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Over the past 30 years, approximately 140 papers have been published on marine natural products

chemistry and related research from the Fiji Islands. These came about from studies starting in the early

1980s by the research groups of Crews at the University of California Santa Cruz, Ireland at the

University of Utah, Gerwick from the Scripps Institution of Oceanography, the University of

California at San Diego and the more recent groups of Hay at the Georgia Institute of Technology

(GIT) and Jaspars from the University of Aberdeen. This review covers both known and novel marine–

derived natural products and their biological activities. The marine organisms reviewed include

invertebrates, plants and microorganisms, highlighting the vast structural diversity of compounds

isolated from these organisms. Increasingly during this period, natural products chemists at the

University of the South Pacific have been partners in this research, leading in 2006 to the development

of a Centre for Drug Discovery and Conservation (CDDC).
1 Introduction

2 The Fiji Islands

3 The study of biodiversity and bioactivity in Fijian

waters

4 A brief history of marine natural products

5 Studies on symbiotic microorganisms

6 Organisms (organized by phylum, class, order and

alphabetized by Genus/species)

6.1 Animalia

6.1.1 Chordata, Ascidiacea, Aplousobranchia

6.1.2 Chordata, Ascidiacea, Stolidobranchia

6.1.3 Cnidaria, Anthozoa, Alyconacea

6.1.4 Cnidaria, Anthozoa, Zoanthidea

6.1.5 Echinodermata, Crinoidea, Comatulida

6.1.6 Mollusca, Gastropoda, Nudibranchia

6.1.7 Mollusca, Gastropoda, Siphonarioidea

(Superfamily)

6.1.8 Porifera, Calcarea, Clathrinida

6.1.9 Porifera, Demospongiae, Agelasida

6.1.10 Porifera, Demospongiae, Astrophorida

6.1.11 Porifera, Demospongiae, Dictyoceratida

6.1.12 Porifera, Demospongiae, Halichondrida
aCentre for Drug Discovery and Conservation, Institute of Applied
Sciences, The University of the South Pacific, Suva, Fiji. E-mail:
aalbersberg@usp.ac.fj; Fax: +679 323 1534; Tel: +679 323 2964
bDepartment of Medicinal Chemistry, College of Pharmacy, University of
Utah, Salt Lake City, USA. E-mail: cireland@pharm.utah.edu; Fax:
(+801) 585-6208; (+801) 581-8305

1424 | Nat. Prod. Rep., 2012, 29, 1424–1462
6.1.13 Porifera, Demospongiae, Haplosclerida

6.1.14 Porifera, Demospongiae, Homosclerophorida

6.1.15 Porifera, Demospongiae, ‘‘Lithistida’’

6.1.16 Porifera, Demospongiae, Poecilosclerida

6.1.17 Porifera, Demospongiae, Verongida

6.2 Bacteria

6.2.1 Actinobacteria, Actinobacteria, Actinomycetales

6.2.2 Cyanobacteria, Cyanophyceae, Oscillatoriales

6.2.3 Cyanobacteria, Cyanophyceae, Scytonematales

6.2.4 Proteobacteria, Gammaproteobacteria,

Pseudomonadales

6.3 Fungi

6.3.1 Unidentified fungus

6.3.2 Ascomycota, Ascomycetes, Botryosphaeriales

6.3.3 Ascomycota, Eurotiomycetes, Eurotiales

6.3.4 Ascomycota, Sordariomycetes, Hypocreales

6.4 Plantae

6.4.1 Chlorophyta, Bryopsidophyceae, Bryopsidales

6.4.2 Rhodophyta, Florideophyceae, Ceramiales

6.4.3 Rhodophyta, Florideophyceae, Corallinales

6.4.4 Rhodophyta, Florideophyceae, Gigartinales

7 Conclusions

8 References
1 Introduction

Since the early 1980s Fiji’s marine flora and fauna have been the

subject of research by scientists from a number of international
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laboratories and pharmaceutical companies. The research

activities have resulted in a number of student theses, research

presentations at scientific conferences and publications in

refereed journals. This review covers the structures and bioac-

tivities of the numerous marine–derived natural products iso-

lated from the marine flora and fauna of the Fiji Islands.

The support of the University of the South Pacific (USP) and

Government of Fiji has been crucial in allowing samples to be

collected and sent overseas for scientific research. There is

an increasing interest in natural products-based drug discovery

by research institutions and pharmaceutical companies

worldwide.

This review covers the period of 1980–2010, the first paper

being published in 1981. It is written in the same general format

as the report of the marine fauna and flora of the Islands of

Palau by Faulkner, Newman and Cragg.1 It starts with a brief

overview of the history of the Fiji Islands, its geographical

location and its marine biodiversity in relation to marine

natural products. It then highlights the natural products of

Fijian organisms through a bibliography of published chemical

structures and biological activities organized by kingdom,

phylum, class and order.
2 The Fiji Islands

The Fiji Islands, officially the Republic of Fiji, is a small

island nation at the border of Melanesia and Polynesia in the

Central Pacific. The islands are located at 16–20� S and 177�

E–178� W (Fig.1), 3000 km east of Australia and 2000 km

northeast of New Zealand. Fiji’s closest neighbours are

Vanuatu to the west, Tonga to the east and Samoa to the

northeast. It consists of over 300 named islands of which 106

are inhabited. Fiji occupies an ocean area of 1.3 million km2

and has a total land area of close to 18 300 km2. There are

two larger islands, Viti Levu (10 429 km2) with the capital

Suva and the international airport in Nadi and Vanua Levu

(5556 km2), and two mid-sized islands, Taveuni (470 km2) and

Kadavu (411 km2). Archeological artifacts indicate that the

islands have been inhabited from around 3500 years ago by

Polynesian seafarers.2
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3 The study of biodiversity and bioactivity in Fijian
waters

Although the Fiji Islands are not located in close proximity to the

marine hotspots in Indonesia/Papua New Guinea they harbor a

great biodiversity spread over an enormous wealth of reef habitat

of an estimated 10 020 km2 representing 3.5% of the total area of

coral reefs in the world with low hard coral endemism.3TheGreat

SeaReef to the north ofVanuaLevu, locally known asCakaulevu,

running along the shelf edge for approximately 200km, is the third

longest continuous barrier reef in the world. The government of

Fiji is dedicated in the protection and understanding of Fiji’s

marine habitats, species and ecological processes.4
4 A brief history of marine natural products

Marine natural products chemistry globally started in 1950s with

the isolation of three unusual arabino– and ribo–pentosyl

nucleosides from marine sponges.5–7 These compounds eventu-

ally led to the development of the chemical derivatives ara–A

(vidarabine) and ara–C (cytarabine), two nucleosides with

significant anticancer properties that have been in clinical use for

decades. The role of natural products in drug discovery has

undergone many changes in the past 50 years, with a noticeable

decline in participation by the major pharmaceutical companies

starting in the mid 1990s. Nevertheless, enterprising academics,

mainly partnered with industry, exploited the niche left by larger

research and development efforts. The field seems to have

benefited from a renaissance in the past 10 years, which was made

possible by new developments in analytical technology, spec-

troscopy and high-throughput screening.8

Research onmarine natural products in Fiji began in 1981 with

the isolation of novel malabaricane triterpenes from the sponge

Jaspis stellifera9 and novel polybrominated oxydiphenol deriva-

tives from the sponge Dysidea herbacea.10 In the 1980s research,

expeditions led by pioneer natural product chemists such as

Phillip Crews, Chris Ireland and William Fenical, resulted in the

isolation of a number of bioactive and unique natural products. A

notable discoverywasbengamideB, a synthetic analogueofwhich

has been developed to the stage of clinical trials.11
5 Studies on symbiotic microorganisms

Studies on the metabolites of symbionts from marine inverte-

brates give new insights into the source of these compounds from

various host–symbiont assemblages. Chemical investigations on

marine cyanobacteria resulted in the isolation of swinholide A

that was originally isolated from the marine sponge Theonella

swinhoei.12 Andrianasolo et al. reported the first isolation of this

compound from two marine cyanobacteria. This, coupled with

the fact that swinholides are produced by three taxonomically

unrelated sponges, led to the hypothesis that the true origin of

swinholides is symbiotic cyanobacteria.13 Bewley et al. associated

swinholide to heterotrophic bacteria, therefore the metabolic

origin of swinholides in sponges remains uncertain.14

Chemical analysis of a mixed cyanobacterial assemblage by

Sitachitta et al. resulted in the isolation of yanucamides A and B.

These compounds contain a unique 2,2-dimethyl-3-hydroxy-7-

octynoic acid that had only been previously reported in kulolide-1
Nat. Prod. Rep., 2012, 29, 1424–1462 | 1425



Fig. 1 Map of the Fiji Islands.
and kulokainalide-1 from a marine mollusc. This discovery of

yanucamides supports the hypothesis that marine cyanobacteria

are the probable source of the kulolides and related metabolites.15

Further investigation of the same cyanobacterial assemblage

yielded somamides A and B. These metabolites are analogues of

dolastatin 13, a compound originally reported from the sea hare

Dolabella auricularia that is well known to sequester compounds

from its cyanobacterial diet. Thus, isolation of the somamides

from cyanobacteria is compelling evidence that cyanobacteria are

the true source of the dolastatins.16

6 Organisms (organized by phylum, class, order and
alphabetized by Genus/species)

There have been a lot of changes in taxonomy, particularly of

sponges, over the course of the articles cited in this review. With

strong efforts currently focused on molecular analyses this will

continue to change. Therefore, it is beyond the scope of this

review to offer synonyms and citations for all organisms. For

updated taxonomic information and references, it is suggested

that readers refer to ‘‘world register of marine species’’ WoRMS

(http://www.marinespecies.org). The chemistry and bioactivity

reported in this review are related to the names of the source

organisms used at the time of the publication.

6.1 Animalia

6.1.1 Chordata, Ascidiacea, Aplousobranchia

Clavelina sp. This Clavelina sp. was collected from

shallow reef waters off Wakaya Island and was identified by
1426 | Nat. Prod. Rep., 2012, 29, 1424–1462
Dr F. Monniot of the Museum National d’ Histoire Naturelle,

Paris, France.

Chemistry/bioactivity: this specimen contained wakayin 1

which was the first reported example of a pyrroloiminoqui-

none alkaloid isolated from an ascidian. Compound 1 was

isolated as a dark blue trifluoroacetate (TFA) salt and

exhibited in vitro cytotoxicity against a human colon tumor

cell line (HCT116 IC50 0.5 mg mL�1). It was evident that by

inhibiting topoisomerase II (TOPO II), wakayin 1 exhibited

its cytotoxicity by interfering with or damaging DNA.

Compound 1 also exhibited antimicrobial activity against

Bacillus subtilis (MIC 0.3 mg mL�1). As the related pyrroloi-

minoquinone alkaloids are known exclusively from the

phylum Porifera, questions were raised as to whether these

compounds originate from the marine specimen alone or from

associated microbes.17

Cystodytes sp. The fleshy brown, encrusting ascidian,

Cystodytes sp., was collected by SCUBA at a depth of 10 m near

Waya Island. This specimen was identified by Dr F. Monniot of

the Museum National d’ Histoire Naturelle, Paris, France.
This journal is ª The Royal Society of Chemistry 2012



Chemistry/bioactivity: three new pyridoacridine alkaloids,

dehydrokuanoniamine B 2, shermilamine C 3 and cystodytin

J 4, in addition to the known compounds cystodytin A,18

kuanoniamine D,19 shermilamine B20 and eilatin,21 were iso-

lated from Cystodytes sp. These compounds showed dose-

dependent inhibition of proliferation in human colon tumor

(HCT) cells and also inhibited the TOPO II-mediated deca-

tenation of kinetoplast DNA (kDNA) in a dose-dependent

manner.22

Didemnum sp. This ascidian, Didemnum sp., that appeared

blood red underwater, was collected by SCUBA in 1986 and 1994

from the Pratt Reef. The colonies were quite small with an

average diameter of 5–10 mm. Taxonomic identification was

carried out by Dr F. Monniot of the Museum National d’ His-

toire Naturelle, Paris, France.

Chemistry/bioactivity: bengacarboline 5, a new tetrahydro

b-carboline with two indole units attached to C1 of the carboline

nucleus, was isolated as a TFA salt, together with the known

fascaplysin.23 Bengacarboline was cytotoxic towards a 26 cell line

human tumor panel in vitro with a mean IC50 of 0.9 mg mL�1 and

inhibited the catalytic activity of TOPO II at 32 mM.24

Didemnum voeltzkowi. This tunicate was found encrusting on

coral and coralline algae and was common in high tidal zones of

the fringing reef at Suva Harbor.

Chemistry/bioactivity: from the methanolic extract of

this ascidian, novel didemnenones C 6 and D 7 were isolated

and the structures were determined by analysis of

spectroscopic data. These two compounds exhibited in vitro

cytotoxicity against the L1210 murine leukemia cell line with an

IC50 of 5.6 mg mL�1.25
This journal is ª The Royal Society of Chemistry 2012
Diplosoma sp. A Diplosoma tunicate was collected from the

Fiji Islands between 1987 and 1989. This specimen was identified

byDr F.Monniot of theMuseumNational d’ Histoire Naturelle,

Paris, France.

Chemistry/bioactivity: a large number of coloured alkaloids

with fused tetracyclic heteroaromatic skeletons were isolated

from marine invertebrates including varamine A26 and cys-

todytins.18 Diplamine 8, was cytotoxic towards L1210 murine

leukemia cells with an IC50 of 0.02 mg mL�1 and antimicrobial

against Escherichia coli and Staphylococcus aureus. Diplamine 8

belongs to a growing class of alkaloid pigments reported from

sponges and tunicates. These alkaloids with a planar structure

are cytotoxic suggesting they may intercalate DNA. Varamine

and diplamine share the same carbon skeleton as cystodytins and

are an order of magnitude more cytotoxic than cystodytins,

indicating that the thiomethyl group may be important in

activity.27

Eudistoma sp. The ascidian, Eudistoma sp. was collected by

SCUBA near Namena Barrier Reef (17�06.8840 S, 179�03.8050 E)
in 2004, a voucher specimen (FJ04–12–071) is maintained at the

University of Utah. This thick, dark grey, encrusting Eudistoma

sp. was found in large patches of approximately 0.5 m and

secreted large amounts of clear mucus.

Chemistry/bioactivity: a detailed exploration of this morpho-

logically distinct ascidian resulted in the isolation,
Nat. Prod. Rep., 2012, 29, 1424–1462 | 1427



characterization and synthesis of two new cyclic lipopeptides,

eudistomides A 9 and B 10. Compounds 9 and 10 represented the

first ascidian–derived peptides cyclized solely by a disulfide

bridge. No activity data were reported for these two

metabolites.28

Lissoclinum bistratum. This ascidian was collected by SCUBA

at a depth of 10 m at Nairai Island and was identified by Dr F.

Monniot, MuseumNational d’ Histoire Naturelle, Paris, France.

