen, 1968} Indieetloa

Ineoluble
polyeeeeherides

Periodic Aeid-dchiff'e (PAS) 
test (Hotehkiee, l?fcd)

Hegente colour

Stsreh Iodine-peteseiaa iodide (IU) 
test (Jeheaeeo, 19fc0)

Bretmieh violet cr
deep frlue

Proteins Mercuric brsoephcael blue 
acthed (HasU et el., 1953}

Seep hlue

Nucleic eeide Acer 8 acthed (Flea ead 
Macs, 19$2)

DeexyrihOBueleie eeid 
(DHA)<-green|sh Rlbo- 
aacleie eeid (KhA)- 
purple or de# hlae

Methyl green-pyreoia (HOF) WA • groan or deep 
hive
H A  - deep purple



Scrolcgy

Preparation of antlearma

The antieeru* ml prcpered by following the procedure glna by tel 

and Strobcl (1>68). Two rabbita were used for laaen taction aad tha 

nornal a anus wae collected froa both the rebblte 15 days before iaaunlss- 

tion. The aerua was ate red la sasll screw eap vial* kept et -10°C 

after sdding 3-4 drepa of 0.1 per eeat aodlue aalde.

one al of 1*0 per eeat erude toxia a elution prepared la phyeielogiael 

•aline (0.85 per eeat NeCl) was eaulalfied with aa equal voluae ef 

Frsund's eoapiete sdjuvsnt aad injeoted iatraauaeulsrly. Siallsrly, 

aeeoad injection of the aeae doae of toxia wee given lntraauacularly 

15 daya after tha fivat injection. Third injection of 1 al of 1.5 per 

cent toxia eaulalfied with aa equal volums of adjuvant see given intra­

venously after s gap of 15 daya after eceoad injection. Fifteen daye 

after the last injection ths blood waa collected by . puncturing the 

heert. The aerua wss collected froa the clotted blood and ssatrifagsd 

et 1*000 rpa for 10 ain. The pooled sntissrua see etorsd in aaall aerew 

cep vlalc et -10#C after adding 3-4 dropc of 0.1 per cent aodioa ealde 

aolatlaa.

Precipitin teat

Two-fold dilutionc of the aatlaerua a tar ting froa 1*5 were prepered 

in phyaiclogical eellne (0.85 per cent) snd 0.2 al ef eeeh dilution see
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trsoaferred to different eerolcgioel tubes. To eeeh of theee tubes

0.2 al sf 1.0 per seat crude toxin solution wss sdded ead ineabated

st 37° C.

Iawuno-dlffuelop

lbs procedure of Oehterlony (195$) sod Heailtoo (1961) mss folloved. 

une per eent sgsr mss prepared by dissolving Difoo Bee to purified egsr 

in 0.85 per eent seline, O.OlN pnospbete buffer (pB 7*00} end distilled 

water. The sterilised egsr after adding b*5 drops 0*1 por seat 

sodiua aside selatisa mss poured in pistes. Tbs veils ms re dug out 

by using 9 oa teaplate. Tbe bettoas ef ths Mails Mere sealed vith 

aolten egsr. Tbe entiserua mss sdded into the ceotrel well end 1 per 

cent solutions of crude toxin, Fractions 1 snd II prepared in 0.35 por 

cent saline ware sdded to peripbarsl mo lie. Siailarly, three sets of 

seen type of egsr plates Mere prepered. one sot of oeeh type of sgsr plats 

Mas toe abated et i»°C, roea teoperatoro (23 ♦ 2° 0) sad snether set at 37*0. 

ill tbe pletee vere obeerved after itO hr of incubstion st partieulsr 

tempersture. The norms 1 ssrua end 0.85 por eent seline were used ss

controls.

insetlvetlcn of tbe toxin

affect of steroge

The dried crude toxin Mas stored U> oaoli so rev esp viol sad snail 

beaker. The vial mss kept in refrigerator end beeksr mbs stored in
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dsslocator containing calcium cnlorids for id months. At Monthly 

interval a ean pie vac rsaeved froa both the seta and 1 par cant aqueous 

solution wss prepared. The activity of ths toxin eeaplae was teated 

by ualng young toaato plant cuttings as dsscribed In earlier axpsriasnts 

for tsetiz  ̂ tbs toxic IV  of tbs coapound.

cffsct cf teapcreture on the toxin

One per cent equeoua eolation of toxin prepared and 0*5 al solution 

aaa distributed In each anail glace tact tabs. Ths tsst tubss containing 

toxin solution ware asintalnsd at various tsoperaturea ranging froa $0°C 

to 97° C for 10 ain in thermoctat water bath. After holding the tubes 

for 10 ain at particular taaperature, the tubec were traaafsrrsd to ioebeth. 

The activity of the toxin wee tested by uelng tcasto plant bicecssy actbod.
A

Ths propsr control i.e.* without exposing the toxin eolutlcn to any 

taapereture wee asintalnsd. Ths sxperlaent wee eonduetad in duplicate.

Effect of partial aeid hydrolysis on tsadn

An squscuc solution (0.5 per east) of crude toxin wee prcpsrsd In

1 K H SO . At sn intervsl of 15* 20* 30* 60* and 90 alnutee* 1 al of 
“  * U

eeidle toxic solution wss rsnovsd snd nsutrslissd by sdding excess of 

BaCO .̂ The pellet was dlaearded by centrifuging snd filtering through 

whatnan Bio.l filter peper. The flltrcte wae dried snd kept in vecuua 

dsslocator containing P^O ,̂ iieOH for 12 hr. Proa ths drlsd neutralised
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compound 0*5 per cent equeoue solution w i preps rod snd its texieity wss 

tsstsd by following tom to plant bloosssy not hod. Tho tlos required for 

os using silting of plsnt outtiî e mss recorded. The proper oontrol i.e ., 

without exposing the toxin to 1 M Ĥ SÔ  mss osinteinsd.

Bioohomiosl end phyolcel proportiee of the tsatin

Colusa chromatography

Tho cruds toxin mss further purified by pesslng through e column ef 

oephedex G-200 end eluting Mith distilled <*eter. fifteen milligrems of 

crude toxin mss dissolved in 2 ol ale tilled wstsr snd pissed on top surfeee 

of Sephedem column. The effluent mss oo lies tod in 3 ol free ti one using 

rotery eutaoetio freetion oolleetor. The ebeorption of these freotiooe 

was reed et $U0 yu msvs length by using Speetrcnic-20 to dstsot ths 

compounds. The recovery of purified freetione fron the crude toxin 

mbb calculated.

Moleculer weight eetioetion

Column chrometogrephy Mith sephedex hss been used effectively far 

molecular Meight estimetion of polyeescherides end toxine (Greneth, 1965j 

*ei, 1977bend selekriehne end ftei, 1976). Using oephedox G-200, tho 

equetion fo r  molecular M eight eetim etion 1st

i



Where, Vo - Hie volume at whleh the sample la eluted from tha column * 
tha void volume ef tha column*

Vt - total bed volisae of the column ahleh we 32 ml.

(The void volume wee determined by the ace ef blue 
dextren end wee 10*5 ml).

Let the elution volume be 'X' ml. Xhen the moleculer weight can be 

determined by the above formula,

.  3.20 to leg 0.56 molecular weight

3*20 -  ̂ •  0.$fi log molecular weight

soleoular weight * Anti log of ~|g - (f|"%'§jga)

specific vicccclty dote minetlcn

1'he specific viscosity of the crude toxin and ita purified 

fraetiona was determined by using the method similar to thst of Flory 

(1953) and Bel and Strobel (1969). the Intrinsic viscosity wee cal­

culated from epee if1c viscoelty. For determining the spseifle viscosity 

one per cent eolation of crude or purified toxins wss used.

« 3.20 to Q.$i> log molecular weight

pH determination

pii of ths one per eant celutiooa cf erode toxin end purified 

frectlcna 1 and 11 were determined by aeing digital pH meter.



Electrophoretic atadlM

One par eeat eqaeoM eoiatioa (0*1 nl) of tt« in di toxin win 

eppiiad on e 20 en x 5 ea strip of tahataaa lo.l filter papor in 1 on 

•trail and gently watted with 0.011( pbMphate baffar of pH 7*00. 

Alectrwphoraoia wo carried out at 300 volta for one hour aitb tha onda 

of tha paper strip ftaeereed in pheepfcote buffer aontoiniog tha elcctrodw* 

iftar diylng, ho If of tha peper wa treated with &o  reegent of 

Treveljran at al. (19$0) far redw ing graapa and tha othw half waa 

traatad with 0*3 par cant ninhydrtn eolation in alcohol far onina greupe.

Aeid hydra lye la

Tha erude taxin and ita purified fraationa wore Mid hydrolyaed 

by fallowing tho procedure af dtrebel (1967). Tha taxin waa Mid 

hydrolyaed by rofiuxing (O.h par aact) in 1 M H^SQ  ̂at 100°C far 12 hr 

after vbieh the Mid wm neutreliced with on exceea of BeCÔ  till tk» 

efferveecence eeeaed. Tho precipitate wa reacted by eeatrlfagetlon 

end filtering through Whatwn Me. 42 filter paper*

Ion exchange chroeetoaraphy

The neatraliaad hydrolyeate wm paaeed through charged Pcwaxl 

(feruate fern) and Dewex-50 (H* fern) celanM to got neatrel freetlea 

(dtrohel, 1967)* An anionic end the eetienie fractiono were collooted 

by eluting the Dewes*I end Bowax-50 coiuano with 6 M ferule Mid aad 

6 M hydroehlarie Mid raepoetiToly, followed by elution with cheat 5 *1



distilled watar. Th* difforant fraatlons wara driad oainf •  atraaa af 

aaapraa&ad air and than kapt in vacuum daslocator having PgQg avar night.

Tha might of aaah tinMtloa «a raoordad aad paraantaga oonstltetad by 

aaah fraction of entda aad porifiad fraationa waa ea Inula tad.
t

Sugar analysis by papar ahra«ategraphy

f ha nautraJL fraatiooa of tha arada toxin and lta purifiad fraotiaoa

2 and IX wara apattad on tfhataan Mo.X filtar papar along with tha atandarda 

Tba atironatograaa vara davaiopad hr using tha foXXowing aabrant systa«a»

1. n-butanol i aaatia aaid i watar (ktlsS » /*)• 

t« n-bntanol t ethanol i watar (S«1«U » A ).

J* Btlfl aaatata • Pyridine t watar (8*2»X v/V).

However, better raaulta wara obtained by ualng n-fcatanoX i aeetie 

•aid i watar (JttXiS *A )« After drying tha chromatograaa tha compound* 

wan dataatad by traatlng with tha reagenta af irevelyan at al. (X9$0).

Tha oaapottada wara identified by aeapariag with tha atandarda aad tha 

St valuaa (with refereneo ta gluaeee) for unidentified eeapeunde wara 

aa leu la tad.

