Nucleosides from the Marine Sponge Haliclona sp.
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Three known nucleosides were isolated from the sponge Haliclona sp. The structures were
established on the basis of NMR data and comparison with those reported, and chemotaxo-
nomic relationships of the sponge nucleosides were discussed.
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Introduction

Sponges (phylum Porifera) are sessile marine
filter feeders that have developed efficient de-
fense mechanisms against foreign attackers such
as viruses, bacteria, or eukaryotic organisms. Pro-
tected by a highly complex immune system, as
well as by the capacity to produce efficient an-
tiviral compounds (e.g., nucleoside analogues),
antimicrobial compounds (e.g., polyketides), and
cytostatic compounds (e.g., avarol), they have not
become extinct during the last 600 million years.
It can be assumed that during this long period
of time, bacteria and microorganisms coevolved
with sponges, and thus acquired a complex com-
mon metabolism.

Marine sponges are a promising source of di-
verse chemical metabolites. Marine sponges be-
longing to the genus Haliclona have been the
subject of extensive chemical studies (Blunt et
al., 2008; Faulkner, 2002). Recent investigations
on Haliclona species have led to the isolation of
alkaloids, macrolides, polyacetylenes, polyketides,
steroids, and peptides (Aoki et al., 2004; de Jesus
and Faulkner, 2003; Erickson et al., 1997; Fu et al.,
1999; Sperry et al., 1998; Teruya et al., 2006).

Results and Discussion

In our investigation, nucleosides 1-3 were iso-
lated from the sponge Haliclona sp. They were
identified as thymidine (1), adenosine (2), and

2’-deoxy-guanosine (3) by comparison of their
spectral data with those reported (Cimino et al.,
1984; Kicha et al., 1995; Komori et al., 1980; Luyten
et al., 1997) (Fig. 1). The possibility that these nu-
cleosides are the result of degradation of DNA
during the work-up can be discarded because the
resistance of DNA to selective hydrolysis is well
known (Murray et al., 2002). Marine nucleosides
display antiviral, anticancer, vasodilator, muscle
relaxant, and hypertensive activities. So far ma-
rine sponges have been the best source of nucle-
osides.

Sponges are divided into four classes: Dem-
ospongiae, Hyalospongiae, Calcispongiae, and
Sclerospongiae. Demosponges are the most wide-
spread and advanced class of sponges, as well as
the largest and most diverse one. Some 90 to 95%
of all sponge species belong to this class which
is classified into three subclasses, the Homoscle-
romorpha, Tetractinomorpha, and Ceractinomor-
pha.

To the best of our knowledge, nucleosides have
been reported from several species of sponges,
e.g. from Dysidea sp. (family Dysideidae, order
Dictyoceratida; Diaz-Marrero et al., 2006; Shao et
al., 2004), Isodictya erinacea (family Isodictyidae,
order Poecilosclerida; Moon et al., 1998), Aplysina
sp. (family Aplysinidae, order Verongida; Kondo
et al., 1992), Tedania digitata (family Tedaniidae,
order Poecilosclerida; Bairdlambert et al., 1980;
Cook et al., 1980; Goya and Martinez, 1988; Qui-
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Fig. 1. Chemical structures of thymidine (1), adenosine (2) and 2'-deoxy guanosine (3).

Class Demospongiae
Subclass Homoscleromorpha  Ceractinomorpha Tetractinomorpha
Order Dictyoceratida Poecilosclerida Haplosclerida Verongida
Family Dysideidae Isodictyidae Tedaniidae Mycalidae Aplysinidae
Dysidea sp. Isodictya erinacea Tedania digitata Mycale sp. Aplysina sp.
Diaz-Marrero et al., 2006| Moon et al., 1998 Quiann et al., 1980 Kato et al., 1985 Kondo et al., 1992
Shao e al., 2004 Bairddambert et al., 1980 West et al., 2000
Cook et al., 1980 Matsungana et al., 1998
Goya and Martinez, 1988 | Antonov et al., 2003

Irciniidae Myxillidae Agelasidae Coelosphaeridae

Spongia sp. lotrochota sinustyla  Agelas mauritiana Hamigera hamigera

Cao et al., 2004 Yan et al., 2003 Fathi-Afshar et al., 1989 Hassan et al., 2007
Tedania sp.

