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Summary

L Title

An Exploratory Study on the Natural Products of Marine Polychacte Worms _

II. Objectives and Significance

Intensive studies on the marine organisms were started in the late 1960s. More than
5500 marine natural products have been isolated, and many of these compounds are
found to be biologically active. Until recently, about 50 secondary metabolites from
marine organisms have been awarded by patents and have been in the process of
being developed as drugs and other industrially useful agents.

Despite tremendous progress in this field, however, secvere problems in view of
developing a commercial drug from the sea have been discovered. One of the most
difficult problems is that sufficient amounts of metabolites are very difficult to obtain
due to a difficulty of collecting samples in large quantitics. Another one 1s that it is
becoming increasingly difficult to find new compounds from marine algac and
benthic colonial animals which are easily collected by using SCUBA. In order to
solve these problems, cultivation of marine organisms or selection of target

organisms which have been scarcely investigated can be suggested. Polychacte
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worms are widely distributed in the Korean Waters and are among the most abundant
benthic organisms of intertidal soft-bottom. Therefore, an exploratory study on the
natural products of marine polychacte worms was tried on the basis of these

possibilities.

HI. Contents and Scope

1. Most of the research papers on the natural products from marine polychaete
worms prior to 1994 were collected, organised, and annalyzed according to structure
types of metabolites.

2. On the basis of the results of primary bioactivity tests, thin layer
chromatography, flash vacuum silica chromatography, and proton NMR anaylses,
possibility of isolating both biologically-active and structurally-unique natural

products from the marine polychaete worms has been investigated.

IV. Results and Suggestions

1. Most of papers on marine natural products of non-colonial invertebrates
including Annelida(polychactes), Arthropoda, Echiura, and Hemichordata were
collected and analyzed according to biological origin, structure type, and bioactivity.

This would be useful in overviewing trends and recent development on the research
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of marine animals.

2. Organic crude extracts from marine polychactes were analyzed by chemical
methods including TLC, flash vacuum silica chromatography, and proton nuclear
magnetic resonance measurement. As a result, the existence of novel secondary
metabolites except commonly distributed steroids and fatty acids was confirmed.

3. The crude extracts were also tested for biological activities such as brine shrimp
lethality, DNA cleavage, antimicrobial activity, and cytotoxicity. The extracts have
not exhibited significant activity on most assays except modest cytotoxicity. These
results might suggest the possibility on the presence of some other specific
bioactivities minimizing side effect in in vivo system.,

Based upon these results, possibility of isolating novel natural products from the

polychaete worms has been discussed.
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% (notopodium) % i the) (neuropodium)@He ¥ A9 T g 2w Z thdl:
e 2% W2l Flacicuumel sd U e o AE FHoz ZHAA
4 Fysed)
Sohe s WokEels Sthel4 9 dorsal cirrus)® WiThe) 4% (ventral cirrus)eh ¥

AAZ ¥ EFoly 2 A7 EFE F9 FHd me 22,

2 E717F st b AtH(Fig. 2-1-d~-f).



Fig. 2-1 Taxonomical characteristics of Perinereis aibuhitensis
a. anterior end in dorsal view
b. proboscis in dorsal view
c. proboscis in ventral view
d. the 10th setiger in anterior view
e. the 53nd setiger in anterior view
f. the 139%th setiger in anterior view
g. heterogomph falciger
h. heterogomph spiniger
i. homogomph spiniger
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7HNE BF EBfYola FHE vHE7M(spinigen)dt @12 7}A (falciger) F
FH57F ok vkEvMAE JHAIEY Byt Za ©Ed mE 3 wEsH
(homogomph spinger)$} ©]& ulE71Al(heterogomph spiniger)2 WiEth. Zagr}
NE 25 olgoltt. SrEld b F7H (notoseta)® BF 59 vhEsMAola, with
2o Q%-Fo & wi7tAl(neuroseta)= Y whE7IAIS ZaEstAlolw, witE] of
A2 & JHE oF whEZIAG A3 s ol AP (pygidium)dl = ¥
%49 7Fea 7 mE$Y(anal cirrus)el Y 1hH(Fig. 2-1-g~-i).

3 43+ 39 (epitokous form EE heteronereid)e] Fe5A: FAAHo|FE A
&¢ F AFA/L HE F9 Yo WEe {94 dRA "o FFY AL
Y9 5L b9 2. 3 9 AAE F 118 viddl F9 o7t 37 mm
oty 9 Z& dEE T 7.6 mmo|tt. watA Fo] AXNAEE T w4
v 9oz BE EYE &0, Bt ¢ = AL2 /5 X Qo B A F
RRoz vy, 9d3 F9¥e2 v K E(epitokous region Fi= natatory
region)d Ay Foirt HYAT F9F o]d EFE o= FE FAFL Ye
. 8- (pre-epitokous region)2.Z ydt}. 7L JAxFNo2 HAFHoZ A PWUs)
oldrt o I A4g W

MEE et vz vj¢ 24 GRERen, HEolE ALY Aol
E U deolg 1/4A3x etk EAGFole ddF ez £550, ¥ obel ol
AAEA Hol FFoe RolA FEW F L A Ax ¢F 4ol HY AEY
%zt A 9 AL By, ¥ FHAE RHds doi(Fig. 2-2-a).

1194 vt $g 2894 wizx= w7k glos, 2994 wio -8 889
A vlg AN E 59 ofd, 92 HAHAL WA &dd SFE F9FS UEd
o} o] REqA e tEle A &FFH At T3 wsdde FAE 2587

7t A7), &3 wiFdde AR E71YdE &7 2 7180 Ut Wl
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g BA482 34 AFH vk §#93 vid 9 JMAEL EE x(peddle) =
S f97HA (natatory seta)2 A F o] ol 89U A olF e wiTME wj7tA|
gro] &A X AH(Fig. 2-2-b~-f)..

FAX B FA JAME nASFAE WA G+ JHAl9 FEHY o|E J
g, EdH, 7499 A+t FE AN T2 FAER ol gdEH. Y
B Fd doME olg, § oJ®e A e a3 wjEdEd B2 Welrt 3l
o] F Ao E&o] AUY. ER P & Perinereis®] 54 4FHY Al 6
T4 FRFe ool oY MA Ee A= AF e AF-E 2~44=
Tt BEAA w2} 4P Hor|k fH. od F FTAC @2 27/t
A7171 = 8ta, stAte] we 9 Fog Bz Ao F AFHY A 6799
olzte] FElE YB¥Yo2 WYElI Neanthes virensTo.2 TR TRH/E stz
Nereis(Neanthes) linea Treadwell, 1936, Nereis(Neanthes) orientalis Treadwell,
1936, Z128] 3L Perinereis vancaurica tetradentata Imajima, 19725 ¢] T2 A4 5
o gt XE7AX B Fo WL FFANMNE N linea, N. orientalis ¥ %3
Perinereis aibuhitensis Grube, 18788 &-&3}9 Al&3 & Aoz xHoly, x4
LA E imajima(1972)¢] ol =2} oH(T. Imajima, 1972).

T A AHE FY AATHAAE dFH YA e olEY Ay
Hddee B2 Wol7t AT TFY WuF(1985)% ot 2 oo 4% ¥
ol& A H3AA Treadwell (1936)¢] F Fo| FFolBYE W3l Perinereis
aibuhitensis2 7 s THB. L. Wu et al, 1985).

A o] Fo] XS Ye AYE BHE AZqA P71 2] Qlvle AT

FE TG ITY FHAY 2THAAT AF A4 e AS € F A



Fig. 2-2 Heteronereid of Perinereis aibuhitensis
a. anterior end in dorsal view

b. the 1st setiger in anterior view
c. the 11th setiger in anterior view
d. the 29th setiger in anterior view
e. the 105th setiger in anterior view
f. natatory seta



2. 2. 2. £2(ul9ld AR Ho|: Marphysa sanguinea)

z 2HAY E=E wxgel MA@ AFAA Bud AA 7keH 7t
F 2 F& B9 Zo|7t 805 mm, U (parapodium)E EFHF F9 Fo] 18
mm(508 A 7HA mlt] o A)oln] 872719 7FAIWhT](setigen)E 7R A RATH Sl
A AREE FEAA Q' AANEL BT Aot 200~300 mm, Fo| 13~15
mmA £ 220~250 mms9 7HAlEE &€ ZHdT B8 B9 4F R vide ¥
Z¥oly 1 F ez 48 Wi FFAAY BRI 7tee] A

29 5Z A2 354 B9l vt HZAL WU v (prostomium)= F
zoz zHA Jdon, #y AF FHAE 5749 tviFol(antenna)7t A (Fig.
2-3). B ol FollE 7 Aol 7% A, Zole ¥ Zold 2u x| ¢
vit] (peristomium)e F FHOo2 Yol A9, 4F 9 Aot HAEF A9 2
Axolt), B9 ¥Zd Y& dEde & $2E postsetal lobest Eo] RFEH T
o3} ®j4=%(dorsal and ventral cirrus)& 7FAx Atk R WA vhE]9] postsetal
lobee €EFoz AA AFH itk A E= HAF F EFY opri
(branchia)E thad) lew, BE 25~50 WA v drxFE yehdn. oprtuzt
Agez Yeis gg e F&9 Zv)d me Zojrt A otrtwle =
Bo] Fd Q& oA /g B 2 ¢ BE AZE FHoA

