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Summary

I.Title

Development of screening System for Bioactive Substances from Marine

Microorganisms
I11. Objectives and significance

This study is initiated in the hope of finding many new antiviral and

anticancer compounds from marine microorganisms.

Recently inciding of cancer like AIDS and viral diseases has been
incresing, However non-toxic drugs for treating the above diseases
are still not available. During last decades many leading countries
have put great efforts and have found numerous biologically active and
structually unique compounds from marine resouces. Despite its
relatively short history, structures of over 3,000 novel secondary
metabolites have been determined, and ca 70 compounds from these
natural . products showed anticancer and/or antiviral activity. Some
lead compounds are expected to appear in the market in near future.
Base upon the analysis of current activities in foreign countries and
upon the expectation of future trends, research for development of
novel Eompounds from marine organisms should be started immediately by

domestic scientists.



I11. Contents and Scope

The first year of the project was performed with the scope and area

of the study as below.

1. Isolation and preservation of marine microorganisms from various

marine samples.

2. Isolation of coumpounds appearing antiviral and anticancer activity

3. Estabishment of database of reported marine natural products and
installation of instruments for isolation and structural analysis of

biologicaly actie compounds,

IV. Results and Suggestions

1. Over 3,000 strains of maine bacteria and 2,000 strains of
actinomycete including marine actinomycete and Antarctic actinomycete
isolated from sea water, sea sediment, marine animals and Antarctic
samples were collected and stalked with 20% glycerol solution at
-80°C. Crude extracts were prepared from 1,000 strains of marine
bacteria extracted with Folch soiution, Ca 1,000 strains of marine
actinomycete were cultivated and the mycelia were extracted with

methanol and broth was separated as ethylacetate phase and waterphase,

2. Antiviral and anticancer assay systems were established. Reverse

transcriptase inhibitor assay test and human simplex virus inhibitor



assay test were selected as antiviral assay system, Cytotoxicity
measument method and Topoisomerase I inhibitor assay were installed as
antitumor screeing system. Marine actinomycetes strain A1318 showed
cytotoxic activity against colon and leukemia cell line, and inhibited
Topo 1I. Some microorganisms producing extra polysaccharide were
isolated and one strain produced sulphated polysaccharide showing

antitumor activity against Sarcoma cell line.

3, Two HPLC (one analytical and one preparative) with various detector
systems and 500 MHz FT-NMR with probes and softwares were installgd.
This would be very helpful to isolate bioactive fractions and to
identify novel structures. To isolate active compounds appearing
anticancer activity, fermentation broth from strain Al1318 was

fractionated and its antitumor activities were investigated,

4, Database of marine bioactive substances were made on the basis of
biological classifications and bioactivities. Based upon frequency of
isolation, structural uniqueness and bioactivity including antiviral
activity, represantative metabolite from marine microorganisms were
selected and analyzed for isolation methods, structural
characteristics, bioactivities, and biosynthesis. This would be

essential for identification of new biocactive compounds,

In conclusion, the first year of the project established foundations
for effective screening system ircluding collection of marine
microorganisms, antiviral and aniicancer assay systems, and
installation of equipments and databsse essential for identification

of novel compounds.
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A1 4 E

2| Aol EAftts BEF 80% o]do] Yol MABla i} 2F7tA] A
B3 AU T2 S A EAZEe FES YL E 1Y
gich SRSl e AW EHE UASIL st g st
3 il 3udol e JAME #3 dlen A $£AAZ U] o] FolA
sgich 2 A3 MEE EEEE VIR EAS AP A2 d ofEd
Aghct,  olof AT Fold& olu] ©MTidE SAABENATL ohd jetol
U S8 gEiA Yol HE AT thyel oAl YUY A2E Bl &
& &3 478 A3Fch(3, 1992: Attaway, 1989; Boerresen, 1990). B <
POl FFBI AAFY AFAL F2 % AFALR 19899 71
SR EN BF 2,500 <5 A+ IS UAHALH o] F
57 E5ol &Y A 3d d 1990¥=E FEHE= 4R HPLE
25E UARHE ANYLEL <27 29E ARzl 73] “uicke o
o] FHEY B3’ ela FHY 4 A HAArh AHEE vIRI 3
ZFu HYEEolAM ©E FF deldERol doixlx slery I
£ "ol Fapgoleishe AIDSAEA 2] AYPrtsdE Holx gt &
o] u]BEHYATLA Okani BprtE $AANE Y2 WY nBEE 2B
of ANNELEAS HAYcl. & SaganmiTlol|A Streptomyces griseus

& 223l n|PERHE Borong FAUY4AE 3 9l ionophore A
aplasmomycing ‘YAYCt (Okami, 1986). E¥ M2 Fo G PHFF
Ql Streptomyces tenjimariensis & Ee|8lgi o] FFEHY MEF
aminoglycoside B}3AQl istamycing 'dAYcl. n0lF ScrippsdF49
Fenical2 Alteromonas sp.2] tiA}:FE<] isatin(2,3-indolinedione)& i
Astded o] EXL Aol ¥ AR embriod] HHL Ax|RTia Y
| A tH(Turnes, 1989). || #Ql  Flarobacteriuw uliginosum oA



marinactano| gl TiEf7t Eelsded oW ¥ vt oplgl
HAMNAE FHANUctn ¢ HAcHOkani, 1986). Imada(1985) 1§
Alteromonas sp. oA ©rA &L A 3|AQ marinostatini} monastating ‘Y
A3tdedl monastatin®  glycoporotein®] WFOoR o¥E& {KUsl:
Aeromonas hydophila®} Vibrio angu:llarum®] proteaseo]] ti¥lt A 3|z}-go|
$4-3fclar g Al

o]’32] eofjet ol FoME Y FFEFE 2L geBEEE ©
Azrgdo] iyt Hl3te] S At WYY E AUE o] &Y UEA
&2 AL AR Aeolrt. ety ¢ WS HE} Ute R
F4o] Holgle] Aabgo] & BEFe]l Bt NPPEL AMUrbsH
< 2R3 won FEApdo] B&Y 22 UAoM & wf sjgAd
de FAY 27 SPAEFTURIE UAIZME ZIIUAER
ARl 23] zlolgo]l UAPSL A HAY P4 2d, P53 F2l
U AFBARY Yo F2 FAF Fderhd AWVF tidol BRI =
dY 4 gl Atz "ch

Hlolgl2o) 2§t AL ool AEPes 2HY 4 vk WL
F2 Yailo] 2% HALHOR ofe 7iA] HlolglA Aol ciyt wWilo]
wxle] o3 e g Bolstrh. 2L} killed virus: BE HYI|3L
o] ZAR|UYa dgrte] JHe¥ 4 UtH= ©Ae] glor rhinovirusel o)
Yol thABIALL influenzavirusgl o] Ao Holrl EjF A= A
|30l R3jri. HIZole BY T vlolgA Yol ¥ gaHo] #FF
9] &¥x ®BadEch  ®xl XZAZA  tromantadine (Virus-Merz),
lysozyme  (Murazyme), moroxydine(Assur, Virustat ), protamide,
isoprinosine®-?] AEECl YF F7tol TFX AU MAHo= FAH
X847} B712] glew} 3F7] Y, herpesvirus®} retrovirus Aol cj



¥ GEY ¥olr}l.  Idoxuridine, Trifluridine, Vidarabine, Acyclovir$
¢] ¢}Fo] human herpes virusof tisled XEAZ Rol3 AIDSE HUsl:=
Human immunodeficiency viruso ti¥} «}F 2= Retrovir, Dideoxyinosine
So] 2ou} olF SHEEE AUY HTo} BY] HEAY E2Aen 4uF
zo] FUSLE st A2 okBe Yol 27Vt ol AA)
¢l= papillomavirus, adenovirus, Z!4g virus, epstein-barr virus,

rhinovirus, rotaviruss2] X84 sz A)Z3)c}.

Virusol 713t <ol R-&% W& screeningdh=dl: ulojgia HF-H9
life-cycleof glojA oH TIAE ol o2 Aghshe ob&o] ulgtz|sicl
AIDS2] Q! nlo]@ AQ] HIVE Retroviruso] &3h=tj o] DNAE 2 A=
Blo] HA|5h= RNA virusZ o]¥ retrovirus®] F2lof WA JMAH A
(reverse transcriptase:RT)2] &x§7} 1970dcjo R uFgon uwe
retrovirus®] GAUAIELFL dHo] /KA1 AT ¢ Art Retrovirus
o] F4& A= WS o8 AV 23E & U 7R B
GAE JAAELE A, & ulojgAe] RNAZL DNAE BAEEAE
W2 RI|TGAZE TFREHI k. weld JAANELE YRR A
b= EAL P48 Pulolaiay HUEER U= EY AIDSO] ofyd
e PAZE AHEH & 9l& Zojrh

el 7to] Al 2t 3= human herpesvirus(HHV):= 77}x]7} &a3l& Q51 clo¥gt
A& RUch(e],1992). olA7IA] FUH A TAel Pzl U] JQdo]
E| 2 o= IJE F Idoxuridine (Stoxil, IdUrd)})2} trifluridine
(Viroptic, TFT-Ophtiol,TFT)-2 & t} DNAE-A|¢} AA}(transcription)& A
3515 herpes keratitis ZXAARAHZE o|fEF|=d TFTY X yol ¢ &1,
54 T3t Ar}. Bromovinyldeoxyuridine(BVDU)2 HSV-12} VZVe] AJBA &
A il1°ﬂ 713 Y H}ESS hE HE$2 acyclovir(ACV)HCL &

—17--



3, BAHL Idurdu} TFTOl ul2] uirh  AMgo® AuUe  Acyclovir
(Zovirax, Aciclovir, ACV)Ql ACV(9-(2-hydroxyethoxymethyl )guanine)+<
kefétis, encephalitis, primary genital herpes, nepnatal herpes,
prophylaxis, zoster T3 & o8 7}A] herpes Agof it 7}3F Holdd
AgA 2 o|&E I gt}  GCV(9-(1, 3-dihydroxy-2-ropoxymethyl )guanine,
2'-nor-2'-deoxyguanosine)= ACV&} Zdo] HSV-1,28} vzvel TKoll £]3)
GCV-monophosphate’} ¥|® ACVRT} in vitro, in vivol-gol 7}3ict.

Sulfated polysaccharide+= 2}Z2] -dsof thsfr] Befs, o3 H¥r 4
A Aoyt AEgely Fofolld FHUD Qlrl. F3I], dextran sulfate,
pentosan polysulfate, fucaidan, carrageenan, heparin} Z-& sulfated
polysaccharides= herpes simplex virus, human cytomegalovirus,
vesicular stomatis virus, sindbis virus, human immunodeficiency virus
type I(HIV-1)2] replication®& in vitroolA] ZI8lA A 33l gl A"
423]* sulfated polysaccharideZl DNA, RNA viruse] cth§}t growth
inhibitor®# F&wt1 glt} (Baba et al.,1988a,b). HA7Ix] n|YER
HE AJAlx]lE= sulfated polysaccharidee] Tt Q3= 23] Ao
Clostridium welchii?} *34V8R=  dermatan sulfate-like polymer
(Nakoshima et al,, 1988), Halobacterium spp. 2] cell envelopeo] &3}
sulfated polymer(Darby et al. 197%), Halococcus spp. 2] major cell wall
component?! heteroglycan (Koncewica, 1972) Ho] «48]# ¢l& Rolr}, u}
2hd o] BEZFE dolx|= sulfated polysaccharide?] ¥}¥t3, JEut3
HAL of f8Y Aoz Pydc.

Retrovirus\} herpes simplex viruso] tigl X842+ $lo] dF§ S22

o] Hztgo]l MR HAUs % E-Y sgoe] &FEF =G n]Z Sea
Pharm oM 3| Po]BEL] thAHE3EIE thAt & HSV 1, A59(coronavirus),



PR 8(influenza virus type A)5& ulojgj2o] iRt Aej®do] e B
Ertolyel 3F¢F, ¥ugE, AYAA FHELS @3t et ul=Yy
Natinal Cancer Institute(NCI)eflA& 1959 €] 1985 7tx] HAES i
dog HUNERS wMsided sUFe UAFEHE didemnin-B,
bryostatino] 2tz UARHEAM AlEo|i}, EYWdAET NYPESTH
MERE HAY 7hsdol gria A2tte 19869 B S e
AE4EY Y4AYE Heln drh. mely SN E Y dES
oz FulojsjAFAE YA AlRsjof ¥rl

DNA topoisomerase(topo)t AlX DNATHA} A Zo| 203 JUg @sin
e HA2TA ZF BEo] 2golA topeols F7HA] ¥ topo I, 117} &)
el I8 wgAEA, 182 23RN I ¥4 7Ixa otk
Topo 1,118] #ulzg DNASH A%, DNZFE AW, DN 7he B3 DA
AAYY 4TAE FgEe] 9or topo: DNAY conformation FH-E
topology?] H¥E FE¥ci Aysolx|a ok wx) ZeEy YoUM=
3" 9l= epocide, anthracycline, adremycin 5-& topo § Ao =
N A G vehdcia RaEdch  olode AzE AVIE A A2
topod AsH= EAE e ©@o] 2t UdolAM sy, AW Fol olrt
(D’Arpa and Liu,1989). ®x] el AMEEa od& i ¥dAe
topo 11& Ao 2H 1 B4 & vehdch A topo 1& AULEH
tu g UehlE A& Camptothecine(CAM) ¥t FF7} RaEe] glr}
(Dalica and Franco,1988). Z8jLu} CAMZ H7do] Z3iA AAl didel o]
e g2 2agg Bitstn 9ol dzxl o fEA7 Ay Folvh. meld
topo & targetZ3te] UUAE YA Hrid Ao YU UA
stAE HEo] &ria 44Xt
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A HgudEol] oY g2l EF R BE AA A B systend
WYsta ofge AEUE ZAY 4 Q& data base systemE LFH3I}1A}
slejct.
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2.1, d3uL

¢, MPAAE, NAFEAE, EFAE FolM 228 AFd sy
de, FAPAIE Y PUFL el Rzt oy FF& g3t
o Z3&E A2YPHE Hyucrh  BeY AYPUYH2ERE reverse
transcriptase®} topoisomerase I | 3|Ajofl ci¥t ZAMA A2} DLD-1(human
colon)8} p388D1 AEE cjde2d  HFIIYEFT BAYHES Hyych
Herpes simplex virus (HSV-1, HSV-2)ofl ti¥lt ElMajA e} Ae|HA S LE}
Wi sulfated polysaccharide SIPUE 3% olaltt ofel ey
4 AN S B3l BB ERS A nBES ¥t 19
FREAE 95t gL gE el BASL 2 §4& ARl AE
Ao oARE ZARIIHS ARTAL Tl FEY FF, B F24
2] 3 3% ¥4 wel Rt Eojet #o|AE wiETE A
A Ax4WE §i3te] HSV-1, HSV-20] iy} gulolejx ofHAML {23}
A7 Lol g3t ghutolela sulfatedh-f polysaccharide®td] -4t
bt 4t

2.2. AYxs g Uy
2.2.1, v g ABxA

PGE g AMASt= A, ol AA3tE it AGAHF-S PYGuIA] 4ulo]



AFsto] 20°ColA] 54 W] 6zt Axjujasigct  HL EQF, WA
A%, EIEY Fol AX3ts WP SZulA] Selol HFshe] 25N 6
d Jix) 8z Aulakstadct. 44 si4E ol AMEH PYG wix| 9} Sz
uj=] 2] z=d2 oo} Htl

* PYG medium ¥ SZ medium
peptone 10.0 g glucose 20.0 g
yeast extract 5.0 g polypeptone 50g
glucose 20.0 g yeast extract 1.0 g
aged sea water 500 ml ferric phosphte 0.1¢g
dest,water 500 ml aged sea water 750 ml
pH 7.2 dest. water 250 ml
pH 7.4

A8 ZAE # PYufAlolM BAjujge] Et APHZE g ¥4
FelstAl  dn  AX7t Zgslel e AdelelAd  3.5m18]  Folch
solution(CHCl3:MeOH=2:1)& H718lo] 3 2-13} o] &3}l Folch
solution layer%} water phase?] A8 2 Z}z} Ez|RAs1gr). SZ wjz]o
vjoysl g Oy 2-29) o] FAE methanol® &I wjPY
ethyacetate <3} water phase® Fa]%ic}. Folch soluble phase&}
ethyacetate soluble phase:= spsed vac LS8 H¥=35l3 2 Alg:=
eppendorf tubeolt} ol 4°Coll W33l Tl ‘\6—41‘%1 Folch soluble phase
2} ethyacetate soluble phase?] H-&% Al&:= ZMY A ztz} 350ul, 450ul
2] methanol& Yol AR&-3}irh.



cell + broth

Folch solution{CHCls:MeQH=2:1) 3.5ml

— water phase

concentration

sample 1 sample 2
(add MeOH 350ul

before assay)

Fig. 2-1. Extraction and fractionation of marine bacteria culture



cul ture

centri fuge(3000rpm, 20min)
cell broth
MeOH 2. 5ml
centrifuge(3000rpm, 20min) ethylacetate 4. 5ml
supernatant ———————water phase
concentration
sample 1 sample 2 sample 3

(add MeOH 450ul

before assay)

Fig.2-2. Extraction and fractionation of marine actinomycetes culture



2.2.2. NEXEAES AA

Aol AN AEE U ARFE 2y FohUE  Human
adenocarcinoma ¢! DLD-1%2} Mouse Lympoid neoplasm Q1 P388D1& A}&%ith.
Aol A" A 8L Gibeo  AES, &3 ot
3-(4, 5-dimethylthiazol-2-yl-2, 5-diphenyl tetrazolium bromide{MIT):
Sigma H|E-&, culture flask: Falcon H|E, 96 well plate:= NuncHE&
ARgEtodony, AHIX vits|E RevcoAl?] (0, incubator& AlE3tedcrh. Al
X4 &% Hemaytometer& AHE-stATE

A XZoj & #13iMe dEol AMSH AlZ<Ql DLD-1, P388DIS 10%FBS(Fetal
Bovine Serum)$} kanamycin 20ug/mle] o] Qli= RPMI 1640 n]o3eiE AMg
st} 25cn’ flaskoll goi 37°C, 5% CO7} RAIE L §&7]0lM wja¥sidct.
HEEAR S &3A P38DIL th4r]e] MEE 1,500rpml 2 58 Fob 4l
Ha|#}31, PBS(-)Z 1'H washing®t Fol Al njakelo] 2x10%cells/ml &
BFAA AMgstd o DLD-1¢8] ZE$-E= 7o) monolayer& o] R =& ujf
o} AlZ|t}r} 0,25% trypsin-EDTA solution® @ MXE H8A|7]3 1, 500rpm
2% 58S A7l ¥ RPMI 1640 ujX|2 1 washing ¥ ol
4x10°cel Is/nl & F-§AIA AM&3tdct,

AXEHEe] 3L Carmicheal £¢] MIT(methyl tetrazolium bromide) &
YL modificationsle] AE stdch. Ame] UHAR 545 FHEY)
#1381 96well plateo]] th4=7]o] =@yt P388DI cell (2x10%cells/ml)}
DLD-1 (4x10'cells/ml)& 100u1%] HFEsl ZF2E AIES 42 100 &
&3 3to] 100uld HF3td 2HE volumeo] 200ul7} EA ¥ F 37°CojlA
5% Cors o #27lo] 5d T wiPtdrt wjgo] Bt Fol FHFol =
ol MIT-9} (1.1mg/ml)E 50u1%2] Z2tzbe] wello] WYolFil L}A #Aurg 4
Al B 3TCY o2 7ol o] EigAIZTE. O ¥ AEdE& welal 150



112} dimethyl sulfoxided ¥i 52%¢t EEo] formazon crystal S 3t £
A ¥ PHPEE JUSIY HEHGeS srdsiAct. o] uf olFAz]
B2 ¢4 widd e g 2T e vlastyct

2.2.3. Topoisomerase 1 inhibitor assay

DNA topoisomerase I(topo I) & single straind DNAS] ATt B2 18]
3 YEEsh= 712k 7}A] 3L negative supercoil® AATH= A& ¥ic),
stota] g Zof A topoisomrase irhibitor?] A& $|3}e] screeningof
Ue¥ topo I ol FAem Ry Eesia I7 /1A A8
supercoiled DNAX E. colig 3E] pER 322& _g_a]a}gac}f FSARA i3}
o] HEHF5E LUEld ARo] thsfA Topo I relaxation ¥4 FE& A
Ao 2N 1XA 02 Topo [ A7t do] A8 oF-§ =AMt}