Song et al., 2004

Desmacidonidae Haliclonidae Callyspongiidae Chalinidae
Gelliodes spinosella Pachychalina sp. Callyspongia fibrosa Haliclona sp.
Deng et al., 1998 Xiao and Wu, 1997 Liao et al., 2005

Dasychalina cyathina

Weinheimer et al., 1978

Fig. 2. Chemotaxonomic relationships of sponge nucleosides.
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Class Demospongiae

Subclass Homoscleromorpha Tetractinomorpha Ceractinomorpha

Order Choristida Hadromerida Epipolasida Spirophorida Lithistida

Family Geodiidae Suberitidae Tethyidae Tetilidae Theonellidae

Geodia baretti Caulospongia biflabellata Tethya crypta Cinachyrella austrafiensi  Theonella sp.

Andersson et al., 1983 Biabani et al., 2002 Aswell et al., 1977 Li et al., 2004 Theonella cupola
Andersson et al., 1986 Tylotella sp. Erdogan and Higa, 2000
Lidgren, 1989 Cui et al., 1995 Ichiba et al., 1995
Lidgren et al., 1988 Spirastrellidae Shubina and Stonik, 1990
Erylus sp. Suberites tylobtusa

Capon and Trotter, 2005 Lietal., 2000

Trachycladidae Jaspidae

Trachycladus laevispirulifer

Searle and Molinski, 1995

Jaspis johnstoni

Zabriskie and Ireland, 1989

Fig. 3. Chemotaxonomic relationships of sponge nucleosides.

ann et al., 1980; Tao et al., 1993), Mycale sp. (fam-
ily Mycalidae, order Poecilosclerida; Antonov et
al., 2003; Kato et al., 1985; Matsunaga et al., 1998;
West et al., 2000), Dasychalina cyathina (fam-
ily Callyspongiidae, order Haplosclerida; Wein-
heimer et al., 1978), Hamigera hamigera (family
Coelosphaeridae, order Poecilosclerida; Hassan et
al., 2007), Agelas mauritiana (family Agelasidae,
order Poecilosclerida; Fathi-Afshar er al., 1989),
Spongia sp. (family Irciniidae, order Dictyocerat-
ida; Cao et al., 2004), Gelliodes spinosella Thielle
(family Desmacidonidae, order Haplosclerida;
Deng et al., 1998), Callyspongia fibrosa (family
Callyspongiidae, order Haplosclerida; Liao et al.,
2005), Tedania sp. (family Myxillidae, order Po-
ecilosclerida; Song et al., 2004), Pachychalina sp.
(family Haliclonidae, order Haplosclerida; Xiao
and Wu, 1997), and lotrochota sinustyla (family
Mpyzxillidae, order Poecilosclerida; Yan et al., 2003),
respectively. The three compounds isolated from
Haliclona sp. belong to the family Chalinidae,
order Haplosclerida. The orders Dictyoceratida,
Poecilosclerida, Verongida, and Haplosclerida be-
long to the same subclass, namely Ceractinomor-
pha (class Demospongiae) (Fig. 2).

Nucleosides have also been reported from
Tethya crypta (family Tethyidae, order Epipo-
lasida; Aswell et al., 1977), Geodia baretti (fam-
ily Geodiidae, order Choristida; Andersson et al.,
1983, 1986; Lidgren, 1989; Lidgren et al., 1988),
Caulospongia biflabellata (family Suberitidae,
order Hadromerida; Biabani et al., 2002), Ery-
lus sp. (family Geodiidae, order Choristida; Ca-
pon and Trotter, 2005), Jaspis johnstoni (family
Jaspidae, order Epipolasida; Zabriskie and Ire-
land, 1989), Theonella sp. and Theonella cupola
(family Theonellidae, order Lithistida; Erdogan
and Higa, 2000; Ichiba et al., 1995; Shubina and
Stonik, 1990), Trachycladus laevispirulifer (family
Trachycladidae, order Hadromerida; Searle and
Molinski, 1995), Tylotella sp. (family Suberitidae,
order Hadromerida; Cui et al., 1995), Cinachyrella
austrafiensis (family Tetillidae, order Spirophori-
da; Li et al., 2004), and Suberites tylobtusa Levi
(family Spirastrellidae, order Hadromerida; Li
et al., 2000). The orders Epipolasida, Choristida,
Lithistida, Spirophorida, and Hadromerida be-
long to the same subclass, namely Tetractinomor-
pha (class Demospongiae) (Fig. 3).
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There have been numerous reports on the iso-
lation of nucleosides from marine sponges of the
subclasses Tetractinomorpha and Ceractinomor-
pha. The sponge Haliclona sp. is classified under
the subclass Ceractinomorpha, which is taxonom-
ically distant from the subclass Tetractinomorpha.
We may conclude that the presence of nucleosides
has been the result of independent evolution in
these species and is of great importance in the
context of chemotaxonomical relationship be-
tween sponges of two different subclasses show-
ing presence of the same class of compounds.