Aacicuumviel Y& Zage o] FFo2 2eA Jon x@qHey. 1
gy gAds o Ad AAdE Zxnst g AL dsn o A5-E Jks
o] A AR & FFHINY AL Aol A9 = orin gEH, A ¥A
tedl e 37, 2 8/A7HA F7hETsE iEes JHAA 2AAA] & A9
FE o4 AAdAME HA EAdH-

7HINE 3FF7F Aok @d¥ JMA(Gsimple seta)E ¥F 7HEAEC oE F



Fig. 2-3 Taxonomical charateristics of Marphysa sanguinea

A. anterior end, in dorsal view

B. the same, in ventral view

C. median parapodium, in anterior view

D. posterior end, in lateral view

E. pectinate sera from posterior parapodium(After Paik, 1982)



AR E s} tt2n, W4 B3 7tk S7HA (comb seta)E 307) W) ojEE 7}
Ao 27t gd yBEges 3z Yok aEa EFIA  vh=7HA(compound
spinigen)= 9] otgfdl @o] U deon s FF AFAAE vAR FUE
o] Y i

2 €(mandible)e A& Holu], Pol& AE F Ut AIJFY &€& 7
th. 329 (maxilla)dle 31 25 /AL E 71 g F2
(maxillary carrien)E°] 1ot Zelvie(pygidium)dlE 2709 21 93 2749 &

2 gl o

g &)

2.3, 82 AAFoldAN 258 VAE

oln] gl AFF AAYP AANZAH FEE A b HFYEE WY
AAE 4 47 A vusy] fqEgd B A7E 47494 Sd AXY
ol TEF e AEE U d7EIAE 2o AFHACL

g A SAHE o8] acorn R tube annelid wormse &3 2§3sta TF
% 3}3HE (heteroaromatic compounds E3)< 313 Utk ol 1D WFH
BAEL 1 £33/ Ho §Y £& uj§ FAE EZ0] 4 YEEHYH FEHE
A4$7¢ ¥oh. B wormsZt iodoform¥} fAME #71& F71=H °l= iodoformol
ollgt ol HFsd EHY 9% et  Acom worm Balanoglossus
biminiensis®] 7| 2,6-dibromophenol(1)o] & FHe|th(R. B. Ashworth & M.
J. Cormier, 1967). 18] 3 Glossobalanus% 3 Balanoglossus misakiensiss 2 2 %-E]
2,6-dibromo-hydroquinone(2)°] % ¥ 1tHT. Higa et al, 1980).

South Carolina$} WashingtonFlA AT w4 FJHAESH AAg=

wormso]l g QF7F o|Fo] H FE2H WAEREL  Saccoglossus
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kowalewskyi(hemichordate)®] 2.&3}¥ phenols R E&3}€ pyrroles$oltH(S. A.
Woodin et al, 1987). Z22lt}h G714 AN Y AES Fxol U FAE SE8A
&

Acorn worm Ptychodera fava laysanica GA B< ¥ 2231€ phenols& X
st gk o|Fd /M e AL 2,4,6-tribromophenol(3)elvt. FHAIEZE
& & gv)o) wabA tetrabromohydroquinone®] A4}  tribromohydroquinone®] t}.
n}29] dimeric phenol ether(4)¢} trimeric phenol ether(5)7} #7 <dojxt.
Dimeric phenol ethere 2,3,5-uibfomo—4-methoxyphenoli—‘?~E] ¥4 = AHM.
Iguchi et al, 1986).

Ptychodera(acorn worm)4:2] A 2¢ o232 BESE W¥EZo #dd
g YAFERAES (4S,5R,6S)-4-acetoxy-2,6-dibromo-5-hydroxycyclohex-2-
enone(6), ™-S3lE (4S,5R,6S)-epimer(7), (3S,4R,55,6R)-3-acetoxy-1,5-dibromo-
4,6-dihydroxycyclohexene(8) Y (4S,5R,6R)-4-acetoxy—-2-bromo~5,6-epoxy -
cyclohex-2-enone(9)# &3t deacetyl FXA (10)7} £ HA. 6), (8) R
98] F2E XA ZATZE B4 9t 2AFHNLY yrA SFEEL 3
Holet £ o] 23te] ZA S AT, Higa et al, 1987).

Acron wormsZ %8 B &3 % indoles £& Y7t #EHUY. Ptychodera
fava®l AAERAEF] iodoform¥ FAME #71E F71E ¥ZE 3-chloroindole
ADE BASYHT. Higa & P. J. Scheuer, 1975). ¢] worm®] T A EEZRE
3-bromoindole(13), 6~bromo-3-chloroindole(14), 5,7-dibromo-6- methoxyindole(14)
o] ¥aHUtt. Ptychodera favadl ©& AlB2%E indoles(15)-(16)7} FEHUH
(T. Higa et al, 1980).

th2 acorn worms(Enteropneusta)Z2%-8 B2 BEstE tAEZEl £

At}  Balanoglossus carnosus®] 3,4,6-tribromoindole(17)0] ¢7]e] &JTH(T.

__35_.



Higa et al, 1980). Glossobalanus%€ 5|34 X &€ 4,6-dibromoindole(18)3}
4,6-dibromo-2-methylindole(19)& &3t gl a2y o] BEZE indoleE o]
o] FEY =FEENA TAHE FUAPE FE9 FHEIAE HEHA FiT.
Higa et al, 1980; 1985). 4,6-Dibromoindole®} 3,4,6-tribromoindole 3,5-dibromo-
nitrobenzene 2. 2% ¥4 ¥ A oH(P. Martin, 1987).

Acorn wormsZ%E %% bromoidoles ¥ 713 ¥Fv9 UE EBAEL
Ptychodera favaZ%-¥] £8 % purple dye(20)¢} &7 a8 A 2D (22)
ojtt. o] EZEL £ZAE HE P favad ¥ ARZHEH dojzth JaFoz
#8¥ Tyrian purple dyeq! (20)2 <A AAFTEL Murexse] A48 FAA F
500 oMoz A48 Ao HY FLAEoITHU. T. Baker et al, 1974).

Echurian worm Bonellia viridis®] ¢#22 o}3 43 £/} dojuA &L
#22 A7l 9 FFold FHAI2 v AV AR F24 A2 E ol F
o o] 3¢ AR WA @H 7] B9 ©E X NAHE 5L
FAED 4 o & ¢HeE AF &3} dojdn. o AFRIJE dod=
porphyrinAd] A4  bonellin(23)¢] FxE &3 Wy gsd AAFHUSY
anhydrobonellin methyl ester®] XA AR 32 E4d] 95t FAHAUTH(A. Pelter
et al, 1976; 1981; ]J. A. Ballantine et at, 1980). Bonellin dimethyl ester(24)= A
HATHC. J. Dutton et al, 1983). Bonellin®] olwlx=At HIAE[(25)-(28)]¢] B.
viridis®] AAZzF o2 HE EEHJATHA. Pelter et al, 1978). ¢] 53 isoleucine 3
$+4)(26)= neobonellin®. & %ﬂ‘:}(L. Cariello et al, 1978).

Shrimp Euphausia pacifcadl F&d ¥3EZL porphyrinAl 9] bile
pigment(29)2 <A ATHH. Nakamura et al 1988). o] & F=E 23 d
olet £4, &3 U % EHUAE FA JHA FAHAUL. 1516-01FEF
o] A TR AR F¥t. Spider crab Libinia emarginata®) ¥4
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3 (hemolymph)2¥-E] insect juvenile hormone & JH III(30)9+ methyl
farnesoate(31)°] erd] @& FEZ do] HrH(H. Lanfer et al, 1987). o|& A<
o] 2R5& ZF(crustaceans)d] W@ AAxA75E /AL e Ao F5
"}, 2 2EH Aol A ‘%73_5]‘-\-:- rock lobster Panuliris longipes cygnusZ5-€
H| & 31§ 8¢) arsenobetaine(32)°] $&FAH]. S. Edmonds et al, 1977).
Hemichordate worm Cephalodiscus gilchristi(Pterobranchia)25-8 28 &
o} &3} & Mol: pyrazine alkaloids¢! cephalostatins7} #2HUed o] EFEL
= 719 steroids7t 2gHo AR 3Y¥E S|t} Cephalostatin 1(33)8] 7=
XM ARFE BN ostd AAHUST cephalostatins 2-4(34)-(36)9] T

rr

23 vlojet B4 st AAAUKHG. R. Pettit et al, 1988). C. gilchristic|

rle

& XN gE23E AZ & steroidal alkaloids®! cephalostatins 5(37)9F 6(38)0] &%
9905 of 8B5S FEE £% ol ¥4d g5t 2HHUTHG. R. Pettit
et al, 1989). Cephalostatins A€ EAEL =5 P388 YZT7 WY A2 4
Fe dABT

Polychactes’t 1% AAEANA Axse AXE dedl wsusch A7} of
20l &8 Arenicolay, Halla, Phragmatopoma, Phoronopsis, Thelepus,
PerinereisS 6-79] E@ste] <ol AAEY FE 20 oA B
Polychaetes’t ZA¥ °]Y sand, muds soft bottom benthic communityll A} 2} A] 5}
L 204e 2T 9 olEY Ao ¥R WRE e ol o] A
o polychactes AMIAS] 234 WAF BEEA 2@ 7198 AAA ohid &
ARG % ALE AT WY A=FY AW, 7Y, A5 ZATEAT I3
Ho] AgAez 29se & FAAXE FHeA Foo] FF mok AAFY
Aol ot ¥ad dolnk.