2.2.3.1. Supercoiled DNAY] A=

Topo 12] 7]AE A2 supercoiled DNA+= Sambrook 5(1989)2] HI¥H & o]
£3le E coli2 HE pBR 322& elsted A&ttt LB broth
(tryptone 10 g, yeast extract 5 g, NaCl 10 g, pH 7.2, D.W 1000 ml) 50
mlof FF& HEslo] 37TolA 0.D.(540 nm) 7} 0.6 o] HES Anjtg
¥t ¥ LB broth 500 ml o] %A 3212t o]A} vjoFste] 0.D. 7} 0.4 ojAte]
€1} chloramphenicol (34 mg/ml) 2.5 ml & A7}8lo] 124]7t ot wjors}
gdch

sjodo] T ujdedg 6,000 rpalE WAEE BN celld ¥H4Y ¥
cold STE solution ( 0.1 M NaCl, 10 mM Tris-HCl(pH 8.0), 1 mM EDTA (pH
8.0) ) 100 mlof HEAIZ ¥ 4TojA 6,000 rpme 2 2027 YAl L5l
AYstdct  ofr]e 10 mi ¢ solution I (50 mM sucrose, 25 mM Tris-HCI
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(pH 8.0), 10 mM EDTA (pH 8.0) )& ¥7I8l] VA2l ¥ 1 n12] lysozyme
solution (10 mg/ml in 10 mM Tris-HC1 (pH 8.0) )& HJlsidct. o7]9
20 ml12] solution II ( 0.2 N NaOH, 1% SDS )& 715l & A& F A2
ol A 1087t wx|3tedrt. 15 w18} ice-colded solution I (5 M potassium
acetate 60 ml, glacial acetic acid 11.5 ml, D.W 28.5 nl) $]2] &ef
Al F A2 ¥ 43 slodAM 108 YAsidch. o] &9& 6.000
rpm oA 4CTE 15 £ A2 ¥ PIAE 43l 0.6 volumed
isopropanol & ‘3 H 42 ¥ Ao 1083 WXx|sigct. o] F 6,000
rpn oA 4T2 15 £ dAZY ¥ doldle EVIE ¢33 AA2
70% ethanol 2 Alojuigitl, Ethanolg A3 A% ¥ DNA pelletg 5
ml2] TE buffer ( pH 8.0 )oll =&t} o] 4% 50 wl zjz] PHE 28
tubeo-]] Y2 ¥ 5M 2] ice colded LiCl solution 3 ml & HEIr}sld & 4
3 4TolA 10,000 rpmC g 105 QAT F HYAL Y43l &
ake] isopropanol& M7lstgch  ©l& 4TelA 10,000 rpme 2 10E5<
dAFelt ¥ PSS AASL LAES 70% ethanol 2 Hlofujoirt.
Ethanol& ¢A3] M| A% DNA pellet& 500 ul ¢} TE buffer (containing
RNase A (20 ug/ml, 80C heat treated for 3 min ) )ofl J{oA] ALojA
308 X3l 500 pl 2] 1.6 M NaCl (containing 13% (w/v) PEG
8000)solution& X7}t 3 A& ¥ micro-centrifugeols 207 QAL
2| (10,000 rpm) Stglth B AL A|ABI DNA pellet& 400 ule] TE
buffer ( pH 8.0 )off %©]3 chloroform: iscamylalcohol (24:1) solutiong
600 pl 7}t AL ¥ micro-centrifugeolA] 20837t {4l slddct
Apxol S THE tubeo] %32 ¥ 100 u1 & 10 M ammonium acetated 2 7}3}
o] & M3 2 volume?] ice-colded ethanol& 7%t ¥ Al2ofjx 10&87t
u}x|8lo micro-centrifugeollAl 2023t Y4&elstadct.  chA] 200 pl &
ethanol & Alojl ¥ DNA pellet& 100 pl 2} TE buffer ( pH 8.0 )of <l
F -20T oAq RA3Aq 7|FR AHESIYCL



2.2.3.2. Topoisomerase?] ¥z

Solxl FUOEHE ol(1902)8) WdE WHH topoE Felshalrh
Deep freezeroA -80TCE HAFA Fokx FA 100g& -20TollA 14
X8I oo A 4TolA 29T Wx|Fq RS @A Rl oG
Fdo] &3 ot o2 AWAES AHAY F 100 oM phosphate
buffer( pH 7.0 )2 7{Ro] MM3l5l HA RZLL vigcl o 24&EE
Warning blendero] Y 3. NW buffer ( 5 mM potassium phosphate, 100 mM
NaCl, 10 mM 2-mercaptoethanol, 1 mv PMSF ) & 100 mI M 1%t ¥ of 30%
BALE SAHE ol Hslth  4TOA 3081 WAL ¥ 919 A& 27
o] JlolAME F3tq AL F tir] 30F YAsgct. olwf VAEW HAE
& hand homogenizer2 Ea% F 272 JlojAE A28l tiA] o213}
gct.

o] AH}AEE B ¥ 10% polynin PE 2 FH57} 0.35% B 2§ st
of 1022 aksto] 8,000 rpmofl A f14E2]813ch o] HAZe] PR buffer
( 20 M potassium phosphate, 10% glycerocl, 10 mM NaHSOs, 500 mM EGTA,
10uM 2-mercaptoethanol, 1 mM PMSF ) 50 ml-& Y31 &R ¥ 5M 2] NaCl
€ HF o 0.55 Mo] HEE N7 F ayisiuia 30837 Wiyl
ol§ 8,000 rpmoll A 208 WHEEIBl YL H5H clF oo
ammonium sulfated 0.4 g/ml8 =7} HEE Mg T o] 30827 2
g ¥ TiA] 10,000 rpmollA 3037 WMFesle I HVAES dialysis
tubeo]] &I F FUY buffer 2 LE FA3}qcl.

BAFol WAEE 10,000 rpolA] 3027 WAzt AAsL AR
& Bio-Rex 70 & o]&3lo] E2|5}%tl. Sample 89S Bio-Rex 70 resin
o] 9l columndl] loading 3t 200 mM2] phosphaté buffer &¢] 1 18 &
ol ¥ 200 mMollA 1 Mol o2& mk 7|&7] §&WOoE ANE P



R2&T: 1.8 nl/nin 28 2A3lgct. HEHAEY topos A3 w2
deep freezer of R &A3stAc}.

2.2.3.3. Topo I A35&A
AXS25g UEhd AlZe] il Topo 1 A37} Qo] xtexle) A2E 1
Aoz ZARBZIHS Topo 1 relaxation ¥4 &8& 4AAlstar). Topo

I 38 SEAY 282 cha3t At

* Topo I reaction kit

5x stock solution ( 25mM Tris-HCI pH 7.5,
500mM KCl, 2.5mM Dithiothreitol, 2.5mM EDTA ) 4 pl

0.3 mg/ml of BSA 2 ul
100 aM of MgCl: 2 ul
dH;0 9 ul
pL1C 118 =1} DNA (0.3ug/ul) 1 ul
Enzyme solution (lunit/ul) 1 ul
Sample(A] ) 1 ul
Total 20 ul

#1¢] Wg 20u1E 37°C, 30ET ¥hE ¥ stop buffer ( 5% SDS, 50mM
EDTA, 20% Ficoll, 0.1lmg/ml%] xylene cyanol, O0.lmg/ml%] Bromophenol
blue ) 5u1§ 713t WHg& F3 A1 ¥ XU DNAZE o= B &
1% agarose gel H7|d%o] &3] 3tch3lgr}. Positive control 2 topo I
o) AAZ W2 camptothecin® AHE-S1ATH HAEAE L 1 wnite: 204
A% 2] 0.3uge] DNAE 302 5Q WHg3lo] RHs] oUW Helz ARAII=
Tagor Asidrh



2.2.4. Reverse transcriptase inhivitor assay

Nakamura(ol 5.1992)0] oj¥t ub s H3 Il 96 well plated ol-&3to
cho] AEE A£FHNY £+ dE & AMSsidct

o] BEe] RPFF AR 20ulo] enzyme solution 10yl 2} reaction
buffer 10ul§ 718t FUStA Tt F 37°CoA 60&3t incubationkt
¥ ice bathollA] ¥h2-& ZA|AJF7]13 40 ul?] reaction mixtured Nunc
cell harvester filtration system 2.2 DEAE-Filterpaperoll ¥2tAjZict.
Filter paper& 5% NaHPO,12H.0-2¢]C 82 3H X3 olojaA EE 29,
ethanol 2 1'H A X3 cl VA AR ¥ oldlE radicactivityd
LumacA} #)£2] Lumagel scintillation cocktaile]] Yo]A] B-counter® ™}
APg& SAsgrt.  AHo] AE§ reaction buffer®} enzyme solution?]
2282 o2 et '

* Reaction buffer

content volume(ul ) final conc.

1.0 M Tris-HC1 (pH 8.3) 100 50 oM
0.3 M MgCl; 40 6 oM
1.0 M Dithiothreitol 2 1 mM
1.0 M KC1 80 40 oM
10 mM TTP 20 0.1 oM
0.5 mg/ml poly(raA) 20 5.0 pug/ml
1.0 U/ml oligo(dT)iz1s 40 0.02 U/ml
[*H]TTP(1mCi /nl ) 12.5 6. 25uCi /ml
0. 5mg/ml BSA 4 1.0 mg/ml
Hz0 181.5

Total 500 ul
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* Enzyme solution

content volume final conc.
AMV Reverse Transcriptase 1.2 4.5 U/ml
Dilution Buffer 46.&
H.0 452
Total 500 pl

Positive control@f RZFEE M A2 A3l 3 negative controlE
ZF9 30ulol reaction buffer 10ulS 7}3ld o2 A|AEH & =22E
AMTh RTase A3i%e] AEEUTE ddTTPE AlRstgon =sjgye
inhibition ercentage® A4tstgcl.

CPM/PC-CPM/SAMPLE
% hies
Inhibition CPM/PC-CPMN/NC. X 100

2.2.5. Herpes simplex virus A 3|84 &3

Human herpes simplex virus inhibitor assay system2 %2 ¥¥tedrs o]
ARG AoA Ut WHE o] &3l ch HEA TR A Fulolgja R A
A Hz).

%3 M X = Awmerican Type Culture Collection ( ATCC )ZHE| F4¥t Vero
M| X ( African green monkey kidney ce.l )& A8t om A|go] AMREH
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human herpesvirus&< Herpes simplex virus type 1 (HSV-1): strain F
(ATCC VR 733)3} Herpes simplex virus type 2 (HSV-2): strain MS (ATCC
VR-540)0|c}.

3} herpes simplex virus I AML  virus-induced cytopathic
effect (CPE) A 3 & ©] €3ttt & 96-well plated] Vero MEE F4
A F ugges HME vlole|ag 2 wello] FF o] 100 CCIDso(50%
cell culture inhibitory dose)?} E|=& 100ul¥] HEsl2 § A1 Fo
37°Col A FA A F ujddE AANGNUE P SEE HME JES
duplicate® 2} wellol 100ul®d] 3718}l 37°C CO, wlg7])olA 34 ujorgt
¥ AIZE 2FAY ok MITHAAYP 22 50%2] AX7 doldxd 3 o4&
8] =5 & ECyx (50% effective concentration)}® %‘gi}‘ﬁt}.

ulojg| 20T AN 5L FA I} Pulole| Ao VA& UL U7
Al o] HE HEE Folx 37d(cell viability test) FHoJAH 2
Atstgict.  metrd FulolzlAetiiel AMESPLS T2 platedd F
mock-infected2 48| glc}. ulolHA FAA] ulolalA chdlo] vix|h&
A7HE o A wiG F uiAE AAZL HME AdES 100uld A}
stelch. 3 T LY F FAE AR 8 MITHEYYPSE 23 31y
=d efgol FUIEA eidvelldt vjadtey 50me] FHE HAE FUY oF
=2 =X & CCso(50% cytotoxic concentration)® Ajatbsladt},

—
e

2.2.6. ¥YF ctLHe &l
BYUF OF 4T A, Fuh cieRY 2 € 19 Reigs

AP Basatttaoly fiEzHE Sustdislgad IR gujo)
A% sulfate¥r-§ polysahharide & =),



2.2.6.1. ChRAgAFR] He), ok @ n2

Ao

7 Eele FA ed, o4 FFY, s =, UAE 2¥EF
Y 3ot tirn, oy Fo F2FE Al 4= Difco marine
mediuno]] =43ty F& Felst tiAjnl, njg & FHE2 AUy H
o+ xtd3fgrol] HR]A}A 25T incubatorofA 2-3A]7t shakingA]Zl Th&
marine medium plateo]] U3t ¥ 25T incubatoro]A 3¢zt uijekslgdct.
By 27 2 2ol Fzd BUe A¥sE T8 14 Musin
ol§ ThIF Aatuixlo] xujarste] rhorele] MEJ 10cp ol4 A4U
73-¢ exopolysaccharide& A/d8he= d£.2 AF3le] Eelsidrt. el
#& Difco Marine Medium@& 7| Eulx|2 3t} xpHufz]olj 28T, 72413
W GUF 4T B0 RHASN, 4Fuict 134 Ak S I HA AHES}
gt} Exopolysaccharided A4d3h= H &l tistujetoll= 5L Jar Fermenter
& AI83}o] working volume 3.0l1, aeration lvwvm, temp. 30T, stirring
speed 150rpn®] 23X 7242t wigts .

218 vzl d HELuAZ AHEE warine mediund} ThE-FAgatulx]e] =
32 th&zt Zokel.

% Marine Medium(Difco2210E)

Peptone 5.0 g
Yeast extract 1.0 8
Ferric citrate 0.1 g

Ammonium nitrate 0.0016 g
Sodium phosphate [dibasic] 0.008 g
sea water 1000 ml

pH 7.8



s ThERAANA

Peptone 5.0 g

Glucose 10.0 g

Ammonium nitrate 0.0016 g

Sodium phosphate [dibasic] 0.008 g

sea water 1000 nl

pH 7.8

Glucose:= HEE Hutdlo Pt o JPriste Abgstodry.

2.2.6.2. 24 T3 2 54

el Bel, ey gl AHUY JFYL Bergey's Manual of
Systematic Bacteriology(Sneath et al ,h1984)o] &3}o] Alx|3}gdct. Ha)
#+2] ey B FPn|Z (x1,000, Zeiss MCE3, Germany) o2 A-U3}
g3 BHEHH testi= rapid multi test system@l API 20E kit o]8-3}o
Betgct.

2.2.6.3. HiF Ry B4

g o gre He$ Rrlg(crude polysaccharide)& @7 zsle] Ay
of Mgt O 242 B4 AH8EE oe{7tAl n|MaRkE Yol o3 &
A3tda 7heE3AIY Al E& Dodgson(1961)ol e} 500mmollr FR=E
&gstol sulfateftole Fstgth  ZohYE KBr A4 (Chaplin and
Kennedy, 1986) 2 & ZA|¥I¥ IR spectrometer(Shimadzu, model 27K-01077)

& AHE3lo] IR spectrumg &3 3Tt
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2.2.6.4. £el¥ tigHe] FREE &7

¥ ogFe Me¥AEE  Sarcoma-180(o]3 S-180)& iAo
antitumor activity® &gsldrt. E#® 2ujes WFE PBSH %o
Alg2 AMg-stdct.  S-180 cell2 BALB/c mice?] ¥7ol 1X10%ell/mouse
2 FAIStA 10-15¢ B3} F H47t Al Hol M S-180 cell& 233t
culture plate® &7l ¥ 20% Fetal calf serun® 4 7}%} RPMI 1640 ujx]of
A a3t ¥ cell B5& 2.5X10° cell/nlE sl AMRstgct. wjod®
S-180 cell® 24 well B 64 well culture plateo]l 2.5X10°cell/ml2] 3%
52 8o 2.5ml% BEE2U¥ 7} 2oige] 58 27} 1004g/nl, 300zg/ml,
600ug/ml 2 ¥t M 71§t ¥ C0; IncubatoroflA] 96A1ZF ot ujokstH Al uj
SAIPEZ cell counterZ MES4E JE 3t th2 ¥ astdch

2.2.7. A1318 ] A|Zhd HAKE @ HHe &%

MXESZER 44 A8 Ao v gohfaxt Wad A1318 F
T8 ujdste] AIZBEE g} QYA EE ZALSIA T

250ml1 ®le] 42t flasko] SZ broth 50mi € W3 HFI ¥ 500 uld
Al318Ex}g g HEdlo] 25°CollA Zetu)dElgdrt. ISP4 agar plateitol
A 5&2}%"30] ¥ A13180] BFE £/ 10nl & Y3 loop B XAE F
oldl ¥ o & WFH cap tubeo] &A ®IL vortexing ¥ ¥ 5m FE Tl
o] £2o2 ZHeld EXAE thA] 10¥] EAdlq FEFE EagHoz 1183}
Act.

Mg e 747 e Ren e wjgde] ctisfH = 560 nmofA 2]
0.D. k2t pHE HAstach gyt FAE w2 Felste) vlgey 10ul
o ethylacetate 5ml & Yol ZFZE S ZA 319 FAlE methanol
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22&319ct. ZAY A8 22} DLD-1 3} P388D1 celle] chsir MEEA
& AYsisch

2.2.8, Me|¥EdEAY He

#7188 $£& W Eelol AP 2ZE guie} A2 GREFE AHE31A
L EPFE sEAA 9 S0t A&t

HPLCY= Spectra physicsAl2] SP-8810 isocratic pump?} SP-8800 ternary
gradient pump§& RAZ 3tof & AEMA A YUY AEFS AHEsHA
t}. 8 HE2 injector(Rheodyne 7825)%2} detector(Shodex RI%} spectra
100 W) X 2-pen recorder(Linear)® JAxolth. Eao] A&+ HPLC
column® YMC ODS semi-preparative column{(l cm x 25 cm)®} ODS guard
column cartridge(Alltech)e]glt}. Vacuum flash chromatographyol] A}-g3%t
adsorbants:= TLC grade silica®} chromatography® ODS silicao]glt}.
NMR&A -2 VarianAl?] Unity-500& ¢]-&35}%t}. Proton NMR-& 500 MHzol Al
CDC13E #ull2, 12|31 T™MS(tetramethyl silane)& internal standard®
o1 %8te] Ashac

wWd F3 A13188 A20lA 2 12| SZ mediad] 1534Y ¢t vjoly & 4
A Bal3te] ZAe} A5 (supernatant)E et FAX distilled
MeOH(500 ml x 33])8 $&3lPg o LN ethylacetate(2 1 x 33])2
Yt  Relsta E2 A5 YL rotavapore} freeze dryerd o] &3}
of tiRE B AAY ¥ ethylacetate(500 ml x 23¥)E F&3}qr).
Methanol 2} ethyl acetate® )& ¥4} %¥| rotavapor& o}&3lo] FHLu|&
LAS] AAY F Y BAUL ethyl acetate(100 ml x 23])E 223}
ethyl acetateo] #8/4¢ E3L U}A] pethanol(100 ml x 23})3 3%
¥ inorganic salt® AZAE &= g2 EAL wPri(3.7.2.9 Oy 3-6 &

Z). Ethyl acetate®oll Z3lAl LIl non-polar compounds& £2|3}7)



93} silica vacuum flash chromatography& 3lgcl. HEIAE E3
B4 7 fractiond 2 HPLCL NMRE AHg3sle] E43lglon 2 el
=X ZA8lgct o



A3R AL A

3.1, signl &Y £, B, wid 9 AE2A

BF G ATL0)M B 2AL A9 3, APAAEF, NIYFEANR
(Z 5,1992a), SIAR FollA Byt At 3,000 sjddd, 33
WadE XY WAAF 5,00057(3] F,1992b)F HH3le] o|F glycerol
20% -&4o] Yo F3} 80 °Coll REt PP EH HAMof o]-&3tATh
BeldF $ 4 2,00058 |AGrIAY AdATG]  AFsAo
phospholipase A2 A 3|A| Mo ALY 4 Q=& 31Act

2eg IHF 2 1,0073F8 activationA]H o] & PYGuiA|of A =}gh
8207 MFwgd ez HE Folch@H o H&¥lo Folch solution layer
¢} water phase A& ZtZt 82070F £e| A3t PP 980F
F 549 47 M8 HY ZoBel 1WA} (SZ media)oA] activation ¥t A
% F2 4L B 882 7iY] FFolA FAME methanol® &Sl ujed
o).2 ethylacetate %2} waterphase H o2 E2|slo] % 2,661712] A &&
ZA st Yo HAsigc

3.2. ¥FYEU JFF A

Z£9}M ¥ Human adenocarcinoma ¢ DLD-12} Mouse Lympoide neoplasm ¢l
P388D1& A3l AlRE HAHS HHHE ethylacetate -2 200u12
methanol o] B3AIF|SL MZe] SFH Folch solution 3 100u12]
methanolol] -&3|A1H M TS ZAAo] AL&5AC

1,506 sampleo] cji2§r DLD-12} p388D1o} ti%t MIT assay& A%t 2=z} 1



b AlgelME 218 78] AE(116702] FF)olA ®do] RAD A8 3
Auleg &8 AAEY 3 4ol & 35 2 BARYLL o F
W A1318, A89, A4406 T¢] sampled ¢ MERGE Uehfdct
(Fig. 3-1). X 2-16JA] Yephd viel o] YeraAgt ReldF& A
2]e]l activation® -9 PP HEEFL 92 3T 78.3%2 HESES
Uepd sfgMigdEthe &g &2 A28 Ueldon BEHo| 43t}
3 AlEEch E Qs dAES st del] vl BERAA O A&
Bo] Hoxn] MESYL Uehf B 371 84 Aot MESYYAY
o] #AH AZE A& topo Io] CiF AH3eS A H3tAT]
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Fig. 3-1.

