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Abstract--Filtrates from 12-day-old stationary cultures of Ascochyta rabiez grown on Czapek-Dox medium, 
supplemented with an extract of chickpea seed, killed the cells in cell suspensions obtained by enzymic digestion of 
chlckpea leaflets. Two toxms were isolated by solvent partitioning with ethyl acetate and flash chromatography of the 
organic fraction on slhca Mass spectrometry, UV, 13C/lH NMR and X-ray analysis showed that the two compounds 
were identical to the phytotoxins solanapyrones A and C Isolated previously from culture filtrates of the fungus 
Alternarza solanz 

INTRODUCTION 

Blight caused by Ascochyta rabzei zs the most important 
disease of chickpea m areas where the growing season 
comcldes with cool, moist weather [l]. Serious losses 
have been recorded around the Mediterranean basin and 
particularly m Pakistan where, in three successive years 
during the early part of the decade, they approached 50% 
of the crop 

Early symptoms of infection on leaflets, petloles and 
young branches include epinasty and loss of turgor, 
followed by water soaking As these symptoms are con- 
sistent with the action of a toxin, the possibdity that 
compounds with toxic activity could be synthesized by 
the fungus zn uztro was investigated. 

RESULTS 

Culture filtrates of A rabzez grown on a medium con- 
sisting of Czapek-Dox constitutents supplemented with 
an aqueous extract of chickpea seed were toxic to isolated 
leaf cells of chickpea When the chickpea extract was 
omitted no toxic activity was recovered Activity could be 
partitioned quantitatively mto ethyl acetate from filtrates 
adjusted to pH 3 with hydrochloric acid. Flash chromato- 
graphy of the ethyl acetate fraction on silica yielded two 
pure compounds when eluted with hexane-ethyl acetate 
(1: 1) containing 0.1% acetic acid. 

Toxin 1 (1) was obtained as an oil, UV AZ:” nm (E): 230 
(9500), 326 (9700). High resolution mass measurements 
(70 eV/180” source temp) revealed a diagnostic peak at 
m/z 153 (C7H,0,) indicating retention of all the oxygen 
in a C, fragment, a complementary fragment at m/z 149 
(CIIH,,) retained the charge to a lesser extent (Table 1). 
These results were more clearly apparent upon exam- 
ination of the low eV spectra and when taken with the UV 
data pointed to the presence of an a-pyrone fused to a 
methyl decahn system. 

Toxin 2 (2), obtained as crystals, dlffered from toxin 1 
only by substitution of an ethylamino function for the 
methoxy group. UV ,I::” nm (E): 238 (20 200), 283 (6200), 
322 (7800); [alo = - 55.6” (CHCl,; c 0 62) Examination of 
the 13C/lH NMR spectra in CDCl, showed that toxins 1 
and 2 were identical to the known phytotoxms solana- 
pyrones A and C [2]. 

We chose to assign the spectral data more completely 
by applying 2D-correlation methods. NOE results served 
to confirm the assignments reported in Table 2 and 
indicated that in solanapyrone C the amino hydrogen IS 
hydrogen-bonded to the aldehyde oxygen; the aldehyde 
proton was clearly very remote from any other protons m 
both compounds. In solanapyrone A the methoxy group 
and H-12 interacted strongly through space. The obser- 
vation of hydrogen bonding was confirmed upon exam- 
ination of the X-ray structure of solanapyrone C (Fig 1). 
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Table I MS data for toxms 1 and 2 

Toxm 1 Toxm 2 

m/z Formula Loss m/i Formula Loss 

302 
287 

274 

245 

207 

181 

IS3 

149 

91 

C, ,H,,O, 
C,,H,,O, 
C,,H,,O, 
C,H,O, 
C,H@it 
C,,H,: 
C,H, 

331 C,,HXN,O, 
Me 316 Me 

CO 303 CO 

C,HO, 300 CH,OH 

C,H,, 286 C,,H,ANOI, CHO, 
C,H,, 273 

C,,H,, 259 C,,H,,NO, C‘,H,O, 
C,H,O, 182 CsHsNO, C,,H,; 

