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Properties of Two Toxins Newly Isolated from Oysters

Yoshio Onoue,* Tamao Noguchi, Junichi Maruyama, Kanehisa Hashimoto, and Haruo Seto

Two toxins were newly isolated from the hepatopancreas of toxic oysters. The structures of two of these
were deduced to be carbamoyl-N-sulfo-11a-hydroxysaxitoxin sulfate (1) and the 118 epimer (2), based
on elemental analysis, electrophoresis, TLC, 'H and *C NMR, and conversion experiments. 1 revealed
little toxicity on intraperitoneal injection into mice. 2 gave a specific toxicity of 300 £ 15 mouse units/mg.
Upon mild acid hydrolysis, 1 and 2 were converted to highly toxic compounds: 1la-hydroxysaxitoxin

sulfate and its epimer.

We have already reported on some properties of the two
toxins newly isolated from the oyster Crassostrea gigas
cultured in Senzaki Bay, Yamaguchi, Japan (Onoue et al.,
1981). Both toxins revealed an extremely low toxicity in
mice as well as quite different chromatographic and
electrophoretic behaviors from the previously known tox-
ins.

Meanwhile, two analogous toxins have been isolated
from cultures of Protogonyaulax sp. (Hall et al., 1980) and
Gonyaulax tamarensis (Kobayashi and Shimizu, 1981).
The structures of two of these were then determined by
X-ray crystallography as carbamoyl-N-sulfo-11la-
hydroxysaxitoxin sulfate and the 118 epimer (Wichmann
et al., 1981).

Our continuous efforts were made to characterizing the
two isolated oyster toxins, since characterization or iden-
tification of them may provide evidence for the involve-
ment of the above two species of dinoflagellates in the
infestation to shellfish.

MATERIALS AND METHODS

Toxic Oysters. Toxic specimens of the oyster C. gigas
cultured in Senzaki Bay, Yamaguchi, Japan, were collected
in Jan 1979 and 1980. The oysters, after being shucked,
were kept frozen below -20 °C for 3-10 months. The
hepatopancreas was removed from the partially thawed
oysters and used for the extraction and purification of
toxins. The toxicity of organ was determined by using the

Laboratory of Marine Biochemistry, Faculty of Agri-
culture, University of Tokyo, Bunkyo, Tokyo 113, Japan
(Y.0., T.N,, .M., and K.H.), and Institute of Applied
Microbiology, University of Tokyo, Bunkyo, Tokyo 113,
Japan (H.S.).
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standard mouse bioassay for paralytic shellfish poison
(AOAC, 1975).

Extraction Procedure. One kilogram of hepatopan-
creas (240 = 12 mouse units (MU)/g) was homogenized
for 3-5 min with 2000 mL of 80% ethanol adjusted to pH
2 with 1 N HCL. The homogenate was centrifuged at 5000g
for 20 min. These steps were repeated twice for the res-
idue. The combined supernatant was concentrated in
vacuo to 500 mL and washed 5 times with 300 mL of
chloroform. The aqueous layer (220000 MU) from which
the residual chloroform was removed by evaporation was
adjusted to pH 5.5 with 1 N NaOH.

Activated Charcoal Treatment. Water-washed ac-
tivated charcoal (Wako Pure Chemical Industries), 750-800
mL, was added under agitation to the toxin extract and
filtered through a Buchner funnel. The charcoal on the
funnel was thoroughly washed with water and eluted with
3000 mL of 20% ethanol containing 1% acetic acid. The
toxic eluate (152 000 MU) was concentrated in vacuo to
300 mL and lyophilized.

Chromatography on Bio-Gel P-2. The lyophilized
toxins were dissolved in 350 mL of water and applied to
a Bio-Gel P-2 (Bio-Rad Laboratories) column (6.5 X 50
cm). After half of the bed volume (800 mL) of water was
passed through the column at a flow rate of 3 mL/min,
the toxins were eluted with 2000 mL of 0.15 M acetic acid.
The toxic eluate (150000 MU) was concentrated and lyo-
philized.

Chromatography on Amberlite CG-50 II. The gel-
treated toxins were dissolved in 5 mL of water, placed on
an Amberlite CG-50 II (Rohm and Haas Co.) column (H*
form, 1.5 X 95 cm) and fractionated with 100 mL of water
and then 350 mL each of 0.1 and 0.5 M acetic acid. The
water eluate (50000 MU) was lyophilized and purified by
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Note Added in Proof Compounds 1 and 2 exhibit the
same electrophoretic and thin-layer chromatographic be-
haviors as Protogonyaulax toxins C1 and C2, both of which
were cordially provided to us in crystalline forms by Dr.
S. Hall, Woods Hole Oceanographic Institution, Woods
Hole, MA.

ACKNOWLEDGMENT

We express our gratitude to Kozaburo Kogawa of Yam-
aguchi Prefectural Government and the staff of the Yam-
aguchi Prefectural Open Sea Fisheries Experimental
Station for the aid given in the collection of toxic oysters.