A4406  ABSW A1318M A1318W A1318E

Antitumor activity of isolated Actinomycetes strains:
A4406, AB9, and Al318 tested with DLD-1 and p388 cells,
E:ethylacetate phase(culture broth), W:waterphase(culture

broth), Mimethanol extract phase(mycelium)
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Table 3-1. Cytotoxicity of isolated marine microorganisms.

bacteria actinimycetes
Number of 1,007 980
activated strains
Number of 820 x 2 = 887 x 3 =
tested sample 1,640 2,661
Survival rate 78.3 92.0
by cultivation(%)
Number of strains
shown cytotoxicity DLD-1 p388 DLD-1 p388
with dilution rate
10° 4 2
107! 18 129
10 8 29
10°° 4 25
10 18
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3.3. Topoisomerase 1 A3} E3A BibdF Ad

AZSH g ER AZol chohs Topo 1 relaxation B4 53¢ 44
go=M 1XH 0% Topo I A7t do] W=x|e] AR E FolXFHLE
Xl Eel¥ topoisomerase?}l E.coli® ¥-B| pBR 3228 sl 7|A=R
supercoiled DNAR ARE8}o] ZA}slgct

ME=ELSS ZsiAl veld A1318, A89 W A4406A]8oflA] Topo 1
relaxation ¥H3-& A3tz U2& YeplgdchFig. 3-2). g\l ol&
A B+ crude¥t AJEjo]BE Ho|H LT Topo I& AP N MEFALS
vebdcis @& 4 glth  Al13182 o] & F *ﬂEE"'S'E?]”Q A |
Eliigle g AL318& cigdujatstd 1 3ol A& ZApstazt stadcl
Y topo | ANEAL AAE NI/ B23A4AHOR ethidiumbromide
solution &8 @Al cleavable complex ¥4 & TSI ¢l T2 4
HAzto] gllM A&7} topog At Zo] HASITHH in vivo test&
U ool In vivo AH2 A &2 A3|2Eo] cleavage complexol &
e 2| oldAE ME Ul UK ZeE 3H- thymidineg wix|uje]]
EHAA ARG wfSY thE log phaseold uizx|§ Z¥3t Umz|e
3H-thymidine® AAR ¥ A2E Aeigcrh. o] of U AFEI} topol]
cleavage complexo]] 2}-2-& FrhH M XELJ2] cleavage complex?} ¥3H A
olil ol& lysis buffer MXEE lysisd}il KC1z} SDSE A 2|3l o]
cleavage complex?} VM E| 3 o]|& scintillation counter& A}-R¥}o] A}

TE Y 5 AL Hojth



Fig. 3-2.
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3.4. Reverse transcriptase A|3]%’d #HA}

Revér‘se transcriptase(RTase) A]3§*| §Haw¥ -2 Nakamuraol 2|3t W&
Ay slo] 96well plated o]&3te] i ARE ZAY F o= YW
(2.2.4. =)ol whe} AMV(Avian Myeloblastosis virus) RTaseo] thgt #j3j
¥d& Z At EEH= dITPPE AHESt A3l%so] 1 ug/ml ddTPP
ol £2 ARE Ao Aol ¥ AL ofF o] UH
deoen gegr &3l ZAMYo gFHCE

3.5. HSV-1 2} HSV-2 Asig4d A}

%} herpes simplex virus }HFML CPEJ*]‘.‘B}V]',';]% o]€3ldr}. RE A8
of ti3] HSV-1 strain F2} HSV-2 strain MS2} MXE54SF cytocidal
effect® ZAIATL AW 225004 J1&T w2} Yol bovell
plateo] BJ%E Vero AXoj nHlo]ZAE 2} wello] HZEao] 100 CCIDso
(50% cell culture inhibitory dose)”’} EE& 100ul® AE3}l1 ¥ A7t
Bt 37CAlM FX AU ok 2 522 MU ARE duplicate® 2}
wello 100ul®] ¥7}stgct v Agnich ACVel Ara-CE FE£UER o] &
stglct. 37 °C Cop wf7lollA 3 efR¥t F MXE IFAY ok MITHA
AN o7 5062 MEJ AoldeE 3t 59 X E ECy (50% effective
concentration )& ZAAIPEY o] o] Y4F FL& GET ZIEHC)
Mock-infected cellold AEEHE ZAY A3 ofBo] HEE Bolt &
o]l 9& AF cell controlz} Zo| 100% survivald Lehla HAdo] 7
Sto] BE ME7 B9 AP 0¥ survival @ Uehd Zlolch  MEe] 50%
§ &9 4 d& oE9 $EF CCx(50% cytotoxic concentration)o2 ¥
Aldh=d] o] o] & 5% AIESYo] AL A& X3l F2 G4EE T
FE}. CCxo®t ECse Z4S BlaLd}od SI(Selectivity index = CCs/ECs) S
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e o] o] & % FAYL2 AR 4HIt F& Fdhed of ol
olX 100]4U ZF-Follat o|x HAATIAZ Ay 71X 7t Qe

% 2157] FF24e M=" 550782 AE2E AAW A Fig. 3-33
Table 3-2 o UElt uie} o] CCnt EGo 3t R SIXE P35 o} 9752
Al Zof A HSV-13} HSV-20] cthste] ofzte] ok & & uehliodon 14718 A&
of 4 VERC A|Xof ti¥t H44& Uehfedct. SI gko] 100]40] He ¥R E
A& 37 9lalAe do2E A3 ziMo] o]FojAo} & orl
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Antiviral activity report

Virus information Host cell information Assay information
Virus Bacth No. Cell Vero (CCL 81) Assy | CPE/MTT
[HSV-1(A) 920808 # 7 day 3
HSV-2(MS) 920917 Conditicn good Exp.No | 93HO05J
Inoc.size | 100 CCID50 |Medium DMEM Date 93/02/17
- A1383-A
Compound| Conc.(V/V %) | MOCK F MS
10 B4.7% | 35.6% | 21.2%
A1363-A 3.3 82.0% | 10.3%| 28% | {
: 1.1 81.2% | 28% | 05% | . —
0.36 80.4% | 2.4% | 05% =
0.12 82.6% | 5.1% | 0.5% I W IR
08 ¢ 0 0 0 A1363-C
Compound| Conc.(V/V %) | MOCK F MS
10 772% | 0.7% | -0.1% .
A1363-C 3.3 822% | 37% | 02% | §
1.1 90.4% | 25% | 0.2% | 3
0.36 925% | 0.4% | 0.1%
0.12 91.9% | 3.4% | -0.0% RN
COS0BECS0 10— ~>10_—>10
Compound] Conc.{V/V%)] MOCK F MS A1%3.E
10 87.3% | 9.3% | 0.0% P
A1363-E 3.3 90.2% | 9.8% | 0.0% | #¢:
1.1 91.7% | 8.0% | 02% | 2 0%
0.36 922% | 4.0% | 01% | 3 §’;
0.12 95.5% | 7.6% | -0.0% —r
_CC508EC50 _ >10] _>10 _ >10 Comantton s rampont g e

[:uor.k — HSY-1 —— rsv-ﬂ

Fig. 3-3. Anti-herpes simplex virus activity report.




Table 3-2. Anti-herpes simplex virus activity report.

Exp.No : 93H05

SULNIEY

Virus : Herpes simplex type 1, type2

Source : KORDI-LHG
Host cell : Vero (ATCC CCL81)

No # Code CC50(V/V %)| ECEO (V/V %) Si Remark
F MS F MS
1 20 Al-A >10 >10 >10 NC NC
2 21 A1-C 1.7 >1.7 >1.7 <1 <1
3 22 Al1-E 0.23 >0.23( >0.23 <1 <1
4 23 AB-A >10 >10 >10 NC NC
5 24 A8-C >10 >10 >10 NC NC
6 25 AB-E >10 >10 >10 NC NC
7 26 A10-A >10 >10 >10 NC NC
8 27 A10-C 56 >56 | >56 <1 <1
9 28 A10-E <012 <0.72| <0.12}] NC NC
10 29 AB21-A >10 >10 >10 NC NC
11 30 A621-C 14 >1.4 >1.4 <1 <1
12 31 A621-E >10 >10 >10 NC NC
13 32 AB52-A 88 >8.8 >8.8 <1 <1
14 33 A652-C 56 >5.6 >5.6 <1 <1
15 34 A652-E >10 >10 >10 NC NC
16 35 AB54-A >10 >10 >10 NC NC
17 36 A654-C >10 >10 >10 NC NC
18 | o7 AB54-E >10 >0 | >10| NC | NC
19 38 AB55-A >10 >10 >10 NC NC
20 39 A655-C >10 >10 >10 NC NC
21 40 AB55-E >10 >10 >10 NC NC
22 41 A832-A >10 >10 >10 NC NC
23 42 A832-C >10 >10 >10 NC NC
24 43 A832-E >10 >10 >10 NC NC
25 44 A1363-A >10 >10 >10 NC NC
26 45 A1363-C >10 >10 >10 NC NC
27 46 A1363-E >10 >10 >10 NC NC
28 - 47 A3814-A 10 >10 >10 <1 <1
29 48 A3814-C >10 >10 >10 NC NC
30 49 A3814-E >10 >10 >10 NC NC
31 ACV(1st) >250 0.€ 5 >416.6] >50 STD
32 Ara-C(1st) 5 0.2 25 16.66 2 STD
33 ACV(2nd) >250 0.47 3.7 |>531.9] >67.5 STD
34 Ara-C(2nd) 6.7 0.32 2.3 20.9 2.9 STD




3.6. sulfated polysaccharide A
3.6.1. Sulfated polysaccharidei4} ml Al Bl Bzl g =4

Sulfated polysaccharide& A$4tstE: S|Uu|BES A7) 913t MY &
gt delshe e s B 91,5005 2] u]BEE screeningyt A3t
of 10 F9] u]dgo] TiFRE i3t I 7Hed 1571 sulfated&
8% polysaccharide® BAMSIATE o] #F2 42 €Al 1A
Table 16] R ¥ nwle}l o] O 239 HFL2 glucoseE WHAIFIIL
nitrateg& BUA]F| gelatinase?: alginine dihydrogenased A4tz
indoled BYY 4 2o} ueased MASAE Ryrl.  vayos
glucosed ©o)&Y 4 gler} arabinose, mannose, mannitol, N-acetyl
glucosamine, maltose, gluconate, caprate, adipate, malate, citrate,

phenylacetate® ©o|-&¥ 4 ¢lalcl.

3.6.2. Sulfated polysaccharide?] &4

wjAyjof &3] Uehd A2 crude polysaccharidet= A%2] protein® T-§
3t ol HBFY/3L] hexose2 FEOIA odonm AL /3t A
ot A2 Uelutl.  Hexoseamined &x|3}A] ¢} RO T UEIYton
uronic acid& ¥-F3laL girt.  Axd(total sugar)e] ZAA} o] Yk
46. 4%(w/w)ol .2 53 65%(w/w)2] nonsugar compound® FLAAEo]x 9l

o2 Jetytch e ke 1.86%(ww)olm sulfate?] are 4.28%
rh IR spectrun® ® FAY A2} ©F QU thioly Hol|Hog e}
U 00 oA} 3y F47h BUUOM 2880-2980ca’ £-3e} CoH
stretching, carboxyl”] e 1400 3 1600cm™ H2oAje] ¥4 3y
¥lelil $£8 uronic acid®] F9E Ul carbonAt 28FA|e] C=02] Al



Aoz YL 172cn’ 2o F4:5 VAEAULL S-09 AFow
&%= 1240cnol M ) F47t BHE S sulfate ester?] EAE U
Bl 830cn ol M 8] FH4x A AT (A Baa #=),

3.6.3. &£l Xui AUYE &F

Ha|g sulfated polysaccharide?] M| ¥ d& ZA3%}7] ¢|38 Sarcoma-180
HARE ciyde YFIEEY=E FAIBIHch  Mouse HHolM I
Sarcoma-180 AM|X-& 96 well plateo] HFEA|ZI ¥ Be|d cldhFE A3}
o] wjo¥¥t A} sulfated polysaccharided X718 73-9- Sarcome cellojA]
A3 ol AE AL ehiglch

2318 tldF 2 herpes simplex virus, HIV-1%2] replication® in vitro
oﬂ}q A3 olE ALeR RAFHEY] (Baba et al. ,1988a, b) Qo2
o] tiEFE &2l A=A UPAA uiol|A Ao oyt zA7L Las)

t}.

3.7.1. WAl A13182] A 7hE HA5E ¥ V=

A1318& SZufix|ol wigsled vid AIRE M3l FARDY F7h M4y
2 pHel WHE ZAPlR RFE2AS APl AEEALS ZAlshth
Sample 2] ¥ EFolrE 49 o]Fol 232o] thdilil ethyl acetate
Zold= 3Y olFol ol Wstdrh 3 3-40] Upepd v} o] #HF
pHE 7.7 A =o] =dstdct. A A2 19 714 F43] o] Fof |
o o] AL1318 FF 4FE I3 SZ wix|7} AYsicie AS WAFE

_49_



Zolgt Azto] Hrh. L cif-Ee njBEL ojmy wixlolN YHE
Tuj 2 wjxlo] HEE = FEIIVF E2slE=d A3 FFE= FE7L
ol e 2o yelyth

A1318 #F& A% T F249 FAE PAksthe B 249 ¥
& Evl¥ch  ulgEel ol tifiEe H4 e olxiuiatel HHH
o] glermg Al318 ¥ HEEH Jte 2t M4 Aabsol U] &
22] g o4 geelet A=A Al oAb wjerde] 560
nuoll A 2] 0.D. g2 14 olFo] & o2 FII3IA tiA] 59 Foff = F7}
sl 33 JERdcH Y 3-5). PRI AEEALS2 vlasty Bg)
& doll= 1492158 ¥do] yehirs] AAstgdct. 281} sample 24
ethyl acetate® &% 2ZWolNL 2 o] FHY & 422 BHE U
Bl 3t EFolME 2dx7IE oMt RAYE RYS®ort =Y
pHe] W3] SlojMxE 1 oo uf¢ & Fo2 pHyl F7} stadct  uwhe}
A 193 2¢ Aloloflq pH 2} 0.D.& F7h, Zeli 2d ol¥ HESLY
2] F7ist F2 AAE B MAX5Y B EFAQA ik 193 2¢
Atojof o]FojA= Zog mitto] Hrh 2|3 wjdede] pHet 0.D. 3k
Z27] 143 2¢ Atelo] o]l & Fog Fi3t Aol A: Aoz B
o] e} 54 o] 0.D. k2 F7IsH= widle] gl ph= dAIA
FAHEE HAo] gt ALE 4o] Hr}h

ol9} T2 AIAZ nlFol A MAFPEAUL clPALE T wgA
< o} 4olMq 59 FERt MY A= FEY Aolzta Al
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Growth of A1318 on SZ medium.
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Fig. 3-6. Growth of Al1318 on SZ medium and change of 0D at 560 nm.
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3.7.2. A13189] Ea|H=A

2 dFoMEe AFAANREELY A % F2EME 1T A 71719
MG ¢F3lgdc}.  Semi-preparative®} preparative-2 HPLCE 2t 1th A
x| 53 500 MHz superconducting FT-NMR system®] AX& $€&3}gc}
NMR systemoll= %t 2-D NMR A@#¥3jel COSY, DQCOSY, TOCSY, HMBC,
HMQC, HETCOR, 1H-Selective INEPT, INADEQUATE, NOESYSo| #% $&= 9l
3, 2 A7 $yFA FJAGTAAY HLFEAN 2 A 7}
A gAY HEE Bl olg A AEHE 531

7182 $&& f13 A13182 A2olA 2 1] mediad] 15:UFTYL vl
¥ YAEeE o83t FA A5 (supernatant) 2 Eel STt A
= jdistilled MeOH(500 ml x 3¥])2 &3l e A5 o)L ethylacetate
(21 x 33))2 E¥3igrl. Eesla g2 A5 L rotavapor?} freeze
dryer& o] &3}l i E2] B& MHAY ¥ ethylacetate(500 ml x 23] )F
2238}9tr}. Methanol3} ethyl acetate€%& ¥%¥t%l rotavaporE o|-&3}
o 280§ {A3] AAYL ¥ & EAUS ethyl acetate(100 ml x 2¥])
g #2393 ethyl acetateo] £8742 E32 tlA] methanol(100 ml x 2
3)E F&% ¥ inorganic salt® PAH = W2 EFE B3t 2FF
o2 gujg AAY H FAE W ZH ethyl acetate?} methanolo] §&¥
B4 %2 47 443.0 ng3} 710.0 mgoi it FEHYE Y diagran
o2 wmAstd 2@ 3-63 Atk RIIEA EAME HASP] ¢l
TLC(silica PFus, 100 % ethyl ether)& &%t Az} Rf 0.6, 0.5, 0.00]4
M7828] UVell activedl spotso] ethyl acetate®} methanol&oflA] 37 i
= At

_.53-..



Culture(2 ¢)

centrifuge
supernatant mycelia
l i
H0 EtOAc sol. MeOH sol.
condense
He0 EtOAc sol.
L

combine

EtOAc sol.
(443.0 mg)

EtOAc insol.

|

MeOH sol.
(710.9 mg)

MeOH insol.

Fig. 3-6. Procedure for extraction of organic material from the

culture of marine Actinomycetes strain A1318.



Ethyl acetate®o] Z3}A LEN non-polar compounds& £2|317] |3l
silica vacuum flash chromatographyS #}gt}) RulEA]l: 20 % ethyl
acetate/n-hexne S B E A|Z3led 30, 40, 50, 70, 100 %7}=] ethyl
acetate?] 4& F7MA 3 ¥ acetone} methanol & o83ty FIHYEHS &
27T, A% fraction] FAL Thizt 2ok

fr. 1 2 3 4 5 6 7 8

solvent] 20 % | 30 | 40 % | 50 % | 70 % | 100 % 100 % 100 %
EtOAc/ |EtOAc/ |EtOAc/ |EtOAc/ |EtOAc/ | EtOAc | acetone | MeOH
n-hex. |n-hex. [n-hex, {n-hex. |n-hex.

dry
weight | 145 50 29 35 22 23 38 101
( mg )

2} fractionel] th¥ proton NMRE&AE ZA A RE fractiono] glojA X
3 gl BXE3} Aol FRAFEoIP U 4702 fractionol ] £3Fe] Fn]g)
= B30l ¥RE Ad=RE HUstAr]. 28y cytotoxicitydF A}
9} Ux}skA] ¢fotA] o]E u|=ZA fractiono] Tiyt A= ZTisigct

U methanol F2AE FHEUel Fo PHYReE AT oS
reverseci~phase vacuum flash chromatography® 22]3}glt}. Z} fraction

of titt &zt S F2 i3t Lrh



fr, 1 2 3 4 5

solvent 30 O/ | 20 % H:0/ | 10 % H:0/ MeOH EtDAc
MeOH MeOH MeOH
dry weight 196 mg 49 mgz 63 mg 37 mg 55 mg

212} R|ollA et v} o] A 710.9 mg?| methanol extract® ¢ 45
%2] B3o| column packing materiale] F2¥ Fo] £&Ex| ¢art. o]
EAE 34317 913 E2HE a-hexaneo] 0|2 ojg|rx] 2442 £l
2 AAsngey 7MY £&e Eisslan.  dwdes o
reversed-phase chromatographyoll’+= Cl¥3t 342 fulE 2184 AT
A BE Mol £&FHE Zo] FAAHUM A13182] extracto] A LiElGt
ol V2 AHE Blojd AeE A I HAS ¢ 4 itk

0DS chromatography fractiono] th¥l proton MRE &3t ¥ cytotoxicity
238 Azel vlastgdry. 2 A3} fraction 33 40 BjPY B3] K
o] & Aeog F&FHACKFig 3-7, 3-8). o] EAZ F317] 15t
ODS reversed-phase HPLCE T3t ZZoA Al=stadct. 28} column
chromatography2} FU¥ Vo] dejstch. & HPLCOAMLL 2 AtA 2
¢l reversed-phase maxi-clean cartridge(Alltech)ol 2]3t washingo]M =
A8 BE FHo| parcking materialoll F2H ¥ HEF L2o] EH=x| ¢t
th A% £2F EFE proton MRE &Y Az %y Bx3 A6
At Exi3h= o] WAL A-1318¢] wl} FE oA LiElt o] Y
V] €2 o 4 glon Hrl AU 2A Woy Aow HAHc



L

U Y S S S N SR W

i

E-62-57E1Y

Fig. 3-7. Proton NMR spectrum of Fraction 9-3 from strain A1318,

._57__



Fig.

AL38-FCY-4

. Proron NMR spectrum of Fraction 9-4 from strain A1318.
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3.8. BPERe PR EEA(EUFAY)
AEAL S f3ME 7[& HAES oY data search’t HeFHon
Y B¢ AEA F2AF dlold AB AR Fasicl. ¥
Told e AEEAE oyt AEA o9 AR AELA AS 71EE
Aol P2 FAL &3517] 91810 chemical abstractso] A H2
o] 7}s3¥t STN express softwaredm 9], dxl @&slgdct of&a
AAA F2 % odE 42 0]F Scripps PP F42] Fenical
group}e] AAF] 2Eo] BRI Q= B}l W93 Databased E3{H
3 search® ER} o]-§o] 7HsdtAl Hdcth MY ER BelREEA
of 33 +3UB dxAEE AEY FF EHY 2o 5 9 Qe
dxo] ulel EREAL AR W WML e, 72F 5F,
Aol E, AE 9 AYE, AHF ol & WL Fol EMHAC

fir Mo

o]

3.8.1. Yo EL] A EA
3.8.1.1. |12 wA

izt 2271 APV NPV AEY & 3,000& YR 432 gt
o] FoA Yu|PEL HAEL <Y oM ciths] oiojyt HAE A}
2)8}3 glt}.  Bacteria®} fungis %o (cyanobacteria® #|213H 2
e Eeld S U= Y BA st B3t 3047/]E ol A
sNFHAEL 1xo] E2}yt Aolri(lrelard et al., 1988). HT sjLu]Ad
=9 tiAlEAY &8 NETt AP FUste B¥S Hola gler} #x)
7HR] AA 9] Sxo = njx|x] Zsla glch

SZVAENA ngEe] 2Rt 554 fx g} vlasid & of jguy
£ HAEC it 37} o|F R 2 ek deolrh. o] Rl o



qME ARriA 7t ey del o8l AES 24shd UA M gu] gl
gt drgol ole HPsich o AEL] VAEE 73] fsiME o
HEe e, 4, RE AW U oDues ol Bysin 2 233
& AXof 3o W2 dy A7ust Le€ceh. 2dd A HgolME
2Fo AMIAFET 7L HEY A2 F71EAY FEo] WY
ot Uy FEEHE Fddlol 5% 22 Ay He|@EdzE /I
AeEdo] Felxa gleng Igul s @7 Algdo] de dAFHA &
3t gloh  ChE (AU HPuj g Eol uiyt BEY e PR RF
o olch AP Mgl T4 o|BE F HBAA njgo] BF
¢ FFRE 10xox u]E3t] g7] VAEE dFol 328 = g i
de TS ol T sl AEo] AslAe waR AN AR
R UUAE @aziA] HA3tA] i Z 2R3 vPuiA]Y JgE o] Fof
22 92 ABLR HAZ AYBF NN 5FHLE HAst: WY NP
o] gEo] 228 A9+ yAl Aych

Okami7} AFY niel o] AYFolE= Iy T/ /4 nRE
(obligate marine microorganisms)o] AJAl%l3 Q13 2x} thrAFERle] AL
species-specifico| o}u]g} strain-specifics}m, YUY strain® Al R
Zoj mte} T} VAES YEsHe o7 WornE SAHuHdERE HuBHd
A28l F(facultative marine microorganisms) 7]&2] HAEHE= A
3 ohE F2e] de¥Y AL YEE 7Hsdol vi¢ wrHOkanmi, 1986).
2 NP EY AAFC] B1™ ot ALKFLR FI5la Q1 olgF
2Rre A A2 B4TA AP PURPAEE 23 gl ¥4
th. E¥ {23 &0l Uy BT §F AT o]Eo] HUE o
Fr)d o2 A 717} u)f &2 Ao g w3 rHShin, 1989). 18]35}
2 gnFEo i A7t A U FYE Rolxn glom 4
T4 th¥pEgt ozl Bristol-Myerss ti7|dellNE A 7tgos HAE
o] sjdel] At 397t 83 AUcHNewnan et al.,1989), o]g{¥t 34



£ v ALY FHoln Jirke el sjQgn|FEo] AU BANRLE
el Raga de UAd ez scjHct,

3.8.1.2. 3%} bacteriad] tfAlEA

HAztA] d8]d Y bacteria®] TiAIEAL S+ 40& ZF HHUTL
olg FRE uff tislte 1a chAlEAI FRHLE [FAIRY £Fe
aromatics25E, ti® 2] macrolides7tz| Z¥A EXFcl. o]&Ee A3
H 71 E3 tlYslo polyketides, shikimic acid, amino acidsE o284
B 7]1dgt EAEC] tierE o3 Yt ey MQPAAES A U
3] &¥3l:= terpenoidsE mevalonate=HE] 7|3 S22 VxziA] dA
2] okofrt.

