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SUMMARY

I. Title

A Study on the Development of Novel and Biomedically Available

Substances from Marine Organisms

II. Objectives and Significances

Marine natural products chemistry is among the fastest developing fields of
sciences. Despite its relatively short history, structures of more than 6000 novel
secondary metabolites have been determined, and marine natural products
chemistry has greatly contributed to the progress of many related fields
including medicinal sciences, chemistry, and biology by providing essential
informations and research means.

Acknowledging the great academic and industrial potentials of marine
natural products, leading countries have considered this field as an important
part of biotechnology for the 21st century, and have put tremendousnefforts
which have resulted in the isolation of numerous biologically active and
structurally unique compounds culminating in more than 50 patents. Some lead
compounds including novel enzymes and macromolecules have been expected to
appear in the market in near future. However, biotechnological concern in
Korea has been mainly focused on the metabolites of terrestrial plants and
microorganisms, and marine organisms have attracted only very limited

attention. Considering the tremendous potential of marine organisms and
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increasing international competition for valuable substances, research in this field
is a matter of urgency.

Based on the results of previous exploratory studies by this group, the
ultimate goal of this long-term research is the development of novel natural
products possessing the biomedical potentials from marine organisms.
Developments of novel enzymes and macromolecules will be also pursued. In
addition, chemical and biological techniques including screening methods and

isolation and cultivation of marine microorganisms will be developed.

III. Contents and Scope

1. Benthic colonial animals have been collected from various sites of
domestic waters and taxonomically classified. Target organisms have been
selected by a combination of literature survey, bioactivity tests, and chemical
analysis of organic crude extracts.

2. Secondary metabolites have been isolated by utilizing various
chromatographic techniques. Structures have been determined by combined
chemical and spectral analysis. Novel natural products have been tested for
bioactivity.

3. Previous results on antitumor screening systems and active natural
products have been collected and analyzed. Based upon the results of this
analysis, a systematic screening system including enzyme inhibition tests for
antitumor activity has been installed. In addition, new screening methods for
anfcimicrobial and phospholipase Az activities have been developed.

4, Strains of microorganisms have been isolated from various marine

environments., Based upon the results of bioactivity tests, strains possessing
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significant activity have been selected and cultivated in large—scale.
5. Based upon the results of biochemical tests, strains producing

macromolecules and enzymes have been selected and cultivated.
IV. Results and Suggestions

1. More than 260 kg of benthic colonial animals have been collected from
the Geomundo and Geojaedo area. These specimens have been classified to total
58 species of coelenterates(11 species), sponges(43), and tunicates(4). In addition,
more than 1600 microbial strains including 150 actinomycetes have been isolated
from diverse marine environments such as sediments, algae, animals, and sea
Wawr of the South and East Sea, mid-Pacific, and the Antarctic.

2. Based upon the results of bioactivity tests and chemical analyses, 6
species of coelenterates and 3 species of sponges have been selected for
chemical investigation. Eighteen metabolites including ten novel compounds have
been isolated by utilizing various chromatographic techniques. By combined
chemical and spectral methods, the structures of these compounds have been
determined as sesquiterpenoids, diterpenoids, secosteroids, polyhydroxy steroids,
and pyridinium carboxylates. Several compounds have exhibited antimicrobial,
antiviral, and cytotoxic activities.

3. As a part of efforts to improve screening system, new methods of
antimicrobial and phospholipase Az activity tests have been developed by using
marine luminescent bacteria. Assay systems for enzymes including lipase,
superoxide dismutase, and haloperoxidase have been also installed.

4. Based upon the results of antibacterial and antifungal activity tests, 8

strains of bacteria and 17 strains of actinomycetes have been selected for
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chemical investigation. In addition, strains producing extracellular polysaccharides
(1 strain), lipase(12), phospholipase A2(1), superoxide dismutase (30), and agar
digesting enzyme (5) have been selected from the corresponding assays.
Large-scale cultivation and isolation of metabolites have been currently pursued.

5. As a part of efforts to develop novel antitumor compounds from marine
organisms, previous results on screening systems and active compounds have
been collected and analyzed. To improve the efficiency of cytotoxicity screening
system, methods of measuring type I topoisomerase and type IV collagenase
inhibitory activities have been installed. Based upon the results of these tests,
strains of actinomycetes exhibiting potent cytotoxicity (20 strains) and
collagenase inhibitory activity (3 strains) have been selected and currently under
investigation.

In summary, the first year’s study has established foundations for a
long-term research on the developments of novel and biomedically available
substances from marine organisms. The results of this year’s research have
clearly demonstrated the possibility of successful chemical investigation and

utilization of marine organisms in Korea.
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53 et
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FBY S0 g 53] 7 <83 & B9 o3 ¥k 196994l Caribbean
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pseudopterosins - antiinflammatory, analgesic.
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lophotoxin - binds to
acetylicholine receptor
(Lophogorgia spp.)

fuscoside B

fuscoside A
fuscosides - antiinflammatory, selective inhibitor of 5-lipoxygenase

(Eunicea fusca)

Fig. 2-1. Potential drugs isolated from gorgonians.
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acetylcholine receptor?] FZAF2} Altzheimer® ] 78 Ao g o]&E 1

tHCulver et al, 1985).0]5 ol&]o| = Euplexaura sp.2%E |3 73t ¢t

i

o

2 moritoside, Eunicea fusca2%€ Bol3 7P A2HEZH fuscosideFo]l FH3

rlo
o}
2,

thH(Fusetani et al, 1985; Shin & Fenical, 1991)(Fig. 2-1). 3! &3 AQE

2

ULl Pseudopterogorgia elisabethae?l ZFEEL HAEY YRE o|8fFH
t}.

2. 2. Plexauridae®}o]] &3t= oj® FoA FE&H cjralEA

Gorgonians horny soft coralsglii®e HEH IPoTLE= HiEAHE

(Gorgonacea)oll &3ttt -2 ueldxe F4, &85, AFESA 6 Wol MA st

Iz REY, ZARY, FARY, UFEYEA JEHE olErh HYF

(gorgonians)t &Fol g2 E A HolA [T AEQA wichl=eta]{(soft
corals)?t E¥ch & AFolM AAE 333 E4o] AI=¥ gorgonianse A F
=9 MIE 2ol IAE PlexauridaeZtol] &3he of® F(ARHZ 92]-18)9}
Calicogorgia granulosa(AEHZ 91-12)o|t}. o|&L APH A8y ¢ {7 =
F&Eo] tl¥ TLCEA, brine shrimp XAH&58] HelBE= FF A7 ol Al
2of njste] 4stgich
PlexauridaeZtoll &3 ol® 2(92]-18)2 '93d 7¥€d AF= MXA
Gy dd & 4 2ea 34 IAAA SCUBA tie]yel &fsted AP
th ZAY ML AET FEHIYSH main body®] F717F 5 mmo|dt, FA
3717} 40-50 cm BEEA gorgoniansoll A& BlaLH £Fe] &31glen calypse’t
& des]o] 9l
- aEdAM WY WERUY 5 kgl A EF dichloromethane .2 REES|A 3
2% Fo] thAl W2 WHEse F&stich WA wgeM F&Y 2FEE



o] ti3] silica vacuum flash chromatographyS 4lA13toict. 28] fractiono] tl
g 'H NMREZ A2} ]34 %ol 77he Y (EtOAc/n-hexane = 1:9 - 2:8)0)4)
5ot 2FE°] EYEH gt A& #A}Ach Silica normal phase @ Cis
reversed phase HPLCZ 2} 4708] E3(92]-18-1 ~ -4)o] E2|H r} o|5e) 7
Zx olgjoA] Ad=EF uiel o] NMR xXlgsiMzt AFEMo| sy
9,10-secosteroids S =M E 23 E Ach(Fig. 2-2).

FrAREEA 92]-18-12 FAo AT A2 dojHr] o] YUY B
A4 °C NMR# 2&dys AFEH S3A 0 st CyHu0:.2 EAMF ATt
(Fig. 2-13, -18). ®C NMRollA Utehd 27708] peaks$} 'H NMRoIA LIl 570¢]
methyl peakst o] EAo] steroidd IS Z3HA AA# FAckFig. 2-12
-13). °C NMRA¢] & 160 - 110 ppm % ¢ol viehet 6709) downfield peaks7t Lt
Elgton 'H NMROJME o]o] tfg3t= peaks?t & 65 - 7.0 ppm AlojollA] w7
Holch o] A= aromatic ringd 2E FWH FJow A<Ls|A proton
decoupling®} H COSY A&ol 28] ©] aromatic ring®] 3-hydroxy-6-methyl-
benzyl groupe|eh= o] HUE AUTkFig. 2-14). o] FEF R} 37 Ex=A A3}
gorgonian Astrogorgia sp.olA E2|E AW 9,10-secosteroid -FEA¢1  astro-
gorgiadiolge] ¥ ZTHN. Fusetani et al, 1989). o] 2] NMR AMEZ ujo]
Eiel E8oll UEH dlojelE vlas] £ A g F AT ¢ 4 Adch

Calicoferol C(92]-18-2)¢ oil Bel2 Ee=gon o - Bale BC
NMR dojete} 8% AJEAY dlojelel]l s CxHuCE A= JcHFig.
2-20, -27). o] EEY NMR £3% dojel= 92]-18-1 & astrogorgiadiol®} t]gsd]
fatstodrh. fdd 2ol ¥C NMR 2¥EHo|A astrogorgiadiol(92)J-18-1)o]
A &3] YUY A 2L exo-methylene peakSo] & 156.813} 105.94 ppmojlA] %t
A=lgden 'H NMRAME oo 483l olefinic proton peakEo] & 4.71(1H,
brs)3} 4.65(1H, d, J=1.5 Hz)ol A vebgtth(Fig. 2-19, -20). 'H COSY$} HMQC Al



92J-18-1 92J-18-2

92J-18-3 92J-18-4

Fig. 2-2. 9,10-Secosteroids isolated from an unidentified gorgonian of the family
Plexauridae.



Table 2-1. Proton and carbon NMR assignments for 92J-18-1

# 'H Bc

1 6.98(1H, d, 7.8) 13099 d
2 6.57(1H, dd, 7.8, 2.9) 112.44 d
3 15372 s
4 6.65(1H, d, 2.9) 11547 d
5 14261 s
6 2.69(1H, ddd, 13.7, 11.2, 54) 30.80 t

2.42(1H, ddd, 137, 10.7, 54)

7 1.55(2H, m) 3022 t
8 153(1H, m) 40.87 d
9 4,05(1H, m) 6731 d
10 12774 s
11 1.75(2H, m) 3002 t
12 1.77(1H, m), 1.48(1H, m) 3409 t
13 4283 s
14 151(1H, m) 4774 d
15 1.12(1H, m), 1.60(1H, m) 2441 t
16 1.81(1H, m), 1.23(1H, m) 2171 t
17 1.19(1H, m) 56.13 d
18 0.69(3H, s) 1099 ¢
19 2.22(3H, s) 18.35 g
20 1.36(1H, m) 35.74 d
21 0.92(3H, d, 6.8) 1865 g
22 0.99(1H, m), 1.34(1H, m) 36.10 t
23 1.15(1H, m), 1.35(1H, m) 2375 t
24 1.30(2H, m) 3947 t
25 1.51(1H, m) 2799 d
26 0.87(3H, d, 6.8) 2280 g
27 0.86(3H, d, 6.8) 2255 q

Proton and carbon NMR spectra were recorded in CDCl3 at 500 and 125 MHz,
respectively. Chemical shifts are reported in 6 values. ] values are reported in Hz.
Assignments were aided by proton decoupling, COSY and HMQC experiments.



Table 2-2. Proton and carbon NMR assignments for 92J-18-2

# 'H B¢

1 6.98(1H, d, 7.8) 13101 d
2 6.57(1H, dd, 7.8, 2.4) 11240 d
3 15361 s
4 6.65(1H, d, 2.4) 11547 d
5 14170 s
6 2.71(1H, ddd, 13.8, 11.2, 54) 3085 t

2.42(1H, ddd, 13.8, 138, 5.1)
7 151(2H, m) 3026 t
8 1.50(1H, m) 40.89 d
9 4.05(1H, m) 67.17 d
10 12791 s
11 1.75(2H, m) 3013 t
12 1.75(1H, m), 1.51(1H, m) 3412 t
13 4291 s
14 1.50(1H, m) 4773 d
15 1.60(1H, m), 1.11(1H, m) 2443 t
16 1.85(1H, m), 1.26(1H, m) 27171 t
17 1.30(1H, m) 55.99 d
18 0.70(3H, s) 1101 ¢
19 2.22(3H, s) 18.35 g
20 1.43(1H, m) 35.71 d
21 0.96(3H, d, 6.8) 1866 g
22 152(1H, m), 1.16(1H, m) 3458 t
23 2.10(1H, ddd, 159, 115, 4.6) 30.85 t
1.88(1H, m)

24 156.81 s
25 2.22(1H, m) 3379 d
26 1.03(3H, d, 6.8) 2199 g
27 1.02(3H, d, 6.8) 2185 q
28 4.71(1H, brs), 465(1H, d, 1.5) 10594 t

Proton and carbon NMR spectra were recorded in CDClz at 500 and 125 MHz,
respectively. Chemical shifts are reported in & values. J values are reported in Hz.
Assignments were aided by proton decoupling, COSY, TOCSY and HMQC experiments.



Hol &35l o] exo-methylened] ¢+ C-242 ¥<lF 2chH(Fig. 2-21, -23). o] 2}
Zo] sto] o] EAe FZE astrogorgiadiol?t FAHEY 9,10-secosteroid =42
A= et

FAHE f-=A calicoferol D(92)-18-3)7F B4 2A2] FelE do] it o
Ede] Ex14 CxHuO: °C NMR ulolele} E¥s AaEY ulolete] 2jsiA
AR AchFig. 2-29, -36). ©o] EAe] NMR 2% uloe} 9] 92)-18-13} F4}
st o} Fuigt Aol o] LA ATk C NMR £4 2% =0l 92]-18-10]4
LIETR C-9¢] peak(d 67.31 ppm)7} carbonyl peak( 6 213.00 ppm)E B}H 2o
M EL double bond( 8 135.22, 13250 ppm)&t methyl group(d 18.00 ppm)&] signals
7t Uetstch(Fig. 2-29). olel 4-&3h= M7l 'H NMR £% 29 EYol= Uie}
U & 522(1H, dd, J=151, 80 Hz)®t & 515(1H, dd, J=151, 83 Hz)ellA 270
methine peaks®} & 0.92(3H, d, J=6.8 Hz)ollA 171&] methyl peak”7} LIEL%ITHFig.

ok

2-28). I IR AHEYHO|XE carbony group®] ketonedS 3= #g E4
peak”7} 1700 cm oA LA ATHFig. 2-34). o|5 Z-8€7] & ketone, o] EAY U
A Z& methyl group] BT X 'H COSY A¥el &3ty 2tz C-9, C-22,
C-242 ZA=%rhFig. 2-30). ol& ol 3sjo] 92]-18-32 2ol gorgonian
Calicogorgia sp.olA] ¥#2]¥ calicoferol A2l C-24 methyl FEAZ X A THM.
Ochi et al, 1991), o] F2Z 3PS TOCSY, HMQC ¥ HMBC AEA3sl=x 2 o
] grch(Fig. 2-31 ~ -33).

Calicoferol D(92]J-18-3)& 2] 7i¢] H|ct}¥ 'L F-4 (asymmetric carbon)&
ZFX]3L ¢lth. NOEDS A#E2 o] vt etLE2] configuration®]. astrogorgiadiol
%"éﬁ% Ho Fglcl 3tA|Rt astrogorgiadiolol]l 231 & F7HH ¢ vl P&
4 C-249] stereochemistry= ZAREA] ottt B RA o] st C-24R3} C-24S
configurationg 7t 2EH|ZolE HYEEI o] EXE NMR dlojelE u]aLs)

2 A3} o] u|tiYets F4o] th¥ stereochemistryS HASHA AZAY £ Q=



Table 2-3. Proton and carbon NMR assignments for 92J-18-3

# 'H Bc

1 6.98(1H, d, 7.8) 130.99 d
2 657(1H, dd, 7.8, 2.9) 11245 d
3 15356 s
4 6.66(1H, d, 2.9) 11565 d
5 14253 s
6 2.65(1H, ddd, 130, 12.2, 4.9) 31.00 t

2.42(1H, ddd, 130, 11.5, 5.4)
7 1.75(1H, m), 1.59(1H, m) 2762 t
8 2.37(1H, m) 5043 d
9 21300 s
10 128.07 s
11 250(1H, ddd, 14.2, 14.2, 6.8) 3828 t
2.32(1H, ddd, 14.2, 5.1, 2.0)

12 2.14(1H, ddd, 13.2, 6.8, 2.0) 3837 t
13 1.59(1H, m) 4269 s
14 1.69(1H, m) 55.28 d
15 1.69(1H, m), 1.28(1H, m) 2517 t
16 1.83(1H, m), 1.42(1H, m) 2064 t
17 1.26(1H, m) 54.86 d
18 1.003H, s) 11.72 q
19 | 225@3H, s) 1837 q
20 2.08(1H, m) 40.15 d
21 1.02(3H, d, 6.8) 2094 q
22 5.15(1H, dd, 15.1, 83) 13222 d
23 5.22(1H, dd, 15.1, 8.0) 13550 d
24 1.83(1H, m) 4305 d
%5 1.47(1H, m) 33.18 d
2% 0.84(3H, d, 6.6) 20.16 q
27 0.82(3H, d, 6.6) 1966 g
28 0.92(3H, d, 6.8 18.00 g

Proton and carbon NMR spectra were recorded in CDClz at 500 and 125 MHz,
respectively. Chemical shifts are reported in 6 values. ] values are reported in Hz.
Assignments were aided by proton decoupling, COSY, TOCSY, HMQC and HMBC

experiments.



A Uyt AES U 471 ¢lgdch gtz og A 2ol=¢] C-24 asymmetric
centero] th¥t configuration® C-21 methyl peak?] chemical shiftell &3t ZAJ
g 4 i AL & oA gdch AU o] YU ¥F configurationS 7=
stereoisomers7} &2 ¥ ojopgt 3&H 4= SUrHA. Madaio et al, 1989; G. Notaro et
al; 1992).

E 3hte] 9,10-secosteroidq! calicoferol E(92]-18-4)7F &e|= et o] &3
8] Ex}4] CxHeO0z2 “C NMR uiojele} aE s APEA dlojete] 3 23
= 9 ch(Fig. 2-38, -43). Calicoferol E(92]-18-4)2] NMR &3 ulo|El= calicoferol
D(92]-18-3)8} tiwrs] At RA¥ oL C-229] o|FAYUA C-24
methyl signale] Alglzcis Zolth. I EZ calicoferol E(92]J-18-4)% astro-
gorgiadiol®] 9-oxo H-EXE2 AAE L o] EAEY AYAEF FE& Fig. 2-30]
AAE Zz2} B2 cholestaneolt}t ergostane & 7} steroidZF¥ oxidative
cleavageo] 23| HPE = A28 AA Fcrh

Astrogogiadiol®} calicoferols A%} B 783 FeBHEE 71 ALE o]
o] B3 =9 chN. Fusetani et al, 1989; M. Ochi et al, 1991). &3] calicoferols A
¢} BE brine shrimp f3of i3t 283 54 (LDs 1.8%F 2.3 ppm)& YelAlch o
7104 Eel¥ secosteroid FEAES ¢ calicoferol Di= Herpes Simplex viruses I
2} I(ECso 1.2 pg/me) 1283l polio virus(ECso 0.4 pg/me)oll ch3] Z3t BHY=E B
o0 brine shrimp f5o] tisiAE A 54 (LDs 370 ppm)S YERIHCE
A aad A HRHYOSE astrogogiadiol, calicoferol C W Ex WE
brine shrimp 3¢l iy §4& A2 vehi=] ¢UrHLDs >100 ppm).

SatolAd &3] wAHE hEFQA  secosteroidsEB=  9,10-secosteroid?]
vitamin D(Fig. 2-9& & 4 d2n o|&2 E7] 3, ¢, Aol Wol &)
et S| at sl A LAE = secosteroids] ol wig =EEW ©A o #
< 2 719 o7t &8A olch



Table 2-4. Proton and carbon NMR assignments for 92J-18-4

# 'H Bc
1 6.97(1H, d, 83) 130.99 d
2 657(1H, dd, 83, 2.9) 11247 d
3 15362 s
4 6.66(1H, d, 2.9) 11566 d
5 14253 s
6 266(1H, ddd, 132, 11.7, 4.9) 3102 t
241(1H, ddd, 132, 11.7, 54)
7 1.75(1H, m), 1.59(1H, m) 2765 t
8 2.36(1H, m) 5043 d
9 21320 s
10 12804 s
11 250(1H, ddd, 147, 13.7, 6.8) 3829 t
2.31(1H, ddd, 14.2, 5.4, 2.0)
12 2.17(1H, ddd, 12.9, 6.8, 2.3) 3851 t
1.59(1H, m)
13 4283 s
14 1.69(1H, m) 5523 d
15 1.69(1H, m), 1.29(1H, m) 2513 t
16 1.98(1H, m), 1.43(1H, m) 29.05 t
17 1.21(1H, m) 55.07 d
18 0.98(3H, s) 1153 ¢
19 2.25(3H, s) , 1837 q
20 1.43(1H, m) 3564 d
21 0.93(3H, d, 6.8) 1856 q
22 1.34(1H, m), 1.01(1H, m) 3588 t
23 1.34(1H, m), 1.16(1H, m) 2379 t
24 1.13(2H, m) 3945 t
25 1.54(1H, m) 2801 d
26 0.88(3H, d, 6.8) 2281 q
27 0.87(3H, d, 6.8) 2255 g

Proton and carbon NMR spectra were recorded in CDCls at 500 and 125 MHz,
respectively. Chemical shifts are reported in & values. J values are reported in Hz.

Assignments were aided by proton decoupling, COSY and HMQC experiments.
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Sponge Hippospongia communis®+5-¥| 5,6-secosteroid?} 2| gt} o] &
AL ool wWAY 2kl B ringol #°]2 secosteroide] tHA. Madaio et al,
1988; 1990). Gorgonian Astrogorgia sp.&t Calicorgorgia sp.2%¥ 9,10-seco-
sterols7} #2]¥] ¥ 2 (N. Fusetani et al, 1989; M. Ochi et al, 1991) soft coral
Sclerophytum sp., Sinularia sp.®t gorgonian Pseudopterogorgia americana 1|
3L sponge Dysidea herbacea R Spongia officinalis2%-¥] 9,11-secosteroids?} &
2] & ¢l tHM. Kobayashi et al, 1991; R. Kazlauskas et al, 1982; C. Bonini & C. B.
Cooper, 1983; E. L. Enwall et al, 1972; R. J. Capon & D. J. Faulkner, 1985 A
Migliuolo et al, 1992, R. Adinolfi et al, 1994). X sponge Jereicopsis
graphidiophora24€ 89 ¥ 8 14-secosteroidsq! jereisterols A2} B7} £&|¥dct
(M. V. D’Auria et al, 1991)(Fig. 2-4).

Dichloromethane®|A] &% XF&EF A= silica vacuum flash
chromatography & AA|$t. o ztz}te] fractiono] thdt 'H NMR &R A3} o] ®
3 v S FBo] 771 £HY(EtOAc/n-hexane = 3:17 - 6:16)0)A Fo|gt EASo]
E3E o] o= RS wASY ) Silica normal phase & Cis reversed phase HPLC
Azt BE 52 B3(92]-18-5 ~ -9)71 Ee|Hr) o5 TRE NMR &34
g3t Ao &3t cladiellin Age EAEE AR AcHFig. 2-5).

FUAHED 92]-18-5& M2 IAE o] Fon o] B Expe C
NMR &£3% dlo[ete} a8 ALY SEZA &3t CxHxO2ZE XA
CHFig. 2-45, -48). o] E&2] ®C NMR AMEZoHE 25 26702 carbons?} U
Elutch o]&5F 4816991, 169.93, 170.390] el quaternary carbon esteric
carbonyl group@2 S| on o|FHY P ¢ 129433 120580 Ueht 2
712] methine carbons ¥ & 139.622} 125.95¢1 Llelt 2712] quaternary carbonse=
2712] ojFA¥e] EAFES FHItAcrhk EF 5708 oxygen-bearing carbons

(90.10s, 87.18d, 83.70s, 80.28d, 66.31d)7} ‘U4 ZA = 22 methyl, methylene, methine,



Y, P

RO 0
R
OR

R=H, Ac

(sponge Hippospongia communis)

calicoferol A astrogorgiadiol(R=H)
(gorgonian Calicogorgia sp.) and calicoferol B (R=0OH)
' (gorgonians Astrogorgia sp.

and Calicogorgia sp.)

Fig. 2-4. Secosteroids isolated from marine organisms
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herbasterol ' o
(sponge Dysidea herbacea ) (sponge Spongia officinalis)

nicobarsterol
(soft coral Sclerophytum sp.)

CH30

jereisterols A (left) and B (right)
(sponge Jereicoposis graphidiophora)

Fig. 2-4. Continued



side chain

I',' ;
Rzo a = |
side chain wAs

RO

R{=R,=H, side chain=b, c, d c=
R4=H, Ro=Ac, side chain=b, ¢
R4=R>=Ac, side chain=b
(soft coral Sinularia sp.)

(soft coral Sinularia sp.)

R,0

(gorgonian Pseudopterogorgia americana)

Fig. 2-4. Continued.



OAc
92J-18-5

AcO™

OAc
92J-18-6 92J-18-7

OAc

OAc

92J-18-8 92J-18-9

Fig. 2-5. Cladiellin deivatives isolated from an unidentified gorgonian of the family
Plexauridae.



guaternary carbons?} 2z} 8, 3, 3, 2707} 71322 DEPT A#o) ozt HelE
AthFig. 2-45). 'H NMR AHEZHME o]o] A&3: peakSo] UE}RiT)
1.38, 1.56, 1960l A acetyl groupell 3i@3t= Al 788 methyl peaks®t E T}E 57)
2] methyl singlet&o] & 1.83, 1.80, 1.79, 156, 1.3804] 7= e downfield
ggoll thR 718 methine protons7} & 5.66, 544, 538, 4.54, 4.380 A UEIL} o]
A 23R @4y EXE Bo Fa tiFig. 2-44). Proton decoupling, M
COSY W HMQCel 9J3}o] Fig. 2-60] AAE 2t 22 92]-18-52] HE1=z7}
¥l =] A th(Fig. 2-46, -47).

IR £¥Eo]A hydroxyl groupe] E2h3t2] Wst7] wjie] o] Bl bz}
" carbonEFel ol Zo] estert} ether bondE UAFE=AE #elIs}ly] 93t
lithium aluminum hydride2 reduction& AlXE38}gith 92]J-18-5& dry etherol] &
°]iL lithium aluminum hydride§ $¥-& Fol A4 tjr]ste] Ao 322 St
RE&A1ZiTh Z3HE sodium sulfate §9& Yol W& FTAZ Fof ether® &
&3tolrh o]ZA ol BAHES reversed phase HPLCE £g| 3} deacetylated
ophirin(92]-18-100& @4th o] WAzt dojd MY ES 'Het “C NMR £3
ololet & 'H COSY#t HMQC H¥A3H: ether bond2 AZ™ carbono] 27] &
APrhe A& Ho] FAThFig. 2-71 ~ -74). o] APAAE AL LEI= o9}
d7t 42" e +2E 4& + rth

of ¥ETRE A3 BEURAE HAsgen 1 A FolAN g
Muricella sp.2%¥8 $&% cladiellinAlg$] diterpenoid ophirin®} SY§ E™o|a}
£ 2ol 'H ¥ °C NMR £% dloel& vag A3 HAFJcKY. Kashman,

yls

1980). °] &3l 10 pg/mLe] =M BIlAle|(Asterina pectinitera) 47 2t
AEZEEE JAYths Rl delA QUCHN. Fusetani et al, 1989).

AR &3 92]-18-601 FUY =AM T2 viscous oil2 F2|F 2l
th o] £d¢ EA42 “C NMR £% volelst &d%s AAFEY uojete] s}



X W,
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Fig. 2-6. Partial structures for compound 92J-18-5.



Table 2-5. Proton and carbon NMR assignments for 92J-18-5(ophirin)

# 'H Bc
1 266(1H, d, 9.3, 9.3) 35.85 d
2 454(1H, d, 9.8) 87.18 d
3 90.10 s
4 2.43(1H, m), 2.06(1H, m) 30.77 t
5 2.42(1H, m), 2.15(1H, m) 2196 t
6 5.44(1H, brdd, 9.6, 7.9) 129.43 d
7 12595 s
8 2.52(1H, dd, 137, 5.9) 4504 t
2.00(1H, brd, 13.7)
9 4.38(1H, d, 6.4) 80.28 d
10 2.43(1H, m) 4838 d
11 139.62 s
12 566(1H, d, 5.4) 12058 d
13 5.38(1H, d, 5.9) 66.31 d
14 3.12(1H, brs) 4311 d
15 1.83(3H, s) 21.85 q
16 1.793H, d, 1.0) 1836 g
17 1.80(3H, d, 1.0) 21.34 q
18 83.70 s
19 1.56(3H, s) %41 g
20 1.38(3H, s) 2507 q
-OAc 1.96(3H, s) 278 q
-OAc 202(3H, s) 2128 q
-OAc 2.00(3H, s) 259 q
-CO- 179.39 s
-CO- 169.93 s
-CO- 16991 s-

Proton and carbon NMR spectra were recorded in CDCl3 at 500 and 125 MHz,
respectively. Chemical shifts are reported in & values. ] values are reported in Hz.

Assignments were aided by proton decoupling, COSY and HMQC experiments.



o] CuHzpOs2 AR UchFig. 2-50, -53). o] £33 &% doJel= 92]-18-52
tigts] SAHg WelE Bt FUdt zlo] WL 92J-18-52 ZH-$oll °C NMRe] s
83.700] UEIWY quaternary carbone] 92]J-18-6%lME & 30870 UlEjih=
methine carbonS.2 B}PdThHs ZRo|th(Fig. 2-50). Z-&3t= W7}t 'H NMRojA
= ARt 92]-18-528] F-ol 61569 1.380]4 UAE = methyl singlet7}
92J-18-60l4& & 0973 098e] UElLlE doublet(J=66 Hz)E w7 AThHFig.
2-44). o] RE W3l C-180] &A35¥ acetoxyl groupel AAH Ael& 2n|stg
tl 2822 o] 4 ophirindlA acetoxyl groupel 3ht} A AH cladiellin AlQ
o ¥ f=AE2 4Z=dct £82RA 23} gorgonian Calicorgogia sp.olX 22
E]9¥ calicophirin B&t $9% EAE It Calicophirin B2 92]-18-62]
NMR €% d©lo[etg wlas] £ ZA3} peak7t UAHe HAe FUsidonu
assignment’t Y% FRE o] wAFe] 'H COSY % HMQC dloletol &3t
433t ch(Fig. 2-51, -52).

I ClE §A13F EAQ 92]-18-7°] viscous oil FEJZ H]S=g ZAS|oA B
g E et o] B4 Exxe BC NMR3} aEdys AJEY uolele] 23lo
CxsHaoOsZ ZAAE QTtHFig. 2-55, -58). o] EHE AAFHY FRE ophirin
(92]-18-5)2} NMR £ dlolelE njage2 4 w3 Fcl BC NMROA ophirin
Br} 1YV o @& 4709 esteric carbonyl carbons(é 170.31, 170.07, 169.96, 169.93)
9} 3ty A B olefinic methylene carbon(é 114.55) ¥ oxygen-bearing
carbon( 8 76.30)0] LlElt HEHo| ophirinollA] UAE KA olefinic methine carbon
SHUH( 8 129.43)8} methyl carbon 17§(8 18.36)7F Alel&TH(Fig. 2-55). A&t W
317} 'H NMR £AHEfME Uelyth 525(1H, )9t 512(s, 1Hel M=
exo-methylene peak7} WZAE .21 ophirin(92]-18-5)2] 7-F-ol & 1.790A 1 }E}
Y methyl peak?t 92J-18-6olA & Algliem X ophirinolA] UAE AW

olefinic methine proton( 8 5.44, 1H, brdd, J=9.6, 7.9)0] ¢lo1& cj4le) 5.33(1H, m)



Table 2-6. Proton and carbon NMR assignments for 92J-18-6(calicophirin B)

# H B¢
1 2.02(1H, m) 4194 d
2 4.48(1H, d, 8.3) 8769 d
3 90.15 s
4 2.33(1H, ddd, 134, 5.9, 2.4) 3130 t

202(1H, m)
5 241(1H, m), 2.14(1H, m) 22.80 t
6 545(1H, ddt, 107, 6.8, 1.5) 12962 d
7 126.08 s
8 251(1H, m) 4460 t
2.02(1H, m) .

9 429(1H, dd, 56, 2.7) 81.09 d
10 2.46(1H, m) 4745 d
11 13959 s
12 559(1H, d, 5.4) 120.13 d
13 5.19(1H, d, 4.4) 70.16 d
14 254(1H, m) 3853 d
15 1.78(3H, s) 2177 q
16 1.81(3H, s) 1871 q
17 1.78(3H, d, 1.5) 22.10 q
18 1.67(1H, m) 30.87 d
19 0.98(3H, d, 6.6) 21.00 q
20 0.97(3H, d, 6.6) 2131 g
-COCH;3 1.90(3H, s) 22.80 q
-COCHs 202(3H, s) 2155 q
-CO- 16955 s
-CO- 17062 s

Proton and carbon NMR spectra were recorded in CDClz3 at 500 and 125 MHz,
respectively. Chemical shifts are reported in &values. ] values are reported in Hz.

Assignments were aided by proton decoupling, COSY and HMQC experiments.



Table 2-7. Proton and carbon NMR assignments for 92]J-18-7(astrogorgin)

# 'H O
1 2.95(1H, brdd, 88, 8.8) 36.23 d
2 4.39(1H, d, 9.8) 86.62 d
3 8.32 s
4 2.39(1H, m), 1.91(1H, m) 2418 t
5 2.38(1H, m), 1.91(1H, m) 2478 t
6 5.33(1H, m) 76.30 d
7 14381 s
8 247(1H, dd, 14.4, 4.2) 4537 t
2.28(1H, dd, 144, 2.7)
9 441(1H, m) 81.18 d
10 267(1H, d, 7.8) 46.03 d
11 139.73 s
12 5.70(1H, d, 5.6) 121.34 d
13 542(1H, d, 5.6) 66.55 d
14 2.94(1H, brs) 4483 d
15 1.70(3H, s) 2282 q
16 5.25(1H, s), 5.12(1H, s) 11455 t
17 1.81(3H, s) 2191 g
18 8355 s-
19 1.58(3H, s) 2549 q
20 1.38(3H, s) 2545 q
-0Ac 2.00(3H, s) 2254 q
-0OAc 2.00(3H, s) 2251 q
-OAc 2.01(3H, s) 21.30 g
-OAc 2.10(3H, s) 2118 ¢
~-CO- 17031 s
-CO- 170.07 s
-CO- 169.96 s
-CO- 169.93 s

Proton and carbon NMR spectra were recorded in CDClz at 500 and 125 MHgz,
respectively. Chemical shifts are reported in & values. ] values are reported in Hz.