Polychaetes®] HGEE A2 AXJ}F Colule HluF N dxIFHo=
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oFoA gloy dF¥E 433 ZFE AHEY EFHE Fa deol ¥wH At
Polychaetes®] HAZ2A4 713 2 <2l AL polybrominated aromatic
compounds®] t}.

Soft bottomell A48} tube-dwelling polychaete Thelepus setosus(family
Terebellidae)2%-€]  3,5-dibromo-4-hydroxybenzyl alcohol(39), aldehyde(40),
bis(3,5-dibromo-4-hydroxy phenyl)methane(41), thelephenol(42), thelepin(43)% t}
A 719l polybrominated compounds7t £ AL olEe FEE ULEA, IR,
UV, MS B 382 i@ 8 @4 st 24 HAHT. Higa and P. J. Scheuer,
1974). o] €% 3% 38 E32< thelepine & AT Penicillium griseofilvum®] t
AHEZE FHE FIATAQ griseofulvin(44) TR o2 FALY Bt ol e A
o 5 FEY AT AFHE nolo FIY AL EYth Thelepind 7
2] ¥ thelephenol®] phenoxy7]ol] 2]t oxidation/nuclephilic substitutiond] £]3}<
HFA4E Aoz FAHNLH o] 7L thelepin® HAFA HAAANA FHHAHO.
Tsuge et al, 1984).

Thelepus setosus ©]#]o) % soft bottome] A28} polychaete Phoronopsis
viridis25-€] bromophenold EZAQ (453} (46)°0] ¥ AHY. M. Sheikh and
C. Djerassi, 1975). @& FX2 o|Fo]3 o|EL &§F, IIAF, W EH9 &7
nematods$} molluscsell i FAEL YeElHJAEH o A& bromophenols©)
polychaetes?] AES F& AT AAE 23 Y& Aoz 714L ¢4 .
o] 7HdE& ARAFE F2F ZFAEE polychaetes ©|9AE  Saccoglossus,
Balanoglossus, Glossobalanus, Ptychoderas SY4% #7d) A3t o8 2§99
hemichordates(¥t | FE)2FH FY F& A% EFo gdF F&8 Holtks.
A. Woodin et al, 1987).

o594 AYPA FA dFHAE B3] FIHW AL ol AAFAH W)
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Fo] B of FATAEY F(algaeF) 3 Fid E-o] A RHo| of
Y3 polychaetes®] HUdlA tyrosineo]\} phenylalanineC.Z 58 AR Ao
%29 th(T. Higa et al, 1980; S. A. Woodin et al, 1987).

Polychaete Halla parthenopeia(order Eunicida, family Lysaretidae)¢]
epidermal-epithelial cello) &A48tE #& A4 hallachrome(dn)d] F2E 23 7
=389 didel He fov £33 Age s%HF wggd 9y
anthraquinone#|¢] 22 ¥38 HTHG. Prota et al, 1972). HAE2Z EA =
anthraquinones® polyketides®] long-chaine] &% o] JHY Roz WAE =3
A A AF LHAHY hallachrome At Hol glojA thigsd] S5 Edo
o. & anthracene® ©|%%& 1470¢] ©2% B ringd] $1X¥ C-9, C-10 ©A7t &
40l 7HF Eol Adoly §4 o2 EAFE anthraquinoneo]zt & A9 AR
7} 9,10-diketoneS 97§22 & dBA 3o a2y hallachromed ©]E X o
Aol 8ol R *& C-1, C-27} Ast¥ orthoquinonel 2 FAS o Qe
FelA HE Fol ¥ 4 9t 55¢ EFOTHG. Prota et al, 1972).
Hallachrome2 4ol th@ ¢4A/dol wj¢ wto} AQ8golA A R FAHo
2 WY o BAL 2483 A= ool hallachromes] oxygen 47|
9 Y17 HulA Aoz W3 FHoHM. D’'Agostino et al, 1986).

Halla parthenopeia®.2%€ THE anthracene FE4(49)0] EegRen 2
TZ2E E28%3 A8 Y 53] nOe AP 3t ZAHJUTHG. Cimino et al,
1985). o] EZAL FJ7IFAA A AsEHo] hallachromel2 YEHEER
hallachrome®] A#4d A7EAE 539t} Hallachromed 1 ATFEAL H
parthenopeia  ©|91lE  #AFE @7 MNAsE polychaete Lumbriconereis
impatiens| = F%5o gl ¥ ATHG. Prota et al, 1972 G. Cimino et al,
1985).



Lumazines bicyclic alkaloidl pteridine®] C-2, C-4¢] ¢ X7} 4tsld &
Eoltt, o] AL &3 leucettidine(50)¢] FrelBE o] MAdE Y Leucetta
microraphis25%-¥ £2¥ v} UvH(]. H. Cardellina I et al. 1981). A2 FYF3=
polychaete Odontosyllis undecimdontaZ%-€| 6-propionyllumazines [(51)-(58)17}
O E2IHNL I F2RE ERAE AYFH 394 A4 o AALAG
(S. Inoue et al, 1990; 1991; H. Tanio et al, 1994). O. undecimdonta: A ¥Z %9
Argrd Eds AAsy FE ¢ (bioluminescence)E B Aoz U
A ot 28y lumazines?t O. undecimdonta®] %oy} 71ele] Aejdty o3
o gt 7He] dFE & 4 gtk A2 Y O. undecimdonta®] A B2 H-E
cyclic enol phosphate?] #4718 7} lumazine 53| [(59)-(61)]¢e] -] = QL.
o] £328 Y4 ot F27t AAHATKS. Inoue et al, 1993).

Phosphate7] = 13} A} 53] @238 0 APl F2 A5 3ix)g 23 o
AHERC A¥H TAHAE dr E3A ¥ou 53 [(59)-(61)1F Zo] cyclic
enol phosphate?] FEl2 YASHE o+ I8 =&t 3 [(59)-(61)]& HCIE 7}
&35 phosphate7t fEl=o] [(62)-(65)]7 Z°] lumazines® Wt} Soljt
AL [(59)-(6D1e] thate] AR O. undecimdontaZ5-El9] HO F&9L 719
A Z2A4 GDFH (52)2 HWEIATHS. Inoue et al, 1993). o] 2§ reductive
dephosphorylation thas] FH|2¢ Ao 2A A AAF Ao 75 U}

IFE 22 AHER LS ofUyt polychaetes BAEL] &) #Add Fod
FTFEH7E BiHo 3o PolychaetesE M2X] @ A&go| v tdd o
t}. o] =% Sabellaridae#} o] &3 FTEEL §5YU 9= planktond & §9A
€& g7/t A48 W (metamorphosis)E 3t AT FAld 9ud 71> B
ot LI 71 BFHY A FHY HAEH AURBEY HEEL

E3Etd FA FH 9ad tubeE FA TP 1Y sabellariidsE FAAES



By FEolm2 FdAHo2 B4Y tube FHolZ FHA reefE FA3A At
o] R o] sabellariid polychaetesE reef-building tube worms2tiL 2% o]folt}.

Polychaetes7} A8t reefe AAIA S olduist o] 2t R =sdjol
FH9etA Exste T3 dolyt 24 4 W mst & W kmol °|EIE §F
o] we} tube wormsst o5l A reef i E VA SN g
3 #8384 9A FAHJ. R. Pawlik, 1986). W&tA] sabellariids tube worms<]
reef-building 7] &o] M E B& @A o] Bop Ak X719 A7l A tube
worm §2& A7t M8 e sand tubestt tubes®] Fd EF S A
(sand tubeZ o} FAstx] R AAdd HF= FA @HY FFAE =
Aoz geiRon o)A A/t MEdE e T o2 FFHAGD.
P. Wilson, 1968). 2o o]2§ A& do7e setEd e AA7 #BHARJ.
R. Pawlik, 1986).

I3 California G¢tell A28l sabellariid(tube worm Phragmatopoma
caliprnica)®] sand tubeso] W@ #71 2F&EE P. calipmicadl #3 712 2
7 we weiel FAo] #&F Yt Flash chromatography$t HPLCE S ##4
& o] g5t PQERS EAF A BEs APide] g on g BES
AL o] 4F FUH APFH Bxs AYAFT 16:1-cis, 18:2-cis, 20:4-cis,
205-cisEo] QB2 FHHAYL HQ F& AFo2 EAFE F AN £33
2 B¥3 AWAF olE 49 BES Aol £ WHHE dodl= dUAS
B 8stx o} 3544 model studyel 913t 741l molecular length7t 388
Was 225U, R. Pawlik, 1986). & sabellariid tube worms®] T AA]
7t @A4sted A EHo| tube sandsel FH3t JE BES A fA80 AF
gozA FAAdE Aol FHAU.



OH
Br Br

R

(1-3,R=H,Br,OH),

OH Br
Br (0] Br

Br Br OH

OH Br
)

(acom worm Ptychodera flava laysanica)

(various acorn and tube worms)

Br
Br

HO
Br

Br Br

Br

OH

OH Br
(0] Br OH
Br 0 Br
OH Br
(5)

(P. flava laysanica)

OH (@)
Br Br Br
""O
0"

OAc OAc

brominated cyclohexenones (6) - (10)
(acorn worm Ptychodera sp.)