Chemistry/bioactivity: investigation of an extract of L. bis-

tratum resulted in the isolation of two new cyclic heptapeptides,

nairaiamides A 11 and B 12. The structures of compounds 11 and

12 were determined by a combination of spectroscopic tech-

niques. No biological activity was reported for these

compounds.29

Lissoclinum patella. This green ascidian was collected in 198830

and 199031 using SCUBA from coral reef tops at a depth of 1–5 m

from the Yasawa Islands group by the Ireland research team.

The identification for both specimens was done by Dr F. Mon-

niot of theMuseumNational d’ Histoire Naturelle, Paris, France

and the voucher specimens were stored there.

Chemistry/bioactivity: the tetrachloromethane extract of the

ascidian collected in 1988 showed initial cytotoxic activity. Upon

purification, the novel patellazole C 13,30 together with the

known patellazoles A and B,32 were isolated. The patellazoles,
1428 | Nat. Prod. Rep., 2012, 29, 1424–1462
which represented a new family of cytotoxic thiazole-containing

polyketide metabolites, were potent cytotoxins in the NCI

(National Cancer Institute) human cell line protocol with mean

IC50 values of 10�3–10�6 mg mL�1, and exhibited antifungal

activity against Candida albicans.30 From the 1990 collection,

lissoclinolide 14 was isolated as a pale yellow glass. Compound

14 exhibited slight activity against the Gram negative bacterium

E. coli but was inactive against Gram positive bacteria.31

Re-isolation and re-examination of this compound in 2004

showed that it inhibited cell growth in various mammalian tumor

lines at an average IC50 of 395 nM.33
Lissoclinum vareau. This particular lavender-coloured

encrusting species was collected from the Fiji Islands in 1991.34

Another bright red thinly encrusting tunicate was collected at a

depth of 10 m in the Yasawa Island group in 1987.26

Chemistry/bioactivity: a novel benzopentathiepin, varacin 15

that exhibited potent antifungal activity against C. albicans

(14 mm zone of inhibition with 2 mg of varacin/disc) and cyto-

toxicity towards the human colon cancer HCT–116 with an IC50

of 0.05 mg mL�1, was isolated. Varacin 15 exhibited a 1.5

differential toxicity towards the CHO cell line EM9 (chlor-

odeoxydine sensitive) versus BR1 (BCNU resistant), providing

preliminary evidence that 15 damages DNA.34

From the Yasawa Island collection, the crude methanolic

extract also revealed potent antifungal activity against

C. albicans (35 mm in a disc diffusion assay) and cytotoxic

activity against the L1210 murine leukemia cell line. Purification

of the crude extract resulted in the isolation of two brilliant red

pigments, varamines A 16 and B 17. These compounds were

inactive against C. albicans, but showed cytotoxicity towards

L1210 cells with IC50 values of 0.03 and 0.05 mg mL�1,

respectively.26

Polysyncraton lithostrotum. The thin encrusting orange

ascidian, P. lithostrotum was collected from Namenalala Island.

A voucher specimen was identified by Dr F. Monniot of the

Museum National d’ Histoire Naturelle, Paris, France.

Chemistry/bioactivity: the methanolic extract showed induc-

tion of SOS response in an agar based biochemical induction

assay (BIA). Bioautography-guided fractionation of the extract

using the BIA assay resulted in the isolation of the new enediyne

antitumor and antibiotic, namenamicin 18. This compound

exhibited potent in vitro cytotoxicity with a mean IC50 of

3.5 ng mL�1 and in vivo antitumor activity in a P388 leukemia

model in mice. In addition, 18 showed potent antimicrobial

activity against a range of microbes.35
This journal is ª The Royal Society of Chemistry 2012



6.1.2 Chordata, Ascidiacea, Stolidobranchia

Polyandrocarpa sp. A specimen of Polyandrocarpa sp., which

is quite common in Fiji waters, was collected by SCUBA at a

depth of 10 m from the Great Astrolabe Reef (18�42.5690 S,
178�29.8890 E) in 2001. In the original article this ascidian was

only identified to the genus level but was later identified as

P. polypora. (P. Mather 2006, personal communication). A

voucher specimen (MZUSP13992) had been deposited at the

Museu de Zoologia, Universidale Federal de S~ao Paulo, S~ao

Paulo, Brazil.

Chemistry/bioactivity: two new 2-aminoimidazolone derived

compounds, polyandrocarpamines A 19 and B 20, were isolated

from this ascidian extract. The structural elucidation of these

compounds was determined by the interpretation of spectro-

scopic data and confirmed by total synthesis.36

6.1.3 Cnidaria, Anthozoa, Alyconacea

Nephthea sp. This Nephthea sp. was collected in March 1999

from the Ra-Ra reef, Rakiraki, at a depth of 5 m. A voucher

specimen (CT199 4A) had been deposited at the Institute for

Pharmaceutical Biology, University of Bonn.

Chemistry/bioactivity: chemical investigation led to the isola-

tion of two new seco-cembranoid acetates as an inseparable
This journal is ª The Royal Society of Chemistry 2012
mixture of 21 and 22 along with the known decaryiol 23.37

The new compounds were not tested for biological activity,

however, decaryiol 23 was evaluated against HM02 (gastric

adenocarcinoma), HepG2 (hepatocellular carcinoma), and

MCF7 (breast adenocarcinoma) cell lines. Decaryiol 23 inhibited

the growth of these tumor cells. Compound 23 also showed

remarkable concentration-dependent inhibition of cell growth

thus, further cell cycle analyses were carried out in HM02 cells.

Decaryiol was shown to be a cell cycle specific inhibitor of cell

growth.38

Sarcophyton sp. nov. This specimen was collected at a depth

of 10 m from Koro Island (17�59.560 S, 178�59.540 E) in the

Lomaiviti group in 2003. It was common on coral walls and

was greenish on the surface and grey on the underside. This

specimen which was initially identified as Sarcophyton sp.

nov., was recently identified as S. crassum (P. Alderslade,

personal communication, 2010). A voucher sample

(FJ03–147) was deposited at the Marine Reference Collec-

tion, USP.

Chemistry/bioactivity: the extract of this soft coral showed

the ability to inhibit NF-kB. Further purification of this

extract led to the isolation of the known 3,4-epoxy,13-

oxo,7E,11Z,15-cembratriene 2439 and 3,4-epoxy,13-

oxo,7E,11E,15-cembratriene 25.39 Compounds 24 and 25

showed cytotoxic effects on the human leukaemia cell line

K562, inhibited both TNF-a-induced NF-kB-DNA binding as

well as TNF-a-induced IkBa degradation and nuclear trans-

location of p50/p65.40

Sinularia sp. This specimen was collected at a depth of 3 m

from Makaluva Reef, Suva, in 1982 and was identified as

belonging to the genus Sinularia.41 Another specimen was

collected between 1997 and 2003, from Fish Patch reef (18�09.60

S, 178�24.00 E) at a depth of 15 m and was found to be common

on the cliff walls. It was identified by K.–D. Feussner of USP and

a voucher specimen (voucher number FJ01–111) was stored at

the Marine Reference Collection, USP.40

Chemistry/bioactivity: sinularian, a D-galactose agglutinin,

was isolated from the soft coral collected from Makaluva Reef.

This compound agglutinated rabbit erythrocytes and murine

leukemia cells but had no effect on sheep or human ABO

erythrocytes.41 The structure of sinularian was not given in the

article and was not available elsewhere.

In order to identify newNF-kB inhibitors, from the Fish Patch

reef collections, the extract of the soft coral was analyzed and the

NF-kB inhibitor isolated. Upon structure elucidation it was

determined that this Sinularia sp. yielded the cyclodepsipeptide

jasplakinolide 2642 as the major bioactive component. This

metabolite is always isolated from sponges rather than from soft
Nat. Prod. Rep., 2012, 29, 1424–1462 | 1429



corals, implying that the Sinularia sp. extract was probably

contaminated with the sponge on which the soft coral was

encrusting.40

Subergorgia sp. This reddish brown organism was collected at

a depth of 15 m from Fish Patch reef (18�09.60 S, 178�24.00 E)
between 1997 and 2003. It was identifed by K.-D. Feussner of

USP. A voucher specimen (FJ01-160) had been deposited in the

Marine Reference Collection, USP.

Chemistry/bioactivity: to find new NF-kB inhibitors, 266

extracts of Fijian marine organisms were screened. Astaxanthin

2743 was the major metabolite isolated from the extracts of this

Subergorgia sp. gorgonian. Compound 27 was the only NF-kB

inhibiting compound in the study for which no molecular target

was identified. This compound is usually isolated from marine

bacteria and algae and accumulated from the diet by many

marine organisms.40
6.1.4 Cnidaria, Anthozoa, Zoanthidea

Epizoanthus sp. This organism was collected by SCUBA from

Namena Island (17�60 S, 179�60 E). Dr H. Chaney, Santa Barbara

Museum, did preliminary identification and a voucher sample

was deposited in the UC Santa Cruz Institute of Marine Science

collection. Ms M. C. Diaz extensively re-examined the sample

and tentatively identified it as Epizoanthus, only dried material

was available which complicated the taxonomic process.

Chemistry/bioactivity: three zoanthoxanthins were isolated

from this sample. A new alkaloid 28 (which was not named),

together with two known compounds; paragmine and zoan-

thoxanthin44were evaluated for cytotoxic activity. Compound 28

exhibited in vitro cytotoxicity towards HCT-8, A549, HT-29 and

P388 cell lines with IC50 values of 1.61 mg mL�1, 2.38 mg mL�1,

0.824 mg mL�1 and 1.77 mg mL�1, respectively.45
6.1.5 Echinodermata, Crinoidea, Comatulida

Comanthus parvicirrus. This brittle green echinoderm was

collected in Caqalai Island (18�45.50 S, 178�44.70 E) and identi-

fied as Comanthus parvicirrus by K.-D. Feussner in 2001. A

voucher specimen (FJ01-199) was stored in theMarine Reference

Collection, USP.

Chemistry/bioactivity: in search for new NF-kB inhibitors,

more than two hundred extracts from Fijian marine inverte-

brates and algae were investigated using the NF-kB reporter gene

assay. The extract of C. parvicirrus, which was among the ten
1430 | Nat. Prod. Rep., 2012, 29, 1424–1462
most active samples, was selected for further studies. This extract

contained two naphthopyrones, 6-methoxycomaparvin 29 and

6-methoxycomaparvin-5-methyl ether 30. Both compounds

completely inhibited TNF-a-induced NF-kB activation at a

concentration of 300 mM by inhibiting the enzymatic activity of

the kinase IKKb.40,46
6.1.6 Mollusca, Gastropoda, Nudibranchia

Hexabranchus sanguineus. A single specimen of H. sanguineus

was collected from the Yasawa Island chain in 1987.

Chemistry/bioactivity: the nudibranchH. sanguineus, is known

to sequester kabiramides B47 and C 31.48 From this Fijian spec-

imen, two new kabiramide analogues, 9-O-desmethylkabiramide

B 32 and 33-methyltetrahydrohalichondramide 33, and two

unexpected thiazole containing peptides, sanguinamides A 34

and B 35, were reported in submicromolar amounts. The struc-

tures for these samples were determined by 1D and 2D 1H and
13C NMR (1 mm and 1.7 mm cryoprobes) data together withMS

and degradative correlations. Kabiramides B and C 31, 9-O-

desmethylkabiramide B 32, and 33-methyltetrahydrohalichin-

dramide 33 were assayed for antifungal activity against Candida

sp. and Cryptococcus neoformans. Kabiramide C showed the

greatest potency against the tested fungal strains while

compound 32was least active. Cyclic peptides 34 and 35were not

found in sponges consumed by H. sanguineus, which suggested a

different yet unidentified dietary source or de novo synthesis.49
Phyllidiella pustulosa. A nudibranch, and the sponge it was

presumably feeding on, were collected from a depth of 18 m at

Nananu-i-Ra in 1998. The sponge was identified as Phakellia

carduus by Dr J. Hooper and the nudibranch was identified as

P. pustulosa by Dr Bill Rudman of the Australian Museum.

A sponge voucher (CT198EEE n/s) was stored at the Institute

for Pharmaceutical Biology, Bonn, while the nudibranch

voucher (C339675) was stored at the Australian Museum,

Australia.

Chemistry/bioactivity: the nudibranch and sponge were

extracted separately for GCMS analysis. A large scale separation

of the sponge extract yielded the novel natural product, 10-iso-

thiocyano-4-cadinene 36, the known axisonitrile-3 37,50 and the

two known sterols (3b,22E)-ergosta-5,8,22-trien-3-ol and

(3b,22E)-stigmasta-5,7,22-trien-3-ol. Qualitative GCMS

comparison of the extracts of the sponge and nudibranch indi-

cated that they had similar, yet not identical, compositions.

Axisonitrile-3 37 was indicated as the major component in the

extracts of both the sponge and nudibranch, while the sterols

were detected in the sponge and not the nudibranch. This

suggests selective sequestration of some dietary-derived metab-

olites by the nudibranch. Compound 36was evaluated for p56lck,

TK and HIV–1 RT inhibition activities and was found to be

active against Plasmodium falciparum clones K1 and NF54 at

IC50 of 1.5 mg mL�1.51
6.1.7 Mollusca, Gastropoda, Siphonarioidea (Superfamily)

Siphonaria normalis. This specimen of the mollusc Siphonaria

normalis was collected at the intertidal zone at Muanivatu.

Chemistry/bioactivity: an unusual polypropionate metabolite,

muamvatin 38, was isolated from this specimen. This compound
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represented the first example of a naturally occurring

2,4,6-trioxaadamantane ring skeleton and also the first example

of a tricyclic ketal to be isolated from a siphonarid mollusc. This

new natural product did not show any biological activity.52
6.1.8 Porifera, Calcarea, Clathrinida

Leucetta cf. chagosensis. This species is very abundant in

Fijian waters, usually present in two shapes; the typical round,

bright yellow lemon shaped and a more oval shaped, dull to

bright yellow animal. This sample was collected in Fiji in 1999

and a voucher sample is kept at the Queensland museum

(voucher number QMG316276).

