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Spore Cell Wall Componentsof Aspergillusniger Elicit
Downy Mildew DiseaseResistancdan Pearl Millet

C.K. Hindumathy' S. Shailasreé,K. Ramachandr&ini?
andH. ShekarShetty:

Elicitors derived from the cell wall of fungi areshavn to be active in eliciting resistancen
plantsagainstiwide rangeof pathogenslin the presenstudycarbohydrateomponentérom
the autoclaed sporecell wall of Aspegillus niger were preparedas aqueoussuspensions
andtestedfor defensaesponsen pearlmillet (Pennisetunglaucum(L.) R.Br.) againstthe
oomycetouslonny mildew pathogerSclenspoa graminicola(Sacc.)SchroetTheaqueous
suspensiomerived from the sporecell wall of A. niger wasusedasa seedsoaktreatmentt
concentrationsf 0.25,0.5,1.0,1.5and2.0mgml ! for time intenals of 3, 6, 9 and12 h.
Theconcentratiorof 0.5mgml  for a6 h soakingperiodoffered94%seedgerminatiorand
seedlingvigor index increasedo 1526. The seedgerminationandthe seedlingvigor were
signi cantly higherthanthe untreateccheck. Sporecell wall suspensiorasseedtreatment
ataconcentratiorof 0.5mgml ! requireda 3-daytime intenal to provide 67% protection
againstdowvny mildew. Histologicaland biochemicalstudieswere conductedto elucidate
the mechanismof defenseresponsein treatedseedlingsupon S. graminicola infection.
Resistancénost responsavas detectedn the form of lignin and callosedepositionin the
epidermalcell wall of pearlmillet seedlingswhich s the site of S.graminicolainfection. A
time coursestudyshaved rapid andlocalizeddepositionof lignin andcallosein epidermal
cell wall of carbohydratecomponents-treategearl millet seedlingcoleoptiles. Increased
levels of the defense-relate@nzymeperoxidasewere detectedin the treatedseedlings.
Peroxidaseactiity in elicitor-treatedsamplesreacheda peakat 8 h post-infection,which
was45% morethanin their respectre uninoculateccontrol. Characterizatiof peroxidase
isoformsby isoelectricfocusingrevealed16 differentisoforms,of which pl 6.8,7.2and8.7
increasedn elicitor-treatedsamplesuponS.graminicolainfection.

KEY WORDS:Aspepillus niger; downy mildew; inducedresistancepearimillet; sporecell
wall.

INTRODUCTION

Downy mildew diseaseof pearl millet (Pennisetunglaucum(L.) R.Br.), causedby
the oomycete biotrophic pathogenScleospora graminicola (Sacc.) Schroet.,is one of
the major disease®f pearlmillet. Thelossdueto this diseasén pearlmillet production
worldwide reache€0%,which accountdor alossof US $270million annually Owingto
theimportanceof this cerealcropin thetropicsandsemi-aridtropics,whereit is thestaple
food andfodder, effective controlstratejiesfor thediseasareohviously neededAlthough
managemenstratgies lik e resistanceéreedingand chemicalcontrol are practiced,they
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have their own limitations. Therefore,approachesik e inducing systemicresistanceare
being explored. The conceptof systemicacquiredresistancgSAR), initially restricted
to enhancedprotectionagainstplant pathogendy prior inoculationwith a necrotizing
agent(18), hasexpandedto includeresistancenducedby an array of biotic and abiotic
agentsor their products,referredto aselicitors or defenseactivators(28,30). The term
elicitor hasbeenusedfor moleculescapableof inducingthe productionof phytoaleins,
but it is now commonlyusedfor compoundsstimulatingary type of plant defense.The
broaderde nition of elicitors includesboth substance®f pathogenorigin (exogenous
elicitors)andcompoundseleasedrom plantsby the actionof the pathogern(endogenous
elicitors). Most elicitors fall into two broadcategories: race-speci celicitors or general
elicitors. Many of themare constitutvely presentin the fungal or bacterialor pathogen
cell wall as structuralcomponentse.g. glucanand chitin fragments,bacterial agellin
and polysaccharide$2,24), lipopolysaccharide$ PS), glycoproteins(9) andfatty acids
(6). Besidesproteinaceouglicitors, chemicalslike saligylic acid, acetyl-saliglic acid,
isonicotinicacid (3) and -amino-tutyric acid (BABA) (23) have beenshawn to induce
resistance.

