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Alternaria alternataToxin Detectionby Fluorescence
Derivatization and Separationby High Performance

Liquid Chromatography
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An improvedhigh performanceliquid chromatographic(HPLC) methodwasdevelopedfor
thedetectionandquantitationof host-speci�cAA-toxin producedby Alternaria alternata, a
waterhyacinthpathogen.Precolumnderivatizationof thetoxin with o-phthalaldehyde(OPA)
plus mercaptoethanolyieldedhighly �uorescentproductsshowing well resolved peakson
reverse-phaseHPLC. The minimumamountsof AA-toxins detectableby this methodwere
approximately1 ng. This methodseemsto offer advantagesover conventionaltechniques,
becauseprechromatographicderivatizationof the toxin with OPA is rapid and easy, and
�uorescent derivatives permit excellent detectionsensitivity. Toxin productionin culture
�ltrates andspore-germinated�uids of thepathogenwereanalyzedquantitatively usingthis
procedure.
KEY WORDS:Host-speci�ctoxin; Alternariaalternata; waterhyacinth;AA-toxin; �uores-
cencederivatization.

INTRODUCTION

Alternaria alternata, a leaf blight pathogenon water hyacinth is known to produce
host-speci�ctoxins (1,4,17). The toxinsarelow-molecular-weightmetabolitesof diverse
structures,andtheirparticipationin establishmentof plantdiseaseis oneof themostclearly
understoodmechanismsof host-selectivepathogenesis(7). For thepathologicalevaluation
of thetoxins,simpleandrapidproceduresfor thequantitative determinationof thetoxins
have beensoughtin order to determinetoxins in germinating�uids, culture �ltrates of
the pathogen,diseasedhost tissues,and other materials. Recentapplicationof high
performanceliquid chromatography (HPLC) hasmadeextensive progressin the analysis
of host-speci�c toxins (HSTs) (11). Maleic anhydride was employed as a reversible
derivatizingreagentfor aminogroupsin thetoxinsfor HPLC analysis,becausethenative
toxins lack signi�cant absorbanceat 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
thepathogen,anddiseasedhosttissues.

We have developedan improvedHPLC methodfor detectionandquantitationof AA-
toxinsemployingprecolumn�uorescence-derivatization.For theHPLCanalysisof thetox-
ins,prechromatographicderivatizationwith o-phthalaldehyde(OPA) plusmercaptoethanol
(6) wereused. Thesereagentshave beenemployed for the separationandquanti�cation
of aminoacidsor polyamines(3,6). This methodis far moresensitive thanmaleylation
andtheUV detectionof thetoxins,andthederivatizationprocedurewasrapidandeasyto
perform.Applicationof this techniquefor quantitationof thetoxinsin culture�ltrates and
sporegermination�uids of thepathogensis reportedhere.

MATERIALS AND METHODS

Waterhyacinth(Eichhornia crassipes(Mart.) Solms)infectedwith Alternaria alter-
nata, aleafblight pathogen,wasusedfor bioassayingphytotoxicity. Theplantsweregrown
in agreenhouse.

Isolation of pathogen Diseasedleaves of water hyacinth were collectedfrom natural
infestationsin India (mainly Tamil Nadu and Kerala)during 1999 and 2000. Diseased
plantswereair-dried immediatelyaftercollection. Thesamplesweresurface-sterilizedin
96%ethanol(v/v) for 30secfollowedby another30secin 96%ethanolbeforebeingplaced
directly ontoRichard's medium(20 ml) in plasticpetri dishes(90 mm diam)which were
sealedwith Para�lm (AmericanNationalCanCo.,Greenwich,CT, USA) andincubatedat
25� C.Thestockcultureof theisolatewasstoredat3 � C onRichard'sagarslopesfor further
studies.

Preparation of spores TheAlternariaalternataisolatewasinoculatedonRichard'sagar
in petri dishes(90 mm diam) andincubatedat 25� C in thedark for 2 weeks.Thedishes
were then �ooded with 10 ml distilled waterand the sporeswerecollectedby brushing
thesurfacewith a small paintbrush. In addition,the isolatewasgrown in still culturein
Richard'ssolution(200ml in a500ml bottle)for 3 weeksat25� C in thedark.Themycelial
matwasremovedfrom themediumandwashedin runningwater;it wasthenincubatedin
a moistchamberfor 48 h at 20� C in thedark,andthesporeswhich formedon thesurface
of thematwerecollectedby placingthemat in waterandstirring with a paintbrush.All
sporesuspensionswere�ltered throughsix layersof cheeseclothto removemycelialdebris,
washedthreetimeswith distilled water, andcentrifugedat 600 � g for 5 min. Thespore
concentrationin thesuspensionswasadjustedto 5 � 10

�

sporesml �

�

with distilledwater.

