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Chemoecological studies on marine natural
products: terpene chemistry from marine
mollusks

Abstract: Some species of nudibranchs (Mollusca) protect themselves from predatory attacks by storing defen-
sive terpene chemicals acquired from dietary sponges (Porifera) in specialized body parts called MDFs (mantle
dermal formations), often advertising their unpalatability to potential predators by means of bright coloration
patterns. Consequently, the survival of these trophic specialist species is closely related to the possibility of
obtaining the defensive tools from sponges that live in their immediate vicinity; therefore, it is important to
determine as precisely as possible the chemical composition of nudibranch extracts prior to any ecological
studies addressing issues that involve their alimentary behavior and their defensive strategies, including the
significance of their color patterns. Some of our recent studies on the chemical composition of terpene extracis
from nudihranche helongine o the oenera Chrmadoric and Hupcoladnrie svo epmmarized We alen renort
the development of a method to assay extracts and purified metabolites for their feeding deterrent activity

inst cosBrourning g generalist predators. In 2 recent ¢} cmm-cc!c;'fa' study, showing that repugnant torpene
chermcals are accumulated at extremely high concentrations in exposed parts of the nudibranchs’ bodies, the
feeding deterrence assays were carried out on the generalist marine shrimp Palaemon elegans, very common
in the Mediterranean. We have modified this assay for use with the Australian shrimp species P. serenus, and
confirmed the ecological validity of the assay by analvsis of extracts from species of sponges and mollusks that
live in the same habitat as P serenus. | he deterrent properties ot haliclonacyclamime alkalods isolated from
t}ge sponge Haiiclona sp. were demonstrated, with the alkaloid mixture demonsuating palatability deterrence
at concentrations as low as 0.05 mg/mL, and complete deterrence at 0.75 mg/mL. In contrast, the diterpene
thuridillin metabolites from the sacoglossan mollusk Thuridilia splendens did not deter feeding by P. serenus.
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Marine natural products

On our pianet, it has been estimated that there are over 20 600 documenied species of eukaryotic marine
life, with more than 200 000 new species described in the last decade [1]. Life underwater is a competition
for space {not too far different from the “competition” here in our conference city Istanbul for a seat on the
trams or buses) in addition to competition for the essential nutrients required for survival and reproduc-
tion. Soft-bodied and sessile marine animals, such as marine sponges, use the strategy of chemical defense,
commonly involving small organic molecules, to assist them in surviving in the complex underwater world.
The defensive metabolites needed may be synthesized by the host animal or acquired from associated or

Morine areanicme nra thornfars o prnﬁﬁr enren nf nakirnl producte thor Mlnnh-slly can ha end ae lond
TR gl At nernlere ¢ prokific soures of TERREERS ULt 120! petentinlly can ha peed ac B-—r_ L

compounds in drug discovery or which have inspired organic chemists as synthetic targets [5]. In particular,
the nudibranchs (Mollusca: Gastropoda: Opisthohranchia)area group of marine animals that use small mol-
ecules for a variety of purposes. including commu nication, reproduction, and defense against predation {6,
7). As of 2012, seven out of 20 natural products of marine origin (either directly or as a derivative) that have
been approved for FDA use as a drug or in clinical trial were from mollusks or their prey foods [8]. This paper
summarizes some of our recent research into the chemistry and chemical ecology of representatives from two

families of nudibranchs commonly found in South East Queensland.

The chemistry of Chromodoris spp.

Mollusks from the family Chromodorididae (order Nudibranchia) frequentiy contain oxygenated diterpene
metaholites [9]. in an earlv stndv on a single sperimen of 3 chinmodnrid mnihisk Ipossiblv Chromodoris retic.
ulata, now known as Goniobranchus reticulatus, www.marinespecies.org), we identified the new dialdehyde
metabolite 1 jooether with the rine.closed acetal 2 (Fig. 1) as well as four known diternenes 101, Terpenes 1

Li e o = 4 w slisLI0sea ace =\ in- 37 83 Well as tour

and 2, both of which we found to show bioactivity against 388 mouse leukemia cells, were subsequently iso-

obranchus albapunctatus) which provided four new oxygenated diterpenes (13 - 14) in coniunction with three
known diterpene metabolites, The known metabolite (+)spongian-16-one (15) was isolated from both digestive
tissue and mantle extracts. The known compounds 7a-acetoxyspongian-lé-one (16) and (+)-isoagatholactone
(17) were isclated from the digestive tissue extract in conjunction with the new metabolite 12at-acetoxyspongian-
I6-one (11), while additional new metabolites, 20-acetoxyspongian-16-one (12), 20-oxyspongian16-one propi-
weie istlated fioin ithe mante extiac {35 in

contrast to acetate esters, propionate esters are uncommon in marine natural products [14],
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Fig.1 Representative terpene metabolites isolated from Chromodoris mollusks.

