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Abstract - Helminthosporium carbonum, which is pathogenic to maize, produces 
a metabolite, HC-toxin CL), withve toxicity to susceptible host genotypes. 
Resistant genotypes and non host plants are tolerant. 
(C 

The structure of I 

ad 
H 

c 
N 0 ) was determined as cycloC(2-amino-9,10_epoxy&oxodecanoyl)- 

I-%at!yl~prolyI] based upon spectral evidence. 

0 0 

CH3 -I+ Qt N 
H 

H 

HN\_/ < 

(CH25~~ 

‘/ \C,j - o 
3 

1. 

Helminthosporium carbonum Ullstrup race 1 

selectively parasitizes certain genotypes of maize 

causing necrotic lesions on the leaves. Scheffer 

and Ullstrupl found that the furgus produces a 

toxic substance named HC-toxin which has the 

same specificity for maize genotypes as does the 

producing fungus. Sensitive tissue is affected by 

the toxin at very low concentrations (0.1 ug/ml), 

whereas resistant plants will tolerate much higher 

concentrations with no obvious damage.j! The toxin 

was shown to be required for successful coloniz- 

ation of susceptible plants.3 HC-toxin causes 

various physiological changes in sensitive cells, 

including an immediate but temporary increase in 

negative electropotential across the cell 

membrane,4 an increase in dark fixation of C02, 

and an increase in the uptake of nitrate and other 

solutes. Eventually, exposure to HC-toxin leads 

to an increase in tissue respiration and loss of 

materials from the cell. HC-toxin appears to 

have a primary effect on the plasma membramz5 

HC-toxin previously was isolated from culture 

filtrates and partially characterized. 6q7 Pringle’ 

reported that the toxin has a molecular formula 

C32H50N6010 based upon elemental analysis, and 

did not react with ninhydrin. Alanine and proline 

in a 2 to I ratio were found among the hydrolytic 

products and a third ninhydrin-positive component 

was detected.7 A structure was not proposed. 

Several peptidic fungal products affecting 

higher plants have been reported. The host 

selective toxins8-10 from Alternaria mali affect- 

ing apple are closely related cyclic tetra-depsi- 

peptides. Cyclic tetrapeptides include tentoxin II 

from Alternaria alternata f. tenuis, and Cyl-2 12 
- - 

from Cylindrocladium scoparium Morgan and 

chlamydocin13 from Diheterospora chlamydospora 

which both contain the novel amino acid 

2-amino-9,10-epoxy-S-oxodecanoic acid. 12 In this 

paper, we report the structure of HC-toxin (I), 

which is a cyclic tetrapeptide of the same 

structural family as Cyl-2 and chlamydocin. 

The metabolite was isolated from cultures of 

H_ carbonum by chloroform extraction foilowed 

by chromatography to afford fine colorless 

needles. HC-toxin (1) is a neutral substance with 

empirical formula C2, H32N406. Amino acid 

analysis of an acidic hydrolyzate of I indicated 

the presence of proline and alanine (1:2). Proline 

plus two alanine residues joined via amide bonds - 
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account for the elements C,,H,,N303, thus leav- 

ing C10H15N03 unassigned in the formula 

C2,H32N406 for 1. 

Examination of the ‘H-NMR spectrum of 1 

(Table 1) indicated that the mknown subunit 

exhibits resonances at 1.51-1.87 @HI, 2.28 (2H), 

2.80, 2.93, 3.35, and 4.71 ppm. Similarly, the 
13 

C-NMR spectrum of 1 (Table 2) contains reson- 

ances at approximately 24 (3C), 29, 36, 50 (3C), 

170, and 200 ppm attributable to the C10H15N03 

subunit. The LH-NMR resonance at 4.71 ppm (IH, 

d of t, J = 7.5, 9.5) suggests that the subunit is 

an a-amino acid wherein the C3 carbon is a 

methylene group (-CO-CHNH-CH2-). Resonances 

at 2.80 (IH, d of d, J = 2.5, 6.0), 2.93 (IH, d of 

d, J = 4.5, 6.01, and 3.35 ppm (lH, d of d, J : 

2.5, 4.5) imply a terminal epoxy group, 

Table 1. HC-toxin 0 ‘H-NMR (CDC13, 25’C, 300 
MHz). 

d(ppm) 

1.19 (3H,d,J=7.0) 

1.23 (3H,d,J=7.0) 

1.51 (2H,m) 
1.58 (2H,m) 
1.75 (2H,m) 
1.87 (2H,m) 

2.22 (2H,m) 

2.28 (2H,m) 

2.33 (2H,m) 

2.80 (lH,d of d, 
J=2.5,6.0) 

2.93 (lH,d of d, 
J=4.5,6.0) 

3.35 (IH,d of d, 
J-2.5,4.5) 