Assignments were aided by proton decoupling, COSY and HMQC experiments.



ol A]2& oxygen-bearing methine proton®] FHQIE ArHFig. 2-54). o] EL
exo-methylene?} oxygen-bearing methine8] $]X]:= 'H COSY$S} HMQCe] 2]}
C-162 C-622 ZZR = UchFig. 2-56, -57). |8t Zo] 3t o] &AL ophirinel
A acetoxyl group®] 3t} Hold cladiellin A2 ZAAFUcTH XA 23
gorgonian Astrogorgia sp.olA £2|¥ astrogorgin® 2 #QI=® A thN. Fusetani et
al, 1989).

FAEE  92]-18-80] Ao AR EeHLden o EAY x4
CeHsO0s °C NMR3} 84¥% AFEN dolelo] 2sle] 2= AThFig. 2-60,
-65). ol &de EF dolel= e Aol Asli:  calicophirin B
(92]-18-6)2} ul S-Apstact. WA C NMRoA] 171¢] esteric carbonyl carbon
o] & 16981014 UAEA L™ calicophirin B(92]-18-6)2] Z-fol s 70.169}
21.5501 A Uelt  methine & methyl carbons7} 92]J-18-8 4+ AlebAThH(Fig.
2-60). o9t Uxshe W7t 'H NMR olME Ueht 92J-18-62] methine( s
519) % methyl(é 2.02) protons7} AlelHchHFig. 2-59). o] RE wW3l:=
calicophirin B2] C-13%]X|7} deacetylation ¥ o] #o] dojytS ZALolgt =g
o] s 'H COSYS HMQC A@ZAete & Ux|PrhFig. 2-61, -63). FHRA}
Az} o] Edo] ¢33 AL oA T soft coral®] ofF n|FYUH FoHE He
HAY cladiellin F=A2] acetate® HAFcH]. E. Hochlowski & D. J.
Faulkner, 1980).

opxjete 2 92J-18-97F Ee[Edch. o] EFe NMR E3Fdolel=
92]J-18-5¢t wj-¢ f-AHIE 7] wjEol G4 cladiellin AFe] A2 A4t 'H
% °C NMR®] £ ulolele} DEPT A@AAE E4s] £ A3} carbond} FFol
ol A& 92J-18-59 TUdtlen thA] chemical shiftsol]l QlolA ofzte] W3tE
HSchFig. 2-66, -67). olFolx 71 & Wi 92]J-18-59 C-168] carbon
chemical shift7} & 18.36 ppmolA & 2887 ppmo.2 Walgch= Zojt] o] BRE



Table 2-8. Proton and carbon NMR assignments for 92]-18-8

# 'H Bc
1 2.40(1H, m) 40.53 d
2 4.06(1H, d, 6.8) 87.69 d
3 89.31 s
4 2.28(1H, ddd, 13.2, 5.4, 34) 3243 t
2.00(1H, ddd, 132, 11.2, 49)
5 2.37(1H, m), 2.14(1H, m) 2290 t
6 5.48(1H, ddt, 105, 7.1, 1.5) 12951 d
7 12641 s
8 250(1H, dd, 13.7, 5.4) 4378 t
2.05(1H, brd, 13.7)
9 408(1H, dd, 5.4, 34) 80.94 d
10 2.41(1H, m) 4650 d
11 13254 s
12 5.42(1H, m) 121.40 d
13 2.08(1H, m), 1.93(1H, m) 2290 t
14 1.43(1H, m) 3826 d
15 1.74(3H, s) 2197 q
16 1.81(3H, d, 1.0) 1921 q
17 1.70(3H, d, 1.5) 2225 q
18 1.65(1H, m) 2856 d
19 0.97(3H, d, 6.8) 2170 q
20 0.84(3H, d, 6.8) 20.18 q
-OAc 1.933H, s) 22.86 q

Proton and carbon NMR spectra were recorded in CDCls at 500 and 125 MHz,
respectively. Chemical shifts are reported in &values. J values are reported in Hz.

Assignments were aided by proton decoupling, COSY, HMQC and HMBC experiments.



Table 2-9. Proton and carbon NMR assignments for 92]J-18-9

# 'H B¢
1 2.97(1H, dd, 9.3, 9.3 3834 d
2 4.42(1H, d, 10.3) 84.31 d
3 » 85.95 s
4 2.68(1H, dd, 12.9, 12.9) 3360 t
1.69(1H, m)
5 2.59(1H, m) 2248 t
1.99(1H, m)
6 5.53(1H, dd, 10.7, 5.9) 130.37 d
7 13043 s
8 2.82(1H, d, 14.2) 3905t
1.85(1H, dd, 14.2, 4.4)
9 4.39(1H, m) 79.85 d
10 2.45(1H, d, 7.8) 4530 d
11 139.38 s
12 5.63(1H, d, 54) 120.81 d
13 5.37(1H, d, 5.4) 66.32 d
14 3.04(1H, m) 4322 d
15 1.77(3H, s) 2381 g
16 1.84(3H, s) 2887 q
17 1.78(3H, s) 21.66 q
18 8360 s
19 1.57(3H, s) 2551 g
20 1.36(3H, s) 2541 q
-OAc 2.01(3H, s) 2133 q

Proton and carbon NMR spectra were recorded in CDClz at 500 and 125 MHz,
respectively. Chemical shifts are reported in & values. J values are reported in Hz.

Assignments were aided by proton decoupling, COSY , HMQC and HMBC experiments.



Table 2-10. Proton and carbon NMR assignments for 92J—18—10

# H Be

1 2.79(1H, dd, 9.3, 9.3) 3757 d
2 4.39(1H, d, 9.8) 91.76 d
3 78.80 s
4 1.49(1H, dd, 137, 6.4) 3642 t

2.27(1H, m)
5 2.41(1H, m), 2.03(1H, m) 2323 t
6 5.44(1H, hrdd, 88, 88) 130.34 d
7 12768 s
8 2.03(1H, d, 13.2) 4599 t
241(1H, m)

9 434(1H, d, 6.4) 8263 d
10 241(1H, m) 5128 d
11 13779 s
12 5.66(1H, d, 4.9) 125.73 d
13 424(1H, d, 5.4) 65.36 d
14 2.44(1H, m) 4920 d
15 1.37(3H, s) 2698 q
16 1.81(3H, s) 1874 q
17 1.77(3H, s) 2197 q
18 7342 s
19 1.18(3H, s) 2822 q
20 1.16(3H, s) 2817 q

Proton and carbon NMR spectra were recorded in MeOH-ds solution at 500 and 125
MHz, respectively. Chemical shifts are reported in & values. ] values are reported in Hz.
Assignments were aided by proton decoupling, COSY, HMQC and HMBC experiments.



W= 92]-18-97F 92J-18-58 6 o] F Aol th¥ geometric isomerztolst =t
ZEo] Ao AT Uiyt PR assignment:= 'H COSY, HMQC, 2|z
HMBC A¥of o3t} o|Fo] HcrhFig. 2-68 ~ -70). o]} Zo| sl o] EA e
FZ YA cladiellin F=AZ Z2F At EARAL 23} 92]-18-9= A2 B4
E ga=doen otz C-63} -7alole] o]FA geometryZt ZA AL U# )
A okokrt.

AF7HA] W2 cladiellin AEe] EFE0] ¢3A glon ALHA 2L &
EA7F dAEI Atk o] ALY #HZX EAL gorgonian Eunicella stricta® €]
£21¥ eunicelline]® o] FA] F2E BE3 KFEAo] tiyt XA AFF2EH
8t} ol Fo] th stAwt o] Ade] &3t tiAEA ol uiste VML
37 el FFHA dsdrh fele YT Fo2HEH BEE 549 REAES
Telglon, ulay wo| #2d EA 92]-18-5, -6, -7 L -8¢ th¥' brine
shrimp lethalityE &7333tach &3 A EDso kel 22t 870, 1.04, 1.8, 0.36 ppm
L2 dof Ao acetoxyl groupo] st Q&= 92J-18-80] 7}F A3 YH=

HolE Zlo] FulEFrh

il

2. 3. Calicogorgia granulosa®llX] &% tja}EA

Calicogorgia granulosa(91-12) '92d 249 AFE= A ZA] desjedal
Ad 2 4 223 HAE ZAolA SCUBA tio|Wo] &ste] A= AT T
N7 AL ZANolgden main bodyd F717} 5 mmelst, ZA1e] 37|17} 20-30
cm BEZA gorgonianso A& &80 &3l em calypseZt & dgEo] glo] A
B Plexauridaete] §3-& Jepdct.

oA HWIAF JFRAYY A& 25 kg dichloromethaneS o] &3t &
€4S #3132 &ule AFFTUZE AASIACE SulE AAT Fo G=

2



F&& silica flash chromatographyE st @ 712 E¥og Uz 27ty
fractiono]l ©i¥ 'H NMR&EZEZA3} u]3Z4% £Y(100% hexanezt 5% EtOAc in
n-hexane)ollAl 23} ctiAlEHEo] ZHEe] & Ze wASIATL Cis reversed
phase HPLCZ 2} 371¢] £3(91-12-1 ~ -3)o] & E it o]E¢ TR ofzjo)
A d8E ulel Zo] NMR &34zt AREMo] &3l guaiazulene SEHE
A7 = o ti(Fig. 2-7).

FolAHEA 91-12-12 ¥ 4 9 IAE2 dojAct o] B F2E='H Y
“C NMR 2% uolelg ¢8d B4 vlag A3} oln] 2 ¢33 guaiazulenest
U Aoz HAHEACKFig. 2-75, -76). Guaiazulene o8 709 conjugated
double bondell &% M3t FE Moz {3 oln] soft coral Alcyonium sp. 2
2|3 gorgonian Euplexaura erecta L Aadycigorgia spolAd E2]E TN,
Fusetani et al, 1981; S. Sakemi & T. Higa, 1987).

Guaiazulene dimerql 91-12-271 JA] FE o] AT E|Fgrt o] £
Ex44e BC NMR} 28¥s APEY doelol) st CyHuZ AR S HUThFig.
2-78, -84). ol £4¢] “C NMR 2¥Eqo|dE= 25 167]2] carbons7} vtelite
o DEPT A ¥ol &3l quarternary, methine, methylene ¥ methyl carbons®] 7}
7} Zt7} 6, 5, 1, 42 #AF AT o] 8tAE2] chemical shiftsE 2 EMs] ke
methylene carbon& A|&3lile BF o|FAY dYd Uelt g3 ¢ 5 9
thFig 2-78). o] &4 AAFA F2& 'H COSY, HMQC, HMBC A¥ o}
4 guaiazulenez}e] E-Fulolel vlEA ol &3te] ZAAEH AckFig. 2-79 ~ -81).
A=A 23 o] EELE Aslol MAsle Pseudothesia sp.2HE EE¥ bis-
(2,2’ -guaiazulenyl)methanezt Fd3ict= Zlo] uwhd ZHR. K. Okuda et al,
1982).

I THE guaiazulene dimerql 91-12-30] %42 A E EeF ) o] Ex¢

22 CoHar “C NMR 228% AFEA dolele] 2jsled 23 AckFig.



91-12-2

QO QO

Fig. 2-7. Guaiazulenoid pigments isolated from Calicogorgia granulosa.



2-86, -93). o] €49 5FHA ¥7ZL 1Y o FE A& ut 91-12-1oiy}
-20]l H]3jA conjugationo] Wo] H EAE FHElch o] EAY £ ulojel=
91-12-2¢ ©jds] falstgen wa 'H @ ®C NMRejA & 718 methylene
peak7} Atebdl Zo] HIE QtKFig. 2-85, -86). ol&¥t AL 2 u] o] EAYY
TFZ¥ bis-(2,2'-guaiazulenyD 2 ZABF %l o] F2AZ S HMBC A ¥ ulo]ele}
E F 4 PrhFig. 2-90). kA o] A& F ¢ £33 317] $15te] NOED 4
& AAstect H-3(-3)3 -14(-14")8 ZtZ} irradiationdt® H-149} -30j4 2
nOe =37} WAFgew NOESY AHBAAME H-3z -14 Alole] £
correlationo] ‘LA F 2 ch(Fig. 2-88). o] VLS A3t/ siAE o] Eo] Fig.
2-80l4 AAE A2} 2L conformationg 7} okt shssith ulelr o] BAL
sp>-sp’Ato] ] single bondoll thit atropisomer® Ea|3|ok it} o] AL 2}y
$13te] optical rotation& &¥stdon &g A3} [ap ol -300°F vehyol

o] Fdo] Hlt¥ BAFHL ¢gou F¥EHE YEh)E: atropisomerd & £

-

gich o]z o] 3o 91-12-3 & bis-(2,2'-guaiazuleny)d] LA|3}3tA e 1=z
7t £98stA 3= Adch

A F7HA e FolA LAY guaiazulene FEANEL the3} 2Tl Guaiazulene
lactone?! linderazulene®] gorgonian Paramuricea chamaeleon2H%-¥ @o] Hon
Acalycigorgia sp.2%¥ 23-dihydrolinderazulenee] ¥z 4tHS. Imre et al,
1981; S. Sakemi & T. Higa, 1987). A &3l L2 FLEHRE gorgiabisazulenez}
gorgiagallyazulene®] €o ZTHM. Ochi et al, 1993). Paramuriceidaez}ol] <3}
ol® FO°=HE 3-chloroguaiazulene, 3-bromoguaiazulene, ehuzalene W N,N-
dimethyl-amino(guaiazulen-3-yl)methaneo] £a|E %M. K. W. Li & P. J.
Scheuer, 1984)(Fig. 2-9).

91-12-1, -2 ¥ -32] proton} carbon®ll th¥l assignmentst= Table 2-11~
-130] uehdt Z3t At o] Bl iyt He|BP = §FF} Escherichia coli%t
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Y
linderazulene X=ClLY=H
(Paramuricea chamaeleon X=Br,Y=H
and Acalycigorgia sp.) X=H Y=8B
dihydrolinderazulene X =CHsNMe,, Y =H
(Acalycigorgia sp.) (family Paramuriceidae)

) O CQ o)

gorgiabisazulene
(Paramuricea chamaeleon)

K
HO

OH

gorgiagallyazulene

(Paramuricea chamaeleon)

Fig. 2-9. Guaiazlenoid pigments isolated from marine organisms.



Table 2-11. Proton and carbon NMR assignments for 91-12-1

# 'H B¢

1 138.05 s
2 7.24(1H, 4, 3.7) 11351 d
3 7.65(1H, d, 3.7) 136.72 d
4 137.18 s
5 12542 s
6 8.18(1H, d, 1.5) 13329 d
7 139.71 s
8 7.11(1H, dd, 107, 1.5) 13461 d
9 6.69(1H, d, 10.7) 12521 d
10 144.09 s
11 2.76(1H, m) 3850 d
12 1.19(3H, d, 7.8) 2485 q
13 1.19(3H, d, 7.8) 24.85 q
14 258(3H, s) 2401 q
15 2.63(3H, s) 13.05 q

Proton and carbon NMR spectra were recorded in benzene-ds solution at 500 and 125
MHz, respectively. Chemical shifts are reported in & values. ] values are reported in Hz.

Assignments were aided by proton decoupling, COSY, HMQC and HMBC experiments.



Table 2-12. Proton and carbon NMR assignments for 91-12-2

# H Be
1, 1 133.39 s
2, 2' 12931 s
3, 3 7.34(2H, s) 141.38 d
4, & 13846 s
5, 5 124.46 s
6, 6' 8.13(2H, d, 2.0) 13352 d
7,7 13857 s
8, 8 7.10(2H, dd, 10.7, 2.0) 13469 d
9, 9 6.66(2H, d, 10.7) 126.40 d
10, 10’ 14555 s.
11, 11’ 2.79(2H, m) 37.69 d
12, 12 1.22(6H, d, 6.8) 2469 q.
13, 13’ 1.22(6H, d, 6.8) 2469 q
14, 14’ 2.82(6H, s) 2698 q
15, 15’ 2.46(6H, s) 13.00 q

16 5.25(2H, s) 3501 t

Proton and carbon NMR spectra were recorded in benzene-ds solution at 500 and 125
MHz, respectively. Chemical shifts are reported in & values. J values are reported in Hz.
Assignments were aided by proton decoupling, COSY, HMQC and HMBC experiments.



Table 2-13. Proton and carbon NMR assignments for 91-12-3

# H Bc
1,1 13411 s
2,2 12835 s
3,3 762(2H, s) 141.75 d
4, &' 13885 s
5 5 123.80 s
6, 6' 8.23(2H, d, 2.0) 13392 d
7,7 139.08 s
8, 8’ 7.13(2H, dd, 107, 2.0) 13480 d
9,9 6.64(2H, d, 10.7) 12654 d

10, 10" 14675 s
11, 117 281(2H, m) 3811 d
12, 12 1.23(6H, d, 6.8) 24773 q
13, 13 1.23(6H, d, 6.8) 2472 q
14, 14’ 2.28(6H, s) 2667 q
15, 15’ 263(6H, s) 13.05 g

Proton and carbon NMR spectra were recorded in benzene-ds solution at 500 and 125
MHz, respectively. Chemical shifts are reported in & values. J values are reported in Hz.

Assignments were aided by proton decoupling, COSY, HMQC and HMBC experiments.



Table 2-14. Results of HMBC experiments with 91-12-1(guaiazulene), 91-12-2% and

91-12-3
150
TP
91-12-1 91-12-2 91-12-3
2 1, 3,5
3 1,25
6 1, 4
8 11
9 1, 14
12 7 7, 11, 13 7, 11, 13
13 7 7, 11, 12 7, 11, 12
14 L, 9 10 3,45 1,9 10
15 3 1,9 10 3,49
16 1,23

*Experiments were performed at 125 MHz in bezene-d6 solutions. Parameters were
optimized for couplings of 5 Hz. PNumbers are protons which exhibited H-C correlations.

Other protons are omitted for clarity.



Bacillus subtilus®l tidt £L& AR Z}E RY FIdem X (Candida

albicansoll Thgt ofzte] FAF #AE Bl

2. 4. Acabaria undulatadl X $&9 tjAHEA

E oA AH2H AR gorgonainE 949 8¥o] AEE IJdolA AUH
Acabaria undulata(AE H3E 94K-Dolth A Hzo] ¥BY FFAHE HAH 2
2] =717} 20 cmu|te 28] 4% gorgoniand] &3He o] AEBE S¢o= & Ul
N8 E7)0] AW kgt M calysesE AL Y& Fol FIT FelFH I ol
odct.

aLo)A wy YE 2@ 29 3 kgdl AI2& dichloromethane? methanol=
HHE 233t o]E2FE U #7] 2F&ES reversed phase flash chromato-
graphy2 M T 57 B¥og e Zzte] £ oigt 'H NMRER 2t
100% methanololA] Fujgle EAE s, thA] o] J& silica vacuum
flash chromatography® 2} £elslglcl o]y A3E& A v Z4 el ©iy
'H NMR&% 23, dold By &3] ethyl acetate$t n-hexaneo] 64, 732
=339 /7] &0 2o FAHA Yol AL o E£HEE Cis revered
phase HPLCE 2|5l A 4 7 oldoE Rol: EIEZ Prolon Hrl o
443 BAg 93 AL 234 sl g SRl ulet 3-4xH8] HPLCE AT
Axsteich 2} Eelstaxl sk EAEL 'H NMREE 2= & o oFF 71
3 AejE 2 =HA QAT 10% nwe] E¢EE Uk AR tE 3574
EASo] Yxpgozs @olch 1x A eyt HA dgtd = k€ HPLCH
g Eolo] thsiA acetylation WHS-& B3l oln] ¥2¥ EAEN E tIE £
#elshct

HEag RE EAS0] tfgt 'H NMR spectrum? 4B EW H|23 downfield
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gel §50~54 ppmol MYt FEE zolE =id ¥ thFEY JYoAe ofF
L13lgcth FEF LS o] EMEL upfield §0.7 ppmE-Zoll 702 methyl singlet
o} 27t 49 640 ppm 2ol & 7M2] oxygenated methine protono] glt} o] &
& &3] sterol AlgollAl APHoE E 4 9lon EZF upfieldol]l YEILE methyl
peakE2] HElE 7 ZHs E o steroidA P EZoleke AMLE o&E £+ A
ogrh 2YBEE A7I% 4537 EAES BT steroidZ4E AW FEAHEYS 5
g 4 dlalch

£7 94K-1-12] 'H NMRolA EE peakE©l 6 4.0 ppm ©]3}12] upfieldol A Ut

ot

Eluta BC NMRAIME 27700 slg =& AEo] 6§80 ppmoldte] upfieldolAd =%
Ex5o] JArh(Fig. 2-94, -95). ©] E4L Cy steroidFelS Uehjglch °C NMR
oA 660-80 ppmell UERd 5712 AES &4 57 AEE] S RAAFAUR
o] 571¢] Bt4£ELX DEPT AE o 2HE 3712 methine} 27018 quartery carbon&Z
F8E] ASE & F UdrkFig. 2-94). 7N IR FL3F AL proton
coupled ®C NMR spectrum& &3 wl 66655 ¢ 6781 ppmoll Uehd F
methine §t4-of ti¥} coupling constant:s Yutz oz &3] & 4 9+ 143 HzE 2t

utHe] 66552 ppmoll LENG methine one bond coupling constant?} 4}%3]

fr

£ 1762 HzE etk Zolth dutyge g olz€A 2 coupling constantsS Zte
ol hetero- atome E¥3SH= methineol\t 22 cyclic ring & A5HA] dag=l
conformationol] A\t & 4= glt}k. o]9} o] & one bond coupling constante}
chemical shiftZkS 3183} &€ @l quartery ¥4 3}Ltel methine ¥4 Alo]oll epoxide
E ringe] BdHe USE ¢ 4 Jddch weld ANE 5719 ghaE 279
secondary % 1708 tertiary hydroxylZl¢t &7 17]¢] epoxide ring2. &2 W3 Hcl].
94K-1-1¢] AAHQ F=&= 'H COSY, HMQC Tels HMBCS Z& 2-D
NMR A #ol 23] 2= qArk(Fig. 2-96, -98, -99). VA 6394 ppmell Vehd 4
A B 713 v} 2ol steroidd] 5% C-34] methineo] £B3lgon o] =



& ML JFog 3t COSY spectrumlZH-E C-22F -4ofl ¢|x|3t 4718 +=4£&
ARE 4 ddich o yotrt ciAF oz A Eel7t F3Y H-4e 9 long- range
coupling 3te 4719 ©AEE HMBCOA AW3iA & 4 dded I FollA
877.89 ppmoll $1X]3t BtAT} A5HH A Fol|A hydroxy7]& EHSt= C-58ES ¢
4= 9lol3l o] Eta: 3 H-63}E long-range couplingS 3t ddcth A<&siA
H-60l 33 £o] gl v el HMQC spectrumt 7 43 Az, C-3¢
b 7EA 2 hydoxylZ|& Zte A ZdE& o 4 dolth o] ¥ko] £2 H
'H COSY spectrumolld 83600 $1x% H-72] scalar coupling& 3}i glerm
2 H-79] 82 C-7% ®C spectrum®] chemical shift2 2 o] At3}8 ghio] YE
odch gy} oln] w3 2782 secondary & 1 70| tertiary hydroxylZ] & 23zt3)
E o o]R C-8% #7l epoxide& o|Fi ASS HAY 4 Ut o] H-7
H-80] 9l= F 447+ coupling constant(~5.4Hz)7} cyclohexane ringell 3Lo]A] 2]
trans®] ¥ 4478 coupling constant(8-12Hz)Et} FHA UER}L e o o]+
epoxide ring2. & Q3] F 472 dihedral angleo] HEE 7] WjELE E 4 2l
th o]e} o] 3A steroid®] A2} B ring2 C-3 -5 2|3l -6 $]X]of] hydroxyl”|
9} C-7, 80l epoxide® 71 FeldE & 4 dgen CAD ringE 'H % °C
spectrumol] VERY peak52] chemical shifts®} coupling constants2#-€] 713 dut
el 6/5 bicyclicE olFi Uths ZAE HAY 4 olddrh olelA A=A
polyhydroxysteroid@2-& COSY, HMQC, HMBC spectrume]l UER} F7paQ
correlationEE F-8 £ 3tA U AckFig. 2-96, -98, -99).

Steroid?] side chain & 9A] 'H, ®C 2&]lx 'H COSY spectrumellA w3}
A AR ckFig. 2-94 ~ -9%). 91K-1-12 37 49(85.0 ppm)o|¥F downfield
o4 F=g3 HEo] glo] o] EAY side chaindllAE olF Aol ExIsHA] U=
Rog AU, §1.020] LIERd doublet A2 C-210] £2i3H= methyl protonE

o] H-208] $%o% hrojzion §0.820] 3 7% doublet A2 C-263t -27¢



el methyl peakS©o] Z& chemical shiftE ZHR]HA Z}z} H-24942] coupling &
ZetRcka & 4 otk FAAQY side chain®] AZF el 'H COSYY correlations
o2 Helxgon 1 T Fig 2-100] F0i3 Qlct.

91K-1-13} 7 £ F 23 91K-1-2¢} 91K-1-32 'H, °C, 'H COSY
spectrum2E & wl methyl peake] 4+ %L 850 - 855 ppmTWollA LUENE= HAE
< AL 91K-1-13} ¢ FAlstodct ¢ F SHEE AL WP £43
Z3} A, B ringsd] 413E Hele €3 FYsded C, D ringsel SiWEE AEE
A2l dxjstolct,

E3 91K-1-2& methyl7]7} 5712 91K-1-13H= $Ush} 'H NMRe] §5.20

Bh?
e

b

ppm @ HolUEhd signalE2 strong coupling®® 27]= second order AB split
pattern©] T}A] weak coupling®Z I3} doublet’} $EH 4 B F3 9t H
COSYE &3l £4% A o] peakE2 steroid Z4¢] side chainol]l Exi3H= o] F
ZA3HC-22%} C-23)7E & AYES ¢ 4+ AdrkFig. 2-101~ -103). EF 91K-1-3
< Ao & o] 91K-1-2¢ FARHY, methylZ|7 sty of @& FHejojct. o]
‘methyl7li= 'H COSY A¥ data® 24T A3} C-24%1A0] £ 2o Felgor
((Fig. 2-107 ~ -109).

ojx| 2t 2 acetylationg B3] 2e]¥ 94K-1-4%= 'H, ®C NMR spectrumoil A
Z} &2 chemical shift7} ¥=] Eelg A3 vlay o Wol o|5H A& & F
glegden NMR spectrumizd] Z3 acetylation®t-gollA 3718] hydroxyly] 2o 2
7Nt acetoxylZ HEE QChFig. 2-112 ~ -114). o] EAE ¢ B Yoz 7
Z 2R & 3lden FYUT steroid FF o side chaingt <7t o} RRE 313 Q=
Reg =gt & 'H NMRY 652 ppm@ 9ol UERD second order AB
pattern©| triplet®} doublet”} 8% o} 9= coupling pattern3t % 'H COSY Ao
A uehd correlationE-& & wl 94K-1-4 F2& C-24¢91X| o]l methyl7]7} Q& +
2ol FA43] FHE At



Table 2-15. Proton and carbon NMR assignments for 94K-1-1

# 'H O
1 2 165 ( 1H, m) 3221t
B 153 - 142 ( 1H, m)
2 a 182 ( 1H, m) 3052 t
B 135 - 129 ( 1H, m)
3 394 ( 1H, m) 66.55 d
4 a 225 ( 1H, ddd, 13.2, 5.0, 2.3) B8t
B 153 - 142 (1H, m)
5 7789 s
6 3.70 ( 1H, dd, 54, 05) 6781 d
7 3.60 ( 1H, brs) 6552 d
8 6758 s
9 199 ( 1H, dd4, 114, 82) 40.10 d
10 40.83 s
11 a 182 ( 1H, m) 2206 t
B 172 ( 1H, m)
12 a 135 - 129 ( 1H, m) 3811t
B 2.06 ( 1H, brd, 12.1)
13 4250 s
14 1.87 ( 1H, dd, 12.8, 6.8) 53.80 d
15 120 - 110 ( 1H, m) 2123 t
153 - 142 ( 1H, m)
16 1.24 ( 1H, m) 2125t
1.84 ( 1H, m)
17 1.24 (1H, m) 5583 d
18 0.73 ( 3H, s) 1242 q
19 1.02 ( 3H, s) 1892 g
20 1.35 - 129 ( 1H, m) 3594 d
21 093 ( 3H, d, 6.4) 1878 q
22 097 ( 2H, m) 2383 t
23 135 - 1.29 ( 2H, m) 3589 t
24 120 - 1.10 ( 2H, m) 3941 t
25 153 - 142 ( 1H, m) 2797 d
26 0.86 ( 3H, d, 6.8 2279 q
27 0.87 ( 3H, d, 6.8 2279 q
5-OH 417 ( 1H, brd, 2.3 ’
6-OH 2.61 ( 1H, brd, 54)

Proton and carbon NMR spectra were recorded in CDClz solution at 500 and 125 MHz,
respectively. Chemical shifts are reported in & values. ] values are reported in Hz.
Assignments were aided by proton decoupling, COSY, HMQC and HMBC experiments.



Table 2-16. Proton and carbon NMR assignments for 94K-1-2

'H B¢
1 e 163 ( 1H, m) 3225t
B8 151 ( 1H, ddd, 132, 34, 3.4)
2 a 182 ( 1H, m) 3057 t
B 136 ( 1H, m)
3 394 ( 1H, m) 66.55 d
4 e 225 ( 1H, ddd, 13.2, 4.9, 2.0) 3892t
B 146 ( 1H, m)
5 7791 s
6 3.69 ( 1H, brs) 67.84 d
7 3.59 ( 1H, brs) 65.52 d
8 6754 s
9 2,00 ( 1H, 44, 11.0, 8.1) 40.18 d
10 4090 s
11 e 182 ( 1H, m) 2210 t
B 171 ( 1H, m)
12 o 132 - 124 ( 1H, m) 3807 t
B 204 ( 1H, m)
13 4244 s
14 1.89 ( 1H, dd, 12.7, 7.3) 53.90 d
15 1.16 ( 1H, m) 2117 t
143 ( 1H, m)
16 132 - 124 ( 1H, m) 2721t
168 ( 1H, m)
17 132 - 1.24 (1H, m) 5569 d
18 0.75 ( 3H, s) 12.66 q
19 1.02 ( 3H, d, 6.8 1890 ¢
20 2.02 ( 1H, m) 3988 d
21 1.02 ( 3H, d, 6.8) 2091 q
22 515 ( 1H, dd4, 152, 83) 13278 d
23 529 ( 1H, d4, 152 6.8) 13560 d
24 220 ( 1H, m) 3091 d
25 095 ( 3H, d, 6.8) 2270 q
26 095 ( 3H, d, 6.8 2269 q
5-OH 419 ( 1H, 4, 2.0)
6-OH 2.65 (_1H, brs)

Proton and carbon NMR spectra were recorded in CDCl3 solution at 500 and 125 MHz,
respectively. Chemical shifts are reported in &values. ] values are reported in Hz.
Assignments were aided by proton decoupling, COSY, HMQC and HMBC experiments.



Table 2-17. Proton and carbon NMR assignments for 94K-1-3

# 'H Bc
1 @ 166 ( 1H, ddd, 132, 132, 3.2) 3221t
B 150 ( 1H, ddd, 132, 36, 36)
2 « 185 - 1.80 ( 1H, m ) 3050 t
B 135 ( 1H, ddd, 132, 132, 46)
3 395 ( 1H, m) 6653 d
4 @ 225 ( 1H, ddd, 132, 50, 1.8) 3885 t
B 1.49 - 140 ( 1H, m)
5 7790 s
6 3.70 ( 1H, brd, 2.5 67.80 d
7 3.60 ( 1H, brs) 65.50 d
8 6755 s
9 2.00 ( 1H, dd, 109, 8.1) 40.11 d
10 408 s
1 a 185 - 1.80 ( 1H, m) 2207 t
B 176 - 170 ( 1H, m)
12 a 132 ( 1H, m) 3802 t
B 204 (1H, m)
13 4237 s
14 1.89 ( 1H, dd, 128, 7.3) 53.87 d
15 115 ( 1H, m) 21.09 t
1.49 - 1.40 ( 1H, brd)
16 130 - 1.26 ( 1H, m) 2764 t
176 - 1.70 ( 1H, m)
17 1.30 - 126 (1H, m) 5555 d
18 0.74 ( 3H, s) 1260 q
19 1.03 ( 3H, s) 1891 q
20 202 ( 1H, m) 4032 d
21 1.02 ( 3H, d, 68 2124 q
2 514 ( 1H, dd, 155, 8.2) 13255 d
23 521 ( 1H, dd, 155 7.7) 13520 d
24 1.85 - 1.80 ( 1H, m) 4303 d
2% 149 - 140 ( 1H, m) 3314 q
2% 0.82 ( 3H, d, 6.8) 2012 g
27 0.82 ( 3H, d, 69 1962 q
28 091 ( 3H, d, 6.8) 1798 q
5-OH 418 ( 1H, d, 27
6-OH 2.62 (_1H, brd, 25)

Proton and carbon NMR spectra were recorded in CDClz solution at 500 and 125 MHez,
respectively. Chemical shifts are reported in & values. J values are reported in Hz.
Assignments were aided by proton decoupling, COSY, HMQC and HMBC experiments.