X
r
R N ]

H
(11):R=H,X=Cl
(12):R=H,X=Br
(13):R=Br,X=Cl
(16) :R=Br,X=Br

(Ptychodera flava)
Br
X
Br N
H
(17,X=Br)
(acormn worm Balanoglossus carnosus)

and (18, X=H)

(acorn worm Glossobalanus sp.)

Br X

R N
H
Br
(14):R=0Me,X=H
(15):R=0OMe, X=Br
(P.flava)

Br

Br N CH3
H

19)
(Glossobalanus sp.)

Tyrian purple (20, upper left)
and derivatives (21) - (22)
(acorn worm Ptychodera flava)



CO,R?

@)
a)\\\
[T

bonellin (23) : R! =OH, R = H
(24) : R = OMe, R? = Me
(25) : R! = N-valyl, R2=H
(26) : R! = N-isoleucyl, R =H
(27) : R! = N-leucyl, R =H
(28) : R! = N-alloisoleucyl, R? = H
(echurian worm Bonellia viridis)

/ly\/k/\/K/COZMe
0)

X A - C02Me

JH IIT (30, upper) and methyl farnesoate (31)
(spider crab Libinia emarginata)

(29)
(shrimp Euphausia pacifica)

+
Me/_; As CH2 COz-

(32)
(lobster Panuliris longipes cygnus)



O

><_‘i7g_’ O cephalostatin 1 (33):R!=H,R*=H
v 2(34):R!=OH,R?=H

Y

R*°  OH "3(35):R!=0OH,R?=Me
(bemichordate worm Cephalodiscus gilchristi)

S CH,0H

joe]

e}

. o
W
(@]

O,,O x o cephalostatin 4 (36)
% (C. gilchristi)

“oH
“\CHZOH
OH
HO
cephalostatin 5 (37) : R =Me
6(38):R=H
HO o (C. gilchristi)
R



' Br Br
HO CH, OH
Br Br
Br Br

OH
(39) R=CH, OH 41)
(40) R=CHO (Thelepus setosus)
(Thelepus setosus)
Br
Br
HO HO
(0]
OH OH 0
Br Br Br Br
(42) thelephenol (43) thelepin
(Thelepus setosus) (Thelepus setosus)
OH
Br Br
R
griseofulvin (44) 82; .
(microorganism Penicillium griseofulvum) (phoronopsis viridis)



OMe

poeos

(47) hallachrome
(Halla parthenopeia)

MeO OH

m A

(49)
(Halla parthenopeia)

05 ,-OH
0 0° o
RI\N&N\YK/‘
0)\N- N%
R

(59) R=R1=CH3
(60) R=H, R;=CHj;4
(61) R=R;=H
(polychaete Odontosyllis undecimdonta)

(48)
(Halla parthenopeia) -

o

O OH
LT
P N

CH

3

(50) leucettidine
(sponge Leucetta microraphis)

(0]
oAy Aons,
R

(51) R=R;=H, Ry=COCH,CH;, R3=H

(52) R=H, R;=CHjs, R,=COCH,CHj, Ry=H

(53) R=R1=CH3, R2=COCH2CH3, R3=H

(54) R=H, R;=CHs, R;=COCH,CH,0CHj3, R;=H

(55) R=R=CHj, R;=COCH,CH,0CHj, Rs=H

(56) R=R1=CH3, R2=COCH2CH20CH3, R3=SCH3

(57) R=H, R;=CH3, R;=COCH,CH,0H, R3=H

(58) R=R;=CHj, Ry=CH(OH)CH,CH3, R3=H
(polychaete Odontosyllis undecimdonia)



A3 AUEPYE A

3. 1. M $ XAl& ZAHBrine shrimp assay)

Brine shrimp assay(Meyer et al, 1982)& ®lthAl$9 <UF<Q  brine
shrimp(Artemia salina)& AHg-3te] HAES] AWHA 54L& &494 A¥E +
AE dZFY invivo APt o] AAYL F7Y &4 YT + ey A
#Ao] wol EA & APAAA 14 LAY FAWHes A&H Yok BE
8L AF FAq3d a0 HiE FolHn vz FAHERAS A3 FEE ¥
Fol A3t G EHE & F UAve AHAA o ¥HE ¥EIL UG-
Brine shrimpt AA2 43 &3P M(A. S. Michael et al, 1956, W. A. Tarpley,
1958; S. Areekul and Harwood, 1960; D. S. Grosch, 1967), mycotoxin® A &3
(R. F. Brown et al, 1968; R. F. Brown, 1969; J. Harwig et al, 1971; R. H.
Eppley, 1974; E. L. Korpinen, 1974; D. Eng-Wilmot and Martin, 1979), 33 ¥
EZZ%(D. W. Hood et al, 1960), +3WAA¢] &3%5H(A. B. Robinson et al,
1965), HARZF 549 SAZHH. R Granade et al. 1976), RE2AF FF 9]
% &Z74(]. A Richter and A. Goldstein, 1970), phorbol ester®} cocarcino-
genicity3 A (A. D. Kinghorn, 1967), 3142 SAEZ9 &3 ZFAH(P. Vanhaecke,
1981)59 A€ 47t itk ©|F McLaughlin groupel] &3 nFAEL AEA
AEATN oA BAZEE FHseH 13 AAE ez 4857 ARt A&
Aol aAHNeH FUEAE ZA8E in vitro cell culture assayZ &3] ] 45
£ 9KB, 9PS cytotoxicity$}= ¥ ABAHAEL Hole AoZ YERTHB. N
Meyer et al, 1982). Brine shrimp assay& 44Hi & FF9 dFFEd d
Ag¥ 23 disf 1000ppm ©]3+e] FXEoA brine shrimpel] s H54& Y
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th(B. N. Meyer et al, 1982). #%t ojuzt &3|xetilA|s} s|2et0l S A Fo
#&w receptord]l W L AE(antagonism)e] FEHE o2 Ko} brine
shrimp A&7} Ha2E AAG ALY receptor® 7ML UE F49 in vivo
systeme 2 & F#£X 91& A o|t(personal communication).

o] oz HAEY ofd ST FHAELES ¥ F= AN 54
dqRE 4974 #d¥ F A2 mechanism-based bioassay®] @HE BEE 4 39l
. Aoz ALE §53dTd A AQ}A AN 5 de A&y FFHA
t $A47 9129 5A mechanism-based bioassay¥o.2 13 HAL AAE 3S
dete] o FE A4 % HEHES EF ¥ g8t e Aot
olo] ®]&] brine shrimp assay: & in vivo systemel A AW SAARE &
ez od Fgrjdes E4& YBE BF FEE 71 A

o] HMWHLE YFHURXE brine shimpd %L FIAH LALF #F
(nauplii)& 39419 Z47] & FXx(eg. 10, 100, 1000 ppm)e] Al&e] FYUstd 24
AztEe] BEARE T3 54 oot FANHE A FF9 Fx=d 10
gHe F3& AMEET o]F 3¥ wEdo AP BAE LCx(50 % lethal

concentration at which 50 % of brine shrimp die)2 Y e 9 crude extractol]A]

o

LCs”} 1000 ppm ©]3to]® f-o]Ado] leRN o2 k5Pt Brine shimpd €& 4
A FEF Qon Axd e B3 £ YEREANE FEFYL BEY F 3

on &g R3AA BFHE RIAA T 2443 Bl A Fe=
Brine shrimp assay$} 9KB, 9PS cytotoxicityZtll & & 4@ Ude=A
A

h-)

o2 Jeh} = Z (Fisher-Irwin test p=0.036 kappa=0.56) &¢&dH A9
AP oz ol88 = gl Aot} Brine shrimpd] A S L 3o JF3

oz £4% B3¢ ¥SHE F 9 AUsn 54 SU%se ¥ & 9

fr

mechanism-based bioassayE Z A Aok & Aot}



3. 2. DNA Z¢ A AHDNA cleavage assay)

DNA cleavage assay+ supercoiled covalently closed circular DNAE 7|32
AtgEte] HAEZRE FGFR EF& HAA43E g old). Supercoiled DNAW )
TN F7IFdA o= FZHT BoAX form I DNA7} form 2 WE9 o]
Z2 agarose gel electrophoresisl]l €3] £87} HEz vl$ AE7} 2L wyo)
t}. Form I (supercoiled DNA)3# form II (nicked circular DNA)E #xz}3o] 2%
W 45¥ FHS form I DNA7Z} agarose gel 4olA o we o]t

HANEE  supercoiled DNASH &7 AAAZL wjgste] ojRAE 12 %
agarose slab gellA] A7]19F 3t DNA strand®] H@q4%& ErH(Sugiyama et
al, 1985; Barr et al, 1988). o] W o2 2AH &A= epicatechin(Chrisey et al,
1988), procyanidin Bz(Chrisey et al, 1988) 283 Y& 2] 5-alk(en)yl resorcinols

o] ltH(Barr et al, 1988; Scannell et al, 1988).
3. 3. v AE HAH Antibiotic activity assay)

