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SU,MMARY 

A rapid, fully reversible, and highly reproducible procedure for separation and 
quantitative detection of disease-determining phytotoxic metabolites of Altermria 

alternata f. sp. lycopersici as their maleyl amide derivatives by reversed-phase high- 
performance Liquid chromatography is dcscribcd. Maleyl-derivatized to_xin, prepared 
by reaction with maleic anhydride, with an absorbance maximum at 250 mn, was 
detected for 0.5-10 nmoles following chromatography on a C,, bonded-phase 
column using binary gradient systems. Toxin samples, maleylated at pH 9.2 and then 
demaleyiated at pH X0, showed no detectable loss of biological activity after the 
cbromatographic separation. Quantification of the procedure was based on a trinitro- 
phenol-aspartic acid standard. The procedure is currently being used to study kinetics 
of toxin production in culture and qualitative detection of phytotoxin in diseased host 
tissue. 

INTRCDUCTLON 

The fungal pathogen, Alternaria altertzata f. sp. [vcoperski has been shown to 
cause a stem canker disease on tomato’. Two fractions have been isolated from celi- 
free culture filtrates of the fungus which are phytotoxic and reproduce the macro- 
scopic disease symptoms only on pathogen-susceptible tomatoes in concentrations Iess 
than IO ngmt Such toxins are termed “host-selective” and are of interest as primary 
determinants of disease_ One of these fractions (TA), characterized by high-resolu- 
tion mass spectrometry (HRMS) and nuclear magnetic resonance (NMR), is reported 
to consist of two esters (at C-13 and C-14j of propane-1,2,3-tricarboxylic acid and l- 
amino-l 1, I %bmethylheptadeca-2,4,5,13,14pentol ‘_ Preliminary evidence indicates 
that the second fraction (TB) aiso consists of two components with the same carbon 
skeleton as TA but which lack the C-5 hydroxyl and dXer in stereochemistry at one 
or more of the chiral centers from C-11 to C-W- 

Precise definition of the role of these host-selective toxins as the molecular basis 
of disease stress requires a quantitative procedure to detect the phytotoxic com- 
ponents in culture filtrates of the pathogen and diseased tomato tissue with concom- 
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itant recovery of biological activity. Preparation of a toxin chromophore is required 
because of the lack of significant absorbance by the native to.xins at wavelengths 
above 210 nm_ 

1Maleic anhydride has been used for reversible modification of amino groups in 
proteins and peptides for enzymatic degradation, binding studies, aid to increase 
peptide solubilitv35. This report describes the use of maleic anhydride as a fully - 
reversible derivatizing reagent for aliphatic amines, and for quantitative detection of 
the aforementioned phytotoxins- 

EXPERIMESTXL 

The liquid chromatography system consisted of a Varian (Palo Alto, CA, 
U.S.A.) iMode! 5060 liquid chromatograph with ternary solvent delivery coupled to a 
V&o air-actuated injection valve fitted with a IO-$ sample loop. Column eflluent 
was passed through a Varian UV-50 variable-wavelength detector with a 7.9~CL1 flow 
cell, connected to a Varian Model 9176 strip chart recorder. A Micro Pak IMCH-IO 
coIumn (30 cm x 4 mm I-D.), consisring of a monomeric Cl8 bonded onto 10-m 
silica gel, with ra. 6000 theoretical plates was used for the reversed-phase separations. 
A guard column with disposable cartridges packed with the same material as the 
anal-y&al column was installed between the injection valve and the analytical 
column_ 

Reagents and sohents 
All reagents were analytical reagent grade. Maleic anhydride was recrystallized 

twice from chloroform before use. -Methanol was purchased from Burdick &Jackson 
Labs. (Muskegon, IMI, U.S.A.) and had a UV cut.-off of 203 nm. Water was obtained 
from a lMillipore (Bedford, IMA, U.S.A_) lclilli Q water pu&cation system. The 
mobile-phase buffer was 0.05 ,\f potassium phosphate adjusted to pH 3.5 or 2.7 with 
0.1 :1-i HCI by measurement with a pH meter, and filtered through a Gelman (Ann 
Arbor, MI, U.S.A.) 0.2~,um filter ‘before use_ All mobiie-phase solvents were degassed 
before use. 

