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ABSTRACT

Three cytotoxic cytochalasins were isolated and characterized from Xylaria sp.

(LEP-12) cultured on a sterile moist rice. The fungus grown on the above medium for 14

days at room temperature produced three cytochalasins, identified by spectroscopic methods

and chemical derivatizations as cytochalasin Q (3), 19,20-epoxycytochalasin Q (4) and

19,20-epoxydeacetylcytochalasin Q (5). However only compounds 3 and 4 could be

isolated when the fungus was allowed to grow in the medium for 18 days. This is the first

report of cytochalasin Q from the genus Xylaria. All three cytochalasins were lethal to

brine shrimp with LCJO value of 5, 5 and 2 /xg/ml for compounds 3, 4 and 5, respectively.
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1 .INTRODUCTION

1.1 Secondary metabolites of firngi

The fungi are able, in common with the higher plants and the bacteria, to produce

secondary metabolites. In many cases secondary metabolites have no known role in the

internal economy of the producing organism whereas primary metabolites play a well-
defined physiological role in the producing organism. Williams [1] has recently suggested

that secondary metabolites serve the producing organism by improving its survival fitness.
The history of secondary metabolites began in 1896, when Gasio published details

of his chemical encounter, with what was later shown to be mycophenolic acid (2].

Subsequent significant milestones were the classic 1912 paper by Alsberg and Black on the

extractive of mould-infested maize and the discovery of penicillin from Penicillium

chrosogenum by Alexander Flemming in 1929|2).
Later on a number of secondary metabolites possessing interesting biological

properties such as antibacterial, antifungal, cytostatic activities and toxicities were isolated

from microorganisms. Some notable examples include: belomycins, isolated from

Streptomyces verticillus [3] and Mitomycin C, from Streptomyces caespitonis [4] which are

used clinically in the treatment of malignancies of the breast, lung, colon, and stomach.
Turner [5] has classified the secondary metabolites of fungi, characterized by their

enormous variety of chemical structures, according to biosynthetic origin rather than

structural type. Terpenes and steroids are the most common secondary metabolites of

basidiomycetes. Cytochalasins are commonly produced by fungi belonging to the

Ascomycotina and/or their anamorphic stages.
The production of fungal secondary metabolites can be achieved in liquid culture.

Recently solid cultures, i.e., cultures grown on surface of solid media are finding

increasing use. In solid cultures, a complete development cycle always takes place unless

steps are taken to inhibit that cycle at specific points [2].
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1.2 Cytochalasins

The cytochalasins are a rapidly growing group of toxic fungal metabolites, first

isolated in mid-1960s. Since then this class of compounds has attracted the attention of

chemists and biologists. The first two members of this group of compounds were isolated

and characterized independently in Basel, Switzerland [6] and at Imperial Chemical

Industries in Great Britain [7]. The compounds isolated from the culture filtrates of Phoma

sp. were named phomin and dehydrophomin [6] while those obtained from the culture

filtrates of Helminthosporium dematioideum were called cytochalasins A and B [7], A

direct comparison of the compounds isolated by the two groups showed phomin to be

identical with cytochalasin A, and dehydrophomin with cytochalasin B.

Later on these compounds were identified as metabolites of a number of fungi

belonging to the Ascomycotina and/or their anamorphic stages. The compounds have been

assigned different trivial names given by the different laboratories which named them after

the different fungal sources. It is interesting to note that to date cytochalasins have not been

found in bacteria or plants [8].

The name "cytochalasin" refers to the biological activity of the group, and is

derived from the Greek words cytos, meaning cell, and chalasis, meaning relaxation. The

name cytochalasin reflects the novel effects of cytochalasins on mammalian cells, has been

adopted for the basic skeleton of the class of compounds. Structurally the cytochalasins

bear phenylalanine or tryptophan moiety linked to a perhydroisoindole moiety, to which

a macrocyclic ring is fused. The latter is CVC!8 polyketide ring system containing a

carbocyclic, a lactone, a cyclic carbonate or formyl moiety [13,14], Zygosporin A isolated

from cultures of Zygosporium massonii [9], proved to be identical to cytochalasin D from

Metarrhizium anisopliae. [10]. This was the beginning of the discovery of zygosporins [11],
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Cytotoxic metabolites isolated from the strains of Chaetomium globosum and C. cochliodes
led to the discovery of chaetoglobosins, a novel group of cytochalasans containing an
indolyl group instead of the phenyl group in other cytochalasans. The aspochalasins,

isolated from Aspergillus microcysticus, contain an isopropyl group in the same position

(C-10) [12].
As some of the trivial names overlapped, a systematic nomenclature summarized

below was proposed by Binder [15] which is now generally accepted ,

(1) The skeleton of the perhydroisoindole unit including the macrocycle and the C-
substituents of the isoindole system, except for the phenyl and the indol-3-yl rings, is
termed cytochalasan. The number of atoms in the macrocycle, including the atoms common
to it and the isoindole ring, is indicated by a number in a square brackets preceding the
name cytochalasan.