Experimental
General experimental procedures

"H and "C NMR spectra were recorded on a
Bruker AC-500 spectrometer. Chemical shifts
were reported with reference to the respective
residual solvent peaks (Jy 2.49 and J. 40.0 for
DMSO-dy).

Animal material

The sponge was collected by hand in July 2005,
off the coast of Hainan Island, China. The speci-
men was identified as Haliclona sp. by Dr. Kyung
Jin Lee. A voucher specimen (0507003) was de-
posited in the Natural History Museum, Hannam
University, Daejon, Korea and Guangdong Key
Laboratory of Marine Materia Medica, South
China Sea Institute of Oceanology, Guangzhou,
China.

Extraction and isolation

The sponge (20 kg) was extracted with EtOH
at room temperature. The EtOH extract was par-
titioned between CHCIl; and water. The aqueous
layer was further partitioned between water and
n-BuOH. The n-BuOH fraction was subjected
to reversed-phase flash column chromatogra-
phy (YMC Gel ODS-A, 60 A, 230 mesh) eluted
with a stepped gradient solvent system of 10 —
80% EtOH/H,O to afford 24 fractions. Fraction
B3 (6.2 g, desalinated) was separated by silica
gel flash column chromatography eluted with a
gradient of 5 — 30% MeOH in CHCI,, affording
22 subfractions. Fractions B3-5 (640 mg), B3-7
(150 mg), and B3-10 (215.5 mg) were separated
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by repeated silica gel flash column chromato-
graphy using a gradient of 0 - 20% MeOH in
CHCI,;. Compounds 1 (24.9 mg), 2 (6.1 mg), and 3
(2.1 mg) were obtained in subfractions B3-5-9,
B3-7-5, and B3-10-5, respectively.

Thymidine (1): Colourless crystals. — '"H NMR
(500 MHz, DMSO-d,): = 11.26 (1H, s, 1-NH),
7.96 (1H, s, H-4), 6.16 (1H, t, H-1', J = 6.5 Hz),
5.22 (1H,d,3'-OH,J = 4.2 Hz),5.01 (1H, d,5-OH,
J = 52 Hz), 423 (1H, m, H-4"), 3.76 (1H, q, H-3,
J = 3.6, 6.8 Hz), 3.56 (2H, m, H-5"), 2.10 (2H, m,
H-2'), 1.76 (3H, d, 5-CH,). — *C NMR (125 MHz,
DMSO-d,): 6 = 163.5 (C-6), 150.3 (C-2), 135.9 (C-
4), 109.2 (C-5), 87.1 (C-1"), 83.6 (C-4"), 70.3 (C-
31, 61.2 (C-5"), 39.4 (C-2"), 12.0 (5-CH;). -ESIMS
(negative mode): m/z = 241 [M-H]".

Adenosine (2): White solid. — 'H NMR
(500 MHz, DMSO-d,): 6 = 8.34 (1H, s, H-8), 8.10
(1H, s, H-2),7.35 (2H, s, 6-NH,), 5.87 (1H, d, H-1',
J = 6.2 Hz), 4.60 (1H, m, H-3"), 4.14 (1H, m, H-4"),
3.96 (1H, m, H-2'a), 3.67(1H, m, H-2'b), 3.55 (1H,
m, H-5"). — ®C NMR (125 MHz, DMSO-d,): 6 =
156.1 (C-6), 152.3 (C-2), 149.0 (C-4), 139.8 (C-8),
119.3 (C-5), 87.8 (C-1'), 85.8 (C-4'), 733 (C-3"),
70.5 (C-2'), 61.6 (C-5).