Table 2-18. Proton and carbon NMR assignments for 94K-1-4

# 'H O
1 a 146 ( 1H, m) 3183 t
B8 1.76 ( 1H, ddd, 134, 34, 3.4)
2 @ 195 ( 1H, m) 2632 t
8 139 ( 1H, m)
3 503 ( 1H, m) 69.64 d
4 a 206 - 198 ( 1H, m) B34t
B 151 ( 1H, ddd, 12.7, 25, 2.5)
5 7652 s
6 511 ( 1H, 4, 1.0) 70.10 d
7 356 ( 1H, brs) 62.32 d
8 66.62 s
9 211 ( 1H, 44, 11.2, 8.3) 3994 d
10 4154 s
11 a 172 ( 1H, m) 2199 t
8 179 ( 1H, m)
12 a 133 ( 1H, m) 3796 t
B 206 -198 ( 1H, m)
13 4240 s
14 191 ( 1H, dd, 127, 7.3) 5375 d
15 1.12 ( 1H, m) 2118 t
141 ( 1H, m)
16 172 ( 1H, m) 2742 t
189 ( 1H, m)
17 1.25 (1H, m) 5550 d
18 0.75 ( 3H, s) 1268 g
19 110 ( 3H, s) 1923 q
20 2,06 - 1.98 ( 1H, m) 40.18 d
21 103 ( 3H, 4, 64) 2097 q
22 519 ( 1H, dd, 151, 8.3) 13721 t
23 531 ( 1H, dt, 151, 6.8) 12701 t
24 182 ( 2H, m) 4191 t
25 157 ( 1H, m) 2850 d
26 0.86 ( 3H, d, 6.7) 2231 q
27 0.86 ( 3H, d, 6.7) 2229 q
5-OH 452 ( 1H, 4, 2.5)
OAc 2.00 ( 3H, s) 170.77, 21.37
OAc 220 ( 3H, s) 170.23, 21.37

Proton and carbon NMR spectra were recorded in CDClz solution at 500 and 125 MHz,

respectively. Chemical

shifts are reported in & values.

J wvalues are reported in Hz.

Assignments were aided by proton decoupling, COSY, HMQC and HMBC experiments.
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o] 3zt o] dto] Eel™ 4719 steroid FEAM(9IK-1-1~4)9] 23}l 2=
7} ysiHcl sixIvt o] EAEY] 3xUAHQ stereochemistryFAE A5t 23]
tHEH 2 E 91K-1-10] i3t NOESYAHHE Al¥staith(Fig. 2-101). HA C-3of ¢
x|} hydroxylZ]+ H-33} vicinal protons®}¢] coupling constant® X.o} equitorialol
x5t C-60ll $]1x1%t hydroxyl7]&= NOESY spectrumollAl H-62] 442} H-458,
-198} 7 correlationE& F= ZALE Ro} o|R2 axial $1x|of] Q&= ez Azt
Eoich gk olyel C-3, -5 18| -6¢] $1xI%t hydroxylZ]|®] #3442 pyridine-
induced deshielding &=}oll 2J3iM= & A8 4 9lolrh Hydroxyl7]¢} 1,3 diaxial
el Sle 4 pyrine8uielA B33 downfield ©]5-& Eoj&Eria oln|
e =
3= H-3, -428 4 o] A2 ¢ 0.8 ppm? downfield® o]5-3ct 28|z

ko

It o] ¢alzl Aldola KB C-50 & hydroxylZ]¢} 1,3 diaxial$] x|l

C-7, -89l Sl epoxided] ¢l ol ¥ At H-78t H-158, H-73 H-6 Alo]
o] 7% correlationEo] Uehd HL=2 Ho} epoxideZt oteiE | Qlcke FAE
g3 F31 olch. NOESYAES $3¢ 4% A3 polyhydroxy steroids 94K-1-1
~429] 334FQA YAFRE Fig. 2-110] viehd vpo} griz Al o] F2E
Alchemy III software®l] 2]3t molecular modelingZ3} NOESY Ao g Hg oat
H FZ7} oy 7t 7P W2 43" el EWojele A& BRoFr

Bd zAl A3} 8] BAE FoJM polyhydroxy steroid= o@] BEo] AA
Z g7 Exsta glon 53 3¢ FEolAe UHs] wAR: gloy C-7, -89

Z]o]| epoxideS Zt= BEN stercide &4 L Y AEZTE o7 UAH o

7t grhs A& #dsiolch Y S8l £el¥ polyhydroxy steroidsdoll W
EAEl ¥, FulojBlL, FNBET TS el BY HAE vehle & £5
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2.5. 1, 7]7] W Ak

NMR&ZA2 500 MHz Varian Unity-500& ©o|&3sictth. Proton NMR&
500MHzo A carbon NMR2 125 MHzoll4] &3 3}9itt. Chemical shifts¥= internal
standards®l TMS(tetramethy! silane)\} CDCls, benzene-ds, CD;0DE o] &3} &
Zstoitt. EE NMRAE-S VarianAtold ZFF3% Vonmr softwareE o]-&31%l.on
Ztzte] Ayl o]-€% pulse width, transmitter power, delay ¥ evolutiion timeZ
2 7] &3Y S ol&3dch IR spectrum Mattson GALAXY spectro-
photometer® 7]§EH %S UV spectrum? methanol -£ufol4 Milton-Roy
spectrophotometer& AH&-3to] & stgvh ALPE ML California thata 3}3tate)
APEY AulE olgslgdrt. Zeln AHAELE 5 cm microcell o] &3
JASCO digital polarimeter® &338teitt. HPLCE: spetra-physicsA @l Isochrom
isocratic pumpE EA|23slo] & HPHelAM 2P AES S o9 ES
injector(Rheodyne 7825)¢} detector(Shodex RI) Spectra-physics UV detector &
Linear 2-pen recorder® A=t EAEe|o] 2183 HPLC columne YMC
silica semiprep column(l ecm x 25 cm), YMC % Sheido Cis reversed phase
semiprep column(l x 25 cm)®t 2tZt8] guard column cartridge(Aldrich)ol &ith.
Rotavapori= Buchi RE-1013} 1218 A}g3tgir). %38 &Aol: Fisher-Jones
Apparatus& HE A ¢lo]l AHEstoich f71EHd5E W £elo o] 43 RE gujg}
Al GREFE AH&3IAY EPEE 2EF3sto] AM&slsict
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2. 5. 2. 92]J-188F¥ HAE & ¢

2.5 2. 1. 189 A A {7182 &3 flash chromatography

Plexauridae3}oll <3t= of® $(92]-18)2 '92d 1¥o] AFEE AMIXA 4
Qtaligdel 44 9 B4 ez B4 2AY 44 25-30 mollA SCUBA tlo]yo
23t A= gL o] AlRE Y3 & FA| SHA A3 Uy YFald
BaEdc BEREZU AE(ARFAZ 4 kg)E ZA %2l methylene chloride
2 LE 715t A20A 48417 WX & Fo 1 §AE& HAejuglen o] IS o}
Al HEEE Fo dolA A |IRFEEY ¥ 115 gol o em
methanol 3 LE AH&3te] 22 WYes F 1 F&7 Fo 165 g& Elrh

MA methanol® &3 ZR$FEE 77 g& 7“1%’- flash chromatography® 2|
3}7] $13] n-hexane, n-hexane®} ethylacetate®] <% (5-70% ethylacetate/
n-hexane: 5%% Z7}35lo] Al&), ethylacetate Z12]3L methanol& <AtIE B&4|
Zich olgA Lol 17708 E(fraction, fx)S Z2zt |ulE HAAY ¥ 'H NMR
< EZYT AH Fr e 23 tjAtEHO] fx-3(10% ethylacetate/n-hexane: 75
mg), fx-4(15% ethylacetate/n-hexane: 49 mg), fx-5(20% ethylacetate/n-hexane:
29 mg)oll THE ] Aol W3 Hcth 7|ElY fxol= g PP E 3] &=t
t 23 U X3 A, AU 2 osteroids7t ZREE ST

Methylene chloride® &3 ZFEE 54 g 2ot FAIE WHoE AHes}
ger 'H NMRE &3% 2 &0l & 2 oirtEde] fx-4(15% ethylacetate/
n-hexane: 970 mg), fx-5(20% ethylacetate/n-hexane: 840 mg), x-6(25%
ethylacetate/n-hexane: 580 mg), fx-7(30% ethylacetate/n-hexane: 460 mg)ol] =¥

Ho] gl&ol W Zch



2. 5. 2. 2. Astrogorgiadiol(92]J-18-1)¢] +2]

&7 AguntEaelyE He| gt f‘x—S(EtOAc/n-hexane = 14, 35 mg)S
20% ethylacetate/hexaned]] 0|3l &X] ¢+ &AL spartan filter(Aldrich)& o 3}
gt Fof o] £%& normal phase HPLC(YMC silica column, RI detector, 2.5
ml/min)& ©]&3le £2|3l9.28 retention time 200 L} peakE RO o]
Z& T©THA] reversed phase Cig HPLCE £¥& AL <« 92]-18-1
(astrogogiadiol)o] 109 mg ¥€°] ZTHYMC column, RI detector, acetonitrile, 3
ml/min, 21 min).

Astrogogiadiol: colorless oil; [@]®p» -68%°c 1.0 CHCls); HREIMS: m/z
observerd 400.3345, calculated 400.3341; LREIMS m/z 400(14), 382(6), 269(3),
247(5), 147(5), 134(100), 121(24), 84(11); IR(KBr) 3400(0OH), 2950, 2860, 1610,
1590, 1500, 1370, 1230, 1160, 980, 810 cm™; UV(MeOH) Amax 2181 nm(e 7100),
280.5 nm(e 2300); 'H NMR(CDCls, 500 MHz) & 6.98(1H, d, 7.8, H-1), 6.65(1H,
d, 2.9, H-4), 657(1H, dd, 7.8, 29, H-2), 405(1H, m, H-9), 269(1H, ddd, 13.7,
11.2, 54, H-6), 2.42(1H, ddd, 13.7, 10.7, 5.4, H-6), 2.22(3H, s, H-19), 1.81(1H, m,
H-16), 1.77(1H, m, H-12), 1.75(2H, m, H-11), 1.60(1H, m, H-15), 1.55(2H, m,
H-7), 1.53(1H, m, H-8), 1.51(2H, m, H-14, H-25), 1.48(1H, m, H-12), 1.36(1H, m,
H-20), 1.35(1H, m, H-23), 134(IH, m, H-22), 130(2H, m, H-24), 123(1H, m,
H-16), 1.19(1H, m, H-17), 1.15(1H, m, H-23), 1.12(1H, m, H-15), 0.99(1H, m,
.H-22), 092(3H, d, 6.8, H-21), 0.87(3H, d, 6.8, H-26), 0.86(3H, d, 6.8, H-27),
0.69(3H, s, H-18); ®C NMR(CDCl;, 125 MHz) & 153.72(C, C-3), 142:61(C, C-5),
130.99(CH, C-1), 127.74(C, C-10), 11547(CH, C-4), 112.44(CH, C-2), 67.31(CH,
Hf9), 56.13(CH, C-17), 47.74(CH, C-14), 4283(C, C-13), 40.87(CH, C-8),
39.47(CH,, C-24), 36.10(CH., C-22), 35.74(CH, C-20), 34.09(CH., C-12), 30.80(CHz,



C-6), 30.22(CHz, C-7), 30.02(CHz, C-11), 27.99(CH, C-25), 27.71(CHa C-16),
24.41(CHz, C-15), 23.75(CHz, C-23), 2280(CHs, C-26), 2255(CHs, C-27),
18.65(CHs, C-21), 18.35(CHs, C-19), 10.99(CHs, C-18).

2. 5. 2. 3. Calicoferol C(92]J-18-2)¢] &2

A& AZ2niEaE 22§ fx-5(EtOAc/n-hexane = 1:4, 35 mg)&
20% ethylacetate/n-hexaneol] 0|3l spartan filter(Aldrich)® o33t Fof Z2
LAqg BEFYJOF AL3}l9 normal phase HPLC(YMC silica column, UV
detector, 254 nm, 25 ml/min)E &2|& A|E3}%t} Retention time 2280 o=
peakE R O3 o]ZA& tlA| reversed phase Cis HPLCE |3t Az} $4%3
calicoferol C(92]J-18-2)7} 34 mg <9€o] HTKYMC column, UV detector,
acetonitrile, 4 ml/min, 13 min),

Calicoferol: #48] 718; [a]®p -95%c 03 CHCls); HREIMS: m/z observerd
412.3362, calculated 412.3341; LREIMS m/z 412(21), 394(17), 310(18), 274(5),
174(13), 155(15), 134(100), 122(20), 88(14); IR(KBr) 3400(OH), 2950, 2870, 1610,
1590, 1500, 1460, 1380, 1290, 1250, 1160, 890, 810 cm™; UV(MeOH) hmax 218.9
nm(e 7800), 2809 nm(e 2500); 'H NMR(CDCls, 500 MHz) & 6.98(1H, d, 7.8,
H-1), 665(1H, d, 24, H-4), 657(1H, dd, 7.8, 24, H-2), 471(1H, brs, H-28),
465(1H, d, 1.5, H-28), 4.05(1H, m, H-9), 2.71(1H, ddd, 138, 112, 54, H-6),
242(1H, ddd, 138, 138, 5.1, H-6), 222(1H, m, H-25), 222(3H, s, H-19),
2.10(1H, ddd, 159, 115, 4.6, H-23), 1.88(1H, m, H-23), 1.85(1H, m, H-16),
1.75(2H, m, H-11), 1.60-1.50(7H, m, H-7, -8, -12, -14, -15, -22), 1.43(1H, m,
H-20), 1.30(1H, m, H-17), 1.26(1H, m, H-16), 1.16(1H, m, H-22), 1.11(1H, m,
H-15), 1.03(3H, d, 6.8, H-26), 1.02(3H, d, 6.8, H-27), 0.96(3H, d, 6.8, H-21),



0.70(3H, s, H-18); ®C NMR(CDCls;, 125 MHz) & 156.81(C, C-24), 153.61(C, C-3),
141.70(C, C-5), 131.01(CH, C-1), 127.91(C, C-10), 11547(CH, C-4), 112.40(Cl],
C-2), 10594(CHa, C-28), 67.17(CH, H-9), 5599(CH, C-17), 47.73(CH, C-14),
42.91(C, C-13), 40.89(CH, C-8), 34.58(CHs, C-22), 35.71(CH, C-20), 34.12(CH,
C-12), 33.79(CH, C-25), 30.85(CH,, C-6), 30.26(CHz, C-7), 30.13(CHz, C-11),
2771(CHz, C-16), 2443(CH,, C-15), 3085(CHz C-23), 21.99(CHs, C-26),
21.85(CHs, C-27), 18.66(CHs, C-21), 18.35(CHs, C-19), 11.01(CHs, C-18).

2. 5. 2. 4. Calicoferol D(92]J-18-3)¢] #2]

&7 AgntEaREE Eel§t fx-3(EtOAc/n-hexane = 1:9, 75 mg)3}
fx-4(49 mg)& 22t 7% ethylacetate/hexanedl] Holi %2 ¢ EAL spartan
filter(Aldrich)® o2}t o} o] &€ normal phase HPLC(YMC. silica column,
RI detector, 2 ml/min)& ©]-&3te] &3t 2™ retention time 68&ol 2=
peakE 2031 o|ZR& t}A] reversed phase Cis HPLCE &#2|3 A3 &+
92]-18-3(calicoferol D)ol 79 mg @¥ol HTHKYMC column, RI detector,
acetonitrile, 2 ml/min, 27 min).

Calicoferol D: 48] 7]18; [@®p +135% 04 CHCl); HREIMS: m/z
observerd 410.3183, calculated 410.3185; LREIMS m/z 410(30), 276(65), 261(13),
205(10), 151(51), 134(100), 121(40), 109(16), 93(30), 83(19); IR(KBr) 3400(OH),
2960, 2870, 1700, 1610, 1590, 1500, 1370, 1300, 1230, 1160, 980, 810 em’™;
UV(MeOH) Amax 2189 nm(e 6900), 2809 nm(e 2200); ‘H NMR(CDCls, 500 MHz)
8 698(1H, d, 7.8, H-1), 666(1H, d, 2.9, H-4), 657(1H, dd, 7.8, 29, H-2),
5.22(1PI, dd, 151, 80, H-23), 515(1H, dd, 151, 83, H-22), 2.65(1H, ddd, 130,
12.2, 4.9, H-6), 250(1H, ddd, 14.2, 142, 6.8, H-11), 2.42(1H, ddd, 13.0, 11.5, 5.4,



H-6), 2.37(1H, m, H-8), 2.32(1H, ddd, 142, 5.1, 2.0, H-11), 2.25(3H, s, H-19),
2.14(1H, ddd, 13.2, 6.8, 2.0, H-12), 2.08(1H, m, H-20), 1.84(2H, m, H-16, -24),
1.75(1H, m, H-7), 1.69(2H, m, H-14, -15), 1.59(2H, m, H-7, -12), 1.47(1H, m,
H-25), 1.42(1H, m, H-16), 1.28(1H, m, H-15), 1.26(1H, m, H~17), 1.02(3H, d, 6.,
H-21), 1.00(3H, s, H-18), 0.92(3H, d, 6.8, H-28), 0.84(3H, d, 6.6, H-26), 0.82(3H,
d, 66, H-27); C NMR(CDCl;, 125 MHz) & 213.00(C, H-9), 15356(C, C-3),
14253(C, C-5), 13522(CH, C-22), 13250(CH, C-23), 130.99(CH, C-1), 128.07(C,
C-10), 11547(CH, C-4), 11245(CH, C-2), 5528(CH, C-14), 54.86(CH, C-17),
50.43(CH, C-8), 43.05(CH, C-24), 42.69(C, C-13), 40.15(CH, C-20), 38.37(CHy,
C-12), 38.28(CH; C-11), 33.18(CH, C-25), 31.00(CH,, C-6), 29.64(CH; C-16),
27.62(CHz, C-T), 25.17(CH,, C-15), 20.16(CHs, C-26), 20.94(CHs, C-21), 19.66(CHs,
C-27), 18.37(CHs, C-19), 18.00(CHs, C-28), 11.72(CHs, C-18).

2. 5. 2. 5. Calicoferol E(92]-18-4)¢] &2l

24249 AgntEaelyE2 Eel¥ fx-3(EtOAc/n-hexane = 1:9, 75 mg)&
7% ethylacetate/hexane®]] ol HA] ¢ B spartan filter(Aldrich)2 o=}
& Fo] o] &L normal phase HPLC(YMC silica column, RI detector, 2
ml/min)& ©]&3te] £e|3142 retention time 60E0] ULt peaksS RO o]
Z& T reversed phase Cis HPLCE £2|¥ Azt &4 92]-18-4(calicoferol
D)7} 94 mg @o] FTHYMC column, RI detector, acetonitrile, 2 ml/min, 27 min).

Calicoferol E: BM3A mp 94-95% [a]*p +21.4°%c 06 CHCl); HREIMS:
m/z observerd 398.3188, calculated 398.3185; LREIMS m/z 398(40), 264(37),
249(14), 193(29), 180(12), 151(100), 134(94), 121(50), 109(27); IR(KBr) 3400(OH),
2950, 2870, 1700, 1610, 1590, 1500, 1460, 1230, 1160, 820 cm™; UV(MeOH) Amux



2184 nm(e 7400), 282.0 nm(s 2500); 'H NMR(CDCls, 500 MHz) & 697(1H, d,
83, H-1), 6.66(1H, d, 2.9, H-4), 657(1H, dd, 83, 29, H-2), 2.66(1H, ddd, 132,
117, 49, H-6), 250(1H, ddd, 147, 137, 6.8, H-11), 2.41(1H, ddd, 132, 11.7, 54,
H-6), 2.36(1H, m, H-8), 2.31(1H, ddd, 142, 54, 2.0, H-11), 2.25(3H, s, H-19),
2.17(1H, ddd, 129, 6.8, 2.3, H-12), 1.98(1H, m, H-16), 1.75(1H, m, H-7), 1.69(2H,
m, H-14, -15), 159(2H, m, H-7, -12), 154(1H, m, H-25), 1.43(2H, m, H-16,
-20), 1.34(2H, m, H-22, -23), 1.29(1H, m, H-15), 1.21(1H, m, H~17), 1.16(1H, m,
H-23), 1.13(2H, m, H-24), 1.01(1H, m, H-22), 0.98(3H, s, H-18), 0.93(3H, d, 6.,
H-21), 0.88(3H, d, 6.8, H-26), 0.87(3H, d, 6.8, H-27); “C NMR(CDCls, 125 MHz)
8 21320(C, H-9), 153.62(C, C-3), 14253(C, C-5), 130.99(CH, C-1), 128.04(C,
C-10), 115.66(CH, C-4), 112.47(CH, C-2), 55.23(CH, C-14), 55.07(CH, C-17),
50.43(CH, C-8), 42.83(C, C-13), 39.45(CHz C-24), 3564CH, C-20), 3851(CHy,
C-12), 38.29(CHs C-11), 35.88(CHz C-22), 31.02(CHz, C-6), 29.05(CHz C-16),
2801(CH, C-25), 27.65(CHz, C-7), 25.13(CHz, C-15), 23.79(CHz, C-23), 22.81(CHj,
C-26), 22.55(CHs, C-27), 18.56(CHs, C-21), 18.37(CHs, C-19), 11.53(CHs, C-18).

2. 5. 2. 6. Ophirin(92]-18-5)2] &<

Methylene chloride® &% Z3&E ojsiy 2&7Y A=nfEdczE
23t 43} golA fx-4, -5, -6(970, 840, 580 mg)S 12% ethylacetate/hexaneo]]
o] &x] 9= EAL spartan filter(Aldrich)® o33t Fof o] £%& normal
phase HPLC(YMC silica column, RI detector, 3 ml/min)& o]-&3}to] £2]3t9i o
retention time 26%0] et peakE B 23 o]RE& THA] reversed phase Cis
HPLCE &3 A3t &4T¢ 92)-18-5(ophirin)7} 200 mg &of ZHTHYMC

column, RI detector, acetonitrile, 2 ml/min, 11 min).



Ophirin: 434 mp 94-95% [af®p -119.7°%c 1.0 CHCly); HREIMS: m/z
observerd 462.2596, calculated 462.2618; LREIMS m/z 402(10), 300(4), 214(5),
187(5), 161(5), 159(11), 147(12), 133(27), 121(11), 105(11), 93(13), 43(100); '
NMR(CDCls, 500 MHz) & 566(1H, d, 54, H-12), 544(1H, brdd, 9.6, 7.9, H-6),
5.38(1H, d, 59, H-2), 454(1H, d, 98, H-2), 4.38(1H, d, 6.4, H-9), 3.12(1H, brs,
H-14), 266(1H, t, 9.3, H-1), 252(1H, dd, 13.7, 5.9, H-8), 243(2H, m, H-4, -10),
242(1H, m, H-5), 215(1H, m, H-5), 2.06(1H, m, H-4), 2.02(3H, s, -OAc),
2.00(3H, s, -OAc), 2.00(1H, brd, 13.7, H-8), 196(3H, s, -OAc), 1.83(3H, s,
H-15), 1.80(3H, d, 1.0, H-17), 1.79(3H, d, 1.0, H-16), 1.56(3H, s, H-19), 1.38(3H,
s, H-20); ®C NMR(CDCl;, 125 MHz) & 170.39(C, -CO-), 169.93(C, -CO-),
169.91(C, -CO-), 139.62(C, C-11), 129.43(CH, C-6), 125.95(C, C-7), 120.58(CH,
C-12), 90.10(C, C-3), 87.18(CH, C-2), 83.70(C, C-18), 80.28(CH, C-9), 66.31(CH,
C-13), 48.38(CH, C-10), 45.04(CH., C-8), 43.11(CH, C-14), 3585(CH, C-1),
30.77(CHz, C-4), 2541(CHs, C-19), 25.07(CHs, C-20), 22.78(CHs, -OAc), 22.59(CHs,
-OAc), 21.96(CHz, C-5), 21.85(CH3 C-15), 21.34(CHs C-17), 21.28(CHs, -OAc),
18.36(CHs, C-16).

2. 5. 2. 7. Calicophirin B(92]-18-6)2] &g|

Methylene chloride2 &% ZFE£ 8¢ usiA 247 2=2nfeEazys
Ea|g A3 golF fx-4, -5, -6(970, 840, 580 mg)S 12% ethylacetate/hexanedl]
Holi =2 ¢ AL spartan filter(Aldrich)® o33t Fof o] €& normal
phase HPLC(YMC silica column, RI detector, 3 ml/min)& o]-&3}o Hze|slgdon

retention time 140 Y2+ peak& B3l o]Z& t}A] reversed phase Cis

HPLCE &3t A3 €48 92J-18-6(calicophirin B)°] 21.7 mg €] HcHYMC



column, RI detector, acctonitrile, 2 ml/min, 13 min).

Calicophirin B: A4 oal; [a®p -90.0%c 08 CHCly); HREIMS: m/z
observerd 404.2566, calculated 404.2563; LREIMS m/z 404(1), 344(7), 284(6),
241(13), 201(11), 173(15), 163(9), 147(30), 135(12), 119(14), 109(10), 105(15),
95(14), 93(44), 91(14), 81(12), 69(12), 49(11), 43(100); 'H NMR(CDCl;, 500 MHz)
8 5.59(1H, d, 54, H-12), 545(1H, ddt, 10.7, 6.8, 1.5, H-6), 4.48(1H, d, 83, 1-2),
429(1H, dd, 56, 2.7, H-9), 254(1H, m, H-14), 251(1H, m, H-8), 246(1H, m,
H-10), 2.41(1H, m, H-5), 2.33(1H, ddd, 134, 59, 2.4), 2.14(1H, m, H-5), 2.02(3H,
m, H-1, -4, -8), 202(3H, s, -OAc), 1.90(3H, s, -OAc), 181(3H, s, H-16),
1.78(3H, s, H-15), 1.78(3H, d, 15, H-17), 1.67(1H, m, H-18), 0.98(3H, d, 6.6,
H-19), 0.97(3H, d, 6.6, H-20); “C NMR(CDCk, 125 MHz) & 170.62(C, -CO-),
169.55(C, -CO-), 139.59(C, C-11), 129.62(CH, C-6), 126.08(C, .C-7), 120.13(CH,
C-12), 90.15(C, C-3), 87.69(CH, C-2), 81.09(CH, C-9), 70.16(CH, C-13), 47.45(CH,
C-10), 44.60(CHz, C-8), 41.94(CH, C-1), 3853(CH, C-14), 31.30(CH;, C-4),
30.87(CH, C-18), 22.80(CHa, C-5), 22.80(CHs, -OAc), 22.10(CHs, C-17), 21.77(CHs,
C-15), 21.55(CHs, -OAc), 21.31(CHs, C-20), 21.00(CHz, C-19), 18.71(CH3, C-16).

2. 5. 2. 8. Astrogorgin(92]-18-7)¢] £z

Methylene chloride® F&3% RFSFSEo tisiy &5 AZntEaen R
el dzk dojRA fx-6, -7(580, 460 mg)S 12% ethylacetate/hexanedl] ‘5o]i
£z o= EAL spartan filter(Aldrich)® o 23t Fof o] &9& normal phase
HPLC(YMC silica column, RI detector, 3 ml/min)& ©]&3}e] Fa|slgen
retention time 4670 U+ peakE RO o]ZAE TIA| reversed phase Cis

HPLCZ £21¥ A3} &% 92J-18-7(astrogorgin)e] 17.3 mg €o] ATHYMC



column, RI detector, acetonitrile, 2 ml/min, 9.3 min).

Astrogorgin: A4 dA; [alsD -1003°(c 1.0 CHClL): HREIMS: m/z
observerd 520.6181, calculated 520.6186; LREIMS m/z 400(1), 358(24), 298(31),
269(19), 211(21), 197(21), 175(55), 161(30), 145(48), 133(85), 119(26), 105(50),
95(28), 43(100); 'H NMR(CDCls, 500 MHz) & 5.70(1H, d, 5.6, H-12), 5.42(1H, d,
5.6, H-13), 533(1H, m, H-6), 525(1H, s, H-16), 512(1H, s, H-16), 441(1H, m,
H-9), 4.39(1H, d, 9.8, H-2), 2.95(1H, brdd, 8.8, 88, H-1), 2.94(1H, brs, H-14),
2.67(1H, d, 7.8, H-10), 2.47(1H, dd, 144, 4.2, H-8), 2.39(1H, m, H-4), 2.38(1H, m,
H-5), 2.28(1H, dd, 144, 2.7, H-8), 2.10(3H, s, -OAc), 2.01(3H, s, ~OAc), 2.00(6H,
s, -OAc x 2), 191(2H, m, H-4, -5), 1.81(3H, s, H-17), 1.70(3H, s, H-15),
1.58(3H, s, H-19), 1.38(3H, s, H-20); “C NMR(CDCl;, 125 MHz) & 170.31(C,
-CO-), 170.07(C, -CO-), 169.96(C, -CO-), 169.93(C, -CO-), 14381(C, C-7),
139.73(C, C-11), 121.34(CH, C-12), 11455(CH;, C-16), 86.62(CH, C-2), 85.32(C,
C-3), 83.55(C, C-18), 81.18(CH, C-9), 76.30(CH, C-6), 66.55(CH, C-13), 46.03(CLI,
C-10), 44.83(CH;, C-8), 40.37(CH, C-1), 36.23(CH, C-1), 2549(CHs, C-19),
25.45(CHs, C-19), 24.78(CHa, C-5), 24.18(CH., C-4), 22.82(CHs, C-15), 22.54(CHj,
-OAc), 22.51(CHs, -OAc), 21.91(CHs, C-17), 21.30(CHs, -OAc), 21.18(CHs, -OAc)

2. 5. 2. 9. 92]J-18-89] £&|

Methylene chloride® F&3% ZFEE0 sy 1474 Z=ufE g

2|3t A3} ol fx-4, -5(970, 840 mg)E 12% ethylacetate/hexanedl] o]

M

2] ¢}= EZAL spartan filter(Aldrich)E o] 23t Fof o] 8-¥-& normal phase

iy

fr

HPLC(YMC silica column, RI detector, 3 ml/min)& ©o]&3%lo Ee|siglen

retention time 6.5%-0] W2t peakE Roi o]Z& tlA] reversed phase Cis



HPLCEZ £23 A3} &3 92J-18-8°] 630 mg €] FHTHYMC column, RI
detector, acetonitrile, 2 mi/min, 22 min).

92]-18-8: A 1A 78-79 °C; [alsD -34.7°c 05 CHCL); HREIMS: m/z
observerd 346.2528, calculated 346.2508; LREIMS m/z 346(10), 287(12), 243(15),
218(19), 177(19), 159(12), 147(23), 133(11), 121(21), 109(14), 105(27), 93(43),
81(22), 43(100); 'H NMR(CDCls, 500 MHz) & 548(1H, ddt, 10.5, 71, 15, H-6),
5.42(1H, m, H-12), 4.08(1H, dd, 54, 34, H-9), 406(1H, d, 6.8, H-2), 250(1H, dd,
137, 54, H-8), 241(1H, m, H-10), 2.40(1H, m, H-1), 2.37(1H, m, H-5), 2.28(1H,
ddd, 13.2, 54, 34, H-4), 2.14(1H, m, H-5), 2.08(1H, m, H-13), 2.05(1H, brd, 13.7,
H-8), 2.00(1H, ddd, 13.2, 11.2, 49, H-4), 1.93(1H, m, H-13), 1.93(3H, s, -0Ac),
1.81(3H, d, 1.0, H-16), 1.74(3H, s, H-15), 1.703H, d, 15, H-17), 1.65(1H, m,
H-18), 143(1H, m, H-14), 097(3H, s, 6.8, H-19), 0.84(3H, s, H-20); “C
NMR(CDCl3, 125 MHz) & 169.81(C, -CO-), 13254(C, C-11), 129.51(CH, C-6),
126.41(CH, C-7), 121.40(CH, C-11), 89.31(C, C-3), 87.69(CH, C-2), 80.94(CH,
C-9), 4650(CH, C-10), 43.78(CH., C-8), 4053(CH, C-1), 38.26(CH, C-14),
32.43(CHz, C-4), 2856(CH, C-18), 22.90(CH: C-5, -13) x 2, 22.86(CHs -OAc),
22.25(CHs, C-17), 2197(CHs, C-15), 21.70(CHz; C-19), 20.18(CHs, C-20),
19.21(CHs, C-16).

2. 5. 2. 10, 92]-18-9¢] %]
Methylene chloride® F&% ZF&F tisiy 247 A=ntEIRE
Ba)gt A3 dojA fx-4(970 mg)S 10% cthylacetate/hexaneo]] o] x| Q=

B A& spartan filter(Aldrich)2 o3t Foj o] -£&9& normal phase HPLC(YMC

silica column, RI detector, 3 ml/min)& ©]-&3}o] F2]5l%.2™ retention time 31.6



Holl 1}2E peaks RO o]AE t}A| reversed phase Cis HPLCE #2]%F A3}
&4-3F 92]-18-97} 3 mg €ol FHTHYMC column, RI detector, acetonitriie, 2
ml/min, 12 min).

92]-18-9: HAd 4, 'H NMR(CDCl;, 500 MHz) & 5.63(1H, d, 54,
H-12), 553(1H, dd, 10.7, 5.9, H-6), 537(1H, d, 54, H-2), 442(1H, d, 103, H-2),
4.39(1H, m, H-9), 3.04(1H, m, H-14), 297(1H, dd, 9.3, 9.3, H-1), 2.82(1H, d, 14.2,
H-8), 2.68(1H, dd, 129, 129, H-4), 259(1H, m, H-5), 245(1H, d, 7.8, H-10),
2.01(3H, s, -OAc), 2.00(3H, s, -OAc), 1.99(1H, m, H-5), 1.97(3H, s, -OAc),
1.85(1H, dd, 14.2, 44, H-8), 1.84(3H, s, H-16), 1.78(3H, s, H-17), 1.77(3H, s,
H-15), 1.69(1H, m, H-4), 157(3H, s, C-19), 1.36(3H, s, H-20); ¥C NMR(CDCls,
125 MHz) & 17045(C, -CO-), 170.00(C, -CO-), 169.92(C, -CO-), 139.38(C,
C-11), 13043(C, C-7), 130.37(CH, C-6), 120.81(CH, C-12), 85.95(C, C-3),
84.31(CH, C-2), 83.60(C, C-18), 79.85(CH, C-9), 66.32(CH, C-13), 45.30(CH,
C-10), 43.22(CH, C-14), 39.05(CHz;, C-8), 38.34(CH, C-1), 33.60(CH; C-4),
2551(CHs, C-19), 2541(CHs, C-20), 22.60(CHs -OAc), 2248(CHz, C-95),
22.42(CHs, -OAc), 21.33(CHz, -OAc).

2. 5. 2. 11, 92]-18-58] ¥

92]J-18-5(23.4 mg, 0.05 mmol)& dry ether 5 mlejl o] lithium aluminum
hydride(24.8 mg, 0.65 mmol)S ¥ Fol A4 cfr7|ste] A&oA 3A| F<t vt
SA1Zich Z3¥ sodium sulfate §%9& 5 mlE Yo &S FLAI Foll £33}
H 2389 15 mE ¥ BY ZurlE o]-&3to 30 mlY ether® A W F&31
gtk §71%5E& BE Fol magnesium sulfate® AZ3to] o{siglon dojzl o

BEg AFFLINE o83t &ulE AASIL IAY FRES |t o B4

X



E& reversed phase HPLC(YMC Cig column, 2 ml/min, acetonitrile)® & 2|3}
retention time 10&oA 16 mg?] deacetylated ophirin(92J-18-10)2 {acl +5
£, 79%.