The common mollusk Chromodoris elisabethina, which we frequently find associated with sponges in the
field, shows a very different chemical profile. In contrast to all the other species that we have investigated,
extracts prepared from C. elisabethina always contain the same oxygenated diterpene metabolite puupehe-
none (18) {15]. Although puupehenone is known as a, cytotoxin 116}, and shows antitubercular activity |17},
its ecological effects are not yet well understood.

Chromodoris splendida is a brilliantly colored mollusk that, in the field at Gneerings Reef. Mooloolaba,
is often observed feeding on the bright yellow-encrusting sponge Darwinella tango (Order Dendroceratida).
Our isolation studies revealed aplysulfurin (19) [18] as the major metabolite in both sponge and nudibranch,
a finding that establishes a specific predator-prey link for this mollusk. A detailed investigation of the minor
metabolites in . splendida led to the isolation of gracilin metabolites (e.g.. gracilin C 20) and so revealed that
the mollusk does not prey exclusively on D. tango.

The chemistry of Hypseledoris spp.

Members of the genus Hypselodoris, among the most brightly colored of nudibranchs, are frequently charac-
terized by the presence of sesquiierpene metaboiiies comaining a furan moiety [9]. Specimens of three difiey-
ent Hypselodoris species were collected for a comparative biogeographical study on their chemistry prior to
understanding the deterrency or palatabiiity associated with these moliusks.

The three known metabolites dendrolasin (21), (-)-euryfuran (22), and (+)-pallescensin A (23) (Fig. 2)
veere identified from the diethyl ether extréct obtained from two individuals of H. obscura collected at the
Gold Coast Seaway. Dendrolasin (21) has been isolated from both terrestrial and maring sources, including
from the nudibranchs Chromodoris fochi and from the marine sponges Spongia microfijiensis and Dictyoden-
drilla sp. {19} It has also been isolated from Californian and Mediterranean species of Hypselodoris [20. 21].




998 — 1 W Mudianta et al.: Chemoecological studies on marine natural products DE GRUYTER

= =5 =
M-\/\]/\/Y 7 :
e} L o OAc ™
2 24 !

H H
i 3 l
m. Cgo: ng:/o’
26 27

25

Fig. 2 Representative sesquitripene metabolites isolated fros, Hypseioderis mollusks.

(-)-Euryfuran (22) and (+)-paliescensin A (23) have also been reposted from both nudibranchs and sponges
[20, 22, 23). Far H. Jacksoni, eight an;mals collected from two separate locations (Mudjimba Island, Mooio-
olzha; Shag Rock Morstan Bavlweore comhined prior to extrarting owing to theiremoall cize, vieldine tho now:
metabolite (-)-(5R.62)-dendrolasin-5-acetate {24) along with the known sesquiterpenes (+)-agassizin (25)
12C}, (- )-furodysin {28, {-)-furcdysinin (27) {25), {-)-euryfuran, {-)-dehydroherbadysidelide 8} {25], and
(+}-pallescensone (29) [26]. Finally eight specimens of H. whitei {collection site Shag Rock) provided (~)-eury-
furan. {-)-furodysin, {~)-furosydinin, and dendrolasin. In common with their counterparts in Mediterra-
nean, Inde-Pacific and Caribbean regians, Hypselodoris molluscs from South East Queensland may express
a dietary preference for furanosesquiterpene-rich sponges. In our field work, we have rarely encountered
Hypselodoris feeding on its Sponge prey, and so a direct dietary link has not been firmly established. A small
piece of a grey eacrusting sponge, collected from a site near Mooloolaba (Sunshine Coast) and provision-
ally identified as a Dysidea species, contained traces of [urodysin, furodysinin and dehydroherbadysolide,
thereby confirming the availability of suitable sponge foods in SE Queensland habitats.