Chemistry/bioactivity: L. chagosensis is known for

producing naamidine and related compounds. Besides the

known compounds naamine A 39 and isonaamine B 40, the

novel structure for naamine E, 5-{[2-imino-4-(methoxybenzyl)-

1-methyl-1,2-dihydro-1H-imidazol-5-yl]methyl}-2-methoxy-1,3-

benzenediol 41, was reported. No bioactivity was reported.53
This journal is ª The Royal Society of Chemistry 2012
Leucetta sp. This bright yellow sponge was first collected by

the Ireland group in 1984 near the small Island of Dravuni,

Kadavu province at a depth of 10 m.54 Taxonomic identification

was done by Mary Kay Harper of Scripps Institution of

Oceanography; she has now reclassified it as Leucetta cf. cha-

gosensis (M. K. Harper, unpublished results, 2010). Collections

by the Crews group followed. In 1989, bright yellow globular

specimens were collected off Caqalai Island,55 yellow oval spec-

imens collected between 1995 and 2000 at various habitats

around Fiji,56 followed by collections made in 2000 at two

different habitats (18�19.190 S, 178�01.990 E and 18�19.360 S,
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178�01.3460 E) and depths57 and a collection from Caesar’s Rock

near Suva in 2000.58

Chemistry/bioactivity: in the Ireland lab, bioassay-guided

fractionation of a chloroform–methanol extract led to the

isolation of the alkaloid naamidine A 42, a known inhibitor of

the epidermal growth factor (EGF) dependent DNA

synthesis.54,59 Naamidine A 42 also inhibited the growth of

implanted squamous cell tumors in nude mice, and is further

reported to intensify the phosphotransferase activity of extra-

cellular (signal)-regulated kinases causing human epithelial

carcinoma A-431 cells to arrest in the G1 phase of the cell cycle.
60

The known alkaloid isonaamidine B 43,61 together with the novel

isonaamidine C 44, were also isolated, but neither exhibited any

biological activity.54 Work of Alvi et al. of the Crews laboratory

led to the discovery of the novel organometallic complex of Zn-

isonaamidine C 45.55 This was followed by a publication
1432 | Nat. Prod. Rep., 2012, 29, 1424–1462
describing three amino imidazole alkaloids, the novel N,N-

dimethyl naamine D 46 and leucettamine C 47, together with the

known naamine A 39.56,61 In the same year the structures of the

novel imidazole alkaloids (+)-calcaridine A 48 and (�)-spi-

rocalcaridines A 49 and B 50 were published by the Crews lab.57

No bioactivity data were reported for compounds 44–50. After

reinvestigation of the same sponge Ralifo and Crews reported the

isolation of the uniquely modified imidazole alkaloid (�)-spi-

roleucettadine,58 and the structure was subsequently revised to

51.62 Good antibacterial activity was observed for 51 against

Enterococcus durans while moderate activities were recorded for

E. coli and Staphylococcus epidermitis. A very detailed overview

on Leucetta chemistry is highlighted in Sullivan et al. (2009).63
6.1.9 Porifera, Demospongiae, Agelasida

Agelas mauritania. Sponges of the genus Agelas are rather

uncommon inhabitants of the coral reefs around Fiji. A sample

of A. mauritania was collected in the Malolo Islands group in

1988, as a bright orange to brownish specimen with the ectosome

comprising of amorphous protuberances and depressions. It was

identified by M. C. Diaz.

Chemistry/bioactivity: the known oroidin type alkaloids

dibromophakellin 5264 and midpacamide 5365 were reported

together with the novel structure of the taurine containing

compound mauritamide A 54. No bioactivity data were

reported.66

6.1.10 Porifera, Demospongiae, Astrophorida

Geodia globostellifera. This sponge was collected in Wainunu,

Vanua Levu in 1997, at a depth of 5 m and was identified by

Dr J. Hooper (Queensland Centre for Biodiversity, Australia).67

Chemistry/bioactivity: the novel triterpene, stelliferin riboside

55, together with the known compounds stellettins A 5668 and B

5769 were isolated. Compound 55 showed only moderate activity

against the ovarian cancer cell line A2780 and was inactive

against K562 leukemia cells. Stellettins A and B were active in

both cell lines; stellettin B was very potent against A2780 cells

(IC50 ¼ 5.1 ng mL�1).

Jaspidae sponges. The first collection by the Crews laboratory

described an abundant, yet unidentified, fingerlike orange sponge

collected from the Beqa Lagoon.70 This was followed by a large

recollection of this sponge (encrusting, globular, orange) from

new locations in the Beqa Lagoon by the same team in 198671 and

1987.72

Chemistry/bioactivity: the two major components reported by

Qui~noa et al. were the novel seven-membered heterocycles ben-

gamides A 58 and B 59, which both exhibited cytotoxicity to

larynx epithelial carcinoma at 1.0 mg mL�1. Antibacterial activity
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against Streptococcus pyrogenes (MIC values: bengamide A

3.9 mg mL�1 and B 1.9 mg mL�1) and complete antihelminthic

activity against Nippostrongylus braziliensis were also reported.70

The recollection contained only trace amounts of the benga-

mides but yielded bengazoles A 60 and B 61 that incorporate

oxazole rings. Bengazole A showed complete antihelminthic

activity at a concentration of 50 mg mL�1 against N. braziliensis.
This journal is ª The Royal Society of Chemistry 2012
However, reassaying after storage at room temperature for two

months revealed diminished antihelminthic activity, being

replaced by antibacterial activity. NMR analysis of the modified

bengazole A showed that two new compounds had formed; a

disubstituted aldono-1,4-lactone 62, active against both C. albi-

cans and Trichophyton mentagrophytes, and a monosubstituted

oxazole 63 with activity against S. aureus and S. pyrogenes. The

decomposition was assumed to be due to oxazole photo-

oxygenation via an endoperoxide intermediate. No bioactivity

data were given for bengazole B but it underwent a similar

decomposition process.71

Bengamides C 64, D 65, E 66, F 67, isobengamide E 68, cyclo-

(L-phenylalanine-trans-4-hydroxy-L-proline) 69 and N-acetyl-L-

phenylalanine methyl ester 70 were isolated from the 1987

recollection. The authors suspected that the bengamides were of

non-sponge origin as their end-chain isopropyl groups are

characteristic of bacterial fatty acids. Although the solvent

partition fraction had reported antihelminthic activity, no indi-

vidual bioactivity data was found for the six new compounds.72
Jaspis coriacea. This dull orange sponge was very common on

the reefs in Fiji, and was encrusting, with a rubbery texture and

membranous oscules. For this study it was collected from five

sites in 1997: Beqa Lagoon (18�22.100 S, 177�58.490 E); Savusavu
(16�47.700 S, 179�53.250 E); Gau (17�57.690 S, 179�15.330 E);

Taveuni (16�43.750 S, 179�49.550 E) and Somosomo (16�45.290 S,
179�59.630 E).
Chemistry/bioactivity: the pooled material from the five

collection sites yielded the known bengamides A 58, B 59, E 66, F

67, G 71,73,74 H 72,73,74 I 73,73,74 L 74,73 Y 7574 and Z 76,74 together
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with the six novel structures of bengamides M–R 77–82, which

proved to be difficult to isolate. Cytotoxicity data were obtained

from NCI. Data from a DTP-60 cell screen for bengamides A, B

and P showed that bengamides A and B are more potent than

bengamide P (IC50 of 0.046, 0.011 and 2.7 mM, respectively).

Antitumor activity against MDA-MB-435 human mammary

carcinoma cells was also obtained. The best activities were

observed for bengamides A and O with IC50 values of 1 and

0.3 nM, respectively. The authors, however, pointed to the

previously reported activities of bengamides (antihelminthic,

cytotoxicity), whereby the ‘‘cytotoxicity is not correlated with

any of the reported molecular targets. This further suggests that

bengamide activity may be due to inhibition of a novel target.’’75

Jaspis johnstoni. This abundant sponge was collected by the

Ireland team in 198676 and 1989,77 and was identified by Dr A.

Ayling.

Chemistry/bioactivity: the isolation of the known highly polar

compound toyocamycin 83, together with its aglycone 84 and

5-(methoxycarbonyl)tubercidin 85 and its aglycone 86, were

reported from the chloroform fraction. Anti-Candida activity

was reported for toyocamycin (1.25 mg disc�1; 13 mm zone of

inhibition). L1210 cytotoxicity was reported for 83 and 85, with

IC50 values of 0.0026 mg mL�1 and 0.027 mg mL�1, respectively.77

Jaspis sp. (Jaspis splendens). This bright orange sponge is very

common in Fiji. It was independently collected by the Ireland

and Crews groups, and was identified by Dr Avril Ayling and
1434 | Nat. Prod. Rep., 2012, 29, 1424–1462
Dr G. J. Bakus, respectively. This sponge is now considered to be

J. splendens (M. K. Harper, unpublished results, 2012).

Chemistry/bioactivity: the major compound was a novel cyclic

depsipeptide called jaspamide or jasplakinolide 26, published

simultaneously in 1986 by two groups.42,76 Zabriskie et al.

reported insecticidal activity against Heliothis virescens with an

LC50 of 4 mg mL�1 and antifungal activity against C. albicans

with an 11 mm inhibition zone at 1 mg disc�1, and no activity in

antibacterial tests.76 Crews et al. reported a minimum inhibition

concentration (MIC) of 25 mg mL�1 against C. albicans, and

confirmed inactivity in various antibacterial tests. In vitro anti-

helminthic activity against the nematode Nippostrongylus bra-

ziliensis (ED50 < 1 mg mL�1) and cytotoxicity against larynx

epithelial carcinoma and human embryonic lung were

observed.42

A new compound, jasplakinolide T 87, was reported in 2010,

for which no bioactivity testing was performed. This report also

highlighted the 25 years of jasplakinolide studies and its impor-

tance in NCI screens.78

Jaspis stellifera. This specimen was collected in 1981 near

Suva, and was described as a chocolate-coloured sponge whose

internal colour varied from butter colour to intense bright

yellow.9

Chemistry/bioactivity: three new compounds belonging to the

rare class of malabaricane triterpenes were isolated and identified

as (13Z, 15E, 17E, 22E, 24Z)-3,12-dioxomalabarica-

13,15,17,22,24-pentaen-26-oic acid 88, (13Z, 15E, 17E, 22Z,

24Z)-3,12-dioxomalabarica-13,15,17,22,24-pentaen-22,26-olide

89 and (13Z, 15E, 17E, 22E, 24Z)-3b-acetoxy-12-oxomalabarica-

13,15,17,22,24-pentaen-26-oic acid 90 by Ravi and coworkers.

No bioactivity testing was performed.9 Malabaricanes were

unique to the phylum Porifera at that time, as they had only been
This journal is ª The Royal Society of Chemistry 2012



previously reported from the south-east Asian tree Ailanthus

malabarica.79

Rhabdastrella globostellata. Specimens ofR. globostellatawere

collected for NCI in 1996 at a depth of 12 m, and were identified

byM. Kelly (NIWA, Auckland, New Zealand),80 and in 2001 at a

depth of 8 m from the Astrolabe reef in Kadavu (18�42.5690 S,
178�29.8890 E), identified by K.-D. Feussner.40

Chemistry/bioactivity: Clement and coworkers reported

cytotoxicity and activity in a polymerase b binding assay for the

four bioactive isomalabaricane triterpenoids isolated: two

known compounds, stelliferin riboside 5567 and 3-epi-29-ace-

toxystelliferin E 9181 together with the novel stellettins J 92 and K

93. Compounds 55, 91 and 92 showed various degrees of

promotion of the binding of DNA to polymerase b at a

concentration of 28 mg mL�1. Stelliferin riboside induced 29%

binding while 3-epi-29-acetoxystelliferin E induced 23% binding

and stellettin J 5%. Stellettin K did not show any inducing

activity, but was the most cytotoxic of the four in the A2780

ovarian cell line assay, being 4.3 times stronger than the next

(stellettin J).80

Folmer and coworkers then isolated the known compounds

stellettin A 5668 and stellettin B 57,69 together with stelliferin

riboside 55, as inhibitors of the tumor nekrosis factor a (TNF-a)

induced nuclear factor-kB (NF-kB) activation. Complete inhi-

bition of TNF-a induced binding of NF-kB to its DNA binding

site was achieved at a concentration of 216 mM for both stellet-

tins. Stelliferin riboside 55 was dropped from the remaining

bioassays due to its poor bioactivity.40

6.1.11 Porifera, Demospongiae, Dictyoceratida

Aplysinopsis cf. elegans. This sponge was collected in 1988,

and was described as having a brown exterior with a tan interior

that became grey-black when dried. It was hard to tear and the

surface was very conulose. As the sponge’s properties did

not match any species previously described, the authors related it
This journal is ª The Royal Society of Chemistry 2012
to its closest match A. elegans (identified by M. C. Diaz,

U.C.S.C.).

Chemistry/bioactivity: three new tricyclic sesterterpenes,

aplysolides A 94 and B 95 (isolated as an inseparable mixture)

and aplyolide A 96, were reported. Acetylation of the mixture of

94 and 95 yielded pure acetylated products from which the

structures were elucidated. The three compounds were assayed

by Syntex Research for anti-inflammatory activity; only 96

showed 100% inhibition of the human PMN PLA2 enzyme at

30 mM with an IC50 value of 10.5 mM.82
Cacospongia mycofijiensis. Two collections of this sponge from

the Beqa Lagoon were made by the Crews lab in 1989 and 2000,

both at depths of 15–20 m.83,84

Chemistry/bioactivity: the 1989 collection yielded mycothia-

zole 97, originally isolated from a Vanuatu collection,85 together

with the novel thiopyrone CTP-431 98 and latrunculin A 99.

CTP-431 contains a thiopyrone moiety that had not been

previously observed in natural products. However, the bioac-

tivity data for 98 were not encouraging, only mild cytotoxicity

(IC50 ¼ 18 mM) against human colon cancer cells (HCT-116) was

observed. This was surprising as structures possessing a thio-

pyrone core had been shown to be approximately 100-fold more

potent inhibitors of DNA-dependent protein kinase.86 Myco-

thiazole 97 had previously been shown to be antihelminthic

against N. braziliensis at 50 mg mL�1 and deadly towards mice

when injected intraperitoneally at 10 mg kg�1, but no toxic

effects were observed at 3 mg kg�1. Compound 97 was the first

disubstituted thiazole to be reported from a marine sponge.83

The 2000 collection yielded the known latrunculins A 99 and B

100,87 plus six new latrunculin analogues: latrunculols A to C

101–103, 18-epi-latrunculol A 104 and latrunculones A 105 and B

106.84 Latrunculin A, a widely used chemical probe, had been

previously reported to inhibit the polymerization of the muscle

protein F-actin88 or destabilize F-actin.89,90 Therefore,

compounds 99–106 were tested for microfilament-disrupting

activity at 5 mM in rat aortic smooth muscle A10 cells. Activity

was recorded for 99–102, 104 and 106. Initial cytotoxicity tests

against murine (L1210), colon-38 and CFU-GM cell lines

showed that 101 had a 2.6 times greater cytotoxic effect against

colon-38 than 99. The results prompted testing against human

solid cancer HCT-116 and human breast cancer MDA-MB-435

cell lines. Again 101 was the most active against HCT-116 with

an IC50 value of 0.48 mM and 106 the most active against MDA-

MB-435 with IC50 ¼ 1.0 mM. Compound 104 was reasonably

active against HCT-116 (IC50 ¼ 5.5 mM) and inactive against

MDA-MB-435. The authors surmise that variation in the 18R to

18S configuration of the thiazolidinone ring diminishes the
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destabilizing effect on F-actin without affecting the cytotoxic

properties.84

Dactylospongia elegans. This sponge was collected in 1989,

and was identified by M. C. Diaz (UCSC, Institute of Marine

Sciences) and R. W. M. van Soest (University of Amsterdam).