Benhamouet al. (4) used oligandrin, the elicitin-like protein producedby the
mycoparasitd’ythiumoligandrum,to inducesystemicresistanceo Fusariumcrovn and
rootrot in tomato. Edrevaetal. (11)isolated -cryptogein,a proteinaceouslicitor from
thephytopathogenitungusPhytophthoa cryptagea anon-pathogenntobaccq32). This
elicitor inducedsystemicresistanceagainsta wide rangeof tobaccopathogengBotrytis
cinerea, Scleptinia scleiotiorum, RhizoctoniasolaniandErysiphecichoracearun).

Earlier studiesfrom our laboratory demonstratedSAR in susceptiblepearl millet
againstdowny mildew by usingboth biotic andabioticinducers(21,23). Biotic inducers
includeuseof sublethatoncentrationsf thedowny mildew pathogers.graminicola(63%
protection)andplant growth-promotingrhizobacteria72% protection). Abiotic inducers
includeBABA, offering 75% protectionagainstinfectionby S.graminicola(23).

Preliminarystudieswith cell wall component&xtractedfrom a wide variety of sapro-
phyticfungiindicatedthatthosefrom A. niger signi cantly enhancedeedyerminatiorand
vigor index in pearimillet seeds.

The presentstudy was undertalento determinethe ef cacy of cell wall components
of A. niger as inducersof resistanceagainstdowny mildew diseasein a susceptible
hybrid cultivar (85-95% diseaseincidence)of pearl millet. Increasedresistancehas
beencorrelatedwith defensereactionmarkerswhich include both biochemicalmarkers
like involvement/ induction of peroxidaseactiity andtheir isozymesand histochemical
markers,suchasthedepositionof lignin andcallose.

MATERIALS AND METHODS

Seedof pearlmillet cv. HB3, highly susceptibléo S.graminicola,wereobtainedrom
the ICAR-AIl India Co-ordinatedPearlMillet ImprovementProject,Mandor, Rajasthan,
India. A virulent pathotypeof downy mildew pathogers. graminicolaisolatedfrom and
maintainedon the samecultivar undergreenhouseonditionswasusedfor all inoculation
experiments.

Inducer Aspegillus niger, anascomycetous|lamentousfunguswasisolatedfrom dry
coconutkernels(Cocosnucifer). It wasculturedandmaintainedon potatodextroseagar
asstockculture. Theasexual fungalsporesobtainedrom 8-day-oldcultureswereusedfor
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isolationof cell wall carbohydrateomponent§CWCC)following the methodof Sharpet
al. (24).

ThefungusA. niger wasgrown on potatodextrosebrothin a ask onanorbital shaler
at 125rpm at 25 C in light for 8 days. The sporeswere collectedon Whatmanno. 1
Iter papersupportedn a Buchnerfunnelandwashedthoroughlywith distilled waterat
4 C andthenautoclaed,afterwhich the sporesverehomogenizedn 5 volumesof 0.5M
NaClusinga blender The collectedsporeswverefurtherhomogenizedn 5 volumesof 20
mM Tris buffer, pH 7.5, containing50 mM EDTA andsporecell wall wascollectedand
Itered usingWhatmamao. 1 Iter paper Thiswasrepeatedintil microscopicexamination
shaved ghostcells with no cellular contents. Next the cell wall was stirredfor 3 h at
4 C in Tris EDTA buffer at pH 7.5, washedwith 15 volumesof this buffer and then
with 10 volumesof sterile double-distilledwater followed by washingwith 5 volumes
of chloroform: methanol(3:1) to remove contaminatingproteinsand lipids. The spore
cell wall obtainedwasdialyzed(10 kDa cut-off) extensively against30 volumesof 0.5M
aceticacid, andthenlyophilized. Onegramlyophilized cell wall from sporesof A. niger
was suspendedh 100 ml of 2N tri uoroacetic acid (TFA), placedat 85 C for 2.5 h and
thenleft in anice bathovernight. ResidualTFA wasremoved by retroevaporationat 35—
40 C underreducedpressureand the resultantCWCC was usedto induceresistancen
pearlmillet againstdowny mildew.