2HH O agar diffusion methods’t HEWE AHE wARSE ¥R
el o4t B3 of WPEL IFWY weecldl de YAEAL BA
Seu 2 lolaen 1984 H9F L 934 TRoIRE YA o
© A% 7ok

4BE FA2 A7 $4 L antibiotic acitivity)&E AT 4+ Y= A A
FPECl Uk ol PYES FAE) G AEAA ANE 2% o] 27
A% Rtk 489 RIlE Trichoderma koningiidl &8 448 TERY ¥



T A ZEHE FPEZE A=Y AMEE ol tHA. Simom et al, 1988;
R. W. Dunlop, 1989). 1/5 PDA(potato dextrose agar)oA] wWj4® F%o]9 colony
22e FHsF 7 mm diameter®] plug7t 1/56 PDAE Z§3t:= petri dish9) %%Oﬂ
AREA. T. koningii®] % 4-& ethyl acetate® F&8t3 o] 58S z2vE
aRHE £E3tq R Je £3o2 dEd o] YA 2 mgRE Halo dw
< 2 mld] 5 55 o] 89 10 @& AFHCE plugs] FHojrld] £l Fo) 2
€= laminar flow cabinetl Al AAHKA. o] dish& 20 °ColA incubation§ ¥
ol ol dishol EA3t= ¥ AH(pathogen)d] 4FEEE AGES2T AP control
d ASHOR 2, 3, 4, 59 Fo vzsdon FGgd A JAAEE 2d & A
Ud g9sA S0 Control& 110 mm®e) colony area® RBe] FUA T H2E
ANEE 32 mm’ AEE e Qo

Agar-dilution streak assayst FE&9 Tx& 1A ¥i Hu 749 g&
T2V 7AA] FAl petri disholA Al & & Q= Wio|ch o Wyg AHgsid
22 FE(KI%Z EAstE 4§ antimicrobial agents® U = Ut} A9
A @] & UEAY vWAEEER Swphylococcus aureus(the Gram
positives); Escherichia coli, Salmonella gallinarum, Klebsiella pneumonige 2
Pseudomonas aeruginosa(the Gram negatives); Mycobacterium smegmatis(the
acid fasts); Candida albicans(yeasts and fungi)& & 4 SITHL. A. Mitscher et
al, 1987). Positive control(], streptomycin sulfate)& °©]-83d AY R AFHY
4% 71538 cH(H. Jayasuriya et al, 1989).

Bioautography = &4 &8 (antibacterial activity)2 screening3l=H] ©]& 5 o]
< dzdolt. 713 E¢ WS agar diffusion methodo]tt. TLC(thin layer
chromatography) plateE test organismo] FU € agar plate®} F&AH A5y

8}3tE o] TLC plateZ%-E agar plate2 &4l®t}. Incubation period¥9)] inhibition -



zones& HFE stains® |83t FAY & Aot ol AL WAYEFHA F
AE YRE i F FFEY Y ©BE FASE Holz EAVL oV1E #
ich. ol# @ A& AAstr] $15te] Hamburger® Cordelle] &3] /49 =y
< brothe] 21+ microorganism®] suspensiong dry TLC plate(silica gel)dl] 23
243 AY(M. O. Hamburger & G. A. Cordell, 1987) &2 TLC plateE test
bacteria®] suspension®|t} fungi®] conidia® ¥ &t €719 AH FaE Aol
(B. Baumgartner et al, 1990). | %A A ¥ plateE & H7]stollA =2 Tt
incubation®'@ A€ inhibition zones& dehydrogenase activityol] ¥t 5|3} A 2
43t spraying reagent & p-iodonitrotetrazolium chlorideol]l ¢]3j4 #id = )
ot Tetrazolium salt= 4A17t A% AUd g PJaNoz vy FAEHY &
Ae Zeu e vehdes ®e Hd A ZdE + ek wrEEote] it
g% 29L& glove bagdld LAHXEE gozH 2" 5 vk azyy
Bacillus subtilis®t E. coli camptothecin, quassinoid, lignan A Q4] £38= B
AEZAY ERde NHEA w&3A Fede Aol FHHNUG. waly ol
WHES dAHY screening FHOE o] &5 Jlon I M2E FASA
2AE st Ad94A AzE WyEcl AEHAGR. L. Monaghan & J. S.
Tkacz, 1990).

3. 4. AXEA% A

o] xS FHE BoJARR A I T AFE EFol Yoy A2
NCIo| &J3fiA o] 7ide] H&stA A9 HAt). Cytotoxicitys antitumor celldl] ©j
& in vitro BAEE T3 FFAEYG GAE AYFHQ EZL = A

< ofurt}, o] H]5lo antineoplastic ¥ antitumor activity:s A G AN in



vivo activityE 2|5t FAAEG FAHEZ AYHA FHET SAFE e
A,

Antitumor 33E¢] AL 2FEFEJ UiF 2389 Pid €8 Yo ®
gt oot HA MBI/t 2FFES WESEXNE FAste Ao Fasi 43
B EA7 2 319 &3 FEFE0 B9 %X € 9 methanolo|t DMSO
g AMEE Cart Ao EREHA 4L ¢ £ EAF assayd] FA
7t He 84 AA AAH ok @rh(]. M. Cassady et al, 1990). HFAEZ2E A
©13 antitumor compounds®] W3 FHEEEC TEHYSH = HFHYE 2
EZRERE ABAERS Egsts Py dE = E2EJGM. H G
Munro et al, 1987; 1989; J. S. Mynderse et al, 1989).

o] 84xo] th{ assays® F-ES NCI/F SgAE dAsE FRAA 7))
LAk 1981A7HA] 15514 3500050 ©atE AE2RE R/2AEL 3539
o2 FF tumor celll W& in vitro ¥ in vivo BAE HXEZ} o]Fo] Hu}
(M. Hamburger et al, 1991; M. Suffness et al, 1882). B¢ bioassay’} Z32&E 2
#¥ antitumor SH{EL TAEY] 3t ALEHAOY oW AEL YR
A AR FAANEE e Sle.v)(Walker carcinosarcoma 256) &= ©E AEL 7
=7F @olAA EA7} HAthmouse L-1210 leukemia). #o): P38 murine
leukemia7t V= R AFxd oM £ NIAEE R jn vitroY in vivo B
ol oA F& AAE Bt F o] assayd] A%E A& A%y 5}5};‘1%
o olg=E 18 e YAAS VAR e 24P AFH o TE AREL
P-388 cellselX 001 ggolvt 1.0 w9l £4€ ue o) human HT-29 colon
carcinoma cells®] 7 ¢l 1879 EAEF) 117] o] 10 uze] SA4-E el
ATHN. S. Burres et al, 1989). 2ejvt & o WRE in vivo testE SN E =

& F7F9 mouse tumor’t ¥.23ti(Lewis lung carcinoma, colon 38 2 CD8fl



mammary).

9KB human nasopharynx. carcinomalt P-388 murine leukemia(9PS)E o]&
& in vitro AXSARZHZANE 2L UFE AE £ol3A e ojgd Aoy
antitumor activity 9} cytotoxicity& THEsE AL oyt B antitumor 3}3E
o] o] 2329 FAL T BHHJAT ojEF B o] =gA Age
solid tumorse] W AFAYNM EH7} e A2 FAHANUG oL A%} =
Fdes w2 e tumor cellE ©]43 Aoty FH in vivo assaysdl
W 23292 £°] Bo] B3 AlZke] Beo] ARE7] o] 4G u]AAZ o]
ot web d2 QzEA BF 7129 in vivo test system O ZHE tigs W
human tumor cell line system2.2 H}H & o] @AY FAo|tH(S.-C. Jong et al,
1989). A= NCIYl 93 Add M2 in vivo Al2€L 80 - 100/1¢ human
tumor cell lines& EFI}H(J. M. Cassady et al, 1990; M. Suffness, 1987).

FEEZE ML) A% E & AFES mechanism-based assaysS o] &
&= WHoln. Carcinogenesis® 9 Alete PES 27 st 2R B
2 bioassay systemo] NEH AL o] 5L carcinogens®] FAFA Y targeto] t
@ carcinogens®] A% A (blocking) 283 tumor RHL JASE oLl
HEo|T o]EF 9] &9 glutathione transferaseE o] &35 Wo] AFwr} =
o o] BAE EAERE AASE 71%5 € 71AY blocking agentS 23 =
b o]&¥Et. £ ©& WL Salmonella typhimurium®] ¥olE& o]&3= assay©)
TH(Ames test)(B. N. Ames et al, 1975). Al W3] dg o]&£HE= Wye ¥4
AXxHE fFtAY FEES o834 carcinogen 2 A9 WrtHAHo} =
< DNAS$} carcinogen®] Z524& FHse Aot} 2 AF o] gHE Wy
O.2%F hamster embryo A|¥EZZ wigolA benzolalpyrene®] carcinogenic

diol-epoxideZ WAIHE #HAE o] &3t= Zolt. WA AlLHE HIXE tritiated
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benzolalpyrene R FA3§ S{ETD A ulFTA 18-24 AT wigd £ o)
S4L AAY Fol = AFEL S223E, Vg ¢ B9 EFYoz 29
o E2E EEEIEFTE SLEAT 1A ANHFES xS FE9FE 27
ASRBPEES THIH. 74 Fo ESAsts FAe S FAHSA F30dd EAE
BAbs v &S AEdT ©] B && benzolalpyrened] Al Aol L3 EH/E
29 EHE Yede Fold. AHE 5F dAERE s A5
HPLC(high-pressure liquid chromatography)t} ion-pair chromatography”} o4
+ Stk 23 &E0] WAAAH EHE Ho|A tritiated benzolalpyrene X A EE
A% ¥A embryo AERIAL 24 ATFYL WFIHY o] EZHo] DNAS
benzolalpyrene®] A3tdl wlX= &3& FAsE old. FFERE MES A%
& Fo £HE DNAY WAsFd aiA ZA=D W] benzolalpyrenedt
DNAALol9] Ajto] 433 AT E 43¢ a3/ iz ey & Q. o
assaysE o| &34 ¥ 38YAAZA isoflavones? biochanin A$} genistein
21¥) 3L flavones?) apigenind} chrysine] 3127 T& isoflavoneo|l} flavone #X