(+)-HRESIMS measurements showed that the new metabolite (~)-(5R,6Z}-dendrolasin-5-acetate (24) had
the molecular formula C_H_0.. The ' NMR spectrum (CDCL,, 500 MHz) showed diagnostic signals for a furan
!Ah 73 0IH). 723 (1H). 628 (1H)- A 1427 1401 MR twn alkone signals [ 515 (1H), 507 f1HY: & 1737
123.9], three methyl greups 8, 1.72, 1.67, and 1.59] and an acetate group [0, 2.01 (3H, s)). These partial NMR
assignments were comparahle 1o thass of dendrolzsin (21} 110], except that the signal corresponding to H-S in
dendrolasin at 0,2.21(2H) was shifted to 9, 564(1H, brdt, ] = 64,93 Hz) in 24 owing to the hydroxy substitu-
ent. Furthermore, the C-6/C-7 bond was deduced as Z from a 1D nOe experiment in which the signal intensity
of CH 14 increased when H-6 was irradiated using a mixing time of 60 ms; in contrast, dendrolasin has a
E-configured C-6/C7 double bond. The *H NMR chemical shifts of H-6 and H, 14 fitted this configurational
assignment (24: 0, 5.15and 1.72 vs. 21: 0, 5.7 and 1.59).

A synthetic study, adapted from synthetic work by Tsubuki et al. [27], was undertaken (Scheme Dto
provide the absolute configuration at C-5 of 24 {28]. Furan-3-methanal (30), prepared in 78 % yield by reduc-
tion of 2-furoic acid with LiAMH, in dry Et.0, was treated with NaH and a mixture of geranyl and neryl bro-
mides to furnish the 3-furylmethyl ether 31 {65 % yield) as an E/Z mixture (3:1). The H-5 signal for the Eand 7
isomers of 31 resonated at 4, 4.00 and 8, 3.90, respectively, while irradiation of the B-5 signal for the Z isomer

p |
\'{\A /\/\\ =
Br +Buli, LDA
O oy 0/\/& T S o " .
NaM, DMF THF, 7810 -25 °C
o [} BBR=H— Ac 1y
(30) @

MPA, DCC| (24} R=Ac W‘“
Daap {33) R = MPA

Scheme1 Synthetic route to dendrolasin-S-acetate (24),
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increased the intensity of _i;_:e signal associated with (he adjacent methy} (CH,14). The isomeric mixture of
31 was immediately subjected to [1.2]-Wittig rearrangement with t-BuLi (4 equiv) and LDA a1 78 °C to afford
racemic 5-hydroxy dendrolasin (32} in 39 % yield. A 3:1 ratio of E[Z isomers in 32 was confirmed via analyti-

bonds was made using HMBC and nOe data. The signal for CH ;14 in the Z isomer resonated downfield (>,
1.74) compared to that in the E isomer (6, 1.65) while the signal for H-5 appeared slightly upfield (8, 4.48) in
the Z isomer compared to that in its E counterpart {9, 4.51). ID-NOESY irradiation of the CH 14 signal for the 2
isomer resulted in enhancement of the alkene signal at &, 5.24 (H-6), Fully consistent with the 7 configuration;

irrnnteack fhars as no rarrnenandisns e hotrnne L1 14, amA I £ I bhn E ferem v
4 LI usey it ie oD DD Fehalapviag awC SCOWIOR CHL 4 ond B4 A aas wasv 2 ASOITNIOT.

The racemic sample of (2)-5-hydroxy dendrolasin {32) was separated by preparative enantioselective
HPLC and each individual enantiomer then converied 1o an acetale detlvalive on treatment with AL DDy
Swrprisingly, (+)-{2)-32 {la], +9.3) gave an acetate derivative with [e), -8.7 and vice versa (fex), 12 for (~)-{2)-
32, but fc], +13 for its acetate derivative), The 'H NMR spectrum (CDCL, 500 MHz) of the synthetic (-)-{62)
acetate was fully superimposable with that of the natural sample isolated from H. jacksoni. The absolute
configuration 0f C-5 in the natural acetate derivaiive was determined as follows: first, (£)-32 was esterified
with (R)-MPA acid in the presence of DMAP and DCC at room temperature to give a mixture of the diastereom-
ers (R,R)-33 and (R.5)-33, which could be separated by reverse phase (RP) HPLC (MeCN:H,0; 63:35). The H-6
protons in (R,R)-33 and (R,5)-33 resonated at 9, 5.04 and at 4, 5.13, respectively, in agreement with H-6 of the

snectra of the MPA asters from (4332 and (- 132 wore identical tn thnee of synthetic (R R).33 and (R S132
respectively. Thus, {+)-5-hydroxy-dendrolasin {32) had an R configuration. Given the change in sign of {al,

between the alcohel and its acetate derivative, these data verified that the naturally-occurring () noctate 24

had a SR configuration [28].

