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The structures of cyclochlorotine and islanditoxin, eyclic peptides from Penicillium islandicum
are reviewed. The peptide A isolated in these laboratories has been identified by ge/ms studies
as cyclochlorotine. It is suggested that the structure of islanditoxin [cyclo-(L-dichloroprolyl-
D-B-amino-B-phenylpropionyl-L-a-amino-n-butyryl-Lseryl-L-serine) ] 1 should now be revised to
that of cyclochlorotine, [cyclo-(L-dichloroprolyl-D-g-amino-n-butyryl-L-seryl-L-§-amino-Bphenyl-

propionyl-L-serine) | 2.

J. Heterocyclic Chem., 17, 1809 (1980).
Sir :

In 1955, Marumo and Sumiki reported the isolation of
a toxic cyclic peptide islanditoxin (m.p. 250-251° dec.)
from the commonly found storage mold, Penicillium
islandicum (1-5). After extensive degradative studies, the
structure of this unusual peptide was determined as
cyclo-(L-dichloroprolyl-D-f-amino-§-phenylpropionyl-L-a-
amino-n-butyryl-L-seryl-L-serine) 1 (Figure 1). The
minimum lethal dose of islanditoxin was found to be 3
mg./kg. in mice (S.C.). Almost simultaneously, Tatsuno
and co-workers (6) announced the isolation of another
water-soluble mycotoxin, cyclochlorotine (m.p. 251° dec.)
from P. islandicum. This compound was found to be
isomeric with islanditoxin and the structure was established
as cyclo-(L-dichloroprolyl-D-§-amino-n-butyryl-L-seryl-L-
B-amino-B-phenylpropionyl-L-serine) 2. The amino acid
sequencing of the peptide was confirmed by degradation
as well as by x-ray crystallography (7-10). When injected
into mice, cyclochlorotine (LDsg, mice, 0.475 mg./kg.,
i.p.) produced violent symptoms such as necrosis, vacuo-
lation of liver cells and development of blood lakes (7,11).

A closer look at the structures and properties of
islanditoxin and cyclochlorotine reveals several interesting
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features. Elemental analysis and physical properties of
the two toxins are almost identical. Both structures
contain an unusual cis-dichloroproline unit. Acid hy-
drolysis of both preparations led to a mixture of L-serine,
a-aminobutyric acid, f-amino-f-phenylpropionic acid (6-
phenylalanine), and an unknown substance. The last
compound was eventually identified as having been
derived from the cis-dichloroproline unit. Treatment of
islanditoxin with ammonia provided dehydrochlorinated
islanditoxinic amide (3) (m.p. 268-273°) (Figure 2). An
isomeric dehydrochlorinated cyclochlorotinic amide (4)
(m.p. 270-273°) was obtained upon treatment of cyclo-
chlorotine with ammonia. Both of these amides showed
uv absorption at 268 nm.

The occurrence of P. islandicum on a variety of food-
stuffs including rice, wheat, corn, bread, flour, white
peppercorns, soybeans, peanut and beans has attracted
wide attention to this mold as a potential human health
hazard (8,12,13). However, during the past twenty-five
years, a major problem confronting research on toxins
such as cyclochlorotine_and islanditoxin has been the
scarcity of these water-soluble peptides. The extremely
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Figure 2
Table I
c d Melting Point Uva IR (@)%
ompount ng Poin max 4 max (em-1) 0
dehydrochlorinated cyclochlorotinic amide 270-273° dec. 268 3430, 3270,
(derived from cyclochlorotine) (e =142 x10%) 1670, 1645,
1620, 1540
dehydrochlorinated cyclochlorotinic amide 270-272° 268 3430, 3270,
(synthetic) (e =1.57 x10%) 1675, 1650, +2.5°
1620, 1540 (c=0.787, DMF)
dehydrochlorinated islanditoxinic amide 268-273° 268
(derived from islanditoxin) (e =1.4x10%)
dehydrochlorinated islanditoxinic amide 254.256° 268 3460, 3330
(synthetic) (e =1.69 x 10%) 1690, 1660, -5.7°
1635, 1555, (c= 1.059, DMF)
1530

low yield of the toxins in the culture broth (1.5 mg.-10
mg./litre), their instability, and difficulties involved in
their isolation have prevented extensive toxicological
research on these peptides (14,15).

A few years ago, in these laboratories, we initiated a
systematic study of the isolation, chemistry and biology
of metabolites of P. islandicum (12,16-19). A large
number of quinonoid and non-quinonoid metabolites were
isolated, many of which were found to possess interesting
antimicrobial and antitumor activities (20). For the
production of the toxic peptides, both liquid fermentations
as well as solid state fermentations were used (17). More
than twenty strains of P. islandicum were screened using
10 different grains as substrate. Fermentations were
carried out under both static and shaking conditions to
achieve the best yield of the chlorine-containing peptides.

Our initial studies on the production of the cyclic
peptide by P. islandicum were hampered by the lack of

any suitable method for detection of these compounds.
A previous method for the determination of cyclo-
chlorotine involved tedious fractionation, ammonolysis
and ultraviolet photometry (14,15). We have developed a
new thin layer chromatographic method for the detection
of the peptide from P. islandicum. The technique is
based upon the color reaction of the peptide with the
chlorine-o-tolidine reagent (18). Two spots with values
of Rf 0.7 (peptide-A), and Rf 0.4 (peptide-B) were
detected, indicating that at least two peptides were being
produced by P. islandicum under our fermentation
conditions.

