
References

Charison, R.J., J.E. Lovelock, M.O. Andreae, and S.G. Warren. 1987.
Oceanic phytoplankton, atmospheric sulfur, cloud albedo and cli-
mate. Nature, 326,655-661.

Comiso, J.C., C.R. McClain, C.W. Sullivan, J.P. Ryan, and C.L. Leonard.
1992. CZCS pigment concentrations in the southern ocean and
relationships to geophysical surface features. Journal of Geophysi-
cal Research, 98(C2),2419-2451.

Daly, K.L., and G.R DiTullio. 1993. Biogenic production of dimethyl
sulfide: knit grazing on ice algae. Antarctic Journal of the U.S.,
28(5).

Gibson, J.A.E., R.C. Garrick, H.R. Burton, and A.R. McTaggart. 1990.
Dimethylsulfide and the alga Phaeocystis pouchetii in antarctic
coastal waters. Marine Biology, 104, 339-346.

Keller, M.D., W.K. Bellows, and R.R.L. Guillard. 1989. Dimethyl sulfide
production in marine phytoplankton. In E.S. Saltzman and W.J.

Cooper (Eds.), Biogenic sulfur in the environment (ACS No. 393).
Washington, D.C.: American Chemical Society.

Kirst, G.O., C. Thiel, H. Wolff, J. Nothnagel, M. Wanzek, and R. Ulmke.
1991. Dimethylsulfoniopropionate (DMSP) in ice-algae and its
possible biological role. Marine Chemistry, 35, 381-388.

Radford-Knoery, J., and GA. Cutter. 1993. Determination of carbonyl
sulfide and hydrogen sulfide species in natural waters using spe-
cialized collection procedures and gas chromatography with
flame photometric detection. Analytical Chemistry, 65(8), 976-982.

Riebesell, U., I. Schloss, and V. Smetacek. 1991. Aggregation of algae
released from melting sea ice: Implications for seeding and sedi-
mentation. Polar Biology, 11, 239-248.

Smith, W.O. 1993. Primary productivity of the Antarctic Peninsula
region during November, 1992. Antarctic Journal of the U.S., 28(5).

Wassman, P., M. Vemet, B.G. Mitchell, and F. Rey. 1990. Mass sedi-
mentation of Phaeocystis pouchetii in the Barents Sea. Marine
Ecology Progress Series, 66, 183-195.

Chemical ecology of antarctic marine invertebrates in
McMurdo Sound, Antarctica: Chemical aspects

BILL J. BAKER and ROBERT W. KOPITZKE, Department of Chemistry, Florida Institute of Technology, Melbourne, Florida 32901
MARK HAMANN, Department of Chemistry, University of Hawaii, Honolulu, Hawaii 96822

JAMES B. MCCLINTOCK, Department of Biology, University ofAlabama, Birmingham, Alabama 35294

R
ecent studies have indicated that extracts from antarctic
marine invertebrates display a variety of biological activi-

ties, including cytotoxicity and antiviral activity (Blunt et al.
1990), behavioral activity (McClintock et al. 1991), and
antimicrobial activity (McClintock and Gauthier 1992;
McClintock et al., Antarctic Journal, in this issue). Although
little chemical investigation of these organisms to identify the
active substances has been undertaken, several reports of sec-
ondary metabolites from antarctic sponges have appeared
(Molinski and Faulkner 1987, 1988; Blunt et al. 1990; Blunt,
Munro, and Faulkner personal communication). Based on the
results of our work during the 1992 field season, we have
investigated several sponges for the presence of bioactive
substances and have found two new substances. Their role in
the producing organism is addressed.

Using scuba gear, we collected sponges between 6 and 40
meters (m) depth from Hut Point, Danger Slopes, and Cape
Evans on Ross Island and between 10 and 40 m at New Harbor
on the continental coast. Most sponges were common at each
of these collection sites, although some localization was
noted. Gellius tenella, for example, was found in abundance
only at Cape Evans, and Mycale acerata was more common at
Danger Slopes. Organisms were freeze-dried, then subjected
to solvent extraction of increasing polarity: hexane, chloro-
form, methanol, and 70:30 methanol/water (three times
each). The solvents were removed in vacuo, and the extracts
were transferred to tared vials from which aliquots were
removed for assay. Active extracts were examined by thin-
layer chromatography then subjected to repeated high-perfor-
mance liquid chromatography (HPLC) separation until pure.