Quantitative eatlawtlon of augara

far e*ti*4tiBf known angara fron erode toxin and lta purlflad 

fMattoaS) tha aelutlooe of knows coneontratlons wara praparad by 

dlaeelving weighed neutral fraationa fre« aaah toxin. Tha known veluae



vaa spotted on Whatman Ne.l filter paper in duplicate. On eae paper 

ataadtord augur* eare alae spotted and cfcnuitnp—  ear* develops* ia 

butaool t aeatie acid i eater U*l*5 vA). The chreaatograa with 

standard augare hm treated with Trevelyan reagents. The corresponding 

apeta ef known sugaro froa untreated ohroaatograea were eut and elated 

with distilled aeter. The quant if lea tion ef each sugsr mm done 

aoparately by following tielsen'a aethod (191*4; and lay comparing with 

the standard carve ef reepeetive sugars.

Stair aeld analysis

The anlanie fraetiens ef the crade toxin snd fractions I snd n  

were spetted on ths Whatean tic.l filter papsr along with the etandcrd.

Ths nhr—at agrees wsrs developed In different solvent aystoms eentioaed 

under sugar snalysis. The ehrceategrana ears dried and treated with 

the reagent* ef irevelyan e| el. The compounds were identified

by comparing with the atandards and in ease ef the unidentified compound* 

the Kg values (with rsferenos te galaoturenic aold) were calculated.

Aaino esld enalyala

The crude toxin and ita purified frsctioos were analysed for 

their salao acid eontesta bjr using autseetls eelne aeld snslyser Model 

&I4t3§ Hitoo hi Ltd.* (eeurtoey of the Dopertaent of Bieobeelatty* 

Uainreltr •*  Agricultural Selanoes, Saagalsre). Tha saaplee were



hydro lyaaa in 6 m il for 24 hr at 100 (i mad than tha M id  waa avaporatad 

ana drlad b> uaiag conpraaaad air. Tha aamplas wara diaaolvad la 2*2 pH 

acatata buffar aad uaad for furtnar analyais*

Uaawrtal analyala

Th* carbon (C) and hydrogan (H) contact* of tha arada toada and lta 

purifiad fraction war* dona fcy following tha standard procadura (courtoay 

of tha Dapartaant of Organic uhaaiatry, Indian Institute af Saiaoaa* 

Baagalora}. Tha altrogaa (Ii) oontant waa aatiaatad by following tho 

■laraCjaldahl act hod (Jackaon, 1973)* Tha oxygon contact aaa calculated 

by dodacting C# a and K contanta. Tha wapiriaal formula waa calculatad 

by ualng thia data on tha baaia af ono atoa oi aitrogaa.



EXPERIMENTAL RESULTS
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IV . BafKIHHTCAL RESULTS

Inoculation of b»jra plant* with

Bejra plants, (6*7 cm tall* 10 daya aid) of HB-3 variety were 

inoculated with eporengioeporea of Soloroopora grawlnlcola. Th* 

aporangial inoculation pro ooro and early iafaction than tho oeepore 

inoculation method under groan houae condition. In tho plant* inooa* 

latod vith eporangioaper ee, initial ajraptome of ohlarooia af loavoa 

appeared within k-S daya and la tar developed /allowing. Further, tha 

infootod plant* showed atuntad growth and wilting symptoms ln about 

two weeks. When very young plsnt* (3-4 c«t tall, U-5 day* old) wore 

inoculated ths first symptom thst eppesred wao wilting without showing 

chloroela. If tho inoculated plant* aurriTed, they developed typical 

green earheeds. Wben bsjrs plants wars grown on slek soil 100 per oent 

infeetlon wa* obssnrsd, but slower la comparison to the sporengisl 

inooulstion. In oontrol plants, inoculated with only distilled watsr 

no inoldonoo of downy mildew wss observed.

âttraction end psrti*! purlfl**tlon of tho toxin

The toxin was isolatsd from tho powdered, downy alldew infested 

bejra plant* by the aathod suamsri*ed in Fig.l. This toxin was filtered 

through Whatman No.U2 filter paper end then throagh appropriate Dowex



Scterosporc gramlnicoto Infected ba jra  plants.

Fraction I
27- OO*/.

Extraction and purification

Recovery
175%

Loss
98-25*/.

Filtration and passing 
through dowex columns

Recovery f
28-55 °/o Loss

(crude toxin) 7V45°/,
[Recovery of crude toxin from 
plants 0-496 °/<3

Column chromatography.

Recovery
78-00“/. Loss 

22 00%

Fraction n 
5100*/.

Fig. 2 Flow sheet summarizing the percentage recovery of 
Sclerpsporg qram lnlcoig tox in  during its  ex traction  
and purifica tion  processes-
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ion axe hang* rosin columns, Such preparation waa referred aa 3g-cruds 

toxin. Similarly, extraota fron healthy bajra planta af tha aaee age 

wara taken.

The recovery of ug-crude toxin ana eatinated aa ahoua ia ?ig.2. 

it aaa ooeerred thet during the firat atop of extraetlen about 98.>$ 

per eent materia1 ana laat as aelid mate while passing through eheeae 

cloth sad then precipitation by acetone* The precipitated compound 

constituted only 1.75 per eent of the tote I plant neterisl on dry weight 

besla. During the second step of partial pacification i.e ., peesing 

through filter peper end then through Oowex resin eoluana only 26.5$ 

par coat cf tho total precipitated compound waa roe offered cad reneining 

about ?l.ii$ par cent compound waa loat. Froa these date, it aaa cal­

culated thet the recovery of 3g-crude toxin from infected bajra planta 

waa enly Q,t&6 per eent end 99*51 per eent plant me tar la 1 waa laat during 

firat two stcpa ef Sg-toxln purification. Theae reeulta indicated that 

£g-erude toxin aaa precent la infected bajra planta in a aery law 

quantity.

Bleaaaajf ef crude toxin

The toxicity ef tha compounds axtrseted from hsslthy and dsvny 

mildew Infected bejra planta waa taatad by ualng bajra plant cutt Inga 

and tomato plant cuttings. Two-fold aerial dilutions of tha iaolated 

eonpouada starting from 2.00 per cent wore pro pored in distilled watar 

and plant euttlnga ware put in tbsse toot solutions.



risto i

BiMUigr of og-crude toxin ty using toMto plant cuttings.

C * T o m  to suitings treated ln 2 .0  psr ssnt solution 
of ssnpoond isolstod fron hssltiy bsjrs plsnts.

1) Toasto suitings treated ln 2*0 por ooni Sg-tojdn 
solution.

2) 1.0 por oont £-toxin solution.

3) 0.5 por oont 8g-toxin solution. 

k )  0.25 por oont Sg-toxin solution.
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The preliminary studies shcwsd that toasto plant* sxpreseed wilting 

eyaptoms aarllar m  coapared to bajra plante. ao„ for farther studies 

toasts plant cuttings sere used to tsst tbs texieity. Ths hlgbsst dila­

tion which proved to bs toxic to toneto plant cuttings was 0.06 per eant 

end tbe tins required for wilting was 210 nln. Tbs tins rsqulred to 

os use symptons st various concsn tret loos of Sg-cruds toxin Is given in 

Tsbla 1 and Fig.3. Tbe ooapound nxtracted froa tbe hsslthy bsjrs plants 

did not cause wilting or snjr type of syaptoas even et 2.00 far eent level. 

At the beginning, leaves ef the plants in toxin solution lost ths turgl- 

dity snd thsn curling of lssvss froa tip toward* petiole etsrted. Ths 

plants started dreoping down end sbowsd wilting syaptoas. Tbe steas ef 

ths wiltsd plants were f 1st tens d, frsglle snd sunken. None ef theee 

syaptoas wss ssen In control plants (Plats 1).

Tfasre wee s rslatlonsblp between tbe toxin comentrstion snd the 

tine required for wilting. There wss sn invsree relstisnshlp between 

toxin coinontration snd tine required for wilting upto 0.12$ per cent 

level. At the lower level of concentration the tine requlrsd fsr wilting 

wes nore. However, st 0.06 psr csnt snd higher dilution no such inverse 

relstionship bstwesn toxin quantity end tine to oeuse syaptoas was 

obssrved.

Two psr eent Sg toxin ssused wilting In toasts cuttings within 

30 ain (Tsbls 1 snd Fig.3).
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TabJeJL. Comparative toxicity of Solaroapora graaiaicola orudc 
toxin and lta fractions I and tl.

toxin 2.00

Toxin concentration {%) 

1*00 0.50 0.25 0.12 0.06 0.03 0.05

Crude 30* 60 90 100 120 210 m m

Fraction-i 30 30 90 120 210 m - «e

r r octlon-il 20 30 60 90 120 150 210 m

•  Tiao in alii, required for wilting of tomato cuttlngo*

- No wilting.
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Fig. 3 Relationship between toxin concentration and tim e required to  cause wilting 
in te s t p lant.
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Comporatlve toxicity af Sg-erude toxic and i f  purified fraction*

Toxicity of Sg-crude toxin ond it* pur if lad fractions obtained by 

column chromatography waa compared. It a hewed that tho fToction-I wo* 

ldentloal in toxioity to that of i>g-crude toadn upto 0*5 por oont level* 

but at higher dilution* it proved to be loaa toxio (Table !)• At 0*25 

por oent and 0.12 por osnt levels the 3g-crude toxin ahowed ayaptom* in 

100 and 120 win respeotivoly, whorao* Fraction-I required 120 and 210 

ain to oauae wilting in the same dilutiona, But the freetion-II was 

more toxic then the Sg-crude toxin and fraction-1. *reetlen-I2 required 

only 20 ain to cauea ajmptome at 2.00 per cant lavol and wo* toxio upto 

0.03 par coot level* whereas Sg-crudo toxin required 30 min to oauso 

symptoms ln teneto plant* at 2.0 por eant level and wo* not toxic at 

dilutiona beyond 0*06 per cent.

Effect af toxin on oood germinationt radicle and plumule length*

fcffoct of throe coneontrotions vis., 0.5* 1.0 and 2.0 por oent of 

5g-texin on germination ef eight different crop eeeda and their rodiele 

and plumule length* waa atudiad. The Sg-toxin af fee tod germination of 

seeds (Table 2). Tho diraet relationship between toxin concentration 

and inhibition ef oood germination waa obtained in ease ef bejra and ragi 

seada. At 2.0 par oont level of the toxin bejra and ragi aeede germina­

tion waa inhibited by 27 and 12 per eent reopeetively* At 1*0 por oent 

level the inhibition of gemination ln bajra end ragi waa 13 and 6 per 

oont respectively. Similarly, 0.5 par eent toxin inhibited 3 per eent
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Table 2. Effect of Scleroapcre graalnlcola toxin on germination, 
radicle end plumule length oi‘ different crop eeede.

