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Alternaria alternataToxin Detectionby Fluorescence
Derivatization and Separationby High Performance
Liquid Chromatography

R. MohanBahu, A. Sajeena,K. SeetharamanpP. Rangasamy
E.G.EbenezerandP. Vidhyasekaran

An improved high performancdiquid chromatographi¢HPLC) methodwasdevelopedfor
the detectionandquantitationof host-speci cAA-toxin producedby Alternaria alternata, a
waterhyacinthpathogenPrecolumrderivatizationof thetoxin with o-phthalaldelgde (OPA)
plus mercaptoethanafielded highly uorescentproductsshoving well resohed peakson
reverse-phasélPLC. The minimum amountsof AA-toxins detectabley this methodwere
approximatelyl ng. This methodseemso offer advantagesover cornventionaltechniques,
becauseprechromatographiderivatization of the toxin with OPA is rapid and easy and
uorescent derivatives permit excellent detectionsensitvity. Toxin productionin culture
ltrates andspore-germinatediids of the pathogenwereanalyzedyuantitatvely usingthis
procedure.
KEY WORDS:Host-speci ctoxin; Alternaria alternatg waterhyacinth; AA-toxin; uores-
cencederivatization.

INTRODUCTION

Alternaria alternata a leaf blight pathogenon water hyacinthis known to produce
host-speci ctoxins (1,4,17). The toxins arelow-molecularweight metabolitesof diverse
structuresandtheir participationin establishmemf plantdiseasés oneof themostclearly
understoodnechanismsf host-selectie pathogenesiér). For thepathologicakvaluation
of the toxins, simpleandrapid proceduregor the quantitatve determinatiorof the toxins
have beensoughtin orderto determinetoxins in germinating uids, culture ltrates of
the pathogen,diseasedhost tissues,and other materials. Recentapplicationof high
performancdiquid chromatograph (HPLC) hasmadeextensie progressn the analysis
of host-speci c toxins (HSTs) (11). Maleic anhydride was emplg/ed as a reversible
deriatizingreagenfor aminogroupsin the toxinsfor HPLC analysis becausehe native
toxinslack signi cant absorbancat wavelengthsabove 210nm (18). This HPLC system
could detect0.5 to 10 nmol of the toxins. The detectionlimit was, however, not low
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enoughfor the direct detectionand quanti cation of the toxins in germinating uids of
the pathogenanddiseasedhosttissues.

We have developedanimproved HPLC methodfor detectionandquantitationof AA-
toxinsemploying precolumnuorescence-deviatization.For theHPLC analysisof thetox-
ins, prechromatographiderivatizationwith o-phthalaldekide (OPA) plusmercaptoethanol
(6) wereused. Thesereagentdhave beenemployed for the separatiorand quanti cation
of aminoacidsor polyamines(3,6). This methodis far more sensitve than maleylation
andthe UV detectionof thetoxins,andthe derivatizationprocedurevasrapid andeasyto
perform.Applicationof this techniquefor quantitationof thetoxinsin culture ltrates and
sporegerminationuids of thepathogenss reportechere.

MATERIALS AND METHODS

Water hyacinth (Eichhornia crassipegMart.) Solms)infectedwith Alternaria alter-
nata aleafblight pathogenwasusedfor bioassayinghytotoxicity. Theplantsweregrown
in agreenhouse.

Isolation of pathogen Diseasedeaves of water hyacinth were collectedfrom natural
infestationsin India (mainly Tamil Nadu and Kerala) during 1999 and 2000. Diseased
plantswereair-dried immediatelyafter collection. The samplesvere surface-sterilizedn
96%ethanolv/v) for 30 secfollowedby anotheiB0secin 96%ethanobeforebeingplaced
directly onto Richards medium(20 ml) in plastic petri dishes(90 mm diam)which were
sealedwith Para Im (AmericanNationalCanCo., GreenwichCT, USA) andincubatecht
25 C.Thestockcultureof theisolatewasstoredat3 C onRichardsagarslopedor further
studies.

Preparation of spores TheAlternariaalternataisolatewasinoculatedon Richards agar
in petri dishes(90 mm diam) andincubatedat 25 C in the dark for 2 weeks. The dishes
werethen ooded with 10 ml distilled water and the sporeswere collectedby brushing
the surfacewith a small paintbrush. In addition,the isolatewasgrown in still culturein
Richardssolution(200ml in a500ml bottle)for 3weeksat25 Cin thedark. Themycelial
matwasremovedfrom the mediumandwashedn runningwater;it wasthenincubatedn
amoistchamberfor 48 h at 20 C in the dark,andthe sporesvhich formedon the surface
of the matwerecollectedby placingthe matin waterandstirring with a paintbrush. All
sporesuspensionaere ltered throughsix layersof cheeseclotho remove mycelialdebris,
washedhreetimeswith distilled water andcentrifugedat 600 g for 5 min. The spore
concentratiorin thesuspensionwasadjustedo5 10 sporesnl  with distilled watet

Preparation of sporegermination uids Drops(30 ) of sporesuspensiomwereplaced

on the lower surface of water hyacinthleaves on a spongemat in a moist chamberand

incubatedat 25 C in the darkfor variousperiodsof time. After germination,sporulation
rateswere determinedby light microscopy; the sporesuspensionsvere collectedwith a

pipetteandcentrifugedat 100rpmfor 5 min to remove thesporesThecell-freesupernants
wereusedassporegermination uids.