In their seminal paper describing biological accommoda-
tion in the benthic community of McMurdo Sound, Dayton et
al. (1974) singled out three species of sponges that were not
being preyed on and that were without spicules or mucus,
thus suggesting that they might be chemically defended. Of
the three, Dendrilla membranosa, Leucetta leptorhapsis, and
Isodiclya erinacea, only the first has been subjected to chemi-
cal investigation. We have found significant bioactivity in all
three of these sponges (McClintock et al., Antarctic Journal, in
this issue; McClintock et al. in preparation) and have under-
taken their chemical investigation.

D. membranosa, the "cactus sponge," is a bright yellow,
conspicuous sponge. In 1988, Molinski and Faulkner
described 9,11 -dihydrogracilin A (DHGA) and membranolide
from the lipophilic extract of this organism and implicated
them as defensive agents. Both of these showed mild activity
against the microorganism Bacillus subtilis. We examined the
extracts of D. membranosa in an antimicrobial screen and an
ecological assay (McClintock et at., Antarctic Journal, in this
issue; in preparation). The hexane extract was composed
largely of DHGA and showed no significant activity in either
of our assays (Baker et al. 1993). These results suggest that the
terpenes in this fraction, DHGA, membranolide, and an epoxy
derivative of DHGA that we isolated (Baker et al. in prepara-
tion) play no role in deterring the predator of the sponge, the
sea star Perknasterfuscus. As for the role that these metabo-
lites play in the physiology of the sponge, they may well be
cell wall components. This hypothesis is based on the lack of
bioactivity observed for these substances, coupled with the
fact that, in contrast to other antarctic sponges, the hexane
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extract contains only very low levels of sterols (Baker et al.	the chemistry of these organisms will prove to be qualitatively
1993).

The rubber sponge, L. leptorhapsis, is white, calcareous,
and inconspicuous on the benthos of McMurdo Sound. The
significant antimicrobial and tubefoot retraction activity
observed (McClintock et al., Antarctic Journal, in this issue) in
the methanol extract of L. leptorhapsis led us to fractionate
the extract further. The freeze-dried sponge was exhaustively
extracted with methanol, ethyl acetate, and then
methanol/water (1:1). The combined residues were separated
by C-18 vacuum chromatography eluted with a step-gradient
of water to methanol in eight fractions. Fraction 1 was com-
posed of taurine, and fractions 2 and 3 displayed significant
cytotoxicity against several cell lines. Repeated reversed-
phase HPLC yielded a highly polar lipid (Hamann et al. in
preparation) related to the leucettamols (Kong and Faulkner,
1993). The isolate from L. leptorhapsis is notably more potent
than the antimicrobial leucettamols, which were isolated
from the tropical congener L. microraphis. The strong tube-
foot retraction activity detected in the methanol fraction of
the rubber sponge indicates these bioactive lipids may be
feeding deterrents against sea stars.

Our preliminary HPLC and nuclear magnetic resonance
analyses indicate that the chloroform extract of the antarctic
polychaete sponge I. erinacea has secondary metabolite
chemistry; the isolation work is ongoing. Significant tubefoot
retractions occurred in response to this chloroform fraction,
and it displayed activity against B. subtilis. Further work in
our laboratory has suggested that the green sponge, Latrun-
culia apicalis, contains a number of methanol-soluble dis-
corhabdin-type pigments, which are cytotoxic (Blunt et al.
1990). These compounds are likely deterrents of P. fuscus
because significant tubefoot retraction occurred in response
to the methanol fraction.

The general picture that is forming of secondary metabo-
lism in antarctic sponges suggests that these polar inverte-
brates are more similar than different, compared with their
tropical and temperate counterparts (McClintock et al. in
preparation). For example, the antarctic green sponge, L. api-
calis, produces bioactive discorhabdins that were originally
described from the temperate New Zealand sponge Latruncu-
ha sp. (Blunt et al. 1990). The antarctic rubber sponge, L. lep-
torhapsis, produces cytotoxic lipids related to leucettamols A
and B from the tropical L. microraphis (Kong and Faulkner
1993). The antarctic cactus sponge, D. membranosa, produces
diterpenes and norditerpenes (Molinski and Faulkner 1987)
similar to the gracilin A found in Spongionella gracihis from
the Mediterranean Sea (Mayo!, Piccialli, and Sica 1985) and
aplysulphurin from the temperate South Pacific (Karuso et al.
1984). The first example of unusual chemistry to come from
antarctic invertebrates appears to be the variolins from the
antarctic red sponge Kirkpatrickia variolosa (Blunt, Munro,
and Faulkner personal communication). This is only a small
number of what must be a many secondary metabolites pro-
duced by antarctic sponges; however, it seems unlikely that