Induction of resistance Pearlmillet seedswere soaled in various concentrationof

agqueoussuspensionsf CWCC (0.25,0.5,1.0,1.5and2.0 mg ml 1) preparedrom the

sporesfor inductionof resistance.Thetime intervals usedwere 3, 6, 9 and12 h. Seeds
treatedwith distilled watersenedascontrols.

Determination of seedlingvigor analysis The CWCC obtainedfrom A. niger was
appliedto seedgo studyits effecton germinatiorandseedlingvigor, usingthe papertowel
method(15). After treatmentswith differentconcentration®f cell wall componentsthe
seedswere placedon moist germinationpaperandmaintainedat 27 2 C. Seeddreated
with sterile distilled water for the sametime interval sened as controls. After 7 days,
germinationpercentag@andvigor index werecalculated1). Onehundredseedlingsvere
usedfor all treatment@andthe experimentsvererepeatedour times.

Inoculation of seedlingswith S.graminicola Two-day-oldpearlimillet seedlingsaised
from CWCC-treatedeedsalongwith theseedlingsaisedrom distilled watertreatedseeds
wereinoculatedwith 4 10* zoosporesnl ! of S.graminicolaby whorl inoculation(26).

Diseaseassessmentnder greenhouseconditions Inoculatedpearl millet seedlings
weretransplantedo earthermpotscontainingsoil, sandandmanure(1:1:1)andmaintained
undergreenhouseonditions. Plantswere obsened daily andthe progressiorof downy
mildew diseasewas recorded. Plantswere rated as diseasedvhenthey had ary of the
typical symptomsof downy mildew, viz.,chlorosis stuntedgrowth andsporulation At the
endof 30 daysdiseaséncidencewasrecordedasthe percenof plantsshaving symptoms
of downy mildew disease.Percentag@rotectionofferedby A. niger treatmentagainstS.
graminicolainfection was calculatedfor seedlingsraisedfrom CWCC-treatedseedsand
comparedvith the control (seedlingsaisedfrom watertreatedseeds).

Optimization of time required for induction of resistance In this experiment,seeds
treatedwith 0.5mgml * A. niger elicitor for 6 h weresovn in pots lled with autoclared
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soil, sandandmanure(1:1:1). Theemeging seedlingsvereinoculatedwith the zoospore
suspensiorof S. graminicola (4 10* zoosporesnl ) following the whorl inoculation
procedurewith atime gapof 1, 2, 3, 4, and5 daysof emegencein four setsof 100 plants
pertreatment.The plantsfrom the above experimentsveremaintainedundergreenhouse
conditionsanddowny mildew diseaséncidencewasrecordedasdescribeckarlier

Histopathol@ical and BiochemicalStudies

Harvesting of samples Seedlingsraisedfrom seedstreatedwith elicitor and distilled
waterwereinoculated2 daysafter treatmentand harestedat 0, 2, 4, 6, 8, 12and24 h
post-inoculatior(hpi). For histologicalstudiesthe peelingswvereprocessedb studylignin
andcallosedeposition.Inoculatedanduninoculatedseedlingf the elicitor-treatmentand
thedistilled watertreatmentvereharestedat the sametime intervalsandstoredat—35 C
until subsequenisefor biochemicaktudies.

Staining for lignin  Peelingswere placedin 2% phloroglucinolin 95% ethanolfor 2 h
(25). Thesamplesverethenplacedin adropof 35%HCI onaslideandheatecbveralow
ame until the veinsturnedreddish-purpleTheligni ed cellswereobsenedwith aWild
Leitz Diaplan513594 microscopgLeitz, Wetzlar Germary) andmonitoredfor intensity
of coloration.