B9} bacteriad] thAIEAE SAolA E8
EHElA] qrt. FUY ©AFAHE zia A=

3 E3o] AMARA @Al FEHE T olch e I
octalactinsl} macrolactins® %4} bactleria@® A 2% vl ¢g=
A2 xtaAdY F3-o] Azt @A vt weld 43 AY
bacteriaZte] thAIEHS F23 R dHlais Hrl @ 3 HAE
27t 438 Fol 7y Holth

n3EE ChE AE npriAE SUTAe MAshe A5} AAYL B
AL 3ol O e g YARNE V1A tAEAS B A &
Ao g5 o2NE A «deiA ot %43} opHIIAE 39 bacteria®
PHAEAS Pt olEL FUBAA AMMSi= tiE ndEY 4HS
gAY 8 ohlzl xl7] 241 HA E¥E AR Sl= (autotoxification)F 3}

F JEldcl 3| Y bacteriaZH-E Aol 2o 3B EAL Pseudomonas

szt 723 Aozt

2z}
297 B2 Axelx Y
2= 9

2y

bromoutilis2H€] Aol2l aromatic compoundl pentabromopseudilino]t},

72 B ARE VKA o] EFY F2= EFRE WMl st AAE
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doo 2o BHEE Bl FTRYeo] FgFstdrt. o] EAL EY
Chromobacter sp. 2¥-¥ &g\ o= o] ZLolx tetrabromopyrrole,
hexébromo-z,2'—bipyrro]e.p-hydroxybenzaldehyde%—°] A BelE ol o]
& £Y9] aromatics2 g eYo] E¥HE tryptophani} tyrosines2] amino
acids7} bacteria®] MulollA gt Agga] dbgof 2fste] PAEH R
2 32AHct £33 aromaticsy §ALe] bacteriat} fungiGOEREE

E3) &=L} Pseudomonas?} ChromobacterZ2X-E] 2] o]E bromined

W4she BAEL bronineo] WL dfolx HAste olAdBolNe 227
£ 222N LAY AYVABE 7L Sold AIT 2%

aromatics®} 7 pedium size chaing 23 8lE  quinolinols7}
psedomonid bacterium strain® %8 Fa|% qc} '

ZAAL2 7HX e AG FHFEFEL B4 oM & Fola st Y
fungiol] &]%} egg®} larvae?] MAlo|t}. Lower fungioll &3le] F2 wiA
Sh= o] A2 o]:EH} AAIEo] pl-¢ ol Aol & IIE AL
= ALy gt} 2 n)=2] Fenical 1 @o|AM: shrimp Palaemon
mocrodactylus®] egg@E] Alteromcnasol 43l:= straind 2] wjslo
2,3-indolidione & isating 2a|sldc}. o] EAL P. macrodactylusol
AH-G doFl: lower fungus Lagenidium callinecteso] tisle] ehdgt &b
AF BE 3 9ert £33 P, macrodactylusol thsir: Fsjgto] wt
& At Ayt Ael¥3y Adxo] 23led Alteromonas sp. &t P.
mocrodactyluszte] FAVAZL FHHC) o APAIE FuPA 4
of & =8| HE ¥ ozt LU/ PEdRY EBHAW YT
B3} nAERY FARA iyt U] FARA A Holq &
227t e Hes #HriE At #Z Fenical 1-FollA= lobster?] egg®
¥¥ bacteria straing ¥2| wPsio] FAlg wAZHAG 2tn A B
Ag FE3dcd o] B+ UYEEUL ubiquinoneAlde] EHE Yo
L 2t A3 g she BaEA] Qo
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Diketopiperazines & ¥ +A}2] amino acids’} 6-membered ring& ©|F 3
de BAUE A HIE B A HEEHH Feldch. AW
Tedania ignis2ZHE Ba)= el A 7}l diketopiperazines7} S A| &
E2XE Zel w8 Micrococcus sp. 2HE FEE T o] AL A
| BELS] FFB|AE AAY & ohel AFHYFERNE F&F AHd
2 4t 38 udEe 2zt BYUHY ZHoleke ZPdel iy a8
3t FAolch

A3 EYEZe B2|¥  Bacillus sp. 2RE ¢z AR
3-amino-3-deoxy-D-glucose?} 22|15 ¢ict. Aromatic acids®l rubrenoic
acids A-C7} Alteromonas rubraS¥e] B2 dct. olFe 72X 23z}
B Mol st ZAPElen A¥ge] ofste] At Rubrenoic
acids—t—:- in vitro testZA 2} 7|32 ¥ ZH bronchodilator) X371 gl-&0] uls
At

718 diketopiperazines ©o|flolx= LFMHYLEZTE LB Vo]
Fof ol BES2HE A2 EelEe] BYEH FUFA BBHAA F
7wk ook Ag9 FFEC] ] B4 HA € o o o
2 [ dEU DX ZFF0] 44 S48d0] Y A 58
Zlolet. 42 Suruga Bayol A 20FH AMFE Babylonia japonica®] £
o gy octs] By FRF 7} alkaloid surugatoxino] ¥2|¥ ¢l
o I F2E X4 AW B4 sl Hagdrh ALsio U A=
28 {EAQ neosurugatoxin} prosurugatoxino] Ez|F|g.om ol&L
Ajt o] o5ty LRV #elglglr}l.  Surugatoxins®] FRAAI} A o]
E°| B. Japonica®] Aol F7[3 e UAHCHE AP surugatoxins
o] AxFA7t ngEY ZRolzke £&& Wtk  HI B Japonicad]
digestive gland2XE] 22|¥® Coryneform baterium®] wjekejo 2 g
surugatoxinso] WA Ee] o] 71 dE FHsigict.

Hol2] 4735 tetrodotoxind NFAUES 71 d2] ¢y EFoltt



o] B #AY HAdz S8/ 72 g kg3 g 43§ A
2 EAE ARMARY AFE AT dF8 AgeE o &Fa Utk 1g
U o] BRE Ho| olglelE oe HPEEEE Lemgen xoE
2Ae] SAREZHEE Haslgct. #HT tetrodotoxind {EAMEO]
Pseudomonas, Alteromonas, Vibrios oje]Z&R2] 3]} bacteriaZH & &2
gl ony 53] Ho| Fugu poecilonotus?] MR 2K El He|¥H Pseudomonas®E
e EalEach. o] AMIEA tetrodotoxinso] o] MAFEFENE U
HAd o] = At

Prodigiosing bacteria2%E 3] WAHE H2 VL7 YPEHo|th
o] Aldol &3t= 6-membered ring& 71X JFAo] Alteromonas rubra}
Beneckea gazogenes2HE| EelHglem 1 F2E ERAR ol 2sie
ZZH Ak

Bacteriall TIE mAEES F&0°] 43l 43U Be7t wrh ol&
245 free ion?] FEelZ HEYL FAUY + QOEET nPEL netal
ionZ} chelationo] 7Fs¥t R71&8& 448l ol&& AXY ulge R u)
&3l metal 2] complex& BAZA#! ¥ 1 complexg A ELYHE T3l ¥
£yt ol¥ R/I7IEAE ionophoresBlil Fim H3E] ironel iyt
chelation® JA oz MNME JZASF siderophoresiél HEr} =
ionophores= o3} 7}A] Hel7l olont de] a3 A& polycyclic ethers
8} aromatic peptideso]|t}., 3§oF bacteriaZ R E|E %] siderophores?}
wax et offol AL HLI& Vibrio anguillarum® ZH-E
anguibactino] Fe|EFdtt. o] E%le FRE FEANE o8 xH AFF
Z BAMo 23l AAHYCL XY Alteromonas haloplank isZ-5-€]
siderophoreq] bisucaberino] Hz|sjglth. cichs] Soldt iR LzxE
748 cyclic peptide?l o] B jtzi E3ata 4ol st AAEHA
o] ARPFoll &ste] HA= AL

F2Joll Al soil actinomycetes?t A 53] Ade|¥d EHL Rayde F
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x)2] Apdelct.  MMYoJME actinomycetesZ2HE A2 PHY EFo|
A&2or wARD gt Y actinomycetes?] tfAEA o] tigt dF=
2 &9 Okami 1-F3} vlFe| Fenical gl &3l FEEI ey o
&2 thd ] =Hof ot H4gt BH o] MAISH:= bacteria& 1% Al
2L aig2AS U3t A3 MR ©234E /R ey EXS
WA 5 3lQ bacteria®] Aol 7]oi%t HlZ} w$- Acrt PFEE o]
& F 18ol 4271 Yu|BEY Vdgol U & A=Y e
&9l

Okami 18- H3jA BHETHe Ea|y actinomycete Chainia sp. BHE
B} ¥ 717} 9= polyketideA] aromatic compound?l SS-228Y8 Fe|&lgcl
o] A2 goju} Woj ciyt eg/do] ¢F5lo] 41A naphthacene quinonedl
SS-228RZ HRITE  ERALEY Mol o3l AME AHAHAD F+2RE

of +3EHA 42 the T/ B2E Fdto ©gol 433isch

Sagami Bayd] E A SolA Ee|§ actinomycete Streptomyces griseus®
marine strain SS-202HE {AIHMAEZ boromycinz} {AIgH 12F JHA
boron-containing macrolide ionophore¢! aplasmomycins A-C7} ¥2]5glc}.
Aplasmomycin A8} F2E FXAo ti¥t XM ABFER o] &3l AA
23 B} C Aete] EFztE vlae] o3le] AAEFACE o]E9 gran
positive bacteriaol thgl 3} A }= alkali metal}?] ionophore? 2%}
o] 23} Zloleke AMdo| ws At o dFet TS WAH Folyt A}
A2 Okami TFoNA tidgt wdzAE o] 83t aplasmomycins?] J4tz
& A3 Az} 4o AAEY salta} HXE wjedo] T
Zo] aplasmomycins®] Jitol A zolehs A& WAY Holrl. 3 Yn
ME ujode] xRt FL2 media® o] FHTH= AMIZ HA7iA] 3 Yu]d
Eoll tjgt o] 2 AojAAW mediad] Jde] FL2 JSAE dAE
cl.

Streptomyces tenjimariensis SS-939Z2 B aminoglycosideZ] ¥AAEZ<I
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istamycins A%} B7} Ee|®glcl. Gram positive2} negative bacteriad] cf
¢ Ay YAEAE 23 Ak olgY TRE ERAE M sl 4
B Yol dstel HAF PO BMY d7AE s Yalch
Fenical 182 &rje] A3 2 E] Be|¥ Streptomyces sp. (strain PG-19)
© 2 HE 8-membered ring lactoned 7}% octalactins A%} BE #2]3}l4l
t}. Octalactin A2] R X-M A LR BHo] o3l 22|31 BY &
t Afte] EFAE vlae] 23t FA=EArh A¥AE FF¥AH
octalactin A 733 A2} ¢l o]l WALl 2Ll A2] epoxide
7} double bondZ A¥H B ¥AEI}7 HH glodct. =¥ ZFHA U
£ actinomycete strainC EH-E| C5 linear butenolided £a}slgct. o]
28 22 BAAlR o] st AFHUR Aol U3t Bl
aich

Fenical 28§-& # deep-sea sediment core¥H & 28|% gram positive
bacterium(strain C237)°2.24-8] macrolides¢! macrolactins A-E$&}
macrolactic acid ¥ isomacrolactic acid& &2]|3lgct cC}E n|PE=H
B UZAE v}yl ¢l 24-membered lactoned 23l QlE o|HE PRE B
Zt7 3ol ojste] AHAIE QAL ¥l gAY Hcpuld2 FEYA &3t
of A=t d¥YE &P}t 5 chAHEE Y macrolactin A ¥n]
BE W AT} A HSV-1, -11, HIVES] virusol Tiyt 2yt A&
2p7b 9l&o] wislzcl.  Bacteria strain®] E2|RAIY FRE Folyd @
28R el E FOoF Ut macrolactinsE & F5E Fa girh
#loa AFY EWE olgolx IR dF AT Ragdou FER A}
571 AAEHA UgAY E -] AAEY HFE ot AojoA
7ers) AF3171E 3}, 1A F2oA 2|3 Streptomyces rugresensis
gulangyunens is22€ FHe] VPEARE Leh)E antibiotic 8510-10] &
glEldrt. 22y kasugamycinAlEE dE 3 o] BAL MY PR 7
243 Wy RaHA] 4tk Sagani Bayo] N2jshe x2HEH R



¥l Flavobacterium uliginosum(strain MP-55)C. 2 Y E| heteroglycan#]2]
polysaccharideq] marinatano] Eg|E gt} o] EAL ool HAgH
2 #Z7} of e ol wUHFcl AdolM Eel¥t Streptomyces(strain
KMM 9BS12A)E X E] £x}8ko] 85kDao] &l protein complex?} E&|E a2
t}. Palmorocine® HWHH o] AtjEA.& gram positive bacteriao] cjit

S 7 ASol wH AL
3.8.1.3. 3% fungi®] thAlEA

Marine fungiol] th¥t HAE3}3tA &LL: marine bacteriaol H|3le] & ¥
wsith, €A EAY = 300 ujddin] QY U9 FPUEE
HA urh o] el Ay 3.8.1.1. 7o ulFolA HEI uiet Lol
o HEe] a7yt BAY HERL] fungi & lignicolous fungiol tiste]
FHo] % YPEET} 2|3 enzyme activityZ7} W2 o] FF2] fungie
daelgel off 2a diAalEdE Aadstx ds F$rh Wyl dEelch
22 o|& lignicolous fungi® ¥HAF AVPELE Yiidcke
v Al FA7} R ¥ %A (Table 3-3, Shin, 1989) #|2of phomactins%
el o] UAHE § Y fungic VAEAGH 771 Hap ¥y
stojA Argolci.

Marine fungi& UAlEAZFE 71 WA RIH AL ascomycete
Leptosphaeria oraemaris23 €] £e|¥ 2 lactone-amide leptospaerino]
th. o] B F2& X AR FZ Exfol sl A E ey g
o3t} +=A = glt}. Leptosphaering] C6-Z3-2 vjddo] EJ1H glucose?}
Bixjo] HEH oz ML FAY L oraemaris®] TIE strainl
2RE 84 fungis] tAEAE ¢33 sesquiterpene culmorino] F2|%
ot}. Deuteromycete Asteromyces cruciatusTXE] 48] Penicillium?)

AR R g3 A gliovictino] o &2 &2 dojHcl. GliotoxinAl
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Table 3-3. Antimicrobial and cytotoxicity of marine fungal extract.

extracts antimicrobial activityab cytotoxicitySd
1 2 3 4 5
facultative A . 6 30 71 6 37 41
fungi + 8 28 2 FRRT ;
++ 2 11 2 6 10 6
+++ - 6 - 2 11 1
total 75 75 75 75 75 48
Be - 33 25 37 34 30 NT
+ 3 10 - 3 4
++ 1 2 - - 2
+++ - - - - 1

total 37 37 37 37 37

lignicolous Ac - 33 12 30 23 13 29
fungi + 4 26 8 15 22 -
++ 1 - - - 3 7
+++ - - - - - -
total 38 38 38 38 38 36
Be - 38 34 38 35 37 NT

+ - 3 - 3 1

++ - - - - -

+++ - 1 - -

total 38 38 38 38 38

a1 -5 are test organisms (1 = Candida albicans, 2 = Bacillus subtilis, 3 = Escherichia coli, 4 =

Streptococcus sp., 5 = Staphylococcus aureus). © - ~ +++ are activities of 20pg of extracts (-
inactive, + <5 mm, ++ 5 - 10 mm, and +++ > 10 mm of inhibition zone, respectively).

¢ Cytotoxicity were measured by EDsg. EDsg < 5 Jig of extract were considered to be active
(++0.1- 5 pug, +++ < 0.1 pg). 9 NT were not tested. © A and B are extracts from media and
mycelia, respectively.

(Shin, 1989).
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diketopiperazineql o] &2 FXE EHALEY Hlale] o3l FAFHG
T}, Ascomycete Helicascus kanaloanus2%4-€] helicascolides A%} B 13|
31 (S)-(+)-ochracins A|71&] lactonese] @dojHrc}. -
Mexico?] 3] sedimentZHE BEHE2] 912 fungal straine] E2|E =
d o] strain® E2RE {4 fungid] H4EAUZ {FHY trichotheceneA 2]
macrolides7} CHZ}(600mg/1)2.2 Fe|Edrt. olF F F2 UAEAY
verrucarins A%} J, roridins He} K acetateF 2] FRE= 7|& Algele &
Zolole} Hl2oll osted AR} Verrucarins®} roridinsE 7 ¥ A
BREYER A3l A& Ao o|gEI ol EFAUEoIt. AMY
gliovintino|i} trichotheceneag} Zro] H|&E A FAo|elE 3L HH o
A Eeld njgEY straino] mf¢ 2 TEE AAES Batdiries A
2 3 gugEY VAol tigt A7t dEde Y olgolx FEEHY
R A AEANE hR] 2 A AEE A

"7t 2t fungiz AEFFo] 74 "ol £&H Z2 deuteromyceted]
<431= Dendryphiella salina°|t}, HA gFE He  steroiddd
(22E)-ergosta-4, 6,8(14),22 -tetraen-3-oneo] E2|Elctl, Fungid] &
A9l steroids?l ergosterol Aol <&3l= o] BAL ergosterolo] At¥}E]
£ ABAA 23 A AU vRRRer FFHL

Dendryphiellin A¥ eremophilane#| 2] trisnorsesquiterpene} C9 fatty
acid chaino] ZYE]o] B4 Y E3oltl. EremophilaneA|2] sesquiterpene
< AFAMEelY FEAME &3] PASL fungidlME ditts] =8A U
A%y 53] rearranged skeletong]l eremophilaneZZ 2] terminal
isopropyl 7|7} #e|%o] 84 H trinoreremorphilaneZ -2 C}E HE2H
B UA" v} gk A3t dendryphiellins B-G2} A;, E.E:52 § %
A7} 228l o]& % dendryphiellins E.Ej, E, F W G& A3t
eremophilane@ 3 %31 9lo{A o] &©] trinoreremophilane?] g4 A

FE53AYE vlepdct, %3t glycer-1- dendrypliellate, dendryphiellic
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acids A2} BE linear carboxylic acids?} 2 Ea|ZHded olEo]
erenorphi lanez} Z 3131 dendryphizllins& ¥A4{ Aoy 23} o]
5 D. salina®] CjAEAS] FZE ERAE sjHe) s ARHAeH
Al =E B Aot ‘

3 fungie] CiAHEASF 71 Fol2E AL o] E1¥ phomactinso]
th.  dE Z3jo] A= A Chincecetes opilic?] PAZRE Ee|¥t
fungus Phoma sp. 28] rearranged diterpenoid¢! phomactin A7} &5 ¢l
T}, phomactin A} TEE ERxE EH3} x4 AR oste] A4
Act. o] WY 3Fale A H2 IR F. A B0l ndEolA
A" 7l gle A2 Aot Ai¥dE F¥ A phomactin A Uit
%] 732§t PAF(platelet activating factor) antagonistic éctivity% A e
glon 1 zhg7]Zfo| T}E PAF antagonists2} AS cigo] ¥HAcE F
Z 55U Phoma sp. EHE] phomactin A} TR ST J{AI LS
bicyclic diterpenoid phomactin B7} &2]%|¢lt}. Phomactin B:= ARC} 10
njol4l ZFE ¥t PAF antagonistic activityZ} Ql&¢] wWHAc) N
phomactin B U532 S =53F Y 5sldct

2F7HA 3" 23 Y ERH cjAEde] F2E o3t gk



Br Br

HO
B /N
N Br
H
Br
pentabromopscudilin

(Pseudomonas bromoutilis)

CHO

OH

p-hydroxy benzaldehyde
(P. bromoutilis)

N
H

isatin
(Alteromonas sp.)