Feeding deterrency assays with Palaemon serenus

Ecological studies initiated by ore of us (E.M.} have led to the development of a convenient feeding deter-
fency assay using the marine shrimp Palaemon elegans, a generalist feeder that includes small mollusks in
its diet, as a model predator [29]. Given that field experiments prevent a;sessmg the state of conservation
and the purity of the compounds immediately Bitior to the assays in remote locations, the choice of the model
predator feil on easy available shrimps with broad adaptability, allowing their survival for long time in a
small volume of seawater in the chemical laboratory. P elegans is commonly found throughout the Mediter-
ranean region, but some assays conducted with it have been gJ ied out on compounds isolated from nudi-
branchs collected in other %15 of the world [11}. Even though the use of 3 non-lacal model predator can have
the advantage of excluding confounding effects due to avoidance-leaming [11], the general ecological validity
of the assay is not et well established, given that different consumers can vary in their Tespoase o particu-
lar extracts or purified metabolites, The availability of the model organisms near tbme chemical laboratory
where the bioassays have (o be carried out is desirable, Palaemonids live worldwide, thus we decided to use
tie Austraiian sirimp spevies Paivemon serenus, the aimost Uansparent exoskeleion of which enabied us o
easily detect the occurrence of the red food in the viscera,

The teasibiiity of a “red spot” palatability assay using the Australian shrimp Palgemon serenus was
first explored using a crude aikaloid extract prepared from the Great Barrier Reef sponge Haliclona sp.
#€28, and was based on the experimental method published by Mollo et al. [11, 29). A crude atkaloid frac-
tion (CAF) prepared from sponge tissue using an acid-base extraction protocol, and containing a mixture of
3-alkylpiperidine alkaloids containing haliclonacyclamine A (34) as the major component, was dissolved in
acetone (0.5 mL), and combined with freeze dried squid (50 mg), alginic acid (30 mg) and purified sea sand

s A
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{30 mg). Fol lowing solvent evaporation, the mixture was hamogc_en_ize_«_i in water (1 mL), red food dye (1 drop)
was added, and the resulting thick paste loaded into a syringe and exfruded into calcium chloride solution
(0.25 M) to make spaghetti-like strands. After a 2 min interval for strand hardening, individual pieces were

indicating acceptance {i.e., palatability) of the pellet. Concentrations of CAF equal to or >0.05 mg/mL show a
significant feeding deterrence on generalist marine shrimp, sy pporting eariier palatability studies by Garson

22l kot hnd taniad CADR nvbrante s orolnoicath. valiyn s COnTCntgtinnn soainet matrewnl o dnbine e AF cmnf
b sals thads arate WCOLC0 WA CXtracts UL v vrvgaany TCOVANE TR seualils QRIS notern! P sl 00 IT00

fish [30]. The current result further indicates the role of the haliclonacyclamines as a deterrent to general
Tarine predators. The dose Fesponse carve (Fig. 3) of the Cap eXiract confirmed the reproducibility of the
assay method developed by Mollo et al. [11, 29]. However mouusk extracts are not necessarily deterrent. A
second set of assay experiments using P. serenus (n= 70) explored the deterrent effects of crude extracts from
the sacoglossan Thuridilla splendens (Family Elysioidea). This mollusk species is common through South
East Queensland, hut in this Case extracts, containing thuridillin A (35) [31]} as the major metabolite, were
found (o be fuily palatable {(>90 %) at al} concentrations tested up to 9 mg/mL.