AEF o] EFES vud] »Y 59 7 X9 hydroxyl group®] &4 o 73

|

AAEZFAE BATE Aol FAHUT(]. M. Cassady et al, 1990).

nAgtoz e 49 FEEES Wy 23¥4Ysr] YU antimutagen
assay’} Wallgol 9t /ML HAH(M. E. Wall et al, 1988). ©] assayts Ames
S-9 WAHEA &4 2-aminoanthracene®] WolBAHAAE ZAsE ZHolthB. N.
Ames et al, 1975). FEE0°] F&4FNA AojF Bl Bo|&AY Fde] JFE
8l histidine®] 43 %F XTI E A7t o o8 9ol mutagen §l9]
EHEE A BE o] sttt o] assays £F%F o2 3977 AE
E3}E= 200070 o139 FEEA W HEHNL 804 A A=A ALY
o] HAHUYM. E. Wall et al, 1988).

tlo



3. 5. X F(Lymphocyte)oll thdt A4 HAk

Murine splenocytet™ HAM 8] WYzd 4L FAsiey o848 4 o
(N. Weismann et al, 1985). Bestatin, arphamenines A & B, amastatins-&
tritiated thymine®] incorporationg F7FAIFth. ©]8 ¥ mitogenic activity:=
macrophage& A|A3dtAY A EE concanavalin AY} lipopolysaccharide2 A A 2] 8}
A Yehdx st s HIWYP o2 Nakamural murine splenocyte® ©|§
&t 24571A] HAE wjFde] B2 S H A SplenocyteE £ Wi
U3 F wPE w|FYo| tritiated thymine incorporationd] HFE vAE
concanavalin A, phytohaemagglutin =+ lipopolygranulocyte] &A%< v] s}
Atct. A 2= Wagnerso] QA peripheral granulocyte$} lymphocyteE o]-8-3)
HWozd $4L8 AUt (Wagner et al, 1988). Ficoll gradient centrifugation
Wl 9)#|A] heparinised peripheral bloodZ%-E] lymphocyteE 83l Ao A}
Sttt ¢ FE FXE44(10 ng-10 fg/ml) cytotoxic F& cytostatic® EJE
o] o] A¥ES TAS AU aEE T AX A3 wge olgso W
ASZAE LA, FHe=H )4 F AL Ao}

dd AGAAA o]FojA AFZA A & vj¢ FE FE(3-7 ng/mDAA
cytosine arabinoside, adriamycin, methotrexate%¢] ¥g¢ERo| WEZF7} EFHE
ety 2o B8 FHH(Sachs, 1982). gfMde] @HAA BY ot e F
=M FEE £ F o A U SHEAE 44 A2 5 A& Aol



A4 AITH

4. 1. 7]17] 2 A}k

NMR A& Varian Unity-500& ©]€3%t}. Proton NMR-& 500 MHzol| A
Z2A38929 chemical shiftE internal standard¢l TMS(tetramethylsilane)yt
CDCLE o]43l9 ZAsYrt. 2E NMR A& VarianAldlA 388 Vnmr
softwareE o] &3 on AFd| o]-4¥ pulse width, transmitter power, delay R
evolution timeE< 7] &3 ® < <483 Rotavapor: Buchi RE-1013} 121
g g3t fI1E-9 & o] &% methanold} dichloromethane2 EPSH-&
A ZEFH o] ALt} Spray reagent: anisaldehyde- H2SOgs(anisaldehyde 6 ml,
ethanol 108 ml, sulfuric acid 6 ml, glacial acetic acid 1.2 mi®] EgA)E AH&3
At

Brine shrimp assay®l AH&§ sea saltst Sigmarl AFS AME3on
brine shrimp eggs®: San Francisco Bay A} A && AM8-3tsict.

DNA cleavage assay°] A€ Al¢f % ASZE supercoiled DNA: $x174
RFI DNA(Biolabs), buffer: Tris-acetate-EDTA  buffer(Sigma), ethidium
bromide(Nacalai tesque), agarose(Sigma), DMSO(dimethylsulfoxide)(Sigma),
bleomycin Sulfaté(Sigma), Polaroid film: ISO 3000/36, 667(Polaroid)S Al-&3l% <
o]  7]7]¥  incubator(Vision Scientific, VS-1203 P3), electrophorisis
kit(Sanplatech), power supply(Vision Scientific, KMC-101), UV lamp(Spectroline,
ENF-240c), UV DNA photographic system(Seolin Scientific)& AH8-35tt. &%
Qtell AR A F3AHH oI

Antimicrobial and antifungal assaysel] A}&-¥ #8jX]& Nutrient(peptone from



meat 5.0 g, meat extract 3.0 g, pH 7.0), YM(yeast extract 3.0 g, malt extract
3.0 g, peptone from meat 50 g, glucose 10.0 g, pH 7.0) ¥ Tryptic soylpeptone
from casein(BBL) 15.0 g, peptone from soymeal(BBL), sodium chloride 50 g, pH
7318 AH&EH.

AZTELAYP AHET AEE @3 AEF 28944 E4ES Human
adenocarcinoma$! DLD-1¢} Mouse Lympoid neoplasm$! P388D1S AF&3th. At
439 "X JHE Gibco AFE, FAALY 3-(4,5-dimethylthiazol-2-yl-2,5-
dipheny! tetrazolium bromide(MTT)+ Sigma A ¥F$&, culture flask® FalconA|F,
96 well plate® NuncHE& AMg3lg e, Al EwE7]E RevcoAte] CO: incubator

E A}23519} A ¥ES 248 HemacytometerS AHE3H% T

4. 2. Polychaetes®] A3 % #7182 F&

Polychaete worm Perinereis aibuhitensiss QA (P94-1), A A (P94-4),
AR FAHPU-5)0X Z 74, 94, 1094 5, 3, Skg¥ AF3%12% Marphysa
sanguinea® ¥ BA(P94-2), A AA(PI-3)NA 27 3, 4 kg& AFsAT.

YERAFA AF PYM4-1, PI4-2, PY4-3, P94-4, PHU-5& 7% 15, 15 05
05, 05 kg& YA Fo| 2 ZZo] methanol 713t A4 8A7 WA
g Fd 2 g9e AqFsges o HAFL T BEFJG. FEEUE
dichloromethane2 ¥ Fo & Z& A4 & WESHA {7182 & FEHUS. 7
Ao it o]FA FE8 £d& EF ¥3 n-buthanol® EF 22 partition
e ZFg I &WlE AA"R FA FAS AT BFH EFA
P94-1, P94-2, P94-3, P94-4, P94-57} 67.06, 135.30, 17.90, 31.83, 22.96 g ¥t A
2.7 n-BuOHZ A& 2408, 36.26, 11.27, 223, 7.35 gol &% dolAtt. o] 2F&
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B354 t§ biological activity test& 2A AT

n-ButhanolZol A ojd AFEF] Py4-19] A|8F 4¥(121 g)¥ silica
vacuum flash chromatography& ©]£3te] 2 s1¢] £8o2 UFrAr && 8=
1009 Aol A A|Zate] odolMElo]ES] %& 5% 4 FIHAA 70% HP/E
oA o) EAA AHSERen F7HHoE 100% clEotAHE, otHE, dEEd
Aestsdch. AHEE 82899 ¥uE £3vin 50 miY elNed Z £3A
Aol e tgd gk fx-1(100% hexane, 003 g), fx-2(5% EtOAc/hexane, 0.9
g), £x-3(10% EtOAc/hexane, 3.89 g), fx-4(15% EtOAc/hexane, 1.14 g), fx-5(20%
EtOAc/hexane, 0.72 g), fx-6(25% EtOAc/hexane, 026 @, x-7(30%
EtOAc/hexane, 019 g), fx-8(35% EtOAc/hexane, 016 g), fx-9(40%
EtOAc/hexane, 0.11 g), fx-10(45% EtOAc/hexane, 0.1 g), fx-11(50%
EtOAc/hexane, 011 g), fx-12(60% EtOAc/hexane, 0.06 g), x-13(70%
EtOAc/hexane, 0.02 g), fx-14(100% EtOAc, 0.03 g), fx-15(100% acetone, 0.13g),
fx-16(100% MeOH, 2.82 g). |

2z dojd AFZY U%B0 g& YolA Sephadex LH 20 gel
permeation chromatography2 ¥ & A=3}UT £&8v]E= 10% aqueous
methanol® 2z} 28vlt 100 ml 4 AHgsRen REAE ¥ OiF Zh
£x-1(0.01 g), £x-2(0.02 g), fx-3(0.120 g), fx-4(1.16 g), fx-5(1.27 g), fx-6(0.387
g), £x-7(0.320 g), fx-8(0.232 g), fx-9(0.07 g), fx-10(0.04 g).