The live specimen had a yellow-brownish colour which turned

dark brown/purple in alcohol. The sponge was encrusting and

was sometimes found with creeping branches. The surface was

ramified conulose, and the choanosome had no spicules but

clear, brown-yellow fibers of 30–70 mm.
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Chemistry/bioactivity: the known compounds (�)-ilimaqui-

none 107,91 smenospondiol 108,92 smenospongine 109,93 dactyl-

spongenones A–D 110–11394 and smenospongic acid 11491,95

were isolated. A subset of the isolated compounds were screened

for bioactivity. Smenospongine 109 was found to exhibit in vitro

cytotoxicity against three solid tumors, human breast (A549),

human colon (HT-29) and mouse melanoma (B16/F10) as well as

activity against leukemia (P388) cells in the range of 2.6 to

5.7 mg mL�1. Compound 110 was the most active against

B16/F10 at 2.1 mg mL�1 and against leukemia (P388) cells at

0.6 mg mL�1.96
Dysidea fragilis. This sponge was collected by the Ireland

team; recent recollections described this sponge as a encrusting,

fleshy, soft sponge with a conulose surface (C. Ireland, unpub-

lished results, 2001). Coloration was rosy tinged orange on the

outside with a pale interior.

Chemistry/bioactivity: instead of finding the sesquiterpenes

previously reported for this species, the cytotoxic azacyclopro-

pene carboxylic acid ester dysidazirine 115 was isolated from the

sample. Dysidazirine exhibited cytotoxicity against L1210

murine leukemia cells at 0.27 mg mL�1 and showed antimicrobial

and antifungal properties in the standard paper disc assay.97

Dysidea herbacea. This species was first collected by Norton10

and coworkers (1981) from the Nasese foreshore. They pointed

out that this collection could comprise several morphologically

undistinguishable species or that the different algal/bacterial

symbionts associated with the sponge could be responsible for

significant variation in chemistry. Horton and coworkers

collected this species in 1985–87 and 1989. They described the

sponge as light purple and tan, massive in size and flat or cup

shaped in appearance.98 Fu and coworkers collected from

Malolo and Beqa Islands in 1988 and 1991. Their description of

the sponge (identified by C. Diaz) pointed to the greenish interior
This journal is ª The Royal Society of Chemistry 2012



that they assumed to be due to the presence of large amounts of

blue-green algal symbionts. It was a whitish-greenish-grey

sponge with lobate shape and plate-like projections. The surface

was finely conulose with small oscules on top of the projections.99

Calcul and coworkers used a repository sample of the Malolo

Island (1988) collection.100

Chemistry/bioactivity: Norton reported the isolation of two

polybrominated oxydiphenol derivatives, the novel compound

3,4,40,5,60-pentabromo-2,20-oxydiphenol-1,10-dimethyl ether 116

and the known 3,40,5,60-tetrabromo-2,20-oxydiphenol-1,10-
dimethyl ether 117.101 No bioactivity data were reported.10

Horton and coworkers reported the novel dysinin-type

sesquiterpene, (+)-(4S,6R,11R)-methoxythiofurodysinine

acetate lactone 11898 and the known compounds (�)-(6R,11R)-

furodysinin 119,102 (�)-(6R,11R)-thiofurodysinin acetate 120,102

and (�)-(6R,11R)-thiofurodysinin disulfide 121.102 Anti-

helminthic properties against the nematode N. braziliensis were

observed at 50 mg mL�1 for the known compounds 119–121,

while the novel compound 118 was inactive.98

The two sponges described by Fu and coworkers from

geographically different places produced new and known poly-

brominated phenols and diphenyl ethers. The 1988 Malolo

Island sample yielded the known compounds; 4,6-dibromo-2-

(20,40-dibromo-20-phenoxy) phenol 122, 4,6-dibromo-2-(40,60-
dibromo-20-hydroxyphenoxy)phenol-1-methyl ether 123, 4,6-

dibromo-2-(30,40,50,60-tetrabromo-20-hydroxyphenoxy)phenol
124 and the new compound 4,6-dibromo-2-(20-methoxy-40,60-
dibromophenoxy)phenol 125. The Beqa Island sample yielded

the known compounds 4,6-dibromo-2-(30,40,50,60-tetrabromo-20-
hydroxy-phenoxy)phenol 124 and 4,6-dibromo-2-(30,40,60-tri-
bromo-20-hydroxyphenoxy)phenol 126 together with the novel

compounds 125, 4,6-dibromo-2-(30,40,60-tribromo-20-methoxy-

phenoxy)phenol 127 and 4,6-dibromo-2-(40,50,60-tribromo-20-
hydroxyphenoxy)phenol-1-methyl ether 128. Both phenols, 124

and 125, were reported to inhibit inosine monophosphate

dehydrogenase (IMPDH), and guanosine monophosphate

synthetase (GMPS).99

Further investigations into the repository Malolo Island sample

yielded two more novel compounds, 2-(30,50-dibromo-20-hydroxy-
phenoxy)-3,4,6-tribromophenol 129 together with its isomer 2-(30,50-
This journal is ª The Royal Society of Chemistry 2012
dibromo-20-hydroxyphenoxy)-4,5,6-tribromophenol 130. In addi-

tion the structure for 127 was revised from 4,6-dibromo-2-(30,40,60-
tribomo-20-methoxy-phenoxy)phenol to 4,6-dibromo-2-(30,50,60-tri-
bromo-20-methoxyphenoxy)-phenol 127a. The promising myeloid

cell leukemia-1 (Mcl-1) antiapoptotic activity detected in the crude

extract (IC50¼ 2.1mgmL�1) did not translate into an anticipated sub

mg mL�1 activity of the pure compounds. This might be due to

synergetic effects from a combination of the polybrominated oxy-

diphenol derivatives.100

Fascaplysinopsis reticulata. This sponge was collected between

1985 and 1989 in the Beqa Lagoon.103,104 The voucher specimen

of the 1989 collection was identified by M. C. Diaz (UCSC,

Institute of Marine Sciences) and R. W. M. van Soest (Univ. of

Amsterdam). It was described as having a thick ectosomal layer

with very sharp conules (2 mm high and 5 mm apart) and devoid

of spicules. Specimens were subglobular to lobate in shape with

the external colour being intense reddish-brown and greenish

while the interior was brownish-orange. F. reticulata were firm

but compressible.104

Chemistry/bioactivity: several new compounds were reported

including the sesterpenes, isodehydro-luffariellolide 131 and

dehydroluffariellolide diacid 132; alkaloid-sesterpene salts, fas-

caplysin A 133 (comprised of the fascaplysin cation and the
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dehydroluffariellolide diacid anion) and homofascaplysin A

cation/dehydroluffariellolide diacid anion 134. Also present were

the novel neutral alkaloids homofascaplysins B 135 and C 136

and secofascaplysin A 137, the first naturally occurring b-car-

bolinone. The known compounds (+)-octopamine 138105 and
1438 | Nat. Prod. Rep., 2012, 29, 1424–1462
fascaplysin 139 were also isolated. Significant activity was

recorded against a variety of bacteria and fungi. In addition,

compounds 131 and 134 displayed inhibitory activity against

HIV-1 reverse transcriptase at 1 mg mL�1.103

Three novel b-carbolinium salts, reticulatines A 140 and B 141

and fascaplysin B 142, were isolated together with 139 and 133

from the 1989 collection from Beqa. The reticulatines 140 and

141 showed good activity in antimicrobial and antiviral assays.104

Fascaplysin 139 later proved to be the most potent cytotoxic

compound in studies against murine and human tumor cell lines

in the disc diffusion assay. Reticulatine (cation 140 and anion

Cl�) showed moderate activity against human colon cancer and

retained the murine tumor selectivity shown by 139. The novel

compound reticulatate 143 was the only compound selective for

both murine and human tumors.106 Notable biochemical prop-

erties of fascaplysin 139 include intercalation into DNA107 and

specific inhibition of cyclin-dependent kinase 4 (Cdk 4) in vitro.108

The inhibition of endothelial cell proliferation towards tumor

cells suggests that 139 is a natural angiogenesis inhibitor.109

Fascaplysinopsis sp. This genus was first reported from Fiji by

the Ireland group from a collection near Dravuni Island in the

Kadavu province. This dark brown sponge was collected by

SCUBA and identified by Dr A. Ayling.

Chemistry/bioactivity: the known compounds, luffariellolide

144 and the nitrogenous quaternary salt, fascaplysin 139, were

isolated and identified. Using the disc diffusion method, anti-

microbial activities were noted for 139 against S. aureus (15 mm

zone at 0.1 mg disc�1), E. coli (8 mm zone at 5 mg disc�1),

C. albicans (11 mm zone at 1 mg disc�1) and Saccharomyces

cerevisiae (20 mm zone at 0.1 mg disc�1). A low IC50 of 0.2 mg

mL�1 was recorded in cytotoxicity tests against the mouse

leukemia cell line L1210.110

Fasciospongia sp. This mossy purple sponge was collected by

SCUBA in the Mamanuca Islands group in the western part of

Fiji.

Chemistry/bioactivity: the deep purple methanol extract yiel-

ded the novel mamanuthaquinone 145, isolated as an orange oil.

Mamanuthaquinone 145 was cytotoxic against the human colon

HCT-116 cell line with an IC50 of 2 mg mL�1, and mildly active

in vivo against murine leukemia (P388) when injected

intraperitoneally.111
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Hippospongia sp. This sponge was collected in 2004 near Kia

Island off Labasa (16�100570 0 S and 179�0301100 E). It was abun-
dant at 10–25 m on coral/rock at walls and brownish grey. The

texture was rough and hard with numerous oscules ranging from

1–7 mm. The voucher specimen was identified by M. K. Harper

(Univ. of Utah). It has now been transferred to the genus

Dactylospongia (M. K. Harper, unpublished results, 2012).

Chemistry/bioactivity: the crude extract was found to be

mildly cytotoxic against brine shrimp (LD50 ¼ 266 ppm).

Bioassay-guided fractionation led to the isolation of the three

known compounds epi-ilimaquinone 146,112 smenospongine

10993 and glycinylilimaquinone 147.113 Compounds 109 and 146

exhibited cytotoxicity at 18 and 188 ppm, respectively.114

Hyrtios cf. erecta. This brown, conulose sponge is very

abundant in Fiji waters. It was collected at 15 m using SCUBA at

Nananu i-Ra in north Viti Levu and the voucher specimen was

identified by Dr J. Hooper (Queensland Museum, South Bris-

bane, Australia).

Chemistry/bioactivity: together with the three known

compounds isodehydroluffariellolide 131, homofascaplysin A

cation 134 and fascaplysin 139, that were major metabolites of

Fascaplysinopsis sp., the two novel sesterterpene lactones with

the proposed trivial names hyrtiolide IUPAC: 3-(4,8-dimethyl-

10-(2,6,6-trimethylcyclohex-1-enyl)deca-3,7dienyl)furan-2-one

148 and 1-O-ethyl-hyrtiolide IUPAC: 3-(4,8-dimethyl-10-(2,6,6-

trimethylcyclohex-1-enyl)deca-3,7dienyl)-5-ethoxyfuran-2-one

149 were isolated. However, as 149 is the -O-ethyl derivative of

148, the authors pointed out that this could have been ‘‘an arti-

fact of preservation in ethanol and not a natural product in its

own right’’. Weak antifungal activity against the fungus Ustilago

violaceae was observed for 148. Compounds 139, 131 and 134

showed various degrees of antibacterial, antiviral and anti-

plasmodial activities and reduced the activity of p56lck tyrosine

kinase at various degrees indicating a useful basis for anticancer

drug development. Only 139 and 134 showed antibacterial

activity against E. coli and Bacillus megaterium at 50 mg disc�1

pure compound with 6 mm and 10 mm zones of inhibition,

respectively. In addition both exhibited in vitro antiplasmodial

activity against chloroquine-resistant P. falciparum strains.

Fascaplysin 139 also displayed antiviral activity towards fetal

Rhesus monkey kidney cells (FRhK-4-cells) infected with the

hepatitis A virus at noncytotoxic concentrations.115
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Ircinia sp. This sponge is very common in Fiji and can grow to

a massive size. It was collected in 1983 and 1984 from Suva

Harbor at depths from 2–25m, being up to 30 cm and grayish in

colour. It was spongy and tough with numerous spicules and

sand grains.116

Chemistry/bioactivity: the novel tricyclic sesterterpene, suva-

nine 150 was reported, and later revised to 150a when it was

determined that the compound contained a dimethylguanidi-

nium salt of an enol sulfate. Subsequent reexamination of the

sponge suggested it was most likely Coscinoderma matthewsi.117

Ichthyotoxicity to goldfish at 10 mg mL�1 was reported, sug-

gesting a chemical defensive role for suvanine.116
Spongia mycofijiensis. This sponge was collected from Yanuca

Island and the Astrolabe reef in 1986. Described as a new species

in 1987,118 it has been transferred to the genus Cacospongia

(M. K. Harper, unpublished results, 2012). It had a mushroom

shape, 7 cm wide and 3 cm thick with a stalk measuring 2 cm, a

firm but spongy consistency and a smooth surface. The nudi-

branch Chromodoris lochi, found in association with the sponge

was identified by G. Brodie in 1987.118

Chemistry/bioactivity: two known compounds, latrunculin A

9987 and dendrolasin 151 (originally reported from the ant

Dendrolasius fuliginosus)119 were isolated from both the sponge

and the nudibranch extracts. Both the crude extracts were

extremely cytotoxic towards larynx epithelial carcinoma (HEP-2)

and Rhesus monkey kidney epithelial (MA–104) cells. Latrun-

culin A 99 was the more cytotoxic of the two compounds with

IC50 of 0.072 mg mL�1 for HEP-2 and 0.23 mg mL�1 for MA-104.

Dendrolasin 151 only showed cytotoxicity towards HEP-2 cells

at 24 mg mL�1.118

6.1.12 Porifera, Demospongiae, Halichondrida

Acanthella cavernosa. The round orange sponge A. carvenosa

(sic) was collected in 1984 and identified by M. C. Diaz (Harbor

Branch Oceanographic Institution).
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Chemistry/bioactivity: bioassay-guided isolation afforded the

known kalihinols A120 152, F121 153 and X 154 together with the

new tetrahydrofuran isokalihinol F 155. In vitro antihelminthic

screening of the pure compounds at 50 mg mL�1 against

N. braziliensis revealed that kalihinols A and X were very active

while 155 was inactive. The authors also mentioned that an

Acanthella sponge collected in 1987 yielded kalihinol Y 156

which had the strongest activity.122

Acanthella sp. This brownish-red sponge was collected at Fish

Patch just outside of Suva, Viti Levu in 1986.