The 44" World Chemistry Congress took place in istanbul in Turkey, the country in which is also situated
the ancient city of Troy. Consequently, it is highly appropriate to finish this overview article by mentioning
the “Trojan horse” defensive stratagem presented by Carbone et 1. [11] as an analogy to nudibranch chemical
defenses. In the Aeneid of Virgil, following a ten year siege, the Greek army hid soldiers inside a giant wooden
horse, which they left outside the gates of ley when they sailed away. The horse was pulled into Troy as a
victory tronhy hat dnring caver of darknpce the Grook farra rrept ant nf the hrrse and nnenad the gates far
the rest of the Greek army, which had sailed back ander cover of night. Destruction of the city of Troy led to the
eod of the war, Consequently, the term “Trojan Horse™ has come to menn any trick or stratagem that causes 2
iarget to invite a foe into a securely pmté'cteg_l bastion or spag,_ Carbone et al. have proposed that nudibranchs
store sequestered deterrent chemicals in specialized glands called mantle dermal formations {MDFs) that are
located around the mantle borders of the animal. When under attack, the nudibranchs retract their vital chem-
osensory organs (gills and rhinophores) and instead offer chem ically-protected mantie tissue tu the predator.
When damaged tollowing an attack, the MDFs release high concentrations ot the detorrent compaund directly
into the mouth of tha predator and it is then tepelled. The “Trojan horse” study explored the role of several
chromodorid terpenes, including a mixture of aplyroseol-2 (9) and dialdchyde (1), in preventing predation by
shrimp and showing deterrency at concentrations lower than those encountered in the MDFs | 11).
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¥ serenus. 1ukey post-noc test Compared each concentration 1o e controi. Statisticai significance is mdicated by {~)
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This defensive strategy is supported by field observations and Teports in the literature, that nudibranchs
can be deprived of part of their body but remain alive [11], Interestingly, given that the shrimps are not big
enough to eat their nudibranch prey whole, their ability to selectively attack exposed parts and protrusions of
the nudibranch body makes them idea models for this type of investigation. However, the ecological validity
of the “Trojan horse” study can be questioned because of the involvement of a Mediterranean shrimp species
to screen for the deterrency of extracts from mollusks collected in China. This is not necessarily a problem if

manner. Numerous chemical studies have revealed that the same secondary metabolites can occur in nudi-
branchs from very different geographical areas [6, 7, 9], However, chemoecological evaluations of deterrency

shonld b nneind Aot wWith orndntare Funos tha cnene gecarankisrol vaminn  ne difFneiner pralnminal rneAiiiame
MAslnain v Lassicie T Yranas Pivauneds IO w0 SAM2 S-Vpiupiineas sogiTh, OS5 QI MDD LLABUG UL CUnmb oS

may influence an evolutionary arms race between predator and prey, and could drive divergence in predators’
bieiaice of unpalatahie chemicals. Our own futiire work alins 1o validaie better the ECotogical relevance of
the shrimp “red spot” assay, and to compare ‘hese assay data against those from fish feeding assays using
nudibranch and sponge extracts from South East Queensland.

Conclusions

This study revesled that extracts from nudibranchs of the senera Chromodoris and Hypselodoris collected
in South East Queensland contain oxvgenated diterpenes and sesquiterpenes, repectively. The new terpene
(5R.6Z}-dendrolasin 5-acetate was isolated from Hypselodoris Jjacksoni, and its complete stereochemistry

using the generalist Mediterranean-Atlantic marine shrimp Palaemon elegans, was modified for use with the

Australian shrimp species P. serenus. The reproducibility of the assay has been established by analysis of
extracts from sponges and mollusk species that live in the same location as P serenus.

List of abbreviations

Dee dicyclohexylcarbodiimide

CMAP unnedhylaminopyridine

FDA food and drug administration (USAY

HPLC high-performance liquid chromatography

HMBC heteronuclear multiple bond correlation Spectroscopy
HRESIMS high-resslution electrospray mass spectrometry

MPA methoxy phenyiacetic acid

NMR nuclear magnetic resonance

NOESY nuclear Overhauser speciroscopy

Acknowiedgments: The authors thank L. Lambert {Centre for Advanced Imaging, The University of Queens-
land) for advice about the acquisition of NMR spectra and G. Mcfarlane for assistance with mass spectra. The
authors are grateful for funding from the Australia Research Council and to The University of Queensland
{for Ut} iniernadonai Fostgraduaie Awards w Wayan Mudiania and Suciati) and w Austraiia Awards for an
Endeavour Postgraduate Award to Anne Winters.

References

11} W Amnnlbome 1.
is re. S ERTERS {

{2] W.Fenical, P. R jensen. Narure Chem. Biol. 2, 666 (2006).