Fungi and toxin puri cation  For toxin production theisolateswerecultivatedat 25 C
in still culture on a Richards medium containingyeastextract (0.1%). AA-toxin was
puried from culture Itrates accordingto a previously reportedmethod(2,17). The
pathogerwas culturedby shaking(120 rpm) with the samemediumdescribedabore for
thekinetic studyof toxin production.
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Extraction, uor escencederivatization and HPLC Culture ltrates of the pathogen
were mixed with threevolumesof acetonitrileand centrifugedat 13,000rpm for 3 min.
The supernatantsere subjectedo derivatization. For analysisof the sporegermination
uids, the latter were ltered througha Millipore Iter (0.45 m) to remove spores.and
the Itrates werethenuseddirectly for derivatization. Derivatizationwith OPA reagent
andHPLC analysisweremodi ed from the methodsof JonesandGilligan (6). The OPA
reagenwaspreparedy dissolving50 mg of OPA (Wako PureChemicallndustries L td.,
OsakaJapanjn 1.25ml of methanolandadding50 | of 2-mercaptoethandgWako) and
11.2ml of 0.1 M sodiumboratebuffer (pH 9.5). The toxin sample(10 1) was mixed
with reagent5 1) andincubatedat roomtemperaturdor 1 min; 25 | of 0.1 M sodium
acetatebuffer (pH 7.0) wasaddedto the mixture beforeinjection ontothe HPLC column.
HPLC analysisof the derivativeswas performedusinga Hitachi HPLC systemequipped
with a F-1050 uorescencespectrophotometgt -6000 pump,L-5000LC controller and
D-2500chromato-intgrator The sample(1to 5 [) wasinjectedand chromatographed
on a Waters Bondaspher€18 column(3.9 150 mm) with a Waters BondapakC18
GuardPak (The WatersCorporation,Milford, MA, USA) usingmethanol/0.IM sodium
dihydrogenphosphatbuffer (pH 3.3) (70:30,v/v) ata ow rateof 0.8 ml min . The
excitationandemissiorwavelengthavere335nm and440nm, respectiely.

Assayfor toxin activity Thetoxin actiity of solutionswasdeterminedn aleafnecrosis
assay(14,15). The lower surfacesof leaveswerewoundedby gently pressingthe center
with a pipette; a drop of solution (30 ) was placedon the woundedsite. The leaves
wereincubatedon a spongematin a moistchamberat 25 C for 48 h in the dark. After

incubation the symptomsappearingaroundwoundedsiteswererecorded.

RESULTS

The chromatogranobtainedfrom the OPA-derivatives of the standardAA-toxins is
shawvn in Figurel. Two well-resoled peaksmay be seenat theretentiontimesof 5.7 min
(AA-toxin I) and12.6min (11).

TABLE 1. Toxicity of host-speci cAA toxin to leavesof waterhyacinth

Toxin concentration Necrosisontheleaves
(gm )

50 +++
30 +++
15 +++
5.0 ++
25 +
1.0 +
0.5 +
0.25 -
Water -

Toxin solutionswereappliedasdropletson woundedsites;25 leaveswereeachinoculatedwith - ve droplets(30

| each)andincubatedn aspongematin amoistchambeiat25 C for 48 hin thedark.

Toxicity wasevaluatedas symptomscovering 51-100%of the leaf (+++), 25-50%o0f the leaf (++), 25% of
theleaf (+), or nosymptomg-).
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Fig. 1. HPLC chromatogranof OPA derivativesof authenticAA-toxins | andll. HPLC wascarried
outusinga Bondaspher€18(3.9x 150mm)columnwith a BondapakC18GuardPak, methanol
/0.1M NaH PO (pH 3.3)(70:30,v/v) solventsystemanda o w rateof 0.8 ml min

Fig. 2. Standardcurvesfor amount(ng) of OPA derivatives of AA-toxins. HPLC conditionsas

describedn Fig. 1. The correlationcof cients for the curvesare 0.975 (AA-toxin 1) and0.971
(AA-toxin 11).

Standarccurvesfor the quantitatve analysisof AA-toxin | andll weremadeby OPA

deriatizationof aknown amountof thetoxin (Fig. 2). Thedetectiorlimit wasontheorder
of 1 ng.
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Fig. 3. HPLC chromatogranof culture ltrate of the waterhyacinthpathogenlternaria alternata
Culture Itrate washarestedafter 12 daysof cultureandsubjectedo HPLC analysisasdescribed
in Fig. 1.