CO,H
x
CO,H
raa

Br ,Br
Br/fN“§ ~Br
H

tctrabromopyrrole
(P. bromou.ilis)

'C'HO
L0
X N
H

(X =Br) and (X = H)
(Pseudomona: sp.)

(R = t-Bu, i-Pr, and Me)
(Micrococcus sp.)

Br Br
v AN\
\ / &

Br Br

Br Br

hexabromo-2,2'-bipyrrole
(P. bromoutilis)

OH
N
=
N R
(R =CsH))) and (R = C;H ;)
(Pseudomonas sp.)
CH,OH
O
HO
OH

3-amino-3-dcoxy-D-glucose
(Bacillus sp.)

~ COH
x

rubrenoic acids A (upper left), B (upper right)
and C (left) (Alteromonas rubra)



OH

cyclic prodigiosin
(Alteromonas rubra and Beneckea gazogenes)

OH
H
OH N
o \
N | 7
7 N N
I
OH
anguibactin
(Vibrio anguillarum)
J— "/ 2 —

surugatoxin (upper left), neosurugatoxin
(upper right) and prosurugatoxin (left)
(a Coryncform bacterium)

tetrodotoxin
(Pseudomonas, Alteromonas,

and Vibrio spp.)

bisucaberin
{Alteromonas haloplankis)



OH O

OH O
antibiolic $5-228Y §8-228R
(Chainia sp.)

N(Me)COCH,NH,
isamycin A : R! = NH,, R“=H
B:R!=

H,R*=NH,
(Streptomyces tenjimariensis)

aplasmomycin A : R R?=H

vy
B:R‘:Ac,R2=H (‘\j ‘/\/\)\
C:R'=H,R?=Ac
(Streptomyces griseus) (unknown actinomycectc)
O
HOII, O o) QH H‘:)ll, QH
\“‘.. ‘0 7, .:. \\“'
I,O
octalactin A octalactin B
(Streptomyces sp.) (Strepromyces sp.)
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OR! macrolactin A:R! =R?=H

B:R’:a,R-":H
C:R!'=H,R*=a
D:R!=b,R*=H

OH

HO N
macrolactin E macrolactin F
COOH
F P P a
\'/\/\/\AK OH
OH R OH

macrolactic acid (R = H, OH)
and isomacrolactic acid (R = Q)

macrolactins from a gram positive bacterium (C237) isolated from a deep sca
sediment corc
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N CH,
/\TL \IO(
HO - 0 0 \
2 OH
OH OH
Ieptosphaerin culmorin
(Leptosphaeria oraemaris) (Leptosphaeria oraemaris)
OH O
O
o S
= OMc
obionin A gliovictin
(Leptosphaeria obiones) (Asteromyces cruciatus)
(@) (0]
| >
x
o, J
0 (0]
verrucarin A verrucarin J
(unidentificd fungus) (unidentificd fungus)



roridin H roridin K acctate
(unidentified fungus) (unidentificd fungus)

OH O

helicascolide A : R = H, R? = OH (S)-(+)-ochracin
B:R!'=OH,R*=H

(M. kanaloanus)

(Helicascus kanaloanus)
/n,'_ N ;
O
(22E)-ergosta-4,6,8(14),22-tetracn-3-onc R!
(Dendryphiella salina)
R?.
L o

o)
dendryphicllin A : R! =R?=H,R*= OH
B:R!'=R*=H,R?=0H
C:R'=R?=R’=H(*=9)
D:R!'=OH,R*=R*=H
(D. salina)



“ Ao
o O

dendryphicllin A1

N OH OH
NG PN 0
O\\" O O
OR

OH
dendryphicllins E(R = H) and F (R = Et) dendryphiellin G

o~ ©
dendryphicilin E1 * @0\"/\\\/\)\/

o? ©
OH
HO\)\/OY\/\/L/
0

dendryphieilin E2
glycer-1-dendryphicliatc

HOOC W/ HOOC /\/WOH

dendryphicllic acid A dendryphicllic acid B

dendryphiellins from the marine deuteromyccte Dendryphielia salina

O
O
oS
phomactin A phomactin B
(Phoma sp.} (Phoma sp.)



3.8.2. s E=2NE FEY Yol 3
3.8.2.1. 472 w3

A2 YulolgjaAe] Mg AT & A7 i BES WY1 EE]
th. Z2E2E d¥ HFU FASX FES BAZA ASBVAE 79
F9 tigeldd iy BES £ 419 oA FH™ct Idel:
7315 i NGAAEL] VAE] oyt 2z} F4o] HYu|FEZHE A
Y AEHY Y dFE ¢i3le WA eR 97EHEY 2 olfe 3
FulBEI iy BELY FEBA U o] AFeN HAHog #HiFHE
tAHEA S o]F W FFo|th. F Y FAE2HE 22° NAEF A
ZrE 3 AYEH QaFATL FAEo] ohlEl ool 3= Y u)
AEQJ ZAer FZHcl dEE o8 Pulojeay HPAAEFY
BErE guldEo] 23t A& 7Hesde] Ach
Y TAHEENE T Y] E S A dePBEEAY g A
3he AU FAx HE UA ol Holo] A7 &< tetrodotoxins,
AN EE Babylonia japonica®l H’3E3Q] surugatoxins, 3jHOTHE =
&9 diketopiperazines5(3.8.1. 3] n|FF9 dAEA H=)& A sl
At oA o7t =5 afelz E3la o] o]E2 AEY, Ay
g MAEHY FHAAN FEY =2l A oSy TIHY FAE U

gdolx ) BELore AlOlA BHLE AXE L2 rt. ol =
A%t FAF tIEAQA & 2oshe vhEat

A AGEY 8 WUz} 723 el oM ©d BEE(phylum)
EAE A AIRAES HlE A A F5EL] A5 2eelots 40|
AEo] 3y 2322 AYREE xA|S}3L Qltl.  Aplysina cavernicolal)
Be FAn|BEo]l HA 2A 9 38%t AA|3ta STHBergquist and

Wells, 1983). BT x| HL2HY {7]EA F&o] AARE:

e

y

O
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UL culture media® o]-§3le vjgEt MIPERZLEH RIEWE &Y
Rog = Ty B¢rt =EA ¢rh

A7y BE M2 Y VAEL] T3 chdt A 4
Tt thiyd AEe] ndEe] IR WY JBBAE 22 Y=
ez dMEa gt F A, YNGEEI ol7IEdT ndEL dAHY
FEBAE Y At 48 VAEL2 F2AHoE uf§ iy B4 o
2} Y3 J]¥% mevalonate, shikimic acid, polyketides, amino
acids, bases, mixed biogenesis% .2 |-¢ tiasict, eji} oy =
FuU ZRSES UAEH FAE A7 =% 48] VAdEL ¥, FA
o] Y8 A 7N¥& 71 Bdol MAESY AL FHE A ¥rHIreland
et al.. 1988). ©] AMUZ sfHo|U HUA4FEoA el thet AE A
714& 713 EAFY di+ oY FA8udE ot BaHAAU
n| g &l ot Fite FYFH AFEHo] SFE olFFo HHH A
2 2adch H3) AAEY #23 vigHes 3 ¢33 Dysideadt 3
2] A2+ linear polyketides, linear peptides, polybrominated anisols,
terpenoidss Y4 7ido] 2ol FHAEo] YUY AEZHEY A F
&5+ o7l &3] UA¥c}. 2dd spjel AES st v
R energy’t AB|ED Hagt ZANANT WeIEE FUY FEol A
o2 AEA Zldg 1 dAERE A sl AL energy# el
FR A IA AuiEe Ae2A ol vl AL energyelt 1 A
B2 A&L AHste 2471 Hrh. 2HEE o] A2 DysideaZFE &
2|9 MAES thee A3 s BALANAE 717 BE &, nRE0 st
of BatE gtk A& AlAFSER glct

o] AE} LAY FABAE KAzt YA Y FHAXESEY Ey
YHSES 2&58 UAEHY F271 ol FAR F9o "k 53]
polycyclic heteroaromatics, cyclic peptides, small aromatic compounds

Y B tAEAY FRULEE o= FE AEAAE Y 7
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2y 4 g2 A=oltt. =3 of7H yl(bryozoans) 2t €M% & (tunicates)
Bol= cAEAe] BUSAU nl$ FAY A9 =Bx ok asa
JlE NAEZ Y+ SHUNEY tABAI} BY F& FAY F2E
23 glth  olsiye] MEYHOoT AN T}E WEE AR NABE
T4 ¢831 e 2 olE RS2 FNFA7 BEY A3RHFA0 Y
E)olek= ApdE ¢jmtih.

mjAlEte 2 SPNAEE AeE AU SE7} 0l Wol AAZ 2
AY ABol Uiyt HE5 10%]51a 297t T8 Qoo SEY o7
o] 3HEAQl bryostatins®] HAQE 10°]slojc}. Wulohjzl HAES]
s 2B ANPAY YA B INY BAE Yehh: 3
27} AFUTh  olgfge] T4z TIARAG A slsto] BN &
2AAE FANAU B2)A VAL uin|g Hato] QS| W T
AE R 2 BB energyBal?) FWo)A tivs] By Zolul,
JEEZ oY NAES we SEU Adzte] F4g WA =g HAE
o] AAFEN7 THE AE - oAE - olzis A oyt

Y AYNBIEE 229 VAR U4} QU AES st Aats
drhe AMe AEE dl¥d 239 AAgel FUTE WAFZ god
slotn 4 Ee] EA, Aol 2edg U /AT S0l REe o)
47} BAY AUVHEE 23T YL BT AejorEe AU HY
MEBAZ o|REx] Rsis 7p# 2 o]87t AR riat ¥uel olaey
& 2 o 270} thol Yot FesAY o]RF olae IFol Y AR
o £3 WA HPEBEYEH FU u]RAEBY of vjdg BY AE
Ao thy YR PupoldARE BUY ofe BB HEEFY W Ao
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3.8.2.2. Rulolgag HFAAE] Y 4y 1Y

gafzta] F271 g3 Y
o] &% HulolgAa AIE /X FHeE K
T8 ZAL A o} 70 of EHol E}3l ol A YIVAEY ol
o|gshes Aot ol e Elol, A, HERY F tIE ¥
=& 713 83 A dol P 1n|¥ RegA o] £ArkE I
st s dEol Yulolelad AEASY FHYU HHo] HIloe A3
E3lch. ey ol ulolelA Ul Kl EANE o2 44
ol2g AAe] FulolgjL FAY SPNEE HYU U £& Zeg B2
o] ¥AS dukFl Hsjojcl. o] A& ZY3] A3t FRY FARE
cledgt PR EERY o {II2FEE iy FEPEE vay
Zio|cHTable 4,5,6., Rinehart, 1988,1992). &, £7|23&E2 ¥hulo|
& Hike AE5EE A o2 el =(ddelol, ¥IF, HY
AA, "3 F)ol Hlsly FEUAL: o AL FUNUEE el
olgj¥t A BEL FF, AFGY Ao] § g4lo]| FaAS|CL
UM AES shujo|giA Blo] HuH 7l AL £8% o] Yoy
2 H2 3 o3 HYALE A3 FH d7YYgo] UL
Rastdd A 2|3 dulolg A sde] MAERTIE Y EA
X ZE AW Folrh. olEE TAMLZ AMEE WA cjyHel NAE
AL gulolg 2k 2} FB2 offdROE QY o|& AuFH A
$71 Welh, d3oid BEERY AERE Fe, BAsle 12E AP35
32 $8ukE ARSE FHo| AAE3Y dubEe AU o
d AEAL cfFEAQ S&ueto] AlJuFE e Yol nR o] F 93l e
By o] 4o 2TEN I AFAFN EtA ulzt F
AR AR EE Aejata §P3ke Zo] dutHolct
2 8 P EE 1 S5V YU e g siae A3l
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Table 3-4. Antimicrobial and antiviral activities and cytooxicity in

Phyla assay during the alpha Helix Carribean Expedition.

% species actived (number of species examined)b

Overall
anti-

Phylum microbial  E.c.  B.s. S.c. P.a. HSV-1¢  Cv-d
Porifera (187} 14 4! 19 11 (138) 14 (180) 62 (186)
Cnidaria (70) 4 26 7 2 (66) 17 (69) 56 (70)
Ectoproca ) 100 100 0 0 o 0)
Mollusca 20 5 15 0 oan o@ty 3321
Annclida 3) 33 0} 0 0 0@3) o3
Arthropoda ) 0 0 0 0 0(6) 0(6)
Echinodermata (36) 0 3 50 26(27) 16(36) 72 (36)
Chordata 2n 15 37 15 1422 23260 70N
Cyanophyta ) 20 6) 20 0(4) 100(5  80(5)
Chlorophyta (42) 7 55 10 541 7 (42) 36 (42)
Phacophyta (19 0 37 0 0(18) 25(19) 50(19)
Rhodophyta (43) 10 35 7 0 17 (42) 43 (42)
Tracheophyta 3) 0 0 0 0 33(3) 03

B E.c. = Escherichia coli, B.s. = Bacillus subtilus, S.:. = Saccharomyces cerevisiae, P.a. =
Penicillium airovenewm.

® Number of species cxamined same as overall antimicrobial except as noted.
€ Inhibiting Herpes simplex virus, type 1, at < 200 pg/disk.
d Cywioxic 10 monkey kidney cell at 5 200 pg/disk.

(From Rinehart, 1988).



AV AT AB AF D IS
Depth,m Tstd Aad % Tstd At % Tsid Aa % Tstd Aa % Tstd Aa % Tstd Aa %
Galapagos
>600 147 22 15 150 13 9 150 10 7 150 4 3 150 13 9 150 4 3
600-450 74 8§ 11 78 13 17 78 10 13 78 3 4 78 22 28 78 4 5
450-300 190 24 13 193 24 12 193 16 8 193 5 3 193 22 11 193 1 1
300-150 56 7 13 62 13 21 62 4 6 62 5 8 62 8§ 13 62 0 0
<150 22 5 23 30 9 30 30 1 3 30 4 13 30 6 20 30 0 0
SCUBA 287 41 14 328 75 23 328 23 7 328 20 6 328 60 18 328 4 1
Snokel 112 14 11 123 21 17 123 6 5 123 11 9 123 7 6 123 0 0
Total 888 119 13 964 168 17 964 60 6 964 52 5 94 138 14 964 13 1
Cocos
>600 49 6 12 49 7 14 49 8§ 16 49 4 8 49 6 12 49 1 2
600-450 15 1 7 28 2 7 28 4 14 28 0 0 28 4 14 28 0 0
450-300 20 1 5 35 2 6 35 4 11 35 4 11 35 10 29 35 1 3
300-150 14 2 14 15 2 13 15 2 13 15 0 0 15 0 0 15 0 0
<150 13 0 0 16 1 7 16 0 0 16 1 7 16 1 6 16 0 0
SCUBA 38 11 29 50 18 36 50 9 18 50 8 16 50 10 20 50 0 0
Snokel 11 1 9 12 2 17 12 2 17 12 0 0 12 1 8 12 0 0
Total 160 22 14 205 34 17 205 29 14 205 17 8 205 32 16 205 2 1
Perlas
<150 37 9 24 19 14 74 7 9 24 37 1 3 37 10 27 37 1 3
SCUBA/ 88 18 20 74 24 32 84 18 21 84 8§ 10 88 21 24 88 0 0
Snokel
Toal 125 27 22 93 38 41 121 27 22 121 9 7 125 31 25 125 1 1
Total 1,173 168 14 1,262 240 19 1290 116 9 1,290 78 6 1294 201 16 1294 16 1

AY = antiviral, AT = antitumor, AB = antibacterial, AF = antifungal, ID = immunodepressant, IS = immunostimulatory.

(from Rinchart, 1988).
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Table 3-6. Comparison of bioactivities observed from major expeditions.

No. (%) active, preliminary results

No. of
Depth, m samples Cytotoxic Antiviral  Antibacterial Antifungal

SecaPharm Spanish Expedition, March 1986

3-30 174/491 (35)  26/266 (10) 14/454 (3) 12/454 (3)
University of Illinois, Maine Collection, July 1985
0-3 58 16 (28) 0/28 (0) 2/28(7)
3-30 96 25 (26) 4/46 (9) 4/48 (9)
University of Canterbury, New Zealand Collections, 1982-19852
3-30 1533
30-130 216 259 (28) 146(16)
>130 54

® Numbers and percentage approximate.
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o8 NeABAEE JF3te 2e Aot dFuY 84 Brlsstel 2
Bo| 1-2 279 AYHET FHHAUL 53 Y¥Y=E ARHoz
A7t BALCRY A7 Ao ozlske Ao] tRolth o] ztAelA B
& Aol L8377 A2 FHANL A FU3t KA} Lol
QBTG WIS e wdsich  azlsie uE, A, wed
(P388, KBE), MESYE] BB dE vl5t] cell lined] 2|7t o}
2 287Nt Yol = thilolalant AU OE EEA &3Ho &
o]},
VAR Y Pulolaa AL AT JFAEHA e TIE olf: ©
A7) gutold Mg AYE AT ko] FAZRU: YHEA 1
o17] wjiolth  Ara-AE H]R% modified nucleosides7} $-4-3F Ztulo]
g2 AzNg MR & FA Apdolth. olF nucleosidest} basesE
2 Yol M folstmg wulolelayd AleletEel e VABNC}
£ WAEA) thste] o US| o] FolA SOm(AZT, cyclovirE) ol
AEo| tiyt ghutolga AE 2R FAHA okch
FAAEZ gulolelad Blo] ™ o7t FE E WA oKt 3
FAAE Ao] LW/ AR st 2 Aque] YWY e} Tus}
47} oiRoltt. sUNAE A7} 60dT) ol EAFo2 A ofF
Uyt AE StU™ IFES A7 R SBolMT BB A
: 2 HABY 723 Fo|4d3} olo] ulshe R7HE}S
A Bate] siMolnt AU W3t W Y BAES vIRY VAEY &
g7Hs ol o) Systgct  2elstd sode) 2% 227 Y 8
FAAEZ BT FEF U "oy A7t A=HAY 24
2 swnjulo] sttt 2eEg 22u Bad PAARC] o sl
A Foll AxEH) 4T PeBAEE 72 Aol FHxA UAH )
z2% W= Aev B8 gk B Ao 3.8.2.3 Yulolgls HAE A
\J
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flol AFY o o|fFE Aste MYAAEZFE Hulolegryg 24
Mg WE stz Bt Zo] Yalelch Tt AT AISY HiiFe
2 A2 yYujoleaAg o] Aol FFiltel wlel AAE] iyt ¥
Hiolej& Fat E WiHd] &Y gloRE ulojgry APUAEY
T EX F43] gold Awelth

3.8.2.3. siulolg AN NYAQE

a7ix] R” 700 Yujolasd SHGAAEY FEo wiE 2 E 4H
27 Y, 33 ¥ 49580 3FBE ¢ 4+ Uk OIS HYEROY
tAEEFEE ]S =84 LS S EEREE UAH o7} glch
3L} o] A2 Y EC] BulolelAay EHE W PPshA d: AE
gunjstA & gttt MRF[Y ZPEFo| Yuloly A AANE e}
o] 53]  Codium, Hymea, Ulvas <+ F¢ <o2%y ¥
polysaccharides®} fatty acid amides”} 3ulo]ajA H2F 7zt glgo]
HAch 22y olg EWUE 3 F&I1 13 tAEAH of¢ {ASH A
A2 d3Y 5 gonz & F5E WA Rk

NYAF2TE HujolgLd MAEo] WARHRA] 2 AL P Eo
E aFHAE A8 FASHA] AL Aoz FFHL F YAES 3
FHGE a7 Z7olAd 60dciUFH 70dche] FX AFHoz A
7} 518151 80tk ol Fol = Hilo] A HolA AEMe] =EA UAHLL
I 70dchi7ix] = P HAESY VAP 53] YujolgA H e tf
ME Bl wie HULER o 7o F27 UEH YA B A
S Yulolela Aol o] o[F-oxA| U Zlolrt. rimz o4
¥ shujolejx EAo] ARFHYUE 7HsAol nis Ach

AA ] YulolAd NYHVAES & b7} HEFEENH el
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ol AL Aol 2 o AojA A HY AAF 3wo]F& A%}
lomg HE ek o] ohrhAl = A, 1993). 2u'd A LA
Z o] oiyt A7 7 ista ol FRL nldelx x&€ A
olBZ o RE FEH Wulolik e 5 YU AKHOE FU}
4 Zojrh. dEe Fulolgad EASS s tigt AUEE Jde
31 glch Z polyketides, amino acids, terpenoids, bases, mixed
biogenetic products% YWl o® eyl RE AULY 7S /M1 &

< Leksta gl

|~_|

mo

i

Homospermidine} 37§2] carboxylic acid amides?} Z%® acarnidines”}
3™ Acarnus erithacus2Y€| B2|%2lt}l. GuanidineZ]|& 7} o|&& t}
Byt Yo ¥E Ao} Yulolgla AE Uehdch o|&2 FHI itz
B 2o 23to] Hjtgo] LEF Tt