Preparation of sporegermination �uids Drops(30 � l) of sporesuspensionwereplaced
on the lower surfaceof waterhyacinth leaveson a spongemat in a moist chamberand
incubatedat 25� C in thedark for variousperiodsof time. After germination,sporulation
ratesweredeterminedby light microscopy; the sporesuspensionswerecollectedwith a
pipetteandcentrifugedat100rpmfor 5 min to removethespores.Thecell-freesupernants
wereusedassporegermination�uids.

Fungi and toxin puri�cation For toxin production,theisolateswerecultivatedat 25� C
in still culture on a Richard's mediumcontainingyeastextract (0.1%). AA-toxin was
puri�ed from culture �ltrates accordingto a previously reportedmethod(2,17). The
pathogenwasculturedby shaking(120 rpm) with the samemediumdescribedabove for
thekinetic studyof toxin production.
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Extraction, �uor escencederivatization and HPLC Culture �ltrates of the pathogen
weremixed with threevolumesof acetonitrileandcentrifugedat 13,000rpm for 3 min.
The supernatantsweresubjectedto derivatization. For analysisof the sporegermination
�uids, the latter were�ltered througha Millipore �lter (0.45 � m) to remove spores,and
the �ltrates were thenuseddirectly for derivatization. Derivatizationwith OPA reagent
andHPLC analysisweremodi�ed from themethodsof JonesandGilligan(6). TheOPA
reagentwaspreparedby dissolving50 mg of OPA (Wako PureChemicalIndustries,Ltd.,
Osaka,Japan)in 1.25ml of methanolandadding50 � l of 2-mercaptoethanol(Wako) and
11.2 ml of 0.1 M sodiumboratebuffer (pH 9.5). The toxin sample(10 � l) was mixed
with reagent(5 � l) andincubatedat roomtemperaturefor 1 min; 25 � l of 0.1 M sodium
acetatebuffer (pH 7.0)wasaddedto themixturebeforeinjectionontotheHPLC column.
HPLC analysisof the derivativeswasperformedusinga Hitachi HPLC systemequipped
with a F-1050�uorescencespectrophotometer, L-6000 pump,L-5000LC controller, and
D-2500chromato-integrator. The sample(1 to 5 � l) was injectedandchromatographed
on a Waters� BondasphereC18 column(3.9 � 150 mm) with a Waters� BondapakC18
GuardPak (The WatersCorporation,Milford, MA, USA) usingmethanol/0.1M sodium
dihydrogenphosphatebuffer (pH 3.3) (70:30, v/v) at a �o w rate of 0.8 ml min �

�

. The
excitationandemissionwavelengthswere335nmand440nm,respectively.

Assayfor toxin activity Thetoxin activity of solutionswasdeterminedin a leafnecrosis
assay(14,15). The lower surfacesof leaveswerewoundedby gently pressingthe center
with a pipette; a drop of solution (30 � l) was placedon the woundedsite. The leaves
wereincubatedon a spongemat in a moist chamberat 25� C for 48 h in the dark. After
incubation,thesymptomsappearingaroundwoundedsiteswererecorded.

RESULTS

The chromatogramobtainedfrom the OPA-derivatives of the standardAA-toxins is
shown in Figure1. Two well-resolvedpeaksmaybeseenat theretentiontimesof 5.7min
(AA-toxin I) and12.6min (II).

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

Toxin concentration
( � g ml �

�

)
Necrosison theleaves�

50 +++
30 +++
15 +++
5.0 ++
2.5 +
1.0 +
0.5 +
0.25 -
Water -

�

Toxin solutionswereappliedasdropletsonwoundedsites;25 leaveswereeachinoculatedwith � vedroplets(30
� l each)andincubatedonaspongematin amoistchamberat25� C for 48h in thedark.

� Toxicity wasevaluatedassymptomscovering51–100%of the leaf (+++), 25–50%of the leaf (++), � 25%of
theleaf (+), or nosymptoms(-).
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Fig. 1. HPLC chromatogramof OPA derivativesof authenticAA-toxins I andII. HPLC wascarried
outusinga � BondasphereC18(3.9x 150mm)columnwith a � BondapakC18GuardPak,methanol
/ 0.1M NaH	 PO� (pH 3.3)(70:30,v/v) solventsystem,anda �o w rateof 0.8ml min �

�

Fig. 2. Standardcurves for amount(ng) of OPA derivatives of AA-toxins. HPLC conditionsas
describedin Fig. 1. The correlationcof�cients for the curves are 0.975(AA-toxin I) and 0.971
(AA-toxin II).

Standardcurvesfor thequantitative analysisof AA-toxin I andII weremadeby OPA
derivatizationof aknown amountof thetoxin (Fig. 2). Thedetectionlimit wasontheorder
of 1 ng.
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Fig. 3. HPLC chromatogramof culture�ltrate of thewaterhyacinthpathogenAlternaria alternata.
Culture�ltrate washarvestedafter12 daysof cultureandsubjectedto HPLC analysisasdescribed
in Fig. 1.