4. 3. Y= =4

4, 3. 1. % XAl& P A}Brine shrimp assay)

1. Brine shrimp (Artemia salina)®] ¢ 238 (30 g/¢, B9 %= U
22 CT~26 CE& #A, 2% yeast extracts F7H°] ¥t
*A 2 & Sigmarle sea salts® AHE, B& 23 ol FHFE AHE @O
2. &8 P chamber:s Hol2 B3t gho] ofR Lo F2E WS
2313 brine shrimp® #%° ¥ & YA=F I dE ¥
compartment® T2 Wi UXF FdA 4L8A WX A Fid

brine shrimp®] $3<& Y AN weZFoz Rojj At

W

eggs nauplii

=

3. QAN B E FH|ji
7} Test@d x4 W 10~30 gg &v8H.
W}) 288 AEE 10 mg/mé ¢ H| &2 A|87} & 3= solventdl] £3jA7)

_m_



()& E° MeOH extractst MeOHZ, CHCl; extracts= CHCLEZ
S A17).

4. & A8 N test sample FEo] we 34 FEL F2NA Nz gas
€ E°] solvent& €3l vacuum 8tolA oAl ¥ 4A3HA solventE A
A, |
(test sample 3= AE7F 30 mg € AF oA 3 ml9 solventd] &
AR F 72 1000 ppme 500 s, 100 ppm 50 x4, 10 ppme 5 ul 4
< ¥ed)

5. £H]E 7} test sample vialol 5 me] AFEE Y §HA . & L35
A &€ 9ot sonicator& 1~287F AHE-&AY DMSOE 5 % °lui9
FEAAM H7bet] g At

6. control sampleg 37} &#®| ¥t} (control& vialdl £FET W2R).

7. o9 EE vialdl #31E A$E 107124 B F 2447 Fo Holgle
A & Ao,

8. Finney programo] 9] LDsogtS AN 2FFE ZA$dE LDw7t

1000 ppm ©]3tojd feAde] Rz 7HF{,
4. 3. 2. DNA A4 HAHDNA cleavage assay)

1. Supercoild DNA(®x174 RFI DNA)E Tris-acetate-EDTA buffer(1x)e]
o o 1500ng/50 we] F=7F HXEE A 27 test tubed] Ho| ¥F
el R

(Tris-acetate-EDTA buffer(1x)< stock solution(10x)E 3|4 A|H A}&

&)



2. ZAA 983 DNAE 1WA F$u|§ DNA &9 buffer 20 pl (6x)E
Wt

3. GolA FH|¥ DNASY 5 wst FAL Al 5 p(FA A8Y BEE T4
11000 pg/mé X5 AFRgehHE EFE
(FAAANEE 1 ;& FYstY 1 9 solventd] 32Uch. ojd Alg3=
solvent= A&7} Aol l&wolE buffer(lx)e] Fola AFAo] Y&
o= 10 % DMSO ° 3<i4.)

4. £ £9¢< incubatoroll A 37Co|A 5-6 Azt ¥kE-AIRG

5. Ethidium bromide(l1 %)& %% 0.7 % agarose gel¥ FHIRT,
(0.7 % agarose gel 0.14 go| agarose £&< 20 mé9] buffer(1x)el] go]
100 €9 B EdA FHoz 443 $HAUF 60 T2 ovendlA 3-5
£71% 43192 ethidium bromideE& 10 pt 2ol &v})

6. 4 ¥ agarose £9¢ moldd] LA Ho] PEAE 2Rt} |

7. ¥t EF Y& agarose geldl loading ¥ ¥ Tris-acetate-EDTA bufferdi]
A1 1 A7 F<F (100V, 60mA) A7) 9%t

8. #7] 9% F agarose plates UV 365mmoll 4] #&3}3L polaroid filmo.2
71 &%,

9. Positive control® 4] bleomycing A}&§tr}.

10. 2 & glassware % £7]% AlS-Ad autoclaveZ FTF o).
4. 3. 3. &AM E HAHAntibiotic activity assay)

1. Activity test® T FE(Escherichia coli, Bacillus subtilis, Staphylococcus
aureus, Candida albicans)€ YA vjAlol] FF e 242 % F¢ 5 °C A



Fuj g7 oA v gt

2. vlg] Fuj8 ayu|xo] FAFE HWEE /A JAA A 7]& dFE
=g

3. Paper disc& TFES =% 1¥uA Yo &8 w=o-

4. Test sampleE& Y%L #-7]8vlo] = 100 4t eppendorf pippet>-2 43|
o) @A 25 wA paper discol EFUTH.

5.25°C %710 A 247 vl F@e

6. LGl o] ELF FFo| HFAA] zones] PAE BWE3 L, zoneo] FA
d AXE AE A S8

4. 3. 4. AESAS A

&% Al&% PBS(phosphate buffered saline)ol n-BuOH3 Al8& #&-&d
o 5 FEZ A WSS AR oH 33 FAH 104 SYAA AT AE
EX4%9 %4& Carmichaels®] MTT(methyl tetrazolium bromide) &3%¥& +
Aste] Agatglh A8 X B4 E 3R] Astd 9%6 well plated]
7)ol =23 P383D1 cell@ x 10° cells/ml)3 DLD-1(4 x 10* cells/ml)& 100 pt4
HEsn 23EE A8E 47 108 9% ANse] 10 £y HFSHAL 2FFE
NEE 27 108 4% HAe] 100 w¥ WEFH HZF volumeo] 200 pt7t HA
& F 37 ColA 5% CO: X9 F27)9) 5¢ 2t viFsAct. wigo] 3 Fi
Z25%56) 39 MTTEY(L1 mg/mD)E 50 pq 7] welldl ¥o F1 U4A
Hukg 4A7F B¢ 37 °CY CO; &27]d o WFANAG. 2 F F54E Wz
150 p£¢] dimethyl sulfoxide® ¥ 3 5% $¢ &E°] formazon crystal& & 83
A7 H 2HREE #EHA AXFY5E BEHAT
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AEejgg AsiA AP AH4E A XY DLD-1, P388D1 10% FBS(Fetal
Bovine Serum)$} kanamycin 20 pg/mlo] €] & RPMI 1640 ¥ ¥ q-& AL8-314
25 cm’ flaskol ¥o 37 °C, 5% COz’t #A = F&7)d WFsisict. AEEY%
5742 P388DLE 719 AEE 1500 rpme2 58 F¢ 4A4ES A, PBS(-)
2 14 A Fo H2e HIFdd 2 x 10° cel/mlZ BHAA Ao
DLD-19] AL+ W7l  monolayer& °¢|FEE  wYA Y7 0.25%
trypsin-EDTA solution®.2 M EE EFA7]1 1500 pmoZ 5859 PAAZ

% RPMI 1640 wjAZ 19 AL Fof 4 x 10° cell/mlZ H-§AAH A5t

4. 3. 5. 9= (Lymphocyte)ol] Wig 4 =A}

Mouse®] spleen®ll 4l lymphocyte® F&3to B9 HAA X g AXE
q FEE ZAEIY. Moused] HlE E® ¥ spleen2 AFH 39 PBSS §7
hand homogenizer2 HEYA Zo}A gauseZ A2t} 2000 rpm, 4%, 4-10 °C =
AdA AAEY den HF JHMESL RPMI-1640 £& D-MEM HiA| 2 34
kel 2-5 x 10° cell/ml 557} I =2 st Ao A3tk 96-well microplate
of RA A& 10 u¥ ¥& & lymphocyte Y-S 100 w4 2o 37 °ColA
2N 7F B¢t HheAI F MTTE 50 A A7tste 447 o s ARY. 94 o

2702 WAHAF 630-A TAY methanol FE 4L, SAYRT L

tjo
Ik
2
R
g

o] FAh AFAE AAF F 150 we) DMSOZMH formazone
4 ODE A3t



4. 3. 6. Haemolytic activity assay

€29 HET &lx=E FH3Y] AMA mouseZFEH YL AHs o
96-well microplateol] 4} W-8-AZ Tl Moused] & Fatx YL A& th& PBS
2 33 At 2000 rpmol A 4% F¢ AR HF JAELS ¥ 50%
erythrocyte7t €tk 96-well microplated] 2t test welll WA A2E 20 m4 ¥
< B& PBSE 3Y% 1% erythrocyte BHYE 200 A Feoh. ¢4 dxFe
2 WA # 630-A T 9 methanol FEHE AHEdHor &4 YRT L2 PBSE
AHEE T 30 °CAlA 1A1ZE Bt BHEAR £ St BFA AR $¥FAHL U
BUE A7 §eH e F9% AHrt Ha, $3848L YehA 9= 3¢
de AET7t welld] wiete] Ao} BFEHsA Rt Microplate readerl] Al
£ 490 nmolA ODE 433t



AsS5%F 28

5.1. 2% R E9

5.1. 1. TLC £4

Zt ABEL f718E o8N FEF Fo o] FFEEES n-butanold E
292 YF3 n-butanolFoA Ao JHFEELS TLC platedoll A EHHUG
€5 8&vl= n-hexaned} ethyl ether®] & (viv=50:50) R 1002 ethyl ether& A}
438t t. TLC plate§ spraying agenti= anisaldehyde-sulfuric acid £ <& A&
dRon dol FHA YEIIGE spotsE BT RE FEEO| A8 A F
ol 1= spotsE YERO] HAEC] ESAY 7FeAel € A& B FU. 53
2% A5 PM4-2 ¥ -3 n-hexane® ethyl ether(viv=50:50)8] &{4& 854
W2 AMEPE W Rf 03904 wf¢ T spotg YEF o] Kol AAEY EA
7bed€ Yebd.