Plant Control Toxin concentration (in per cent)
Crop part

observed
(no toxin)

0.5 1.00 2.00

bajra A* 100.00 97.00 37.00 73.00
(Pennieetun B 4.1S 4.66 5.77 6.66

typhoid— ) C 2.57 2.40 2.30 2.40

Ragi A 100.00 98.00 94.00 66.00

(feleueine B 4.47 3.85 3.83 2.63
corecana; C 2.35 2.28 1.97 1.97

Jowar A 73.00 66.00 66.00 57.00
(Sorgbua B 2.61 2.87 2.90 3.10

bioolor/ C 2.47 2.34 2.02 1.69

Wheat A bo. oo 8d.o0 88.00 ttii.OO
(Triticaa B 5.80 6.33 6.44 6.45

vulaarev C 3.35 3.30 3*20 2.55

Tcaato A 86.00 84.00 80.00 66.00
(Lycopersicen B 6.70 6.15 5.99 5.35

caculentua) C 3.50 3.42 3.40 3.33

Qreen graa A 100.00 76.00 72.00 60.00
(Phaaeolua B 2.73 2.76 2.95 3.56

aureus) C 3.17 2.03 1.67 1.33

Black gran A 90.00 66.00 84.00 60.00
(Pheaeolua fi 2.89 2.60 2.60 1.82

mungof C 0.90 0.95 1.00 1.00

fcavane A 94.00 80.00 76.00 74.00
(Setaria B 3.11 2.79 2.83 3.06

italicaj C 2.20 1.52 1.66 2.06

* A - Jeraination percentage 

B •  Radicle length (ea)

C • Plumule length (ea)



Flute 2

Effect of Sg-teadn oc tac lic le  length of bejra oeedo.

1} radicle length of seoOo ooeked In OlotlUotf 
water ^control)*

2) ln 0,$ por cent dg-texln solution.

3) la 1*0 per oont Sg«t«Kin eelution. 

k) in 2*0 per oont dg-taxln solution.
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and 2 par eant a«ed gemination. Thia clearly iodieated that there wae 

aa iaverea linear relationehip between the toxin concentration end aeed 

geraiaation inhihitien of erope in perUealar ef bajra and ragi at 2*0 

and 1.0 per eent toxin eoaeentretiona. In ether eaaee, the gemination

waa effected doe to Sg-toxla treatment to e oonaiderable extent but the

reletionahip waa net linear (Table 2).

The radielo lengtha of varioua geminating aeeda ahowed a railed

reaponae. In Majority ef the eaeea tha â -toxin treatneat of eeeda 

before geminetion, caused inoreaaed radio la lengtha. Aeonget the eight 

crop aeeda studied inereeeed radielo length waa noted in fire orop eeeda 

via., bajra* jowar, wheat, green gran end narana. Howerer, the reeulta 

in bajra aeeda warn rery coaapicuoua. A airact relationship waa odeerred 

between the toxin cor* entret lone and the inereeeed radielo lengtha (Plate 2). 

At 0.5 per eant Sg-toxin the inoreaae ef radio le length me 0.51 on 

whereae, at 1.0 per eent and 2.0 per ooat levela* it me 1.52 ee end 

2.6 cm reapectlvely* The toacin affect wee not directly proportion el to 

the inemaeed growth cf radicle but the inoreeee wae aotieeeble. The 

radicle growth me inhibited in eaae of ragi* toaato end black grm  to 

eome extent ee ahown ia table 2.

Tha data la Table 2 alao ladleeted that the plaaiule leagth docreaaed 

ae the toxin concentration Inereeeed in ell the crap planta teoted except
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In black gram and ntvane. Thar# waa na diraei relationahip between tha 

inaraaaad tux in concentration and th* reduced pluaula length. Tha pluaula 

length of black graa waa alightly laoraaaad. About 0*1 aa length af 

pluaula waa inaraaaad at 1.0 par cant and 2.0 par aent toxin concentrations* 

Thaaa result* indicated that Sg-taxin adversely affected tha pluaula i.e ., 

•boot portion of tha plant and not tha radiele i.e ., root portion.

boat apaciflcity taat

Tha boat epecificlty at 3g-toxin aaa atudiad by treating tbe outtinga 

of various young pXante belonging to different faniliaa in aerially 

diluted toxin. The reauXta presented in TabXe 3 revealed that bg-toxin 

wae not a hoat-epacific toxin and it wilted cuttings of pXanta belonging 

to different faniliaa. It aaa obeerved that in all the eases wherever 

toxin caused ayaptoas the highest dilution ef tbe texin aaa elaoat tha 

aane, but the tiae required to eauae notable ayaptcoa varied eenaldarably. 

Aaengst tha vartoua plants teated paddy waa found te ba the aaet realatant 

followed by green graa end aalse in that order of daaraaalng raalatenoe.

Tha green graa euttinga kept in 2.0 par oent Sg-to*in aolution ahowed 

curling of leaves after 5 hr and at higher dilutiona there ms aa affaot 

at all* Kalae plants ahowed partial wilting at 0*2$ par aent texin 

aolution which indieated its realatanee to bg-texin action. The aaet 

auaaeptlbla plant waa found to ba taaeto. At 0*06 per aent level ef 

Sg-toadn the leevea lost turgldity, drooped dew end f inelly wilted within 

210 ain tiae* Bajre took 300 ain tiae at 0*06 par aaat level to a how the
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Table 3. Hoet-epecifieity ef acleroapora grawlnicole toxin

Crop Toxicity Dilution 
end point

Tine
(•in)

Kenerke

Bejre
(Pennlaetuo

♦ 0.06 300 At tbe beginning leKVee loot turgidit; 
curling and drooping ef leavea took 
piece aad at higher concentrations of 
toxin leavea wilted conpletely end 
dried.

Tone to
(idrooporeieou

eeealeotae)

♦ 0.06 210 Leavee loot turgidity, cuttings 
drooped down and finally wilted.

Black grew 
(Phaeeolue 
OttOgO)

♦ 0.06 360 Lcavee loot turgidity and cuttinge 
drooped down.

Jreen graa 
(Pbaeeolus 

sureouaj

♦ • • After five hours only in ease of 
2.0 per oont toxin concentration 
curling of leavea woo obeerved.

wheat 
(Tritie un 

vulgare)

♦ 0.06 1080 Leaves loot turgidity.

Hagi ♦ 
Uleuolce coraeana)

0.06 360 Wilting ef euttings took plaoo.

Halee

< 2 S S E )

♦
e»

0.2$ Utt Partial wilting was obeerved, but 
alaoet no racction to toxin*

Jfleddy
iOnrsa aatlva)

eo Mo reaction
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ayaptona. loa tin required for abTwing tha ayaptoaa and tgrpaa af

ayaptoaa obeerved in different planta are preaanted ln Teble ).

Effect an bajra planta grouc free aooda aeaked in Sg-toxin

Tbe aaeda of bajra ware eoaked far about 12 hr in different dilu­

tiona of Sg-toxin and than a owed In a nail pota and planta ware grown 

under green heoee condition. It aaa noted that tha gemination aaa 

reduced at 2.0 par aent* 1.0 per cent and 0*5 par eent toxin eelutlone.

At 2.0 per cent level gemination wa reduo ed by about i*0 par eent

whareaa* in aaaa af 0.5 and 1*0 par a ant levela it wee reduced in tho 

range of 5 to 12 par eent. The planta in all tha treotaento worn 

growing equally well during the early growth atage anaept ahowing pale 

great* laavea in toxin treated planta. The differene oa anangat the 

treataenta were noticeable in two weeke. Tha laavea showed ahloratia 

ayaptoaa and boeaae yellow. The curling of tho laavea froa tip towards 

baae wa dbaerved first ln the eaae of plant grown fron aaeda aoekad 

in 1.0 per eant toxin. One or two daya later leevee atarted baaowing 

fragile and finally wilted. The ohlorotlc loavea drooped dawn and 

atarted orylng froa teralnel end toaarda baae as seas ln flate } • Tho 

eyaptoae like ehloroeia, curling* drooping* drying end wilting ah own 

by toxin treated planta am aaaa of the major eyaptoae of the downy 

mildew diaeaae of bajra. At 0.5 par eent toxin aolution aiallar aywptawa 

but with a lesser Intensity wm  obeerved. Plants grown froa seeds 

treated in 2*0 por oent toxin ehowod ell theee eyaptoae and in addition 

ahowed very low gemination. Theee roaulta indicated thet if tho dg-texln



PlateJ

•ajra planta grown froa aaeda eoakad ia Sg-toxin. 

1* Control

I* Pieota grove froa aaeda aoaked ia 
0*5 per coat Sg-tealn eolutlon

J. 1 per oent Sg-toxin eolutlon*

k* t per eent Sg-toxln eolation.
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m i  a llo w e d  t o  b o  a b e o rb e d  l a  a u f l i e le n t  q u a n t i t y  b y  t h o  g a r a ln a t la g  

b a jr a  s e e d a  m o a t o f  th a  dew agr w i ld  aw a y a p to a a  a a n  b a  a ia le k e d .  I t  

a u f ’ a a ta d  t h a t  S g - to x in  a u a t h a v a  a o a e  r o la  l n  th a  e a u a a t ie n  o f  a y a p to a a  

I l k a  e h lo r o a ia ,  c u r l in g  a n d  drying o f  le a v e e .

Effect aa tho growth af alcroorganlaae

tha affaot of 3g-toxin on tha growth af varioua aleroorganleaa 

waa tasted by ualng 1.0 par a ant, 2*0 par cent and k*0  par eent Sg-toxin 

aolution. Sg-toxin did not affaot tha growth of any rf tha 23 aioro- 

orgaiilama, belonging to differant groupa v ia ., algae* aetinaayeetce, 

baoterla and fungi (table k  )•

Hiateahewioal changê

the inveetigation regarding aorpho log leal and hiatochanieal changaa 

in bg-toxin treated and control gaminating aaeda revealed that thare 

vere no aigniflaant changaa in radiola, aolaoptile or eabryo, when 

obaerved under light alcroacope.

laavea

In bajra tha leaf ia doraiventrally differentiated. the lower 

epldemia ia having wore nuaber of etoaata than tha upper one. the 

aeaephyll oella eon tain diaeoid plaati da. Both large and aaall veina 

have ehaatba aada up of larger paranehyaatoua oella. the aidrib rag lea 

b«a 6-10 veina.
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table k * off act of Sclarospora graalnlcola toxin on tho growth 
of microorganisms.

ilrovth Inhibition at dlffarant

Orgar*la«
toxin ooncantratlon (par eant)

1.0 2.0 i».0

Aerobactar aerogens •  •  •»

Aaotobsetar ehrooeoecun aa aa ae

Bacillus aubtllla «n •  aa

fiacbcrlcnia coll «n an e»

1labelella app. -

ftocardia app. -

Pseudoneuaa aolanaeaarum -

tihlaobiu* app. -

barolna lutaa aa aa aa

^troptococcua aureus aa an an

Actinomyces app. •  an an

Strapto t̂jcaa app. -

Saccbaroucaa caravlcoae an aa  ea

Chlorolla app. aa an

Altaraarla app. -

Aapargiilua app. a» an aa

Chaatonlu* app. •  aa aa

faaarlua app. aa ea an

Oanodarea app. -

Helmlnthoaperiun oryaao -

tfelfclntboaporiua aaocharl -

Pbytophthora aracaa -

Pyrieularia app. -  an a»



Effect of Sg*texln on insoluble polyoeceheridss (eterch) 
content of bajrs leef cells.