3.44 (iH,d of t, 
J=7.0,10.0) 

3.90 (1 H,m) 

4.40 (lH,d of q, 
J=7.0,9.5) 

4.49 (IH, d of q, 
3=7.0,9.5) 

4.63 (lH,d of d, 
J-2.0,8.0 

4.71 (IH,d of t, 
J=7.5,9.5) 

6.23 (1 H,d,J=9.5) 
6.27 (lH,d,J:9.5 
7.06 (1 H,d,J=9.5) 

Assignment 

ALAI-P 

ALA2- p 

epoxyAA- p y F, E 

PRO-P/Y 

epoxyAA- 7 

PR(T ply 

epoxyAA- I 

epoxyAA- I 

epoxyAA- e 

PRO- b 

PRO- 6 

ALAI-a 

ALA2- CI 

PRGa 

epoxyAA- 4 

NH-ALA1,ALA2,epoxyAA 

Table 2. 13C-NMR Spectra of HC-toxin CL), (_a, 
CDC13, 20 MHz; _b, CDC13 plus chromium acetyl- 
acetone, 45.3 MHz). 

b(PPm) 
a b - Assignment 

13.6 14.1 
14.5 14.7 

ALAL-C3,ALA2-C3 

22.6 22.8 PRO-C4,epoxyAA-C4,C5,C6 
24.3 24.9 
24.3 25.1 
25.0 25.5 

28.6 28.7 
29.0 29.1 

PRO-C3,epoxyAA-C3 

36.2 36.3 

45.7 46.1 
46.4 47.1 
47.1 47.4 
47.9 48.0 

epoxyAA-CP 

ALA -C2,ALA -C2,epoxyAA- 
C2.&.CIO,PR&-C5 

51.2 51.9 
52.9 53.4 

57.4 57.8 

- 171.4 
- 173.2 
- 173.7 
- 173.7 

PRO-C2 

ALA -CI,ALA -CI,PRO- 
C 1 ,eboxyAA-& 

- 203.5 epoxyAA-C8 

whose assignment is corroborated by typical 

epoxide bands” at 1230, 925, and 865 cm -I in 

the IR spectrum of 1. Lastly, the resonance at 

203.5 ppm in the 
13 

C-NMR (Table 2) of ,! indicates 

a ketone group. 

An amino acid moiety (-CO-CHNH-CH2-), 

terminal epoxide C-Cm), and ketone group 

(C-0) account for the elements C6H7N03, leaving 

four methylene groups (C4H8) unassigned in the 

CloHf5N03 subunit. Comparison of the structural 

features of 1 deduced from the spectroscopic data, 

with the structures of known natural products 

using SQUINT,15 a new computer-based natural 

products structure recognition system, disclosed 

a net structural similarity with the previously 

reported metabolite chlamydocin. 
13 

Comparison 

of the spectroscopic data for chlamydocin with 

that of 1. allowed final assignment of the 

CIOH,5N03 a-amino-epoxyketo acid subunit in i 

as 2-amino-9,10-epoxy-&oxodecanoic acid 

(epoxyAA), which is also present in chlamydocin 

and Cyl-2. Thus, 1 is identified as a cyclic tetra- 

peptide containing proline, two alanine, and epoxy- 

AA residues. 



The sequence of the four amino acids remained 

to be determined, and this was accomplished by 

examination of the high resolution mass spectrum 

of 1 (Table 3 and Fig. I). The observed dipeptide 

fragments (Fig. 1) ALA-ALA (I), epoxyAA-ALA (f), 

and ALA-PRO (j) uniquely define the relative 

sequence ALA-ALA-PRO-epoxyAA with unspecified 

head-to-tail orientation. Critical fragment ions k 

and m from the ALA-PRO dipeptide unit, j, permit 

the absolute assignment ALA+PRO since these 

fragments contain only one nitrogen. Of the two 

possible dipeptide sequences ALAG PRO and 

PRO+ALA, the PRO+ALA sequence cannot readily 

yield fragment ions which have lost NH (or NH2) 

such as in k and m. Furthermore, ions of composi- 

tions k and m are not reasonably expected to arise 

from elsewhere in the molecule. The dipeptide 

sequence ALAjPRO is therefore indicated, thus 

allowing assignment of 1 as the structure of HC- 

toxin. 

Some of the results obtained in this laboratory 

differ from those of Pringle. 6p7 The most signif- 

icant difference is the molecular weight value 

obtained and consequently, the number of residues 

present. However, the molecular formula 

C32H5,,N60L0 previously reported from elemental 

analysis data is simply a multiple (~1.5) of that 

which we obtained by high resolution mass spectro- 

metry (C21H32N406) and therefore does not 

present a contradiction. The unusual hydroxyamino 

acid detected in the acidic hydrolyzate of 1. by 

Pringle is probably a degradation product of the 

epoxyAA residue. 