Sngd 120 o puthare) Ficer Bial 3 3120 fnr 9
RO b sy, ST U84 22, 2nsn oy




1002 — Ly Mudianta et al.: Chemoecological studies on marine natural products DE GRUYTER

3] }. Piel. Ann. Rev. Microbiol. €5, 431(2011).
[4] J. G. Owens, B. V. B. Reddy, M. A. Ternei, Z. Charlop-Powers, P. Y. Calie, |. H. Kim, S. F. Brady. Proc. Natl. Acad. Sci. 110,
11797 (2013).
{5} 1. W. Blumt, B. R. Copp, M. H. G. Munro, P. T. Northcote, M. R. Prinsep. Nat. Prod. Rep. 20, 1{2013) and previous arlicies in
this review series.
[6] G.Cimino, M. T. Ghiselin. Chemoecology 8, 51 (1998).
[7] G. Cimino, M, T. Ghiselin. Proc. Colif Acad. Sci. 60, 175 {2009).
8] W. H. Gerwick, B, S. Moore. Curr. Biol. 19, 85 (2012).
9] G. Cimino, M. T. Ghiselin. Chemoecoiogy 9, 187 (1999).
{10] K.W. L. Yong, A, A. Salim, M. |. Garson. Aust. J. Chem. 64, 6733 (2008).
{11] M. Carbone, M. Gavagnin, M. Haber, Y.-W. Guo, A. Fontana, . Manzo, G. Genta-jouve, M. Tsoukatou, W. B. Rudman, G.
Cimino. M. T_ Ghiselin. F. Mollo. P1oS One 8, #62075 (2013)
{12] Suciati, L. K. Lambert, M. |. Garson. Aust. /. Chem. 64, 757 (2011).
[13] P.L. Katavic, P. jumaryatno, J. N. A, Hooper, J. T. Blanchfield, M. |. Garson. Ausi. . Chem. 65, 531 (2012).
[14] MARIN..T database, Department of Chemistry, University of Canterbury, New Zealand: ht*p://wwiw.chem.canterbury.ac.nzj
marinlit/marintit.html.
{15} (a) B. N. Ravi, H. P. Perzanowski, R. A. Ross, T. R. Erdman, P. ). Scheuer, |. Finer, . Clardy. Pure Appl. Chem. 51, 1893 (1979);
(b) M_T. Hamann, P. |. Scheuer, M. Keily-Borges. /. Org. Chem. 58, 6565 (1993).
{16} R.E.Llongley, 0. ). McConnell, E. Essich, D. Harmody. /. Net. Prod. 56, 915 (1993).
1571 KA O Sayad, P Bartyzel, X, Shan, T L Peny, ). K. awloay, M. T. Hemana, Teirohedios 58, 54
[18] S.K.Graham, M. ]. Garson, P. V. Bernhard?. /. Chem. Crystallogr. &4, 468 (2010}
1191 [3) A. Quilico, F. Piozzi. M. Pavan. Tetrahedron 1,177 (1957): (b) ¥ Kakow, P. Crews, G |. Bakus, | Not. Prod 50, 482 {19R7):
(<) N. H. Tran, |. N. A. Hooper, R. Capon. Aust. J. Chem. 48, 1757 (1995).
{20] . E. Hochlowski, R. P. Waiker, C. Irefand, D. |. Fautkner. /. Org. Chem. 47, 88 (1982).
{21} A.Fontana, (. Avila, E. Martinez, }. Ortea, E. Trivellone, G. Cimino. J. Chem. Ecol. 19, 339 (1993).
[22] N.K. Gulavita, 5. P. Gunasekera, S. A. Pomponi. /. Nat. Prod. 55, 506 (1992). (see also Hochlowski 1982).
{23] (a} G. Cimino, S. De Stefano, A. Guerriero, L. Minale. Tetrafedron Lett. 16, 1421 (1975); (b) A Fontana. €. Muniain, G. Cimino.
/- Nal. Prod. 63,1027 {1998).
{24] (a) R. Kazlauskas, P. T. Murphy, R. |. Wells. Tetrahedron Letz. 19, 4951(1978); (b} V. Vaillancourt, M. R. Agharahimi, U. N.
Sundiam, O. Richou, ©. [ faulkoar, K. F. AMizati. . Org. Chem. 56, 378 (1991,
[25] G.M. Cameron, B. L. Stapleton, 5. M. Simonsen, D. |. Brecknell, M. |. Garson. Tetrohedron 56, 5247 (2000).
[26] R.C. Cambie, P. A, Craw, P. R. Bergquist, P. R. Karuso. . Nal. Prod. 50, 948 (1987).
{27] M. Tsubuki, H. Okita, K. Kaneko, A. Shigihara, T. Honda. Heterocycles 77, 433 (2009).
[28] 1. W. Mudianta, V. L. Challinos, A. E. Winters, Karen L. Cheney, . |. De Yoss, M. |. Garson. Beilstein J. Org. Chem. 9, 2925
{2013).
[29] E. Mollo, M. Gavagnin, M. Carbone, F. Castelluccio, F. Pozene, V. Roussis, |. Templado, M. T. Ghiselin, G. Cimino. Proc. Natl.
Acod. Sci. 105, 4582 (2008).
130] M. 1. Garson, R. ). Clark, R.1. Webb, K. L. Field, R. D. Charan, t. ). McCaftrey. Mem. Qld. Mus. &4, 205 (1999).
[31] M. ). Somervilie, P. L. Katavic, L. K. Lambert, G. Pierens, J. 1. Blanchfieid, G. Cimino, E. Molle, M. Gavagnin, M. G, Banwell,
M. |. Garson. . Nal. Prod. 75, 1618 (2012}.