unique.
We would like to thank J. Maestro for assistance with the

collections of the sponges. The Antarctic Support Associates
Inc., the Antarctic Support Services of the National Science
Foundation, and the U.S. Naval Antarctic Support Force pro-
vided logistical support. This research was supported by
National Science Foundation grants OPP 91-18864 to James
B. McClintock and OPP 91-17216 to Bill J. Baker. Bill J. Baker
thanks Eli Lilly and Company for the donation of HPLC and
other equipment, part of which was used in this research.

References

Baker, B.J., B. Kopitzke, W. Yoshida, and J.B. McClintock. In prepara-
tion. Nor-diterpenes from the antarctic sponge Dendrilla mem-
branosa. Journal of Natural Products.

Baker, B.J., W. Yoshida, B. Kopitzke, and J.B. McClintock. 1993. Chem-
istry and bioactivity of antarctic sponges. Presented at the 34th
annual meeting of the American Society of Pharmacognosy, San
Diego, California, July 18-22.

Blunt, J.W., M.H.G. Munro, C.N. Battershill, B.R. Copp, J.D.
McCombs, N.B. Perry, M. Prinsep, and A.M. Thompson. 1990.
From the antarctic to the antipodes: 45° of marine chemistry. New
Journal of Chemistry, 14(10), 751-775.

Blunt, J.W., M.H.G. Munro, and D.J. Faulkner. 1992. Personal commu-
nication.

Dayton, P.K., G.A. Robilliard, R.T. Paine, and L.B. Dayton. 1974. Bio-
logical accommodation in the benthic community at McMurdo
Sound, Antarctica. Ecological Monographs, 44(1), 105-128.

Hamann, M., P.J. Scherer, B.J. Baker, and J.B. McClintock. In prepara-
tion. Amino-alcohols from the antarctic sponge Leucetta lep-
torhapsis. Journal of Organic Chemistry.

Karuso, P., B.W. Skelton, W.C. Taylor, and A.H. White. 1984. The con-
stituents of marine sponges. I. The isolation from Aplysilla sul-
phurea (Dendroceratida) of
(1,3,3-tri methylcyclohexyl)- 1,3-dihydroisobenzofuran- 1 '(4),3-
carbolactone and the determination of its crystal structure. Aus-
tralian Journal of Chemistry, 37(5),1081-1093.

Kong, F., and D.J. Faulkner. 1993. Leucettamols A and B, two antimi-
crobial lipids from the calcareous sponge Leucetta microraphis.
Journal of Organic Chemistry, 58(4), 970-971.

Mayol, L., V. Piccialli, and D. Sica. 1985. Gracilin A, an unique nor-
diterpene metabolite from the marine sponge Spongionella gra-
cilis. Tetrahedron, 26(10), 1357-1360.

McClintock, J.B., B.J. Baker, M. Slattery, M. Hamann, R. Kopitzke, and
J. Heine. In preparation. Chemotactic tubefoot responses of the
spongivorous sea star Perknaster fuscus to organic extracts from
antarctic sponges. Journal of Chemical Ecology.

McClintock, J.B., and J.J. Gauthier. 1992. Antimicrobial activities of
antarctic sponges. Antarctic Science, 4(2), 179-184.

McClintock, J.B., J. Heine, M. Slattery, and I. Weston. 1991. Chemical
defense in shallow-water antarctic marine invertebrates. Antarctic
Journal of the U.S., 25(5), 260-262.

McClintock, J.B., M. Slattery, B.J. Baker, and J.N. Heine. 1993. Chemi-
cal ecology of antarctic sponges: Ecological aspects. Antarctic
Journal of the U.S., 28(5).

Molinski, T.F., and D.J. Faulkner. 1987. Metabolites of the antarctic
sponge Dendrilla membranosa. Journal of Organic Chemistry,
52(2), 298-300.

Molinski, T.F., and D.J. Faulkner. 1988. An antibacterial pigment from
the sponge Dendrilla membranosa. Tetrahedron Letters, 29(18),
2137-2138.

ANTARCTIC JOURNAL - REVIEW 1993
133