In these studies, the best yield of the purified chlorine-
containing peptide was obtained by using P. islandicum
WF-38-12 and red wheat as the substrate. Whereas
peptide-A (Rf = 0.7) melted at 254-255°, the melting
points of cyclochlorotine and islanditoxin have been
reported to be 250° and 250-251°, respectively. Peptide
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B (Rf = 0.4) melted at 215°.
clearly different from the known cyclic peptides, it was
designated as a new compound and named simatoxin
(17). In view of the discrepency in the literature, it was
necessary to determine if peptide-A was cyclochlorotine
or islanditoxin or a new compound.

Since the purified peptide-A could be isolated only in
milligram quantities, it seemed that mass spectrometry
would be the best method for the identification of the
compound. Application of this powerful tool for the

Since this compound was

determination of the amino acid sequence of small pep-
tides was first demonstrated by Biemann (21-23). While
this method has been utilized in the amino acid sequencing
of a large number of small peptides, determination of
structures of cyclic peptides presents difficult problems.
The interpretation of mass spectra of such peptides is
often complicated by the possibility that transannular
bond formation either prior to or after ionization,
followed by cleavage after electron impact, may take
place in such molecules. This can lead to fragments
containing two or more amino acids which were not
adjacent in the original structure. Also, since neither
cyclochlorotine nor islanditoxin has any defined N-
terminus or C-terminus, the sequencing could not be
confirmed by conventional sequencing methods such as
Edman technique.

The peptide-A was therefore identified by a combi-
nation of high resolution mass spectrometry and field
desorption mass spectrometry on the intact sample and
gas chromatographic mass spectrometry (gc/ms) on partial
hydrolyzates thereof (24).

The expected molecular ion corresponding to 571
(C24H3,Cl;NsO4) for cyclochlorotine or islanditoxin
could not be found in the high resolution mass spectra of
our chlorine-containing peptide (Rf 0.7). The ion of
highest mass was observed at 499.1616, which corres-
ponded to C;4H,;¢CINsOs (loss of 2 H, O + HCI from
the molecular ion). A low resolution mass spectrum
using field desorption also failed to show any molecular
ion although an ion was observed for (M-HCD)*. Mass
spectra of the peptide diacetate, however, showed a
protonated molecular ion at m/z 656, indicating that
our peptide could be isomeric or identical to either cyclo-
chlorotine or islanditoxin.

While high resolution mass spectra as well as field
desorption mass spectra were useful in determining the
molecular formula of peptide-A, no conclusive information
could be obtained on its amino acid sequence. A
combination of nonspecific cleavage by partial acid
hydrolysis, derivatization and gc/ms was used to determine
the sequence. Hydrolysis of 0.8 mg. of the peptide was
carried out using 6M hydrochloric acid at 105° for 20

minutes in an evacuated, sealed tube. This was followed
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by lyophilization, methylation, trifluoroacetylation, re-
duction and silylation (Fig. 3). The resulting product was
analyzed by gc/ms using a Perkin-Elmer Model 990 gas
chromatograph equipped with a flame ionization detector,
which was coupled via a fitted glass Watson-Biemann
separator to a Hitachi-Perkin Elmer RMU-6L mass spectro-
meter.

A total of five peptide fragments were identified by
gc/ms.  Reconstruction of the peptide from these frag-
ments established the structure as cyclochlorotine. As
shown in Figure 3, the sequence of the L-serine-3-phenyl-
alanine-L-serine was established unequivocally from the
mass spectra of the degradation product.

The results from ge/ms also established that peptide-A
isolated in our laboratories was not islanditoxin. No
fragment corresponding to serine-serine or -phenylalanine-
a-amino-butyric acid could be traced in the mass spectral
studies.

These studies also show that gc/ms is a fast and ef-
fective method for peptide sequencing. Also, the presence
of unusual amino acids such as cis-dichloroproline causes
no special problem in such sequencing studies.
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Identification of our chlorine-containing peptide-A
as cyclochlorotine now leads to the following question.
ls islanditoxin identical with simatoxin or cyclochlorotine?
The physical properties of simatoxin indicate that this
compound is different from islanditoxin. For example,
the melting points of the two compounds are different.
While simatoxin shows peak absorption at 262 nm,
islanditoxin absorbs at 259 nm. The IR-spectrum
of simatoxin (v max at 3325, 1680, 1660, and 1604
em™') is different from that reported for islanditoxin
(v max at 3450, 3270, 1650 em™ ).

In an attempt to isolate islanditoxin, we have carried
out a large number of fermentation experiments, using a
variety of P. islandicum strains. So far, we have been
able to detect only two peptides, cyclochlorotine and
simatoxin. Tatsuno synthesized both dehydrochlorinated
cyclochlorotinic amide and dehydrochlorinated islandi-
toxinic amide (5,9) and found the two compounds to be
different (Table I). This leads one to believe that the
structure originally assigned to dehydrochlorinated is-
landitoxinic amide needs to be reinvestigated. This is
further supported by the facts that the physical properties
of cyclochlorotine and islanditoxin are similar, and the
reported melting points of dehydrochlorinated islandi-
toxinic amide and dehydrochlorinated cyclochlorotinic
amide are almost identical. We therefore suggest the
structure of islanditoxin should now be revised to that of
cyclochlorotine.
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