Staining for callosedeposition Epidermalpeelingsvereplacedn 0.005%watersoluble
anilinebluein 0.15M di-potassiumhydrogenphosphatépH 8.2) for 1 h andmountedin
glycerol (16). Microscopicstudieswere carriedout with a Wild Leitz epi uorescence
microscopg513594)with a photoautomaattachmentandusinga UV lter block (350—
410nm)for uorescence.

Micr oscopy For eachof the experiments,peelingsfrom ten seedlingswere obsened
over 20 microscopicelds, eachof 12.5mm?, atamagni cationof 500 and1250 . The
experimentwasrepeated ve timeswith two replicatesof ten seedlingger treatment.A
four-pointscalewasusedfor objectve assessmeinff ligni cation andcallosedepositiorby
catgyorizingthemasfollows: 0, no deposition;+, low deposition;++, mediumdeposition;
and+++, high depositionbasedn theintensityof color and uorescencerespectiely.
Changesin the peroxidaseenzymeactiity were estimatedin CWCC-treatedand
control pearl millet seedlingsuninoculatedor inoculatedwith downy mildew pathogen
usingspectrophotometricyative PAGE andisoelectrofocusingechniques.

Proteinextraction InoculatedanduninoculatedCWCC-treateé@ndcheck(steriledouble
distilled watertreated)seedlingswere collectedafter intervals of 0, 2, 4, 6, 8 and 10

h. Seedlingsvere homogenizedt 4 Cin 2 ml of 0.2 M Tris HCI buffer, pH 8.0. The
homogenatevas Itered throughcheeseloth andthe Itrate wascentrifugedat 12,0009

for 15min. Thesupernatanvasdialyzedagainsdistilledwaterfor 48hat4 C,lyophilized
andstored. Proteincontentwas estimatedoy the dye binding method(7) usingstandard
bovine serumalbumin (Sigma).

Spectrophotometric analysis Peroxidasenzymeassaywascarriedout asdescribedy
HammerschmidandNuckles(14). The reactionmixture (3 ml) consistedof 0.25%(v/v)
guaiacolin 10 mM potassiumphosphatebuffer (pH 6.9) containing10 mM hydrogen
peroxide. Addition of 5 | of crude enzymeextract initiated the reaction,which was
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measuredspectrophotometricallat 470 nm (Hitachi U 2000, Tokyo, Japan). One unit
of peroxidaseenzymeactiity is de ned astheincreasen absorbanceecordedatoneOD
valueof A470 min 1. Peroxidasactiity is expressedn termsof thechangen A47o min *
mg ! protein.
Isoform analysis of peroxidaseusing isoelectric focusing (IEF) IEF was performed
onal.5mm,7.5%polyacrylamidegel containing2% ampholyte(pH 3-10, Sigma)using
a Multiphor 1l (LKB) systemaccordingto the manufcturers protocol. The pl markers
(Sigma) ranging from pl 3.6 to 9.3 were co-electrophoresetb estimatethe pl of the
proteins. Forty g of proteinwasloadedat the centerof the horizontalgel maintained
at2 C.IEFwasperformedat2 C for 3 h by astepwisdncreasen voltage:200,400,600,
and800V for 30 min eachand1000V for 1 h. After electrophoresighe gel wasstained
for peroxidasectvity following theproceduref Schrauwerf22). Theperoxidasectiity
in gel wasstainedusingbenzidine.Benzidine(100 mg) wasdissolhedin 500 | ethanol.
This solutionwasmadeup to 10 ml with 0.05M sodiumacetatebuffer, pH 5. The solution
was ltered throughcottonto remove ary undissohed residueof benzidine. To this, 500
| of H,O, (30%, Merck Co., DarmstadtGermaly) wasadded. The peroxidaseactivity
in the gelswas stainedwith this solution. The clear dark bandsindicative of peroxidase
isoformsappearedn thegels. TheresultsweredocumentedisinglmageAnalysisSystem
(Vilber Lourmat,France).Thepl of the peroxidasésoformswascalculatedusingthe same
system.