A •  stareU contsnt of noxm*l bajrs le*i eelle 
(Plants grown fro® control seeds),

8 ■ Starch content in 1 etsg• of sjroptow**

C •  Stsroh content in 111 stage of sjnsptens*

Plato k

•  Seeds were trestcd in 2.0 per cent
Sg"toxin solution before raising the 
plants.





Inaolablo polyaoobarldoo

Tho prooone* of Insoluble polyoooeharldoo in laaf tiaouw woro 

d«tMt«d by following tho porisdio liU-Milffa (118) toot. la control 

loot iMUcaa only n« feundlo ahaath triili toeUiMd lull MS ̂ Nittvt 

p m l M .  Ho PAS peilttii granulao woro sbssrrsd in any of tho otbsr 

aaaopbyll or opidoraal oolla (Plato i k)>

Is ibo oootlons of stags 1 and t plant Imvw fraa Sg-toxin trootod

ossdo tboro voro so algnifioant sbongos in inoolablo polyaaoebarldo 

oootonta. Hovovor, tho inoroasod awbsr of pslyoaooharida graauloo in 

bumdlo obooth oolla ftn otago 1 loavso «as notad and at stag* t tho 

lasooning of tbo HS positive graauloo in tbo bundlo o booth col la «oa 

oboorvod. At Otago 3 oignifioant ohangoo wars obaorrod. All tbo 

wwiwlitod otaroh graina woro found to baro dloappoarod (Flatsi U).

8 L  tost for DMA and KflA

Tbo atudioo ralatod to DMA and XXA in eollo voro aonduotod by 

following tbs ftottyrl 9roon Pyronin (NCUP) toot aa aantionod oarlior* 

la tiis oonlnl It «aa as tod that tbs apidsrmal oolla, aooophyll ooll*

sad also tba bundlo obsatb oslla did not aontaia maob AAA. Tbo plaatids

woro v« 7 faintly pooitivo for pyrcaiao-<i indioatod tbat v« 7 littlo 

SMunt of IBIA vaa proaont surrounding tboa. Tbs nasloi vbiob voro 

oaallar than tba plaatida wars found to bs brightly otoinod for SNA

and naslsoli vara dsq?ly otoinsd for 8MA.



B i f  S

Sit90% ef ag-toxln on protein content of bsjn loaf oella.

i - krfo number of proteiA groins scattered throughout 
tha leaf cell* af womuA bajra plant (Plant* grown 
frai control coeds)*

S * laduced number of protoin grains obeerved tearing 
1 atage ef ejwpteaa*.

6 * AhsAce af protein grains observed during 212 stage 
ef e/Bptaas#*

♦ Seeda were treated ln 2 por cant Sg-toxin 
eelutien before raising tbe plants.
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The results of ths aaaplea taken fro* stags 1 and 2 indicated that 

thsrs wars as algnlf leant ohangeo la WA s act ant of tbs nasleua sad 

cytoplaam. The nuclei wars found ts bs stsinsd for DMA* At atsgs 2 

ths cytoplaam around ths plsstlds stsinsd vary faintly for KJiA. At 

atsgs 3 in most of ths cells ths nuclsi sere found to So dissppsarsd.

The presence of plaatids could not he detected. Most pert of ths DMA 

and Bak had coapletely degraded.

Proteins

Ths data on proteins in Issves ss dstsrminsd by msreurie broaophsnal 

bins asthod revsslod that In control tissusa ths protoin positive bodies 

vers discoid in shsps and thsy wsrs Isrgsr in bundIs shssth oslla. Their 

distribution ass found ts bs more in ths srss nearing ths huadls s has the 

than in the mesophyll soils (Plats* $)•

At stsgs 1 ths protein paaitivs bodiss sere Isas brightly stained 

aa compared to control* The ahape ass gstting distortsd. Bath thsss 

fact* indicated ths degradation of plaatid astsrisl (Pistat £). It aaa 

obssrvsd fro* ths sections of loavso at stage 2 thst protoin poaitiva 

bodiea became still aasllar in sisa and their atainability aaa faint.

Thsy had distortsd outllass. Sons of ths bundls shaath calls had 

alaoat completely lost thsss bodiss. At stage 3 it was noted that all 

tho protoin positive bodiss found in assophyll cells and bundle shssth 

cslls hsvs bsen completely disappesrsd (Plstst 5).
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U  Plda

There were no lipids either in control or treated planta.

Serology

the antiaerua ageinat the ag-toxin wa prepared aa Mentioned in 

Materia la and Method*. The titer of the antiaerua waa determined by 

ie Hewing the oicropreeipitin tost. Th* highest dilution of the anti* 

aerun which showed the precipitation was taken aa the titer of the 

antiaarum and it was found to be It1260. These results revealed the 

antigenlc nature of tho ag-toxln.

Fron the results of immunodiffusion test (Flg.b) it wss observed 

that Sg-crude toxin and it* purified fraction* 1 and II wore serologi­

cally identical, The precipitation bands did not cross each other In 

any ease. Two preeipitstion bands appeared, s thick one near the central 

well which contained antlserua and a thin single hand near the peripheral 

well oont ain ing the antigen. These results suggested the pressnes of 

two typee of moleoulee in samples vis., one having s seslier siss which 

could dlffuss fsst towsrds s central well snd ths ether a bluer siss 

molecule which moved slowsr towards ths central well*

The temperature studios for incubation of immunodiffusion plates 

indieeted thst i»°C and ream temperature were suitable temperatures but 

net J7°C. The plates incubated at i*°0 showed clear precipitation bends



Pig* k» Ssrolsgicsl rslstionship b«twosn tb« og-cruds
toxin ucik iti» fraction* I snd II .

8 - Sior**l physiologies 1 sslloo (0*65?)

C •  Ug-orudo toxin

1 •  Fraction I 

U  * fraction II 

SS • Norms1 ssrua 

AS •  Poolsd antiserum



F IG -4 SEROLOGICAL RELATIONSHIP BETWEEN THE
Sg-CRUDE TOXIN AND IT'S FACTIONS 1 AND H .
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aftor 24 hr wboraaa, ter thoao lnoubotod at room tsaparatora k& hr tlaa 

mi required. Me tends wara m m  in tho plate* incabatad it }7°C i m  

after W  fcr. It was alas noted that 9.01 It i\)u taiffar (pH » 7.00), 

mtmI uliaa (0*8$ *•*“ oont) ar dlatillod w Ur oould bo aaad for pro* 

poring agar for taawnodtffasiaa toohniqaa* Tho antigen amid te diasolvod 

ia cither of tha aolventa i*o*, PÔ -buffer or nomal aallne. Bate 

aelrente govo equally goad reaulte. Ha precipitation tend* oould te aaaa 

in thoaa plates where noraal aerua « s  plaoad inataad of aatia«rw and 

aalino instead af antigen (Figs k)*

Inactivation af SgHcaln

Iffoet af atorage

Tho raaulta froa thia experiaeat iodieatad that coapletely driad 

Sg-tcotin could ba starod in aithar doelcoator or rafrigaratar far •  

long ttna, as long as 18 aontha without looeing ita activity* 1% ladi* 

aatod that ftf-texia aaa a stabla ocapound and seuld ba eaally atarad 

for a a«ff latently lay parted* tba aaaplaa dram froa both tea sate 

at varicaa intervals aid tha laat aaapla after IA aontha ear* faaad te 

ba equally toxie aa teat af freahly isolated teria iadioatad teat tea 

activity of Sg-crude toxin aaa not attested even daring tha atorago 

period of 10 aontha.
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Iffoct of twwwtiM

the test on the effect of teapsrstars on tbo sctivity of og-toxin 

indicated that ;»g-toxin aaa quit* stab la upto 95°C but it loot it* aetlYlty 

at 97°C and above if haatad for 10 ain. Tba aaaplee hcatad far 10 aia 

opto 95°C ahoaad tha »aaa toxicity a* that of control (not expoaed to eny
£

of tho taet teopereturee), but tha aanpla which vaa haatad at 97 C for 

10 ain in a*tar bath did not ahow any toxicity indicating that it had 

loet tha aotivity.

Effect of partial aaid hydrolrai*

In this experiment sg-toxin vaa oapeaed to 1 N for varies*

length* of tlae ranging fro* 15 to 90 ain and the toxicity of each aaaple 

drown at variou* interval* waa ta*t*d aa aentloned und*r Material* and 

Method*. It aaa noted that at 15 ain interval the activity of Sg-toxin 

waa reduced to sea* extent i.e ., it c*u*ed wilting of plant cutting* in 

lfiO ain where** the untreated control eeuaed wilting in 150 nln. After 

20 ain exposure it took 200 ain for the treated toxin to c*u*e syaptoa* 

in test plant cutting* (Fig.5). Th* toxin Maple* expoaed for aor* than 

20 ain did not cau** any visible syaptoae in teat plants, indie sting that 

the Sg-toodn had lest it* activity. Thia experiaent clearly indicated 

that expeeur* of Sg-toxin to 1 M for shorter tine interval* re­

duced it* activity and if expoaed for oore than 20 ain it loat it* acti­

vity completely.
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Fhyaical charactcrlsticc

The Sg-crude toxin when eoapletely dried was dark brown and 

crystalline In nature (Tattle 5). It vaa highly hygroeeopic and when 

expoeed to roan enrirwnt it readily aba or bed Mlature, Iran atmoaphere 

and foxned a clunp. I n  aolution Sg-erude toxin aaa slightly rlaeeua I n  

nature. Fractlor-l vaa faint yellow la colour and fraetion-II aaa dark 

brown in colour. Seth fractions ware hygroacopic la nature.

Column ohronatography

Snail quantity (15 mg) of 3g-crude toxin waa dlaaolved ln 2 al ef 

diatillad watar and leaded on tbe Sephadax 5-200 gel column. Tbe toxin 

waa eluted with diatillad water and fraetiona of 3 al were colleated 

aeparctely aa Mentioned earlier. Tbe abaorbanee waa reed by uaiug 

~pectrenic-20 at 5h0 #ju. The elution eolunc waa plotted againat the 

abaorptlon to gat a graph aa plotted in Fig .6.