(2) The absolute configuration of the isoindole system is established and doesn’t
require specification. For the substituents in the macrocycle, chirality may be designated
using the symbols (R) and (S).

(3) The clockwise numbering system indicated in the formulae I to VI (Fig 1) is
used to designate the positions of the substituent on the macrocycle and of additional
functional groups attached to the isoindole system,

(4) Oxygen atoms which are part of the macrocycle are designated by the prefix

oxa-with the appropriate locant.
(5) The prefixes (E) and (Z) indicate, respectively, irons and cis geometry of

olefinic double bonds. This system of numbering allows the assignment of the same locants
to that part of the molecule which is common to the hitherto known metabolites. Six types

of naturally occurring basic skeletons are known so far and their structures are shown in

Figure 1. The individual compounds will be characterized in accordance with this
classification.
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(I) [ ll]cytochalasan

(II) [13]cytochaIasan

(III) 24-oxa-[14]cytochalasan

(IV) 2,23-dioxa-[13]cytochalasan.

(V) 25~oxa-[15]cytochalasan

(VI) 25,26-dioxa-[16]cytochalasan
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Figure 1. Six types of basic skeletons of cytochalasans. I- R

- Phenyl, indol-3-yl or isopropyl; II - R = Phenyl
or indol-3-yl; III - VI = R = Phenyl.
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1.2.1 Biogenesis.

Since the isolation and structure elucidation of the first two cytochalasans,

cytochalasin A and B in 1966, the number of members of this class of microbial

metabolites has risen to 55. Nevertheless, studies on the biosynthesis of cytochalasans

have until now been reported only for cytochalasin B [16,17,18 and 19] (a phenyl-24-oxa-
[14]cytochalasan), cytochalasin D [18,20,21 and 22] (a phenyl-[ll]eytochalasan), 19-0

acetylchaetoglobosin A and chaetoglobosin A (3-indolyl [13]cytochalasans) [23].

Cytochalasin B (1) is believed to originate biogenetically from one molecule of

phenylalanine (including the carboxylic group), two units of methionine, and nine acetate

units or one acetate unit and eight malonate units [17, 24]. A nonaketide is probably first

formed from the acetate or malonate units, and this, attached by an amide linkage to

phenylalanine, could then be fitted together to form a carbocyclic precursor,

[13]cytochalasan [19, 24]. The lactone ring of cytochalasin B would be formed only later

from the large carbocyclic ring by insertion of an oxygen atom in a Baeyer-Villiger

oxidation [19]. Scheme 1 summarizes the biogenesis of cytochalasins postulated by Tamm

et al. [19, 24].
13C - and JH - labelling studies of cytochalasin D (2) [20] demonstrated that it arises

from one molecule of phenylalanine, three of methionine, and nine of acetate (Scheme 1).
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Scheme 1. Biosynthetic proposals

Based on the great structural similarity of the first four basic types of cytochalasans,

i.e., the [13]cytochalasans (II), 24-oxa-l14]cytochalasans (in), [ll]cytochalasans (I), and

21,23-dioxa-[13]cytochalasans (IV) Tamm et al. [19, 24] have postulated a common

biogenetic scheme for these classes of cytochalasans, which is shown in Scheme 1.

The fundamental units of the biogenesis of the cytochalasans are the primary

metabolites phenylalanine and a nonaketide or octaketide. Phenylalanine is formed from

shikimic acid, and is thus derived ultimately from sugars; the nonaketide or octaketide is

formed from acetate units.

The linkage of phenylalanine to the nonaketide leads by path I to the

[13]cytochalasans and to the24-oxa-[14]cytochalasans, while linkage to theoctaketide leads

by path II to the[1l]cytochalasans and to the 21,23-dioxa-[13]cytochalasans. The oxidative

insertion of oxygen atoms could occur in path I and path lib, with the formation of lactone

group on the one hand and the carbonic diester group on the other. Generally
i

cytochalasans possessing a macrocyclic lactone system, as represented by cytochalasin B,
> ...






















































