Chemistry/bioactivity: three new kalihinols X 154, Y 156 and

Z 157 were isolated. They inhibited the growth of the test

organisms B. subtilis, S. aureus and C. albicans.123

Axinyssa fenestratus. This sponge was collected in 1986 by the

Crews team and identified by M. C. Diaz, UC Santa Cruz.124

Chemistry/bioactivity: four sesquiterpenes were isolated, the

known (1R,6S,7S,10S)-10-isothiocyanato-4-amorphene 158125

and the novel metabolites (1R*,4S*,6R*,7S*)-4-isothiocyanato-

9-amorphene 159, 10-isothiocyanato-4,6-amorphediene 160 and

(4S*,10S*)-10-isothiocyanato-5-amorphen-4-ol 161. Anti-

helminthic screening of the pure compounds against N. brazil-

iensis revealed potent activity for 158–161.124

Leucophloeus fenestratus. This sponge was collected in 1987 by

the Crews team and identified by M. C. Diaz, UC Santa Cruz.126
1440 | Nat. Prod. Rep., 2012, 29, 1424–1462
Chemistry/bioactivity: the known diketopiperazine, cyclo-(L-

Pro-L-Val) 162127 was isolated together with the novel cyclic

peptides fenestins A 163 and B 164. No bioactivity was observed

by either compound at 20 mg mL�1 against murine lymphoma

(P388) cells or human colon tumor cells (HT-29).126

Pseudaxinyssa sp. This red encrusting sponge identified as

Pseudaxinyssa sp. by Prof. P. Bergquist was collected outside

Suva harbor in 1983 at 8 m using SCUBA.

Chemistry/bioactivity: eighteen long chain aliphatic a,u-bisi-

sothiocyanates 165–182 together with three a-isothiocyano-u-

formyl compounds 183–185 were isolated. No bioactivity data

were reported.128

Spongosorites sp. This sponge was collected from Filis Delight

(18�20.7880 S, 177�59.7510 E) in 2001 at a depth of 5–15 m.

A voucher specimen of this massive, lobate and beige coloured

sponge (in EtOH) was kept at the Museum of Victoria (regis-

tration number MVF83540).
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Chemistry/bioactivity: the novel polyketide spongosoritin

A 186 was isolated. No bioactivity was reported.129

Stylotella aurantium. This sponge was collected in 1997 at a

depth of about 5 m from Cakaulevu reef, Vanua Levu (17�2.61S;
178�54.69E) and was identified by Dr J. Hooper of the Queens-

land Museum, South Brisbane, Australia.

Chemistry/bioactivity: the novel cyclic octapeptide, axinellin C

187, with all trans-peptide bond geometry, was isolated and

showed only weak cytotoxic activity. Two conformers of the

cyclic heptapeptide phakellastatin 2 188a+b were also reported.

The methylene–chloride partition exhibited high cytotoxicity for

A2780 ovarian tumor and K562 leukemia cancer cells, however,

this was not reproduced by the purified conformers.130,131

6.1.13 Porifera, Demospongiae, Haplosclerida

Niphates sp. This sponge was collected off Viti Levu in 1985

and identified by Prof. G. J. Bakus, USC.

Chemistry/bioactivity: two novel methoxylamine pyridines

niphatyne A 189 and B 190 were isolated. Compound 189

exhibited an IC50 value of 0.5 mg mL�1 against murine
This journal is ª The Royal Society of Chemistry 2012
lymphoma (P388) cells. No IC50 value could be obtained for 190

as it was contaminated with 189.132

Xestospongia cf. carbonaria. Two collections were made by

members of the Crews group from outer reefs of the Beqa

Lagoon at depths of 27–33 m in 1991 and identified by M.C.

Diaz, UC Santa Cruz. The morphology of the sponges was

described as massive amorphous to thick encrustations with a

microhispid surface. The irregularly dispersed oscules ranged

from 1 to 5 mm in diameter. Live specimens were from brown to

dark green to black in colour. The sponges were slightly

compressible, easy to break and crumbly. When broken under-

water a sticky exudate was released that would stain the hands

with the colours stated above.133,134

Chemistry/bioactivity: five known compounds, halenaquinone

191, halenaquinol sulfate 192, halenaquinol 193,135 xestoquinone

194136 and tetrahydrohalenaquinone A 195137 were isolated along

with three new metabolites tetrahydrohalenaquinone B 196,

14-methoxyhalenaquinone 197 and xestoquinolide A 198. All

compounds were subjected to the Rous sarcoma virus trans-

forming protein (pp60v-src) assay for protein tyrosine kinase

(PTK) inhibition testing with 191 and 197 being the most potent

at IC50 <10 mM. Compound 191 also displayed inhibition of

tyrosine kinase of the human epidermal growth factor with an

IC50 of about 19 mM.133 Members of the halenaquinone struc-

tural family were considered taxonomic markers for the genus

Xestospongia.134
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Xestospongia caycedoi. This hard blue sponge was collected at

Sand Bank Island, Suva, at a depth of 2 m and identified by Dr

A. Ayling, Sea Research, Daintree, Australia.

Chemistry/bioactivity: the novel metabolite renierol 199 and

the known mimosamycin 200138 were isolated. Renierol 199

showed antibiotic activity against S. aureus (10 mm zone of

inhibition in the disc diffusion test with 100 mg on a 6 mm disc).

Mild cytotoxicity towards the L1210 murine leukemia cell line

was also observed (IC50 3.0 mg mL�1).139 Reinvestigation of the

same sponge resulted in the isolation of the novel renieramycin G

201 and the known N-formyl-1,2-dihydrorenierone 202.

Renieramycin G 201 exhibited only mild cytotoxicity (MIC 0.5

and 1.0 mg mL�1) against human cervix carcinoma (KB) and

human colorectal adenocarcinoma (LoVo) cell lines despite the

potent cytotoxicity recorded in the crude extract.140

Xestospongia spp. Numerous unidentified species of the genus

Xestospongia have been collected in Fiji. The first report by the

Crews group described specimens collected from Viti Levu in

1984 using SCUBA at a depth of 30 m.140 This encrusting sponge

(herein designated ‘‘Crews sp. 84-17’’) grew on dead coral and

measured about 1 cm thick by 5 cm in diameter, was fleshy, yet

condensed. The second collection by the Crews group in 1987

(‘‘Crews sp. 87126’’) was identified by M. C. Diaz, UC Santa

Cruz.141 It was apricot–orange when collected in the field

changing to tan in MeOH. It was thickly encrusting with a

smooth but irregular surface, and had a crumbly and

compressible consistency. The third report was on two Xesto-

spongia species (‘‘R3242’’ and ‘‘R3304’’) collected somewhere in

Fiji and identified by Dr J. Hooper of the Queensland Museum,

South Brisbane, Australia.142

Chemistry/bioactivity: the cytotoxic nonpolar extract of

‘‘Crews sp. 84-17’’ contained a novel chiral butenolide, 2-oxo-2,5-

dihydrofuran-5-acetic acid methyl ester 203 together with the

novel 3,6-dihydro-1,2-dioxins, xestins A 204 and B 205.

Compound 204 was the most active compound against murine

lymphoma (P388) cells with an IC50 of 0.3 mg mL�1. It also

exhibited strong activity against lung cancer cells (A549), colon

cancer (HCT-8) and human mammary adenocarcinoma (MDA-

MB) at 5mg mL�1.140
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‘‘Crews sp. 87126’’ yielded the novel amino alcohols xestoa-

minols A–C 206–208. Only xestoaminol A 206 exhibited activity

against N. braziliensis (100% reduction of viability and motility)

and showed potent antimicrobial activity against S. aureus,

S. pyrogenes, E. coli, C. albicans and T. mentagrophytes at 100 mg

disc�1. Both xestoaminols A 206 and C 208 inhibited reverse

transcriptase at 97% and 95%, respectively, at a test concentra-

tion of 1 mg mL�1.141

Samples ‘‘R3242’’ and ‘‘R3304’’ both yielded the known pen-

tacyclic polyketide halenaquinone 191 and halenaquinol sulfate

192,143 one sample also contained the two new compounds xes-

tosaprol C methylacetal 209 and orhalquinone 210. Compound

210 displayed significant inhibition of both human and yeast

farnesyltransferases with an IC50 value of 0.40 mM, andmoderate

antiplasmodial activity against chloroquine-resistant and chlo-

roquine-sensitive strains (IC50 9 mM and 11 mM, respectively).142

6.1.14 Porifera, Demospongiae, Homosclerophorida

Corticium sp. Specimens of this undescribed species were

collected in 2001 from the Great Astrolabe reef, Kadavu,

(17�10.210 S, 177�17.720 E) and from lower Yasawa group

(18�42.040 S, 178�30.310 E) in 2002. The sponge was encrusting,

contracted considerably after collection, and had a black exterior

and slightly lighter interior.

Chemistry/bioactivity: bioassay-guided fractionation afforded

the known alkaloid plakinamine A 211 and the two novel cyclic

peptides corticiamide A 212 and cyclocinamide B 213. It was

hypothesized that microorganisms produced the two novel
This journal is ª The Royal Society of Chemistry 2012



peptides as they had close structural similarity with peptides

isolated from taxonomically unrelated sponges. No bioactivity

data were obtained for 212 and 213 due to insufficient material

isolated.144

Plakortis quasiamphiaster. The sponge specimens were

collected near Naukacuvu Island (north Viti Levu) using

SCUBA in 1988.145

Chemistry/bioactivity: as part of a high throughput screening

to identify compounds that inhibit the growth of human breast

cancer (BRCA-2-deficient) cells, four cytotoxic extracts from

P. quasiamphiaster showed a 3–8 fold selectivity of mutant (V-

C8) cells from Chinese hamster over isogenic BAC29 cells.145 In

both human sexes, BRCA-2 deficiency is known to increase the

risk of developing cancers of the pancreas, bile and melanoma,

while BRCA-2 gene mutations have a higher risk of developing

breast or ovarian cancers in women or breast and prostate

cancers in men.146 The three known plakinidines A–C 214–

216147,148 were identified as being active.145

Plakortis spp. Several unidentified species of Plakortis were

collected in Fiji. Plakortis sp. I was collected at a depth of 10 m in

the Yasawa Islands and identified as a new species by Dr Avril

Ayling (Sea Research, Townsville, Australia).148 Plakortis sp. II,

a dark brown/black sponge, was collected using SCUBA at

depths of 15–20 m in the Yasawa group and identified by Dr A.

Ayling.149,150 Plakortis sp. III, described as a morphologically

distinct Fijian sponge, was collected from the Great White Wall

in Taveuni in 1992 at a depth of 10–30 m. It was identified by

M. C. Diaz, UC Santa Cruz and Dr R. W. M. van Soest
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(Institute of Taxonomic Zoology, University of Amsterdam). It

was described as a massively encrusting globular specimen, 2–3

cm high with oscules consisting of a membrane. Live coloration

ranged from brown-green to dark brown. The surface was

smooth and specimens were dense and easy to break.151

Chemistry/bioactivity: Plakortis sp. I yielded three highly-

coloured novel compounds, plakinidines A–C 214–216. All three

compounds exhibited cytotoxicity towards L1210 murine

leukemia cells with IC50 values of 0.1, 0.3 and 0.7 mg mL�1,

respectively.148

Plakortis sp. II afforded the novel five membered ring perox-

ides plakinic acids C 217 and D 218 and epiplakinic acids C 219

and D 220149 together with the novel peroxylactone plakortolide

221.150 Strong cytotoxicity was reported for 217–220 against

human epidermoid carcinoma (KB) cells, human colorectal

adenocarcinoma (LoVo) cells and L1210 cells, while 221 was

reported to have only moderate activity against the same three

cell lines.150

From Plakortis sp. III the Crews team reported two novel

peroxides, plakoric acid 222 and plakortolide E 223 that rear-

ranged to form plakortolide ether 224 after standing for one year.

Both 222 and 223 were inactive in the in vitro 60-cell line
Nat. Prod. Rep., 2012, 29, 1424–1462 | 1443



cytotoxicity testing, whereas 223 was very potent (LC50 > 1 mM)

against most of the melanoma cell lines and against three of eight

breast cell lines.151

6.1.15 Porifera, Demospongiae, ‘‘Lithistida’’

Siliquariaspongia sp. This sponge was collected in the very

remote Motualevu reef east of Qamea, Taveuni in 1996 at a

depth of 40 m. It was thickly encrusting with a burgundy exterior

and a yellow interior. The specimen was identified by M. Kelly

for the National Cancer Institute.152 The genus had previously

only been known from Japan from where the type species was

collected.153
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Chemistry/bioactivity: six novel brominated antibacterial

acids, motualevic acids A–F 225–230 together with a new

enantiomer of antazirine, (4E)-(R)-antazirine 231, were reported.

Acids 225–230 showed antibacterial activity (disc diffusion test)

against methicillin-resistant S. aureus (MRSA) and S. aureus,

with motualevic acid F 230 being the most potent agent. Inter-

estingly, its methyl ester 231 was inactive even at concentrations

up to 50 mg disc�1. None of the seven compounds showed activity

against C. albicans, E. coli, B. subtilis, Pseudomonas aeruginosa

or Enterococcus faecium.152

6.1.16 Porifera, Demospongiae, Poecilosclerida

Zyzzya fuliginosa. This abundant black sponge was first

reported by the Ireland team as Zyzzya marsailis (sic). It was

collected by the Ireland group at Makuluva Island in 1986 and at

Beqa Island in 1990. The specimens were identified by

Dr R. W. M. van Soest (Institute of Taxonomic Zoology,

University of Amsterdam).154 Z. massalis is now considered to be

a junior synonym of Z. fuliginosa. A subsequent study by

researchers at the NCI isolated compounds from a specimen of

Z. fuliginosa in the NCI repository (voucher 0CDN4242)

collected from the Beqa Lagoon.155

Chemistry/bioactivity: the Ireland group reported seven novel

cytotoxic compounds known as makaluvamines A–F 232–237

and makaluvone 238,154 together with the known compounds
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damirone B 239156 and discorhabdin A 240.157 Cytotoxicity

testing of the nine compounds against HCT–116 showed that 237

and 240 were the most potent (IC50 0.08 and 0.17 mM, respec-

tively) followed by 232 (1.2 mM). The compounds were also

tested against xrs–6, a Chinese hamster ovary (CHO) cell line

sensitive to compounds that have DNA damaging potential.

While the CHO cytotoxicity data were quite comparable with the

HCT–116 data, 232 had the greatest hypersensitivity factor (HF)

of 9 obtained by comparison of the cytotoxicity against CHO

versus the geminivirus BR1 that binds single stranded DNA. This

was followed by makaluvamines C 234, D 235, E 236, and F 237.

Only insignificant HF values were obtained for compounds 233,

238, 239 and 240. The study also confirmed makaluvamines to be

TOPO II inhibitors with 232 and 237 being the most potent. The

fact that 240 did not inhibit TOPO II was interpreted as indi-

cation it works by a different mode of action than the

makaluvamines.154

The novel metabolite discorhabdin Q 241 (16,17-dehy-

drodiscorhabdin B) was isolated by Dijoux and coworkers but no

differential selectivity was observed.155

6.1.17 Porifera, Demospongiae, Verongida

Aplysinella rhax. This sponge was collected at a depth of about

5 m by free diving at Vanua Levu (17�2.610 S; 178�54.690 E) and
identified by Dr J. Hooper (Queensland Centre for Biodiversity,

Australia).