Table 3. Significant Ions in HR-EI-MS of HC-toxin 
(mass values averaged from four spectra; refer to 
Fig. I for assignments). 

m/e Formula Am/e,(mmu) Identity 

436.2320 C2,H32N406 

408.2374 C20H32N405 

393.2136 C,9H29N405 

367.1755 C,7H25N306 

365.1949 C1gH27N305 

350.1867 CL8H26N205 

324.1685 C16H24N205 

267.1216 C,2H17N304 

253.1302 C,3H,9N04 

239.1285 C11H,7N303 

196.0848 C9HL2N203 

170.1175 C9Hf6N02 

169.1102 CqH15N02 

168.0888 C8H12N202 

152.0717 C8HION02 

126.0541 C6H8N02 

124.0766 C7HLON0 

70.0646 C4H8N 

(-0.2) M+ 

( 0.1) (M-CO)+ 

(-0.2) (M-Cy--c/H,)+ 

0 

( 1.2) a 

(-0.2) b 

( 2.5) c 

( .O) d 

(-0.3) e 

(-1.2) f 

( 1.5) g 

( .O) h 

GO.61 i+H 

(-0.1) i 

(-1.1) j 

( 0.5) k 

(-1.4) 1 

( 0.4) m 

(-1.3) CH CH2 

<H2 \EH 

%I? 
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HC-toxin (I), chlamydocin, and Cyl-2 comprise 

a family of neutral phytotoxic fungal pathogens 

which contain 2-amino-V,IO-epoxy-8-oxodecanoic 

acid. Structural similarity is further extended by 

the presence of a secondary a-amino acid (proline, 

or pipecolic acid in Cyl-2) at the N-terminus of 

the epoxyAA residue, thus defining a common 

dipeptide unit PRO(or PIP)+ epoxyAA. Major 

structural variability is exhibited in the two 

remaining amino acid subunits, and these 

structural variations apparently must correlate 

with the observed host specific toxicity of these 

metabolites. The assignment of the structure of 

HC-toxin will allow further physiological studies 

on this interesting fungal phytotoxin. 

EXPERIMENTAL 

The m.p. is uncorrected. ,NMR spectra were 
wined on Varian SC-3Oq3( H), Varian CFTZO 
( C), and Bruker WH180 ( C) instruments using 
CDCI as the solvent. The chemical shift is 
preser?ted in d(ppm) from the internal standard 
tetramethylsilane. Mass spectra were recorded on 
LKB-9000, Varian MAT CH5, and Varian MAT 731 
instruments. The infrared spectrum was obtained 
on a Perkin-Elmer 421 instrument as a KBr oellet. 

Isolation of HC-toxin (11. Concentrated fil- 
trates were obtained from cultures of H_ carbonum 
race 1 crown in Fries medium olus 0.1% veast 
extract.” An equal volume of methanol was added, 
the mixture was allowed to stand for 24 hr, and 
then filtered to remove the precipitate, which was 
washed with cold 50% aqueous methanol. The 
filtrates were combined and the methanol was 
removed. The remaining aqueous solution was 
extracted five times with successive IOO-ml 
volumes of chloroform to remove toxin. The 
combined chloroform extracts were dried with 
anhydrous sodium sulfate, filtered to remove the 
desicant, and the chloroform was removed by 
evaporation under reduced pressure. The residue 
was purified further by counter current distribution 
using n-butanol, glacial acetic acid, and water 
(4:1:5, v/v). The active fraction was evaporated 
to dryness and dissolved in 100 ml of abplute ethyl 
ether. The solution was stored at 5 C and the 
toxin slowly crystallized over 3 days as fine color- 
less needles. HC-toxin is soluble in water, has 
limited solubility in lower alcohols, acetone, ethyl 
ether, and chloroform, and is insoluble in petroleum 
ether and carbon tetrachloride. Crystalline HC- 
toxin at 1.0 &g/ml gave 50% inhibition of seedling 
root gro\yth when assayed by the standard 
orocedure. 

Physicamopertjes of HC-toxin (11, m.p. 150°C 
(dec.1. IRY ‘\ 
(broad), 
Table 1. 

lpTli& 
‘: 3350 (broad), 2930, 1~50-1700 

1230, 925, and 865. H-NMR: 
C-NMR: Table 2. MS m/e (abundance): 

436 CM+, 4.5%). 408 (1.0). 393 (1.5). 367 (3.5). 365 
(1.01, 356 (3.0);324 (14.5j, 267 (3.5); 253 (5.5); 239 
(1.51, 196(3.0), 170 (50.01, 169 (3.2), 168 (3.01, 152 
(js.5); 126 (3.51, 124 (4.01, and 70 (100); and Table 
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