2'-Deoxy-guanosine (3): White solid. — '"H NMR
(500 MHz, DMSO-d,): 6 = 7.91 (1H, s, H-8), 6.47
(2H, s,2-NH,), 6.11 (1H, dd, H-1',J = 6.5,7.7 Hz),
434 (1H, m, H-4'), 3.80 (1H, m, H-3'),3.55 (1H, m,
H-5'a), 3.51 (1H, m, H-5'b), 2.49 (1H, m, H-2'a),
2.20 (1H, m, H-2'b). — ®C NMR (125 MHz, DM-
SO-dy): 6 = 156.8 (C-6), 153.6 (C-2), 150.9 (C-4),
135.4 (C-8), 116.75 (C-5), 87.6 (C-1'), 82.7 (C-4'),
70.8 (C-3'), 61.7 (C-5"), 39.5 (C-2").

Acknowledgements

This study was supported by grants from Na-
tional Natural Science Foundation of China (No.
40706046), Knowledge Innovation Program of
Chinese Academy of Sciences (LYQY200703),
and Guangdong Key Laboratory of Marine Ma-
teria Medica Foundation. Our thanks are due to
colleagues of National Experiment Station of
Tropical Marine Biology for their assistance in
collecting of the marine sponges.



B. Wang et al. - Nucleosides from Marine Sponges

Andersson L., Lidgren G., Bohlin L., Magni L., Ogren
S., and Afzelius L. (1983), Studies of Swedish ma-
rine organisms. Screening of biological activity. Acta
Pharm. Suecica 20, 401-414.

Andersson L., Lidgren G., Bohlin L., Pisa P., Wigzell H.,
and Kiessling R. (1986), Studies of Swedish marine
organisms. A screening for lectin-like activity. Acta
Pharm. Suecica 23, 91-100.

Antonov A. S., Afiyatullov S. S., Kalinovsky A. 1., Pon-
omarenko L. P, Dmitrenok P. S., Aminin D. L., Aga-
fonova I. G., and Stonik V. A. (2003), Mycalosides
B-I, eight new spermostatic steroid oligoglycosides
from the sponge Mycale laxissima. J. Nat. Prod. 66,
1082-1088.

Aoki S., Cao L. W, Matsui K., Rachmat R., Akiyama
S., and Kobayashi M. (2004), Kendarimide A, a novel
peptide reversing P-glycoprotein-mediated multidrug
resistance in tumor cells, from a marine sponge of
Haliclona sp. Tetrahedron 60, 7053—7059.

Aswell J. F., Allen G. P, and Jamieson A.T. (1977), An-
tiviral activity of arabinosylthymine in herpesviral
replication: mechanism of action in vivo and in vitro.
Antimicrob. Agents Chemother. 12, 243-254.

Bairdlambert J.,, Marwood J. F, Davies L. P., and Tay-
lor K. M. (1980), 1-Methylisoguanosine — orally ac-
tive marine natural product with skeletal-muscle and
cardiovascular effects. Life Sci. 26, 1069-1077.

Biabani M. F.,, Gunasekera S. P, Longley R. E., Wright
A. E., and Pomponi S. A. (2002), Tubercidin, a cy-
totoxic agent from the marine sponge Caulospongia
biflabellata. Pharm. Biol. 40, 302-303.

Blunt J. W., Copp B. R., Hu W. P, Munro M. H. G,
Northcote P. T., and Prinsep M. R. (2008), Marine
natural products. Nat. Prod. Rep. 25, 35-94.

Cao S., Gao Z., Thomas S. J., Hecht S. M., Lazo J. S., and
Kingston D. G. I. (2004), Marine sesquiterpenoids
that inhibit the lyase activity of DNA polymerase £.
J. Nat. Prod. 67, 1716-1718.

Capon R. J. and Trotter N. S. (2005), N*,5’-Cycloxantho-
sine, the first natural occurrence of a cyclonucleoside.
J. Nat. Prod. 68, 1689-1691.

Cimino G., De Rosa S., and De Stefano S. (1984), Anti-
viral agents from a gorgonian Eunicella cavolini; one
previously found in the sponge Cryptotehya crypta.
Experientia 40, 339-340.

Cook A. F, Bartlett R. T., Gregson R. P, and Quinn R.
J. (1980), 1-Methylisoguanosine, a pharmacologically
active agent from a marine sponge. J. Org. Chem. 45,
4020-4025.

Cui Z., Yuan D, Jiang Z., Li Y., Yin J.,, Yu D., and Li J.
(1995), Chemical constituents of the sponge Tylotella
sp. Chin. Pharm. J. 30, 524 -526.

de Jesus R. P. and Faulkner D. J. (2003), Chlorinated
acetylenes from the San Diego sponge Haliclona lu-
nisimilis. J. Nat. Prod. 66, 671-674.