By column chromatography Sg-toxin waa fractionated in to two 

fraetiona. Two peaks vara obtained aa depleted in Fig.6. One at aa 

elution volume of 12 cl and the other one at an elution volume ef 2U al. 

These two fraetiona were air dried eeparetely and total recovery ef 1he 

compound and their prepertlonal recovery waa calculated. The total 

recovery cf Sg-taxin fron colunn waa 78*00 per eent end 22*00 per cent 

of it wee loot during the procoea of purification. Tbe fraction-I



tabUS, * Jogrsieal properties of aoiaroapora ar m  inlaola 
and its free ti one I  ani "ill.

*roparty Crate toxin fraction X Freetion IX

Colour Oark breen taint jraUm a«rk brew

— loealsr weight - 2,73,000 61,630

Intrinsic 0,122 Q.Qb9 Q.Qkl
▼iecoelty
(4eeilitr*/|)

pH 6.98 6.70 6.90
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oonatitutad 27*0 par caot and tha fraetion-11 conatiWtod 51.0 P«r cant 

giving total raoovary of 78*0 jpar a ant through oolua* chrooatagraphy 

(Flg.2). it oaold ba aooa freo thaaa roaulta that fraotion-U vaa ilant 

doubla la valght that of fractioc-X.

Moioottlar waltht datorolnatlon

Tba oolooalar volghta of Sg-tsxln fractions voro oaloolatod by 

following tho vathod daaorlbod oar liar. Tha elution volma of tho 

fraotlon-1 vaa 12 il and that of D m t l o H i  vaa 2i» il. Tha ostlnatod 

volooular voight af fraatian-i vaa 2,73*200 and that af fraation-Ii vaa

61,630. Tha raaalta ora proooa&od in Tablo 5*

Spoclfla Hacaaity d«torvlnatiav

Tho apoclfis riacoaity of Sg-orudo toxin and lta puriflod fractlona 

vaa dotaroinod and froai that tho intrlnaia vlaooaity af tho Sg-orudo 

toxin aad lta parlfiod fractions aa notod in Tablo 5 waa abtaiaod by 

caloulatlona. Tha intrlnaie vlaooolty of tho 8g«a*»do taxin vaa 0.122 

daailitra/g and that of fractlona*! and II vaa 0.069 and O.Qltf doailitra/g 

roapaotlvoly. It could bo aoan from thaaa raoulta that aa tha volooalar 

voight of fraction dooroaaod tho intrlnaio vlaooolty voa also rodaaad.

llaohavloal proportiaa 

pH dotorvlnation

1% vaa notod that tho Sg-orudo toxin hod pH af 6.96 and tho



Plate 6

fc-leetropheretie aoveaant ef Sg-toxin on paper.

A - Sprayed with ninhydrin.

B = Developed with Trevelyan reagents.
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fractions-I and 11 hail pH off 6*70 and 6.90 reapectiYoly. rhcee raaulta 

indicated that pH of Sg-erude toxin wo neer neutrality hut ita purlflad 

fractions vara a lightly acidic in nature. Tha fraction-1 wee slig htly 

nora acidic haring pH of 6.70 oa compared to fraction-11 which hod pH 

of 6.90.

Electrophoretic studios

tlec trophoretic proportieo of the Sg-crude toxin were atudiod by 

following the paper electrophoreela aa mentioned earlier. the reoalto 

Indio a ted that the *>g-toxin eooeiated of only one fraction on the hoe la 

of • lactrophoretic mooility. The ceapound acted towards cathode which 

indicated that it woo eationic la nature. Ihe elootrophoretleally

aoved spot gave poeitivo toot with nlnhydrln oo well aa reegeote of 

Tr&Telyan Method (Plato t 6).

ftci-d : ydî lysio and lon-oxcharu;o chromatography

The Sg-crude toxin and ite purified fra tiona wore acid hydrolysed 

at 100-110°C for 12 hr end then neutralised. i'hese oaaiploo wore 

f root! ana tod into on anionic, eat ionic ana neutral fraoti one. looh

fraction wee ooporotoly dried end weighed to calculate total recovery 

and proportion of ooeh fraction to other. It waa found that the totol 

recovery of Sg-crude toxin weo 52 per oent and U8 per cent was loot 

during hydrolysis and neutralisation. The anionic, cationic end noutrol 

fraetiona of Sg-erude toxin wore in the proportion of 5 * 3 t 5 on weight



basis. Tbs results revealed that total recovery of fmetion-I and II 

after hydrolye is was 73 snd 6b par eent reepeetively. Tbe frection-I 

and II eontalned three frecti ne vis., anionic, eatlonio awl neutral ln 

the proportlona ef 3 * 5 • 3 and 2 t 9 * 5 reepeetively. It vaa found 

that neutral fraction famed the largest proportion e*ong three fractions 

in caae ef Sg-crude toxin end lta purified fraetiona. Ths central 

fraction aaa followed in propertiona by cationic and anienie fractions 

in ag-crude toxin and ita purified fraetiona on weight baaia.

sugar analyela

Tbe neutral fraction of og-crude toxin and its fraetiona 1 and U  

were analysed for their eager conteuta by fallowing deaeending paper 

ehroaiatogmphy• The results regarding qualitative analyala for sugar 

contenta ef dg-erude toxin and lta purified fractions srs presented la 

Table 6. The reeulte indicated the presence of four augara in Sg-erade 

toxin and three each in free tion-I and II. The Sg-crude toxin eontalned 

arablnoee, glucoee end two unknown with the Rg vs lues of 0.1*2 and 0.$8.

The fraetiona 1 and 11 contained arablnoee and glueoae and one unknown 

sugsr in cash fmotion having Kg value of 0.53 end 0*60 respectively.

Tha quantification of arebinoaa and glueoae fron og-crude toxin and 

lta purified fractions wss dona by fallowing helaon'e method. The moults 

indicated that og-crude toxin contained arebinoaa 0.036 par eent and



'iablo 6. Sugar and orgouic Mid composition of Sclsroapora 
graainyeola toxin and its fractions I and II*

Toxin ougsr Kg y s I u o *  Organic acid Hg walaa*

Crude Arablnoaa

ulucuas

Unknown
Unknown

0.58
0.U2

;i«galaotoronio
•eld

Unknown

Unknown

unknown

1.15

0.75
0.60

Fraction-I Arsbinoas

ilucosa

unknown 0.53

Ut

Unknown

1.12

0.78

0.52

Jfrsction-il Arabinoaa

l̂ueoas

Unknown 0.60

Unknown

unknown

l.U

0.80

« fig valnaa with rafaranaa
to alueoaa

*t<« Taluaa with rafaranea 
to ti-galaeturonic aald
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glucose 0.016 per csnt by weight, wheraes fraction-I and II contained 

ereoiaoss and glucose 0.015 por eent, trecee and O.OGl* per cant traoee 

reepeetively.

Sugsr ecia enel/sis

Ths results of qualitative analysis of sugar acids of 3g-crude toxin 

and ita purified fraetiona are presented in Teble 6. Theee results lndi* 

ceted that Sg«erude toxin contained four auger aelda out of vhich one 

vaa Identified aa ^-galacturonie Mid and the revaluing ttree were unknown 

vith the Rg values of 0.60, 0*75 snd 1*15* The fractional contained 

three euger acids vhich vere unidentified with the %  velues of 0.52,

0.76 end 1.12. Tbe free tion-II eonteined only two auger acids and both 

were unknovn with tbe fig values of 0.&0 snd 1.11.

Anino aold analyela

The asino sold composition of Sg-crude toxin snd its purified 

frectiona wss detenained by snslysing the aaatplee in eutoaatie amino eeid 

analyser (Figs. 7, 8 and 9). Ths quantitative eatiaetion of each known 

onino eeid vaa alao done and the raaulta are preaented in Table 7* It 

vse noted that Sg-crude toxin contsined about 7.99 psr eent total aaino 

acide on velght beats. in all it contained 2k anlae acids aaengat which 

five were basic amino acids and ths renaining 19 vere neutral and acidic 

anino scids. Amongst five basic onino eeids two vere unknown snd of 

the resialnlng 19, 5 were unknown. The sspartic eeid content ef 2.6831*
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Table:7 Amino acid composition of Sclerospora qraminicola crude toxin
and its purified fractions.

Si-
Amino acid

Crude toxin Fraction i Fraction E
No- (Mg. per 100 mg. of toxin)

1
Basic amino acids 

Lysine v* • 0-4912 0-1095 0-1753
2 Histidine : - « 0-2792 0-0465 0-0933
3 Arginine 0-3764 0-0785 0-1393
4 Unknown + + -4-
5 Unknown + 4-

f- ■ 

6

Neutral and acidic 
amino acids.
Aspartic acid 2-6834 0-2195 0-9904

7 Threonine 0-3288 0-12 50 0-1716
8 Serine 0-3658 0-157 5 0-1764
9 Glutamic acid 1-2182 0-2430 0-5828

10 Proline 0-4006 0-2075 0-1244
11 Glycine 0-3874 0-1350 0-2612
12 Alanine 0-4384 0-1470 0-2460

13 Cystine 0-1298 Traces 0-0432
14 Valine 0-2390 0-1055 0-1124
15 Methionine 0-0358 T races 0-0360
16 Isoleucine 0-1418 0-0395 0-0632
17 Leucine 0-2362 0-0790 0-1576
18 Tyrosine 0-0870 Traces 0-0436
19 Phenylalanine 0-1586 Traces 0-0792
20 Unknown + + -f
21 Unknown. + + +
22 Unknown + — +
23 Unknown + — +
24 Unknown + — — ‘
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per oaat in Sg-crude toxin wae the highest value aaoaget «U fee aalno 

•aids sad f«U«Md bjr lyalae* alanine, preline* glyaiae, arginine rad 

several others as indicated in Table ?•

The caleulationa revealed that the recovery ef aeiae aaida in 

freetior-I and IX fro* Sg-crude toxin mm act cent par cent. About 30 

par cent aaiae aaida vara lest daring tha praaass of porifleation and 

hydroiyeie. Tha fraction**! eeotaiaed 1.6d par cent and fractien-II 

contained 3*1t9 par aent total aiiao aaida on might baaia. la general, 

fraction-12 contained all tha m I m  «aida in higher quantltlee than 

theee in fraation-I except fer peolioe ahich wae higher in freetiea-I*

Tha fraotien*! contained> la all* 21 ndao aaida whereas, fraction-H 

contained 22 aaiao acida. Freotion-i contained fire basic aaino aaida 

aa that tf Sg-erude toxin, whereas fraction-!! contained only four 

basic amino acids. tha fraction*! aontaiaad 16 neutral and aeldle 

aaiao aaida oat ef which anly two ware unknow, wbereae, fraction*!! 

aantainad 18 neutrel and aoidic aaiao aside eat ef whlcb four were 

unknown. Freetion-1 contained eyatine, wethionine, t/roeine and 

phenylalanine in traeea bat fraction*!! contained eoaaiderable qaaati- 

tiaa ef theee amino acida. Fraction-i contained gl.taoic aald in highest 

quantity i.d.» 0.2hJ par east ihareaa fraetion-11 contained aepertie aeid 

in higheat q* entity (0.99 per eent). theee reeolte clearly iadieated 

that fmttoB-U aee mere elsealy related te Sg-cruda toxin la aaiae aeid 

ecwpeeltiea then fraction-I.