Statistical analysis In the histological studies,all experimentsfor statisticalanalyses
were repeated ve times, maintaining two replicatesof ten seedlingsper treatment.
Regressionanalysiswasusedto calculatethe time requiredfor depositionof calloseand
lignin in 50% of the cells of the testseedlings. Meansof the percentagef cells with
calloseandlignin depositionsvere calculatedandsigni cant differencesvere compared
by calculatingstandarderrors. The chi-squaretestwas appliedfor quantitatve analysis.
Data from independenexperimentswere analyzedfor greenhouseanalysis. The data
from eachexperimentwere subjectedo arcsinetransformatiorand analysisof variance.
The signi cance of effect of treatmentavasdeterminedby the magnitudeof the F value
(P=0.05). Treatmenimeanswvereseparatethy Tukey's HSD test.

RESULTS

Seedgermination and seedlingvigor analysis Seedswere treatedwith an agqueous
suspensiomf A. niger CWCC at increasingconcentration®f 0.25,0.5,1.0,1.5and2.0
mg ml ! for a periodof 3, 6, 9 and 12 h andanalyzedfor seedgerminationpercentage
andseedlingvigor index after 7 days. Seeddreatedwith steriledistilled watersened as
control. Treatmentwith 0.5 mgml ! of CWCC for a durationof 6 h did not affect the
seedgerminationpercentagand seedlingvigor relative to the control: it evenimproved
germinationto 94% (Fig. 1a)andvigor index to 1526 (Fig. 1b), in comparisorwith the
control— with 70% germinationanda vigor index of 1373at this time interval. However,
a lower concentratiorof CWCC did not enhanceseedgerminationor seedlingvigor and
higher concentration®f CWCC signi cantly reducedgerminationpercentageand vigor
index comparedwith the control; hence,a concentratiorof 0.5 mg ml * was usedfor
protectionstudies.

76 C.K. Hindumathyetal.



Fig. 1. Effect of seedtreatmentwith differentconcentrationef CWCC from sporesof Aspegillus
niger on germinationpercentagda) andvigor index (b) of pearlmillet cv. HB3 at differenttime
intervals (3, 6, 9, 12 h). Datawere recorded7 days after treatment;resultsare basedon four
experimentawith 100seedlingpertreatmenper experiment.For eachconcentrationmeanswith a
commonletterdo not differ signi cantly accordingto Tukey's HSD test(P=0.005).

Diseaseassessmentinder greenhouseconditions The elicitor treatmentfor a period
of 6 h did not affect germinationpercentor seedlingvigor, andhencethistime periodwas
usedfor diseasassessmestudies Differentconcentrationsf A. niger CWCCasaqueous
suspensioat0.25,0.5,1.0,1.5and2.0mgml ! wereappliedto seeddor aperiodof 6 h,
andseedlingsvereinoculatedwith S.graminicolaafter 2 daysof seedireatment.Various
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Fig. 2. Effect of seedtreatmentof pearl millet cv. HB 3 for 6 h with different concentrations
of CWCC from sporesof Aspegillus niger on dowvny mildew diseasencidence(DMDI) dueto
inoculationwith Sclepspor graminicola, and percentprotection(P), comparedwith unprotected
control. Inoculationswere performedil, 2, 3, 4 and5 daysafter treatment.Datawererecorded30
daysafterinoculationwith 4 10* zoosporesf S.graminicola; resultsarebasecbnfour experiments
with 100 plantspertreatmeniper experiment.For eachconcentrationmeanswvith a commonletter
do notdiffer signi cantly accordingto Tukey's HSD test(P=0.005).

levels of protectionover the controlwereobtained. CWCC at concentration®f 0.25and
0.5mgml ! offered44.7%and67.7%protection,respectiely (Fig. 2). The percentage
of protectiondecreasewith increaseof concentratiorof CWCC,viz.,1 mgml * afforded
54.1%protection,1.5mgml ! afforded51% protection,and2 mgml ! afforded46.8%
protection. Control plantssuffered 96% downy mildew diseasancidence(DMDI). Since
maximumprotectionwasobsenedat0.5mgml ! of A. niger CWCC,furtherexperiments
werecarriedout usingthis concentratioronly.