Chemistry/bioactivity: four bromotyrosine-derived

compounds were isolated following bioassay-guided fraction-

ation. These included the known compounds psammaplin A 242,

bisaprasin 245158 (the dimer of 242) and the novel psammaplins

K 243 and L 244. Only 242 exhibited activity against the two cell

lines A2780 (ovarian tumor) and K562 (leukemia) with IC50

values of 1.2 and 0.7 mM, respectively. The four compounds were

also screened for inhibition of a Bacillus sp. chitinase.

Compounds 243–245 showed insignificant inhibition while again

242 was the most potent, yet moderate, at 68 mM as compared to

allosamidin, a very potent secondary metabolite produced by

Streptomyces sp. Additional antimicrobial activity was observed

for 242 against MRSA and against Plasmopora viticola, known

as vine downy mildew, in in vivo tests.159

Druinella sp. This sponge was collected at a depth of about 5 m

by snorkeling in 1997 from the Cakaulevu reef, Vanua Levu

Island (17�2.610 S; 178�54.690 E) and was identified by Dr J.

Hooper (Queensland Centre for Biodiversity, Australia).

Chemistry/bioactivity: two novel bromotyrosine derivatives

purealidin S 246 and purpuramine J 247 were isolated together

with the eight known bromotyrosine derivatives purealidin Q

248,160 aplysamine 249,161 purpuramine I 250,162 aerophobins 1
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251163 and 2 252,163 purealidin J 253164 and araplysillins 1 254165

and 2 255.165 Screening of the 10 compounds against the two cell

lines A2780 (ovarian tumor) and K562 (leukemia) indicated

that purpuramine I 250 was the most active with ID50 values

of 1.7 and 1.2 mg mL�1, respectively. Moderate activity
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(ID50 6.0–7.4 mg mL�1) was noted for purealidin S 246 and

purpuramine J 247. The authors speculated that the many vari-

ations of bromotyrosine derivatives present could have acted as

feeding deterrents.166

Psammaplysilla purpurea. The first collection of P. purpurea

was by the Crews team.167 The second collection was made by the

Ireland group off Makuluva Island using SCUBA in 1988 and

1990; it was identified as P. purpurea by M. K. Harper (Scripps

Institution of Oceanography).168

Chemistry/bioactivity: The Crews group reported isolation of

the known psammaplin A 242 together with the novel psam-

maplins B 256, C 257, D 258 and the new cysteine dimer, pre-

psammaplin A 259. Two additional compounds were also

reported, (3-bromo-4-hydroxy) benzaldehyde 260 and (3-bromo-

4-hydroxyphenyl)-acetonitrile 261. Psammaplin D 258 showed

potent antibacterial activities against the Gram-positive bacte-

rium S. aureus and the Gram–negative bacterium T. menta-

grophytes in the disc diffusion test at 100 mg disc�1. Compounds

258 and 260 showed mild in vitro activity against tyrosine kinase

with IC50 values of 2.8 and 3.2 mM, respectively.167

Three compounds were reported by the Ireland team, the

known psammaplysins A 242 and B 256 and the novel psam-

maplysin C 262. The three compounds were found to be cyto-

toxic towards HCT-116 with IC50 values of 6, 6 and 3 mg mL�1,

respectively.168

Suberea clavata. This sponge was collected in 2002 using

SCUBA at 15 m at Naviti Island, Yasawa (18�41.920 S,

178�30.430 E), identified by M. K. Harper (University of Utah).

It was shiny, mottled henna and beige colour externally and
1446 | Nat. Prod. Rep., 2012, 29, 1424–1462
yellow-beige inside turning blue on cutting. The surface was

smooth and occasionally conulose with oscules not visible.

Consistency was cheesy and dense.

Chemistry/bioactivity: bioassay-guided fractionation yielded

the known compound aeroplysinin-1 263169 which was found to

inhibit MRSA and vancomycin-resistant E. faecium (VREF).170

6.2 Bacteria

6.2.1 Actinobacteria, Actinobacteria, Actinomycetales

Nocardiopsis sp. This marine-derived bacterium, strain CNS-

653, was isolated from a surf zone sediment sample collected near

Beqa Island in Beqa Lagoon in 2006. NCBI BLAST analysis of

the partial 16S rDNA sequence indicated that the strain was

within the genus Nocardiopsis.171

Chemistry/bioactivity: two new compounds, fijiolides A 264

and B 265, were isolated and the structures elucidated. Fijiolide

A inhibited TNF-a-induced NF-kB activation by 70.3%, and

dose dependence demonstrated an IC50 of 0.57 mM. Fijiolide B

was less active, showing only 46.5% inhibition and without a

dose-dependent response. The same pattern was observed with

quinone reductase (QR) activity, 264 was found to induce

quinone reductase-1 (QR1) with an induction ratio of 3.5 at a

concentration of 20 mg mL�1 (28.4 mM). Fijiolide B did not affect

QR1 activity, indicating the importance of the nitrogen substi-

tution pattern for biological activity. These results indicated that

264 may be a promising lead for more advanced anticancer

testing.171

Salinispora arenicola. This actinomycete strain CNT-088 was

isolated from a marine sediment collected at a depth of ca. 20 m

off the Great Astrolabe Reef off Kadavu Island in 2006.172

Another strain, F-0017 was also isolated from a sediment sample

collected from Suva reef in Nasese (18�09021.050 0 S,

178�25022.020 0 E) also in 2006.173 Both actinomycete strains were

identified as S. arenicola based on 16S rDNA analysis.

Chemistry/bioactivity: detailed LC-MS chemotyping revealed

that strain CNT-088 produced an accessory compound not

previously observed from any of the three currently recognized

Salinispora species. Three new cyclodepsipeptides, arenamides

A–C 266–268 were isolated from culture extracts. The effect of

arenamides A and B on NF-kB activity was studied with stably
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transfected 293/NFkB-LUC human embryonic kidney cells

induced by treatment with tumor necrosis factor (TNF). Are-

namide A and B blocked TNF-induced activation in a dose- and

time-dependent manner with IC50 values of 3.7 and 1.7 mM,

respectively. In addition, the compounds inhibited nitric oxide

and prostaglandin E2 (PGE2) production with lipopolysaccha-

ride (LPS)-induced RAW 264.7 macrophages.172

Four known compounds N-(20-phenylethyl)isobutyramide

269,174 2-methyl-N-(20-phenylethyl)butyramide 270,174 N-(20-
phenylethyl)isovaleramide 271174 and rifamycin W 272175 were

isolated from the strain F-0017. All the amides were found to be

inactive against all the bacteria and fungi tested, while

rifamycin W had a minimum inhibitory concentration (MIC) of

12.5 mg mL�1 against MRSA, 6.25 mg mL�1 against wild type

Staphylococcus aureus (WTSA) and above 250 mg mL�1 against

VREF.173
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Salinispora pacifica. While searching for new enediyne anti-

biotics, the Natural Products Discovery group at Wyeth Labo-

ratories isolated a halophilic Micromonospora from the marine

ascidian Polysyncraton lithostrotum collected from Namenalala

Island.35 This species, tentatively called M. lomaivitiensis,176 was

subsequently confirmed by the 16S DNA sequence to be Sali-

nispora pacifica (P. Jensen, personal communication, 2010).

Chemistry/bioactivity: the fermentation broth of this culture

contained unique, dimeric bis-diazo compounds, lomaiviticin A

273 and B 274, with potent DNA-damaging activity and was

extremely cytotoxic against a panel of cancer cell lines. Lomai-

viticin A bears some similarities to the kinamycins,177 much

simpler monomeric diazobenzofluorene antibiotics. Lomaiviticin

A was tested against a number of cancer cell lines and showed

cytotoxicity with IC50 values ranging from 0.01 to 98 ng mL�1.

The cytotoxicity profile in a 24-tumor cell line panel was unique

compared to the known DNA-damaging anticancer drugs,

adriamycin and mitomicin C, suggesting a different mechanism

of interaction with DNA. Lomaiviticin A was also a potent

antibiotic against the Gram-positive bacteria S. aureus and

E. faecium (MICs 6–25 ng spot�1) in a plate assay.176
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Streptomyces sp. (I). This actinomycete strain CNS–575 was

cultured from marine sediment collected from Nasese shoreline,

Viti Levu, at low tide from a depth of ca. 0.5 m at coordinates

18�09004.0 S and 178�27011.4 E. The 16S ribosomal RNA gene

sequence analysis placed this strain within this genus, however, it

shared <98% sequence identity with any formally described

species, suggesting that it may represent a new species.178

Chemistry/bioactivity: two molecules were isolated, etamycin

275 alongside streptogramin-A which were originally isolated

from a terrestrial actinomycete Streptomyces griseus.179 Both

molecules together displayed bactericidal activity primarily

against some Gram-positive organisms. Etamycin was investi-

gated in more detail as a single agent against a panel of clinically

relevant MRSA strains and found to possess very good activity.

The MIC values ranged from 1–2 mg L�1 for community asso-

ciated CA-MRSA strains and 8–16 mg L�1 for some hospital-

associated HA-MRSA strains.178

Streptomyces sp. (II).Another Streptomyces sp. CMB-MQ030

was isolated from a Fijian marine sediment collected from

Nasese.180

Chemistry/bioactivity: chemical analysis of the Streptomyces

sp. yielded two new diketopiperazines, naseseazine A 276 and B

277, featuring a new dimeric framework. The naseseazines were
1448 | Nat. Prod. Rep., 2012, 29, 1424–1462
determined to be inactive against E. coli, S. aureus, B. subtilis and

C. albicans. These diketopiperazines feature a conformationally

restrained heterocyclic core that is resistant to proteolysis and

capable of providing favorable pharmacodynamic and pharma-

cokinetic characteristics.180
6.2.2 Cyanobacteria, Cyanophyceae, Oscillatoriales

Lyngbya majuscula. This marine cyanobacterium was

collected from the Kauviti Reef of Yanuca Island, in 2000. The

voucher specimen is available as collection number VKR-16/Feb/

00-05.181

Chemistry/bioactivity: a new cyclic depsipeptide desmethoxy-

majusculamide (DMMC) 278 was isolated from this marine

cyanobacterium through a cancer cell cytotoxicity assay-directed

process. Compound 278 demonstrated potent and selective anti–

solid tumor activity with an IC50 ¼ 20 nM against the HCT-116

human colon carcinoma cell line via disruption of cellular

microfilament networks. A linear derivation of DMMC 279 was

generated by base hydrolysis and was also evaluated in the bio-

logical assays and found to maintain potent actin depolymer-

isation characteristics while displaying solid tumor selectivity

equivalent to DMMC in the disc diffusion assay. A clonogenic

assay assessing cytotoxicity to HCT-116 cells as a function of

exposure duration showed that greater than 24 h bearing SCID

(severe combined immunodeficiency) mice demonstrated efficacy

at the highest dose used (%T/C¼ 60% at 0.62 mg kg�1 daily for 5

days).181
Lyngbya majuscula/Schizothrix sp. mixture (I). This mixed

assemblage was collected from somewhere within the Fiji

Islands.

Chemistry/bioactivity: in search for compounds with insecti-

cidal activity, an extract was obtained which was active against

tobacco bud worm (Heliothis virescens). Preliminary bioassay-

guided fractionation of the extract and chromatography yielded

a single active compound, which was determined to be a highly

N-methylated cyclic depsipeptide containing 11 aliphatic amino
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acid residues. The structure of this cytotoxic and insecticidal

compound was not reported.182

Lyngbya majuscula/Schizothrix sp. mixture (II). The mixed

cyanobacterial sample (voucher specimen available from

WHG (William H. Gerwick) as collection number VYI-5 Feb 97-

1) was collected from shallow water (2–3 m) at Yanuca Island, in

1997.15

Chemistry/bioactivity: the lipid extract of the mixed assem-

blage yielded two new depsipeptides, yanucamide A 280 and B

281. Both compounds contain a unique 2,2-dimethyl-3-hydroxy-

7-octynoic acid, which has previously been described only as a

component of kulolide-1 and kulokainalide-1, metabolites from

the marine mollusk Philinopsis speciosa.183,184 Thus, the isolation

of yanucamides from this cyanobacterial assemblage supported

the hypothesis that the kulolides and related metabolites are of

cyanobacterial origin. Both yanucamides exhibited strong brine

shrimp toxicity (LD50 5 ppm).15

Lyngbya majuscula/Schizothrix sp. mixture (III). This mixed

assemblage (voucher specimens available from WHG as VTI-9

Feb 97-02 and VYI-2 Feb 97-01) was collected using SCUBA

from a depth of 13 m from Taveuni and Yanuca Islands in

1997.185

Chemistry/bioactivity: the mixed assemblage of marine cya-

nobacteria was the source of eleven chlorinated lipids taveunia-

mides A–K 282–292, all showing unsaturation (olefinic and

acetylenic bonds) and chlorination at the two termini of a 15–

carbon chain. The central carbon atom of the chain (C-8) is

substituted in each case with an N-acetate function. Taveunia-

mides were tested for toxicity to brine shrimp and 287, 288 and

292 showed somewhat greater potency (LD50 ¼ 1.8, 1.9 and

1.7 mg mL�1, respectively) while 282–286 showed moderate

activity (LD50 3–5 mg mL�1). Taveuniamides G, I and J were

considered inactive at a concentration of 10 mg mL�1.185
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Lyngbya majuscula/Schizothrix sp. mixture (IV). Another

mixed assemblage of L. majuscula/Schizothrix sp. marine cya-

nobacteria (voucher specimens available from WHG as collec-

tion numbers VSO-8 Feb 97-2 and VTI-9 Feb 97-2) was collected

near Somosomo (3–6 m depth) and Taveuni Island (12–18 m

depth) in 1997.16

Chemistry/bioactivity: two new depsipeptides somamide A 293

and B 294 were isolated which are analogous in structure to the

cyanobacterial metabolite symplostatin 2 as well as dolastatin 13,

originally isolated from Dolabella auricularia.186 These

compounds demonstrated the extensive biosynthetic capabilities

of marine cyanobacteria to produce secondary metabolites of

novel structure, in particular products of the nonribosomal

peptide synthetase pathway (NRPS).16
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A separate cytotoxic fraction from this extract was also

pursued, which led to the isolation of somocystinamide A 295, as

the active constituent. Somocystinamide A exhibited potent

cytotoxicity to mouse neuro-2a neuroblastoma cells with an IC50

of 1.4 mg mL�1. This compound represented a new and unique

cyanobacterial metabolite class with an extraordinary disulfide

dimer of mixed PKS/NRPS biosynthetic origin.187

Symploca sp. This marine cyanobacteria sample was collected

using SCUBA in 2000 from Beqa passage, from a depth of 15 m.

Voucher specimen is available from WHG as collection number

VBP-18Feb00-04.13

Chemistry/bioactivity: in a search for biologically active

compounds from this cyanobacterium, swinholide A 296 was

isolated. Although swinholide A was originally isolated by

Kashman and Carmely from the marine sponge T. swinhoei,12

this report was the first isolation of this compound from marine

cyanobacteria and gives new insight into the metabolic source of

these compounds in various sponge-microorganism assemblages.