92)J-18-10: N 2y mp 88-89 °C: 'H NMR(CD:OD, 500 MHz) &
5.66(1H, d, 4.9, H-12), 544(1H, brdd, 88, 88, H-6), 4.39(1H, d, 9.8, I-2),
4.34(1H, d, 6.4, H-9), 4.24(1H, d, 54, H-13), 2.79(1H, dd, 9.3, 9.3, H-1), 247 -
2.39(4H, m, H-5, -8, -10, ~14), 2.27(1H, m, H~-4), 2.03(1H, d, 13.2, H-8), 2.03(1H,
m, H-5), 181(3H, s, H-16), 1.77(3H, s, H-17), 149(1H, dd, 137, 6.4, H-4),
1.37(3H, s, H-15), 118(3H, s, H-19), 1.16(3H, s, H-20); C NMR(CD:OD, 125
MHz) &6137.79(C, C-11), 130.34(CH, C-6), 127.68(C, C-7), 125.73(CH, C-12),
91.76(CH, C-2), 82.63(CH, C-9), 78.80(C, C-3), 73.42(C, C-18), 65.36(CH, C-13),
51.28(CH, C-10), 49.20(CH, C-14), 4599(CH: C-8), 37.57(CH, C-1), 36.42(CHa,
C-4), 2822(CHs, C-19), 28.17(CHs, C-20), 26.98(CHs, C-15), 23.23CHz, C-5),
2197(CHs, C-17), 18.74(CHs, C-16).

gl

ghid

2. 5. 3. Calicogorgia granulosa(91-12)2%€ AQE & o
2.5 3. 1. A8 A3 2 {7154 553 flash chromatography

Calicogorgia granulosa(91-12)= '92d 2o AFE A EA] detsioal
A4 9 B aex H4d 2A0lA SCUBA tho¥oj 23t A= Tt o] A&
£ AP & FA §HelA A3 L YEe] RAS At

BERANY A2 (AR BAZL: 25 kg)E methylene chloride 2 LE 7138}
Aol B A Foll 2 LS Aiglen o] AFE T URT Fof

EolF AA RIRFEEY F 122 go] &l ZFrh §UE AAY Fol &= I



FES silica flash chromatographyE 3tol @ 719 222 pa Zpzh
fractionell ©h¥ 'H NMR&3Z ®|348% £ (100% hexaned}t 5% EtOAc in
n-hexane)ol A 2} tiAlEZAEC] EiE o 9l ZE& UASHATL Cis reversed
phase HPLCZA3} 3718 E4(91-12-1 ~ -3)o] S AT o] &Y F2RE& ol
A AW e} Zo] NMR xl&s|Azt o] 2l3le] guaiazulene FEAHE
Z 3 = 9lchFig.).

Methylene chloride® &% ZXFEE 122 g& 3FF flash chromatography
2 Eesl7] $18) n-hexane, n-hexanel ethylacetate®] Z¥(5-70% ethyl-
acetate/n-hexane: 5%% Z7}3te] A}&), ethylacetate 18]3l methanol& A2
L&At} o]F@A Gl 1770e] E(fraction, fx)L ZZ €ulE AAT ¥ 'H
NMRS 33 Azt &0 glE 2x a3 o] fx-1(100% n-hexane: 480 mg)=t
fx-2(5% ethylacetate/n-hexane: 500 ‘mg)°ﬂ Egslo] glgo] w3 Zclh ZElY fx
ol og sYPEo] E3I] St =23 9 Fx3 2y, AP D steroids7t

EZ3rE] Tt
2. 5. 3. 2. Guiaiazulene FEAE(91-12-1, -2, -3)2] &£¢|

2&7e AgntEayE 223 fx-1& acetonitriled)] Ho]3l ¥ ¢ &
212 spartan filter(Aldrich)® o 2}3t Fof o] €& reversed phase Cis HPLCE
Ealgt 23} €43t 91-12-1(guaiazulene)®} 91-12-3 [bis-(2,2’'-guaiazulenyl)17}
380 mg 10 mg®l ZzZt @dof HTKYMC column, RI detector, acetonitrile, 3
ml/min, Rt=12.4%} 36.6 min). ¥ fx-22] Z %ol WA 3% EtOAc/hexane &1l
£ o] &3] A silica normal phase HPLCE £&2](RI detector, 2 ml/min)¥t Foi 9%
o] L}2+ peaksS B3 T}A] reversed phase HPLC(YMC column, RI detector,

acetonitrile, 3 ml/min)& &e|3Pd 91-12-1(guaiazulene), -3[bis-(22'- guaia-



zulenyl)], —2[bis-(2,2'-guaiazulenyl)methanel?] peak?} 12.4, 366, 40 <ol L}E}YE
o ztz}t 20, 5 5 mg® go] Hch

91-12-1(guaiazulene): F& A& IA] mp 31-32; UV(MeOH) Amax 218.1
nm(e 7100), 2805 nm(s 2300); 'H NMR(CDCls, 500 MHz) & 8.18(1H, d, 1.5,
H-6), 7.65(1H, d, 3.7, H-2), 7.24(1H, d, 2.9, H-3), 7.11(1H, dd, 10.7, 1.5, H-8),
6.69(1H, d, 10.7, H-9), 2.76(1H, m, H-11), 2.63(3H, s, H-15), 2.58(3H, s, [-14),
1.19(3H, d, 7.8, H-19), 1.19(3H, d, 7.8, H-20); C NMR(CDCk, 125 MHz) &
144.09(C, C-10), 139.71(C, C-7), 138.05(C, C-1), 137.18(C, C-4), 136.72(CH, C-3),
134.61(CH, C-8), 133.29(CH, C-6), 12542(C, C-5), 125.21(CH, C-9), 113.51(CH,
C-2), 3850(CH, H-11), 24.85(CHs;, C-12), 24.85(CHs, C-13), 24.01(CH;, C-14),
13.05(CHs, C-15).

91-12-2[bis- (2,2’ -guaiazulenyl)methane]: ¥ ¢ 23] mp 187-189 °C;
HREIMS: m/z observerd 408.2825, calculated 408.2817; LREIMS m/z 408(39),
393(13), 332(6), 210(48), 198(100), 183(60), 167(12), 152(11); IR(KBr) 2960, 2920,
1540, 1445, 1385, 1200, 920, 810 cm™; UV(MeOH) Amax 248 nm(e 44300), 294 nm
(¢ 71600), 309 nm(e 48700), 355 nm(e 16300), 372 nm(e 16200), 629 nm(e 2000);
'H NMR(CDCl3, 500 MHz) & 8.13(2H, d, 2.0, H-6, -6'), 7.34(2H, s, H-3, -3'),
7.10(2H, dd, 10.7, 2.0, H-8, -8'), 6.66(2H, d, 10.7, H-9, -9’), 5.25(2H, s, H-16),
2.82(6H, s, H-14, -14'), 2.79(2H, m, H-11, -11'), 246(6H, s, H-15 -15"),
1.22(6H, d, 68, H-12, -12'), 1.22(6H, d, 6.8, H-13, -13'); “C NMR(CDCl;, 125
MHz) & 14555(C, C-10, -10"), 141.38(CH, C-3, -3'), 13857(C, C-7, -7'),
138.46(C, C-4, -4’), 134.69(CH, C-8, -8'), 133.52(CH, C-6, -6'), 133.39(C, C-1,
-1"), 129.31(C, C-2, -2'), 126.40(C, C-9, -9'), 12446(C, C-5, -5'), 37.69(CH,
H-11, -11'), 35.01(CH:, C-16, -16'), 26.98(CHs, C-14, -14'), 24.69(CHs, C-12,
-12"), 24.69(CH3, C-13, -13’), 13.05(CHs, C-15, -15").



91-12-3[bis-(2,2'-guaiazulenyD]: 2] 1A mp 88-90 °C: HREIMS: m/z
observerd 394.2638, calculated 394.2660; LREIMS m/z 394(100), 337(29), 311(9),
266(7), 197(8), 119(12), 80(18), 198(100), 183(60), 167(12), 152(11); IR(KBr) 2960,
2025, 1540, 1460, 1365, 1200, 1160, 1050, 940, 920, 860 cm™; UV(MeOH) Muax 250
nm(e 45400), 283 nm(e 63000), 309 nm(e 43500), 354 nm(e 16400), 374 nm(e
19700), 626 nm(e 2500); ‘H NMR(CDCl;, 500 MHz) & 8.23(2H, d, 2.0, H-6, -6"),
762(2H, s, H-3, -3"), 7.13(2H, dd, 10.7, 2.0, H-8, -8'), 6.64(2H, d, 10.7, H-9,
-9"), 281(2H, m, H-11, -11"), 263(6H, s, H-15, -15"), 2.28(8H, s, H-14, -14'),
1.23(6H, d, 6.8, H-12, -12), 1.23(6H, d, 68, H-13, -13'); *C NMR(CDCl;, 125
MHz) & 146.75(C, C-10, -10"), 14L.75(CH, C-3, -3"), 139.08(C, C-7, -7'),
138.85(C, C-4, -4'), 134.80(CH, C-8, -8"), 133.92(CH, C-6, -6'), 134.11(C, C-1,
-1"), 128.35(C, C-2, -2'), 12654(C, C-9, -9'), 123.80(C, C-5, -5'), 38.11(CH,
H-11, -11'), 2667(CHs, C-14, -14'), 2473(CHs, C-12, -12'), 24.72(CHs, C-13,
-13"), 13.05(CHs, C-15, -15').

2. 5. 4. Aagbaria undulata(94K-1)25E] AHE 22 0 Hg

2.5 4. 1. A &2 AL {7152 F&3 flash chromatograghy

£ Aol AMEH 4t% Acgbaria undulata= 19949 8¥ AEE ¢t Y 4+
A 25-30 mmollA SCUBA tiolyel &3] AF=ATEL o] Alge HAS =] 93]
&Y w7tz Az ¥% 2@

Az 9% B3Y o] ARERZ FA kgt EAFHY & 913 2-3cm =
AA et /7] Zul methylene chloride 1.5 L& methanol 15 LE &x}8o8 715}
of Ao Zt guljollA] 48217 Foff &35t o] AFS FH F= AFs €



oA zZt {7 ZFEEES U YA oo XH] UL saltd AASZ] ¢sl
n-buthanol2} H:OE n-butanol&-& t}A| fatty acid®t Z2 ¥]IFA F7]EL A AT
71 $18) 10% aq. methanol?} hexaneE Zz} FuwlE AAjstadch 10% aq.
methanol3-ollA @0l {71585 &2 13golirh

o] &89 EE A%V g8 chE3t 2 2ALE reversed phase
vacuum chromatogragpys A3stgchk 70% methanol(500ml), 80% methanol
(500ml), 90% methanol(500ml), 100% methanol(500ml), 100% ethyl acetate(500ml).
olFA @ojd Z RYEE 'H NMRE 33T 23t 100% methanoldol Fn] Sl
2x} thA} Edo] 9lgo] #lE o] thA] o] #& n-hexane} ethyl acetate?] E3tel
(10% ethyl acetate/n-hexane2 2 € 100% ethyl acetateZ}A])2E normal phase
flash chromatography & AlAl3ld 1071 ¥ o2 e Fo 'H NMR &3& 319
t} o] uwj Y3t EAo] 60%, 70% 12| 3L 80% ethyl acetate/hexane w=¥of 2|5}
3 S st HPLC £2]& F3l <54 €& + ddich

2. 5. 4. 2. Polyhydroxylated steroids®] &l

2] normal phase flash chromatography® 2|8 107} —1-5] ZollA, 60%, 709,
80%2E5S BT ¥H HPLCoIA AH8E E¥Y (60% acetonitrile : 40% methanol)
of Hola o] w] %] ¢ AFAEL spartan filter2 2 F F{E°] G &
& reversed phase column HPLCE ol83te] &4 iyl | &
gtl. HPLCE T3 & RAL R o]FolFc)k: YMC Cl18 reversed phase column,
RI detector, eluent solvent: 60% acetonitrile/methanol, flow rate: 2 ml/min. HPLC
2 dojd d BgEg Bi F33A £l el ohARl retention timeo] 16~
24 2ol sl dool 6712 29 o] Uetkde}. 2ol 3= FAE2 'H

NMRE 243 A3} polyhydroxylated steroid®] SEMEE F4Eo] g ZHog



o 4 glgich o] wj Zt EYEL &43 T F/ EFo] ofd t}E FEAT} A=
A= 42 FefRT retention timeoll whel the Zo] £ 4374 EYE EFY

4 9loitk 163 £(=94K-1-2), 188 #(=94K-1-4), 215 ¥ (=94K-1-3), 223 &

st

(=94K-1-1). 9714 o UL &4 EAE &3] Sl3) slo 2 zAe= 2 £
dofl tisiA HPLCE ¥ ®H o Esigcth 94K-1-3& A|9jstis 94K-1-1~47}
z}zt 10 mg, 8 mg, 12 mg Fe|= g} A 94K-1-32 $HEFH o2 HPLCE A
x|t F7) olgo g Hole EMo| AL Ao dlof o]&Y = A FLE W
o2 Erlssicta st o] acetic anhydride®t ¥HS-AlA polyacetateE /g%t
5 B8 AEstdch oY AHOE MUK-1-38 5 mgE BAF 4 Aok
94K-1-1: mp. 149 - 150 ‘C; IR(KBr) 3400, 2060, 2870, 1470, 1380, 1330,
1050, 980, 830 cm™’; 'H NMR(CDCl;, 500MHz) & 4.17(1H, brd, 2.3, H-5 OH),
3.94(1H, m, H-3), 3.70(1H, dd, 54, 0.5, H-6), 3.60(1H, brs, H-7), 2.61(1H, brd, 5.4,
H-6 OH), 2.25(1H, ddd, 132, 50, 2.3, H-4 @), 2.06(1H, brd, 12.1, H-124), 1.99(1H,
dd, 114, 82, H-9), 1.87(1H, dd, 128, 68, H-14), 1.84(1H, m, H-16), 1.82(2H, m,
H-2a, -11a), 1.72(1H, m, H-118), 165(1H, m, H-1a), 1.53-1.42(4H, m, H-14,
-48, -15, -25), 1.35-1.205H, m, H-28, -12a, -20, -23), 1.24(2H, m H-16, -17),
1.20-1.10(3H, m, H-15, -24), 1.02(3H, s, H-19), 0.97(2H, m, H-22), 0.93(3H, d, 6.4
H-21), 0.87(3H, d, 68, H-27), 0.86(3H, d, 68, H-26), 0.73(3H, s, H-18)% C
NMR(CDCls, 125MHz) 6 77.89(C, C-5), 67.81(CH, C-6), 67.58(C, C-8), 66.55(CH,
C-3), 6552(CH, C-7), 5583(CH, C-17), 53.80(CH, C-14), 4250(C, C-13), 40.83(C,
C-10), 40.10(CH, C-9), 3941(CH, C-24), 38.85(CHz, C-4), 38.11(CH; C-12),
35.94(CH, C-20), 35.89(CHs, C-23), 3221(CHp, C-1), 3052(CH; C-2), 27.97(CH,
C-25), 27.25(CHz, C-16), 23.83(CHz, C-22), 22.79(CHs, C-26, -27), 22.06(CH,, C-11),
21.23(CHz, C-15), 18.92(CHs, C-19), 18.78(CHs, C-21), 12.42(CHs, C-18).
94K-1-2: mp. 184 - 185 C; IR(KBr)3350, 2970, 2870, 1460, 1380, 1050, 970,



830 cm; 'H NMR(CDCl;, 500MHz) & 5.29(1H, dd, 152, 6.8, H-23), 515(1H, dd,
152, 83, H-22), 419(1H, d, 2.0, H-5 OH), 3.94(1H, m, H-3), 3.69(1H, brs, H-6),
359(1H, brs, H-7), 2.65(1H, brs, H-6 OH), 225(1H, ddd, 132, 49, 20, H-4a),
2.20(1H, m, H-24), 2.04(1H, m, H-124), 2.02(1H, m, H-20), 200(1H, dd, 11.0, 81,
H-9), 1.89(1H, dd, 127, 7.3, H-14), 1.82(2H, m, H-2¢, -11¢), 1.71(1H, m, H-11
8), 168(1H, m, H-16), 1.63(1H, m, H-1a), 151(1H, ddd, 132, 34, 34, H-18),
1.46(1H, m, H-48), 1.43(1H, m, H-15), 1.36(1H, m, H-28), 1.32-1.24(3H, m, H-12
@, -16, -17), 1.16(1H, m, H-15), 1.02(6H, d, 6.8, H-19, -21), 0.95(6H, d, 6.8, H-25,
-26), 0.75(3H, s, H-18); “C NMR(CDCl;, 125MHz) & 13560(CH, C-23),
132.78(CH, C-22), 77.91(C, C-5), 67.84(CH, C-6), 67.54(C, C-8), 66.55(CH, C-3),
65.52(CH, C-7), 55.69(CH, C-17), 53.90(CH, C-14), 42.44(C, C-13), 40.90(C, C-10),
40.18(CH, C-9), 39.88(CH, C-20), 3892(CHz, C-4), 3807(CHs, C-12), 32.25(CHj
C-1), 3091(CH, C-24), 3057(CHs;, C-2), 27.21(CH; C-16), 22.70(CHs; C-25),
22.69(CHs, C-26), 22.10(CHz, C-11), 21.17(CHz, C-15), 20.91(CHs, C-21), 18.90(CHs,
C-19), 12.66(CHs, C-18).

94K-1-3: mp. 187 -188 C; IR(KBr) 3400, 2960, 2870, 1460, 1400, 1050, 980,
830 cm’; 'H NMR(CDCls, 500MHz) & 521(1H, dd, 155, 7.7, H-23), 5.14(1H, dd,
155, 82, H-22), 418(1H, d, 277, H-5 OH), 3.95(1H, m, H-3), 3.70(1H, brd, 2.5,
H-6), 360(1H, brs, H-7), 2.62(1H, brd, 25, H-6 OH), 2.25(1H, ddd, 132, 50, 18,
H-4¢), 2040H, m, H-128), 202(1H, m, H-20), 200(1H, dd, 109, 81, H-9),
1.89(1H, dd, 128, 7.3, H-14), 1.76-170(1H, m, H-16, -114), 1.85-1.80(3H, m,
H-24, 2, -11a), 166(1H, ddd, 132, 132, 32, H-1e), 150(1H, ddd, 13.2, 386,
36, H-18), 1.49-1.40(3H, m, H-48, -15, -25), 135(1H, ddd, 132, 132, 46, H-2
8), 132(1H, m, H-124), 1.30-1.26(H, m H-16, -17), L15(1H, m, H-15), 103@H,
s, H-19), 1.02(3H, d, 6.8, H-21), 0.91(3H, d, 6.8, H-28), 0.82(6H, d, 6.8, H-26, -27),



0.74(3H, s, H-18); “C NMR(CDCls, 125MHz) & 13520(CH, C-23), 132.55(CH,
C-22), 77.90(C, C-5), 67.80(CH, C-6), 67.55(C, C-8), 66.53(CH, C-3), 65.50(CH,
C-7), 5555(CH, C-17), 53.87(CH, C-14), 43.03(CH, C-24), 42.37(C, C-13), 40.85(C,
C-10), 40.32(CH, C-20), 40.11(CH, C-9), 3885(CHs;, C-4), 38.02(CHs, C-12),
33.14(CHs, C-25), 32.21(CHa, C-1), 30.50(CHz, C-2), 27.64(CHz, C-16), 22.07(CI,
C-11), 21.24(CHs, C-21), 21.09(CH; C-15), 20.12(CHs, C-26), 19.62(CHs, C-27),
18.91(CHs, C-19), 17.98(CHs, H-28), 12.60(CHs, C-18).

94K-1-4: mp. 152 -153 C; IR(KBr) 3450, 2950, 2920, 2860, 1730, 1235, 1030,
970 cm™; 'H NMR(CDCls, 500MHz) 6 531(1H, ddd, 151, 6.8, 6.8, H-23), 5.19(1H,
dd, 151, 83, H-22), 5.11(1H, d, 1.0, H-6), 503(1H, m, H-3), 452(1H, d, 25, H-5
OH), 356(1H, brs, H-7), 220(3H, s, OAc), 211(1H, dd, 112, 83, H-9),
2.06-198(3H, m, H-4a, -128, -20), 200(3H, s, OAc), 1.95(1H, m, H-2a),
191(1H, dd, 127, 7.3, H-14), 1.89(1H, m, H-16), 1.82(2H, m, H-24), 1.72(2H, m,
H-11e, -16), 1.79(1H, m, H-114), 1.76(1H, ddd, 134, 34, 34, H-14), 157(1H, m,
H-25), 151(1H, ddd, 127, 25, 25, H-48), 146(1H, m, H-1¢e), 1.41(1H, m, H-15),
1.39(1H, m, H-28), 1.33(1H, m, H-12¢), 125(1H, m, H-17), 1.12(1H, m, H-15),
1.10(3H, s, H-19), 1.03(3H, d, 64, H-21), 0.86(6H, d, 6.7, H-26, -27), 0.75(3H, s,
H-18); C NMR(CDCls;, 125MHz) & 170.77(C, OAc), 170.23(C, OAc), 137.21(CH,,
C-22), 127.01(CH;, C-23), 7652(C, C-5), 70.10(CH, C-6), 69.64(CH, C-3), 66.62(C,
C-8), 62.32(CH, C-7), 5550(CH, C-17), 53.75(CH, C-14), 42.40(C, C-13), 41.91(CHs,
C-24), 4154(C, C-10), 40.18(CH, C-20), 39.94(CH, C-9), 37.96(CH; C-12),
35.34(CHz, C-4), 31.83(CHp, C-1), 2850(CH, C-25), 27.42(CH; C-16), 26.82(CH,
C-2), 2231(CH;, C-26), 22.29(CHs, C-27), 21.99(CH; C-11), 21.37(CHs, OAc),
21.18(CHz, C-15), 20.97(CHs, C-21), 19.23(CHs, C-19), 12.68(CHs, C-18).
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Fig. 2-13. Carbon NMR spectrum of compound 92J-18-1
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Fig. 2-20. Carbon NMR spectrum of compound 92J-18-2
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Fig. 2-29. Carbon NMR spectrum of compound 92J-18-3
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Fig. 2-35. UV spectrum of compound 92J-18-3
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Fig. 2-60. Carbon NMR spectrum of compound 92J-18-8



8-81-[z6 punodwod jo wmnosds XSO0 uojold '19-g 8id

(wdd) 74 .
0'7 m._._“ O._N G'¢g 0OE 8'E Oy G'¢v 0°6 G°C
v ley v beva s Pevnan bovy o Ly aaa e v aa by g a by lrresl
« w MO sa.ﬁu.m _UV
-
X
o™ o W.V -
_w.m
N |
C b
b€ i
Q ® ) G
% : of ©
® [
2 - $foo B2
o & e
-] 5T
-} L9 -] v -
. L
(wdd)
° a - 24

Sy Aso]
B-BI-"c6



8-81-[¢6 punodwod jo wmnosds XEJO.L 29-2 “Sid

(wdd) 74
0°T G'T 02 G2 0E GE 0% S¥%¥ 0G 5§
).—Llnl_ h!L.Lr[IL’FL!L!LLh___.L r_4______._____—._._—,.__r-.~_t_ FF.—J
. o AP Om oES b
5
4
° - oD S

—147—

1

18 LI S 2 S e 0 LN B € L B B R R €S LR R AR N P LR R RN TS R R Y ¥
m

=
T
a
a

LR |
Q¥
L

-
:

ASQ01
8-8B7-Ne6



92J-18-8
HMGC

30

l]lllllllll]
50 40

80

70
(ppm)

l[lllllllllllll

110 100 90 80

llllrlllllllllll

lllglllh’;llllwllllu‘llllelllu’)llllwllllurjllllwlIII
Ng o« w nNom ™ < Tg

Y Y -

—148—

120

o)
a-°

F1

Fig. 2-63. HMQC spectrum of compound 92J-18-8



8-81-[26 punodwiod jo wnnoads DGWH $9-¢ 84

(wdd) 74
0z OE OF 05 09 O/ 08 06 00T 0T} 02V OET OWT O0ST 09T 0T

?_y~____________——_____pp_____________——_——____~\-_——___——~_______——__________

! ( (! 00

~

o
R .
o ¢ o
£ -
o
[
o
- e
<
[~
o
o
-
<
:
.
1]
4
'
P
o
&
.
o
- =4
L4
L
g .
L
- o
v @
o
4
= &
T T T T T QO Ty G T T r{ T T
<~

o o
me

pIaTidn
28WH
8-87-126

—149—



8-8T-[26 Jo WM1oeds SIH UONNOSSI-YBIH ‘G- "Bld

_._____ . I

o¢¢ 0¥ 007 omm omm 0v¢ owm oom omm omm owm 0ze oom 08T omﬁ 0¥T 0¢T 00T

-t . T .qa_ TP ._" : T

9Vt
W

IREARASEARNREARRRRE
n o 1n o wn
N N e

ARERRRRE RRE)

o
™M

Fse
Foy
234
Fos
Fss
F09
FS9

oL
FSL

08

TTYT

Fs8
06
FG6

%00T

—150—

AF(0S D-8T-0Z6 (IQUOM) UTYS:3IXdL STTI
TIVH:sOBeTd 099€PSE:DIL wwmmmN“Hmm €7 wdg 1suben +IF SOL
I79T0%6T2ZT:T®D LP T+ 8G 9% TIT $66T-DH-TZ:DOVY 9Z"0 320 ISOW 9¢ G€:IUSPT €TTYAIZTT:OTTA




6-81-[z6 punodwod jo wnioeds YN U001 '99-Z "SI

b-87-rcé

—151—



ycE" 99

92J-18-8

gge* LL—/

vag 6.~
1.5 €8

goe°vya—~

156°68—

yi8 0ct

02€ ‘82T

6LE OET\

Ley 0eET~

VBE'BET——

¥e6 697
Py 0L e

—152—

Illllllillllll|I[ll||l|lll|lll]]lIlllllllllllllllllllllfllllllllllllllf

30 ppm

150 140 130 120 140 100 90 80 70 60 50 40

180

Fig. 2-67. Carbon NMR spectrum of compound 92J-18-9



6-81-[26 punodwod jo wnijoads xSO) uolold ‘89-7 814

~153—

(wdd) 714
G 7 0'eg §'¢ 0 GE€E Opv G¢% 0§ Gg°g
—————__——___________—_—_——___—__—_—_»_—-____
o a B”
@ [2.5) Q.w.m
-} l”
X
G v
- « 8 Q N w
w.v
¢
o & ) b€
e @ . [
m & \ 2 r.
o -] ..u._.N
V4 -
o g b2
[ . i
. oo wdd) &
o T2d4 £
L
\ I

SyAs03-6-BI-res



6-81-[26 punodwod jo umxnosds OONH '69-¢ “B1d

(wdd) 74
01+ OE ov 0g 03 0L 08 06 007 (Oh" 0crt OET
Ly v v o Vv v e boaav oo by v v b by v Lawov o Vg v v byven Uy gl
-]
ok g M
[~
‘g
o © 4 =
%
w
|
o ¢ €
0
. o}
© c
- S © - - - . o = -
M © - . ° 0 p . o2
®..0 .
Q@ % 5
.0@ [— 2T - - o - 9 - n: W
@0 ° cd -

QOWH
6-87-re6



6-81-[26 punodwoo jo wnnosds DGWH ‘0L-2 ‘B1d

(wad) 74
OE ov 08 089 0L 08 06 00T OT? 027 OE? Ovr? 087 09T 04T
taelieos ety daaa st bl saandaaaa o lacaad vt eeaadiaaalorar b
e
0

<

—155—

b e b :ﬁW

pratidn
J8WH
6-81-re6




0T-8T-[Z6 punoduwiod Jo wnoads YN uoeld TL-g “Bid

G ¢ 0°€ G°E o'v Sy 0°G S

PSS WS WS WA SN SN ST U SRS WS NN ST SN SN S U S ST ST T RN S

I T v |

e
H—_ 1 1 l t 1 11 _|h\__

AU _%__ Yy
_

| __

—156—

d~HY1+4-87-r26



0ca’ gy 0939 8V
OOO'SV:Q\
0LY BV
002 "6V
OvE "6V—
o
]
I
<
-4
-+
N
©
T
4
o
o

geL’87
B96 T2

Gec'Ed
¥86° 92—\

897 ‘8-

gee'ge—

6TV 9E—

L98° LE

886 °6Y
OSV'BV—\\\

OIQ'SVE_///
LLe’y

8GE 59

TeveEL

108 8L

ceg’ee

8GL 16

0EL"GET

6L9° L2}

y¥E'QET

Y6L" LEY

—1567—

ppm

Fig. 2-72. Carbon NMR spectrum of compound 92]J-18-10
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Fig. 2-76. Carbon NMR spectrum of compound 91-12-1
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Fig. 2-95. Carbon NMR spectrum of compound 94K-1-1
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Fig. 2-104. HMQC spectrum of compound 94K-1-2
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Fig. 2-108. Carbon NMR spectrum of compound 94K-1-3
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A8 A AHE MFHoE AW By WA JAE 33 AFe dHEe o
2% 2 DemospongiaeZol tate FHFHo 2 o]Fo A Kt 12} Demo-
spongiaeZel] &3 AWESL 5, 3} FL £ ud A3t JAAEY FH7
- thgel WY WA g 55 vWis F8F X E AAse
terpenoids ¢} terpene part’} ¥3+¥ mixed biosynthetic productst o8] EH9] &)
Ao A v Ogd gL FH9 YR FEHASY 53] Demospongiaed] &3}
& Dictyoceratidash Dendroceratida 9 ¥ o4 93802 22t 2du

—dt
2
524
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Axinella, Acanthella 2 Hymeniacydonds TE& £d £3lc Ao FRE
isocyanide, isothiocyanates, formaides® nitrogen part’} terpened] A=A Eolg
FHe EAEC] g 2AHAY. Verongida% o2 HEle odg ddel alka-
loids% nitrogend XEIF EFEo] FEHIJEH olEY FTREHQY EolHo]
Dictyoceratida® 2] & #(Verongiidae)2 AFHoZ EFHAUY o] F7F9 o)
2 5YPd 502 EFIAE F8 olfoltHBergquist & Wells, 1983).
Polyacetylenes2 &#] F7/9] sjdd 2N F2=u ot

ABEFEAANE e AENA Fo} B7] ol ol £/ HFE] ¢
F DAHYEH oL &9 £02 0 JFHoz FEH JeFez o

£9 Aoz AAAL HEHH EFe] AR olgHE A9/ Bk dF &

[

)

Plakortis, Prianos 2 Sigmosceptrella®: 2.2 ¥l cyclic peroxidett 12 %-g
714%te] WG BAESo] F2HJYY. EF Petrosia, Xestrospongia 2 Reniera
TAME FAEF 2 A7t 23] =8 quinolizidine alkaloids ¥ 29} RO 2
AL EFAES BR38la len Algelas®t Adociad 2.2 %-¥] terpene® adenine
3 & guanidineol AT vi$ =F e mixed biosynthetic products7} Bo] 3
ZFHAt o] WeE o3 F79 HHoRE Ry TR Mo A= ojaye B
3 55T e EAEc] Bo] F&2HU.

AR AR A 724 ddgd Z2EF A8 FYEE daFes
AUBE AF AEE FRAA EAZA BFAEIHE G5 A A2 A
o]go] dWAelM FZE EAdolt) WA FZ2d E3EH 2 J1H 4 =9
Jaspis sp.dlA FEFE FIFA  cyclic peptide jaspamide(=jaspakinolide),
Luffiriella variabilisol Xl %9 terpeneAl A9 A manoalide, Latrunculia sp.®] 3
%A discorhabdins, Spongesorites ruetzleri$} Halichondria sp.2] 3¢}, &} u] A& =)
nortopsentins so|th, £ v 45 He] A, WaFge 732 A% A7 &
Aleke 2% o|8-53 QleH Halichondria okadaiol Al ¥ % okadaic acidE hE
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OH

NH

HN i/
- Br N/ Br
N/ ™ o | | N
N
Br MeN/\/( u H

o)

nortopsentin A
(Spongisortis sp. and Halichondria sp.)

"

jaspamide
(Jaspis sp.)

manoalide discorhabdin C
(Luffariella variabilis) (Latrunculia sp.)

okadaic acid
(Halichondria okadai)

Fig. 3-1. Potential drugs isolated from sponges.
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Al do]ti(T. M. Zabriskie et al, 1986; E. D. De Silva & P. ]. Scheuer, 1980;
N. B. Perry et al, 1986; S. Sakemi et al, 1991, K. Tachibana et al, 1981)(Fig
3-1.

el AAEL 10000130 &R UM AFAEFT Hdelrle s A&
e & FoA B S%uwtdte] AFHong ANEAE 24 sMeAde 44
3 "¢ =tk H9r] EA dAE2 AR e AW HAAE g Pato] A
T8 B¢ AUEHEZS YA o83 tiEo] dde] AAEL Y ALE U
Ae §4S T A FAE A7 AHAHA JAE AAE Aoz sgdd.

fr

3. 2. Cliona celatadlA] 28 WAIEH

2 Q7oA AAE B8 Bao] Axd JUEEL ARE ZadlH A
A Cliona celata(A W3 9K-2)olth, o|5& AW A5 ¥7 7] 2328
ol N@ TLCEA, brine shrimp AAH&59) MAVAE 2427} GE A=
Hlate] $4aAh,

Cliona celataw 943 8¥d AEE B9 didR: 28 F£4 15 - 20 madl
A SCUBA tolWdl slatd AW 2 Az2e Ae 2aogon St
FolME o] dWe zutHRolIE LEG YERDY 1 keol NEE vEeE

WHE A F&3F Fd t}A] dichloromethane 2 WHE FZ31¢th o]¥A A &

2

A 23283 B4 n-butanold E-& o188 Rujdlgon £EAZdA Ao
A 2FZ2EC d3to Ayt 14 Jiqt AZatEadHE AAsgY. S2s
ethyl acetate, acetone, methanol, acetic acid® €ANE §&3 o0 o2 Ao
A ¥F(fraction, fx)El W3l 'H NMRE &3¢ 2% Fr] e 23 WA Ho]
methanol ¥& o)A WAHJTE Cis reversed phase HPLCE ¥HE-FHo 2 AAF 2

3 2708 EE(94K-4-1 ~ -2)o] ZHAT. o5 TR ol oA APF )
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s} zo] NMR AtadfiAe] 28l pyridinium salt FEMER ZAA = AH(Fig.
3-2).