GuanidineZ]| & 7}z HA o] B3 chsiae] 3gHE9Q ptilomycalin AV}
FlelB3jo| A AlSl= Ptilomycale Spiculifera®t F3jo AMAld}l=
Hemimycale sp. 248 %7 Ee|=drl. Guanidiun saltd] ¥Helz Ea)d
o] FAL EXuolel £Mof 2ste] P27t ABEdLn ¥FY, ¥wlol
g2 U yUFT vt Fed AxE Za glgol wWaizlch - 32 3
W Crambe crambe2HE 47]12] FA1%t B2 EQ crambescidins’t ¥e|E ¢l
t}l. ©o|&& ptilomycalin A%] spermidire®] hydroxy spermidine® 2 x|
¥ 223 B3¢ 739tk olEF crambescidins 816, 830 I 800
1.25ug/wel18) X0 M Herpes simplex virus, typel (HSV-1)2] A#g ¢
A3 At

New Zealandol A - Mycaled} dE-oflA 2HH Theonelladi L2 HE
2}2} mycalamides A%} B W onnamide A7} 22|®dct. Hol¥t acylaminal
71& 713 o] EHES uiets] Ay suloleja} et HAE Zagich
2 o]lEL #UIHH el sl BYAZEAE o] WM F2
WAl ¥ sk UAIEEtA wjdo] AR AL



BromotyrosineAl HtlEAaQl fistularin 32} 11-ketofistularin 37}
Aplysina archeri2 ¥ €]l E|gdr}. o|EL feline leukemia virusoj ti
Stof 2izt EDy 22iM} 42Me] BEolM BYANE Uehidrh  olge
22 Y ghlolgja folx 3Ll MES/do] gldol WA AlDSE ul
olglasg ARl iyt ol &7bsdol QS AlASIGTh  olEe] Fulol
AELE O E e BIDSA|QFQl 3’-azido-3'- deoxythymidine(AZT)el H|&}H
Arers] ol EEe] Baljl 2°,3'-dideoxy cytidine(ddCyd)eb:= 8-A}%H
A xo|t}, BromotyrosineA HAL ¥HF VerongidaF o] tj¥3 M I Eo|
o 53] fistularin 3%} 22 3%2}9] bromotyrosineo] AYH E3e 1
Z52} 47} tiwrs] tiedsitt. 292 ® fistularin 32] 3hujolg|a &
£ VerongidaZH €| oFo]| FEELW AR S thsliA = gutolza
H3E F3Y Yool AL AT

x| 3ol AA)Sl= 3|H Topsentia genitrix2HE| 3718 bisindoleH
alkaloidsql Tosentin-A,-Bl2} -B27} # 2|5 ¢lch(Bartik et al.,1987). o]
EL2 25 ¢, shujolglA &S Jehgiddrt. A2 topsentinso]
decarbonylation®o] BEAd%t Ao 8 2&E|E= nortopsentinsZ} Flg| B3]
3] Spongosorites$} HalichondriaZ e He|Egrl. o|&2 H|& Bhu}
olgia H3le= ¢lovt 7Yy ¥R sl EUEINE J5314r).
Derciting Al3fell MA3le Dercitus& 2 HE] E2¥ 73 RHepyl 3
& UEhRE polycyclic heteroaromatics#l2] E3Alojt}, AcridineA|
alkaloidq]l o] EA& in vitro testolA] Z ¥ BF ¢, Yujojgja Y o
o oA (immunomodulatory) & UER AT}, QoA A2 Y fistularins
o} npAIR| 2 dercitin®ERF YL analogs7} A U HE Hix|glo
BE olEo| Uit AAAA Hulojejarx FH L AT ulojgAAe] &
V& 9 7Hs4de] Arh

Terpenoids & mevalonateolld] 7|$1%t EAUEL HYAVAES SFNE}

718 won A cjAEdFolME 1R NIHs] WA A
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diterpenoids®] TlJ¥ FHFolAM spongianZF2 713 £tz =§ s
ol9]e] F-AlgolA HH LA ¢orz HH g VAEE Ee
&t} spongianZZ& 7}3 M7He] /.EA| spongiadiol, epispongiadiol
) isospongiadiole| Z}e|B3j2] Asj4l(>200m)siH o2 HE Fa|x .
olFe FRE U W spongians}e] F3FulolE] H|alof 23t FAFEAUL
o 2F gulolgjAel ¥FY AAE el

Spongian®} A& Tl ring-reduced zzuleneZ A& 71%X diterpenoids
reiswigins A2} B7} Venezuela®] Aol XY 8iH Epipolas reiswigi
2He Bt ol TRE 2D-NRE T2 o &% EHAE |4
o)5lo} ZAARE Q).  Reiswigins A2} B Zug/mlo)lA] HSV-13} vesicular
stomatitis virus(VSV)e] 4arg ¢as| dxstgdon TL %TolM host
ol jCV—l monkey kidney cello]l i3t HAMo] ¢ Ao® HAF L}
(-)-Reiswigin A 2 R7IYEA Wiz AYPE =HHen o] 23PN
FRAR FAlo] EBHIAY side-chaing] o] B Acfsido] AAF=A
1=

3E] YujolgjAd VAEF HIo) 7IE F5E U2 Id= A

avaroneZ| 8 2] mixed biosynthetic productse]|t}, ©]5& mevalonateol 4]

rlo
o]
<
s3]
~
o)
o
1

7193t sesquiterpene part®} shikimic acidollA] 7]9I%t quinone
(hydroquinone)o] A EFEoIth. o] Ade EAELS JYVEE 4

7o 27lal 70du] %€ E3} AR X2 RE ALHos Hes
ojgtonut ezt E A& FA R3itiyl 2ol olgeol ZR <t
Hujolas HE 2 Qo] HUHA olEY AEY U7z ciyt
o] efaty Ayt AFEHIA ek olEE FRIL WA ksl {714
83 whdel ¥ tigdate] golsinz FulolE A2 Y JHssdol
£Cl o] Ado] &3l= tl®EH FAQ avarol?} avaroneo| Dysidea avara
25 FelEAdEsd in vitro testZ 3} HIVol iyt 7yt Alaztrst gl
Sol WAk FUR WHLBRE avarol?| hydroguirore ringo] 4t}

l
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¥ diactylavarol®} 6’-hydroxy-5'- acetylavarolo] #2|E it} Avarone
Hop AgelEd At o &2 REAE AUty siste Ay
avar;bne~amino-ﬁ-52]]7} 3l oLt o]lE2 BEF avarone®rU} AL
7t @A 3] Yol WA

Avarol®} FxAHog WHY HYWo] Sl aromatic ether?l aureolo]
Smenospongia aurea® €] Fe|Egict. o] EAL FxE= BHENH R
o X AAFE Mol &3t AFE Ul AureolE P-388 tumor cellz}
influnza type-A virus strain PR-8¢i tid}o] zbz} 1Cs 9ug/ml et 11.6pM2]
Beldd ANE Uehdodeny 2o 3@ Strongylophora hartmaniiZ%-
g E21¥ #AHE3 strongylin A EY vl elfd A2E HAqFY
th Aureol3} strongylin AR REMES 3 FZot HeAUHE % ol
uhdell B EAHIHE YH34Ach

Z]Z BahamaollX] AYAE Petrosia weinbergiZHE Bhujolg|A HIANF
monitor 2 o] &%t MAFH Ee|UHE AXA sterols] side chaino] A3H
3712} orthoesterol disulfates A-C7} E-2|E<icl. ol§2 feline
leukemia virus(FeLV)el] ths}o] ECs 1.0-1.3ug/ml2] Hulolajsr AAE U}
Elfigdcet. ER MEA BF in vitro testZA3} 20ug/wells] EX o)A
influenza virus PR-82] A4#hg A3 HGA|3}9 2t murine coronavirus
AS90] tidlolE FUY HxolAd 50-70%2] JAHXA4E Uehfigich

HB Y nucleosides7t ¢3¢ Fulolej 2 A2AE Ztn U2 I ¢3A A}
Adolth. o]&2 F&71 Hla A Ughite] §pdol 23t ciagite] goldla
FrEdZY F2EH EY o) Bolslcl. ezl A ol
AL F2 unusual nucleosidesol]l AFF 3 glom X AIDSX £
2 FUE AZTE 1 ¥ 3l oo|t}.

olE1% nucleosidesy} Y EE H3| sjAo2RE Akyos FelHa g
oo Fulojej2A e el A 795t glct. U= 7] 50dchel] sieln
3fe] oAy HeTHE Hol|¥ nucleosides?] spongouridine(Ara-U)3}



spongothymidine(Ara-T)o] E2|¥%om o]g2] ¥ulolgA e} vl&A
& modified nucleosides@-H-E]8] Zhujo]dAA| 7jwle] it 2 AAS o
oz}, 2283t spongouridineo|l} spongothymidined} FZxH oz 7
o] gl o712 nucleosides?}t HAdEFon] o] L ara-A(adenine
aeabinose, Vidarabine)®} ara-C(cytosine arabinose, Cytarabine)?] ¥Ad
o024 2 ZAES WA =Hth  Ara-A: Zulo|AME A1RE5US WUk
om ara-Cx= HEY fujolajs FIE osioley Hud iz A
3t A2 d& WA ©fr] HIole ara-CH sugarrl WY
AH3Mch S8 acyclovirzt §gE 9l on] YujolgjLAZ o] &E 2 9t}
Spongouridine (spongothymidine)ollA] ara-A W ara-CE AA acyclovire]
ol o2 Y™ dFAFS HAEEF7E AAF szt o o4y
Aol DA F88E Y| =udtt. & MYAEAAM AL £
Hd FAE 2 AAle dEoR Aol Y wE FEY ¥y
e R diges R B /Mo olFY Ho|Fz
o BAPEE, 54 U P Fx-M¥Es, F2-54% yud
Aol tiyt EF-& FUARAL o] FAME AAstes 3o &l o7
7A HEH fFEA7F $EEAe O d3} AZTY acyclovirge] $3
ejefFe] ke ZHASTh ool HYHEES HdE 2 A gy
FLE o] 875243 dEeo] AdotEe] e $1¥ lead compound22] 7]
AEI} ¢ Hon g gulol At et AojetEe] ML #sle 3
FAGE ©it A= v ] "3 Hojop # ot

Soft corals, gorgonians, hard corals 5 7}35S(coelenterates)2 3|
HAE QoA AT E HI7Hs 3298 %3 dUcH(Ireland et al..
1988). U u|§ A G A2 25%0|yo] FHFEE FH E£2H
devt dxizta] w3 YujolgLyd EE2 vl =EECL o|RE2EE Y
7WA| 7t SlZlent AEEY FRAx BAV & Ao F&HY. & A%
T AAEL, sfiHolut ¥MFEAE det AL 7Ho] thIsiA|



9}31 terpenoidsz} MMl 90mo|4E x| %ch #gtopz}t olE
terpenoids®] tj¥E-& d]Z2A(norpolar) HFHL Z2AE 24 (moderately
polar)E3o| B2 & ulojela HAE &5/ 71 §oldtA] ¢drt.
ZR5E ¥upolelad EIRx g8 L briaraneA Y
diterpenoidsolt}. 6-10-5 3% 32] 32 & 712 briarane ZAFEo)A
T uAsE B85 @4 FFolth. o] Alde &3k Hixe EIY
briarein A7} F}2]B.3)8] gorgonian Briareum asbestinunl T HE] Ez|¥H
¥ o3 soft corals} gorgonians2HE] FUZTHL EUEC| A&LHo =
TEEo] X2 ZAFEY VAEAA cits] T2 #AE AAta 8l
th. o] FFS& 7H1H EHES Hupolels, 44, YUu|BE, AEHY, ¥
AABYAS I AR EE Uehhio] ol AL o] Adol &3 B
A& 3EAY Y gL ZHo] AEo FHPH o] @ 27
of 1 o] gl Zle® FFHTL Briarein A7} EEH AW FUY B.
ashestinup® 2 HE] F-A1%t 23l¢l brianthein V71 22|89 o 3ol
29 MEEY B dgo] wWdAch elF ol AMA3ke gorgonia
Solenopodium sp. 2% €| solenolides 7} F£&Egon 1 JRE Exxa
o] 3|2} e Wt o3t A Ycl ©o|EF solenolides A, D B
t 293 gulolala T2} olfo]l WAl =Y dx|Yslol] A2t
= Junceella fragilis®} Plexaureides peaelonga® ¥E] -F-A}%} briareins
o] Hz|xlgrl. ©o]&% junceellolide B2} praeolide: 2}2Z} 272} 52ug/ml
ol A #ulol & HFE LIEpRdTh

BAFESL] HAEL A R Eo] soft corals, gorgoniars®

—

alcyonarianso) #]<X|¢] ¢l3 hard corals, hydrozoan, sea anemones S
tE ERdeE FH do3 A2 o =8t gEIolN ayd
stony coral Tubastrea aurea®XE ¥-2|¥ amino acidollA J|¥%
aromatic guanidine ¢! tubastrineo] 8-¢3%t 8lulo]glAA Ealo|t}
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th. °olE&2 ¢33 VdEo] AU HolMe nojshi(A g AIEY
sxu|gl), de|Ed EAe &9 YUzl 3¢ BEES 7 ol 84 |7
7t AR 9o nwfe HYAAE A7 YHAHA $AE xR Y R
o2 F&¥ch

HH5EZRE ey EAY FEUEI L olFE A7 A
ou FEY AMdo] FUHA] ok, WA olg HAEY BULH JWg ©
£ ZFHe A 71%o] ¢ tidsie] J1 Ha AAEY F2U 8y
Z5 =Y ul$ cigsicks Holvh, ditdeoz HEAS Aej¥duy
£ ¥4 IFo] 3 3AUAA T2 ¥elet &9 kgl AstE
2 4N5EY dAEAY iy Bz BEEE olEY TR 3879
tiedgdel 2%t RY JHsde] wtl E IR olf= HNFEY &
Ho| o}E MIYVAE Hr} X Y Ae|E e ¥ & UAL 7}
sidoich. dMFEY AAEA ot ¢ ke WG BE visiq
A &2 80dthol] ol EFAeg AatEct. n8Eg, Az|EEx
iRt A F4lol wold olF¥o] AFAHo2 AYH YNFEE FEHY
A EA] £& Uxst vlE Y FERT} &S 2L dAsirh. o
FRE AR AR M 2F-E50] Uy Pe|¥Exy &3 F
& vz Bl YAFEY Be¥g Nl ohE A& i3l AA &
2] 942 HoltHTable 4). oW o|RAME ¥ ANFES PV EER
o 2% WEJL nS o0 ojofELR AWl Q= B EY CTIE 3
¢ FERT] Yol & FHE w3 Ut

Aplidium sp. 28€] 2,3-threo-13, 14-erythro-aplidiasphingosineo] &2|¥
den PulAE, e A Fujojajs AZIL o] wWH Fch o E3
o] AHcjuid2 Agdol st = At

Tunicates® e ¥2|¥ small alkaloids % dg dad 2R 8
-carboline Al FEAQ eudistomins oz}, o]& FZ7} v|2F Nt}

32 Be|RPE 53] PulolgjAxrt mff ol A GF oz MyFel ol



th.  ¥AzkA 20 /=AY elBQ W FlEjEse FE AMASE
Eudistoma spp. &t Ritterella sigillinoidesT € EelE|don A& A=
‘Bajo] 8a¥3 olth. o|EL 2F B-carboline heteroaromatic ring
zk31 ¢lom pyrrole, pyrroline, benzene, oxathiazepine 2] ring&
23 gt FEAR yrh S5 et Yy Hulol AR AR A
ol &2 Ryl civty] oigAUQERER QM glon MeerFo g
gAY R7188 A ihlel oste ZEY ez dwHch ALY
RE eudistominso] HYAFE ST Ba7tA] g P WHE 109 7}
Alof] olE2glom sHE #io] AL EuEa gty o] oM HHe
2L E2A5A 4= YEFEA £¥ s dojFEd debromoeudistomin D
+ AU Yujolgad REAolth

HYEE UottMe A dgAdEYd E3F M /EY A2
cyclicdepsipeptides¢] didemninsd ZHoltl. 7le|B3]e] Ao AAls}=
Trididemnum spp. 258 @ol3 didemninsE 1E2| 7ZEsin Uiy ¥
vlolglL, ol W AR BB AUt 2ofFoR Y Fo gle
53] lead compoundq! didemnin B $=\dufo] A|21E ofHo|tr}. Didemnins
£ 28 ZYy BeEx B9 ohel 72 ZABLY ol FLE /B3
th  ARENI EFAREM &dle] e 22U WA EHNew HF
Aoz Aol 2sto] @ 27 A%t Didemnins®] Ho|Fz
o} Thdyt QelEP e o FAECHY AFE FAAH B ol 31
2z, e J1F, HBR=Ae Y, Ay 4 EARFY F
o] orstz} |7\ ¥lete] ofe| Holo] x| didemninsoll th¥t A-F7} nf$ ¥us}
1=

Linear peptides¢! halocyanines A$} B7} tunicate Halocynthia roretziZ
5 2 "Hch, L5 Ho) BYd M4 tunichromet T2 FH O
2 RAY oS ES Yul 4B Es fish ANA virusesol Tt 43l
& VEh et



oA dFY M FF7 Y FAF GES AT 7Iety HIYRESF
B Ba¥ ujolgAsd HAES AY (il =& o224 22 pulmoante
mollusc ¢l Onchidium sp, 25| £2]|¥ polypropionate#| 2] bispyronesQl
onchitriols7} dol& =t (10S,13R)¢] 7|8lujd& 7}Z  onchitriolo] 20
ug/wl 2] sxrolA Hulolgjad ANE AR LR Ut

2 A3 HAZoA Eeld vi¥AdEY Iy Y bacteriunl ZHE
macrolactins 2 HHH AdH2 C24 macrolides7} #e|E g}t o]|&F o}
FE3AQ pacrolactin A ¥ Pujolgagd H3st Aol w3
Macrolactins®] FZ3 B T2 ZAY =¥ & A3 3.8.1. 31
BEL tial E-olA A3 dFstac].

opx|gte 2 AgY R FuFE(echinoderns)olt}y.  E7MAle], AnlE7t
Arel, s FTFEL] HEES A of¥-Eol] steroid(triterpene)#| 2]
saponins©] A} sapogeninso|t}. o|&E: o JHA| He|VEEE 2 3
on dEX o)y A ANE Vel O FxE7) njeksie] AlejerE o
22] /78 g ZALeE dsA.

212712 XY B2 HPAEFA Yuloles Y F2E theH

.
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/l\/(l)k §
[CH,}.N[CH,]
x N7 2 3| 2 S\N/u\

NH,
H R H

(139):R= COC“HB

(140) : R = COC,,3H.

(141):R = CO[CH1{3CH—CHC6H13
(sponge Acarnus erithacus)

ptilomycalin A (144) :R! =R?*=H,n=13
(sponges Ptilomycale spiculifera and Hemimycale sp.)
crambescidine 816 : R' =R?*=OH, n= 13
830:R'=R?=0OH,n=14
844 :R'=R*=OH,n=15
800:R!=H,R*=OH,n =13
(sponge Crambe crambe)

mycalamide A (103): R' =R%= OH
B:R!=0Mec,R*=0OH

(sponge Mycale sp.) cool
onnamide A (104) : R! = OH, R*= Y\/\/\/\)LN/\/\/
(sponge Theonella sp.)

— 96—
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NH
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OMc OMc
Br\_ 7 Br Br Br
HOY Br 7, YOH
O\ H R = OH H 9
N= N \)k/o \ / N ==N
0 Br 0

fistularin 3 (R = H, OH) and 11 ketofistularin 3 R = O)
(spongc Aplysinc archeri)

\N\

N x
LI
S N

R! N
H
topsentin-A (167) : R} =R*=H
-B1(168) :R' =OH,R*=H NMe,
-B2 (169) : R} = OH, R? = Br dercitin (202)
(sponge Topsentia genitrix) (sponge Dercitus sp.)

spongiadiol ®R'=H, R? = OH) and isospongiadiol
epispongiadiol (R! = OH, R?=H) (sponge Spongia sp.)
(spongc Spongia sp.)