Swinholide-based compounds are potent cancer cell growth

inhibitors with IC50 values ranging from 0.37 nM to 1.0 mM

against several cancer cell lines. Swinholides exert their cytotoxic

effect by disruption of the actin cytoskeleton.13
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6.2.3 Cyanobacteria, Cyanophyceae, Scytonematales

Plectonema radiosum. Cyanophyte isolate DF-6-1 from Nadi,

was identified as P. radiosum, in the family Scytonemataceae

which comprises filamentous organisms with a firm sheath and

false branches.188

Chemistry/bioactivity: the hydrophilic extract of P. radiosum

exhibited antifungal activity and was cytotoxic against KB cells

(human epidermal carcinoma) at MIC 3 mg mL�1.189 Tubercidin

297 and the corresponding tubercidin 50-a-D-glucopyranose 298

derivative were responsible for bioactivity in the extract of the

cultured cyanophyte. Tubercidin was a minor constituent and

most of the activity was due to 298. Tubercidin was first isolated

from Streptomyces tubercidicus and the structures were rigor-

ously established by synthesis.190 Tubercidin 50-a-D-glucopyr-
anose was found to possess significant antifungal activity against

Candida sp. and in the KB cell line assay, the glucoside was less

cytotoxic than the corresponding unglucosylated nucleoside. The

MICs of 297 and 298 were 70 and 560 ng mL�1, respectively.188

6.2.4 Proteobacteria, Gammaproteobacteria, Pseudomonadales

Pseudomonas sp. A new species of Pseudomonas,

designated F92S91, was isolated from a marine sponge collected

in Fiji.191
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Chemistry/bioactivity: while screening microbial natural

products for new inhibitors of bacterial fatty acid biosynthesis

(FAB) the strain was found to produce the a-pyrone antibiotics,

pseudopyronine A 299 and B 300. The naturally occurring

a-pyrones appeared to be unstable, evidenced by the conversion

of pseudopyronine B into an oxidation product, 3-furanone 301.

These compounds exhibited moderate to poor antibacterial

activities against Gram-positive bacteria.191
6.3 Fungi

6.3.1 Unidentified fungus. An unidentified fungus was

obtained from an encrusting sponge, Stylotella sp. collected

using SCUBA in the Somosomo Strait near Taveuni.192

Chemistry/bioactivity: new tetraketide natural products,

demethyl nectriapyrone A 302 and B 303, were isolated from this

fungus.192 These a-pyrone containing compounds are analogous

to nectriapyrone, previously reported from the terrestrial fungus

Gyrostome missouriense.193 No biological activity was reported

by the authors.

6.3.2 Ascomycota, Ascomycetes, Botryosphaeriales. The

fungal strain Super1F1-09 was isolated from the sponge Acan-

thella cavernosa collected in 2009 from a reef wall at coordinates

17�40.815 S, 177�04.712 E and at a depth of 7 m.194 This isolate

represented an unknown ascomycete that probably belonged to

the family Botryosphaeriaceae.

Chemistry/bioactivity: chemical analysis revealed three new

metabolites 3,9-dimethyldibenzo[b,d]furan-1,7-diol 304,

3-(hydroxymethyl)-9-methyldibenzo[b,d]furan-1,7-diol 305 and

1,7-dihydroxy-9-methyldibenzo[b,d]furan-3-carboxylic acid 306

in addition to the known butyrolactone 307.195 Compounds 304

and 307 demonstrated weak to moderate activity against

Mycobacterium marinum with MIC values of 25 mg mL�1 and

50 mg mL�1, respectively. Additionally, moderate activity was

observed for 304 against S. aureus (MIC 50 mg mL�1), whereas

307 exhibited good activity with an MIC of 6.25 mg mL�1. All

compounds showed weak to moderate inhibitory activity against

epidermal growth factor receptor tyrosine kinase.194
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6.3.3 Ascomycota, Eurotiomycetes, Eurotiales

Aspergillus niger. Strain F97S11 was isolated from an orange

Aplidium sp. ascidian collected in the waters surrounding Cae-

sar’s Rock in Beqa, at a depth of 15 m.196 The fungus was isolated

from the core of the ascidian and was deposited in the Wyeth–

Ayerst Culture Collection in Pearl River, New York.

Chemistry/bioactivity: eight novel farnesylated epoxy cyclo-

hexenones were isolated from this strain obtained from the

ascidian tissue homogenates. The compounds were named

yanuthones A–E 308–312, 1-hydroxyyanuthone A 313,

1-hydroxyyanuthone C 314, and 22-deacetylyanuthone A 315.

All compounds were tested against a panel of microorganisms

using standard agar diffusion methods and 308 displayed

minimal activity against MRSA. The most active compounds

contained a hydroxylmethyl glutarate moiety at position 22,

which indicated that the group at this position affects the

observed bioactivity. The increased activity of 311 and 312 may

be a simple function of polarity leading to increased diffusion

and larger zones of inhibition.196

Paecilomyces cf. javanica. This fungus (collection number

961331) was isolated from Jaspis cf. coriacea collected some-

where in Fiji. The fungus was moderately slow growing (diameter

of colony 5 cm at 2 weeks on malt extract agar and PDA at room
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temperature).197 Surface was raised woolly and white, gradually

becoming pale smoky-violet after 10 days.

Chemistry/bioactivity: a new polyketide, deoxy-nor-

trichoharzin 316 and a mixture of known diketopiperazines 317

and 318197 were isolated from this fungus. The decalin core and

its array of substituents were analogous to those present in tri-

choharzin 319 obtained from Trichoderma harzianum derived

from a marine sponge Mycale cecilia collected in Japan.198

Deoxynortrichoharzin differs from trichoharzin only by the

absence of the C1 hydroxy-methylene and both were isolated

from sponge-derived fungi fermented in saltwater media.197

Penicillium brocae. Strain F97S76 was obtained from a tissue

homogenate of Zyzzya sp. sponge and deposited in the Wyeth–

Ayerst Culture Collection in Pearl River, N.Y.199 The taxonomy

was elucidated using both morphological and rDNA sequence

analysis.

Chemistry/bioactivity: this was the first reported chemical

investigation of this Penicillium strain. Two known diketopi-

perazines and three novel cytotoxic polyketides, brocaenols A–C

320–322, were isolated from this strain. The brocaenols contain

an unusual enolized oxepine lactone ring system that appears to

be uncommon in natural products. All three compounds were

tested in an HCT-116 cell line using an MTT assay and showed

moderate cytotoxicity. The IC50 values for 320, 321 and 322 were

20, 50, and >50 mg mL�1, respectively.199

Penicillium sp. (I). Strain F01V25 was obtained from a

macerated sample of alga Dictyosphaeria versluysii collected

from Dravuni, at coordinates 18�42.8340 S, 178�30.3430 E by
1452 | Nat. Prod. Rep., 2012, 29, 1424–1462
SCUBA at 6–14 m on the Great Astrolabe Reef, in 2001.200,201

Strain F01V25 was identified as a new species Penicillium dravuni

and was deposited in the Wyeth Culture Collection in Pearl

River, N. Y. Phylogenetic data, morphological characteristics

and unique secondary metabolite profiles failed to classify

F01V25 with any known monoverticillate Penicillia and indi-

cated that P. dravuni was indeed a new species.201

Chemistry/bioactivity: two new polyketide decalactones dic-

tyosphaeric acid A 323 and B 324 were isolated along with the

known anthraquinone carviolin 325.202 Dictyosphaeric acid A

showedweak antibacterial activity towardGram-positive bacteria,

while dictyosphaeric acid B showed no antibacterial activity.200

Penicillium sp. (II). Strains a004181 and b004181 were isolated

from a 1335 m sediment grab along a transect between the Rewa

river mouth and Matuka, 18�15.20 S, 178�38.50 E in 1999.

Taxonomic analysis originally identified this fungus as Penicil-

lium citrinum.203 Upon closer inspection the taxonomic analysis

was amended and two sectors were observed; one identified as

P. corylophilum, while the other possessed characteristics

between P. corylophilum and P. citrinum and was thus named

P. cf. corylophilum. Additionally, a comparative DNA analysis

was performed against the MicroSeq database using the

sequence by Accugenix, a division of Acculabs, identifying the

fungus only as a Penicillium sp.203

Chemistry/bioactivity: this study described the first isolation of

compounds from deep-water, marine-derived saltwater fungal

cultures. Compounds isolated and identified included the known

anserinone A 326 and (+)-anserinone B 327,204 along with new
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analogues (+)-formylanserinone B 328, (�)-epoxyserinone A

329, (+)-epoxyserinone B 330, hydroxymethylanserinone B 331,

and deoxyanserinone B 332. Biological activity was explored in

two separate cell-based assays. Leukemia selectivity was greatest

for 326 and 327, while 326–328 exhibited modest activity against

the MDA-MB-435 cell line.203

6.3.4 Ascomycota, Sordariomycetes, Hypocreales

Metarrhizium sp. This strain of fungi 001103 was isolated from

the Fijian marine sponge, Pseudoceratina purpurea (coll. no.

00103). It was taxonomically classified by morphological and

molecular techniques and is maintained as cryopreserved glyc-

erol stocks at University of California, Santa Cruz.205

Chemistry/bioactivity: from this fungal strain six known cyclic

depsipeptides of the destruxins class were isolated: destruxins A

333, B 334, B2 335, desmethyl destruxin B 336, destruxin E

chlorohydrin 337, and destruxin E2 chlorohydrin 338.

Compounds 333, 335, 336, and 337 demonstrated selective

inhibition against human solid tumor cell lines; 338 was the most

potent at 34 mM. The IC50 of 337was subsequently measured and

found to be 160 nM against HCT-116 cells. An initial therapeutic

assessment suggested a continuous (168 h) exposure of at least

190 ng mL�1 for HCT-116 cells treated with 336, caused 90%

tumor cell death in vitro and therefore showed promise for

further development of its cytotoxic properties.205

6.4 Plantae

6.4.1 Chlorophyta, Bryopsidophyceae, Bryopsidales

Tydemania expeditionis. T. expeditionis (tuft form) was

collected from depths of 7–20 m at Herald Pass, Kadavu Prov-

ince (18�46.3700 S, 178�27.7460 E). Identification was done by Dr

P. Skelton and a voucher specimen was deposited at the Marine

Collection at USP (collection G-2004-06-45).

Chemistry/bioactivity: two novel unsaturated fatty acids, 3(z)-

hydroxy-octadeca-4(E),6(Z),15(Z)-trienoic acid 339 and 3(z)-

hydroxy-hexadeca-4(E),6(Z)-dienoic acid 340,206 along with the

known 3(z)-hydroxy-octadeca-4(E),6(Z)-dienoic acid 341207 were

isolated following a rotifer (invertebrate) toxicity assay. All three

compounds showed moderate inhibitory activity against a panel

of 12 tumour cell lines including breast, colon, lung, prostate and

ovarian cells with IC50 values ranging from 1.3 to 14.4 mM.

Additionally, all the compounds showed a similar cell selectivity

pattern suggesting that they function by a common but unknown

mechanism of action.206

In another study of the same alga,208 one new lanostane–type

triterpenoid disulfate, lanosta-8-en-3,29-diol-23-oxo-3,29-diso-

dium sulfate 342, was isolated along with three known
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cycloartane–type triterpenoid disulfates209 with revised struc-

tures. All compounds exhibited moderate antitumor activity with

mean IC50 values ranging from 31 to 38 mM. Of the known

compounds, only the cycloartane–type triterpenoid disulfate 343

exhibited significant antifungal activity against the marine

pathogen Lindra thalassiae when tested at 1 mM, a concentration

close to the whole–tissue natural concentrations, which sug-

gested the importance of the hydroxyl group to the activity of the

compound. Additionally, the role of sulfation was investigated.

Comparative studies on the biological activities of natural

products with their desulfated derivatives indicated that sulfation

did not appear to confer cytotoxicity or antifungal activity.208

6.4.2 Rhodophyta, Florideophyceae, Ceramiales

Lophocladia sp. The marine red alga Lophocladia sp. was

collected from a depth of 6 m by SCUBA in 1997 near Savusavu.

The alga was assigned to the genus Lophocladia with a degree of

uncertainty, raising the possibility that it could have been an

undescribed species. A voucher specimen, D.L.B. 6474, was

deposited at the Herbario Marino Puertorrique~no (MSM),

Department of Marine Sciences, University of Puerto Rico,

Mayag€uez.

Chemistry/bioactivity: two new alkaloids given the trivial

name lophocladines A 344 and B 345 were isolated from the

marine red alga. Lophocladine A 344 was active at 450 mM

against an MDA-MB-435 breast cancer cell line and inactive at

45 mM against NCI-H460 lung cancer and neuro-2a neuroblas-

toma cell lines. Compound 344 also displayed affinity for

NMDA receptors and was found to be a d-opioid receptor
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antagonist. On the other hand, lophocladine B 345 was found to

be moderately cytotoxic to the MDA–MB–435 (IC50 ¼ 3.1 mM)

and NCI–H460 (IC50 ¼ 64.6 mM) cell lines, but was inactive

towards neuro–2a cells at 45 mM. Furthermore, immunofluo-

rescence studies suggested that the cytotoxicity of 345was related

to microtubule inhibition with a cell cycle analyses of MDAMB-

435 cells treated with 345 (24 h, 20 mM) indicating a G2/M cell

cycle arrest.210

Neurymenia fraxinifolia. N. fraxinifolia was collected in 2006

at depths of 20–25 m, offshore from Waitabu Marine Protected

Area near Lavena Village (16�480970 0 S, 179�5008400 W), Taveuni.

Voucher specimens (G-0086) were deposited at the Marine

Collection at USP and GIT.211

Chemistry/bioactivity: guided by growth-inhibitory effects

against MRSA, two novel a-pyrone macrolides, neurymenolides

A 346 and B 347, were isolated. Neurymenolide A 346 exhibited

moderately potent activity against MRSA and VREF (IC50¼ 2.1

mM and 4.5 mM, respectively). Moderate in vitro cytotoxicity

against DU4475 breast tumor cells was also observed for 346

(IC50 of 3.9 mM), as well as moderate to weak activity against 11

other tumor cell lines (IC50 values ranging from 5.4 to 28 mM).

Neurymenolide B 347 was slightly less active against MRSA and

considerably less active in all other pharmacological assays,

suggesting that the size or conformational restriction of the

macrocyclic ring was important for biological activity. Addi-

tionally, an acetylated derivative of 346 was found to be less

active against MRSA (IC50 of 11 mM) which led the researchers

to believe that the aromatic hydroxyl group of the compound

was important for antibacterial activity.211

6.4.3 Rhodophyta, Florideophyceae, Corallinales

Amphiroa crassa. This A. crassa specimen was collected at a

depth of 20 m from Coral Coast (18�120150 0 S, 177�3903500 W) in

2004. A voucher specimen was deposited at USP and GIT as G-

2004-103.