FUYAFEAQ 94K-4-1& A AR dojFch o] A HAr] THE
#F 2H9EJL 2P A3} ®C NMROIA methyl 1, methine 4, quaternary carbon
2, 2% 7719 peaks7} BAH Q0w 'H NMRAME 171¢] methyl peak(d 4.43)%}
4719] aromatic protons(é 8.05 - 9.20)°] WAL JAHFig. 3-4, -5). ©] EA A
A Al T2 proton decoupling® 'H COSY A¥ @ dalx EF59] vlold v
wol 2l3te] ZAA =Y HFig. 3-6). Aromatic regionol Y}ebd 'H NMR®] spliting
pattern} °C NMRAe] & 150 - 125 ppm 9l vehd 5709 downfield peaks
+ pyridine?) 3% $x7t N$" BASH w$ FAHE FL Jdehieni®E BC
NMRAe] 6 16673 ppmolA 27 E quaternary carbon& ©] Eo] carbonyl
group2 7HAL A< YeEAL EIARA 23 SAES JFFHF FEA
A &3 2AHE trigonellined ¢ A EAE AZtE9 gow AFEH H
olg} Aol 2t o] BA HEFHY F2E wd AFoirt

AR A 94K-4-2 A @A9 mAZ £ o] E29 NMR &% £
HAE o] Jebd protons ¥ carbons®] ppm ¥ ot 1 A7t 94K-4-13 g
3] fAFet Al pyridinium salt FEA ) e EAR A2 A (Fig. 3-10,
-11). AT 'H NMR 2=#|E@0]A Z} peakE9l spliting pattern® 94K-4-1%
AF3 Aols RY7] WEo) 94K-4-13 H|w¥ o] aromatic ringdl EA3= A
717 91Nt vk 2R oA Fon 'H COSY Aydl &3 o &7 ¢
27} pyridine ring?] 3¥W N2 ZAHJTHFig. 3-12). EIXA 23 €A E
A homarined vj$¢ fAMG EAZ oW o] EF AA AFEA dHeolE
Aste] 9ste HEAHQ FzE wd dFolth 94K-4-13 94K-4-20] ¥
proton @ carbonol W§ assignmentsE Table 3-13 2t}

sl kol A WA E pyridinium salt FEMNES 2384 BA ¥on AF7AA &
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|| o
N+ 11
N7 YC—X
Iy
CHg

94K-4-2

Fig. 3-2. Pyridinium deivatives isolated from the sponge Cliona celata.



Table 3-1. Proton and carbon NMR assignments for 94K-4-1 and 94K-4-2

94K-4-1

# H Bc

1

2 155,68 s

3 807(1H, dd, 7.8, 1.0) 12750 d

4 851(1H, ddd, 7.8, 7.8, 1.5) 146.99 d

5 7.92(1H, ddd, 7.8, 6.4, 1.5) 12747 d .

6 875(1H, d, 6.4) 146.45 d
co 165.26 s
CHs 4.41(3H, s) 4743 q

94K-4-2

# lH 13C

1

2 9.20(1H, s) 14750 d

3 13991 s

4 8.90(1H, d, 7.8) 14588 d

5 8.05(1H, dd, 7.8, 6.4) 12839 d

6 8.86(1H, d, 6.4) 146.74 d
CO 16673 s _
CHs 4.43(3H, s) 4867 g

Proton and carbon NMR spectra were recorded in MeOH-ds solution at 500 and 125
MHz, respectively. Chemical shifts are reported in & values. J values are reported in Hz.
Assignments were aided by proton decoupling, COSY, HMQC and HMBC experiments.
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AZ 2 M9 prydinium FEMNEL Fig. 3-39 JebY Qlth. Sponge Haliclona
spp. 2%l halitoxino] 2| HR e v Ei7]|9 FHel AE=AE Jed, o] 84
o] FZ+& Fig. 3-3¢] et e F A A F2FE7E ¢EAQ o 7}
A z¥oz AYPH polymerseltHR. J. Andersen & R. ]J. Stonard, 1979). Sea
anemone®} anemone fish®] FAJol FHAE EF amphikuemind sea anemone
Radianthus kuekenthali2 %€l %529 anemone fishg #-¢13+ EFo|g(M.
Murata et al, 1986). A Fdo] M43 A Crambe crambeZF-E] pyridinium
salts7b £ H AT, o] EFAEL 2% FvAE ad4E HJou AEEAHS ve
A= =D, B. Stierle & D. ]J. Faulkner, 1991). Z3&l 2] Niphates sp.2%E
Ol FEA L AEXEALZ Holt pyridinium WAIEAEo] £ HAHR. Talpir et
al, 1992). OkinawadlX NG Psammaplyssila purea2% €] bromotyrosine fx
A purealidin D7} £& HAHM. Tsuda et al, 1992)(Fig. 3-3).

3.4 438wy

3.4 1. Alg9 AF 2 {71849 FZ3 flash chromatography

Cliona celata(94K-4)= '94d 8¥el ARE A3 g9 4 15-20 molA
SCUBA tiol®d &3t AJ=HAeH o] Alge AR v FA Weid B
FHAY. YERAFTA AR(FEXTE FAZFE 1 kgE AT Fo A AE
Fol FZ8vl ILE 718t AL2ojA 48412 WA Fo o §4& ZuUAh
F& 8 vl2< methanol 1 L} methylene chloride 1LE Zz} £AUlZ F W ALS
dAck. olFA FE3A Aol 2FEFEL tHA] n-butanolF EE o] &3] Eul
o Ao 2FEE] Fe £8AFA 442 g, n-butanoldl A Lol o)
540 goluth.
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O e 1T
|

halitoxin
(sponge Haliclona spp.)

CHs
.
N
| H
= N\/\/\rCOZ'
0 NH*

amphikuemin
(sea anemone Radianthus kuekentali)

N a= —(CHI —="
-
r\lj (CH,)1oN(OMe)Me
Me
R=a,b,¢c b= —(CH,){4,N(OMe)Me
R=b
R=c¢ ¢= —(CH,){sN(OMe)Me

xestamines F-H
(sponge Calyx podatypa)

Fig. 3-3. Pyridinium derivatives isolated from marine organisms.
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N=

1
n=2

niphataxins A and B
(sponge Niphates sp.)

Br

I N
Z N+\/\/O ~OH

N
| H
B N N
r P
I \/\E \>_ NHLHX
N
H

purealidin D
(sponge Psammaplyssila purea)

Fig. 3-3. Continued.
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FEAZAM LolW RFEE 442 gFl 64 g2 Ao A7t 14 7t
AZntEOH S AASHes SvlE+= ethyl acetate(150 ml), acetone(150 ml),
methanol(150 ml x 8), acetic acid(150 mD)E £AHZE §Z3 A} olFA d4A
9709} £ (fraction, fx)& 247 §& AAY ¥ 'H NMRE 3% 23 &7 3l
£ 221 YAIEA o] fx-5(470 mg), fx-6(370 mg), fx-7(454 mg), fx-8(295 mg),
fx-9(334 mg), fx-10(101 mg)dl EF=o] As-°] w3 F;ch

3.4, 2. 94K-4-19) £3

&7 FE2ntEadd e E§ fx-5(470 mg), -6(370 mg), -8(295 mg),
-9(204 mg), -10(101 mg)& 5% acetic acid/watere] Foli XX v EFLS
spartan filter(Aldrich)2 33+ o o] 892 reversed phase(YMC Cis column,
RI detector, 2 ml/min)& °]&3 £ 31921 retention time 8% Y19+ peak
g RO o]AE tA §ujint 100% water® HHE Foll YT A3} A HPLC
2 F239 retention time 8FA &4F 94K-4-1°] 12 mg € At

94K-4-1: 82 ua mp 139-141 °C; IR(KBr) 3420, 3115, 1644, 1616, 1488,
1372, 1218, 1119, 782, 572 cm™; UV(MeOH) Amax 218.1 nm(e 7100), 280.5 nm(e
2300); 'H NMR(CDCl;, 500 MHz) & 920(1H, s, H-2), 890(1H, d, 7.8, H-4),
8.86(1H, d, 6.4, H-6), 8.05(1H, dd, 7.8, 6.4, H-5), 443(3H, s); BC NMR(CDCls,
125 MHz) & 166.73(C, CO), 147.50(CH, C-2), 146.74(CH, C-6), 145.88(CH, C-4),
139.91(C, C-2), 128.39(CH, C-5), 48.67(CHs)

3. 4. 3. 94K-4-29] &g

247 ZzoEaRya 2aF fx-5(470 meg)E 5% acetic acid/wateroll
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(o]

wol3 2] e EAL spartan filter(Aldrich)2 &3+ Feof o] 8§82 reversed
phase(YMC Cis column, RI detector, 2 ml/min)E |83t 2aslgon
retention time 1028 6] U9 & peakE ROl olRAE ThA] &vlrt 100% water=
Wl o) EUF 2AsA HPLCE 2319 retention time 8¥elX &4
94K-4-27} 5 mg ¥ Aot

94K-4-2: 814 1A mp 149-151 °C; IR(KBr) 3424, 1644, 1364, 1288, 1172,
1068, 772, 676 cm™; UV(MeOH) Ama 2181 nm(e 7100), 2805 nm(e 2300); 'H
NMR(CDCl, 500 MHz) & 875(1H, d, 6.4, H-6), 851(1H, ddd, 7.8, 7.8, 1.5, H-4),
807(1H, dd, 78, 10, H-3), 792(1H, ddd, 7.8, 64, 15, H-5), 441(3H, s); “C
NMR(CDCls, 125 MHz) & 16526(C, CO), 155.68(C, C-3), 146.99(CH, C-4),
146.45(CH, C-6), 127.50(CH, C-3), 127.47(CH, C-5), 47.43(CHs)
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120" —— F
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506" 6ET }
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Fig. 3-5. Carbon NMR spectrum of compound 94K -4-1
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686° 9y 1
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Fig. 3-11. Carbon NMR spectrum of compound 94K -4-2
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F5E oz AAst Mg aL A7 AAE Bl BYE
7t 2 54498 HEY olFA HRH F2YE o83 TAE EE] A

3 3 §E&EoFE JyUgict
4.1 479 i - 24 Jeid §¥
4. 1. 1. ZA0 X

Fas AU S FAAIE U £ FT BF AY
REY ZLE At Taikgo]l Uit Hpitgof uls] F2 getolA dojit
theda 24nkge] A AdAC $EHS F7Y RI7IEH] SAUTie A2
FaZujztge] 2ot Y S RoErh T4 AUHAEYLA FUEA A}

%

AdE THedL B4 o ) J1dsta dled T Fo ZEES

-3
>
o
o

5t BES 2 Ao 48] u]ZEANME (nonenzymatic reaction), Eehut-g-of vls] F
g 10°-10" wivEn Zjde] oy Hold, HEAHe tiyd Fol4, BTz
53 Helo] tiy Hold T Fidol ol 3} Fuj ol uvls) kg A=y
o] mi$ &rl Iy ol WL FHE EFSIL TAZU A AYH &
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A7 AL AL ELE /U1YE FEY FUE AEsE B vehus
A Hel Z1AstaL gch &, whAde] dFA TaAE BEAFOT doju A @7
of oste R71gel AHEEE R718ulo] g3 A HAERHAY ERGsEHE 3
F7F WAL ER REEIIFelY el o] HABAPO] ASHE F9E Yol 7
A Ex AEEY = F7MTIE TATL Qo pFPol w3 Arjes
AeE WEAAI Ho HALE o YU U Zf 284 2FLE
Yo ste] FHo] HA3HA Ha FAEE Y 20 Ha Q) olgdeE &
£2] 714 Holdog Aste T 1AL Ago] AP FARY F2E e
AET 71 A ALgo] o YAIZI=yTt dBu HZE] FAFY, W 3
g g TA}E 71X HE Fob A BEFF o} Jl& AL oy
CAHHEE /1A AES U9& AL AYEI Ytk 53] el FgsizE
Holgles E4E AIFAEH JU=F AP 54 A2 Jsuesy
H]5-878 (non-aqueous)ELAWE7] 7|&NEE HiJ|&d FEIleMLL T
S8} o] &oll HAlFQ WHE /AL ZoR JuHI st &, 2R Ha
2 B2 BUs 23 2A3e] 89 AHelold Al dojues =2 W
€& o83 Zlo] A tfiEolglon} 1980 UrlEo] 7129 mANNS Y] MY
ol 913, vjatd3 Aefolde] Zaubgo] tjal J7F A} 2L FTAWN
ge Fiol W WA Fee] &a Fnj wgsl PHEE nontraditional
biocatalyst®] ZHde] F= ct

4. 1. 2. A2 1A
T47F AdGFeE uiE 7] AR 22 1884 |d uld3t=¢] Hanseno)
SolA| 8] ¢]YolA rennetE FE3l] ARRE Aol AJol: 1804d UEojA

Takamine7} Koji Wl 22 FHol8] AmylaseE A4tste] Fd3t sl Qe

—226—



& ol & Ja Aabo] EAFEFGCE o F 20 7] E°] FY2] Tohmell £]ste] ¥
Y 71 W AAe] EAE ol &3] AlAsIAA 1911 @ vl=2] Waltersteno] &4
g o|-§¥ Chill proffing WF& 7NYste] &9 o]-§ =71 AE, BAITIAEL
2 Hrjxoct

Bastge] AL AA7A] g 3 GAR FESheY A 1 ©@AE 1908 d
Boidin 2} Effront7} Bacillus subtilisE %A vj%¥ste] amylase& “J4ts}r] A &%t
ofF A 2 At MAUAE AFstA AF viYH (Submerged fermentation)el] 23}

o ZAE UiF ZAshs 71l FHETh o] wlees F2 AFEEok] ol &HA

f

Bol7t ol &Elen TAxYY] HAL FB I QI Ba2 @ HFH

tl F4ZguUAe A 2 @A4= 1953 d £43 33} (Enzyme immobilization)”]

FoEse F2 ARYY Lo U SRELSN TAL FE FNE
3L
=

al
=

3

Jhtelel 1969 d Glucose isomerased] ZAIAZ wHgIE B34 2= I
8] Aato] FHs3IA|AL olo] miel AAAYE AEARAE ZYste] FU 3} A
2o Aato= o]-§x 7] AlAYch o] wie] TAAA Wb A 1 Acie] AR u)
g olglel ®7HA wgE 3t R WP (Fed batch fermentation)2

ofl i

H

Asleln BAANE 3 wjPAIte] BES AT LT W] Alzsialct,

A 3 At] ZA7ee WAL 1977 W vl$A BLERS Pido] ZFstEa 19889

vl Al 4NN 7F A&3EHEA BY5 Hoe o] e TARL P2 F2
AR A2F FF LAAE A8t T2E T st WHE Hida &

B

40 845 il F3 Jleg Bl HPH, HIHLE o]§EI w2 &
8] Aato] Al=E et AxLAYEY HAE 27|12 3197t TA FHAA 4
174, Alol-&go] Sl ZaAAE WSl FAA AxYIeE ol F
3te] ofgk Aakshe AlAE dAsiglch A 3 At) E&rled] Wi 7T 24
£ esterase, hydrogenase, lipase, oxidase®2 47} 713 Wi o] A|7]9] &

AANZE AAY A &4 AFE A 3 AEL72 E7Fe 1985 dol ulsf

—227—



X

8 d ¥l 1993 de] ZAAIRo] 225 % F71H 9 JE FFolx o]F B
AP A, BUsyt Foprt F53 ARshe AFLE dfFHA ok JlE 9
of Fx o y$Ha] M, BE AR Eoprt YrFog Fuisle maalge] &
719 A Fay FAolA AQPer I HFEFo] yolHrh A 3 AMcfolMe] T
o]go] 3 wkge FulR AMEHE7| AASHedl ol E4H e JABA
(Substrate specificity), enantioselectivity, regioselectivity’s8] 4 &-& o]&3lo] =
7}¢] chiral intermediasted Az, ¥EELY FTA ¥4, erIFEF2Y J4F,
AMEAY 74 P4 U TER HYEY Tl thRstA o-&”el ule} o
3t ZAES Q&) (Biocatalyst)2l BH3IR HAAY Fobd] A £olE tiFx
3 gt o]yt BEujo iyt o= FUKIL FopollA 1993 Y=o 1985 4
tid] 563 % F71¥ 4500 e B Holua ooy olgjt FAls i AEA
S22 Bt} ojeto] AL thddt 4GS ol &3l uld RuFd U Ha
8] 25 Ax} thdalA 1961 d 712 A, 19649 875 7N, 1972 & 1770 7H, 1978
d 2122 70 1984 | 2477 7R Z2]3 1993 A @A 3300 97 RaE I Ut A
3 Alrje] Haolgrlae AF BARE #Y FP 4 571&(Clean technology)
o] e H4AE SISt &3 Yol FUISt A Aol IEE, Aol A
F3 7led ALolEIlEeS EYSte FAolth A 3 Al E4F3 Jled sy
of Moyt Fa FH 71&EL J|xGTFEokdl n]AE BHI&, FATEH 7g, @
Wl 33 Jlg, 9l S8 $Ave Bl 2 SgATHolo] RIUHAE,
RE ubgIlE, HATY J|&, EAFA &5l dA=HUh

ajefe] H4 FEIeE A 2Y7|&(Biomemics)d] 3 Fofd HARY 7

—_—

& (Enzyme mimetics)E 1982 | # X9 QFH47F FEBF 73U 84
71 AQEAT JHAA e A2, 4B, 1S B A F WAFE

FEJ JFHAQ xenozyme, abzyme, W chemozyme$8] Ad4to] 7hsal o u}t

2 Ea] 4t JleE AFHA nAE YR AT YPECIE o= A
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B £ ofuzt FAlol §do] tlE EAE ofg i ey mAaR

oF

eyl
i Bt ¥ Zoz ot oA Jlgo] YUY Hiol§ AYE W)
HEHL e dF AE, FUstst 9 oo FopoM A4 Eokz Hrf o] 8d
Aol BANMGE ¢BERA A& oE AMEE FAo TAAAI YAHE
Az A Vet L WHLE ke 4ES WAEHA Ao= Jodch
ozt Z2 T WAL ALY o7t FH Jge U A ¥
7142 WA glem 119y Fo480] Az HFHA weEly 12y ¢IA
Hao] thslME AA7lse]l AR AFE AL ok g w AFR
48] ©Ho] F8313 o] TAES o8 NMEL F3 AUL T NI LE
< 2% &uj7} glch

4. 1. 3 E2Zn) JleNy 5%

EaEM Jle/d $8E TR BN AMER WRE H4HY 5
3 W Ilee B EAE A7) ¥ Zeld thE WokA] FUL m4 YA S
& Sl A7 Aoltt. Faks o] ol J&T ul A& Eao B4 7}
<ol T SulEAe] HEL ABE nF, Sold 2 Fu] 5 UATS
jAdst7] AT Ha Fufe] T B ¥ A A7t e Y S
oo s Fo AT T4 Fuie A Fof WP FTEHUCL ¥ Ha
Brtel HEE B Zledls 1970 Aol Futol ol S&EHI AJzRE {H=t =

N
P

3 71<3 aqueous two phase partitioning®] %lth.
2AE5Y HE Jlgds U E 33, dFELNY, ELIRHI &S E
odtul ©A F3 (protein engineering)Z THHWAL] 7|H5& EFoT HA W
Bt oA27tA] oo FHMESSHe JeEAM Hio €&l U & 7o
% g ez st A 3 Ve Hlo) &Y FS WEEHEEY F7
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d 9 §7] gujolde 4B F7h HF pHel M3 ook J|HB]HE hE
Folde] WHolfo] Ity 2¥4L /g, WA FejEio] iRt W74,
allosteric #oje] @3t Zeja A% U subunit 72 H3H5o] Ziesith I
ol wyae] pxel 7ee A Mol iyt AFst FUste CAED
(computer aided enzyme design)o] 717k A|dulell A¥E Aoz AWE I Qlch
Tl Ir|es A BAYFuol -$-8% ol tyrosyl tRNA synthetase ¢
35-CysE Sero.& X#slo] ATPol oyt Aol Foj® ¢ (Fersht et al,
19894} protease®] ¥%4¢l subtilisin 2] 222-Met& Ala. U} Ser.2 & X|#slo] &
&AM =o] HIElE peroxideAES EWAe] cidt AFPE FAAY csela
Bacterial luciferase®] 106-Cys& ValL® X#319d<S #$ monooxygenaseq!
luciferase?} dioxygenase2 FE42PA|&] dZo] HIEHE o] RAFHAT (Xi et
al., 1990).

A0 7% 2ug ANEYWY)E (Biomimetics)?] ¥ EolE2A 2 AdF
Fao] tiyt A7 U glen ole 7| Zioe] HAY F9e Fujzt
S5 9E oz PAP3o A=z tiEHAZC] crown ether Fut
cyclodextrin 58] 3ol &ul7]5& & olnkilt side chain & ZAEAIFIAY
24 o2& AYAIE= oM &usiddct  olEe 'HdE FEIE L EE
w2 2] chemical modification o &3t ¥ A ¥ semisynthetic enzyme?d] 7|&%
YAst gk E FIole ¥Y A 1S 2IH Fold& o] &3l o] }A
o] Fulj7]%5-& 2zt olmixAt side chain € ZAFAIIAYU 24 o2, B ZFE 4
EAE APATE FeiE dAsta glon g gAs&e] wdo] Yyl uixtd
A 71do] UiT YAE PYRAB2EH olo] Uiy Y-S ZE AMEL Hao 7Y
o] 7FsdlA Aolrt olx Fele] 488 HAV UEF Eel AFAM L4
< WAL 3 AFES FUAIIZIHE AHEEIR et ole B4 A4F A

A& ThsstAISte] TaFe WA A 713 elugith HLe 1Y W
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M F3, ol2AH, T4, cross-link ¥, T HEo] gy ol FA
Erto] of]el MHtFY 1A= §E&EHE 7]€EA agarose U aliginateS 2}
22 HAALEA Edolu AV Eol AHEEE polyacryamides?] PHEx &

5|31 903 thEA 2 bead, bentinitese #7|EAE AMLEHI git),

)
HT
>

4. 2. 773

AYBEZTE %%%’él:% Adshsdle AE IAAE st E2E o
BLE Y= glont o] Ff uii thFY A2t WasiEE £ FAeML olet
oA AEAHolA g vigo] JHedt n]BE ) YAEE FEEL] FAES
AFTE £33t o] Ff <Y FuHE e IFc 4 g =4
H gshke A7l A&3HA 2oy 3] FAE F8EH d5EM F2FE
lom g4t el ARE "oy b FuiAdSs de BHol i ohEy
NFSE Tto] BAFE Sl Ad4 gl

f
(2

S

lo
0

TN
kO

-
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Table 4-1. Isolation of marine bacterial strains (till 1995.4.)

B FAl M
1994.2, = 45
19944.  AsiA 20
19948. FEA 240 2
19948, AR= 160 13
1994. 10. AA= 80 12
1994.10. 37wt 47 3
199411,  Eeofit 55
1994. 12. AA=E 230 17
1995.2.  Qrat 57 25
1995.3.  Ahd 120 9
19954. Wi 33
71} +=ALEF 420 22
A 1,507 158
gAY FAF 44T 8 ’ 17
A ttREY 4F 1

4. 3. F&EE A4 A

3" AT PAFE UL E oyt e B8-S Ak key activity
24 AUXA B3R 92 ¥AF ¥4 (antifungal activity)S A=stgdch 2 o
fre ool vlad FYAPE &FFo] §oldty I AANZAME ui7t g B
ohiel thle ¥usd BEES Role EAEA ¥FEPol 33 eE ¢
A 7] ot wielx T3] antibiotic B4RHE Kol AlgE AY3HA| U
FAFLEE FAFEEE B0 Rol: #3us A ¥ F2EH S Uy
o2 MAstgch e A3} antibiotic, antifungul activityS Boles Al 8 &
Asteden antibiotic, antifungul activityE Role WA 18 F& UAsIAUIL o]

2ol MEY ctigF Y M 1 F& LAt (Table 4-1). °J&& L=
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Lipase, phospholipase, superoxide dismutase, haloperoxidase®] A& HaI¥
4 screening WH-E ¥ 3}IACt Lipases 71423, oA 23} EaAc Ay =3}
o]

WHEES Bujshon] Weol 2EAE WRE SAYRL WL ofr HaE

Hs] o o #7] gullol FI 4T UMY (sterospecificity)& 2L 3lo]
enanithiomer¥/gd 5ol Wol o] &=z glrh. HAE we chiral FEZo] FEFe
enanithiomer o] 2] &of §-&3tn Hithe enanithiomere E 37}
t 54& Ut Z9%E 29| enanithiomerEo] 4lo] & <kEeo] 97 Hx}
=¥ enanithiomere] ti3t +22 A= vt 33ty Pgo H o &
B FF9 enanithiomerE Yoz YAt odgol 93 YHF 53
enanithiomer& AHHH o2 Festevls W ko] Hesith Al ojzd
enanithiomer& 2] g0l &4, 53| lipased] AH&o] AZE 7R 2 U
9Ith Lipasex ©l&ol= 43tA], M5l FHestA AMgE Ut}
Phospholipase Az &= i8] F7Fe Ao} 15 TEY E£2 F23 BE
& TSI Sl sn-2 9 AYARE IABAY AAYL B dxASY
el AHgE = §-83F &40t} (Hosokawa et al,1993). o|2 A sn-2 $1x]8] 2|3

AHe A AT AA]A (lysophospholipid)i= HA 422 §FHA=A 7lE|7} &
ofv]e} sn-2 $]X] o] arachidonic acidE Zti gl Qx| B B Fio] 23ty

+2]¥ arachidonic acid”} eicosancidelil BIEH &= MEHEAY ZAEASN 0 29
o] &t}
A FEH LR AWPEA, M, R4, E8 & vitamineo| L} A

42 AT JE 2M2M 3 §&=I} grh wpebd i Yo zRE 2y
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Abe] HEAH QU A FHAHYA FHA I FoAo] At & /MR dutFes
ARRE| D gl x| ubabe] Al w2 Colgate Emery MethodEl E2l-9= 3133
7MEsHeR B uUAE HaeT ¥ # ol XU FAIEL Alate]l B

H7b 3 gtk ol& tiAE ol WHLE UFHI s o] AWt

T4 lipaseE ©]&3lo AWogHE Wik Aiste A /K-8 lipase
S dPez ngEY Faygol Z2HI Yrh volZtAE lipaseE €2 F A3t
o] A3t ARl lipaseE BAtshe niAE 1 AHAE biocatalyst® ARE-8te] 2|
BoeHE TEHOE AWMEE YASte Aol dFER st §3] {78l

AdS e TFE o] &3toq RI18ul:+8 92 2-phase FRIloA FFE WY
sHe 2L lipaset$-F F4HE AEU AW glycerokE 24 {7]-&uj3=
FEAFZLE FFAA M3l AEA AYALY HS4E golstASIAL olee ZA
7t EA3ts $EUYFLE HolEo 3t glycerol A FUEALE FoEHo FA
o] PR 4 BYE fA =S FEE ds] {83 P3A Al A
228 cFE2] lipase4l FF+ isooctane, toluenes F7]18uid}t (up to 20 %)
AME 48 7HsstER ol¥ {78l 2-phase FZStollA At Ay
L 2R Aite] Aate] §-&5HA AHEE4olnt 2ElE ATl Wiy H3F A4
2 W APt HF Qi 26 oyt 437 ¢E I gl

Superoxide dismutase (SOD)& ¥z} 4t47} 1 7je] #=E o} #|YUH
superoxide anion (0z-)& AASH= WSS £y HLEA 4L TFOE MY
& AR BEELY Ao BdF o2 WSl active oxygen radical E&
HAAsHs A Pol ALY dFoltt (Oyazagui, 1980). ¥ Ea+E AHfita ez
Bol gsto op7|Ee $F RS £49 VAU IFEIE AT HHFE A7
2 3 o847t Yrh

Halopereoxidasetx Iodoperoxidase, Bromoperoxidase, chloroperoxidase’s°o| 4l

o 3gfe] VAEEL @& 47} halogenationEo] ded 73l a2
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=2 9t} (Buter and Walker, 1993). &%+ #7189 533 ZE 9ixjd
h&& 433to] Bioconversion gl F8% 4PFH -§&o] st
th ot REME Lol amylasesE ¢85t W FF TL7E deAUSL o
23 YTt AR f-8SA ol&FHI vt w2 thEH A FolA 2

o] ENET} E2AL cellulose® ThEE I =t ol FF2 wHIxIYe HEo o
=L ot s Pol M ]8It d Tl FEME W FFY ARFY agard £l
L chitingo] St oJE2 3 FR Fo|dLo = Qsle] il FA2: I £
3|7t ol8l& dAolth. 53] agar®] Ffole I &3l tiyt ¢FEe= MFY
ol AHEEE Y uliA|] YEE Ro|i gt & Ao Zelit agar w30
F#FE olB¥t agars el IR AgF o]fo] AEE Zez slrjdr}

UYL FEEALES PASHE uWEY Bel YRS Table 4-2 of IS

halogenation

Table 4-2. Results of assays for production of enzymes

Lipase 12 &
Phospholipase A2 1%
Superoxide dismutase 30 =
haloperoxidase -

Agar digesting enzyme 5%
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4. 5. | GLBAEL] L e o8 MY

J

A2 o] YPES AMEsty] T SGBE el FEELRE ATUY AT
o] W Wke-& &uldl= bacterial luciferases AASIPI o]2] MBS -8y
2 71&9 ulF B4 S A, dAE £Ue A2 S48 Atz o] B4
o] FRAE o] &Y WY dF9 At FLAE FATLL

2 Zho 7]AT WP Y o]82 IA UF M IAAE o83 W

A3 Beld B4 F2 AR FEES o83t W, 2ela 2 LS AAdl

fr
p

f

o

= F3A} (Lux gene system)S o|-£3l= WhHS 3 A 3 ol FHd4 arct

4. 5. 1. Bacterial luciferase®] ¥ 3|

Bacterial luciferase:= 3] %golA MAldhe MIFEFA UAEHE ALEA

Jn

o[t W ¥h-E& Yo7l Fao|th Bacterial luciferases Zt Sl SUYMTL
E+= Vibrio harveyi, V. fischeri, Photobacterium phosphoreum, P leiognathi,
Schewanella hanedais°l 2w ofzjfFolr o FF vibrio EFS FUste V.
vulnificusZd B2 straind| A E o] 47 WAL L gt} Bacterial luciferase= 1
Eolgh Wy g o g IxAY Whg 7]3o] Fu|E& #utolL el ol & n|JH Y

ZE EMold SEEY FHIEC] EAHE E3 AUrh I olfe & Ha W
& AHEo] WolBE 1 HAETAI UASE oEle] 4 el v Qo] &
of WA THULE ]8T EUYY HEUAYN A2 LY oy YA
EoldLo] 3 E4uhgo] B (3 LHULE L3t WS BF EAE of
ZIAFI ded Wete 2 EEA uigo] AR £9] clean (or Green) assay

methodE U E 3 9l7] wfjFelc},

)14
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4. 5. 2. S|PUFHES o1& FHEL Y

71&9] paper disk®¥g2 BHEE ZAMst=d 4T 3159 sjIA TS U
8= 3% e FeRATI Lol UL3] BHE FFE FABIEUE tia
A7} o] ol & $I3te] siduF M (Vibrio harveyi)& ©l-&3te] A& AN
g 3¢stgict. 2 WHS late exponential phase?] FAE 3 % NaCl 8joj
Aso nm ol ¢ 01 BEHA HNI{F ol& 4 1 ml 4 It 20 miEo
scintillation vial 2 7ol tHeo] Y3 tjERFFol+= 0.1 ml®] methanol 22|31 AE
3ol 0.1 mle] methanolo] Ho}9lE sampled 78I luminometerol A &%
= e WIE 5 § 3oz JAEARCL agu) sty MdS Gram negative
Hdolng wudaAS Kol Gram positivedl @S FH3|o}IIct ol 95t 3
oty Mo Uy f3x (Lux gene)¥ Gram positivedlde! B subtilusol
cloning 3h= Y& 43ta gk A= B. subtilus I3 W52 plasmid

& electrpphoration 2.2 F¢Jo] 7153} pTH28] ¢ Aeh vil¥A] plasmide] ¢t
B3z gl A7 9ol AA Abgoll of#&o] o] o]& AT AFol
P Foltt C albicansoll 28] pTH2¢] transforamtionS &FF7} Aldo] ol
AYPEQ] yeasto] B8 pTH22] carrierq! pBR3222& A7} glo] yeast A&

promoterS Zt313l& cloning vectorE AHE3lo{ofd A S8 AlEHTL

4. 5. 3. sjoFd3d AHFES o] &3 Phospholipase Az B E &4

Phospholipase Az A% &Aoo FE AILEE wHo] sn-2¢ o] WAl4
59 42 FAH AWAE zZt= AUX|F (2 phosphatidyl choline E&
phosphatidy!l ethanolamine)& 7|&AE A}g3slo] o|2HE & F42 ¥k A Fg

B AE e €442 MY ARAYAAS U 2ntEetu]5e] WHeR T
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Az} F2|3}9 liquid scintillation counter& o]-&3le] Fast= Wgo] 71y BwF
o2 AMgEI glon ool REFEE A Yatel &ste] uh-gYe] pHIL YolAl&
A& olg3te H&3h= pH-Stat PAFol AHEE R gl 2y} pH-state] 29
O uzEst ag A 4 A B9 44 AAEHS BHEFY olfE 2
AHgol W A7t w2 gle ARolth
utetd & dFoM e 2ol P UY HEE ©]-&% Phospholipase Az B3
E48& gttt (Cho, 1994). o] Y& sjoo] MAsh= U AEE ol&
= A2 AMgE FFL W MF Vibrio harveyi nitrosoguanidine2 8 &
HolE RE AlA dold EQMol FF M-17 & AHE3igch E3FE ¥4 U

U wild-typees ©2] 4 WA 4o AAES = €Ud|= (decanal &=

ftjo

tetradecanal)Vt X|W4tE 2] myristic acid (14:008 #7814 & A wild-types
o] g 9 e 53& AU gct whebd sn-2 $JX]o] myristic acidg 23
9l phosphatidyl choline & 7]1A2 AMgsPd g A Rl myristic acidel
J3te] WF WkFo] F=E HH WEEH = WY &2 ¥ myristic acid®] Foll ¥
d gtk 94 myristic acid®] sxo wE We] AM7]E £ standard curve & 3}
gt ¢ 5 nMYE 10 uMZtA] 8] myristic acidollA] A JEEE BHgon o]y
T 2 sEoAL 23 dade] @EHUCE (Cho, 1994). W&ol FE2Y F oj2%
B A2l #FHE el myrstic acid?] &S FFYF don olo uiet T4e
BHEE AitdSolet

2 Agoras FA 01 g& 1 ml¥ lysis buffer (10 mM phosphate buffer,
pH 75, 10 mM EDTA, 5 mM DTT)el #&3g ¥ 23t sl (10 2 X 5
3) ol 4 ColA LAHEesI Eofd BFYE 2HLZ AMESHATE g2 09
ml2] reaction buffer (20 mM Tris-HCI buffer, pH 7.5)¢} 0.1 ml®] Folch solution
o] &4¢l 1-stearoyl-2-myristoyl phosphatidyl cholineg 7}8t ¥ Vortex® &3}
o] suspensiong FAH3I RAEAAY 10 ulg 715t AolA ¥HE-& s TE.
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Sel® myristic acid®] B4 ukgd 50 ulE 2sle] nmje] Eu|E UBAF
Vibrio harveyi M-17 @&}ejo] 718t} 5 27 Vortexdto] We] ) Z=3ZL (Io)&
luminometer® &334t 2 AdEME FEELYHNE AL Ee
FEER U B4 FFEENE REEE U 54 72 4% 4 §E RAE

AT FeBAE TRY ol&olrt

4.6. 4 g %4y

AYAABE 5] AT HIFES AW WPl Qolnl HE A2
g o 1g 4 st ulel 2ulY W2Y 4E 2 my Aol LA BATH of

§ B Ao &AL R =ldle WYLR Y E T nBETS ZEA

u‘i-“

2 F5& Fesiolrh FF§ L8] AT iAEAe AEd B F2
kS

A%e W

e

fr

ZoBell ¥lx]&} sea water complete WiA]S AM&3lgd HWAFY

Bennett's 8J%], ISP-4 82|, Starch-casein KNQOs ¥}#], Chitin ¥jX| 5 A}&3}4

t}.
ZoBell vj=]; 0.5 % peptone,
0.1 % yeast extract,

Agar 15 g/liter

Aged Sea Water 50 % (pH 7.0).