Deng S., Li F, and Peng S. (1998), Chemical constitu-
ents of marine sponge Gelliodes spinosella in the
South China Sea. Chin. J. Mar. Drugs 17, 31-32.

Diaz-Marrero A. R., Austin P, Van Soest R., Matainaho
T., Roskelley C. D., Roberge M., and Andersen R. J.
(2006), Avinosol, a meroterpenoid-nucleoside conju-
gate with antiinvasion activity isolated from the ma-
rine sponge Dysidea sp. Org. Lett. 8, 3749-3752.

147

Erdogan I. and Higa T. (2000), A chloroadenine ribo-
side-type nucleoside from the marine sponge The-
onella cupola. Ankara Universitesi Eczacilik Fakul-
tesi Dergisi 29, 1-6.

Erickson K. L., Beutler J. A., Cardellina J. H., and Boyd
M. R. (1997), Salicylihalamides A and B, novel cyto-
toxic macrolides from the marine sponge Haliclona
sp. J. Org. Chem. 62, 8188—8192.

Fathi-Afshar R., Allen T. M., Krueger C. A., Cook D. A.,
Clanachan A. S., Vriend R., Baer H. P, and Cass C.
E. (1989), Some pharmacological activities of novel
adenine-related compounds isolated from a marine
sponge Agelas mauritiana. Can. J. Physiol. Pharmacol.
67,276-281.

Faulkner D. J. (2002), Marine natural products. Nat.
Prod. Rep. 19, 1-48.

Fu X., Ferreira M. L. G., Schmitz F. J.,, and Kelly M.
(1999), Tamosterone sulfates: A C-14 epimeric pair
of polyhydroxylated sterols from a new Oceanapiid
sponge genus. J. Org. Chem. 64, 6706—-6709.

Goya P. and Martinez A. (1988), Synthesis and cytostat-
ic screening of an SO, analog of doridosine. Arch.
Pharm. 321, 99-101.

Hassan W. H. B., El-Sated Z. 1. A., and Proksch P.
(2007), New bioactive metabolites isolated from
sponge Hamigera hamigera. Biosci. Biotechnol. Res.
Asia 4, 351-358.

Ichiba T., Nakao Y., Scheuer P. J., Sata N. U., and Kelly-
Borges M. (1995), Kumusine, a chloroadenine ribo-
side from a sponge, Theonella sp. Tetrahedron Lett.
36, 3977-3980.

Kato Y., Fusetani N., Matsunaga S., and Hashimoto K.
(1985), Bioactive marine metabolites IX. Mycalisines
A and B, novel nucleosides which inhibit cell division
of fertilized starfish eggs, from the marine sponge
Mycale sp. Tetrahedron Lett. 26, 3483 -3486.

Kicha A. A., Kalinovskii A. I., and Stonik V. A. (1995),
Novel polyhydroxysteroidal glycoside from the star-
fish Leptasterias polaris acervata. Russ. Chem. Bull.
44, 1125-1126.

Komori T., Sanechika Y., Ito Y., Matsuo J., Nohara T.,
Kawasaki T., and Schulten H.-R. (1980), Biologically
active glycosides from asteroidea, structures of a new
cerebroside mixture and of two nucleosides from
the starfish Acanthaster planci. Liebigs Ann. Chem.,
653-668.

Kondo K., Shigemori H., Ishibashi M., and Kobayashi
J. (1992), Aplysidine, a new nucleoside from the
Okinawan marine sponge Aplysina sp. Tetrahedron
48, 7145-7148.

Li W., Mao S., and Yi Y. (2000), Studies on the chemical
constitutions of the sponge Suberites tylobtusa levi.
Chin. J. Mar. Drugs 19, 1-4.

Li L., Deng Z., Li J., Fu H., and Lin W. (2004), Chemi-
cal constituents from Chinese marine sponge Cin-
achyrella austrafiensis. J. Peking Univ.: Health Sci. 36,
12-17.

Liao X., Xu S., Huang Q., and He D. (2005), Studies
on chemical constituents from Callyspongia fibrosa.
Chin. J. Spectrosc. Lab. 22, 281-283.