C,,H,@, 152/l 

Table 2 NMR data (500 MHz ‘H, 125 8 MHz 13C m CDCL, solutlon) of toxms 1 

and 2 

c* 

16 20 3 
8 21 0 

7 

9 

6 

2 

10 
5 

1 

12 

14 

3 
4 

15 
11 

13 

17 
18 

19 

25 9 

28 4 

29 7 

35 2 

360 
368 

48 0 
57 7 

95 8 

101 8 

1300 

1315 

1624 

1736 

176.4 

1864 

- 

20 2 
210 

259 

28 3 

29 6 

34 6 
35 4 

36 7 

47 3 

960 

94 8 

1303 
1314 

1605 
1643 

1722 

191 1 
45 0 

60 7 

-- 

0 95 d (6 8) 

I18m, 1,47m 

125m, 171m 

141m, 148m 

lllm, 174m 
2 63 m, (6 8, 10 0) 
232m,(ll6) 

215m(50, 18) 

248dd(lO.O, 11 6) 

4 10 s (OMe) 

615~ 

544ddd(lOO, 18,20) 

567ddd(100,25,50) 

1015s 

6,i 

2: 
- 

0 95 d (7 0) 

115-l 27m2H 

145-l 52 m 2H 

171 m 1H 

144mlH 

1 11 m, 1 69 m 
2 59 m 
2 27 m 
213m 

237dd(lOO, I1 5) 

3 2 hr (OH) 

602 F 

5 43 ddd (10.0, I 8, 2 0) 
565ddd(100,25,50) 

10 7X r (NH) 

9 92 s 

353955,50 
389t 55 

*Numbermg based on ref [2] Stufts w r t CDCI, at 677 0 

tStnfts w.r t. CDCl, at 67 27 

$Not all protons on C-7, C-8 and C-9 are to be taken as rigorously asstgned, 

through lack of 2D-correlation results 

The acid lability of solanapyrone C was detected in aged 
samples dissolved m chloroform-d,, partial converslon to 
a diastereolsomeric product was observed which ap- 
peared to be eplmeric at C-l. Solanapyrone A was about 
four times as active as solanapyrone C and chickpea 
cultlvars varied m their sensltivlty to both compounds 
(Table 3) 

DISCUSSION 

Matern et al. [3] reported the lsolatlon of two toxins 
from culture filtrates of Alternarra sob, the casual agent 

of early blight of potato. in common with the present 
investigation, the fungus was grown on Czapek-Dox 
hquld medium supplemented with an extract of its host 
(i.e, potato) In our experiments, we found no toxin m 
culture filtrates of A rahwr when chickpea extract was 
omltted from the medmm, suggesting that it contams a 
toxm mducmg substance. Extracts of host plants have 
previously been reported to induce toxin production by 
plant pathogemc fungi in vmo [4] and m one instance the 
mducmg compound has been ldentlfied [S] Matern et ul 
[3] drd not characterize the toxms from A poking but they 
gave R, values for the compounds chromatographed on 



Phytotoxms from Ascochyta rabrez 2629 

Fig 1 The molecular structure of toxm 2 showmg the atom 

numbermg There IS an mtramolecular hydrogen bond between 

N(13) 0(17), 269 A, H(13) 0(17), I 86 A, N-H 0 
angle 141” There is an mtermolecular hydrogen bond between 

the hydroxy hydrogen H(19) and the carbonyl oxygen 0(15’), 
2.76 A, H(19) O(lS), 178 A, O-H , 0 angle 171” 

Table 3 Sensittvtty of cells of various cultivars of 

chickpea to toxins 1 and 2 of A rublei 

Concentration required 

to give LD,, value (,aM)* 

Variety tested Toxin 1 Toxin 2 

CM-l 3.14 14 16 

ILC-200 480 20 41 

NEC-138-2 6 39 3549 
ILC-202 I 59 5831 
ILC-629 8 62 48 02 
c-121 9 34 30 23 
ICC-5127 9 79 48 02 
CM-12 1029 37 68 
ILC-195 1047 30 23 
CM-68 1066 40 82 
c-141 1202 32 22 
C-235 1239 3309 
RC-32 1344 54 42 
ILC-3279 1463 39 so 
ICC-11514 15 18 42 96 
c-44 17 10 1421 

Average 1040 39 99 

*Values are the mean of three replicates 

sihca gel m six solvents. When solanapyrone A and C 
were chromatographed m five of these solvents only three 
of the 10 R, values fell wrthm 0.1 of those reported [3] 
These authors also found that then compounds were 
synergistic when tested on potato; m contrast we found 
that the effect of solanapyrone A and C on isolated cells 
was additive rather than synergistic The solanapyrones 
share interesting structural similarities to several phyto- 
toxms such as the betaenones A and B (3) from Phoma 
betae, a parasite of sugar beet [6] and stemphyloxm (4) 
from Stemphylrum botryosum the causal agent of leaf spot 
of tomato [7]. The latter compounds can act as hpophyhc 
siderophores which may disturb the non metabolism of 

the host. It seems unlikely that the solanapyrones will act 
directly as iron chelators per se, although they may 
function to chelate non or other essential metal ions upon 
rmg opening of the pyrone or upon further biotrans- 
formation within the host. 