Tabic 6. Elemental analyaia of bolaroapora graninjoola ero4a 
toxin and lta purifi«d fractiouTT

Toxin Carbon
(*)

Ĥ drogon
(*)

Oxygon
(54)

Mitragw
(*)

Kapirical
formula

Cruda toxin 27.06 3.99 6U.35 it. 60
« l W

Fraction-I m - - 1.03 « •

Fraction-H lu.62 2.35 80.78 2.25
v « v

- analysis vaa not dona



Slaaantal analyala

th* ;>g-erude toxin and lta purified fraetiona vere analysed ftr 

their earoon, hydrogen* nitrogen and oxygon oontanta. Fron tha raaulta 

preaented in labia 6* it could ba aaan that Sg-crude taxis contained 

4.60 par cut total nitrogen, wherooa fraction-1 and 11 contained 1.03 

and 2.25 par eent total nitrogen reapcotively. It aaa calculated that 

the reeevary af total nitrogen in fraction-1 and U  froa 3g-crude toxin 

aaa only 72.65 per cant and the reeaiaiug quantity of 27.15 per eent waa 

loot daring the proceaa of purification. Froa the percentage valaee ef 

G, H, 0 and II tha aapirieal formula a of 3g-crude toxin and its purified 

fraction ware calculated on the beaia of oae atea of nitrogen. The 

aapirieal formulae of 3g-crude toxin and lta fraction 11 ware

•“ * V i s V



DISCUSSION



T. DISCUSSION

Inoculation of bajra plant* with Scloroapara granlnicola indicated 

that aporanglal inoculation waa superior or or ooopora Loculatlon which 

raaultad in early and nor a Ini'action. ttefeeulla (1976) reported that

lor obtaining higher percentage of infactad planta, it wae necaaaary to 

a Hon tha ooepore aatarlal to weather In tha aoll for at laaat four weeks. 

Bajra planta of 6*7 on height and 1-2 vaaka old ara optiaua for inooula- 

tion and ahow tha prellalnary ayaptooe of ohlaraaia /allowing and doway 

growth. lounger and aaallar planta directly wilt an inoculation. Tha 

crganlan could ba eaeily nalntalnad on bajra planta grown in nick ball.

Tha aoapora of S.granlnicola aurtrlvad in aoll for aavaral yeare 

(Saf eealla % 1976).

Tha toxic oonpounde wara la o la tad tram tha inf aa tad hajra planta 

(Fig.l) but not frcn tha healthy planta. Toxic ccnpounda have baan 

recently raportad fron obligate paraaitaa. Hillard and Seett (1955) 

raportad a toxin froa powdery aildaw infaotad bar lay planta. Silvern an 

(I960) raportad anothar toxin fron infaotad whaat ataa rust fungue. 

Kecently, kai (1977b) raportad tha production of a non-apacific toxic 

coopound in grape lcevaa infected by Planaapara viticola. About 0.50 

par cant toxic con pound waa praaant in infacted bajra plant (Fig.2).

Jetaction of the toxin bccoaaa a problem becauae ef its occurranca in 

ainute anounta.
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Toxioity ef the ooapound wit teeted by Ming tens to, sod bsjre 

plant euttiaga (table 1, Fig*3) aa suggeeted by verious workere (godgeea 

at al*, 19%?, I9fc9 and Meaf-ftath, 1972). Hal (1977b; used taaata 

cuttings and grape leave* ta taat tha toxicity af tbe ceepeund produced 

by Waiwara vltlcola. Bleeeeay studios revesled that tha dilation end 

paint of 8g-l«U ms 0*06 par oont* tha rao ovary af tha toxin froa 

infected planta ani lta dilution end paint saggeeted that S.groalalcola 

prod used a large amount ef the toxio coapeund in infee ted pis ale aa 

eoapared to that nseeeeery to eauae diaeaae sjaptoea* S.xraadmioela 

prod used sufficient asaMt af toxic eoapottnd in infeeted planta te aaaaa 

diaeaae ijiptoa and such s toxio eonpettnd Maid not he laolated froa 

healthy planta. theee results falfilled the anteria far vivotaxln 

aaggested by Diaond (1955) • the studies on tea in ooaaentrstlon sad Hate 

reletionekip revealed that there aaa inveree relstlenahip betveen theee 

Wo faetera. Aa ths toxin concentration Inaraaaad the tla* required ta 

eauae wilting use dearea sod. the oyapteoa ware as used by 2*0 par aent 

texln eolation la 30 ain wbieh iadieated that the toxin uaa quite patent 

and highly texle la aetlvity*

the oowparative toxicity af Sg-tosin and lta fraetiona I and IX 

(table 1) revealed thet freetion-i vaa identiael ln texloity ta Sg-crude 

toxin apt* 0*5 par aent level but at higher dilutiona there vaa ne 

alaliarlty. the frection-11 wae aero toxic te pleats* theae results 

aan ha axplainad on the baala af vp~teke ef texln bar planta* the neleeular
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might (table 5) af tha frtetioa-11 ««« lower than feat ef fractien-I 

and h m t  night he It translocated faaUr la tha plants.

Sg-toatia inhibited seed geraiaatioa aa shown la fable 2. Tha Mat 

eonapieuoaa reealta Mara noted la eaee ef bajra aad rail eeeda wherein 

diroet ralatlooehlp between tha tax la eoneentratlon aad Inhibition of 

Mad germination waa no tad at 2*0 par aaat and 1*0 per a ant tesla eoneen- 

tration. In atlidr eaeoe tha gamlnatloa waa Inhibited to e considerable 

extent hat even at higher levela ef tax la tha relatlenehlp eaa not 

linear (labia t)» These results suggeeted that bajra and ragl seeda 

ware affaeted aero tqr Sg-tosKin ea oeapered to ether seeds. Thia alght 

be doe to the partial specificity of Sg-toxla. d.grawlnicola affeeta 

bajra and it ean be grown on ragl eallaa (aafeeella, 1976). It appeere 

reaeonsble to expeat that aeada abaorb Sg-toxin la soil and leoee 

viability. Thia la ef biological interact beeauae S.graalnicola i» 

eoneldered aa a sail borne pathogen, if gandaetlag oeeporea prodaee the 

texio principle, Hie toxin alght be starting lta aotlvlty froa fee eery 

early etage. Me tour (i95T) raportad a tax la froa geminating arcdocpcrco

raoe lj«i «f Puoctnla eras inis var* trltlcl. the inhibition ef aeed 

gemination particularly of bajra ean ha aaad aa a bieaaaay teat Dir 

Sg-toxin aft«r furthar atandardination. tha Imbibition of aaad gamine* 

tlea alght he dee to the offset of toxin on fee vital parte of fee aaad* 

However* the hiatoeheaical atodlea of the toxin treated seeds did not 

•haw any etruotaral deaage. the changea alght ha la altreetruetures or 

In the physiology ef geminating seeds, thia requiree farther eta dr*
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Tne results ef radicle length ef geminating eeeda (Table 2) shoved 

a varied trend. increased length of the rsolele use noticed in all the 

teste especially in bajra (Plate 2)* It is know thet S.gmeinloola 

effects as inly leavea and ahoot portion of the planta. The inereaeed 

radioIs length eight be duo to aoae growth promo ting substeneee in Sg toxin 

whoee effect waa confined to ths radicle. It needs farther confirmation 

and studies for eonoluding the nature of the substances involved. Bajre 

plants infected by ^.graalnicola ln later atego produce the green eerheed 

where overies will be converted into leaf like e trueturee• This also 

suggests the essoeiatlon of growth promoting eubstences with downy alldew. 

Ths growth regulatora were reported te he involved ln plant diseases 

oeueed by beeteris snd fungi (Thinsnn 1066 end Weal et al., 1977)* In 

general* toxins froa phytepetbogonlo fungi are reported te Inhibit the 

radicle length of geralnating seeds (3uensi snd AcCalla, 1967* end 

ichsffer end UUstrup, 1965)• however* Kuo end ^chaffer (1967) and

Kuo et al.(ly69) reported that dilute solution cf ttelainthooporlaa 

carbqnua toxin stiaulated root growth of corn seedlings. The reeecas 

for varied response of radielo lengths to Sg-toxlna ere net known*

The pluaula length was adversely affected by Sg-toxin treatment ln 

ell tho eaeee except ln blaekgrea snd navene (Table 2). Theee results 

suggeeted thet Sg-toxin off so ted oomeof the ectivltiee cf growing shoot 

tiasues reeult ing in reduced plumule length. Downy alldew effected plsnte 

are generally stunted. The reduced pinnule length supported end clarified 

tho resson for the stunted growth of ouch infected bejra plsnte. The



pathogen else affects thr shoot portion of the plant, bet the exact 

aschaniso of reduced plumule length eoeld not be understood even fay 

microscopic histoshsmissl studies. But it nay be effectleg ultra- 

structures of the seedi or metabolic processes whleh ney be detested by 

slsetron microscopic studies* With further stsndsrdisstien, this nethed 

nay serve ss one of the methods for bioeseey of 3g-toxin.

ths studies on host apeeificity ef .%-toxin indicated thet it tea 

not s spscifls toxin. Rsl (1977b) reportsd thst Flssmopers riticols 

toxin mm non-speclfie • It wee noted thet 3g-toxin did not have effect 

on nslss, paddy sod grssn great pleats. Sefesulls (1976) rsperted thst 

S.greminlcols did not infect mslse in Indis. fis proposed thst nsise 

vsristies in India nsy bs resistent to this pethogen or the fsngM apse lee 

prerelent in ladle bslsngs to e differsnt psthogenle use. Ths results 

of ths present studiM suggested thst nslss snd pedoy wars quits re­

al a ten t to 8 g-toxin. Fran the non-epos if ie nature of the £g**texia, It 

csa bs considered thst ths spscIflclty ef B.grsnlnlsele in nsturs night 

bs dus to its nutritlonsl rsquirements. If e non-hoot plant could 

provide the natrlente required by ths fungM for its growth, than it nsy 

attack tha non-hoet plant alao. For example, xngi, blsckgrsn, tenets, 

wbeet, etc., could bs sttscksd by S.grsmlnlcols if its nutritlonsl rs- 

qulrassets are net. These etudlss revealed that the maehanlama of host- 

apecificity in sm s ef S.graminleois might bs bssed on the nntrltienel 

hypothssia, and these reeulte are of mnoh bieleglssl importance.