Chemistry/bioactivity: two known tocopherols, b-tocopher-

ylhydroquinone 348 and d-tocopherylhydroquinone 349, were

isolated from the crude extract of this alga.212 Although already
1454 | Nat. Prod. Rep., 2012, 29, 1424–1462
known, this study enabled the complete structural elucidation for

these compounds that was lacking in the previous report.213 Both

348 and 349 showed weak activity against P. falciparum (IC50 of

190 and 220 mM, respectively). Modification of 349 led to

quinone 350, which showed a 20-fold increase in antimalarial

activity suggesting that the quinone is essential for the antima-

larial activity. Compounds 348–350 exhibited no activity in

cancer and microbial assays although 350 was not tested against

human cancer cells due to insufficient material. Tocopherols and

related compounds are known for their biomedical potential as

antioxidants and are well established for radical scavenging

activities particularly in terrestrial vascular plants.214,215 These

compounds have also been reported from various brown algae

including Sargassum fallax213 and Cystoseira stricta216 and

although their ecological functions are unclear, it has been sug-

gested that they may have similar functions as in vascular plants

given the high exposure of many macroalgae to UV radiation.

This however was the first report of these compounds isolated

from red algae.

Hydrolithon reinboldii. Collection ofH. reinboldii was made at

2 m depth in Denny’s reef, Rewa Province (18�10.0380 S,

178�25.2110 E). The specimen was identified by Dr P. Skelton

from USP. A voucher specimen was deposited at the Marine

Collection at USP.

Chemistry/bioactivity: investigations of the cytotoxic hexane-

soluble extract of the red alga H. reinboldii led to the isolation of

a new glycolipid named lithonoside 351,206 and five known

compounds, 15-tricosenoic acid,217 hexacosa-5,9-dienoic methyl

ester,218 b-sitosterol,219 10 (S)- hydroxypheophytin A and 10 (R)-

hydroxypheophytin A.220 Compound 351 demonstrated weak
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antimalarial activity (with an IC50 of 72 mM) but showed modest

inhibitory activity against a panel of 12 cancer cell lines with a

mean IC50 of 19.8 mM.206

6.4.4 Rhodophyta, Florideophyceae, Gigartinales

Callophycus serratus. C. serratus was collected at depths of 2–

20 m from several sites: Fish Patch Reef near Suva (18�090360 0 S,
178�230580 0 E), Makaluva Passage near Suva (18�110300 0 S,

178�300310 0 E), Coral Coast near Tagaqe Village (18�2101500 S,
177�390350 0 E) and Harold’s Passage on Astrolabe Reef, Kadavu

province (18�460220 0 S, 178�270450 0 E).221,222 Another set of

samples were collected from coral reefs offshore from Yanuca

Island (18� 230570 0 S, 177� 570 590 0 E).212,223–225 Vouchers with

identification G-0004, G-0005, G-0021, G-0049 and G-0593 were

deposited at the Marine Collection at USP and GIT.

Chemistry/bioactivity: following a rotifer toxicity assay using

ingestion rates of the invertebrate Brachionus calyciflorus, three

new diterpene-benzoate natural products, named bromophyco-

lides A 352 and B 353 and debromophycolide A 354, were iso-

lated from C. serratus.221 Bromophycolide A 352 was the most

abundant compound. Compounds 352–354 were evaluated

against a range of tumor types with 352 demonstrating moderate

in vitro cytotoxic potency (panel mean IC50: 6.7 mM) whereas 353

and 354 demonstrated less potent cytotoxicity. Compound 352

also exhibited cell cycle arrest in A2780 human ovarian cells and

a 10-fold induction of apoptosis with data indicating that

apoptosis stemmed from cells arrested in G1. Both 352 and 353

also exhibited moderate antibacterial activity against MRSA and

VREF, and antifungal activity against amphotericin B-resistant

C. albicans. Additionally, compound 352 had anti-HIV activity

with IC50 values of 9.1 and 9.8 mM for two HIV strains.

In the following year, another seven related compounds were

reported,222 bromophycolides C–I 355–361, all with modest

antineoplastic activity against a range of human tumor cell lines.

The most selective of these was bromophycolide H 360 with

strongest activity against the breast tumor cell line DU4475 (IC50

¼ 3.88 mM). Consideration of structure–activity relationships

suggested that the cytotoxicity was related to the presence of

bromine in the molecules. Bromophycolides F 358 and I 361

demonstrated weak antifungal activity.

Investigation of a second population of C. serratus collected at

Harold’s Passage, Kadavu, afforded eight novel bioactive

diterpene-benzoic acids named callophycoic acids A–H 362–369

and two novel halogenated diterpene-phenols named callophycol

A 370 and B 371.223 The specimen produced none of the bro-

mophycolides originally isolated from C. serratus.221,222 The

authors noted that this may be due to a number of reasons

including environmental differences between the collection sites

and differences in genotypes within the population of the red

alga. The callophycoic acids and callophycols exhibited modest

antimalarial, antibacterial, anticancer and antifungal activities.

Specifically, 362 and 363 inhibited E. faecium but were found to

be inactive against S. aureus while 364 and 365 were found to be

active against S. aureus but not against E. faecium.

Exploration of an additional C. serratus sample collected

offshore from Yanuca by the same group reported bromophy-

colides J–Q 372–379.224 The new bromophycolides exhibited low

micromolar activities against P. falciparum, prompting evalua-

tion of antimalarial activities for previously reported
This journal is ª The Royal Society of Chemistry 2012
bromophycolides A–I (352–353 and 355–361) and debromo-

phycolide A 354. All compounds exhibited antimalarial activity

with IC50 values ranging from 0.3 to >100 mM. The tests revealed

that 352, 356, 357, 360, and 375, representing both 15 and 16

membered lactone frameworks, exhibited potent antimalarial

activity with IC50 values of 0.3–0.9 mM, suggesting that neither

mode of lactonization confers an inherent bioactivity advantage

although a macrolide motif appears to be essential for antima-

larial activity considering that nonmacrocyclic callophycoic

acids and callophycols previously isolated from C. serratus were
Nat. Prod. Rep., 2012, 29, 1424–1462 | 1455



less active against P. falciparum. Bromophycolides P 378 and Q

379 exhibited the most potent antibacterial activity against

MRSA and VREF. Furthermore, all bromophycolides 372–379

exhibited moderate antineoplastic activity, however only 376

displayed cell line selectivity, with an IC50 of 1.5 mM against the
1456 | Nat. Prod. Rep., 2012, 29, 1424–1462
breast tumor cell line DU4475. Interestingly, while 376 demon-

strated cancer cell line selectivity, its regioisomer 375 was quite

active against all cancer cell lines tested (IC50 2.1–7.2 mM).

Bromophycolide Q 379 was found to be the most potent anti-

cancer C. serratus natural product evaluated but showed little

cell line selectivity.224

The number of bioactive bromophycolides isolated from

C. serratus was expanded further with the discovery of yet

another four compounds named bromophycolides R–U 380–383

from the Yanuca collection.225 Compounds 380–383 exhibited

moderate activity against the human malarial parasite P. falci-

parum with IC50 values ranging from 0.9 to 8.4 mM. The anti-

bacterial, antifungal and anticancer activities of all four

compounds were found to be comparable to those previously

reported for other bromophycolides. Highlighted in this study

were considerations of structure-activity relationships that sup-

ported earlier findings suggesting that antimalarial activity

appears to be associated with the presence of a macrolide motif in

the structure. Additionally, increased potency appears to be

associated with less polar groups at the diterpene head while the

presence of a tetrahydropyran ring and an epoxide ring resulted

in reduced antimalarial activity.225

The unusual non-brominated macrolide, callophycolide A 384

isolated from C. serratus collected from Yanuca,212 exhibited

moderate antimalarial activity (IC50 ¼ 5.2 mM) despite the

absence of a bromine atom, while debromophycolide A 354 had

an antimalarial IC50 value of 100 mM. The absence of a

substituted cyclohexene ring suggested that the ring is not

essential but can enhance antimalarial activity in these groups of

compounds. Compound 384 was also evaluated against 12

human cancer cell lines exhibiting only modest cytotoxicity

against most cell lines with greatest activity noted for CCRF-

CEM (leukemia) and SHP-77 (lung) cell lines with IC50 values of

7.5 and 9.2 mM, respectively. Antibacterial activity was observed

in the low micromolar range but the compound was found to be

ineffective at deterring growth of human pathogenic fungi.212

A recent study employed innovative mass spectrometry tech-

niques to evaluate the action of these red algal metabolites in

surface-mediated defense against pathogenic microbes. Bromo-

phycolides and callophycoic acids were very effective antifungal

agents, especially against the marine pathogenic fungus L. tha-

lassiae, with IC50 values for each bromophycolide at or below

whole tissue natural concentrations.226

Peyssonnelia caulifera. This specimen of Peyssonnelia caulifera

was collected using SCUBA (2–3 m) in 1997 at Yanuca Island. A

voucher specimen is available from W.H.G, collection number

VYI-5FEB97-05.

Chemistry/bioactivity: following a bioassay-guided inhibition

of DNA methyl transferase (DNMT-1) assay, two novel u-3

fatty acids, peyssonenynes A 385 and B 386, together with a

pyrone-containingu-3 fatty acid methyl ester, peyssopyrone 387,

were isolated although the instability of the peyssonenynes pre-

vented their complete stereochemical assignments.227 When

tested in a DNAmethyl transferase enzyme inhibitory assay both

385 and 386, with their unusual enediyne motif, showed

comparable activity (16 and 9 mM, respectively). On the other

hand, peyssopyrone 387, which contains an unusual g-pyrone

functionality, was found to be inactive.227
This journal is ª The Royal Society of Chemistry 2012



Peyssonnelia sp. (I). This sample was collected in 2006 from

reef overhangs at 30 m depth near Tuvuca Island (17�390280 0 S,
178�500360 0 W). Multiple voucher samples were preserved and

stored at the Marine Collection at USP and GIT with voucher

identification G-0349.

Chemistry/bioactivity: two new sterol glycosides, 19-O-b-D-

glucopyranosyl-19-hydroxy-cholest-4-en-3-one 388 and

19-O-b-D-N-acetyl-2-aminoglucopyranosyl-19-hydroxy-cholest-

4-en-3-one 389,228 and two known alkaloids,229,230 indole-3-car-

boxaldehyde 390 and 3-(hydroxyacetyl)indole 391, were isolated

following a cytotoxicity-guided fractionation using cell lines

HCT-116 and MDA-MB-468. Both 388 and 389 were shown to
This journal is ª The Royal Society of Chemistry 2012
have moderate activity towards a panel of human cancer cell

lines with IC50 values in the range of 0.86–3.44 mMand 0.71–2.44

mM, respectively. Significantly, compounds 388 and 389 dis-

played good cytotoxicity towards human breast cancer MDA-

MB-468 (IC50 ¼ 0.71 and 0.86 mM, respectively) and also against
Nat. Prod. Rep., 2012, 29, 1424–1462 | 1457



Fig. 2 Distribution of marine natural products by biota.

Fig. 3 Number of compounds isolated from Fijian marine biota from

1980 to 2010.

Fig. 4 Distribution of biological activities of marine natural products of

Fiji.
human lung cancer cell line A549 (IC50 ¼ 0.93 and 0.97 mM,

respectively). To assess their anticancer potential through

structure–activity relationship studies, structural modifications

to 388 and 389 revealed that the a,b-unsaturated ketone motif

appeared to be crucial for anticancer activity whereas the

glucosidic group was not essential but contributed to enhanced

activity against the most sensitive cell lines. No significant

activity was demonstrated by either sterol glycoside against

A2780/DDP-S ovarian cancer cell lines. Both 388 and 389

exhibited moderate antibacterial activity towards MRSA and

VREF. Weak potency was detected against amphotericin-resis-

tant C. albicans, Mycobacterium tuberculosis and

P. falciparum.228

Peyssonnelia sp. (II). This Peyssonnelia sp. was collected at

Kadavu (18�420490 0 S, 178�320350 0 E). Vouchers are housed at the

Marine Collection at USP and GIT (collection ID# G-0109).

Chemistry/bioactivity: this alga was selected for further inves-

tigation based on the results of an evaluation of antimicrobial

chemical defences of 69 collections of Fijian red macroalgae

representing at least 43 species. An evaluation for growth inhibi-

tion of three microbial pathogens and saprophytes of marine

macrophytes (the pathogenic bacterium Pseudoalteromonas bac-

teriolytica, pathogenic fungus Lindra thalassiae and saprophytic

fungus Dendryphiella salina) was conducted with four chro-

matographic fractions of all extracts. Results showed that at least

one microbe was suppressed by fraction(s) of all evaluated algae,

suggesting that antimicrobial defenses are common among trop-

ical seaweeds. From these leads, the crude organic extract of this

Peyssonnelia sp. demonstrated inhibitory activity against P. bac-

teriolytica and L. thalassiae and, following bioactivity-driven

isolations, two new bioactive compounds were isolated, peysso-

noic acids A 392 and B 393.231 Compound 392 exhibited an

average IC50 value of 799 mM against P. bacteriolytica while 393

was significantly more inhibitory towards this pathogen (IC50

value of 377 mM). Similarly, 393 (IC50 value of 331 mM)was more

inhibitory towards L. thalassiae than 392 (IC50 value of 506 mM).

Both 392 and 393 were ineffective in the inhibition of D. salina

despite significant inhibition observed with the crude extract.

Modest inhibitory activity towards human pathogenic bacteria

and fungi was observed for both 392 and 393. Anticancer tests

were also carried out with the most notable pharmacological

activity for both compounds being against human ovarian cancer

cell lines, with 393 exhibiting stronger anticancer activity (IC50 ¼
13.5 mM) than 392 (IC50 ¼ 34.5 mM).231

7 Conclusions

This compilation highlights the diversity of marine natural

products isolated from Fijian fauna and flora, reviewing close to
1458 | Nat. Prod. Rep., 2012, 29, 1424–1462
400 compounds from more than 140 research papers. The major

classes of compounds isolated were polyketides, macrolides,

quinones, terpenes, alkaloids, peptides and halogenated

compounds.

The review shows that the Phylum Porifera had the highest

number of reported marine natural products, followed by fungi,

bacteria and ascidians as shown in Fig. 2. However, there is a

shifting trend towards microorganisms and algae as prime

sources of novel compounds with significant biological activity.

Fig. 3 supports this trend clearly with an increased number of

compounds isolated from the aforementioned biota in the late

1990s to 2010. It is also worth noting that sponges dominated
This journal is ª The Royal Society of Chemistry 2012



early research in the field of marine natural products but this has

now expanded to include other groups as shown in Fig. 3.

In the early 1980s there was less emphasis on biological testing,

but increasingly there has been a focus on the biological prop-

erties of these compounds. In this review of the literature of the

Fiji Islands, over 50% of compounds tested showed anticancer

activity and more than 25% showed antimicrobial activity

(Fig. 4). This is highlighted in the distribution of biological

activities and source phyla for these compounds.

Marine natural products research in Fiji Islands has always

been supported by the Government of Fiji in signing agreements

and the issuance of collection and export permits. The Centre for

Drug Discovery and Conservation (CDDC) of USP, under the

leadership of Professor W. G. Aalbersberg, is actively engaged in

the work with overseas collaborators in the search for potential

drugs from the sea.
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