Optimum time required for induction of resistance The A. niger CWCCwhengiven
as seedtreatmentoffered differentdegreesof protectionagainstdowvny mildew, ranging
from 54%to 67%,dependingn thetime elapsingbetweertheinducingtreatmentandthe
inoculation(Fig. 3). A time gapof 1 dayafter CWCCtreatmenprovided54% protection,
whichincreasedo 60%in the caseof 2 days. Maximum protectionof 67% wasobsened
for a time gap of 3 days, and did not increasefurther for 4- and 5-day time intervals.
Thereforea 3-daytime gapwasrequiredfor building up elicitor-inducedresistancen the
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Fig. 3. Effect of time gap betweenCWCC treatmentfrom sporesof Aspegillus niger (0.5 mg
ml 1) andwhorl inoculationwith Sclepspora graminicolaon dowvny mildew diseaséncidencein
pearimillet. Barsindicate S.E.Columnsmarkedwith acommonletterdo not differ signi cantly
accordingo Tukey's HSD test(P=0.005).

hostsystemto combatS. graminicolainfection effectively. Studiesof lignin, calloseand
peroxidasewere carriedout with the samplesharnestedat the 3-day time gap between
elicitor treatmentand S. graminicolainoculation,asthis time interval offered maximum
protection.

Histological studies

Ligni cation and callosedeposition wereexaminedin epidermabpeelingsof coleoptile
from pearlmillet seedlinggreatedwith A. niger CWCCat0.5mgml ! or distilled water
for 6 h andinoculated2 daysafter the treatment. Thesetwo responsesvere assessetly
differential staining and regressionanalysis. At the early stagesof infection (0.5 hpi),
ligni cation and depositionof callosewere insigni cant both in the test samplesand
control,but theresponsegicreasedvith time.

In the caseof CWCC-treatednoculatedseedlingswherever S.graminicolaattempted
infection, the plant cells shaved lignin and callosedeposition. In treatedseedlingss0%
of the cells shawved lignin and callosedepositionby 4 h. Maximum ligni cation (Fig.
4B) anddepositionof callose(Fig. 4D) occurredat 8 hpi and persisteduntil the end of
the experimentat 24 hpi. A delayedand wealer responseof defensewas obsened in
uninoculatedseedlingswith respecto lignin (Fig. 4A) andcallose(Fig. 4C). Only 20% of
thecellsshavedligni cation (Fig. 5A) andcallosedeposition(Fig. 5B) by 24 hpi.
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Fig. 4. Epidermalpeelingsof CWCC-treategpearImillet samplesuninoculatedA) andinoculated
(B) with Sclepspoa graminicola stainedwith phloroglucinal-HCI, indicating lignin deposition.
Callosedepositionis revealedwith anilinebluein CWCC-treategearlmillet uninoculatedsamples
(C) andthoseinoculatedwith S.graminicola(D). Bar=1 m; arravsindicatelignin in thecell wall
andcallosedepositionn the cell wall andpapillarregion.

Peroxidaseactivity analysisand electrophoresis Peroxidasectiity wasestimatedn
inoculatedand uninoculatedreatedand control seedlings. The peroxidasepro le at 0,
2,4, 6, 8, 12 and 24 hpi is depictedin Figure6. In the seedlingsraisedfrom A. niger
elicitor-treatedseeds,a higher level of peroxidaseactvity (27 units) was seenat the
time of inoculationcomparedwith its distilled watertreatedcontrol (11 units) at 8 hpi.
Thus,protectedseedlingshoveda 45%increasdn enzymeactiity at 8 h afterchallenge
inoculationover the control. Theincreasedenzymeactivity wasmaintaineduntil 24 hpi.
In distilled watertreatedseedlingsperoxidasectiity did notincreasesigni cantly upon
inoculation(Fig. 6).