The baselineseparatiorof the two toxins producedin the culturesby the pathogen
was achieved with this method (Fig. 3). This analytical techniquedid not require
ary prechromatographipuri cation of the sample, such as extraction with solvents,
concentratiorand columnpuri cation. The kinetics of the toxin productionin a shaking
liquid cultureby thepathogeris presenteih Figure4. Duringthe rst 8 daysof incubation,
only a slight amountof toxin was detectedn the cultures. However, the amountof the
toxinsincreasedapidly after 12 daysof incubationandreached310 gml (l) and147

gml (I) at20days.Thetoxin concentrationf theculture Itrates werecon rmed by
bioassay$or necrosis-inducingctiitiesonsusceptibléeaves(Tablel). Thetoxin fraction
wasdilutedwith distilled water Thedilutedsamplesveretoxic atatoxin concentratiorof
05 gml .At0.25 gml therewasno visible effectonwaterhyacinthleaves.
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Fig. 4. Kinetics of AA-toxins productionin shakingliquid culture by the waterhyacinthpathogen
Alternaria alternata Culture ltrates of the pathogenwere subjectedto OPA deriatizationand
analyzedoy HPLC. Eachvaluerepresentthe averageof threeexperimentsS.D.=29.6 3.0.

DISCUSSION

Two well-resohed peakswere seenat the retentiontimesof 5.7 and12.6 min on the
chromatogranof the OPA-derivatives. The OPA-derivativeswere unstable(12) but gave
a high peakheight. Therefore the OPA derivatizationwasemplo/edin later experiments.
The standarcturve indicatedthat a linear relationshipexists betweernthe peakheightand
the amountof AA-toxin | andll in the concentratiorrangeused. For the quantitatve
detectionof AA-toxins, ananalysisby HPLC usingprecolumnderivatizationwith maleic
anhydride wasreported(18,19). However, more sensitve techniqueshave beenrequired
for the analysisof minute amountsof the toxins within several materials,becausehe
detectionrangeof that methodwas0.5to 10 nmol (0.25t0 5 g). Prechromatographic
deriatizationwith OPA followed by HPLC and uorometric detectionseemedo offer
adwantageover maleylation and UV detection,becauséOPA derivatizationis rapid and
easyand uorescentderivativesenableexcellentdetectionsensitvity.

AA-toxin productionwasakundantin the shakingculturescomparedvith thatin still
cultures.However, someAlternariaHSTs,e.g. AM- andAK-toxins, couldnotbe detected
in shakingliquid cultures.Thereasorfor this differences not known, but shakingculture
seemsto be a good sourcefor the massproductionof AA-toxins. Toxin production
by germinatingsporesis requiredif the toxin plays a role in the initial pathogenesis
(8,11,14,16).The productionof the toxins during sporegerminationis alsoa signi cant
point, becausesuchtoxins seemto play animportantrole in hostrecognitionat the site
of initial contactof the germinatingsporesandhostsurface. Hayashiet al. (5) usedthe
term ‘releasedoxin' to denotea toxin releasedby germinatingspores. HV-toxin (20),
HC-toxin (20) andmary AlternariaHSTs(10,13,16have beenreportedo be examplesof
releasedoxins. However, AA-toxins productionduring sporegerminatiorof the pathogen
hasnot beenreported. Therefore,the presenceof AA-toxin in sporegermination uids
wasquanti ed by the HPLC technique. Theamountof AA-toxin persporewasestimated
at0.25pgat24h afterincubationof thevirulentspores Thisamountis almostonthe same
orderasthatof AK- andACT-toxins produceddy germinatingsporef the Japanespear
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or Tangeringpathotypeof A. alternata(5,8,14).AA-toxins releasedy germinatingspores
appeato beimportantfor the successfuéstablishmendf the pathogerin waterhyacinth.

Traditionally a bioassaybasedon toxic actiities on susceptiblgplantshasbeenused
for thedetectiorandquanti cationof HSTs.However, theseconventionalproceduresvere
sometimesinsatisctorywith respecto rapidity, selectvity andmanipulation(9). Recent
applicationof HPLC hasmadegreatprogressn the analysisof HSTs,andthis hasbeen
reportedfor several HSTsincluding AA-toxin (5,9,16). In thesecasesthe detectionof
separateoxins depend®on its UV absorption.However, the analyticaltechniqueof AA-
toxin usingprechromatographiderivatizationand uorometric detectionreportedhereis
apparentlysuperiorto othertechniqueshecausef its high sensitvity andselectvity, rapid
andsimple procedurefor derivatization,andfastseparatioron columns. This technique
will mostlikely contrituteto pathologicalandecologicalstudiessuchasdeterminatiorof
toxin distribution in diseaseghlants,and eld surweys of toxin-producingiungi.
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