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Research eevelopment on chemically defensive substances of opisthobranch molluscs
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Abstract Opisthobranchs are marine gastropod molluscs the shell of which is either reduced or completely absent in the
adults. Being loss of physical protection the survival of opisthobranchs mainly relies on a series of chemical strategies.
Most of the animals protect themselves from predators by selecting appropriate diet and consequently transforming and bio-
accumulating some useful dietary metabolites into selected body parts as defensive substances. A few of animals are capable
of biosynthesizing the necessary substances to establish their chemical defensive systems. Obviously chemical studies on
constituents of molluscs and their preys can reveal the dietary relationship between them and suggest the ecology role of the
metabolite as a consequence. Due to the related uniform dietary for the same kind of mollusc chemical investigation on the
animals would lend a hand to their taxonomy. Furthermore the evolved chemical defensive strategy provides us a new
approach in searching for the potential bioactive molecules from natural sources. These lines of evidences promoted many
ecologists chemists and pharmacologists to conduct a series of studies on opisthobranch molluscs which resulted in

numerous publications in the past two decades. In this paper we summarize the studies covering three large groups of
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opisthobranch mollusks in the latest five years aiming at giving the readers a brief view of the compounds as well as their

biological activities isolated from these mollusks and when it is possible to suggest ecological roles of them.

Key Words Opisthobranch molluscs chemical defensive substance metabolite

Opisthobranchia Mollusca Gastropoda
8 9 - 5
Cephalaspidea Sacoglossa Anaspidea
Notaspidea Nudibranchia Acochlidea Rhodopemorpha Thecosomata
Gymnosomata Rudman
3
Sacoglossa Anaspidea Notaspidea Nudib
ranchia Cephalaspidea
3
Sacoglossa Nudibranchia
20a
45 6~17
Cimino 1999
14 Sa
1 Anaspidea
Akeroidea Aplysioidea Akeridae
Aplysiidae ° Akeridae Aplysiidae 9

Aplysia Dolabella
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Carefoot Aplysia ' Yamada " Cimino Aplysia
Dolabella
Aplysiidae
® Dolabella
auricularia Dolabella auricularia 18
dolastatins 1 ~18 W0 dolastatin 15
2528
Pettit Dolabella auricularia dolastatin
19 1 8.33 x 10 °% *  Dolastatin 19
MCF-7 KM201.2 Gly, 0.76 wg/ml 0.72 wg/ml
0 2 Dolabella auricularia
Oscillatoria acutissima ™' Polycavernosa tsudai >
D. auriculari
Aplysiidae 21 34
Notarchus leachii cirrosu
4 2 ~
5 ¥ 23 Aplysia punctata
HL-60 IC,, 3.4 pg/ml 2.4 pg/ml Uy, ICs, 2.3 pg/ml 1.6 pg/ml ¥
4 5 4 HL-60 U,
ICy, 1.4 pg/ml 4.5 pg/ml 0.8 pg/ml 3.2 pg/ml *
Cl Cl o Cl Cl o
Z OJ\ Cl\;i/%ﬁ,ok
Cl (6] O
1 2 3

X" “OH

On

5

9

Aplysia punctata
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2 Sacoglossa
Sacoglossa 3 12 200
Oxynoacea aconchid
Siphonales ’
Plakobranchidae
Plakobranchidae Elysioidea
3
Placobranchus ocellatus
9 10-
deoxytridachione 6 photodeoxytridachione 7 **
7 6 39

Tridachiella diomeda *  Elysia timida *

s 6 tridachiahydropyrones G-J 8 ~ 11 9 10-
deoxytridachione 6 trdachiahydropyrones B C 12 13 trdachiahydropyrones A 14
Tridachiella crispata % Tridachiahydropyrones J 11 6
tridachiahydropyrones G H 8 9 11 Trdachiahydropyrones B

C12 13 trdachiahydropyrones A 14

3 Nudibranchia
Nudibranchs

1 4-

,13RorS
,13SorR
H, 13SorR

Opisthobranchia
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Nudibranchs 4 Doridina Dendronoyina
Aeolidina  Arminina ?
dorids
Doridina 3
Karuso
Cimino
s Gavagnin 0
3.1 Arminina
Arminina
9 Euarminoidea ~ Metaminoidea ° 9
3 Cimino "
Charcotiidae
Charcotiidae 3 Charcotia Leminda
Pseudotritonia Charcotiidae ’
Leminda millecra Cape Peninsula Kwazulu Natal
“ Algoa Bay 20 ~40m
Teanskei L. millecra L. millecra

Alcyonium foliatum A. valdiviae  Capnella thyrsoidea

15 B 16 Millecrols A 17 B 18
L. millecra 13 9
millecrones A 15 B 16
hydroxycalamenene 19 Bazzania trilobata ¥ *
22 “30 Tsofuranodiend 23 Xeniidae
Pseudoptergorgia >
26 ~32 C-5
L. millecra
L. millecra
GC-MS Leptogogia palma