Isoelectric focusing The sampleswere subjectedto IEF and the peroxidaseisoforms
were detectedby actwity staining. Of the 16 isoformsvisualized,few of thosewith pl
valuesof 8.8,8.7,8.2,7.2,6.8,5.9,5.1and4.6 wereconstitutively presentHowever, seven
differentisoformswith pl valuesof 9.8,9.6,8.7,7.5,7.0,4.2and3.3wereobsenedin the
seedlinggaisedfrom A. niger CWCC-treatedeedsOf thesetheisoformscorresponding
topl 8.7,7.5and7.0wereprominentin theseseedlinggFig. 7).
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Fig. 5. Degreeof depositionof lignin (A) andcallose(B) in the coleoptiletissuesof CWCC-and
distilled watertreatedpearimillet samplesnoculatedwith Sclepspora graminicola. Vertical bars
indicate S.E.
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Fig. 6. Peroxidasespecic actvity in CWCC-treatedpearl millet seedlingsas a responseto
inoculation with Sclepspor graminicola Data are meansof three independentexperiments.
The samplesare CWCC-treateduninoculated(TreatedUl), CWCC-treatednoculated(Treatedl),
distilled watertreateduninoculated(Control Ul) and distilled watertreatedinoculated(Control I)
pearimillet seedlingsBarsindicate SE.

DISCUSSION

Thediscovery thatseveralnon-pathogenimycoparasitidungi anduseof microomgan-
ismssuchasbacteria(5) couldsensitizenostplantsto respondnorerapidly andef ciently
to pathogen®penednener researchavenuesin the eld of microbial-mediatednduced
resistance.The commondecreasén susceptibilityto the pathogerhasbeeninterpreted
asinductionof resistancdo S. graminicolain the presentstudy by the applicationof A.
niger CWCC.Active defensa@esponsetaketheform of ahypersensitiereactioninvolving
localizedhostcell deathatthesiteof infectionaccompanietdy inductionof defense-related
markers leadingto completeresistance.Iln mary instancegheselocal eventscan bring
aboutSAR againstiaterinfection by a variety of pathogengo which the plantsnormally
would besusceptible.

The currentstudy hasdemonstratedhat bio-elicitors suchas CWCC from A. niger
effectively inducedresistancen pearlmillet againstdowny mildew diseaseundergreen-
houseconditions.Pre-treatmenf seedsvith 0.5mgml * of CWCCsigni cantly reduced
downy mildew diseasén pearlmillet by providing 67%protection.A hnumberof chemicals
(e.g. BABA), biotic compoundgPGPR)andmicroomanismgsublethalconcentratiorof
S.graminicold have beenreportedrom thislaboratoryto induceresistancagainsdowny
mildew diseasen pearl millet (21,23). However, there hasbeenno reportof induced
resistancexgainstdowny mildew by usinga sporecell wall elicitor from fungus. Reports
ontheuseof elicitorsfrom fungi includea proteinaceouslicitor, oligandrin,from Pythium
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Fig. 7. Isoelectricfocusing of extractsof pearl millet seedlingsfollowed by direct detectionof
peroxidasdsoformson the gel. 25 g of samplewasloaded. Lane1, 0 h; lane 2, 2 hpi (hours
post-inoculation)lane3, 6 hpi; lane4, 8 hpi; lane5, 10 hpi; lane6, 24 hpi.

oligandrum(4); PaNie (a novel proteinelicitor) from Pythiumaphanidermatuninducing
multiple defenseresponsesn carrot, arabidopsisand tobacco(32); -cryptogeinfrom
Phytophthoa cryptogea(11); andcell wall proteinfractionsfrom P. oligandruminducing
defense@esponsei sugarbeetandwheat(29).

It was obsered that A. niger CWCC as an inducer activated defenseresponseo
S. graminicolain pearl millet undercontrolled ervironmentalconditionsin the studies
of control of downy mildew diseasencidence The systemicnatureof resistancevas
demonstratedy applicationof the inducerto the seedsand assessmenf resistance
throughoutthe pearl millet plantsuponwhorl inoculation. Resistancelevelopmentwas
correlatedwith anincreasdn theaccumulatiorof peroxidasdsoforms,anddepositionof
lignin andcallose.