Safeeulla (1976) had euoceeefully grown S.granlnicola on ragl callus whleh
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was not a hoet for tha pathogen. Evan after removing tha eallua fro* 

meditrn, the ftingue survived for soae tiae lu the absence ef eallae ea tbe 

Medium.

The -toxin did not affect the growth of an? ef the nlcroarganlanc 

tested (Teble S). It suggeeted thet Sg-toxin wee greup epee if ie if not 

host-'Specific. It wae toxic to some planta end not et ell te nlcro-

organisms. firsan (1955) used Chloralle vulgar ie ee bioeeeey organism for 

ths activity of the Wildfire toxin and noted that toxin inhibited completely 

the growth of this al^a. ikawe at al.(196$>> suggeeted the ace af 

Chlerella ln mycotoxin snd phycotoxin rseesreh. awllivan and ikawa (1972) 

found wide variations in ths inhibition cf growth of four strains ef 

Chlerells pjrrenoidoaa snd a strain of Chlcrcllo vulgarla by eeme ef the 

nycetoxins.

The bsjra plants grown from seeds, soaked in Sg-toxin elmest mimicked 

the eynptoms of downy mildew dlseese. Thsse results indicated the 

peseible rale ef bg-toxin io ths eauaatlon ef meet ef the dewnjr alldew 

eymptome like ehlerosis, curling ef leevee end wilting ef the planta*

The inhibition ef eeed germination wae hO per cent in green houoc condition 

end 27 per cent ia laboratory condition when treated with 2 per oent toxin* 

The eymptome in toxin treated planta, appeared ln etegee which indicated 

the etep wiee action of <>g-toxin on bajre leevee* In flret etage 

ehloroaia wae Initiated end in eecond etege, it wee followed by yellowing
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and curling from tip towarda laaf baa* and at final *tagc the leavee 

wilted completely. All tbeaa result* clearly indicated that Sg~toxin 

affected the catabolic act iv it lea of the plant and these resulta were 

partially eupported by the hletoehenloel etudiee.

The hlstoehsaleal atudlea ef leavee revealed that during I stage 

of aynptene development there were no aignifleant changes in periodic 

aeid Schlff'a tsst pee itive greaulee In the eella of the epldemis end 

nesepbylls. But ths incrcsssd number of pclycecehsrlds grains vss 

noticed In bundle shssth cells (Piste k ). This inercsssd number cf 

polysccehcridc grsnulss in bundle shssth cells of lscves night he due 

to cither en 1 no reseed activity at the polysaccharide ayuthedsing 

enaynee or reduced activity of the enaynea whleh arc rccpanalblc for the 

Ineorperatlan ef the polyaaocharldea in to different cell eenpencnta. 

During 11 and H i a tag a, the polyaaeeharido granulea in bundle a heath 

colic wore leaaened end then completely diaappeared which indicated that 

pelycacaharldc grenulea were subsequently broken down aad ayntbcala cf 

polyaaeeharido alec night have been stepped. It haa been reported 

earlier that connonly starch aecunulatec in planta infected by ebligate 

paraaltee. Oenerelly, it accunulatee in granulea in ehlere-plaeta cf 

photosynthetie tlssuse (Akcl at aI., 1967) and in hoot eytcplaew in non- 

photoeynthetie tieauee (willisme at el., 1968). Hiroche end lakl (1966) 

reported thst etaroh deers aaad at Infection el tee ef meted hem leaves 

eoon efter infection, ire reseed eharply just before sporulation, end 

then deereeeed eharply efter eporuletlon. Meedonald sod dtrobel (1970)



reported that the s terch content of met infected vheet leevee doe recced 

fron 5 to 9 de/e* increased free 9 to 12 days to double thet ef health/ 

leevee* end doereeeed frca 12 to 15 de/e efter inoeuletion. Tansks cad 

Akei (I960) heve hypotheeised thet inorecced eterch eontent ia rice leevee 

Infected Kith Cochllobolua wljcboonuc (ito end Kurlbey) Diokeon we dee to 

e deerecce in beta-cnylaae eetivit/. Keen end tflllleme (1969) feund 

increased epeeifie ectivitioe of the otereh aynthcaialng ena/eee* UDP- 

glueoee pyrophoephor/lece end eteroh e/nthetece* daring eterch aecwralBtien 

ln cebbcge hypocot/le infected vith Placwodlophore brecelcee.

Tbe results of noth/1 green pyronin tect for DMA and *®A ahowed thet 

upto 11 etcge there vere no aigr. if leant ehangec in DMA end RNA content* 

but in 111 atage the nuclei cf Met of the cells dieappeered end else the 

p lac tide. Meet ef the ONA and RMA vae found degraded. Ibis indicated 

that the Sg-toxin affected polyeaec haridea in the beginning end cnl/ 

ouring the leter etegec tbe DMA end RMA vere degraded. It clarified the 

•ec he nice of eequcntial aynptem oaueetion ln the tojdn treated plsnte*

tbe raceltc ef teat fer pretein lndieeted thet during corlier etegec 

cf c/wptOM development tbe protein pertiolec bee cue lcea etainable end 

the ehepe elao beeeve dietortod* indicated tbe degradetion ef plaetid 

eeteriel* During II etage particlee becane etill cvallcr and com  ef 

the bundle ebeeth celle lost protein bodice completely. in 111 etage 

the pretein pceltive bodice found completely dieappeered* indieeting tbe 

auceeeeive degradation ef theee particlee due to tho toxin eetivit/(Plate $).
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All these results supported the findings of earlier experiments waereln 

ths stsgs wlss syraptovs vers notissd In ths toxin troeted pleats* nevia 

sod Wooden (1961) reported tha loss of Integrity of feller tlssaee 

prlvarlly in ths spongy paraaohjnsa soon efter exposure to eolletotin.

Luka at el.(1966) reported eeverel ohengaa In oat root eep tissues, first 

s dark stsining nstorisl appeared between tha plaaxa eaebrana sad ths 

soli vail, fo llo w e d  by partial aapsrstion of tha plaaas aavbrona froa ths 

coll vail, and disruption of the intarna 1 wonbrsno syetaea. Park at el. 

(1976) found that duo to A.klkuehlona toxin tha firat ohanga in ultra- 

structure wee invagination of plaaxa mm brans. Thsy report sd that tha

pis sets mabrsno was the alto of initial offoet of A.kukuchlana toxin.

In ease of gominating ooods no significant changes could bs observed 

due to 6g-toxin treataent. However, the possibility of dsse»a to ultra* 

a true tare a end at lever level eanjaot bo ruled out* Such onongoo if an/ 

■ay be da tooted by electron eiorosoopy.

Tbs expert* ente related to inactivation of Sg-toxin reveeled that 

driod Sg-toxin waa qulta a stable compound over sxtandad pariod of tlao* 

it can bo stored In dealocator or in refrigerator for 16 aonthe without 

laaa of Its activity* ksi (1977b) reported that toxin produood by 

Plesaopare vltlcola use quits stable* Unlikely* activity of h*eaydia 

toxin vos rsdusod by 50 par cant in 2k hr. at t5 C (Constock, 1971)*

Tha 3g-toxin was quits etsble to tsepersture slso* It was stable up to
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9i> C but inaetivetcd at higher teaperature. Similarly, ft.cocchari 

toxin waa atabia over extended period* of tine and beat, ap to 144 C 

(Steiner and “yther, 1971)* The pertial eeid hydrolyeie of Sg-teatin 

by 1 h HjSO  ̂ indicated that opeeure of toxin fcr 15 and 20 ain reduced 

it* activity and above 20 ain ite activity tea Seat ceapletely (Fig.$). 

Such leee in activity of *»g-toxin due to 1 M HjSO  ̂eight be dee to leee 

ef critical eager or aaino eeid reeiduee froa the pereat aolaoule re* 

euiting in leee of biologleel ectivity. Similarly, about $0 per eent 

leee in ectivity of toxic poiyaeocheride produced by Coryna beetoriun 

ccpcdontoua waa reported by Strobei (1967) when refluxed for 1 win ia 

O.S M HgSÔ . Theac reeuita suggeeted thet there ie no poeeibility ef 

ineetivetion ef Sg-toxin in hoet plant in netare either by teepereture, 

eoidity or etorage over long perioa of tiae.

The Sg-toxin wee iaaeaogenic and the antieerue with 1 t 1280 titer 

wee obtained againat tha toxLn. The Sg-crude toxin end ite freetione-I

- 11 f0" * 4 ol“ r b*nd* •* “ ” tU / th* h~ U(!"  

thet they were eerologieelly identjjii (Ctehterlony, 1958, end *ai and 

Strebel, 1969). ibe iaaunogenie neture of the toxin a.ght help in the 

detection of the dieecee in heet planta in an eerly etcge cf the dieeece 

and tha eethed ie quicker end eeeneaieel.

Purification etudiea af the Sg-toxin by following Sephedex 9-200 

coluan chroaatography revealed that it coneiated of two fraetienc (Fig .6)
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and fraction-I I me recovered ia wore proportion ($1 p«r osnt) than 

freetion-I (27 por cent). Tho estimated molecular welghto of both theee 

fraction* vara 2,73*200 and 61,630 respectively. Tba toxin produo ad by 

Ploowoporo vitloola vaa mado ap of only ono fraction having molecular

weight of tty,760 (Kai, 1977b).

Tha intrlnaic viacoaity of tho Sg-erude toxin mo 0.122 dooilitro/g 

ond that of fraotione-I and 11 waa 0.069 and O.Oirf daeilltre/g re»- 

pectively. i‘bo Intrinsic viscosity values inoraaoad with inoroaoing 

molecular walght of tha compounds (Table 5)*

Tho ĝ-crude toxin and ita tract ion-1 X had ph near neutrality, but 

fraction-1 had slightly acidic pH (6*70). The electrophoretic otudieo 

reveeled thet Sg-toxin waa cationio in nature.

The reoulta of recovery of anionio, oat ionic and neutral froctiono 

froa ion-exchenge ohrcmetography indicated thet on onlonie ond neutral 

fraotlono doainated in orudo toxin wheroeo in freetlone-I and 11 cationie 

freetion dominated. Thlo night be due to aore looo of auger and emgar 

aeld reaiduae during the proeooa of gel ehreaetegrephy* aoid hfdrolyala 

and lon«exohange chrometogrephy.