15 L. millecra
L. millecra
3.2 Doridina
Doridina Doridina
300
Doridina 3
Karuso ’ Cimino ' "

3.2.1 Anadoridoidea
Anadoridoidea

Gnathodoridoidea Anadoridoidea

millecrones A

» L. millecra

24 ~32 * 4
45 + _8_
20 ~
51
C-6
16 24 Aleyonium
dorids

Eudoridoidea 1

3
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20 R;=OMe, Ry =H 23 24 25
21 Rj=R,=H
22 R; =OMe, R, =OH
OH O
Z G
OH
27
OR N
_ Q o OH OH
O =z Z
O
OH
OH OH
29R=H
30R =Ac 31 32
5 mm 100mm 7 Corambidae Goniodorididae
Onchidorididae Polyceridae Gymnodorididae ~ Aegiretidae ~ Vayssiereidae °
Polyceridae
Polyceridae Polycerinae Triophinae =~ Nembrochinae 3
Nembrochinae
Nembrotha Nembrochinae
tetrapyrrole 33 Nembrotha Atapozoa
15
Pohnpei Nembrotha kubaryana tetrapyrrole 33 7
N. kubaryan

tetrapyrrole  Nembrotha sp. Nembrotha sp.

3.2.2 Eudoridoidea

Eudoridoidea Dorididae Hexabranchidae Chromodorididae

Dendrodorididae Phyllidiidae
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5
3
1 Dorididae
Karuso 7 Cimino "
14
Anisodories Archidoris Austrodoris  Doris
Patagonia
Anisodoris fontaini 7 6 > isocopalane
5 anisodorins1-5 34 ~38 39 40 Doris
Verrucosa % Archidoris tuberculata *°
Archidoris sp. isocopalane > Anisodoris
fontaini 34 ~37 38
54
Austrodoris Kerguelenensis 8 41 ~48 ent-
labdane 41 42 halimane 43 ~45 clerodane 46 isocapalane 47 48 4 1’-OH
2'-OH 800 Agelas halimane o Austrodoris Kerguelenensis
A. Kerguelenensis 4
halimane labdane clerodane
A. Kerguelenensis 41 ~48 14
49 50 o
Jorunna funebris jorumycin
51 Jorumycin
Bacillus subtilis  Staphylococcus aureus 50 ng/ml NIH3T3
100% 50 ng/ml
J. funebris Xestospongia sp. Xestospongia
sp. Jorumycin renieramycin E 52 Reniera sp.
C-22 J. funebris  Reniera sp.
jorumycin
2 Chromodorididae
Chromodorididae 5 mm 120 mm
3
Hypselodoris
Chromodoris
0463 Glossodoris scalarane 3
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35R,=Ac,R,=H 37R =Ac,R,=H
Y S0Ac
-, ~OAc
38 39R, =H,R,=Ac A
40R,; =Ac,R,=H
49 51 R=0Ac
52 r- §9
NP
H. infucata nakafuran-8 nakafuran-9 54 Dysidea
Jragilis >
Glossodorts scalarane Scalarane
15 6 55~56 59 60
69 % 55 58 59 Gambusia affinis
0.1 pmol/L A, IC5, 18 umol/L
Scalarane C-12 70
70 Chromodoris youngbleuthi C. youngbleutht Spongia oceania
69 Glossodoris 55 56 69

12-OH
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58 59 60 R=0Ac 62
61 R=H
RO,
OAc 170

67 R=H 69

70 71

7

75R = - OAc ORi 77 R=B-0Ac
74 76 R = o~ OAc 78 R=0a - OAc 79
Glossodoris 12-OH o8

Chromodori scalarane C. petechialis

spongin-16-one 71 Chelonaplysilla violacea > C. inornata
8 72 ~79 5 sclarane 75 ~79 3 72 ~74
sclarane E
73 78 L1210 KB IC, 0.72 2.2 wg/ml  0.35 3.1 pg/ml ™

3 Phyllidiidae

Phyllidiidae
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e Phyllidiella pustulosa Acanthella cavernosa
76
76 3
Phyllidiella pustulosa 8 80 ~87 7 84
86 87 4 84 ~87 80 ~
83 ent-stylotelline
84
3-isocyanotheonellin 85 7*°" kalihinene 80  kalihinol A 81 E 82 "%

Acanthella Acanthella kalihinene

80 kalihinol A 81 ¥ amphilectene 83

P. pustulosa  Acanthella

Z
@]
'

82

NE NC NC
84 8

S 86

80 ~ 83
77 ~82 84 ~88
P. wvaricosa 5 9-
88 ~92 93 ¥
88 89 C9
Axinyssa aculeata
88 89
89 89
89
Reticulidia fungia
~97 94 95

10

Pseudaxinyssa pitys  Stylotella aurantium

93

s,
‘4,

0]
Cl

Acanthella 84 85

NC
NCi
83

pupukeanane

pupukeanane
88 89

89

89

94
90
71 91 ~93 96 97
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R) NCCl,

88 Ry =SCN,R,=H 93 9%
89 R, =H, R, =SCN
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91 R;=NC,R,=H

92R;=H,R,=NC

NCCl, NCCl,

95 96
4
Anaspidea Sacoglossa
Nudibranchia
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