HO
O n
OH

I%I ."Il m
O
reiswigins A and B (didchydro) (424) avart_;l
(spongc Epipolasis reiswigi) (spongc Dysidca avara)
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OH

OAc

aurcol
(sponge Smenospongia aurea)

diacetylavarol (R' =H,R*= Ac)

avarone
Dysid
(sponge Dysidea avara) and 6'-hydroxy-5'-acetylavarol
(R!=OH,R*=H)
(sponge Dysidea avara)

OMe

Na* 0SO,-

et I70)

Na* 0SC, ™"

strongylin A
{(sponge Strongylophora hartmanii) /g/ lr
R=
Y, T M,

orthocsterol disulfates A - C (from lelt to right)
(sponge Petrosia weinbergi)-

(0] (0]
HN CH; HN
| Py |
O)\N (0] N
HOCH, HOCH, o
HO HO
HO

ara-U (spongouridine)

HO
{various spongcs)

ara-T (spongothymidine)
(various spongcs)
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briarein A (760)
(gorgonian Briareum asbestinum)

solenolide A
(gorgonian Solencopodium sp.)

solenolide E
“(Solenopodium sp.)

pracolide (771)
(gorgonian Plexaureides praclonga
and J. fragilis)

brianthcin V
{B. asbestinum)

solenolide D
(Solenopodium sp.)

junceellolide B (770)
(gorgonian Junccella fragilis)

H
N \n/ NH,
NH
HO
OH
tubastrinc

(stony coral Tubastrea aurea)



)\/\/’\/\)\ 1.
\ 3
- x OH

OH NH,

aplidiasphingosine (1243)
(tunicate Aplidium sp.)

e |~

eudistomin D (1274) : R! =Br, R?=OH,R*=H
J (1275):R!=H,R?*=OH, R* = By

N(1276):R' =R®=H,R*=Br cudistomin G (1278) : R! = H, R* = Br
0 (1277 :R' =R?=H,R*=Br H(1279):R'=Br,R?=H
7-bromo D (1292) : R! =R? = Br,R? = OH 1(1280):R' =R’ =H

P (1281):R' = OH,R?=Br
Q(1282):R'=QH,R?=H

istomin A (1283): R =B
cudisiomin A (1283) f cudistomin C (1285) : R' = H, R?= OH, R3= Br

M (1284) :R=H
E (1286): R! =Br,R?=0H,R*=H
K (1287):R! =R?=H,R}=Br
L(1288):R'=R*=H,R*=Br
debromo-K (1294): R'=R?=R3=H
R! N HO
R2 N N Br "IO
H Ph )
9) AcON S
H
cudistomin R (1289) : R! =H, R? = Br _
S (1290) : R!= Br, R*=H cudistomin F (1293)

T1291):R' =R*=H

cudistomins from lunicates Eudistoma spp. and Ritterella sigillinoides.
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- LOoL—

didemnin A (1315): R=H
o OH

Lt ¢t
B (1316):R = -c—r\N)

Q oH
C(1317): R = —C-CHCH,

Me 0
[1] HN O
! D(1318):R= —C
_ND (1318) L L
H HN
Oj’N N0 CONH,
L

3
0
OYLL O)HIV\,CONHZ
2 0

HN

”" N
E(1319):R = —C_<I‘__7
L
g HN

L
oxffgo CONH,

OMe

didemnins A - C (1315 - 1317) (Trididemnwn spp.) and D - E
(1318 - 1319) (Trididemnum solidum)



OH

N
| - N

RN N

| o | o
HN N HN N
Br N \n/\N NH, Br N N NH,
o A 0 H o X 0
OH

H
HO HO
OH
] halocyamine A halocyamine B
-O-‘ {tunicate Halocynthia roretzt) i, roveizl)
N}
!
OH

HO

HOY NF N

onchitriols 1 {108, 13R) and 1 (10R, 135)
{pulmonate mollusc Onchidium sp.)
macrolactin A
{deep sea gram positive bacterium)



ALy 2

3 Bad Agu|BAEL] Pl EF F AT A A2 dLaE
A3} 2t BeHEEE 2L ool uHMdute} B oFel A
L2A fguBE FoEL tF AX I don HYPE AWE o8}
AEA o]l AF3] &FEIL et olF M & AFHAAM Y
o BEE i e uloleiart ¥EY B HAAYES Ut

HAAFORE she, ARAAE, ol R} AMFEY U, 2IAR Sof

A BeRt AZ 3,000%8} oPaF, AAUHMES TP UM 5,000
28 Yusjo] -80 °Col BEsier).

SHRAIF 1,000072} SHOPLHTE 1,000 328 ujodsted 7 wjorele §7

gul2 3231 RPMTAL 1,64070, HRLUFAE 2,661708 ZA

1

A}

Ae|¥"d ZAAuly 0 2 = reverse transcriptase®} topoisomerase 1 = 3[4
o thRt ZAAAL} Herpes simplex virus (HSV-1, HSV-2)el Thet ZAIubY
o] ¥3J=lgitt. DLD-1(human colon)$} p388 MEF tjito 2yt 312 QE
g s filsisch. iAol Eeljt sulfated polysaccharide &)
e|¥/d =& Sarcoma-180 HMEE AHE3-o At UFF FANA
& ol&3d 1,509 ABE HL MESLS Ueld A F
Topoisomerase 1 AH3PAIF Vel E= S Mystgdct. o 5007 AE
of thste] ujolzjx B dE At

AFEARPYEAY] FA ) FREMSE $1¥ 500 MHz superconducting
FT-NMR systems A[1}7]17]18] HAE |E3t€ct. 82 A5G S vehd
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gad FF A13182] FA 3% wigeielM FeRPEAE 2 ABA Fol
th. ¥EFQAAE Uehle cdRE Adste 25 15§ Husigon

Bt ok g e = sulfated polysaccharideg &4 &£2] BAlFoltl.

IR ER FelHYEA B +E AP B2 TR/, EEY
I 53 3 Qg xo ue ERHAUD Holel #olart vhE
Ao oy o B 8E FUI M3t

ZEH o2 2 1AEE dFE F3l EAFA AF BeRYE MEs
1 sjgul g Fel 2l 9 iy Hy, A¥EE FFUY
o] =91, A7 dAl, 7I&A5] oyt Y2, €4 U Database?H
5 A2l BE hard Y soft wares?] ZFu]7} @#8x g}, #HA| reverse
transcriptase inhibitor, topoisomerase inhibitor, Herpes simplex virus
I, II 3 DLD-1, p388, Sarcoma cellFo] H4S Lehys ERS ©A,
A Aol Bys +¥5H3 Atk
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6.1. Hulola|x GH AN

AF2AE: Yulolalx GHAN

AF713 - 1992.12.5. - 1993.8.30
A7 TAYYATL g AT

A=} o] Fa
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ujolej A oHHY

1L A77de] 54 4 384

o) ER FE F3ALo] A A&GHA AREINE 7= Flolga
EAE ¢d37) ¢iste] g Mo| 7He¥t herpes simplex virus type 13}
type 20] th¥} in vitro ¥ujolE|2: 2o} A mALA| Q] A X Y FE&
WA ZAE §HLZ gl nAES @S Al tieyt ARE AT
U 4 3 ALY €18 9 tFUIFsE0] ¥2HLE Hol Ay
H AgASe ANgxrt A UL ulol g2 24 AddTe] & WS
stelet AARTE. 3] FPuloleja i GHAN o] Hl2FH HIdo} JHs
stjFhong oyn|dEo] ciyt Fulolegja AudTE FAABYo] A
th 31213, EY fejuel RAxide] el EH Bf oo oy R
Z3olgt HolMx 2jej7t Art sAlch

11 d77%e) g 2 s

Yo EEFEH EelH EUEE FH AXuIGNAE o83l YA
simplex virus type 13} type 20l cj¥t ¥ulolejAfate} A|R A9 M
o ¥t 54& A ZARICE  Eido] oA Huloleja FHIE F A
B 52 #7}& varicella virus®} cytomegalovirusol t]¥t &X & A3}
human herpesvirusol]l th3l Y4 H}S Vehls E3& wAsY Pt
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IV, dFpdds W o #AY 29

WdFE EUT F 250 AYu|EE FFolA E20¥ 5507000 iyt &
herpes simplex virus ¢} ZAMo] Verod| XA Ao A o]Fo]H =] HAS
VehR] e sxolA FIE Yulole|ARAE Uehls A&7 U
2 okt iy BAFo] o3l & W2 ARIL BT AAH
o3 $oEe Azl AAHUZTLE A& GHAAMNo] a.7HC]
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108
111
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A AE
: l 116
AxFAYy
4
wz 119
AEA s
A,
A 1
Ay
A,
A 2 B
Axdt 9
3 4
= 3

=
A4 2

A7
3.
A 5
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A1 AME

AT, ¥Y, LojululFe ulojgja AHRES YAFFol ¥ HHL
! ofifo] H4FA L olFofz|x o} e WHY FdHe], tl
Sy Y& A & Hlolgag, B AHUGIY WEEF virenia
(ulelgjart Yo HxE: 84)7F 3 UehdA] o ulolgid iyt
WAALE ol ol Huo|rh ! ExgEY, Aeisel Zuizute
2 wHo] gdo] vlolgAAE Y zdo] Loz FA71Z W A2}
ojajoll F&HY THo] A FAHEAAHAYF (AIDS: acquired immune
deficiency syndrome) o] ulo]ejAAHe] HHZT <Qidle] ulo|g|Ax &
NgdaFrt A2FE s d¥so] gich. ey ofy] FUddE A=A
7t A3 Juul X857t HEE o] gL&FRE FF AIDS Hlolgl& (HIV:
human immunodeficiency virus), herpes simplex virus (HSV)2}
cytomegalovirus (QMV)oll B35l 4ES FRe tfE ¥iFEAEO|
th 239 Ao ulolgiAZA 7 el B A2 A PR Fo Y
o uojgL£Fo[713 A E FAHOZ st SHU/NU At A=rt GotA
3, o 329 71%S 71 EAE Oy Bale] wolAla o} o
712 vlolgAEel oi3] FEHSA ¢EE 1A JEMEIFEEL W2
Holcl. . wlebd ol Fpe] uiF AYel ¥ A2 EAUD JHeA
o] ¢ & Ho|t}.

Aol Al ZEshs HVE €2 7712171 i A Sl 7HR # 2o gE
HHV type 78"% A|8jslne BE tid AW Susle] daA gtk
o] 5% HSV-13} HSV-29} VZV8} Epstein-Barr virus®} Vi B AIDS ¥z}
o] njojaj2o] o 7P FHUUIER UA UL, ME B2 &
22 AR dlo] Hrx el C” AuAe dAFos HIo U
Z HHV type 6% AIDS ¥=xte] WL FIUAJI:= 94E& k= human

mr_m
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immunodeficiency virus (HIV)2] cofatord J}sigdol & ZAog dajA gl
th®  wleld HHVE wlolaAARX Al ALY eE I BAHE F2
gith HHVEE AZAEE HSVS} VZve} WA ZATro] BAUH ] Ud o
Io} HddelM b 4 GEZA AASE acyclovir (ACV)S] F-9of
5 HSV type 1 (HSV-1)3} HSV type 2 (HSV-2)2} varicella-zoster
virus(VZV) 22 gollgt o851 2o o] & Hiolej2of 2yt oAl HH
AIDSRAL2] FF o2 YEaUdEFEEE F35t2 otk Tela ow H
A48 2ol® Foscarnet (phosphonoformic acid, sodium salt)\}
Ganciclovire] -9 H4 wi&ol AIDSL} WAt HAlAYR AR} FH
HriEe] ol Xg AAE dAIHY Rojrt.  whepr Fapgo] A x|&
2Q NBAAE 2 B Aol AFsith. nAER ¥ Yujolga
AE 2o Agstaies AEs B33 AT U2 ARE A3 5 drke
3 4o Felo goldolut i Aabvbsdeld &3 el 5.4
AR} o Rfeld 4 oot sAlch Y o] AE chAbabEe] oy
Jutol gl Aot = HITol Ao FHeR diPgAPAYP o2 Adly AR
Bz glct ¥ 4 la feivte}l Ry B AEEAL Bf Axe o
T BRFH[ HolA ooiyt At & 4 gk B RuMojdE Y
o] BEE FE HVAEA 7/PEE $1% dAgHes F ujgde] 2489

BHSV-12} YHSV-2F AF ZAPBIG g Hasteict.

1 J

oF
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A 2% AT

A 13 AdEa=

1, AIX
A X = American Type Culture Collection (ATCC)L2YE%E 14 ¥t Vero
A3 (African green monkey kidney cell) (ATCC CCL 81)& ARg-5}l4ic}.
2. ulolgx
Aol AM8E human herpesvirus &2 ATCCE FE rstdon chg
2} gk
Herpes simplex virus type 1 (HSV-1) strain F (ATCC VR-733)
Herpes simplex virus type 2 (HSV-2) strain MS (ATCC VR-540)
3. AEEE 9 BEAE
AHEALS AT GAFLolA et fguBE vjdeye] FEEF0]
dck AR FFHe F&vded sty 47 FRE ERHAC
(Fig.6-1). &, 5 ml8] & wjddE Y Eesld FHAES 0.5 nl
methyl alcohol (M-OH)of Q1 A3} (A &olFLE FFHE ¥of | B C
2l Be), A459% 0.5 nl& FEA7] 0.25 und] otutel F3b A)7 A
(A&l E, 2)&°] Ut A5AY L& S22 ethyl acetate (EA)
& Holstd B33 EAZ2E Ee3tdizd, E32 2dE (ARolE, 4,
A EE W), EAZS A2 A2 ¥ 0.45 nl M-OHoll 54t} (X BOE, 3 &
E). HZUEZ A Ardg|AefolA] 7])3:¥ acyclovir (ACV)E} cytosine-B

-D- arabinofurancside (Ara-C) (sigma)& 100% dimethy! sulfoxide (DMSO)
o 20 mg/mbE x| ARE3IHCE (FEFLR Fig. 6-2).
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5 ml of culure

Cell pellets Supernatant
!
4.5 ml 0.5 ml
Resuspend with Add 4.5 ml of Filter through
0.5 m] of methyl alcohol ethyl acetate 0.25 um-membrane
* 10-fold concentrated {Sample name: 2>

{Sample name: I or O>

Ethyl acetate 4.5 mnl of Water
{Sample name: 4, A or WD

Dry

Resuspend with
0.45 ml methyl alcohol
% 10 fold concentrated

{Sample name: 3 or E)

Fig. 6-1. Fractionation scheme of microbial culture broth

and preparation of samp.es for antiviral testing
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Acyclovir

Fig. 6-2. Structural

P

HO

OH

Ara-C

formulae of acyclovir and

cytosine-p-D-arabinofuranoside {Ara-C)
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A 2A Ay

1. Aol

VeroM| 2§ 2] 10 cm petri dishol] 4 ug/nl gentamycin (Gm)(Sigma)=}
5%2] @X2]¥ fetal bovine serum (FBS) (Gibco)o] ¥7}8 Dulbecco’s
modified Eagle (DME) (Gibco)®jx](DME/5 % FBS)ojA A ExtZo] BHAHH o
7k2 37 T, 5 % C02 wjd7loM FAlAlFch HE F 3 -4 o ojr}
trypsin¥Me| & 3le] MEE 1:48 Rjo] Alchstdrct.

2. Hlo]gjxe] F4]

HSV-12} HSV-28 VeroM oA ZHAlA|Zct. &, T75-flask (vfRai3
75 af)oll VeroMExtFo] HAEH iy AAstart. o2&
DME/2 % FBS ol 2A3le] 1.5 wl ulojg|la ¥Aoje] MR ¥rjojct 0.1
M.0.1 (multiplicity of infection)o] ¥|=& HZEslgc} 37 T, 00, vl
B71oA 1 A7t Bt FHAY F e GAE AU ZA Mo F2E A
2 nlo] A5 AHASIGTE. DME/2 % FBS & 6 ml /18 ¥ 70 %] A
X7} CPE (cytopathic effect)& viehd wizlx] A4 wjadstgrt. Axs}
ujoyel-g 348lo] Al Ytk -70 TolA 23l 37 TolA Hol&
Zdg 43 A ¥ 4 T,5000 rpm2 8 2087 YARsIGct. HEAS
£ 4 870 3% ¥ -70 Tol nlojgA FFYo g BUst Al
o] &E|7] Ao nlo|HAF 37T Al&3] o] AHg3dch

3. "lolyA H7153

dlo] e AFF N H71E U7 ¢isle] DME/2% FBS wjoefog 1:100%
AL M F F Vero MR LAJ thFo] M 96-well plateo] wellZ
100 ul®] HFE F 1 A% T oY F FAHA] 2 vlole|2dE AA
stgich.  Aj2o] 100 ul®) viFel & HIIY F 34T 37 TH C0; wjY7]of
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A wo%t ¥ o]l  MIT(3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyl
-tetrazoliumbromide)®y (AE ¥hY, 58 AHR)& o|&3ld Hr1g &A
st et

4. 8therpes simplex virus E AN

QA AME virus-induced cytopathic effect (CPE) Asyd& ol&5td
t}. &, 96-well plateo] Verod|¥& Z-2lA|71 ¥ DME/2 % FBS ujjofejo 2
HMH nlo|gAE 7 wello] HFF<c] 100 CCIDs (50% cell culture
inhibitory dose)7} =& 100 w4 HE3l 1A BEQ 37THAH F2A
7 ¥ ujgde AAsG. 24 =2 3MH JEL duplicateE
welloll 100 ul# ¥7}3ta 37T CO, wig7]ollA 3 widRt vhd MITZEAY
(AE8Y, 5% HR)ILSE 5068 AHIE Aolded ¢ 4Z9 55§ ECw
(50% effective concentraion)® A3 vt QHFIA G2 HAd
2%t I8 ¥4 5 USF ulojga FFA| Hiol ATt HEA] 42 wiF
g Mol t3ld the (mock-infected) HlolB|lAZ HEH MR} YL
HHes Ae|HEdch &, @A wig F a7t HAZ A vyl
3ME o] duplicateZ H7i=| et 39 ulY F MITHEAYOR oF
o] FI/FE Z welld] Adold2 MESFE ofEo] HJIHA ¢ A=X
control wellz} B]Z 3l 50 %2 MEE ES5F 3 AFY =T F  (Cx
(50% cytotoxic concentraion)@ 73 3}4c}.

5 MITZAY

o] AMHL Ao} M X2 mitochondrial dehydrogense’} x@tM&
W MITE Heldg x|y formazanO & FA|F|3, o] HHES F7|RulZ
R FAEE &3l doldles AHXEe &2 AR & HuiFez v
REP= Aolth.®  ujeko] Bt VeroM3Le] ujorelg A|ASI: DME/2% FBS
o] 3 mg/mlE XY MIT (Signa)®& 96-well plated] wellF 50 ul®] ¢
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olg F 37T C0; uYg7lelM FAt Ft wjodsidrt 4tg 3td
isopropanol /6% triton X-10094-& 100 ul % Z} wellol Yol& ¥ NWIE
o18¥cir formazan@ A Eo] $AY) w=% BCTh Microplate reader
(Vmax, Molecular Devices)& o]-&3}¢] 540 nme} 690 nmojjM 2] FHES ¢
olth,  Asod Awed] ST A}o|A] blankZt& ™1 TR cell control3} virus
control 3} H]a3tgdc)

&, BulojgaiIe=

(Ar)nsv -(Achsv

o)ms ~(ohy 100 =4
A R

1—(;—:32&1“—— x 100 (%)2A4

(Ar)wv: Hlol2|&2} e}Eol WIHH velld] FHRE

(Achsy: vlojB]2ut MtE welld] FRE (virus control)
(Ac)mocx: BJOFQYulo] Q}Eo] MIIH well?] ¥HE (cell control)
(A )ma: 2FEO] 71 well®] FH=

UHSVIILZ FE ECo®t MEFZ go® X k& Y ¥
selectivity index (SI) (CCsoy ECs) & F-3}<&lir}).
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A3 d+Ad L 2

AEAE 9 g Fig. 6-10] 7|att uiet o] 221 of wetA 47t
A2 EREE AEES 4% ¢ 4 Y& oy E1& ¥/sta dck:
1) M-OHoll  108s&Eo] %3 AN B(ABO|FLE FFTHE ¥of 1
EE CElal €9): 2) #Al7 AAY 45 (AEe]E - 2): 3) Az
olthzt ThA] M-OHell  10ufs-&Elo] =old EA 38 A2 A 3 (X EolF
- 3, B E): 4) EARE A2 EF (MBOIE -4, A EE V). gAY
& f3ld 4 AE2Y HEEE 7HRFE HAE PEME F4& UehdA
Ue HslolM YulolY2ANE S JUY 4 e AHYEEEH |
Fostdch.  AHe AlEE ANZI 4F5Y 22 (X E 2)% AT S
Al B2 (AR 4, A = WS 5% 1.25 %0 2 558 UnA|E& 5 %,
1.25 %2} 0.31 % (Yol tiyW FEZE 50 %, 12.5 %, 3.1 )9 HEs:TE
Uxt A3t 2 AAstadch

2 2157] EFolA Eeljt 550700 iyt VeroM| A Alol| A 2] 3HSV-13}
3} HSV-2 A ZAMo] o] FolH Lt ol WA Bf #F% C E ¥
AEFY A7 U] F38 Z9 & AU Y5IFEESFEH
Ash= E9F W FERFY A&7 Bulo] HJ] wiEeltt. R &Y AgEo|
AN A dA R RN} BEH Yo d2E AeEdA UElts 54
2ol A BHEF Wiolol gk HESAHE Uehls SXollA ¥ul
olgl2axE Uehle AlEEol YU &4 HYo] ol IS
AHI7L F2 ANEE UAHA Jdodtt (AT B} RS UR). wEtA
AN Qe BAG UASH] Hste] A4 BRAMART} o] Fof
# of s}12ict.
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A4 AE

sjPu| BT B Fago] i x4 A{AJE 7= Yulol
AEag A 913} uiatz o] 7Hs3) herpes simplex virus type 1
2} type 20 ti¥ in vitro ¥ujoje|A Tt} Al Y] AMXEo] Ti¥t 57
o] Verod EAMAloA Zal=igich PAFE IR F 2157 FFolA £
2|3 55070) iyt FMo] o] FolF ]l Higo] LehA] Ut wEoAA F
Y sulolAdAE Uehls A&7t UAHA kel weld x43
l AFHHo] fFHCY

5% iz
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6.2. 8iulo)l®] A4 sulfateP-R polysaccharide ©A

‘é:r'-?—}*ﬂ"éi ginlo) j A4 sulfate@F polysaccharide §4) FF HA)
712 1 1992.12.5. - 1993.8.30

Q7B Rusddz, At

AFMYA: F A
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oy YAtEE thdS o 2HE FHE ole} o WM oy
712 Bel2 AP Hol o|&xo| YUrt. VAR VFLYE ctFREBA=
hyaluronic acid® tj¥X+ bpucopolysaccharide?} = 2]%}3 FofolA]
hef'pes simplex virusol 3}7t i RoR d3lA o, sfUAHFY t}
g iol] A AF= 2 Vivrio, Pseudomonas, FlavobacteriumSolr A3
Ab8l= polysaccharide?] 3¥&ok/do BF Aolgicl p2F KAy
sufate ¥ polysaccharide?l dextrin sulfate, pentosan polysulfate,

carrageenan, heparin B herpes simplex virus, cytomegalovirus, HIV-1

ol 227 e AR oA fo} HYuBE FelY sulfatedlf
polysaccharide= ®2\7}X|% Clostridium, Halobacterium spp, 7} 3 4tsl=
CIRARlo] el olg ®olrl. YuPE] Bidle thdFY Aed
ol Asloi: olAx u|x| 2] Fofoln F3I] sufatelf tiFHE IF3] Al
8 FRoT LA vk welrd HPge] EXidle W n]dE JHed
Aelddsol A #& AEsL A2 EFS BeEslo Yy 54 9
AN M) 7]5ol] B ATE = A2 AgFeE [EY AAdE @
& B9 ope}l 19 SEHESE Yo R 4+ A& Ao YN
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1. d7ge] g % He