Sea Water Complete media
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0.5 % Bacto triptone,
0.3 % Yeast extract
0.3 % (v/v) Glycerol
Agar 15 g/liter

Aged Sea Water 75 % (pH 7.0)

HEH Bennett's 8iA]
Glucose 2g
Yeast extract lg
Malt extract lg
Peptone 2g
Agar 15 g
75 % Aged Sea water per liter (pH 7.4)

Y 2 FHES U= 1 Py FeE BH3te] B ulel =2
323 wizle] HFsl T Feld] ¢4 FAe FPIAEF A2 B¢ 2 4 25
°C oA el Wdde F9 7 4T 35 ColM vy F &4 & starh
TUZLE ALE, H4FE, 45, A, SHES dil dUS SHLE Fagn
Asiets XS ob&? B Y HA A& HEF MF77] A Y A=
o2 M YAFE FHLE sYstden £ FF= glycerol

< 20 % AT FZ ol FESte] G35 70 o RAsiHct

il

4. 6. 2. 33N

4,6 2. 1. -EA2 AN
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Escherichia. coli,
Bacillus. subtilus,
Candida albicans,
Sacharomyces serevius,

Staphylococcus aureus

U AES iR B4t A

AT Thge] A4t i REYL J|2o2ste Jalux|olN FFE u)

g3tE] £ (156 mDe] AZE 4i Eelste 2A o2 IFEH FY=H=A

TiF 4 wiA] 24

—241—



Peptone 50 g

Glucose 100 g
Ammonium nitrate 1.6 mg
Na2HPO4 8 mg

50 % aged sea water in 1 liter (pH 7.5)

4. 6. 2. 2. &I AN

7}. Lipase 484t 24

Lipase g4t AA& A#gHE A&F (F718)S /T W wix]olA clear
zone& AP IFE FHLE Ao i wiRloME FHo] wE FF

& Ad9stalrl

BjX]24d: 1 g Yeast extract
1 g KHzPO2
0.5 g MgS047H:0
1 g (NH42S04
15 g Agar per 05 liter of Aged Sea Water

100 mM CaCl; solution in 0.5 liter of Distilled water
121 °C ollM autoclave ¥HFE 50 °C AEE Al0F 10 g9 HHE FI7IEH 5

g2] Triton X-100& 7}3l3 magnetic stirrer® 204 HF31A Ao 4lo] &
the plateo] 242 20 miIB =¥ EF3to] AH&sladct.
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L}. Phospholipase A A4 A

1. Screening with plate containing phospholipid
Phospholipase A A4t ZA A& Phospholipase A FoAE ZA|3 71x]71 &
Phospholipase  A»8] ik ZAMeo] FUHE Fen  soybean lechitine
a5

—

A
=]

(Phosphatidyl choline)S $-73t H3t wx]o| A clear zoneS 3433}
o2 ZAAslgct

Bjx]24: 1 g Yeast extract

rr
U
olN

1 g KH2PO:

05 g MgSO047H20

1 g (NH4)2SO4

15 g Agar per 0.5 liter of Aged Sea Water

100 mM CaClz solution in 0.5 liter Distilled water

121 °C oA ZtZ} autoclave TF 50 °C FEE AIF 10 g9 HZFH
soybean lecithine (Sigma Co., 60 % phosphatidy! choline ¥&-%)3} 5 g&] Triton
X-100& 7}3}3L magnetic stirrer® Ar2ollA ZE31A Aol 4ol £ tld plateol
242} 20 m3 =Y EF3810] AHgstolch

ok ch R BelEa g4 24

e
(i

chg R EslEs YA AL agar platedll A agarg Edldte 43S
& FHFe= Eustolen HiuAoA agar S st FAdI=
€ AdYstdrh Agar 2 %) W& LRI sea water oA 47 THesid §¢
agar o &7} ¥Ed & skt

My
k"-{N
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2}. Superoxide Dismutase 434t Z 4

o Screening method

T2 ARE FAlol ZAslI|93te] i whHo] AMEE QT Agar plate
g 10 719 o & AL "l FelR ejgF FA o] FAEEHUL U
Whatman #1 filter& o]-&3to] A 2¥ replica® FAE ol FAIE filterpaperE
=713 °o]& 05 ml¥ lysozyme solution (1 mg/mD)E& FFAA 302 WgAA
FA Y MEHE 7t} thA] CHCh £7]2 E39 desiccatoro] Al 30 £7F x| 5}
AZets Faiich oo utel 2-33 A3t Hole AP S NEsl AT E
AE F&A7% o] filter paper& u|2]&u]¥ plate W8] 313 buffer (50 mM
phosphate buffer, 0.1 mM EDTA, 1 % agar, pH 75)¢] 3 A7t &8 &o} £4%
AXEU EFEE 37 buffer® o|F AAch 7o W& &9 (055 mM NBT, 66
uM riboflavin, 0.1 % TEMED, 50 mM phosphate buffer, 0.1 mM EDTA, 1 %
agar, pH 7.50& &% agarg ¥U¥ 55TE AUF 16 mI¥E& & &4 4 plate
flofl Rth 42, dAdolM 3 AT ¢ S A 0H FFo Hoj M wig e #
=%ttt NBT# superoxide anion ZHe] ¥E-g-ol &3] B2 FEA2] monoformazan
o] HEIL SOD activity& 2L gl FA Y XA E o] g WMol FEF X
oo} WHEHI vid o g vehA "o}

- naphthyl amine €%(7 mM)&] A=
0.5 g¢ naphthyl amine& 100 ml8] = FHFTo] SUF A0z AlFA
3|

of7]o] 125 ml®] acetic acidE 718t ThA] F/H4E 500 mlE
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Acetic acid®] =& 42 ME ZAFF 2t Naphthyl amine2 Wt B8 235
3 YoBE ALgo] ZPHI FF J]&oofjtc).

- sulfanilic acid -8 (20 mM)¢] A=

17 g9 sulfanilic acid& 375 ml¥] & FF5o 5UAF 222 A¥ o7
o 125 ml®| acetic acid& 713t ¥¥|E 500 mlE W&ch Acetic acid®] HE=
42 ME ZA=qr}.

Agar plateol] A =gt &4 ol #FE loopE & 50 mg FE F3sle] Al
o %713 Tris buffer (25 mM Tris.HC], 1 mM sodium EDTA, pH 80) 1.0 o &
gtsteh oj7lof thA] 1 mlY toluened 7}5t 1 E7 vortex® A o]&F Zo] &g
€ g7tz dSEol ©@I7heth ol T 02 mlY 495 353y o)
o 5 ml®] Tris buffer (25 mM Tris.HCl, 1 mM sodium EDTA, 10 uM FMN, 5
mM hydroxyamine, pH 80)& 7}3te] & 4o]&F 25 °C ol q HFLE U
o] 25 &7 WX jicl uhgEolA 1 mE 23t o7o) ZZt 1 mlAle naphthyl
amine §% (7 mM)# sulfanilic acid €9 (20 mM)& 78l 20 B¥F
spectrophotometers ©]-€3}l 530 nmolA FHEE AR}

uhgo] el ot gt

FMN + EDTA + Oz ———-  QOg-
NH:OH + Oz + H+ —-> NHOH + H:0:

NHOH + Q- ---> NO2- + H0

o]

d&‘.

Al ¥24H nitrites= AM XA A sulfanilic acid®} ¥Hg-3st diazo 3}t
E& PA3la o]ZRo] tlA] naphthyl amine®} ¥H-&3te] 530 nmolAl ] FLxS

A EH3ES ¥4k

(o]

f

aj
Y
flo
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o}, Haloperoxidase 34t 2

ZoBell Aol A A% FA 1 mE wSAEH held A sonication
3lo] FAE TATF haloperoxidaseZd & €% 1 mlE 718t AT Fiisies
4 (0.3 %, V/V hydrogen peroxide)E 7}ste] Age] Z:ae] 27} Heldos
Hits 7He SUALE ATl HL4BEE FFE SF YU EE= 595 nmolAd F
Pz o] H3E spectrophotometer& AME-3te] A ¥ic}

o haloperoxidaseZ & £

40 ml of 0.2 %(V/V) phenol red in 95 % EtOH
0.3 M potassium phosphate buffer, pH 7.0,

50 mM KBr, per liter Distilled Water

4. 6. 3. Bacterial luciferased] #g] @ o]&uhy

4. 6. 3. 1. Luciferase®] #2|

Vibrio harveyi®] 739 sea water complete BJ%] (5 g Tryptone, 3 g yeast
extract, 3 ml glycerol in 1 liter of 70 % aged sea water, pH 7.0)ollA] ujj&¥3}od
cell mass7} 5 g/l FE=Yw] Sorvall RC-5C high speed centrifuge®} SS-34 rotor
ol Z%¥ continous centrifuge system& ©|-&3lo] FAE +H31gch 20 1 vjd
Aol 100 g2 FAE E2F olF L™ vld B Yol F7 1 cm HE A
Y FEl2 2SS ot F31 20 ColA 3tRY dIF thd HAF thi] g3
71& 2 A# Este HEY FRE 4E AFIR 7o) njE] 40CE AFE
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900ml¢] lysis buffer (5 mM phosphate buffer, 10 mM EDTA, pH 7.0)& 7}38}ed
cold roomell A 1 A]7Hg¢t ant A7t o] Aol AeE7t &2 vjxlolq =gt
ZFAEC] d%E7L W lysis bufferold 4R xtololl &3ste] EAl:
osmotic lysisoll &]3te] MEU EFEo| o} LteAd™) AEoE Het &
3l71¢15t] S uHEA7] (Fischer fff)§ ol &3t &80l 2 AJelolA 1 €3
ZLIE JIsta 1 £ 2t A7l AFE 5 3 iHEEch

Az F2ESL £tz mE AX F287E HASISIS GSA
rotorE o]-&3}o] 10,000 rpm oA 30 £ WL Eesl FEAE FHsAch o]

B>

9]

il

3

x}5olo] DEAE-celluloseE 7}3to] 30 £3F R column (5 cm x 50 cm)el
3 3stolcl. DEAE-cellulosed] F3E=] 4L £F&5L &3 |5l 500 mle] 50
mM phosphate buffer (pH 7.0)2.2 resin & #o] I3tA 3 EIAES AA
t}. c}A] 500 mle] 150 mM phosphate buffer (pH 7.0)2E resin & o] FUAE
2 Fi9 EBEAEL AAYRF 05 M phosphate buffer (pH 708 Fid
luciferase® &&A|ZIt}. olmli fraction collector (Eyela DC-1200)& ©]-&3to] 10
ml & E3]8le] zt2te] luciferase@d =9t A #$HE SHYFE luciferaseB

E Holx= BJIES #HE o]E ammonium sulfatesE 35%2} 75 % Alolo]

2

H AAEL #4351t oS 20 mle) 50 mM phosphate buffer (pH 7.0)0l *
o1% Sephadex G-25 desalting column®& ammonium sulfate§ =|A3HE]
DEAE-Sephadex column (25 cm x 30 cm)oll 7}35l3 columng 100 ml¢] Fd&
buffer® Hoj&Eth 7|4 50 mMol4] 500 mM 7Z+x] phosphate buffer ‘s=-78]2
column& §&A1# 5 mi¥ £33l luciferaseBY=E Boles £4& Istgich

o

18 2e=E2 &4A BeEske wWES st dden ol FE £ 49
cofactord] FMN< ligand® A}M&3¥t affinity chromatography system 71& HXE

233 gt
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4. 6. 3. 2. ¥y FA=}Y o]ey

Zb %% 32 (luxA, luxB gene)d] 3.

3¢ WF ME Vibrio harveyi B392 9] U §8=} (luxA, luxB gene):=
Xi & (1990)el &3t cloning H o} pBR322 plasmidel] 3 &Hs el (pTH2)E o]
€ R 9t E. coli HBI01 F32 £¥ E=gch wjad® 24 ¢ 30 mg
ZEE 15 ml eppendorf tube o] Y3 100 gl lysis buffer (50 mM glucose, 10
mM EDTA, 25 mM Tris-HCl, pH 8.0)& 7}ste] @&’ ¥ 10 ul Lysozyme &9
(50 mg/mD& 718t Ao 5 £ WA F 02 mle] SDS (sodium dodecyl
sulfate) 89 (1 % SDS, 02 N NaOH) & 71519 4lo} & ¥ dgold 5 27 w
X8ty cell membrane® €-3JA1UThE 150 4l & potasium acetate €4S 7}}od
SDSE HA Al712 4 T oM 5 3t Y& Lelsto] SDS$} cell debris S A3t
th 439E # 3t phenol:chloroform =1:1 solution® 2 $&3dle Thyls e A
ATF 44 2t 3 Urd oA A3k 3ste 2 ul £3)9] absolute
ethanol & 718t plasmid DNAE FAAIZT} 4 °C oA 10 £3F 94 Ba]ste
DNAE ¥2¥ 70 % Ethanol® Blo] &% 50 ul ¢ Tris buffer = E]lct,
Bromophenol blue 2} zylene cyanol FF 7} ®#¥ loading solution (50 %
glycerol) 2 ul& DNAAIE 10 4l off 7}%t¥ 1 % agarose geloll loading 3t 100
voltell A oF 30 £ ATt A7 ¥2Y gel plate & ethidium bromide £
ol @7 @4 F z2)d5oteiA DNA bandE& HQst2 pTH2 & LT gel
= 23uo] electroelution &2 pTH2E gelold $&%%E ethanol precipitation

stepe A A plasmid DNAE A z)|3ic},

L 8 5382} (luxA, luxB gene)d] o] £
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- lux gene Ztil 1 plasmid (pTH2)E B. subtilisll cloning.

- lux gene® Z3 9= plasmid (pTH2)E C albicans®l cloning.

#2]¥ pTH2 plasmidE electrophorator (Cellject-100)& o] &3t F-Ao %
A F¢I3}o] transformationS F33%th 4 mm cell& ARE3le 2,500 Voltoll Al
transformation& 4~3&t%] ampicilin 3} chloroamphenicol& 83t LB-agar plate
of =l sz FFE 3 43le] agarose electrophoresis§ &3+ plasmid
2] transformation& ¥13tgtl. SA|o] decanal F7]35tolA] FAHH colonyollA]

I JHE HA3tH luciferased] L o7& HQ3tac}
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A 5% ABYEE ANl Y

l‘lL

AE U2 Y ELS LAS= T8 YHFY shuelth A, F&
Y AEAY 713 tﬂﬂ“l AZe] gEA Aoy ZABEHY &
o] wkgo] oz AL & Aol ¢v] Wi AEANELE AFPH L= |}
At X 831717 olBFER YL EAS AAEAA F=A2 ASGHE 2o
th 27 & 221 tiaptEe] gt 2ok FRpHent FHE Jleded &
€% JAE LA A =Y FPAelA BHYL EAHE A3} A=
2} A Hoke] go| W o|r). 1984d Fainworth7} A EZFE /& 2F2
Mizzade] AR 3z, A &AL, JEYAL, B 5o FHETI
AP Aotz ST uiet o], FFHU BB EA S #siAE= ALk
8 AE/HES FFATFE vty Mol A2 bioassay] WLzt thBAES]
A, A=EZY £, ZAYE &4 S FAAINEER U& J7to] =¥ 4
A& Zlojth oy HeBLEAS ANshs YH2 e YEHE, SEE(Target
-directed screening)olt} 7]2H(Mechanism-directed screening)oll ZAE & AW
H Ee @A Ay ol dded Iz FolM 4MEEFEH AU

2lekZE 0 8 = chinese medical herb ¥2] antimalarial sesquiterpene¢! Artemisinin

>lF‘

(ginghaosu), Coleus forskohlii ¥ antihypertensive agent(3:18 ¢=l)¢l Forsko-
lin, SARolA £28 N4 - Y7 WA 8] GinkgolidesE & 4 lch.
Screening 7]&2] o]8-& 1942d ZolA 19687}X]+= penicillin®o] ¥ B -lactam
2o we] WA 1970dtholE 4 -lactamase A3hA HFH, VUKE
A Aol FY& ol FTh olo] 14 5 - B ol i nABRY A
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2|83 E3E Nematospiroides dubiusdml?] 5ol ZtE¥ miced ©]-&3}= in
vivo mouse assayE &3t Avermectins (e.g., avermectin by Streptomyces aver
mitilis)E HASIATE Aol BIY I EL A dFE T3l nYE
o] g dol A 10057 o3 A& EAL UAsigd e, o2 mevinolin?} ¢
ompactin> HMG-CoA reductase A &}#| 2 A= 2t} Cyclosporin A8 AL E
& &80l Tolylocladium inflatum fe§9] ¥AF Bo] A& L2 LU
L} delayed-type hypersensitivity 4l % inflammatory mediator &8]=]3}]7] %]
UE Hgzxd Ed= 3]% Zb& w2 9lcth Azidothymidine2 ¥t 42l A}
oy SAHo=E Yelytor} HIV-1 virus®] reverse transcriptase inhibitor2 &3
31, Compactin 32 FA 2 WA= 21} cholesterol-lowering agent® Fofl A £
< Ae|EAd 73] AR T 3ttt o]ejo] A WS WBAHEH
UAE o HE TIE olfE 2 Y tifEol dFEHA Askoy A2 scr
eening & SMA W2 EZEL ofdol o3t R ML 2-§7] 2] Ayt
Z 5] o tH(Ghisalberti, 1993).
2zt el A7 Fuich S5 bioassay Aol FHH] gled AYHY

238 AL&F2 thy ¥ 5-1 3 Zo] NFgFLE =43 & 4 g Aot}

(Suffness et al., 1989).

Universe of available samples

Pre-Screen
5- 20 % Actives
Screen
1 - 5 % of Total
Evaluation
Very Few Best Leads

Fig. 5-1. Typical outline of screening process.
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Aadd A2 ZF prescreening(primary screening)<> front-line screening
bioassay®] 7|&& S&FAFIHA Qe|BPELY £ A dA RUEHIY
A WS AYsted o] 2AL2E 1) A, 2) He, 3) BHA, 4 BAA,
) ¥ A=, 6) A2 EAEE A U, ) BHEST BEE HY, 8 AL

7} ¢lol in-house application®] 7Fe¥ 4 dlojof 3= 24 5& {HE 4 Ut

(3]

olof &3l= t]FAQ assayR= Brine Shrimp Lethality Test, Crown-Gall Tumo
r Bioassay, Sea Urchin Assay, Bioassay for antibiotic activity & & 4 2ltl
Specialized screening assay$] ¢l ulo]z A UEZ Folo] HMI|&
Ed v}t 2t} Antiviral Activity®] 2% Plaque reduction ¥ titer reduction
assay©] AH&-E&=u] o] mammalian cell lineo B]§F 2] plaque-forming unit 7t
AAA ANEE AT F plaqued] Z4E 3 she WHolth Herpes simplex typ
e I[HSV-1], Vesicular stomatitisflVSV], Polio type 152] 8]|F A0 tisle] 333}
o AESYE FAlol §F JHedte] B e FE 2L p3ssat L1210
st = R Algtt}, Bioautographic assay®] 73-%-ol+= Herpes simplex virus(HSV)ell
Ztd¥ CV-1(monkey kidney) cells°ﬂ E3o] AMHE TLC plated Fo] 4L 2
Abshed] 232 A8l diste ZARY A §4 AE YA E°] 22 ¥E an
tiviral activity& 713cisl B3 #Eglc) o] B3¢ FPAHE CV-1 cello] izt A=
EA4E He¥ 4 glrl. Human Immunodeficiency virus type I¢HIV-1)2] 7
£ reverse transciptase A A E BHE viriond] Z4LE ZAASE whHog B4
gtt}. Cytotoxicity, Antitumor ¥ Antineoplastic activity &} Z22] F¢ 4 AX
54, 3¢ ¥IUEETY &7t AE E&Fo] AHEE A&=ul NCI#H3el utE
£ole] HoE R cytotoxicity?] Z-$ in vitro toxicityE UEhE AEZEL S
L=3}1o, antineoplastic Y} antitumor ¥4 in vivo activityE UEh & 3¢, 3F

i

g

Utk PULEAS 2P g NARES Bs] £
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— In vitro Established cell lines
(HeLa cells, KB cells etc.)
Primary cell cultures (clogenic)

— Tumor cells —

—— In ovo Transplantation into fertilized eggs
—— In vitro —— Transplantable Xenogenic systems
tumors (nude mice, SRCA etc)
Allogenic or syngeneic
systems
— Autochthonous —1— Viruses induced
tumors —— Carcinogenes induced
— other biological matrials —— Bacteria, enzymes, oncogens, viruses, phages,

echinoderm embryos, DNA etc.

Fig. 5-2. Screening systems used to search for antitumor tompouns of

microbial origin ( Komiyama & Funayama, 1992).

In vitrool A MEZS5Y APA] o8] 71218 AR E L2 thgsiA] 24}
Sh=tl E 5-10]4 E& ule} Zo] F2 A vjgy F Y 2L A3 F=E m
icroplate reader& AHg3te] MEFO2H tiFe] ARE AT of AL FH1A
AE S 4 AUtk 0|2 WHeE A g4 F duFoz [HSAL WA}

e

8 FALVLE AHESI AT R A& UEs= 5ol AUk



Table 5-1. Screening systems used to search for antitumor compounds of

microbial origin using tumor cells(Komiyama & Funayama, 1992).

Screenign System Materials

Evaluation

Morphology change Giemsa; HeLa cells

Microscopic Obs,

Dye staining Neutral red; L1210, KB Spectrophotometry
MTT; Human tumor cell Microplate reader
Giemsa; B16 mouse melanoma Microplate reader
HT-29 human colon
Methylene blue; human colon Microplate reader
carcinoma, melanoma
Crystal violet; human, mouse tumor Visual exam.
HTCA Human tumor cell, agar medium Nr. of colonies

Uptake of radioisotope 14C-adenine into EAC/p388
substance
Colony formation Agar medium, paper disk
Inhibition of focus formation Chicken fibroblast, Rous
sarcoma virus
p388/adriamycin

Rous sarcoma virus infected

Drug-resistant cell
Conversion of transformed

morphology to normal rat kidney cell
morphology

Cell and bacteria KB, L1210, E.coli, B. subtilis

Radioactivity

Diameter Inhib.zone
Nr. of foci

count cell number

Morphology observ.

Cytotoxicity, anti-

microbial activity
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MEEY ZAIX] A}8-E+= Waker carcinosarcoma 256 M ¥2] ZA-$ UF oul
3}l Mouse L-1210 leukemiat ZE7} ®o] XL} p388 leukemia: in vitro, in vi-
vo assay BFolA ZE=2} predictivityZ7} ETli €8 Zcl Lewis lung carcinoma,
colon 38, CD8fl mammary 5 in vivo testo] F2 ARRHT] o]4te] MEAAS
53l Ee|¥ antitumor compound: W.o1l} slow-growing solid tumorel] 3]l
t g3 eE FAHA A2 Yt o] AL primary screenoll M | #3}she
tumoritE AREE Zzte] EAFolth In vivo assay®] B¢ ATH - BFAHoE
H|A8FolL} F9 2] very sensitive disease oriented human tumor cell line®]
HE3t 4Th 5% tumorell thiA ThE ME5EE Eol= compoundo] tf
A= 2 tumor line & in vivo test& ¥FCHGhisalberti, 1993).

Mechanism-based assayoll &31Al+= carcinogenesis A 8i&] 418 3}AL} block
ing agent& 3= E4Ho] ded ¢ U AMIAZE 1) carcinogen B4 W
2], 2) targetell carcinogen®] A% A, 3) tumord] Wt W] 7] zto] s}

A& A8t WHES & + 23 blocking agent®+ carcinogen X}A|&] AL}

=
=

i

carcinigen®] DNA2}2] 4% 218-& ZAlsl= WY SR o2 rapid mutagenic assa
vE & 4 9&d o]l Ames S-9 metabolic activation preparation&z|3}ollA] 2-
aminoanthracene®] mutagenicZ@4 2] A& ZAsHE whyolcl

G NE MEL YUYES Mistede A8 7dEol FYsta QUch

23 JgdegE 2AEY YR o] Roche Institute for Marine Pharmacology,

¥

th

»

o= nj=e] Wellcome, 32| Ciba-Geigy, B]=2] Sea PharmS F&
tehie] ojg dF4LE o] Fopol tiste] U3l AFE IYst Ut i
p388 AlEZL} tlE Zx &2 cell line®E prescreene $}i Qlt}l. University of
Hawaii®] 7Z-$¥& cyanobacter® th4 L Z, University of Rgode Island= algaeE
ti*4 2 £, Scripps Institution of Oceanography= 31%¢| macro W microorganism

& ez €4ge ez ook wEAW=9 University of Canterberys
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macrod &g tiat o Z Tokyod] Institute of Microbial Chemistry+ Bl && ti4d
o2 PYPEAL wrAst gl wlFe NCIME ¢ 20d o4 18000712 sf
ARWE FEEL YR p38 modelE AHE3to] A2 Y3t TH(Sulfness et al
1989). YR ER FVLEAL gH|AF A &3t A3 in vivoold FeHE

Zol AE ALY Mol &2ul tlEFA G FHELR
B2 A& &3} Zrhdreland et al, 1988, Rinehart, 1988. 1992)

Californian colonial tunicateq! Alidium californicumol 2| hemiter-
penoid GEME sjgold HFEl® A oo|y prehydroquinone, 6-hydroxy-
2,2-dimethylchromene, prenylquinone®] ¢lth. Geranylhydroquinonezt -2 pre-
hydroquinone& A& %Eo| preadminitrationX] leukemia, Rous sarcoma, mam-
mary sarcoma®] BE Fele] FEF A3t} Prehydroquinone tumors o
& Wl ohug} mutagen® o] ¥ttt Modified Arm’ s testoll4] prenylquinone}
chromene-% £33 carcinogen benzo(a)pyrene®} aflatoxin B1%] Salmonela
typhymuriumojth¥t potetial mutagen®] FEYE FHLE zFALA|Zith Terpene
hydroquinone algae, ascidians, octacorals, spongesZ< T3t |G EoA &
2|3ty t}. Palytoxin® Zooanthid palythoa toxaollsl £2]H u|ThAA marine
toxino| ™ 7}& X|W Fe|t}, P tuberculosa, P. mammilosa®t L TS palythoa
spp.= palytoxin®] sourcee|t}. o] H4E FAMFA s BAE7] wiEd =71
AAZoltl #3 in vivo BEE 7IXH cifE d77t IYHAL = L2 ¢
A "R e 71 3P biopolymerEE sulfated polysaccarides, sphyrna-

statins, strongylostatin 1,2, lytechinastatin, palystatin®] 2lt}. Caribbean tunicate

Ecteinascidae turbinata®] ethanol-water extractst= oj-$ 2 3£ S S 713t}
2 BEaEgd= Kb cello] tis] 48 Ry in vivo p38olE A2 BES

Bolw T/C value7t 230%°l4teltt. Sourced] =l2|3 ¢x]of FAIge] HA

(nt

antineoplastic activityZ7} Zx§3ts Hutg-2] ZEF modulator2 % 283}l

fd
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Extgold 87 cells fele] macrophaged] killer”)s& A3gch R chepal
human cell lineo| ti¥t DNAA AHsjAlolu} EAEL W =2 &3ty 2ot
A3ttt Lemnalol2 soft coral Lemnalia tenuisejoln] RI¥ X xo] sy
ylangene sesquiterpenoide] ™ origineoll VALl # X9 oxygenated ylangene©]
th AME# in vitro assay system& DBA/MC fibro sarcoma cell lineo] t]j3}
murine peritoneal exudate cells(PEC)2] activation® ZAAJst= B Aot =,
lemnalol A= 10 - 40ug/ml HEoIM ME&HZo] ¢lor} PEC &z stojA
macrophageE ¥4 EA1A tumor cellsoll thdt A=A Q E48 712t} ol&= 34
nucleocide poly(D-poly(C)2} ARt Z-844E& W 400ug/ml/site HEolA 3%
g&dol dlrt.

dEHA FAYEEQA Bryostatins®] FF Pettit IFS ELAFFTEA
antineoplastic compounds& ‘HZAI F 19689 PN EEHY FFZJYEAYNS

f3 XRH e AAFI "HAL AUk 53] o7 F(Bryozoa,

.

Ectoprocta, Polyzoa)®] alchol extractold %% FFSHELL ©siolc)
Bryozoan Bugula neritina®] $&&¢] 7% p3884IXE2] 68 -100% life extentiong
Racl Bneritina®lo] o788 74 Amathia convolunaofX LAE At FEA=
A9y BEFNY 5EZE 71Ac) o E Eo] bryostatin 1 -3, 12= Califoniao] A
ot UAFED  bryostatin 82  A.convolungoll ARt WZAE S bryostatin ABE
Buneritingol 28 ® WAF Lissodeudoryx isodictyalisei LAYt EDsp < 107
~10° o] Bryostatin 1 3t NCIel&]3} preclinical testS 3 Qlth. Dolastatins®]
¢ olnl 2,000d A A=Y sea hare] Dolabellade] HE4dof tisA RIE ¢l
oo Pittit 2ol &3] 1976'd Polabella auriculaviaolA] #e|3t 2@y Edo]
p388e] tigt ¥FoF Fy} LAFUcH1lug/KgollH 88% life extention)., FRi=
Cyclic peptide® fX=A polastatin 3, 10, 11, 12, 13, 157} tiFE3 o]t} Didemnin
Putolalaryd HA Extohsl @& Adstehd  zhge] ¥4 modulatorolth.
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Didemnin B+ o1& 7k« lymphocyte ¥ 7]%52] in vitro assayollA] B AA B S
Al in vivoolA tiEE BEE JHAIA e W2 compoundsel Hl3F ol
graft-versus—hostt-$-& ©]-&%t murine modelolA in vivo assaydllA & ¥HE

Qlct. o]+= t}ie¥¥t human neoplastic cell type, & ovarian, brest, renal carcinoma,
mesothelioma, sarcoma¢l] thdljAl A& XHolm 1984 phase 1 clinical trialsell
Eojzt R 3¢ HAEo|t} P388 cello] tidted Didemnin Ax EDso 0.03ug/ml,
Didemnin B¥ EDso 0.0022pg/mle]tt. In vivo p388 leukemia test®llA didemnin B
E 100%2] i APA}E Eolu} didemnin A: BEThH ZFe]x] E3jch In
vivo B16 melanomadll tisll Zrtj 57% ¥EHF-E& Rl Didemnin A%t BE B

5 ool Z2ET gAoly ¢, HYYA, ulolejs A ZHY {3} o84
o] ZuEojo} gitl EJF FRILE uj$ FAISIL AEEE EHL uf$ viekst
I QY X8 Fol2 viE 4 e AR dide] FeHch

2 dFelAE sjgRd FANBEY 2], MY % AE 24 Py 13
23YYHLE L5H AXRFE ZAPEY 323 §7]Fo] FE ERaAAR

type IV collagenase #3|#] ©4 2 topoisomerase I 3[4 ©AY Y& BAst

5. 2. B|Yu B el Wi U FIEAY 23

YA E FAsHe v]BEolY AP S, A AF HA s nFES
Eelsty] 18t M F$= PYG agar vix], W] Z9E 75%2 54
H sl ZAY Benett BiAE AME3HACE AP EE 4R H P FM F
of ¢1¢] mAu=o] HEF ¥ glass rod2 =Wt 25°CollA 5 =] 6437t vf
Fste] Uehd colonyE &4-£el 33t £el¥ I+ 20%4 glycerol-& o] ¢

o] - 70°ColA HESITL AR2AE #I3t &5 vl A sHFAF2 PYGH]
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A 4mloll FF3sto] 25°CollA] 59 uix] 6¢47 FA|uigsigdct WHAFL HYEH
Zobell ¥j*|(SZ Medium) 5mioll HF3le] 30°Coll4] 7dZt Agujasigdrt. 549
& Yol AHE-H PYG wiA|, Benett iz @ SZ uwjz]e] 2L ofzje} ),

* PYG medium

peptone 100 g
yeast extract 50 g
glucose 200 g

aged sea water 500 ml
dest.water 500 ml

pH 7.2

* Benett medium (modified)

glucose 20 g

yeast extract 10 g
malt extract 10 g
peptone 100 g
agar 150 g

aged sea water 750 ml
dest.water 250 ml

pH 74
* SZ medium
glucose 200 g

polypeptone 50 g
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yeast extract 10 g
ferric phosphte 01g
aged sea water 750 mi
dest. water 250 ml
pH 7.4

a4

flo
A

A28 ZAE 98] PGYuiR|olA FAujete] B sqFA T vl
gl3tx] d4x MEyt TS Ade AelelAd 35 ml¥  Folch solution
(CHClsMeOH=2:1)& 73ty 3¢ 5-32 o] &3} Folch solution layere}
water phase®] ARE Z}Zt Ee|ZRAStACh HAF-S 37 5-49F Zo] Y3t ¥
A= methanol® F&3}3 v]P YL ethyacetate 52} water phase® =2|3tct
Folch soluble phase®} ethyacetate soluble phase:= speed vac 2.& ¥&3li Z}
Al 2¥& eppendorf tubedt} @ol 4°Coll R#3lgitl. ¥ =¥ Folch soluble phase%}
ethyacetate soluble phase?] 53 A& 24 A Z2t 350ul, 450ul®] methanol
< Yol AMgstglch

cell + broth
Folch solution(CHCls3:MeOH=2:1) 3.5ml
water phase

concentration

sample 1 sample 2
(add MeOH 350ul
before assay)

Fig. 5-3. Extraction and fractionation of marine bacteria culture.
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cul ture broth

mycelium broth
add add
methanol ethylacetate
upper lower
layer layer
concentrate

Fig. 5-4. The scheme of sample preparation from Actinomycetes.
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5. 3. Prescreening assay

5 3 1L AEZ5ZsAA

Ao ALY AXTE TIF MEF 23ojA Eoi2 Human adenocar-
cinoma €1 DLD-12} Mouse Lympoid neoplasm ¢! P388D1& AR&3¥ict A#ef A}
€2 wixlgt A2 Gibeo AFEE, BB 3-(45-dimethylthiazol-2-yl-
2,5-diphenyl tetrazolium bromide(MTT)+ Sigma A&&, culture flask+ Falcon
A&, 96 well plater NuncHES AMg3lg o, AHXE ujyg7]E= Revcorld] CO:
incubator® AH&-3t4ich M X4 &332 HemacytometerS AME-3}gich.