Lidgren G. (1989), Pharmacognostic studies on some
Swedish marine organisms with emphasis on the
sponge Geodia baretti. Acta Pharm. Nordica 1, 371.



148

Lidgren G., Bohlin L., and Christophersen C. (1988),
Studies of Swedish marine organisms, part X. Bio-
logically active compounds from the marine sponge
Geodia baretti. J. Nat. Prod. 51, 1277-1280.

Luyten I., Thibaudeau C., and Chattopadhyaya J.
(1997), The strength of the anomeric effect in adeno-
sine, guanosine, and in their 2’-deoxy counterparts is
medium-dependent. J. Org. Chem. 62, 8800—8808.

Matsunaga S., Sugawara T., and Fusetani N. (1998),
Bioactive marine metabolites, 84 — New mycalolides
from the marine sponge Mycale magellanica and
their interconversion. J. Nat. Prod. 61, 1164-1167.

Moon B., Baker B. J., and McClintock J. B. (1998), Pu-
rine and nucleoside metabolites from the Antarctic
sponge Isodictya erinacea. J. Nat. Prod. 61, 116-118.

Murray A. P, Araya E., Maier M. S., and Seldes A. M.
(2002), Nucleosides and nucleobases from Ophiactis
asperula, Ophiacantha vivipara and Gorgonocepha-
lus chilensis. Biochem. Syst. Ecol. 30, 259-262.

Quiann R. J., Gregson R. P, Cook A. F,, and Bartlett R.
T. (1980), Isolation and synthesis of 1-methylisogua-
nosine, a potent pharmacologically active constitu-
ent from the marine sponge. Tetrahedron Lett. 21,
567-568.

Searle P. A. and Molinski T. F. (1995), Trachycladine-A
and trachycladine-B-2’-methyl-5’-deoxyribofuranosyl
nucleosides from the marine sponge Trachycladus
laevispirulifer. J. Org. Chem. 60, 4296—4298.

Shao Z., Guo Y., Yu J, and Zhu D. (2004), Studies on
chemical constitution of Dysidea sp. from South Chi-
na Sea. Nat. Prod. Res. Dev. 16, 19-22.

Shubina L. K. and Stonik V. A. (1990), Nucleosides from
Theonella sponge. Chem. Nat. Compd. 26, 237-237.

B. Wang et al. - Nucleosides from Marine Sponges

Song F, Fan X., Xu X., and Shi J. (2004), Studies on the
chemical constituents of the marine sponge Tedania
sp. Chin. J. Mar. Drugs 23, 11-14.

Sperry S., Samuels G. J., and Crews P. (1998), Verti-
noid polyketides from the saltwater culture of the
fungus Trichoderma longibrachiatum separated
from a Haliclona marine sponge. J. Org. Chem. 63,
10011-10014.

Tao P. L., Yen M. H., Shyu W. S., and Chern J. W. (1993),
Doridosine derivatives — binding at adenosine re-
ceptors and in vivo effects. Eur. J. Pharmacol. 243,
135-139.

Teruya T., Kobayashi K., Suenaga K., and Kigoshi H.
(2006), Cyclohaliclonamines A—E: Dimeric, trimeric,
tetrameric, pentameric, and hexameric 3-alkyl pyrid-
inium alkaloids from a marine sponge Haliclona sp.
J. Nat. Prod. 69, 135-137.

Weinheimer A. J., Chang C. W.J., Matson J. A., and Kaul
P. N. (1978), Marine cardioactive agents — adenosine
and 2’-deoxyadenosine from Dasychalina cyathina. J.
Nat. Prod. 41, 488—-490.

West L. M., Northcote P. T., Hood K. A., Miller J. H.,
and Page M. J. (2000), Mycalamide D, a new cyto-
toxic amide from the New Zealand marine sponge
Mycale species. J. Nat. Prod. 63, 707-709.

Xiao D. and Wu H. (1997), Chemical constituents of
marine sponge Pachychalina sp. from South China
Sea. Guangzhou Chem. 4, 34-37.

Yan X., Guo Y., Guogiang S., Mollo E., and Cimino
G. (2003), Studies on the chemical constituents of
marine sponge lotrochota sinustyla from the South
China Sea. Nat. Prod. Res. Dev. 15, 296-298.

Zabriskie T. M. and Ireland C. M. (1989), The isolation
and structure of modified bioactive nucleosides from
Jaspis johnstoni. J. Nat. Prod. 52, 1353-1356.