The onelyeoo of different fraotlono of Sg-crude toxin end ito 

fractiorio revealed thet they ore aoda up of ▼arloua eugore, ougar



•cldc (Tabla 6) and aalno adds (X*bl« 7). fbaea raaulta eaggeeted 

that c>g-cruda toxin and lta pur Iliad fraationa vara f lyoopaptida la 

aatura. diailarly, fiai (1977b) raportad that Flaaawra vlticola toxin 

«aa glyeopaptida in satura and aada up of augara, augar acida and 

aelda. Tha empirical foraulaa of Sg-cruda toxin aad fractioa-II vara 

ealculatad aa and raapaotlvaly.



SUMMARY



VI. SUMMARY

dejra planta (10 daya eld, 6-7 an tall) of H3-3 variety were 

Inoculated with aporangloaperea ef Soieroepcra gr—inicela. The eperangial 

inoculation method waa proved superior over ooapcre inoculation. The 

pathogen waa Maintained on bajra planta hy growing in alek aoil.

The toxic com pound waa ieolated froa powdered downy mildew infected 

bajra planta but swab toxic eaapound could not be isolated free healthy 

planta. The Sg-toxin waa preaent in iofeeted bajra planta in a very low 

quantity (0.1*95 par cent). The plant cuttinge of bajra and tone to were 

uaed for bioaaaay ef toxicity <*? Sg-toxin and tooato plant waa found to be 

■tore eeneitive than bajra plant. there waa an invaree ralaticnahip bet* 

ween toxin concentration and tine required far wilting upto 0.125 per eent 

level. The purified fraction-Ii of sg-toxin waa wore toxic than fraction*! 

and Sg-erude toxin. The dilution end point of toxicity of fraction-II 

waa 0.03 par cent whereas that cf fraction-I and SgHtrodo toxin waa 0.12 

per cent and 0.06 per cent reapectlvely.

The bg-toxin inhibited the gerainetion of eeeda in general, however, 

■ore oooapicuoua reeults ware recorded in eaae of bajra and ragi aaeda. 

a he gemination ef bajra and ragi aaeda waa inhibited by 27 per oent and 

12 per cent reapectlvely due to 2 per eent toxin treataent of aaeda. 1a



general, tha radiola length cf geminating eeedo wae inereaeed parti* 

eularly a/ bajre and ploaula langth waa daeroaeed is all tha eaeea except 

tiaii gran an* novaaa*

The haat apecifiolty otudieo revealed that <*g-toxin vac a non- 

apeoifie toxin however paddy* green gram and noise plant* vara not affeetad 

by tha Sg-toxin.

Bajra plant* grown from tha eaede eeeked in Sg-toxin ainiefcad all 

tha q ^ t o a  aa that af g.graajniaala cataapt demy gravth. tha dg-toada 

did not atfaat grovth cf any of tha aloroorgenisna and it aaggaatad that 

SgHaxin vaa graap apacifle if not boet-epeoifie toxin.

IlHVa vara no aignif leant aorphologieal ond hlotoohomlool obangoa in 

radicle* aolaoptila cr eabryo af toxin traatod and oontrol eeeda. Slgni- 

f loant hiateohemtoal ehangeo vora natad in laavaa ftpon tha planta grown 

imm aaada cooked In ̂ g-toxin. In tho I otogo af ayaptoma davolapaant 

polyeaocharide grain* in bundle ahaatb oella ware inaraaaad and tban 

eubeequently daaraaaad (faring II ataga and eoopletely diMppaarad in 111 

atage. ibe OKA and RNA oontonta vara not effected daring 1 etage hovever, 

at HI atage neat af the MA and RNA waa cocpletely degraded* flaring 

aubaaquopt atagea cf ayaptoa* development proto ina vara degraded and
Y/gte

plaatido found to be degraded.
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The &g-toxin was antigenie ia nature and the crude tax in and lie 

f rations-I and II were aerolo icell  ̂ related.

The 4>g-toxin was quite eteble compound end eould be etered in dried 

form in deeiceator or refrigerator for longer tine. It we beet reeiatent 

end wee eetive even ebon expoeed to 95 C for 10 ain. Tbe pertiel hydro- 

lysie of Sg-toxin in 1 & reduced lie biological activity.

it wee derk brown end exyeteline in nature. Tbe ĝ-toxin wee 

aeparated into two freeti one by Sephedcx (3-200 gel chromatography. Tbe 

fraction-II awe recovered in more percenter* than freetion-I froa column. 

The frsetion-I had aoleeular weight of 2,73*200 end the fraction-IIhed

61,630. Tbe intrineie viacoeity of the 3g-crude toxin wee 0.122 

dec iliter/g end thet of fractions-I end II wae 0.069 end O.Qltf decilitre/g 

reepectively.

Tbe Sg-crude toxin had pH of 6.98 end the fractione-I and II had 

pH of 6.70 and 6.90 respectively. The elcetrophoretic etudiee indioeted 

thet Sg-toxin wes oat ionic in nature.

Tbe eeid hydrolyaad i>g-crude toxin end its fractione-I end II were 

fractionated into aa anionic, cationic and neutral fractions. The 

Sg-erude toxin eeateined arabinoee, glucose and two unknown augers, and
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tho frsctiaos-I and 11 sootalnsd aroolnooo, gluoooo and out unknown 

sugar ln aacfa fraction. Tha Ŝ -cruda twin eontaiaad *J-galacturonio 

aold and throo unknown sugar-acids, whorooa fractions-1 aad 11 aontainad 

tbrsa and two unknown sugar aolda roopoctivoly. In all ĝ-orado toxin 

eontaiaad 24 aalno aclda and frootiono-1 and 11 eontolnod 21 ond 22 

onino aoldo roopootlvol/. Tho onpirlool formula* af Sg-crudo toxin ond 

ito purified fraction-II vere CgHĵ Ô li-tesPectiveV̂ -
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Balllo, A*, Caainori, C.O., âodaaao, a* and fcoaai, C., 1970,
Charaetarlaatlaa of by-producto of fuoleoceln In oultaro 
flltratoa of fwoiooooln aayatiall Ool* toporlnontlo,, 261 349*351*

Balllo, A., Caainori, C.O*, Froatottdino, M*, Jradolini, a*, Moniohini, F*, 
(tondaaao, 0. and Hoooi, C*, 1972, Th* otruoturo af ioofuoiooeein 
ond olofuoiooooin* ixparInantia*» 2d* 126-127*

Bollio* A., Chain, £*£*, da lao, P., grlangor, B.P*, Mauri, M* and
Toni to, A*, 1964, Puoiooocin* o now wilting toxin produo od bjr 
Paoloooola onjrgdall Dal. Matar*.(Loudon)*, 203* 297*

tiarnum, Q.C., 1924* Tha production of oubotonooo toxio to planto by 
Panioillium oxpanoun LINK. Phytopathology*. 14* 238*243*

Baaoott, C., Sherwood, R*T*, Kopler, J.A* ond Hamilton, P.B*, 1967* 
Produotlon ond biol«gleal activity of foraannooln, o toxio 
oooquitorpono notabolito of ?awo anaooua. Phytopathology., 
£7* 1046*1052.

bodnaroki, M.A., ochcffer, E*P. ond Iaowa, S ., 1977* Wfooto of toxin 
fron Molninthooporian aaydla f on roopirotlon ond ooooolatod 
cotivitloo in salsa tioauo* Phyaiol*Plant Path*. Ut 129*141*

HhuUor, B«s., Oaly, J*M* and Rohfald, &•«?*, 1975# Inhibition of dork CO. 
fixation ond photooynthooia in loaf dlaoo of corn auaooptiblo 
to tho hoot-opooifio toxin prodoood by Holainthooporiiw naydio, 
*oco T« Plant Pfayalol. , 561 1-7 .
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Butler, I.J., 1907* dotac dicoccco of ocrocic caused by dcloroopafft 
grsnlnlcola. Hew. Jcp.Agrl.lndic bot.*or.» 2* "

fcythsr, end Steiner* (J.W., 1971, Determining eye epot diccccc 
reaction cf eagerccnc ccodlings, using hoot-specific toxin. 
Phytopstbology, 61t 1320 (abst.J.

Byther* R«S* end Stsinsr, <3«W., 1972* Dec ef heleiathoeporoeide to select 
aucarcans eeedlinge reeiatent to eye epot dieeese. Phytepctholegy, 
62. fe6-*70.

Byther* a*9. cod Steiner* 3.M., 197k* Meet induced rocistcme to 
hclniathocporooidei fbesible neehenise of notion*
Prce.Aner .Plant Pethol«Soe.* It 3b (ebst.).



91

Chain, Manila, P.O. and Milborrow, »,f., 1971, Further investi-
gation of the toxic it/ af fusicocoiu. Physiol.Plsnt Path.,
It 495-514.

Chan, I.h. and Sacks too, V .I., 1973# hon-epecifiaity cf naeroaia inducing 
toxin of Solarotiaa batatioola, Ccn.J.Bot., 5i 690-691.

Collin#, R,r. and ooheffer, H.F., 1958, Reepiratory raapocaaa and cyatemie 
affaota in Kuaarium inf aotad tomato plant*• Phyt ope th elegy, 46t 
349-355. ----  '

Con*took, J.C., 1971# Some characteristics of the hoot-sclectivc toxin
fron belnlnthoaporlua mcydlo race T. phytops tho logy, 61* lOttishat.)

Comstock# J.C, and Martinaon, C.a . ,  1974, Chromatographic ootnparialon of 
Phy Hectic ta meydia snd Hsiminthosporium asydis race 1 toxins.

I.S00. , i» %  (cbsl^).

Comstock, J.C. and Ilartineon, ^U.# 1975# involvement of Hclmlnthosporlug 
aayaio rscs f toxin during colonisation of maise leaves. 
Phytopathology, (£t 616-619.

Comstock, J.C. snd Soheffer, K.P., 1970# The role of Holminthasperism
ssrbonam toxin ln corn leaf invasion. Phytopathology, bOi I286.

Comatook, J.C. and Schaffer# &.P.# 1972# Production and relstive hast* 
specificity of s toxin from aolmlnthosporlam moydlc rsse T.
Plant Dls.Rogtr. » j>6i 247-251.

Co m  took, J.C* snd Schaffer# it.p., 1973# hole of host selective toxin in 
eolenisstioK of oorn leavea by Haiminthoaporium carbonum. 
Phytopathology, 6gi 24-29*



Comstock, J.C*, Mertineon, 0.A, and ienganbaou, B.3., 1972, Charectar-
iatioa ef e hbat-apeeifie toxin produced by Phy lloot lota aaydla. 
Phytopathology* 621 1107 Ubet.).

Conetock, J.C*, Hartlnaon, C.A. and Creogenbaeh, B.Q., 1973* Hoat*
apeclfiolty of a toxin froe Phyilostlcta aaydla for Tome cyto- 
plaenioelly aele eterile woiso* foiytopatholoRy, 631 1357-1361.

^Vn/e-r, g-ri- Li^k.6JdCj P L )  WlOy ft iPt-ln from  N yrO /kc^  TPyt̂ Ĉ WQ
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