Peroxidasea pathogenesis-relatqatotein, is alsoinducedasa responsdo pathogen
attackin the host plant; it is groupedunderfamily 9 of pathogenesis-relategroteins.
Peroxidaseisoforms are reportedto participatein defenseresponsereactionsand to
offer resistanceagainstviruses,bacteriaand fungi in host plants. In the presentstudy
a signi cant increasein peroxidaseactvity was obsened in elicitor samplesupon S.

Phytopaasitica34:1,2006 83



graminicolainfection. Dong et al. (10) reportedan increasedevel of peroxidaseand
lignin whenkilled Penicillium wasusedto elicit defensen cotton.

Peroxidaseareinvolvedin oxidationof phenoliccompoundsnto toxic quinonesand
they arereportedto have an importantfunction in secondarycell wall biosynthesishy
polymerizinghydroxyandmethoxycinnamicalcoholinto lignin, forming rigid cross-links
betweencellulose,pectin, hydroxyproline-richglycoproteinsand lignin (13). At 8 hpi,
maximumlevel of ligni cation occurredin A. niger CWCC-treatedsamples,ndicating
that lignin hasa role in imparting resistancgo downy mildew diseasein pearl millet.
Stadnik and Buchenauer(27) hypothesizedthat the presenceof phenolic compounds
during the processof ligni cation resultsin cell strengthening. Furthermore lignin is
known to be potentiallytoxic to the pathogenandadwerselypreventsthe pathogerentry.
Callosea -1,3-glucampolysaccharidds a productof a highly localizeddefenseeaction
which is depositedn wound plugsand papillae. It providesa mechanicabarrierat the
sites of pathogenentry to restrict growth and spreadof the pathogenand is therefore
involved in host defense. In the presentstudy callosedepositionwas obsened more
prominentlyin the cell wall andpapillaein elicitor-treatedsamplesasa defenseesponse
to S. graminicolainfection. It was reportedthat depositionof callosein the soybean—
Phytophthoa sojaesystemhelpedto prevent the formation of haustoria(12). The role
of cell wall ligni cation and callosedepositionenrichedin proteinsand auto uorescing
phenoliccompound$asbeernreportedn FrenchbeanagainsiXanthomonasampestri¢8)
andin barley againsBlumeriagraminis(17). Becauséhecoleoptilessene asanessential
path for S. graminicolato spreadsystemicallyto uppertissues,a rapid and localized
increaseof lignin andcallosein this regionis supposedo contrituteto resistance.

IEF characterizatiomf total peroxidaseactivity revealedthe presencef 16 isoforms,
amongthemisoformsof pl 6.8,7.2and8.7, which werespeci cally obsenedin elicitor-
treatedsamplesupon S. graminicolainfection. A similar increasen peroxidaseactivity
andin theappearancef twoto veisoformswasobsenedin cottonbollsinoculatedwith
Rhizoctonissolani(19).

Even thoughthe presentstudy indicatesthat the CWCC of A. niger act as elicitors
for induction of resistancdn pearl millet againstdowny mildew, the exact mechanism
is not cleat However, the elicitors are known to act directly as a ligand or to release
plant compoundswhich interactwith receptorsand/ or form membranegyoresor bilayer
discontinuitieghatelicit defensaesponsef20). Thereforejn the presenstudyduringthe
6-h soakingtreatmenthe seedcoatof pearlmillet may rupture,providing an opportunity
for the CWCCto comein contactwith the cell walls of internaltissuesof the germinating
embryos,therebyinducing a defenseresponse.Currently the detailsof the peroxidase
isoformsinducedupon pathogenattack facilitating host defenseresponseemainto be
de ned. Thisinformationon peroxidasésoformsandthe mechanisniby whichthe CWCC
act as an elicitor for induction of resistancewill greatly facilitate our understandingf
how plantsperceve and transduceoreign signalsassociatedvith defenseresponseso
microbial pathogens.

Furtherstudiesare being directedtoward the puri cation and characterizatiorof the
active component$rom the crudeCWCCelicitor.
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