Chemoecological studies on marine natural products: terpene
chemistry from marine mollusks

ORIGINALITY REPORT

AN - ~ -
1 Uy 0% O% U

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PR!MARY SOURCES

Marianna Carbone, Margherita Gavagnin, 27
Markus Haber, Yue-Wei Guo, Angelo Fontana, °

- a’-...-.a- —~

E dilU IVIdIILU \J“t:: Uly \JC I dUUVb IVldild
TSOUKatou Wiillam B Ruoman Guido Cimino,
Mlchael ¥ Ghlselm Ernesto Mollo. "Packaglng
Defensive Trojan Horse btratagem in
Chromodorid Nudibranchs", PLoS ONE, 2013

Publication

P www98.griffith.edu.au
2. o
nternet Source 0
=% Www.trojanhorsescanner.com 4
3' i I 0/0
Internet Source
WWW Duoibuii.org i
ntemet Souic 1" 0/3
BB “'Handbook of Marine Natural Products", 1.,
- . " ~ 01 7o
Springer Nature America, Inc, 2012
Publication

"Marine Natural Products as Antifeedants",



Publication <

“ Comprehensive Natural Products Ii, 2010 ,i

Athar Ata. "Bioactive Chemical Constituents
ofCladiella Species”, Helvetica Chimica Acta,
03/2004

Publication

Balansa, Walter, Robiul Islam, Daniel F. Gilbert, A
Frank Fontaine, Xue Xiao, Hua Zhang, Andrew
M. Piggott, Joseph W. Lynch, and Robert J.
Capon. "Australian marine sponge alkaloids as
a new class of glycine-gated chloride channel
receptor modulator”, Bioorganic & Medicinal
Chemistry, 2013.

Publication

B jeb blologists org
Bl ntermet Source

. doubleroadraceathens.gr <1 o
intermet Source /0

mlc sgmjournals.org
ernet Source
scholar.uwindsor.ca < 1

internet Source

Ji-Zneng Sun, Cheng-3hi Jiang, Xue-Qin Chen, e
=== Kao-Shan Chen, Xue-Chu Zhen, Rob W.M. van °
Soest, Yue-Wei Guo. "Topsendines A—F, new



3-alkvipyridine alkaloids from a Hainan sponge
Topsentia sp.", Tetrahedron, 2014

Publication

iy
B

www.mentoringworks.ca

Internet Source

Utkina, N.K.. "Diplopuupehenone, a new

inevmmantrical mannimoaohoarnAanma ralatad Aima
UHDYIInCuival PUUupCHGiiviic i cidiou Uity

from the marine sponge Dysidea sp.”,
Tetrahedron Letters, 20110720

Publication

edepot.wur.ni

internet Source

Imhoff, J.F.. "Bio-mining the microbial treasures
of the ocean: New natural products”,
Biotechnology Advances, 201109/10

Publication

pubs.rsc.org

Internet Source

www.bioone.org

Internet Source

Fxrinde anotes O f Fxrliide maiches Off

Exclude bibliography  On



Chemoecological studies on marine natural products
chemistry from marine mollusks

. terpene

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

I n Instructor