Toxin purification 
Phytotoxins were isolated as previously described’*’ from cell-free culture Gl- 

trates of A. alternaria f. sp. [scopersici by treatment with barium acetate to a final 
concentration of O-4 _ti, centrifugation, butanol extraction of the supematant, ex- 
change into water and concentration on a rotovap at 37X, followed by gel perme- 
ation chromatography on polyacryla-mide Biogel P-2 (Bio-Rad Labs, Richmond, CA, 
U.S.A.), which partialIy separates TA and TB. TA- and TB-rich fractions were de- 
tected by separation on anaIytical thin-layer chromatography (TLC) piates, 0.25 mm 
silica gel without gypsum (Sybron/Brinkmann, Westbury, NY, USA_) developed in 
ethyl acetate-glacial acetic acid-water (6:3:1), and subsequently sprayed with nin- 
hydrin6_ !&r&preparative TLC with the same solvent system was used to purify TA 
and TB, which were located on the plates by spraying with water, extracted from the 
sil%a gei with butan@& exchanged back into water on the rotovap with separation 
confirmed by additional TLC and then used as HPLC standards. Equivalent prepa- 
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rations were characterized by NMR and HRMS as mixtures of the two isomers of IA 
and TB respectively’. Biological activity (gene-seIective phytotoxin activity) of both 
TA and TB was confirmed by bioassay on excised tomato leaves as previously de- 
scribed’. Toxin concentration was quantified on the basis of pmoles/ml of amino 
group by reaction with trinitrobenzenesulfonic acid (TNBS), measurement of absorp- 
tion at 340 mn. and comparison with a standard curve prepared with trinitrophenol 
(TNP)-aspartic acid’. 

Solutions containing 0.1-2 ,umole/ml of toxin were treated with maleic anhy- 
dride by a method similar to that .used for chemical modification of amino acids in 
proteins and peptides3*4 A 1 ici solution ofmaleic anhydride in dioxane was prepared 
immediately before use. and lo-$ aliquots were added to a solution containing toxin 
in 0.1 iti sodium carbonate. pH 5.2, at room temperature_ The progress of the reaction 
was monitored by loss of ninhydrin positive reaction through spot testing on a silica 
gel TLC plate6. The pH was maintained above 9.0 by dropwise addition of 0.1 JJ 
sodium hydroxide, and was more than 90% complete in less than 5 min. Altema- 
tively, maleic anhydride crystals were added slowly over a period of 5 min to a solu- 
tion containing toxin buffered at pH 9.2 with 0.1 &l sodium carbonate. At least a 10: 1 
molar excess of maleic anhydride to toxin was used in both cases to ensure complete 
derivatization. The maleylation reaction is specific for amino groups under the con- 
ditions used, and more extensive treatment with maleic anhydride is required for 
maleylation of hydroxyl groups’**. Before HPLC analysis, the maleylation mixtures 
were adjusted to pH 6-7 by addition of hydrochloric acid or dilution with the mobile- 
phase buffer. HPLC analysis confirmed that derivatized TA, TB, or a mixture of the 
two were stable for at least a month at pH 6-7 when stored at 4°C. 

HPLC analysis 
HPLC analysis was performed at 24-26°C and the detector wavelength was 

250 nm. The molar extinction coefficient for the maleylamino group has been re- 
ported to be 3360 at 230 nm5. Fractions for bioassay or rechromatography were 
collected directly from the detector flowceIl exit line-in correspondence with the 
detector response. The methanol was removed by evaporation under a stream of 
gaseous nitrogen, and the maIey1 groups removed by incubation of an aqueous solu- 
tion of maleylated toxin at pH 3.0-3.5 for 20-24 h at 37°C. Demaleylation also was 
achieved by incubation of maleylated toxin for 20-24 h at 37°C in the methanoI- 
phosphate buffer mixture in which the peaks elured from the column. The half-life for 
maleylated amines has been reported3 to be 11 h at 37°C at pH 3.5. 

RESULTS AND DISCUSSION 

The choice of derivatizing reagent to permit efficient detection of the toxins was 
limited hecause of the need to study the biological activity of the phytotoxins after 
HPLC separation. The following were considered essential requirements: mild reac- 
tion conditions during derivatization with respect to temperature and pH in order to 
prevent cleavage of the ester bond in the toxin molecules; relatively inexpensive 
mobiI&phase solvents which could easily be removed or which would not interfere 
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Fig. 1. HPLC sepzuxtion of phytoto.Uc fnctions TA and TB isolated from A. alrernufa f_ sp. ~~opersici- 
Conditions: mobile phase, (A) methanol-O-05 &i potassium phosphate buffer (pH 3.5) (6&M) isocratic, (B) 
_gadienr (10 min) from 60:40 to 70:30 methanol-O.05 _W potassium phosphate buffer pH 3.5; now-rate 2 
ml:min: UV detection at 250 nm. 0.05 a.u.f_s.; sample size 10 ~1. S nmole of toxin injected. 
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Fig. 2. Stamhrd curves for amount (nmoks) of TA or TF3 maleylatcd and injected YS_ peak height (mea- 
sured peak height x attenuation factor). HPLC conditions axre those described in Fig. 1 B. The correla- 
tion coeEEcients for the curves are 0.999 (TA) and 0.993 (TB}. 
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Fig. 3. HPLC of phytotosins isolated from R. okrnar~ f. sp. lycopersici, showing separation of TA and 
TB into their components. (A) Conditions: mobile phhase, 60-n&1 _mdient from 5050 to 70~30 methanol- 
porassium phosphate bufTer (pH 3.5); flow-rate, 0.5 ml/min; UV detection at 250 nm. 0.05 a.u.f.s.: sample 
size 10 _ul. Conditions for (9) were identical to those for (A), except that the potassium phosphate was 
buffered at pH 7 -.7. The sample was identical in both cases and contained 12 nmoie of toxin. The small peak 
etuting after the TB peaks is a contaminant often found in the fungai extracts. 

