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CHARACTERIZATION OF ALTERNARIOLIDE, A HOST-SPECIFIC

TOXIN PRODUCED BY ALTERNARIA MALI ROBERTS

Toshikatsu OKUNO, Yuichi ISHITA, Ko SAWAI, and Takeshi MATSUMOTO*
Faculty of Agriculture, Hirosaki University, Hirosaki 036

*Faculty of Science, Hokkaido University, Sapporo 060
Alternariolide, a host-specific toxin responsible for
Alternaria blotch of apple, has been characterized as a depsipeptide

of the planar formula 1 on the basis of spectroscopic evidence.

Alternaria blotch caused by a pathogenic strain of Alternaria mali Roberts

is one of the destructive diseases of apple. Some varieties of apple, such as Indo

1)

and Delicious, are highly susceptible to the disease. We recently reported

2)

toxin produced by the fungus which caused necrotic
3)

isolation of a host-specific

brown spots characteristic for the disease on leaves and fruits of the plant.

4)

The present paper describes structural studies of the toxin, for which we suggest

the name alternariolide.

Alternariolide 1, mp 220-222°C, [o]3® -87.2° (c=1.66, CHCl;), showed the M
peak at m/e 445.2194 corresponding to C23H31N306 (445.2210).5) The IR spectrum (KBr)

suggested the presence of secondary amide groups (3325, 3300, 3280, 1660, 1630, 1535,
1515 cm 1) as well as ester (1745 cm '), phenyl (3060, 1610, 1495, 820 cm '), methoxy

(2840, 1250, 1050 cm 1) and exomethylene (990, 900 cm ') groups. The NMR spectrum
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(220 MHz, DMSO—dG, 83°C6)) exhibited peaks shown in formula 1. By addition of
deuterium oxide, three 1H signals at § 7.70 (d), 7.88 (d), and 8.70 (s) disappeared
and therefore the two doublets were assigned to CH-NH-CO protons and the singlet

was ascribed to the amide proton of ®W-NH-CO type (® denotes a carbon atom bearing

no hydrogen atom). The resonance lines due to the two methines bearing the acyl-
amino groups appeared as a 2H multiplet at § 4.3 and a 1H doublet at § 4.66 (J=7.3 Hz)
indicated the presence of a methine linked to an acyloxy group. The 2H singlet

peak at § 5.37 is attributed to an exomethylene group.7) All above spectroscopic

data, coupled with the elemental composition, are reasonably interpreted in terms

of a tripeptide lactone structure g?), in which one of Rl’ R, and R3 is the exo-

methylene group. Decoupling experiments at 60 MHz readily revealed the presence of

ot o
NH—C—C—O-%

R, -C C-R
1 3
\ /
C-NH-C-C-NH
& C=¢

R,
2

2-hydroxyisovaleric acid (H-IV-OH, see formula 1) and alanine (H—iII—OH) and the
structure of remaining amino acid, designated as alternamic acid, was deduced to

be 2-amino-5—(B-methoxyphenyl)-pentanoic acid (H-I-OH) as follows. Since the NMR
spectrum exhibits an aromatic methoxyl peak (§ 3.66) and a typical p-phenylene A,B,
AR = 9 Hz), the acid contains Ejmethoxyphenyl group.

Extensive decoupling experiments (60 MHz) further indicated the presence of an

quartet (dA 6.76, 6B 7.02, J

eight-spin system conformable to the Ar-CH,-CH,~-CH,-CH (NH-COR) -CO moiety (the
assignment is given in formula 1). The four structural units of alternariolide
have thus been clarified. The UV spectrum I\Doo nm (g¢); 224 (11,000), 275 (1,120),
284 (890)] is also consistent with the presence of d-acylaminoacrylamide and
p-methoxyphenyl chromophores.

The high resolution mass spectrum provided not only supporting evidence
for the structure of the above four components (Table 1), but also clue for the
sequence of these units (Table 2). There are abundant peaks indicating the presence
of connections II—III and moreover, the sequence I«—IV is demonstrated by the

peaks No.90 and 88. The presence of the alanyl ester moiety (i.e. the linkage

III—IV) is shown by the fragment M - III =~ H, (No.99), since otherwise elimination
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Peak No.
21
24
30
31
33
73
74
75
76
77
81

1974
Table 1.
Int. (%, rel.) m/e (obs.)
3 68.0122
6 70.0301
14 83.0496
2 84.0608
3 97.0158
4 175.0986
4 176.1085
9 178.1241
13 188.0835
3 189.0921
4 205.1105

Elements

C3H2NO

C3H4N0

C5H7O

CSHBO

C4H3NO2

C11H13NO

C11H14NO

C11H16NO

C12H120;
C12H130;

Cy2H;5NO0,

Interpretation

Component analysis by exact MS.

II - H*

9)

IIT - Hor IV + H

IV - OH

IV - 0

II + CO
I-CO-H
I-CO-H
I-CO+H
I - NH,

I - NH,

I

2

* The symbols (-) and (+) denote minus and plus signs respectively.

Peak No.
39
40
41
54
55
57
70
71
87
88
.90
93
99

Table 2.
Int. (%, rel.) m/e (obs.)

5 111.0559
11 112.0626
8 113.0709
4 139.0512
27 140.0579
9 141.0651
17 168.0537
2 169.0577
4 257.1046
3 272.1278
7 287.1521
2 305.1612
8 356.1741

* see Table 1.

of alanine is highly improbable.

Elements

C5H7N20

C5H8N20

C5H9N20

CH7N70,

CeligNy0,

C6H9N202

C,HgN,03

C7H9N203

Cy5H15N03

C16t18N03

C17H21N03

Cy7H,3NO,

CooHp4N70,

ester structure is excluded by the IR band at 1745 cm_l.

Sequence analysis by exact MS.

Interpretation

IT + III

IT

IT

II

1T

1T

11

IT

+

+

+

IIT

11T

ITI

IIT

IIT

IIT

IIT

I+ II -

+

N

co

Cco

(6l0)

ceC

CO

Hy

I<—IV - H,O0 -

I<—IV - H

I+ IV

2

2

0

M - III - H,O

Consequently,

2

9,10)

- H*

- H

CH

The alternative possibility of dehydroalanyl

637

the planar

formula.l_offers the most satisfactory explanation of all the spectral observations
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of alternariolide. Chemical and stereochemical studies of the toxin are now in

progress and will be reported later.

The authors thank Prof. T. Yonezawa, Kyoto University, for the measurement
of 220 MHz NMR spectra and Mr. Y. Kato, Hitachi Naka Works, for obtaining the element

map by means of the Hitachi Datalyser High Resolution Mass System.
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