THe T A3 BALE Hel3ld U 4 AFE AG3HLE Festa BE
2 MFEY WA ARG 24 BAE WSt MIE 13 4E
3L ol & Tt Mt vy A= w2 AeHE BAtst
A& Eeigich.  Add n]dEY Fdol g2 wgde2 e ridR
organic solvent® HEAAY F sulfatePr-f 75 Hjict. Ad
Hifotd a3 Pelwy ey 54 g 2 delBY =g 24
Lig= )

o e

IV, A8 3 9 8o AZ A8

2L "2l Y2 HY o 1,50052] ojBES screening¥t ZH
o} 104 Fo] u|yFo| cFFE st 2 7Rl 1371 sulfated
¥ polysaccharided BAtsiglct. o] IF& €38 VAo
glucosed ‘UHA|F|3L nitrated BTHUA|F|D] gelatinase?} alginin
dihydrogenase@& “2AV5l3l indoled VAU 4= 921} ureased AAM31HA]
Zotgct. £el¥ sulfated polysaccharide?] Ad2|¥dES ZHAs17]93)
mouseE 7o)l A 7|# Sarcoma-1804]X& 96 well plateo]] HEF A2l ¥ &
2|8 ctdHE M 715ted ui 2%t Al sulfated polysaccharided 71y A
¥ Sarcoma cellof M AHEd7o] A3 AL vehfalct. ez o] %
H+# tte#E 432 chromatograrhy§ 3t FAste] 2 72 & £43}
I3 A&z W UeFY Bz} 2 e BEEE 2AY o)
f37Hch
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o

A1 A AME

A 2R dFEEe

A 33 47ER A 2

A 4% HE
A5 % FaAgW
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A1 AE

BEo] BAtsles IEAEAE MEIEXHbiopolymer)2tal 3o, Zt3F
AEL FAxIE AL #at gl AL thid 53} B2 Bojyt 75
Zie BEIEAE $R3 loA ZF BH) tfS3te] st gt
2t BEAE P8 e EAEA FolE ojeh: TtIE R, B
214 g ey So| FEITEAE iyt 2t x| 32712 5N BE
3 7ol HAEA] YU olfE FIAF eyt Ax ojg Y
U2 A& AEAY FREURAM AR3}7of o]ETL

BAA NN i 'k R ofuix] APFEAZA ofmul, bacteriophage
W A F2-B(phagocytosis)ol]l AHYBIN, APEE do7|= FHY Az A
84 RoF7E ¥l EY barrier2M8 UL FUINIE 31
virust} antibodyzl MEH o] Jo] felof Fash= RAg WA|sl AsHE
4 5483 ¥ 549 2% iong FHAINAL HES BAEA se 3}
o] 71A& tlE nldEe]l A ABI 4 gt ¥elE AW dus
T ¥eh(1-7).

tge F2 AE, 5& U oldE st APdEed 53] ndE
TR o] REAE oln] ¢l AE 9 fz2F feld AdcigdFul
7Iet WA del 5% 43 Hel¥d S vehin A=
2 F37 g B5REL Zerh AEY EA oW B AEEA
(plant mucilages)ol2tal Uaj=] Foll &3|slo] FAel gAS& whEC]
SAHESY ¥e], o 2 M, FA F AF 2o EAsY AxR B3
A HRE e RYoIE pectin T3t Lol MEY JE T2 71227
EAZAME Qg @zl oo 2 AR g i oldBH &
e s 7R Qo E¥, AjEo] AN 2RE Eujso] WX
¥ a¥ysie HFAE HIste S = vy TUELE AE

gum(plant gum)olz} EA| T2, EAQ 5 AEBAEZ o FAH

fifo

R
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th8). M2F Fefe chfie AEde] A= duzdezy g
3 g AEYE FEShe thdes aA FE™Ech Aoz A
£ ¥2F % F2Fo] a-1,4, a-1,6 A& 313 e glucan, F2F, &
Z5F Fol& glycogend] &7t dalA 3lonm, HEY riFezME= ME
2} npx7lR| 2 glucan, cellulose, xylan, mannan So] &x|3icin B8}
31 2lth(9,10). ciEAHQ =R FACIFGLZE tlEAA agar(11-13),
porphyran(14), carrageenan(15-17), alginate(18) T2 F+x7} wsA 4l
o, AFYFY Tol BHHSA A-&F odrt.  2AA EXsh=
A&F(true fungi) 71l BitEE FECIBEES BFS B3, 2EY
oj&, UEA P, HHREYE T HAYRFYE, £4¥E. IS
8L e o]l FelE drk19).

o] AE chde] AY AT 19429 Leuconostoc mesenteroides7t 8415}
£ T3 dextrane] | RHo|M 2] B3 AMESLY] $13) UM ol A%
HOog A7t HolSrH7,20).

] g Eo] Bishe MEY tiEdRe vAEY el E Hap Fo3)
i glch, H3] o AFol9| phagocytosisE& A BSIALL oA
antimicrobial factor®A] 2128} A phathogenic bacteriag 23}l A
oA of-¢ FastA dFFHIL AUch2l). MESH cidie HdAFA FH
A AP el dY gl wighbie R cgiate]l sHeyt cidfold
dHA o2 RE] ] H4r} 42 FAuge] FA BB I3 AAYo] 7}
¥ thdfolth. ©r] Aol oA TR FZ, B4, 7% 4
XA} A2l AFEHL AR Fo| ¥ T2 HHAE JheItA H
o] Hlgl= B4 tldE& d& 4 2= biopolymer engineeringe] 7Fs#
ol nBEY tid g A A2 nBdFZE o8 FEERH Aol
U HEH, FdHeE Fo4E IAEA Hdcl

Yo HE PiHE TILE A2
o2 Hel2 U Ho] o]-&Eo] Srt. ity B2 FE PRFEHE

-

flo r

>
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oo I3 Y¥-Eo|JE I P FABAAE WAL gk 9
U 232e] EolA 3yn|dgo] Bitshe ¥F YA cigA(anti-tumor
polysaccharide)ol TR AFRI7} LA ole) 28723t 22804 5
of Y BHEL 71&olx Utk

dutA o 2 o]PEo] Hikshe tIAMEANE MEYe R disie HXE
o] cietzt o gEe MY PPgPRosA nPEe] HXERS JFTR
£ "9t ol Az} glth  Gram &4 AlFolrMs= MEHE 35}
3 & CIFAEH lipopoly-saccharide(LPS)7} QlEd] o] tidAls 3
o248 AT UELEAY 2 de¥EdE 7L ode A
2 g3x, ¥E4L trEel, Usa2AE AAfRe| "@wsta glch
EX} lipopolysaccharidels §3% 380l Q& 20T Aol Wi
2 gygAEN FEEo] dsol ftout g Yl

Mucopolysaccharidet: ¥ & AAulo] Exj3l= tidoez2y was
of X9l 22, 7%l thslM W2 A7} Hol $tor} thee oA
Ax E&asth= Zoeg d#A $ich  Mucopolysaccharided LAl Q=

F vldBHo QulAOT amino acid®} uronic acid®A] hyaluronic

o

acid(HA)E t)HEE+= non-sulfated mucopolysacharide®} heparin & T &43
Huold 2% A8 Y3l ¢l sulfated polysaccharide2 IA
9} 58|, sulfated polysaccharidet Zt32] Aol tisir Hely,
o3 Wy} AA Uolu WY Auletd Holl4 FEw3 ot Ha,
dextran sulfate, pentosan polysulfate, fucaidan, carrageenan, heparin
2} L& sulfated polysaccharide:= herpes simplex virus, human
cytomegalovirus, vesicular stomatis virus, sindbis virus, human
immunodeficiency virus type I(HIV-1)&} replication& in vitroolA 7}%}
Al At e AeT ¢A sulfated polyﬁaccharide?} DNA, RNA
virusol] Tt growth inhibitor@ & Are] Z]chrp FHuU3 Qlr}(22-26),
AIDSE= @2l HIV virus®] ol 23jx A7l Agozy Pgo Fr}
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2t 918 F3 2l AlAolr}, Sulfated polysaccharide?] HIV type 19]
S njx|E& 2273 cell culture systemollA] AF3t uloll 2]shw
virus®] CD4' cell FH2HE wldl= Ao W QItH27,28). Dextran
sulfated HIV-1 Z1¢Q C4' cell} 7| njerspa AIDS X BAR ol 3
‘~-azido-2', 3’ -dideoxy thymidine(zidovudine)}= W@] syncytium &
e Aes YWiAch ol9 U2 syncytium F/g2 AIDS HALZH-E
T4 lymphocyte Ztdo] F2%¥ UL dHst: 2os FYPHUCH28,29).
In vitrool 4] sulfated polysaccharidet: 2] T4 cell lineo] H/4& e}
uiz] ¢lot AIDS g0 AMEH 4 o1& o= JlvhHrh(24,27,28). WHdH
o] heparino|l} t}& sulfated polysaccharidetx in vitrool4] HIV virusg]
LS 3AA AABI U= AT "ol g E Wit Aoz uly
A “anti-AIDS drugR A= AlSY 4 QL& A Tl Anti-HIV-1 activity$}
antithrombin activity$}= W3t A7} 9loem ulatr 7% anti-HIV
activity® UEhl+ sulfated polysaccharider= Althiyozd Lijo]
antithrombin activity® Y3 F= A& clxolnt 3= AL @ 1313 9
T}

Tz 7}x] o|PE2He] BAE]E= sulfated polysaccharided] ti¥t &
= 23| o] Clostridium welchii(29)} AA18}= dermatan sulfate-like
polymer, Halobacterium spp.(30)2] cell envelopeo| &zj3}= sulfated
polymér,' Halococcus spp.(31)2] major cell wall component$l
heteroglycan £o] ¢ald 9l& Molt]. uwlely nPESRE dojxl:
sulfated polysaccharide?] 3}3}%, A3 glde pf (8% oz
24t
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w3 Fele 4t ey, o Y, deds: U, AAE I
2HE et cirul, o] 5o FERFE A2 31S 3+ marine medium
of =isted #& Felsta iAol g F2 FeHE AMUF dIH
2lA B 4ol HMx)A]HA 25T incubatorof| A 2-3A}7t shakingA]Z] Tl marine
pedium plateo] E=LUIHFE 25T incubatororx] 34t ujedstgret. Fejdt
1,500 &% AANuizlolM Hz2E W& B3 +& 12 AEstn
Tl AAlejgste]  wigede]  Hxrt 10cp ol He¥E  BR
exopolysaccharide® B3l F25 HF(32)3te 2312 10438 Hels}
Adct.

78 REL2 7} Aoz e et F& Difco Marine Mediung 7)&
Wizl 2 dto] AbRujz|olA 28T, 72413 M RF 4T FRF o] RASI,
45nict 134 Achuf @A 1HA RSt

2. 22129 % 9 54

Belgd] Fel, ey g gy gae Aol oet MWslgden
ol& 7|2 Z 3} Bergey’'s Manual of Systematic Bacteriology(33)oll &3}
of Sstdct. EelZe Beld BHL2 JUW0|F(x1,000, Zeiss MCE3,
Germany) 2.2 sl AB3}¥}3 rest: rapid multi test systemQl API
20E kit& o]-&3le] W3ttt

3. AHgaiA] A Bg=x
28 iAot BRAE wiRZA = YL 2R E Zel ddS FH U

Difco Marine Medium(2210E)& 7| Euiz| &8 A&l on njx| 2L t}S2

—132—



#rth

Peptone 0.5%(wt/vol), Yeast extract 0.1%(wt/vol), Ferric citrate
0.01%(wt/vol), Ammonium nitrate 0_00016%(wt/vol), Sodium phosphate
{dibasic] 0.0008%(wt/vol), pH 7.8, sea water 11.

A AH|x] A= Peptone 0, 5%(wt/vol), Glucose 1.0%(wt/vol), Ammonium
nitrate 0.00016%(wt/vol), Sodium phosphate [dibasic] 0.0008%(wt/vol),
pH 7.8, sea water 1. & AI2-319.om ojuff glucose:= MEET HEIFAINF
clean benchifoli A H7IAIA AH&Stglct.

Exopolysaccharide§ AA3%l= Fo] g Yoll= 5L Jar Fermenter&
A28ty working volume 3.01, aeration lvvm, temp. 30C, stirring
speed 150rpne] ZAstollA 72A]2F wjegstd et

4. TldHe &
Exopolysaccharide?] 2] Fig. 6-33} Zo] 33lgon =AARAZ]
¥ o]§ Frl(crude polysaccharide)E. 3t AHol AH&stgic}.

5. vlAYo] ¥ Unky FMY

5-1. General color reaction

Crude polysaccharide?] vt el A.Mut2 o2 x= Molish®d, lodine-
AR ¥l2.8 2|3 ketosed] W O Z A= Recinol- HCl, Chromotropic
acid®y &, Pentose?] Wt-LHO 2 M Orcinoly&, HHte] wtg o7 4
+= Fehling, Benedict, Tollen's®t-2¥& whlAZ A= Nihydrin®j g 2z
Z} H(34)e] uwhel ¥HEAlA #RIBIGIR, Uronic acid ¥ P o2
Carbazole] (35)€ 12|31 Hexoseamine?] 4¥h-gH OS2 A Morgan-Elson

(35)& 2tz el whel WHEAIH HAsiAch

—133--



Culture broth

i
Centrifugation(at 33,000g for 10min)

Supelnatant Pellet
mixing with
2 volumes cod acetone
Discard
Incubate mixture
at 4T for lhr

Filteration of polysaccharide
with Wt. GF/F filter paper

Washing twice with
water/acetone

(1 : 2, wv)

Redissolved in 2nd D W. again
Dialysis

Freeze drying

Crude

exopolysaccharide

Fig. 6-3. A procedure of preparation of crude exopolysaccharide.
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5-2. A}t (total sugar)e] A
Exopolysaccharide®] total sugar?] #%8}2 Phenol-sulfuric acid
method(35) & ©]& 35} GlucoseE REAIBRE o F3lgr).

5-3. A kel &3
Protein®] &> Bradford®y(36)S <|&Flo] Bovine serum albuming
HEFARR 3o F3lgct.

5-4, Sulfate®lsre] &A

Sulfate ¥ Dodgson’s method(37.& o|-&3lq ATt AlE
30mgS 90% formic acidE AR5}l 60% formic acid solution® @ ZAF}
¥ 100TColA 8AIZ F¢t 7hr-EAlY thE ZUstolA dzAIZch A=
AlZ= 0.5m12] D.W.of A-E3AHA &{H-E& 82 2E3lgder REARR
A& KS0E AH&3Hct

3.8m12] TCA solutionz} 0.2mle] 7}4-iis] A8 & E33tE] 1587 A&
ojla] Wx]A1Z] r} 0.D. 500mmoA} FHEE & sl standard curved
AH-&3te sulfateo] P& F3IAch

6. IR spectrum
AR i H AJE o] IR spectrum2 IR spectrometer(Shimadzu, model
27K-01077, Japan)& AME3to] KBr AU (38)e2 ZATUF &Aslgdct,

7. In vitro antitumor activity?] &%

7-1. A&

 Ago AR AlEEe 4719 Wrel o3 £ A mrigeg
slod WFH PBSol| Hof ARl
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7-2. GAXE
YAEE AHAAA AchidasI Qe VA §F YA R 4F
Q] Sarcoma-180(©]3} S-180)& AMg-3tddct.

7-3. YHIE2] WP ,

#  AlgolM A% S-180 cell BALB/c miced] & 7ol 1X
10%ell/mouse . Fa}slo] 10-150 ZIF ¥4t Ad Hzdold S-180
cell& 23{3}lo] culture plate® 471 ¥F 20% Fetal calf serum A 7}%l
RPMI 1640 vjxlolA] uldRt ¥ cell $EE 2.5X10° cell/ml 2 3}o] AME
stedct.

7-4. Zrige] MXE FAAAEY] FF

o] S-180 cell® 24 well B 64 well culture plateof] 2.5X
10°%ell/ml 8] cell ¥ 3lo] 2,501 E21F 2} 2rigde] 58 2z
100ug/ml, 300ug/ml, 600ug/ml 2 ¥} M I}§YE C0; IncubatorofA] 96A]2H
T wigetE A wiPAE, =Y sxE 5 4FY HESFE cell
counter2 BBt tlzFt vjas-gcl oluf tlRIFols TR WFH
PBSE A 7tstddch
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A3 A U 23

1. 2elde 53 ¥ §4

2272 el Gram negative?] coccobacilli type®dl S H3t¥n|7d #H
22 ¥Qlslg e (Fig. 6-4), rapid multi test systemQl AP1 20NE kit&
o|-g3to] it JAL HEY A Table 6-13} Zrth

2. ulAdYol ¥ Fe] zride] 54
2-1. General color reaction

Crude polysaccharide®] d%r2Ql FMuhge]l Azl Table 6-22} o]

L}eL} crude exopolysaccharide: A %r2 proteing ¥-{3132 9= n¥Y
2] hexose® F/dEolF glon HEE R oA Ues ALE LE}
vt} %3t Elson-Morgan reactionol] Hh&3}zjQte ZoZ Ko}l

hexoseamine2 &x[5}tx] ¢}

22 vElytoL} Carbazoleto] 2]

L
—
uronic acid®] &zj= ¥eol&l 4 ol

2-2. Hwl(total sugar)®] &3
Aotel ZMA} ool S 46.4x(ww)old o, 53.65%(w/w)e]
nonsugar compound® FdEo]A QlE o g vielyic)

2-3. whaia giake] &4
Bovine serum albuming ESFAEE EFIAHE ARSI 23 F2) e

%t exopolysaccharide2] ©hudal ek | 86%(w/w)Sit}.
2-4. Sulfate¥rareo] & A

HEANEEMNE KSOE A HEFHMOT FE Y exopoly
-saccharide®] sulfate?] ¥ar& 4. 28%%ir].
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Fig. 6-4. Photomicrograph of isolated strain(Xx1,000).
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Table 6-1. Physioclogical and bicchemical analysis of sulfated

polysaccharide producing microorganism.

Test Result

Gram staining -

Cell shape coccobacilli type
Oxidase +
Catalase +
reduction of nitrates{NO3—NO;—N;) +
indole formation from tryptophane +
glucose fermentation +
alginine dihydrase +
urease -
gelatinase +
B-glucosidase +
B-galactosidase +
assimilation of :
glucose +
arabinose -
mannose -
manni tol -

N-acethyl glucosamine -
mal tose -
gluconate -
caprate -
adipate -
malate -
citrate -

phenyl ~axcetate -
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Table 6-2, General color reactions of the produced exopolysaccharide.

Test Crude polysaccharide
Phenol-H;S04 reaction positive
lodine reaction negative
Molish reaction positive
Recinol-HC! reaction negative
Chromotropic acid negative
Orcinol reaction negative
Fehling reaction negative
Benedict reaction negative
Tollen's reaction negative
Nihydrin reaction positive
Cabazole reaction positive
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3. Exopolysaccharide®] IR spectrum

Fig. 6-50] Uehd uie} o] B 3l chifjdox FHolHog Lehl=
3400cm’ol o] Z¥ F4r BUEGon] 2880-2980cn” 28] C-H
stretching, carboxyl”?] Sei8] 1400 3 1600cm’ FZolAMe] 47 H[x
¥el3 FJ uronic acid?] EF4E UEhRE= carbonit 28FMe] Cc=02] Al
AFo2 IHE 1726cn 29 F4:(39)= JHEHACE  E¥ S-09
ANEo2 2ZFE 1240cn oM e F471 B U on sulfate esterd]
£21F Liehdt 830cm '(40)0l X2 F4xe WHE YL

4, In vitro antitumor activity?] &2

AEAZ 2o in vitrool Ao MR FAAA T EFHA2 ¢
AR FA 212 Fig. 6-62 Zon] ojue] AbH3t:= cellP2 Fig. 6-7¢
Zol YUehd in virtoo]AM e LM Ref iyt Ruige YR A EAE

ot 4 g
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Fig. 6-5. IR spectrum of isolated exopolysaccharide.
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Fig. 6-6. Growth curves of Sarcoma-180 cells in the culture medium
containing exopolysaccharide produced by isolated

microorganism.

e-¢ Control L] 100mg/ml
AN 300ug/ml CO  600ng/ml
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Fig. 6-7. Death curves of Sarcoma-180 cells in the culture medium

containing exopolysaccharide produced by isolated

microorganism,

®-® Control CH{  100pg/ml
AN 300pg/ml O 600pg/ml
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A4 AE

oz e Fel¥ 1,500 #5F sulfate-f exopolysaccharided
45t & 178 Eelste 2o AHyy S47AAE yitden, &%
exopolysaccharide= dWha u|MEH.g 3%t A2}, At (total sugar)]
yake 46.4%4.00 uronic acidd Y-HEH= hexoseZ FHEA Ut A
o2 vepyel.  E{ 53.6%8] B P4 (nonsugar compound)F TH A §E
L 1.86%9.20, sulfate?] &+ 4 28%F L}E}%Ich 22|31 IR spectrum
oA S-0¢] AFoT FX2E L 1240cn’e] F49} sulfate esterd] E2F
UehlE 830cn’oll 2] F48 HAY 4 gt

228 exopolysaccharide®] in vitroo] 48] sarcoma-180 cellof Tht
83 ¥4 MIlE = exoplysaccharide®] o}o] F7144& T3 ¢UA
2 A AE ¥IY 4 AArCt
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