The baselineseparationof the two toxins producedin the culturesby the pathogen
was achieved with this method (Fig. 3). This analytical techniquedid not require
any prechromatographicpuri�cation of the sample,such as extraction with solvents,
concentrationandcolumnpuri�cation. The kineticsof the toxin productionin a shaking
liquid cultureby thepathogenispresentedin Figure4. Duringthe�rst 8daysof incubation,
only a slight amountof toxin wasdetectedin the cultures. However, the amountof the
toxins increasedrapidly after12 daysof incubationandreached310 � g ml �

�

(I) and147
� g ml �

�

(II) at20days.Thetoxin concentrationsin theculture�ltrates werecon�rmed by
bioassaysfor necrosis-inducingactivitiesonsusceptibleleaves(Table1). Thetoxin fraction
wasdilutedwith distilledwater. Thedilutedsamplesweretoxic ata toxin concentrationof
0.5 � g ml �

�

. At 0.25 � g ml �

�

therewasnovisibleeffectonwaterhyacinthleaves.
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Fig. 4. Kineticsof AA-toxins productionin shakingliquid cultureby the waterhyacinthpathogen
Alternaria alternata. Culture �ltrates of the pathogenwere subjectedto OPA derivatizationand
analyzedby HPLC.Eachvaluerepresentstheaverageof threeexperiments;S.D.=29.6� 3.0.

DISCUSSION

Two well-resolved peakswereseenat the retentiontimesof 5.7 and12.6min on the
chromatogramof the OPA-derivatives. The OPA-derivativeswereunstable(12) but gave
a high peakheight.Therefore,theOPA derivatizationwasemployedin laterexperiments.
Thestandardcurve indicatedthata linear relationshipexistsbetweenthepeakheightand
the amountof AA-toxin I and II in the concentrationrangeused. For the quantitative
detectionof AA-toxins, ananalysisby HPLC usingprecolumnderivatizationwith maleic
anhydride wasreported(18,19). However, moresensitive techniqueshave beenrequired
for the analysisof minute amountsof the toxins within several materials,becausethe
detectionrangeof that methodwas0.5 to 10 nmol (0.25 to 5 � g). Prechromatographic
derivatizationwith OPA followed by HPLC and �uorometric detectionseemedto offer
advantagesover maleylation andUV detection,becauseOPA derivatizationis rapid and
easy, and�uorescentderivativesenableexcellentdetectionsensitivity.

AA-toxin productionwasabundantin theshakingculturescomparedwith that in still
cultures.However, someAlternariaHSTs,e.g. AM- andAK-toxins, couldnotbedetected
in shakingliquid cultures.Thereasonfor this differenceis 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 an importantrole in host recognitionat the site
of initial contactof the germinatingsporesandhostsurface. Hayashiet al. (5) usedthe
term `releasedtoxin' to denotea toxin releasedby germinatingspores. HV-toxin (20),
HC-toxin(20)andmany AlternariaHSTs(10,13,16)havebeenreportedto beexamplesof
releasedtoxins.However, AA-toxins productionduringsporegerminationof thepathogen
hasnot beenreported. Therefore,the presenceof AA-toxin in sporegermination�uids
wasquanti�ed by theHPLC technique.Theamountof AA-toxin persporewasestimated
at0.25pgat24h afterincubationof thevirulentspores.Thisamountis almostonthesame
orderasthatof AK- andACT-toxinsproducedby germinatingsporesof theJapanesepear
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or Tangerinepathotypeof A. alternata(5,8,14).AA-toxins releasedby germinatingspores
appearto beimportantfor thesuccessfulestablishmentof thepathogenin waterhyacinth.

Traditionally, a bioassaybasedon toxic activities on susceptibleplantshasbeenused
for thedetectionandquanti�cationof HSTs.However, theseconventionalprocedureswere
sometimesunsatisfactorywith respectto rapidity, selectivity andmanipulation(9). Recent
applicationof HPLC hasmadegreatprogressin the analysisof HSTs,andthis hasbeen
reportedfor several HSTs including AA-toxin (5,9,16). In thesecases,the detectionof
separatetoxinsdependson its UV absorption.However, theanalyticaltechniqueof AA-
toxin usingprechromatographicderivatizationand�uorometric detectionreportedhereis
apparentlysuperiorto othertechniques,becauseof its highsensitivity andselectivity, rapid
andsimpleprocedurefor derivatization,andfastseparationon columns. This technique
will mostlikely contributeto pathologicalandecologicalstudiessuchasdeterminationof
toxin distribution in diseasedplants,and�eld surveysof toxin-producingfungi.
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