with biological assays; the ability to remove non-destructively the derivatizing soup 
from the toxin molecules before biologica assay. Maleic anhydride as a derivatizing 
reagent met all of these criteria since elevated temperatures were not required, the 
reaction took place in aqueous solution, and high pH was maintained for only a very 
short time_ Excess maleic acid and dioxane in the reaction mixture eluted close to the 
solvent peak and did not interfere with chromatography of the phytotoxins, To.xin 
samples which were maleylated at pH 9.2 and then demaleylated at pH 3.0 as de- 
scribed above showed no detectable Ioss in biological activiry. 

Due to the presence of three carboxytic acid groups on the maleylateci toxin 
molecules, ion suppression HPLC was achieved by including O-05 M phosphate buffer 
with a pH of 37-3.5 in the mobiIe phase. The net charge on the maleylated totin 
molecules under these conditions would be close to zero, for maximal selectivity in the 
reversed-phase mode during chromatography. 

Baseline separation of maieylated TA and TB was achieved using an isocratic 
solvent system with 60 O? methanol-phosphate buffer (pH 3.5) as the mobile phase 
and a tiow-rate of 2 mi/min (Fig. f A). Zn contrast, Fig. 1 B shows the effect on peak 



E72 D. J. SILER. D. G. GILCHRIST 

1 
I 2 3 4 5 6 

NANO.WOl_ES 

Fig 4. Standard curves for amount (rooks) of TA or TB maIeyfated and injected vs. peak height 
(measured peak height x attenuation factor)_ HPLC conditions were those described in Fig. 3A. The 
correlation coefficients for the curves are 0.999 (TX) and 0.999 0-B). 

sharpening of a 60r40 to 70:30 (10 min) gradient of methanol-phosphate buffer (pH 
3.5) with flow-rate of 2 mi/min. 

Standard curves (Fig. 2) for quantitative analysis of the toxins were prepared 
by maleylation of known amounts of TA and TB, which were then analyzed by 
HPLC separately and together under the conditions described for Fig. IB. Indis- 
tinguishable retention times and peak heights for TA and for TB were obtained when 
the toxins were maleylated and analyzed together or separately. These results show 
that both the recorder response! and the maleylation reaction are linear within the 
I&nits of amounts of tosin used. The toxins were quantified on the basis of nanomoles 
of amino groups by reactions with TNBS as described in methods. 

MaIeyIated TA and TB were further resolved into two components each with a 
60-ruin gradient from 5050 to 70:30 methanol-potassium phosphate buffer, (pH 3.5) 
and a flow-rate of OS ml/mm (Fig. 3A). Standard curves for this system at pH 3.5 
were prepared as described above except that the sum of the peak heights of the two 
components of IA and TB, respectively, were plotted against the amount of TA or 
TB malcyIated and injected (Fig. 4). The efiect of the pH of the mobile-phase buffer 
on maleylated toxin separation was investigated by lowering the pH of the phosphate 
buffer to 2.7, A better resolution of the four toxin components with this solvent sys- 
tem was achieved at pH 2-7 (Fig. 3B). The ratio of components of TA and TB was 
constant at both pH 2.7 and 3.5 for a given sample, but varied in different ftmgal ex- 
tmcts. The peak areas for each of the toxin components were identical when the same 
sampIe was chromatographed at pH 2-7 or 3-S (caIc-dated aa peak height times width 
at half height) although peak heights varied. Standard curves prepared with the pH 
2.7 system were also linear_ 

The identities of the peaks corresponding to TA and TB for both gradient 
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systems were confirmed by spiking extracts with purified TA and TB as well as by 
collection of the HPLC eluate fractions corresponding to the TA and TB peaks from 
several HPLC runs, de-maleylation of the toxin as described above, concentration. 
and TLC analysis. In all cases the HPLC analysis indicated that the tolrin peaks 
initially ascribed to TA and TB were duplicated with spiking and rechromatography 
by HPLC. The TLC R, values of the demaIeylated to.xins agreed with those for 
authentic TA and TB (0.32 and 0.44, respectiveiy), and no other ninhydrin positive 
compounds were detected. Following demaleylation, bioIogica1 activity was detected 
in fractions corresponding to TA and TB. The relative standard deviations were 
typically less than 0.7 % for retention times and 24 oA for peak heights. 

The HPLC procedure described in this report has been useful both as an 
analytical method for detection and quantification of toxins in fungal extracts and 
infected plant tissue and as a semi-preparative method for TA and TB and their two 
components, since the use of a reversible derivatizing reagent allows us to obtain 
small amounts of the phytotoxins in a purified state for further chemical and bio- 
logical studies. 
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