Registry No. 1, 80173-30-4; 2, 80226-62-6; 3, 60508-89-6; 4,
60537-65-7; 5, 64296-25-9.

LITERATURE CITED

Antonopoulos, C. A. Acta Chem. Scand. 1962, 16, 1521-1522.
AOAC “Methods of Analysis”, 12th ed.; Association of Official
Analytical Chemists: Washington, DC, 1975; pp 319-321.
Hall, S.; Reichardt, P. B.; Neve, R. A. Biochem. Biophys. Res.

Commun. 1980, 97, 649-653.

Kobayashi, M.; Shimizu, Y. J. Chem. Soc., Chem. Commun. 1981,
827-828.
Nishio, S.; Noguchi, T.; Onoue, Y.; Maruyama, J.; Hashimoto,
K.; Seto, H. Bull. Jpn. Soc. Sci. Fish. 1982, 48, 959-965.
Noguchi, T.; Kono, M.; Ueda, Y.; Hashimoto, K. J. Chem. Soc.
Jpn. 1981, 652-658.

Onoue, Y.; Noguchi, T.; Maruyama, J.; Hashimoto, K.; Ikeda, T.
Bull. Jpn. Soc. Sci. Fish. 1981, 47, 1643.

Rogers, R. S.; Rapoport, H. J. Am. Chem. Soc. 1980, 102,
7335-7339.

Schantz, E. J.; MacFarren, E. F.; Schafer, M. L.; Lewis, K. H. J.
Assoc. Off. Agric. Chem. 1958, 4, 160-177.

Wichmann, C. F.; Niemczura, W. P.; Schnoes, H. K.; Hall, S;
Reichardt, P. B.; Darling, S. D. J. Am. Chem. Soc. 1981, 103,
6977-6978.

Received for review March 22, 1982. Revised manuscript received
October 22, 1982. Accepted November 14, 1982. This work was
partly supported by grants from the Ministry of Education,
Science and Culture, the Institute of Physical and Chemical
Research, and the Steel Industry Foundation for the Advancement
of Environmental Protection Technology.

Germination Responses of Several Species of Rust Spores to 5-Methyl-2-hexanone,
Isomers of Ionone, and Other Structurally Related Flavor Compounds

Richard C. French

Uredospores of Puccinia punctiformis, Puccinia chondrillina, Puccinia iridis, and Uromyces trifolii-
repentis were tested for germination responses to $-ionone, a-ionone, 5-methyl-2-hexanone, and other
related compounds. Maximum germination by any treatment ranged from 80 to 90% for the four species.
Germination of uredospores of P. punctiformis and P. chondrillina was stimulated most by 5-
methyl-2-hexanone and 2-heptanone. P. iridis was stimulated most by 8-ionone. P. punctiformis was
stimulated by a-ionone but not by 8-ionone. P. chondrillina and P. iridis were stimulated by 8-ionone
but not a-ionone. Both P. punctiformis and P. chondrillina could be chemically stimulated over a
temperature range of 10-25 °C. Uredospores of U. trifolii-repentis were stimulated most effectively
by B-ionone, followed by a-ionone and octyl cyanide. 5-Methyl-2-hexanone is the third compound (after
nonanol and B-ionone) found to be the most effective chemical germination stimulator for certain groups

of rust species.

Differences in response of uredospores of various species
of rusts to certain flavor chemicals have been reported
previously (French and Gallimore, 1971; French et al.,
1975a,b, 1977; French and Wilson, 1981). Some of the
chemicals studied also have been found in uredospores of
several species (French and Weintraub, 1957; Rines et al.,
1974). For example, nonanal and 6-methyl-5-hepten-2-one
have been identified in rusts, and they also occur naturally
as components of flavors and fragrances in a variety of
natural products, including citrus peel oils, and other food
items (Furia and Bellanca, 1975). These two compounds
also have been identified as insect pheromones (Blum,
1969). B-Ionone and 6-methyl-5-hepten-2-one have been
found in volatiles from algal cultures, and 8-ionone has
been reported to inhibit growth of several algal species
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(Juttner, 1979). Virtually all of the compounds used in
this research have been reported to occur in various natural
products. This study of the effect of chemical structure
on stimulator activity was conducted to determine the
most efficient compound for stimulating spores of several
rust species, including two which are pathogens of weeds.
This information may be useful in providing effective tools
to solve practical problems in uredospore germination, such
as obtaining maximum germination in uredospores applied
to weed pests in biocontrol operations or causing germi-
nation of pathogenic spores at an opportune time for
disease control. Determining the structural requirements
for chemical stimulation also should provide a starting
point for research on mechanism of action.

MATERIALS AND METHODS

Since rust fungi are obligate parasites, uredospores were
produced on the appropriate hosts, usually in the green-
house. Uredospores or aeciospores of Puccinia puncti-
formis (Strauss) Roehl. were collected in the field from
plants of Canada thistle, Cirsium arvense (L.) Scop.
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