M ZujFE SlsiME Aol AMEE M X DLD-1, P388D12 10%FBS(Fetal
Bovine Serum)$} kanamycin 20ug/mle] o] %= RPMI 1640 BiY )& A}E-S}od
25cm” flaskoll o] 37°C, 5% CO.7} FAHE F-27|olA ujgsiort. AEEL%
&7 P388DI2 th4719] MEE 1,500mme 2 5% ¢ ¥l PBS(-)E
10 washingdt Fol A2 wjgde] 2x10%cells/mlE H-RAA Algstgon
DLD-18] 7%+ tis7]o] monolayerg ©lFE& wi% A]F|tl7} 0.25% trypsin-
EDTA solution®® AHEE F-FA7]3 1,500rpm2 g 585¢ YA F RPMI
1640 Wi 2 1} washing ¥ Fof 4x10%cells/ml2 §-FA1A A-83tgict

MEEAN S &3 L Carmicheals 2] MTT(methyl tetrazolium bromide) &3
ME& modificationdte] AHE dlgith AR YAHE E45E 3317 3] 96well
plateo] th4=7]o] =ggt P388D1 cell (2x10%cells/mD)2} DLD-1 (4x10%cells/ml)&
100u1y AFslal ZFEE ANEE 42 1] A&3Hste] 100y FFsl HF
volume®] 200u17} HA ¥ F 37°CollA 5% COx5=8] ¥-27]o] 5d 3+ wjgstal
th wlge] B Fo FH5ol ¥U MTTEY (Llmg/mDE 50u1% Zt2ke] wellol
Yol F3 LA HANES 42T & 37°CH COM27]0l ©] vigAIZict Wi 25
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48 multiwell plate washerE AF&3lo] A ASIaL 4ol M Eoj sl FAHA

e

formazoneZ A& 1501l &] DMSO(dimethylsulfoxide)ol] ¢ TS WA =S

stoich obFAE Az SlR] QAL MERE Yoli vjFRt wellolAs JY Hel

2
2

Uehiol AE7 BE £ welldlds FHol 717he @S Hetae] Ushte 2
o2 HESYSE WAL 050/ml FEAN AEEHES Ushle AzEe
HZ5E 0050/ml 2 0.005W/ml 7Hx] B3t} MEERSE AAlshair)

5. 3. 2. Lymphocyteoll thidt MESA A}

Mouse®] spleenol 4] lymphocyteE F&3t] 48 BYAE tfydt MEH
3 BBE 2ASHATL Moused] WIE EAY F spleend 22ste] PBSE 7
hand homogenizer& HEHA Zold gauseE AEr} 2,000 ripm, 42, 4 - 10T
ZZoA A& stgled HF FFEE RPMI-1640 2 D-MEM i 2 3
Aqsted 2 - 5 x 10° cel/ml =7t HESst] Aol A3yt 9%6-well
microplateo] WA AEE 10ul 4 Y2 thd lymphocyte WEYS 100ul 2] ‘gol
37ColAN 2A1Z F WA F MTTE 50u E718te] 44 3F¢ of g2l
g tRFLEE WAHFE 630-A ZFA|Q methanolFEYES, SAHUYRTLLEE
PBSE Yol F9t}t 45d& AAY F 150ue] DMSOZH formazoned A

540 nmollA ODE &3 31t

5. 3. 3. Haemolytic activity ZA}

Bz HYF LI=E SH37I81IA mouseEFE VYL 233t 96-
well microplatedl]A] BF-§-AIZICL Moused && #eld FYE €2 vl PBSE 3

3 Rl 2000 mmolA 48 ¢ iR slden HEFHAES o 50%
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erythrocyteZ} Tt} 96-well microplate®] Z} test welloll HA A RF 20u 2 ¥
Tl PBSE A3t 1% erythrocyte TEYE 200u %] Yt ¥4 tRFEoE
Fdd 630-A FA Y methanolF& & AHE3tdlem &4 tjRFL L2 PBSE 4t
&3taith 30T oA 1 A ZBFet HEAD F £ FHA]| Al87 §8EE S Vel
U P77 gIER2 REE st ®a, §8RAY S vehiA] 4 9ol
= AP welld uleto] AAg o] EFFIA Bct

Microplate readero] A& 540 nmol4 ODE &3 3stich

5. 4. Topoisomerase A 3jE32] &hay

At FEAE Fpgshed oA F2 WYL 5o a1 EF ¢l g
Z3E uUehs EZR O3 2 73] FIRY oEY sdel Atk DNA
topoisomerase I(topo I) < single straind DNAY] Axtzy} ¥} aeglz 2 ETst=
71%& 73 negative supercoil& A AS:s &S ¥rh A @ FolA
topoisomrase inhibitor®] ©21& $£]35}¢] screeningel WL EF topo IS £olx] F4
o=z By £esta 2 71A2 AHEE supercoiled DNAE E.coli® #¥ pBR 322
< Felstolch FFAMEo] tiste MEEZHE Uehd AlREo] sl Topo I
relaxation B8 &3& AAELEHN 132 F Topo I A7t do] Wx]e o

HE ZA}SIEL DNA relaxation test® o]& ¥elsloict.

5 4. 1. 43 wiF

MZe] FAAZ il DNAE EAL} Halel 22 AZY oAty Setol
FElstR] ol i 9144 HIE WAL uletA A XEujol:= DNAY o]g gt ¥}

& RAFE 713E 1A 9len DNA topoisomerase?} ©] 7]12hg Zujsl:=

—264—



q¥S <t DNA topoisomerases DNA ExhHE F2 HEaFS alolofA
DNAZ2] UM AElS AASAY =824 DNA knots®] HAz six), 34
DNA #32}¢] catenation®} decatenationS 33ttt § DNA topoisomerase= A]3ELj
driAtab gl DNA Exl, RNAS Hxjol &3] wAEE DNA overwinding,
underwinding, catenation?t Z& ¢]4¥HA EAES sAAFE= €L 3}
(Silverman, 1992, D’Arpa & Liu, 1989). ©o]2]% DNA topoisomerase= DNAZ2]
phosphodiester &2& AWslal AAYSIEAN 144 HelE HA st Iy
M Eo|A 1 2ZH8-7] Zte]] wlg} topoisomerase I (Topo )2} topoisomerase II (Topo
IDE u¥lojdct Topo I & ©o]FuU4d DNA 2 Tt nickE F4she], o]
nicke Alo] 2 t}E DNA 7ieto] a3t F Q2P 22X DNAY supercoiling®]
HAH relaxed forme] F*4Hch Topo II &= DNA o]FUA e 7leto] BE nick
€ B8l o] nickE il Zzte] 4R A DNA Jteto] S o 24 DNAY
supercoiling& A AstAIECE E§ Topo I 3 118 £8% xo]dL Topo I 2] A
£ Fuiag FolA ATPE HLRE 1A UA|9 Topo 11 &) Z-$E= DNA 7leto]
nick¥ ThE 7t=E F3¥u] ATPE U2 Prhe Ho|thLiu, 1989). VYA X0
A o protein type I topoisomerase®} TS &€& 3ln gyrase:= type I
topoisomerase®t #TE FAZEL UeEldrh 53] gyrases= DNAY negative
supercoiling& FE= 4 o] M XY type I topoisomerase®} X}o]& LIE}
Wict, ojetZo] toposiomeraser= DNAZQ] thrlollA] 223t ¢ £35to g AL
F7loll 9lojA DNAS] tirlzh iUyt Aefol A F2 HEZFA 5ol YT 2Fo
1} AZoM O #do] &S ez oA#Ech Topo I8 Z$ mouse embryo
fibroblast cellol A 2] AEolA FAE wfe] Fo] ulZAE wle] FAo vls) 4u)
7V F7tshs Aol WHEEAUL(Tricoli et al , 1985) E&F Topo I HA] s3] =}
ghe M ZEoA O3 Qo] FrHdria A gich

wletA] M) FaAlo] it oM Xofl thFt topoisomerase inhibitore] 7y
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2 Y FEAEAM Hd™EE sbed ER A "k XE71A] DNA
topoisomerase  inhibitor® ‘#ZA"Y HPEL m-AMSA, VP-16, VM-26,
coumermycin A1 5¢] eukaryotic Topo II inhibitor®} novobiocin, nalidixic acid %
2] bacterial gyrase inhibitor(Drlica & Franko, 1988)%°] ¢lt}. Topo 18] A 3|z
Topo I Asf=lol] wj3] @AY Zo] WA &4y 1970dcie] LAH
camptothecin(CAM)o] thEZQl A 3s}A|o]t}(Hertzberg et al. 1989). Camptothecin
2 AE Camptothecin acuminita oA £2]¥ alkaloid2A4 colon, gastric
adenocarcinoma § £3}7]¢do] F&xSIH FE=AQ  topotecan, 9-amino-20-(S)-
camptothecin 5 phase II A|¥o] £8¥ Ale]l & adriamycin o]z} 943t 3¢t
2 H7phga ch 1990dche] EoletA Topo I Asiz] g7t Zuks) xwA
erbstatin, tyrphostin %2, intoplicine, naphthacenecarboxamide 53] 5 Aj2

<+ E3EO| UAFHI 9t
5. 4. 2. Topoisomerase?] A

tHEe] A RE AA3olstRE Ful RS 93] AR yhEEs HA)
H FAE ARSI A $olXl FHLEHE 0](1992)8] WPE& WH o topoE
223t AMS-3gith Deep freezerolA -80CE E#F¢Q $olxl F4 100g2 -20
CollA 193t HA 3L olo]A] 4TolM 27t A3l =L @AH3] Hgrh o]
A& EHo] EAste Lt oY AWAES AAY F 100 mM phosphate
buffer( pH 7.0 )& 7|%o] MA3la A RZE vdrh o] *Z5-E Warning
blenderell Y31 NW buffer ( 5 mM potassium phosphate, 100 mM NaCl, 10 mM
2-mercaptoethanol, 1 mM PMSF ) & 100 mi3 713t & o 3023tA308 5318 o]
2 AT 4TeolA 3023 AT F 29 &9 270 Y JlotAlE B3l AE F
CTHA] 30&3 W5kt olu] PAHH FAELS hand homogenizer® E43t ¥ 2
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Ao ZtotAlE AHgste] thA] S AstArh o] HAAES B F 10% polymin P
E #HEF5E7 035% E=F Fulsta of 10270 2ibste] 8000 rpmollA HAlE
g|stgict o] AZ o PR buffer ( 20 mM potassium phosphate, 10% glycerol,
10 mM NaHSO3, 500 mM EGTA, 10mM 2-mercaptoethanol, 1 mM PMSF ) 50
mig Y3 R F 5 M 2 NaClZ HFs=7 055 Mo] H=F HuIt F an

SR A 3087 wkx]sladch o]E 8000 rpmollA 2087 QAlEgste] Abd

2
o
)

ey
e
o
o
£
N,
2
joh]

3

3

(@]

=
o

3

w

=%
&
it
<o
N
0Q

g
lo
ofr
I
N
M
51
o
¥
N
%
n
12
>

30%-2F WXk ¥ thA] 10,000 rpmollA 3082 YAEES 2 FAEE dialysis
tubeo] 7 % EQ% buffer 2 LE EMstsith EAFo)s AHELE 10000 rpm
oA 30& ittty AASL 4F YL Bio-Rex 70 & ©]-&3lo] Eel3tad
T}, Sample £9%& Bio-Rex 70 resin®] %+ column¢l loading 3} 200 mM$]
phosphate buffer € 1 12 oWl ¥ 200 mMollA 1 Me] o2& & 71&7]
f&og ANE 314l £5S5EE 18 m/min 28 ZAsIYCE 2 FFS &
ofstd 1§l 5-521 Lrh F-EBFAE topor £FY 5319 deep freezer o B
stk
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calf thymus

dissection into small particle

1

homogenize with blender

|

filter through gauze

[

unfiltrate

l
filtrate
|

add polymin P

[
centrifuge
]

—

supernatant

1

precipitate

I

resuspend in PR buffer

[

add NaCl solution

centrifuge

[

precipitate

supernatant

add ammonium sulfate

I

]

crude extract

centrifuge
l 1
supernatant precipitate

[

dialysis
]

centrifuge

1

[ |

supernatant precipitate

Fig. 5-5. The scheme for preparation of Topo I crude extract.
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5. 4, 3. Supercoiled DNA2] A Z

Topo 1¢] 7|4 & A2 supercoiled DNA¥ Sambrook 5(1989)2] HHE o]
&3t EcoliZ2 FE pBR 322& £esle AM&3idtHad 42) LB broth
(tryptone 10 g, yeast extract 5 g, NaCl 10 g, pH 7.2, DW 1000 ml) 50 mlel] &
F& F 33t 37CalA 0.D.(540 nm) 7} 06 o] H=F HwjdE& 3 F LB broth
500 ml of A 3x|Zt o]4 ujakste] O.D.7F 04 o]4e] FEul chloramphenicol
(34 mg/ml) 25 ml & F7Isle] 1241 F¢t wigstadnt widdol B¢y wMidde
6,000 meE YA cell& 43 F cold STE solution ( 0.1 M NaCl,
10 mM Tris-HCl(pH 8.0), 1 mM EDTA (pH 8.0) ) 100 miol ¥EA|Z F 4T
A 6,000 rpme2 2087 WEeIste] A3t oj7]e] 10 mi#] solution I (50
mM sucrose, 25 mM Tris-HCl (pH 80), 10 mM EDTA (pH 80) )& 37}3te
HErAZ] ¥ 1 ml®] lysozyme solution (10 mg/ml in 10 mM Tris-HCl (pH 8.0) )
& FE7Istgdct o476l 20 mig solution I ( 0.2 N NaOH, 1% SDS )& 3735t
Z AL F ALA 1087 stk 15 ml ice-colded solution I (5 M
potassium acetate 60 ml, glacial acetic acid 11.5 ml, DW 285 mI)& $]&] &<joj
7t & 412 F 3 SlolA 1082 WAl o] §9S 6,000 rpm oA 4
TE 15 27 A& F ZHYE 34319 06 volume?d] isopropanols 3L
A F A2oA 1087 WXtk ol & 6,000 rpm o4 4CTE 15 £ 44
223 F doldlE E7IE 833] AASIEL 70% ethanol2 A ojudtt. Ethanol&
$433] A AT ¥ DNA pelletE 5 ml®] TE buffer ( pH 8.0 )ol 9t} o] &9
& 50 ml #2] YAEEE tubeod Y& F 5 M 4 ice colded LiCl solution 3 ml
& FJste] 2 43 4CeolM 10,000 rpme 2 1085¢ YAt 5?—.*&%* qg #

).

43t} 59 isopropanol& F7IStgich ©]& 4TolA 10,000 rpme g 102&¢t
AARZE B AHAL AASI HAAEL 70% ethanolZ Hojujgitt. Ethanol&
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#3A3] A AL DNA pellet 500 ul ¢ TE buffer (containing RNase A (20 u
g/ml, 80C heat treated for 3 min ) o] oA ALofA] 3087 WX|3ta 500 ul
2] 1.6 M NaCl (containing 13% (w/v) PEG 8000)solution& H@7}sted & 42 ¥
micro-centrifugeell ] 2027t ¥AEE] (10000 rpm) 3tgch AF Y-S A Az
DNA pellet& 400 ple] TE buffer ( pH 8.0 )oll ¥o]3L chloroform:isoamylalcohol
(24'1) solution& 600 ul F7Iste] 242 F micro-centrifuged] A 207 Ud-E e
stalct 43 9& o} tubedl $3 F 100 41 & 10 M ammonium acetateE 37}

(¢}

3le] & 43 2 volume?] ice-colded ethanolg ¥ 7}t 3 Aoy 1027 wWx

AV
—

o] micro-centrifugeoll Al 20%t QLA E 2|5t thA] 200 4l 8] ethanol® Ao

9

% DNA pellet& 100 ul &) TE buffer ( pH 8.0 )oll & ¥ -20T oA BHstH
71AE AHE3t4ch
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lculture brothl

[fesuspend in STE solution]

| alkaline lysis ]

DNA pellet

|dissove in TE buffer(pH8.0)|

precipitate

DNA precipitate with
1sopropanol

DNA pellet

Idissove in TE buffer(pH8.0)|

I
|treat with RNase Al
1

ladd PEG 8000 solution]

DNA pellet

[&issove in TE buffer(pH 8.0)]
|

i

deproteinjzatjon with
chloroform?gonta}n%ng %soamyfalcohol) solution

I s :
IDNA precipitation with ethanoll

Plasmid DNA

Fig. 5-6. The scheme for isolation of plasmid pBR 322.
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5. 4. 4. DNA Relaxation assay

AEEGY S-S Ueld A& th3lA Topo I 37t dof dHex]e] RE 1
o2 ZAFSIZ19138] Topo I relaxation B4 &3 & AA|54c}. Topo 1 43 &
ArSA L] 2L o2 L}

* Topo I reaction mixture for relaxation assay

2x stock solution ( 100mM Tris-HCl pH 7.9, 0.06 mg/ml of BSA,
200mM KCl, 20mM MgCl;, 1mM Dithiothreitol,

1mM EDTA ) 10 pl

pBR 322 supercoied DNA (100ug/ml) 2 ul
Enzyme solution purofied from calf thymus (lunit) 6 ul
Tested sample 2 ul
Total 20 ul

W8 buffero] AlE 2 ul 2} topoisomerase I KAAY 6 ul & gol &
volumeo] 20 ul 7} HES ZFY F 37CoA 30ET gAY F loading
solution 4 pl & 718l 1% agarose gelolA] 100 VoltE 3t A2t 713 A7|dE
stgch.  Ethidium bromide 2ol 30 £7b gel& A% F  314nme
UV-transilluminatorol4] DNA band& 3#3}3icl Positive control2= topo 2]
ZsjA 2 5 camptothecing AHESHATE. ELBE9 1 units ZuHd¥ e 0.3,
g2 DNAE 30E25¢ W&3te] 43| o|¢e Fel2 JPAIE= aLgoE A3

ik,
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5. 4. 5, DNA cleavable complex assay

912} topo I relaxation testollA] XU 2]l DNAE o|8d Fel2 AHA]Y
= a]go] tis}o] topo I cleavable comples assay& 33t A&7} cleavable
comples o] nxe F3 zABIYUch ol DNAS Ziol 2% cleavable
complex7t ¢tAjol ojs) <t 3EdE=AE FHIHE= A¥Polrl Topoisomerases
DNAo| ZAste] DNAZF #7ietol nickE ¥/4¥wl DNAS nick¥d FE3 dAH
ol ZRAYANES st oldElol ARTE 2EIte] ¢FH HA LSl
denaturation solution® 2 Az|3&w] nick ¥ DNA7ZI €A€Ech ol& ethidium
bromide 7} EFE agarose geldlA #7194 %5ste] #Ashe RojthHsiang et al,

1989). Topo I ¥4 F3ur-&Ae 242 cha3t Zth

x Topo I reaction mixture for cleavable complex assay

2x stock solution ( 100mM Tris-HCI pH 7.9, 0.06 mg/ml of BSA,
200mM KCl, 20mM MgCl;, 1mM Dithiothreitol,

ImM EDTA ) 10 4l
pBR 322 supercoied DNA (100ug/ml) 2 ul
Enzyme solution purofied from calf thymus (lunit) 6 ul
Tested sample 2 ul

Total 20 pl

Wkg buffere] AlE 2 ul & topoisomerase 1 ZFAY 6 ul & 9ol F

volumeo] 20 w7l EHEE BT F 37ColA 30E WA F 7]
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0.75mg/ml proteinase K&t 2.5% SDS7} ¥ denaturation solution 5 W& 3E7}
ste] 22 2xolA 1A% 5 Al WEAZch Loading solution( 5% SDS,
0.25% 2] xylene cyanol FF, 0.25% Bromophenol blue, 25% sucrose ) 5 #l & 4
o] nhg& FAAIZ F 05 pg/ml &) ethidium bromideZ} X3 1% agarose gel
o4l 100 Volt ZA3tollA 3t A2t 71 7] -F3t3it). Ethidium bromide 8912
2 gel& 4% ¥ 314nm ¢ UV-transilluminatordtolA] DNA band& 33}l

t}. Positive control2+& topo 18] AsA|2 9532 camptothecing AM&-3t4ict.

5. 5. Type IV collagenase = 3|E22] &y

ol APPE 7= & F St APAHEI thE F42 Holsto FHit

7] ui2olch dAEIF & ZHoAM TIEXRHLE HESIE Hol¥ ] A E=

o

HEZFE B Eol7le  FEWil(nvasion)®t H3 UeE UEIUA
(extravasation)& WHEA] AA|W, o] oM H=EAR 7S Esfsiof it
(Liotta, Kohn, 1990). wlelq ME]F-7]1Ae] FP4EA 7A=Y 7 S8 ©
el type IV collageng #3131 type IV collagenase= QA e] Ho]2}pA ol A

ANE AN ALk PATY A& Holel Bolshe TAA 72-kDa
type IV collagenase®] A3 ZANwPHe] 2o sYFESHE FUYERA Mg
< T ZHA AP T2 Folrh

5. 5. 1. 472 w3
o] &z Hojo] #AH F82 proteasesEB= (1) MM.PskMauix Metallo—

Proteinases) ; interstitial collagenase, stromelysin-1, stromelysin-2, pump-1, Mr

72,000 type IV collagenase, Mr 92,000 type IV collagenase, (2) serine

—274—



proteinases, (3) cathepsinF©o] oo o] TiYUgt YM=Zo 2sir HEu]sc}
(Goldfarb, Liotta, 1986). °©]ZolA collagenaseS X#3}l= metalloproteinase:
cofactorZ# calcium®} zinc ion& HRZE 3}W matrix metalloproteinae?] AJ4H§-
=& AF3te dRRE IL-1, TNF- e, EGF, TGF-8, TPA, H-raso] ¢lon A
At JA A2 E= TGF- 8, letinoid, steroid hormone®] ¢lt}. Collagenased] F& &
7HA] 8Lt collageng #3M3H= A collagenaset Z1A o] type IV
collageng #38t= type IV collagenase?} Qlt}l. Type IV collagenase:= 72-kDa
3, 92-kDa¥, 100-kDa% 8] Folx A7Ix] FEj7}l slerm 72-kDayo] 713 2 o
A otk olE2 EF AP VAEE ¥F tr EAsie  organomercurial
compounds, sodium dodecy! sulfate, proteases®} T2 313} - A FAd3to] 2J3)A
N-gghe] 80 olm|=4kE 913 ¥Ad¥Ho] HrHLiotta et al, 1981). o] 23t zymogen
2] ¥4, &ul, Jea BAE3E ol AaAlY ¥ Eviet €A A xg, o
VY, FoElad BEY, €& B2 BA4F - 43U AFolA dojue A=
K712 2 APGolA T2 2HAGAEITL
Liotta et al.(1980)2 Z&X& type IV collagen E3M&E4A7} mouse Bl6
melanoma cell line?] o]z} Z Xt B3 o, thedt oncogeneol &
3] FAAF|H rat embryo cell linediX=E 2 Az}t #AE QcHGarbisa et al,

1987). P. D. Brown et. al.(1990) Mr 92,000 type IV collagenase(MMP-9)+= Zt

1

N

A collagenase®t ¥7| cellular processing?] $A7} ¢S B astgdct ulepA
2§ ¢l 72-kDa proenzyme®] th¥t B P F 4] v}7l TS metalloproteinases] A
A Rt A& o W2 dBEE /A + 222 Mr 72,0000] type
IV collagenase?| #/d3 o] A7 £3eo] Holrk

2 dFolMEs A ] dBezy dMze] FE} Holg HE + 4
oA & Uty ¢lslA 72-kDa type IV collagenase(MMP-2)2] #7343} 243 &

rr

A E AE317] 9% EHS Fyslgch ol type IV collagenses #4381
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3ol g 2] HT-1080 22 wigde] &3 ARE H7ISle in vivo dHolRE
AMZo] AN MEFAHYES Uehde AEE AYgAzRon, FAo FLMAEQ
lymphocyteoll th¥t MESA ZHatel (P T 8§ Hrbeh Z2 AdAL A4
HBE FoA BF Aol e ARE MA31H type IV collagenaseol] thdt &
MAIRZ ARESHoiTh GAZe] o AZESY S JHAle EZE Aidste 457
ol e e @i, L A} Lo| T TWAE Holxez A=
EAL B3t IF4 AE2 oy, AUd Ed dsiMe dEELY s

dol won Sol o' st GAEH Uil fgsirial Az

5.5 2. AN A& dd

Type IV collagenase®] B43E #3lsh= SES A¥37] 3t o &4
E Fulsl= HT-1080 AMEFo] AISE A 2|5l7] ATVAZ ATEZAHLE AA
Az st 13 MAE& stk HT-10804|E7F Eul3h= 72-kDa type IV
collagenaseoll A&7t HlA= FFE ZAISH] $lste] wjge] Y A8E E7l
st} MEudE Yo2 UAME p383D1 DLD-10] thgt MEEG s Aol 2)s)
A HESEsOl de AEE AP sidch MESY AAe £ RN
Prescreening assayol 71&€’t W o2 zApsigich oA o] 83 &g A
=3517] #1819 lymphocyteo]l thdt MEEQs At AP &8s AANE 3l
of FAMZel chlA MEHEo] glon §¥HFo] g A8E MFstch w
2tA A E(p388D1, DLD-1)oll gt ME5Z% ZAlL F44=EQ lymphocyteol
U AEEYs AL AEFo e &8s HFAE AAM AZIRY AN =
T 248 Hole X RE AA3}IY type IV collagenased] #A3} A3)E E4J317
AR ARZ ARESIGch EIF GA o] tiyt MESF G B ol BAAMR

iRt MEXEAgo] gl ¥ o] gt ARE ¥AHYY type IV collagenase A
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AE AE3H] 21T A8 8 MdAFstgch Type IV collagenase A3} 22 =

NEAS YAsHe AAS 2oshd thee 1Y 5-73% ok

(I1)Cell culture(HT-1080)

Cell culture to 80% confluence
with DMEM(+FBS)

(I) Sample preparation

Culture of micrroorganism &
Medium change extract with organic solvent
with DMEM(+ITS") |

Cytotoxicity test for tumour cell

4h (p388D1, DLD-1)
Cytotoxicity test for lymphocyte
Medium change with Haemolytic activity test
DMEM(+ITS") &
add sample !
48h

Collection of conditioned medium

(M) Electrophoresis
(gelatin zymography)

SDS-PAGE in 8% acrylamide gel
containing 0.1% gelatin

Remove SDS from the gel
& incubate gel in reaction buffer

Stain & destain

Fig. 5-7. The screening procedure for inhibitor of 72-kDa type IV

collagenase activating process.
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5 5 3. X ujelzt A2 A

72-kDa type IV collagenase?] #43}t A4 & AE3}7] 213 24 & 93t
type IV collagenaseE £u|shy Z3 Holwe] A& HT-1080 M EF(human
fibrosarcoma cel)& 3 MEXFL3PojlA EFdotct HE wjd vi=l= filter(0.22
«m)E -8 DMEMul=] o] FBS(fetal bovine serum, 10%)2} kanamycin(20ug/mhE&
A7tste] Algsleln, dFd HFos A wgstden wg 5AA AM2L vl
A2 @3t HT-1080 MIEE Ar] wi} & wis vy ZS59E vaccum
pumpE o] §3te] HAASIL HEY =W EIN F AZE PBSE A& v ¥
ZetAFo] 200 & trypsin-EDTA(0.05%)& Z7}3te] 37C incubatoroll X 2& &
Qt MRS AIAA MEE EetA A nieolA] 3HA wolE F trypsin-EDTAE A A
313 A2 wiAE YolA pipettingdtAA MEE Feta3 uidold wojugict.
Haemocytometor® ME4E &Asle A2 wixl2 1 X 10° cells/ml F=7} 5
TE ANETSE 2 A Qe 219 MEujd SetAA25 cmd)ol 22 5ml
2 golA CO? incubator(37°C, 5% CO)ellA ujesigich

72-kDa type IV collagenase® 43} AsialE 437 4814 1 X 10°
cells/m! H%2] HT-1080 A #Eld S 24-well microplated] Z well vt} Iml
2 B3Ry ¥ 39 AE ujgste] Eela3 diwe] 80% BE ZE=F(80%
confluence) WM&ttt o] MZ wj% plateo] A #lY 35S vaccum pumpE |
At FBSHiAl ITS'E A7Igt AX wjd wiAlE well vich 05ml go] 4A] 3ol A
312 Zob HgAZT) th2o s A2 ITS #E7 w2 Z well vl 1ml & &
B3 F Su/ml 55 AEE AEuGYe] Hlste] ME widlelA 28 T
o ujgsigen W AE5AE et YHEIIY thE -20CoA HESIL

type IV collagenase?] ¥4 3 A 3|4 £4& AT ARE AM&3Idrt (Fig.5-8).
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Cell culture to 80% confluence
in 24-well microplate
with DMEM (+ 10% FBS, 20z g/ml kanamycine)
(37, 5% CO2)

Medium change

with DMEM(+ 0.5% ITS’, 20 u g/ml kanamycine)

Adaptation for 4h

Medium change

with DMEM(+ 0.5% ITS’, 20 2 g/ml kanamycine)

Add sample and culture

(37C, 5% COq, 48h)

Collection of conditioned medium

& centrifuge(2000 rpm, 5 min)

Store at -20TC

for gelatin zymography

Fig. 5-8. Cell culture and sample preparation for the screening of inhibitor

of type IV collagenase activating process.
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5. 5. 4. Gelatin zymography

HT-1080 M| X7} EH]3}= 72-kDa type IV collagenase?} #43 A=E ¥

mini SDS-polyacrylamide gel’dol UEIG f42] FHUZE

APz} BEP ] H4E wEstE= Yyott

Q3l7]) $13tq A 8E Fe¥ wig 35YE Heussen & Dowdle *'H(1980)el wh
2lA gelatin zymography3d}itl. Gelatin zymographys 7| dE4 gelatino] ¥-HH

£xj2re Halsiol

33
j =3

Gelatin zymography'ioll u}& 4ol W% acrylamide gel} bufferg8] &

He ohest ek

Separating gel(ml)

Acrylamide(30%) and
bisacrylamide(1%)

1.5M Tris-HC], pH 88, 0.4% SDS
Gelatin(1%)

Ammonium persulfate(100mg/ml)
TEMED

Water

Stacking gel(ml

Acrylamide(30%) and
bisacrylamide(1%)

0.5M Tris-HC], pH 6.8, 0.4% SDS

Gelatin 1%

Ammonium persulfate(100mg/ml)
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1.2 ml
1.12 ml
0.5 ml
0.02 ml
0.01 ml
172 ml

0.4 ml
0.5 ml
0.2 ml
0.035 ml



TEMED

Water

Sample buffer(5X)
IM Tris-HCI, pH 6.8
Glcerol
1 % Bromphenol blue
d-H0
SDS

Electrophoresis buffer (Reservoir buffer)

Tris

Glycin

SDS

H20 to make 1 liter
pH 83

Reaction buffer
Glycin

Tris

NaCl

CaClz

Briji

pH 8.3
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0.005 ml
2.9 ml

3.1 ml (3125 mM)
5 ml(50%)

05 ml (0.05 %)
1.4 ml

1.25(12.5 %)

3 g (25 mM)
144 g (0.192 mM)
1g (01 %)

75 g (0.1 M)
6.05 g (50 mM)
11.69 g (0.2 M)
0.73 g (5 mM)

0.02 %



24-well microplated]x] MEZE w3t A &E Aelstalen, EnE A

do

e F5AE sample buffer(5X) ¢ 412 MojA 7]AEH gelatin(0.1%)S T

[

3= 8%(W/V) polyacrylamide gel®] 2} wellell 10u1#] loadingdle] & 208 %
120V A7 &8 & vl 1208 5¢ 200Ve] AVE &8 Forl Ay 958 &2

W gelS 2.5%(V/V)8] Triton X-100 &0 @30 1x]7t F A2ofA 2 Els]

ﬂ1

2%

A gel U2 SDSE AAsIHon Fzhol &EHHQ SDS AAE ¢idte] Triton
X-100 §9& ¥ H a3 FUrl SDSE AAY gel& 1HE buffero] Yol 10%
5¢t Triton€ Y& RojF g on 2L 4§ buffero] FolA  water bath(37TC)el
A AYSIEXM over night ¥H-EA|Zth TIESE Methanol/acetic acid/water=
30/10/60 &0l %9 05% coomassie brillant blue G-250 €Yof gel& do] FE}
SHEA 321 B¢ EASE MAT EREA] 42 FY SAL aBIEA ¥ &
A3t F transilluminator$] oA FHTE FAstc) o] of gelatino] 3= =] ¢
< w7 (background)> @NE o] FEMLZ HO|IL collagenaseo] 2ldliA Helwl

o] F3H ¥&EL FHIE et} (Fig5-9).
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Mix conditioned medium and 5X sample buffer(4:1)

Apply to 8% polyacrylamide gel containing 0.1% gelatin

Electrophoresis

(120V/20min—200V/120min, 4C)