The similarity of solanapyrone A to certain acyl 
tetromc acid ronophores is noteworthy, C-13 is suscep- 
tible to nucleophihc attack m the six-membered ring just 
as the enol of an acyl tetromc acid can undergo conjugate 
addition/elimmatton reactions m the five-membered ring. 

EXPERIMENTAL 

Fungus Isolate 29 of Ascochyta ruble8 (Pass) Lab was ob- 

tamed from the National Agrtcultural Research Centre, 

Pakistan A loopful of spore suspension m sterile dtsttlled water 

was streaked onto 2% water agar and Incubated at 20” for 48 hr. 

Colomes from smgle spores were transferred to chickpea seed 

agar (2% water agar contalmng the aq extract of 60 g chickpea 

seed/l) Inoculum was further multiphed on chickpea seed [S]. 

After mcubatton at 20” for I-10 days the maculated seed was 
agitated wtth 10% sterile glycerol and the resultmg suspension 

adjusted to 10’ spores/ml. The suspension was distributed to 
1.8 ml ampoules m 1 ml ahquots which were stored m liquid N, 

Toxm production and purljcatlon Czapek-Dox hqurd 
medium (100 ml/Roux bottle supplemented with an aq. extract 
of 60 g chickpea seed/l and adjusted to pH 6 4) was maculated 
with 1 ml spore suspension (10’ spore/ml) of A. rablel. The 

bottles were incubated horizontally, to provide maximum sur- 

face area for the culture at 20” m a lighted incubator. After 

mcubation for 12 days the fungus was removed by successive 

filtratton through nylon mesh (80 pm) and glass fibre paper 

(Whatman GF/A) The filtrate was adjusted to pH 3.0 and 

partitioned ( x 3) agamst EtOAc The combmed EtOAc fractions 

were dried over Na,SO, and subjected to flash chromatography 
on a column of silica gel 60 (23o-400 mesh, Merck 26 0 x 2 0 cm 

dram) [9] The column was eluted with hexane-EtOAc (3.1, 

600 ml) contaming 0 1% HOAc followed by hexane-EtOAc 

(1 1,600 ml) contammg 0 1% HOAc The eluate from the latter 

was collected m 30 x 20 ml fractions to separate the two toxins. 

All fractions were flash evaporated and dtssolved m holding 

buffer before assay [lo] 
Assay Cells were isolated from the leaflets of lo-day-old 

chickpea seedlings m an enzyme cocktad and used to assay 

cultural filtrates and fractions derived from them as previously 

described [lo] 

Crystal data C,,H,,N04, M,= 3314, orthorhombic, a 
= 10.616 (6), b= 10 649 (4), c= 15 902 (8) A, I! = 1798 A3, space 

groupP2,2,2,,2=4,D,=l 22g/cm3,Curadiation,1=1.54178 

A, ~(CuKJ-71 cm-i, F(OOO)=l12. Data was measured on a 
Ntcolet R3m diffractometer wtth Cu-K, radiatton (graphite 

monochromator) using o-scans Independent reflections 1409 

were measured (20~ 116”), of which 1261 had lF,(>3a(lF01) and 
were considered to be observed The structure was solved by 

direct methods The non-hydrogen atoms were refined amso- 

tropically The protons on N(13) and O(19) were located from a 
AF map and refined amsotropically The positions of the remain- 
ing hydrogen atoms were ideahsed, C-H =096 A, assigned 

isotropic thermal parameters, U(H)= 1 2 U,,(C), and allowed to 

ride on their parent carbon atoms Refinement was by block- 

cascade, full-matrix least squares to R = 0.046, R, = 0.047 Com- 

putations were carried out on a Echpse S140 computer usmg the 
SHELXTL program system Atomic coordmates, bond lengths 

and angles have been deposited with the Cambridge Crystallo- 

graphic Data Centre 
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