AEWE PHM-19 #7] FEEE n-butanoldt EFFo2 Hulg Fo
n-butanolo| A dojW AFES UXE silica vaccum flash chromtographydl] 2] 3}
o BF 18749 £¥o2 YA §ELWE 100% HAA AR o dolA
HolES && 5% H FIHAA 70% HA/EotAEo|ERA AgstHoen F7}
Hoz 100% olLotAElolE, oA E, Wg &S ARSI o] £YE AA A =
FZEET Y% &89 E AHE39 TLC plate £4E& A=3 3 ch(Fig. 5-1~
-2).

o] £8Eo| TLC platedo] ] @17 spotsE F AW B #1-971X)9 £3

< FE2 AL diHE29 2HEo=E AL e Ao2 AT, #10-16
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* @
ﬂ‘“ é

T X R

100% Ether Hex : Ether=1:1

Fig.5-1. Results of silica thin layer chromatographic analysis of the organic
extracts from the polychaetes, which were developed under a 11 mixture
of n-hexane and ethyl ether, and 100% ethyl ether, respectively. Numbers
1-5 denote sample p9%4-1, p94-2, p94-3, p94-4, and p94-5.



i,

Hex 5% 10% 15% 20% 25% 309 35% 40% 45% 50% 60% 70% 100% Accto MeOH

Hex : Ether = 1 : 1

.40y,

40% 45% 50% 60% 70% 100% Accto MeOH

10026 Ether

Fig.5-2. Results of silica thin layer chromatographic analysis of the fractions
separated by flash vacuum silica chromatography, which were developed
under a 1:1 mixture of n-hexane and ethyl ether, and 100% ethyl
ether, respectively. Percentage ratio means volume of ethyl acetate to
-hexane.
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o+ Rf 029 0.1(&&4vl: 100% ethyl ether)dlA] Eo]3 spotse]

(o]
o
Bl Aoz Bol Fu] gl 23 YAIEAY stsAo]l E Ao B
5 1.2 8A7 29 AdEy B4

d AGdlM AR AN GolY FEEE n-BuOHH EF 22 partitioning ¥
Fo &¥lE AAS}T FE& ZHFES 500 MHz proton NMRE #4319 thH(Fig.
5-3~-12). RA n-BuOHZ A @I FEE9 % 2¥EHL & 4§ nd
54, 28, 14, 09 ppmel UYEUE Fo|AEL Rol uFe X R Ex g A
ol BFo® IFH A& & 4 Utk 22Y 3-4 ppm, 7-8 ppm AlojE F A
¥ BE EE AR AT 2EEI e Aol oy tE tAERE] £¥
Hel A& 7HeAdE §9¥ + Ao

E3A dojd F&E9 proton NMR 29 EHL Fig. 5-8~-12914 R
J AAY 6-9 ppm Atole] F3F ¥ojAEE R Fi Uch. Proton NMR
spectrumoll 4] o] X QL WHFF Z L& o]FAF HAZPHE A5E dgozA
AEd AAEY A 7HedS €984 AN F1 Ao

flA AFFT A8WE P-19] n-butanolZol W@ silica vacuum flash
chromatography AAl d3 dojd 18749 £3 F£¢ NMR spectrum £#4L A&
st ch(Fig. 5-13~-28). & ¥ 39 proton NMR 29 EH L AT d3} 100% 3
A3 5% R 10 % dLotAH O E/AS YL x5 @ B¥S AWAE dF ¢
#3ta Y Aoz qARSY 15-30 % Lol HE/AY £ Ads &
Hzol=9 EFEZ AAHE do]aEL B FUT. 30% Aol Ad o5/t
AMEE 100% cldotAEHolEd AA 2 EIJEL EF 3-5 ppm Ald)
proton AZEE B F0o0 LYo Bt E 05-0.7 ppm 22 3L 6-7 ppmel A
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T vojayt vy ofd Eo|d A2 HAJES EA sFsAdE AAH FAU

P94-1¢] %] ¥ Sephadex LH 20 chromatography @3 ejzl 10744}
2o QiME sRA/IA2 $£4 NMR 2¥9EY £40] A=HUT. o] £3=9
NMR 2¥EYS 2 4y 23 g2 2YE74+ 29 6, 7, 8 £39 66 - 89
ppm %4 9o 5o|& peakEol YEIY A2 & 23 dALERA ] EAF 7HeEe] B
th(Fig. 54-29 ~ -38).

5. 1.3 AYBA= 53

Z%%£E< £33 n-butanolF o2 Ui Fo] Ao 1079 AgE 3
A 4y 7kA APEHEE FAHAAS. FAE 2 FIAE AHUE 3T
bacteria(Escherichia coli, Bacillus subtilis, Staphylococcus aureus)% 1%9]
pathogenic fungi(Candida albicans)ol W4l disk diffusion methodE °]83t9 &
A= 9 00 brine shrimp lethality Hl2E9} DNA cleavage assay(Fig. 5-40)7} 9
Al ANHA[JY. A ¢ FHEHGE o] ARE] ol AHBYEY WA A &
77 5& YERIH.

E o] A|gEd) tisiA P3883 DLD-1 cell line ® lymphocyted] & AlE
4% ZAAS haemolytic activity AAHE QA8 n-BuOH FolA 2o A
2 E& Table 5-1914 B3 RAAY P3887 DLD-14] tfsiA] ofzte] AHEE B
91th. Lymphocyted] thd MES4% 3} haemolytic activity A2 %= n-BuOH
Z Agd gHME 2% ZHYEE R Jdder 2 FAME PM-59
n-BuOH% A&7 43¢ EH4EE Rd FUdh E394 @A AREL A9
SAEE YEA] ¥gton] PHM-30A dold Algwto] Fe] BHEE BA F
At



1. DNA control 108

2. DNA 5 gf + bleomycin (1000 ppm, 5¢£)

3. " + P94-1-water (1000 ppm, 5x¢)
” + P94-1-BuOH (1000 ppm, 544)
" + P94-2-water (1000 ppm, 548)
g + P94-2-BuOH (1000 ppm, 5gxt)
" + P94-3-water (1000 ppm, 5x8)
" + P94-3-BuOH (1000 ppm, 5u¢)

© N O A~

condition : 0.7% agarose gel
60 mA, 100 V
incubation time : 6 hrs.
temperature : 36.4C
gel running time @ 1 hrs.

12345 67 8

Fig. 5-39. DNA cleavage assay on crude extracts of polychaete worms.
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1. DNA 104
2. DNA 5 g + bleomycin (1000 ppm, 5¢¢)

3. " + P94-4-water (1000 ppm, 54£)
4 + P94-4-BuOH (1000 ppm, 54t)
5 + P94-5-water (1000 ppm, 54£)
6. " + P94-5-BuOH (1000 ppm, 54¢)

condition : 0.7% agarose gel
60 mA, 100 V
incubation time : 6 hrs.
temperature @ 36.4TC

gel running time : 1 hrs.

1 234656

Fig. 5-39. continued.
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52 E 9

£ d7€ AS7A JLE 477 ATHA ¥ AEsdME ZEE 4
ZHEE 7IHAEZE E¥ 7154 BE] AE 4FY 4344 44
€ H3 Qo BEA vamy AlgfRo] fojste] YV AEHo] EAY B¢
B9 diFAo] e A AAHolE AFUYBEER HAsALn TLC,
proton NMR 223 7123 AABAHETE o83 A AN Fn
At FAES £ 714 S E48AT. AdA AFE TLCS 2 HAY|
W Holet £4283d st BE YEC AL FUHA ESAd= AWAH 2H
2oleddx Fv] e 23 WAEZRC] EAY JHeAHE B B9 Fu 3l
. £ 7NN Uehd uie go] a4 AX Yol 2EEEY U 72HA A
AEAE FHARE FTHLE o] AREY AEEA) AY ¢S Ye Fu
At ol AL WL Ao Mg Fgoly FFYF ATV A EASA & & A
BRos 238 A94ds Sojde] anA AAUAA S0 F Azg Aged
Edol EAT 714 e AR F3u ddx TE 4 Ao @ekA HPLCY o2
A kA E£7IHE A8 €4 S 29T Fo 48 /X & AW
AYUBAHEE A9 2 7MeAd S B33 Rolof & ol

FEHOE £ d7c A AANZolAME F7 e ADE] A o
AL AF7A 77t AFHAA &2 AEEAME 2 AFAHULHYEHS F
2% 7154l Y& U £ 28ER goz oY HEEIE £ E7
E43HY @78 A=sd AE8AY 72EAT AYEAE 54 2% ofdg A&
29 QFAATG APzt A ol2e F FEF, AAA FW4) A BF &5
AAEE AT Aoz AgEr
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