Remove SDS from the gel in 2.5% Triton X-100

(50min, room temp., under gentle shaking)

Wash gel with reaction buffer

(10min, room temp., under gentle shaking)

Incubate gel in reaction buffer

(14-20h, 37T, under gentle shacking)

Staine gel in 0.5% Coomassie Brilliant Blue G-250

(in MeOH/Acetic acid/Water=30:10:60, 3h)

Destained gel

(in MeOH/Acetic acid/Water=30:10:60, 30min)

Detect gel on transilluminator

Fig. 5-9. The procedure of gelatin zymography.
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5 6. A2 Az}

2 AdgAdola £2] BAF g Tt s s, AEEE, Y AES,
NLFE AR, EFAETAAN 2 A WAEE v FESH] ARE B
E93, 72-kDa type IV collagenase?] 43} A 3]l type IV collagenase *] 3}
A2 EL&AQY HEE ¢I88A 1} prescreeningd 31%1L, prescreeningy 22 A
M Zol cht MEE ZAL lymphocyteo] tidt AEXHY%E AL AP &8
5 AAE st

72-kDa type IV collagenased] #/d3 AsjA F4L o] AAE FH[3t=
HT-1080 (highly metastatic fibrosarcoma)A|3Z2] vjoee]] F AR E 78}t
afe¥shs WHoZH HT-1080 AlZo H§4& Holx] U= AEE UHsly] #I3}
o] & A@AMA #H3F o] sl @HE p388D1Z DLD-10] it A5 HALE
3to] M EF’do] Q3L mouse spleen lymphocyte?] 88E& A3istx] Wi AP+ S
8l A7IA] e ARE AASHAATh p388D1s} DLD-1o thd AExEAo] gle
A8 FoME HT-1080 M=ol cisid AE5H4E uUehld= A&7 gldden,
HT-1080 M7} Al&ol &&ix FAE uf vje} A5Yo] SulEle TL3o] nf¢
Z oo gelatin zymographyJol wl& #4404 72-kDad] Fcf gwto] Fu|siA &
AE gt 12 Aoy B3 ARE 12377] olm o] FolA AlEof iz A
X550l glen lymphocyted] T MESHs A ALY 85 ZAl
A 10%°131e] m-¢ ¥ #FPE& 717 A& 72-kDa type IV collagenased] 873
3t AejiA] B8 o08x 7387] HA3IIc)

Gelatin  zymography w4A] ©iRZ3TEE TPA(phorbol 12-Myristate
13-acetate)®} retinoic acidE A eIt &} A BE AstA] U2 FE ZYUSI] A
/M2 F9itl. TPAEX matrix metalloproteinase?] BAM{E HF L] XFHUARIEA

HT-1080 AlX2] o) HIlstey wjde 45 %S gelatin zymography 33S

X
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w] 2P 72-kDa HATF BF B3} HolA geldollA 62-kDadt 59-kDa] %
Zo] 2J3t Fr)nto] FAE| ot ¥bHO| retinoic acid:= type IV collagenase]
mRNAA A2 &40 Aabg JAste EFE oA dom ol Hilste] Ax
Bj st A5 AE BEASPH F2 72-kDa & U7t gelidolA FA=gict a2l

OolRE AL Az A 2 ME g 4F YL 72-kDa, 62-kda, 59-kDa®d] M7je} F
Bl P4 At aBEY wjgy FE&YE AER St 72-kDa type IV
collagenase®] ¥43t AELS AHsk= AEE stolen 1x APA WA
5346-1, 5765, 5836& 2elstd ], o] Al FF 2F w2 ethylacetate® &

gt Z2] AR 7} type IV collagenased] ¥4 3 2H3 2] AsA2A A=t
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A6F 2L

HFAAE A7 A 309 & 3 FFAA FAEHS g olv] 60004 ol
g3te AEFY Folg F2E T frlsdely AAEST A A4S %
A fEF g AdAAE AsAzen gL fFAAZe] Yl 7Y
& B Aot S5 N3UIFL o - &S AE - QYT L3 A B
of9] 7|2 H §8ATF =g 71dE gt FHAD HAXE or| 50 9]
g AFAE fHl ANBA EHol 5IHE H5IA AYEF, ABAF FoE
dFoln f8H4e DA EFY FUFH o8-S A% A== wg ks
=3

sodoiole] AAZM e HYME Fdl VEAFN FEEHd P 7=
S A&FHoz FUlee sith Hgol W VIt REEAHY By AL 3o &
d SYMEZRE FAEY Mol 2o olzy FAZ A= e BAFE
et met AFAES FoA HS F4Ho FFHY A7E L A A
AFPY ol oy NEFANE HFRELS viold g AFAdezg B
A g3 FEEAY P2 A4 glen old uat FUIzke] AYER A
o] LA AFU HFES HAFs= 7 S8 AE ARl

WA FuldMe A A 4E T T - AEH o] I3
AMAG T ET73T A4FH ARAT A RFo 2 {HL B AT &
AR v B FEH o FHFYEL A FEE A X1 ok B
AFRAANME AAAHA ALHE Fa V2D L K822 AFE AP 71xATF=
A %’-EMEM g3 28 M AAMZEA FEZEE A8A F%, EPA A4
79 Mg & HET FA9 A7AAE 4FHoz F£PF nl Yoy oF 7]
%22 3t B FNATHAAE Y3 =HAo

AAEEQ Fdxde ATud AEARY Fr, AHGdEA Py
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gHT AAHA 47 A% 7S 3y 2FEEA A BHBHYE F3H
31314 E49 A A FHIATRE AR 43, 5F o] AEA B9 #
TZ223, F8EL AVTAF £Y T2 T FRE 3o dFE s
T8 d72Ad%E 5% o

L dafi¢te] ARES dGelA 1159 ZAFE, 4359 AAFTE, 439 &
AMEET 58F 260kge] AMTATE A8E A £ et 23, F
Aot BHE A, F5a¢ FAZFHE 15009 A FATEH 150 HdF dF
Eg3ta
2. AMZATE AREREH Q2 23584 U YABANE S 554
Mol 2F4E T3 6T FRTEHN 359 AUFES THAT ez A
At AAE AT E FEFA v AZA 18F 9 HAE] £UHUY. NMRF

E3xs Ay Fdwrge ARE {3 sesquiterpenoids. diterpenoids,

b

secosteroids, polyhydroxy steroids, pyridinium carboxylates 502 0|59 F2
ARG = VYUY FA AT ol5F tvt Futeld e}, FulelzA, Al
XEA T gAaAE 23 IS A AH

3. AFUAEZRE AIHBAHER A AAE At ASFTF AT
< o] 83 WA phospholipase Az &4 BAde PHE MLt EF
lipase, superoxide dismutase, haloperoxidases +&&49 FA4&H WHS F
3

4. AR AGATT GHFe] dF BEEY FAEAN 4 R AT 2R
7 5% 8% AlgF 17F9] wATE Meste] dFuigd AAE Bl
AYPFoltt, TF AdEADN FEEA TN 23t A9 O7dF AdF 1
%, lipase AT F 12%, PLA: A2FF 1%, superoxide dismutase a5 3%
2 agar ¥ AL YNEF 53 £t ANEDF} i Wi £IFAY
o AAF oG,

5 NFAEZREH FAEAL MEsr] 8o Z1E9] FUAA g Sge
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W A8y 2L BHE 9o P3RBT 7S AIEEAY A¥S 278 fet
o] type 1 topoisomerase$} type IV collagenase & YAXE F43 Hold 283t
E fidd A A SN UL ST =Y ASAT Fdd 5004
3o 2FEE0) N VUENE FF AT A ESAYHA collagenase A3 &40l
S T3 7 203 F 35S ddse A P G A8 23 gHlo A
gFolo.

83t B 134 ke F71HY AFYE A NEA R FEEH AT
g A7 7Ivte] Y Ao 104F9] AEAS T g9 AAdE] 2, T
Zz7t ARHAYG. B¢ AABAHEA, ANREA, fEa24E Adse U
v S TF7F B EAT

B 1ahd zo dFZ2dE IUAAME AFHAE N A77HsAdol v
5SS dF3g ey AAFoL AEHA 7S 712 Y +4E EH)

g Aol
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Bago] An X£HA ARFEARE 7HAE Fulold 28 AL ALy st
o dFgE2 RE EIE 2R Fulof2B4L FEE o2 AN
Axtz thFF o] 7H5@ herpes simplex virus type 13+ type 20] W@ in vitro
gutolej & go} AlgAA ] A X HFF 5A4E A AR B9 59 &
71 $18te] ©lx & cytomegalovirusst varicella virusel @ FaZHANL HAEL
2Rz St AARA AP MLZER S Bofd U@ FEE AY
=717 g Eolof g L SAE AF ¢ A7) Wi FtolF2ANE-E

3 EvlEE Alge awste s Holth

I AFae] yg 2 9y

HUYAEZ He EBEZE EFEL AR Vero A EAAA  herpes

simplex virus type 13 type 26} W3 in vitro Fulol2l2a e} Alg Ak 2] A
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o U 4L CPEAAYPe=z 7 ZAHST ©lA2  cytomegalo virus}
varicella virusell i@ <F&EFHM-E CPEA#YH plaquediy-& ol&3sto F343
Aot = dfARe W@ HeLa AHEAAA RNA virus ¢ poliovirus,
coxsackie virus B$} vesicular stomatitis virusel W@ t&EZAME CPE AAHL

o] 83t YUt

IV. d7ALZ2s 2 &8 @ A9

FFAFATALNA AFHER FE B o€ 17709 Alse] g &
Hlol2| 2k a S HIbst. BE Algel sl A2 VeroA A Al ¢4l HSV-1
3} HSV-2¢] i@ in vitro Fulol2j2a e} A wAA 9] Al X G 542 CPE
AP S o83t FA =AY olAE CPEAAHE o83 CMV$} plaque
F2YE o83t VZVe Wi fahAS FYAAT. EF IFAg] AT
HeLa A XA AlolA] RNA virus §1 PV-1,CoxB3¢} VSVl tig fazMx CPEA
AYE o83ty FAHAT. AFE ulol2ize] thate F3F FAE JYEE
Edo] off wnHA ggtont, Aoke AR3r] At ek WL A8 o
g ALHQ faZHMo a7 dL.
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SUMMARY

For the development of new antiviral agents in vitro evaluation of antiviral
acitivity of the compounds derived from marine organisms has been performed.
To evaluate anti-herpetic efficacy Vero cells were infected with HSV-1 or
HSV-2 and sensitivity to test compounds was measured by CPE inhibition
assay. Anti-CMV activity was measured by CPE inhibition assay and anti~VZV
by plaque reduction assay. HEL 299 cells were used for both viruses. In Hela
cell culture system antiviral activity against poliovirus, coxsackie B3 virus and
vesicular stomatitis virus was also tested by using CPE inhibition assay. No

compound showed the significant antiviral activity against the tested viruses.
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A1A AHE

AT, §9, 2ol 5 vlolels ABEL WARF) ¢ WALYo

Aulol, GIH FAL 7

i

-

o] HFHO R oA glort U] WING
A3 Qe dpelg2E, Ev FEFHolY WY EF viremia (Wolgl2rt Qo=
HAE d4)7F & el A &= dbolg| 2 Uik uWlAlsfdhe o} Z olele FWol
.V 2ANEE, AErse St 2 e o] npolaiaAy e Avke]
Solal AL T4 & AWIF olgd F&F Aol AU FIAAUGAYF
(AIDS: acquired immunodeficiency syndrome) 5¢] wlolg]l2ZW el Fd= <l
vlolgl 2x 84 AddTst FRe Fwd] FPs} gk a2 oby  Fld
AgA #7F Ha avel 87 {8 blelHAFRE FE AIDS uhelzx
(HIV : human immuno-deficiency virus), herpes simplex virus (HSV)$h
cytomegalovirus (CMV)]l B33 k&9 FHE UFE AXREASIF
Fo npolg|2F 47 Ze] B ARE NAH AR FFo YA uwpelz| 2K o]
7173 A E FEHOR 3t EFMEY i Azt o, & 729 7
7tA B g Aol FolAm glov} olAE thF AN A% 2 B
AL 7Hs4el o & Holt).

Aol A #Z43dE HHVE 84 771A7F ¢=iA dsd (& D, 7H8 F29
g7 HHV type 72“° Alsine 2% odd 2y fdde g4 o
o]E% HSV-13} HSV-2¢9} VZV 9} Epstein-Barr virus®t CMVE 25 AIDS &xb
o] ulolz|2o] o 717 FAJFAER €A A, CMVE &4 =29
AAAQ d90] Hrlx For.%” FujMe AQFo 2 HTd wa HHV type 6

= AIDS @xt9] AW L 2AAF|= 98< 3= human immunodeficiency virus
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(HIV)9] cofatord 7FeAel & Re2 ga3iA A%® wala HHVE sleli~d
#AEA 9] MARFeEA & #4E 3 Atk HHVAZ XAs8AZE HSVS
VZVe CMVR| gAlgte] FAH o Aedl Fast S4HNAM 71 53 FE2A
AP EE= acyclovir (ACV)9] Z$olx HSV type 1 (HSV-1)3} HSV type 2
(HSV-2)$} varicella-zoster virus(VZV)Zgelgt o] & =i i o] o]E nlo]
2z o olAFEE AIDSEAF FFoR FEYLTFEEE FFIT A
ot 283l CMV X &AIZ F<A" Foscarnet (phosphonoformic acid, sodium salt)
Y} Ganciclovir®] 739 54 W&d AIDSY W3 @A Agsies 3
7 dn X8 ARE GAAHY Roloh. waA FPY EFE AURAME 23
€0l i A&£AQA XN5aHE AU 9 BAe] AlFs.

Holg|A e FHe wet £5F 2 FAVFTol dzr] i FEe a9E
I E-E LR oHY. /18 EEY B¢ TRV 2AHJL A8A @
€ Hlolg2dWo] BEoR AuFol FEY A 7HF3A o=7HA uelgixd U
& FEE AIEE Zo] v A3l HerpesvirusE DNA virusgo g &g A
EFo=z &4A 48E HMYE & U= RNA virus$l poliovirus type 1 (PV-1)
(ZolwhH] f4), coxackie B virus type 3 (CoxB3) (#7] 2 €428 5 274
Fuq, AFA% f9), 9 vesicular stomatitis virus (VSV)S A|dgEo 7 F7}
34 PV-13 CoxB3&= &oWA 937} Qi positive-single-stranded RNA
Hko] 212 ¢l picornaviridaeoll 43}= enterovirus€ o] XFHT o]EL FE FHo
2 AGgHY FE F3A7FA AHES FL AZ2EL FEsrs g} g
gAY AGAZE A dEo] AAFT W] o3t dgo]l A9 Sy
poliovirus (PV)E AAF YA F7H utolzzo] digk WAL 7 =ojglx)ek
. Ay Zo FX4 FUEE dodlEe VSVE IE 7R negative
single-stranded RNA virus®! rhabdoviridaeoll 489 rabies virus (337H-f)

X old EgH
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Table 1. Human viruses of the family Hepresviridae

Human Common name |Abbreviation Disease
herpes
type 1| Herpes simplex HSV-1 |herpes labialis, encephalitis,
type 1 keratitis,eczema herpeticum
type 2 | Herpes simplex HSV-2 |genital and anal lesion,
type 2 neonatal herpes
type 3 | Varicella-zoster VZV chickenpox, shingles
type 4 Epstein-Barr EBV mononucleosis, Burkitt’'s
lymphoma, nasopharygeal
crcinoma, lymphotro-liferative
disease in immuno-
suppressed patients
type 5| Cytomegalovirus CMV major causes of morbidity and
mortality amongimmuno-
compromized patients
(encephalitis, retinits pneumonitis,
CNS disease)
type 6 |Human herpesvirus| HHV-6 |exsanthem subitum,
type 6 roseola infantum,
type 7 {Human herpesvirus| HHV-7 |not well known

type 7
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A AER FE 9] Fulolaj2gd R oMol /tsalR OF ka7
AP R Ade FARPYE AT & £ AL vt BaAL9) ABYEA
HAEAEC tigh FRFH|FE HaA dort At & 5 AT wai B 51
Aol ME herpesvirus X EAN LS BHow FILATAA Bad I
FEEREA st HHVY 771X 3 474A] nlelglx, &, HSV-1, HSV-2, CMV
gt Vzvel tig TAAHAEL ABIYOW F712 PV-1, CoxB3, VSVEe)

RNA virusEoll g fazhaE S8y 2Hauste] i,

—-310—



Al A A7 NE

TN AFVEERZ FH £d8 EAES dAE Vero A XA
Al Al herpes simplex virus type 13} type 26l ™3 in vitro &wlola] A& 39}
AlgzA 9] Alxe] g A4S CPEASHE ol&3l9 A AP, o=
CPEA &' o]&3l9 cytomegalovirus$t plaque ZA-E o]83t4 varicella
virusel g FEANE FAFNHAT. £ HeLa AEAA A IFAF i
RNA virus ¢ poliovirus, coxsackie B virus 9} vesicular stomatitis virusel] gk

}EZAME CPEASYE olgsle] +a5%i0h

A2 A AEAE

1 Ax

A ¥ American Type Culture Collection (ATCC)e. 258 FU37 VeroAl X

(African green monkey kidney cell) (ATCC CCL 81)9} HEL 2994l% (human

embryonic lung fibroblast cell) (ATCC CCL 137)3% HeLaAl ®(human cervix

epitheloid carcinoma cell) & A}-&-3lth.

2. upolz =

Al o) Al-89 human herpesvirus 5& &3 o}
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Herpes simplex virus type 1 (HSV-1) strain F (ATCC VR-733)
Herpes simplex virus type 2 (HSV-2) strain MS (ATCC VR-734)
Cytomegalovirus (CMV) strain AD-169 (ATCC VR-538)
Cytomegalovirus (CMV) strain Davis (ATCC VR-807)
Varicellavirus(VZV) strain Oka

Al@ell AH8-E RNA virus % enterovirusS-2 thg-3 2t}
Poliovirus type 1 (PV-1) strain Brunhilde

Coxsackie B virus type 3 (CoxB-3) strain Nancy

Rhabdovirusell 43} vesicular stomatitis virus® Al @] o]&= i}

3. NYEA 2 RFE

AQEARE #2LAT4A (KORDDOA <=d $FPE2 BE 2ad
BRSO EEGERA o]8H IFFESY o2 (s AMz2IAL B Al
o8}~ E Table 20| EAISIYUTE. 1% ACVS AZTE AAGAgoz BE GCVE
AANEET e PEPRS2RE s1Sugton] Yn A THldgch PAASH

PFASt GCVE FHF5d Y™ A= 100% dimethyl sulfoxide (DMSO)e] 20 mg/mé=
o ALS-S 4.

Al 33 Ay
1. A Euj

VeroAl 29t HeLa*l¥E& AE 10 cm petri dishol 4 ug/mé gentamycin
(Gm)(Sigma)® 5%<] <Ax|2|¥ fetal bovine serum (FBS) (Gibco)el H71€l
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Dulbecco’s modified Eagle (DME) (Gibco)ul A(DME/5% FBS)ell Al A EgZFo] §
49 W7A 37 TC, 5% CO; wi¥7ldA F4A1Z . HEL 2992 4 pg/mé Gm¥}
10% FBS¢t E¥4 olwi=4gto]l X3 DME HIX oA ZF45Jtk. Verost Hela
AEE 3 -4 9, HEL 209412 dF Y IALE trypsinA B & o] AUt i,
HEL 29941 29| 73-¢- AW 37} 208 0] Avid #7138kt

2. Wholgl2s) 4

HSV-13 HSV-2& VeroAlXdl4, CMV$}t VZVE HEL 29941 X 64, RNA
virusE-2 HeLad ¥4 A5k F, T75-flask (MMFAH 75 ool £FAXG
Fol FA4=E wFY2 AA}AS. vlelel=F DME/2% FBS ¢ 8Aste] 15
ml "lolg)2 3| 4{ele] AE FrHntet 01 M.OX (multiplicity of infection)o] =%
AF3AH. 37T, COz WiF7IoA 1 A T (CMVY VZVe Z¢ 2 Ajzh) &
FAZ F WFAe AAFeRA X FHAHA R vpo]lP2EE AA A
DME/2% FBS & 6 ml A7Ig ¥ 70%< M X7} CPE (cytopathic effect)E U+E}
d w7k A] A& vt AEs} ujFA L BgEte] AFTo] WAL -70TC el A
dE i 37T Zole FAYS AH AW F 4T, 5000 rpmo = 2083 AR
gttt A5d9e £&F 4 8714 BEFF §F -70TCd nlolzjx FHaPozA B
#3x, AR A wpol2E 37CAA A&3] Fo] A3t VZVeY B¢
AEE trypsinA 2 ste] A5 F DMSOFE7F 10%7 HEE & F -70CTH o
AAsxe] FIERo2 BAIFAT AFAA AEE 37CAAM A£3] = F A4

A AN DMSOS AAsL wjFde) MEES FHAIA A3
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Table 2. List of standard compounds

Abbr. Compound Manufacturer Test virus
ACV  |acyclovir Samchunli HSV-1, HSV-2
9-(2~-hydroxyethoxymethyl) guanine VZV
ARa-C |cytosine-p-D-arabinofuranoside sigma HSV-1, HSV-2
BVdUrd [(E)-5-(2-bromovinyl)-2' -deoxyuridine  |Sigma vzv
GCV  |ganciclovir or DHPG Synthex CMV
9-(1,3-dihydroxy-2-proxymethyl)guanine
PFA  |phosphonoformic acid, trisodium salt Sigma CMV
foscarnet
Rib Ribavirin ICN PV-1, CoxB3,
VSV
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3. glolal & 9UEA

slo|B A FFAe] A7lE 47|98ty 111022 94343 & 96-well plated]]
confluentd} 7]l wj¥E AEXGZFd] welld 100 ul¥ FHFch. CMVse} vZvel 7
< 2 AZFES Un A ulolgj2g A$E 1 AEd FF ARl F 100 ule] Wi
oO-g Fristdch. HSV-13 HSV-29] 2% 3dUzt, CMVe A% 7 43k VZvel 4
< 5 ¥z RNA virusd A% 2¥ 7+ CO: WI¥7]dlA wjggd & MTT
(3—(4,5-dimethylthiazol—Z—yl)—2,5—diphenyltetrazolium bromide ) W (A3¥H

11 & Fx)E o83ty 4715 SA A
4. herpes simplex virus <& 74

kg HA A& virus-induced cytopathic effect (CPE) A3dI{& o]&3stth =,
96-well plateo] VeroM & F4A121 thF DME/2% FBS vl gdoz 3|44 nlo
H2E 7+ welldl HE%Fo] 100 CCIDso (50% cell culture inhibitory dose)7} &&=
2 100 p® HF3A 1AHESE 37 CTolA FAA F widdS AAsAH. 2
e 3AME oFES duplicate® ZF welldl] 100 ul¥d F7}sla 37°C COz vl 7l
A 3¢ WYF o MTTAAY A3y, 118 Fx)o=2 50%2 AXE 4dopd
=2 3 R BT E ECy (50% effective concentraion)® ZAA st FEH7t
Aol B EAd 4% IFE & F UEE upolelx HFA| uvpol 27 HU
52 Ze vgde AXe WA ths (mock-infected) Hlolz 22 FHFH AXE
gt e yes AUtk F, S i F wAVE AALHAL Wi gl &
AE 9Eo| duplicate® F7FHAch 3¢ WF F MTTHAHLRZ fgo] H7id
7t welle] Ao AMESE o] H7MEA @2 HE control welld} W] s}o]

50%9) AXE =52 3 FEe FE S CCs (50% cytotoxic concentraion)® ZAA
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3o

5. ¥cytomegalovirus & 7] Al

ok2o] 3 CMV <&+ HSVSH o] CPE A3goz Brlatdct. A& o] ¥
% HEL 20941 ¥0] 34 ulo] A& 96-well plate®] welld 2~4 CCIDsp7t HE
2 100 pH AEFAINL FAZRT 37 T COz WF7l A FHAIZT vlola) 2
AAs HSVAA 9} Zo] oFEE 100 w4 duplicateR H7ME §F IFYF

AT MEde AAT F AXE LAAIIIL Giemsa A4 Qo2 AEE 9

tlo

A% & FuFozadste] 509 AT} volE 2o % CPES Yeh)A 9%
= @ Ee BES ECoZ AEact

6. ¥varicellavirus & 734

°FE-9] oA E plaque @4 (plague reduction assay)o @ B7lstgh &4
o] M& HEL 299 A|Xe] 96-well plate?] welld 10~20 PFU (plaque forming
unit)9] Hiel2AF 100 ul¥ FF3INAT FAILEQL AFo) vlolg]25 FFHAZ
s FES 100 e FUEIAR 593 37C CO: wig7ldlAd wigaiyth
Giemsa GAHo 2 AEE GAF F AnHE o439 plaqueFE M UTH 4E
o] F7IEA 2 well®] plaqueE 100%= 71F3te] <fEo] FH7ME well®)
plaquesE %2 F4Hstal, plaques7t 50% HAAHEE 3 B9 FEE ECxp=

233t

7. Spoliovirus a7
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HZF %ol 100 CCIDso= 34 F ulola) 22 96-well plate®] HeLad Eo] 9o

71&% FHSV-13} HSV-29Fa A dst o) Nasigded, 2 93k wlks oo
g ¥4

L
ol

8. &coxsackie B virus ef&E7 Al

el 714 @poliovirus FAEHMLHI o] AFsQL).

9. #vesicular stomatitis virus oF& 7 Al

Skl 7149 ¥poliovirus FEANWH I go] AD3YT}

10. Al =4 AL

fEo] HXEo] 71X T4 MEAF T YFZA} (cell growth test)o}
%ol BE MEE Folt SAZRA} (cell viability test)) F7}x] WA A}

g & Aok AP 4% N1&F vk 2L mock-infected AP FAo] i
A

11. MTTHAY

o] HAMYL dopde A X9 mitochondrial dehydrogense’} =aAlL w

BaAS AW formazano 2 QA711, o] AAHES 471402 2o &
FA33 o dolgle HAESY F2 HE 45 JUALZ vwsE Aot @

vl kol Bk VeroZe] wjddl-g A1Ast1 DME/2% FBSel 3 mg/mlZ 343
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MTT (Sigma)¥-& 96-well plate2] welld 50 ul® gol& ¥ 37 T CO: ul|%7]q)
A FAIZE B wlgsly o AkA3slE isopropanol/6% triton X-10094-& 100 ul #
Zr welld] Wol& & wW7]E ©]83tAqA formazanZPEo] &4 ZEF 34
t}. Microplate reader (Vmax,Molecular Devices)E ©]8&3t 540 nm$} 690 nmel)
Mo FFEE AAT Asod Aewn® FFHAA blankgk-S W ThE cell control
3} virus control® H] W3} T}

%, gutolj2ad=

(Ar)usv ~(Ac)usv
(AC)mock —(Ac)usv

x 100 (%)EA

AEEHLS
1 ~(AT)mock
(Ac)mock
(Apmsv: vl 29t efEo] FH7HE welld 3=

(Ag)usv: vlold] 29t FHJ7FE welle] §3% (virus control)

x 100 (%)= A

(A mock: Wl F g gto] <f&Eo] H71E welld] FF X (cell control)

(ADmoc: FE©] 719 well®] 3%

YHSVELeE HE ECxns AlEEA gto 2 RE CCshs T+ & selectivity
index (SI) (CCsy ECx) & T3}5ith.
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A3 ArEAHR R 1F

FZEFATF 20N AFNER BE B 2d 1749 Al HE &
ulolg] 2°FaE Hrlethth €xtE2 VeroAl A Alol Al herpes simplex virus type
15} type 2¢] W@ in vitro drulolBl &} A E2A Y A X Ut 54& CPE
Ay-g olgata] A ZASIAA, o1AZ CPEAYE ©]839 cytomegalo-
virus$} plaque #AH-E 0] 834 varicella virusel W3 FEHANS £ HH.
=3 HeLa AEAMANA ARAF] g RNA virus QI poliovirus, coxsackie B
virus 9 vesicular stomatitis virusel i@ <kEHAME CPEAMYPE ol&3td
Paart. BuUld Alg5st Agd ahdd F5& X 34 BASHL, 4 AR

gulolglA AFNE T 49 8.9Fsgth
A 1 A &herpesvirus F& A4
1. Stherpes simplex virus ¢F& A

ANdo] ozg BE Agd tldte] dxE HSV-1 strain F& HSV-2 strain
MSst M EEA O 2 A cytocidal effectS ZAFSGTh 4@ W] 7€ visgh 2ol
&% 100 CCIDxg) vholal2z 96-wellel Bl¥E Vero AEE -FHA7IT 143
FHA 7 e APFEL duplicate® H7etg ek v ddaick ACVSE Ara-CE
FZokE A o]l&3lyth 3¢ wl¥ F CPE Asgoez &0 H/HA R
virus controld ¢FEo] FH7IE welle] AESE FUlFo R Hlwdte] o] Lk
EE ECxite2A BASIYt 3 Eo gulolelxcfart &0 AYe 54
o ojal wE Gge zAkss] 18] wloleiagle] FE W duplicate® F7H3H]
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AEEAE I 2A80T ZE A8 HF e Pulolaix okaor A gL W
Hoez2 FYPHAT QF%OI A7 = A 4L wellg cell control2 3tQth. FEo]
7He welloll %o}‘#~ AxES7E 1 CCIDse?t Ele FE S FEF cell controld} H]
w3te] ZARIAS. CCofkd# ECsogk& Wl dte] SIghe 739t (CCso/ECso). SI
712 50 % 54& JehE $X9 50% Helal2Ass s oS wain, 10
A A= 5449 1/10 FxojA] gulolsia FEE Jehd-g £t} walA SI
ol ¥24F 542 A1 darl §& £3u AT 22 £33

ALFAEZ F6 = A" 2R 17719 A5 g Fas Hrisy
=d, ¥ FES Hetd EZE AR 4. & Agd AG AE2ARE 13
19] by,

2. &cytomegalovirus & 7 Al

AFYPAA 7€ upsh Fo] CMV AW ASAZ FAH GCV (Cytovene)
$} phosphonatefr=A1¢l PFA disodium salt (Foscarnet, Foscavir)® ¥ &orE 3
AHE-3t T Hhol2 2o 7HdE HEL 2094 X0 94797 FE2& He# F GEF
gl CMV3S4 Al &%E CPE AAYPo =2 Hrlsle] ECofk oA RAISIATH A
BHEFE Davisst AD-169& A18-3Q3 HELA ¥ gt FEe AL wz 7
ASA gt F 17 e AEE AR, E40] HowME =3P GES
e £4L YA (R 4). & AR dF Addads 29 20 Yy
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Table 3. Numbers of the compounds tested

Family Virus Strain Number

Herpesviridae |Herpes simplex virus type 1 F 17
Herpes simplex virus type 2 MS 17
Cytomegalovirus Davis 17

AD-169 17

Varicellar-zoster virus Oka 15

Picornaviridae |Poliovirus type 1 Brunhide 17
Coxsackie B virus type 3 Nancy 17

Rhabdoviridae |Vesicular stomatitis virus Indiana Lab 17
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Table 4. Summary of antiviral activity of the tested and the standard compounds

Compound | ccso /C50 (ug/m CCs0 EC50 (ugh
(ug/ml) | HSV-1 | HSV2 | VZV HCM. (ugml) | PV-1 | CoxB3 | VSV
Verocell] F MS Oka Davis | AD-169 |HeLa cell | Brunhilde] Nancy | Indiana
1 4.6 3.2 >4.6 NC * NC 6.7 >6.7 >6.7 >6.7
2 5.5 >5.5 >5.5 <3.7 <3.7 6.5 >6.5 >6.5 >6.5
3 5.1 >5.1 >5.1 NC 1.5 >1.5 >1.5 >1.5
4] <12 NC NC NC <0.06 NC NC NC
5 7.2 >7.2 >7.2 1.7 7.9 >7.9 >7.9 >7.9
6 16.6] >16.6] >16.6 28.4 57.6| >57.6] >57.6| >57.6
7 56.6] >56.6] >56.6 11 53.2] >53.2| >532| >53.2
81 >1007 >100{ =>100] >100 >100| >100f >100{ >100
9 <1.2 NC NC >3.7 7.8 >7.8 >7.8 >7.8
10 1.9 >1.9 >1.9 >1.2 53 >53 >5.3 >53
11 38.5] >38.5] >38.5 15.5 33.5| >33.5] >33.5] >335
12 >100f >100f >100{ >100 7.8 >7.8 >7.8 >7.8
13} >100f{ >100{ >100| >100
14 19.1f >19.1] >19.1 >1.2
15 23.2| >23.2] >23.2 >3.7
16 46.9] >46.9| >46.9 >3.7
17 30 >30 >30 >3.7
Acyclovir >100 03] 42{ 03
Ara-C 42 0.2 3.2
BvdUrd >100 0.001
Ganciclovir | >100 1.1 0.6
Foscarnet >100 54.4 52.2
Ribavirin >100 >100 651>100 20

* NC: showed strong cytotoxicity at the lowest concentration
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3. &tvaricella virus eFEZA

Al FEES R E AASL7] f3le] nlolelXe) FYE HEL 2994 %) oF
Bg AYstn 59 F plaque LWL E ECsofke AEalgorn (A=),
HELA EE4L HAsA st 2% 15719 3§89 FEaS zAlsgen, ¥
kB2 ACVY BVAUrds AHS3Ith 540 HowMe £33 Fags Xy

< YAHA ¥ (K 4. TG A AFZAAE F 50 Yo

MX

2
E?‘J
i

Al 2 A ¥RNA virus

1. Stenterovirus k& H A

Aol 714 ukgk o] PV-1 strain Brunhilde$t CoxB3 strain Nancy
of Uik Fulolzl 2% aE HeLar| EAANA A3t 2FE9| cytocidal effect
T A 2AEReH XFEFEZ = ribaviring ©)-§3 Ytk BF 17/ Algd] ik
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2. #vesicular stomatitis virus
Blenterovirus FEZA NI o o T HeLar| EAAGA FAld 35
Atk FFFE-L ribavirinele® BF 177 Alge] Wi FaHMo] SN

7 F33 A3E JeidE 3EES 2EA St (3. AEA FHE 19
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725 RN Sy o
b Pharmaceutical Screening Centerg bl
Exp.No 94H44 Antiviral Evaluation Report Date 11-Oct-94
Code 92A-15-1 Source KORDI-41 & @
Emfgfﬁﬁw RS Host cell information gy
Virus HSV-1 HSV-2 Celi . Vero (CCL81)
Strain F MS Passage 20 Day 3d
Batch No Al AS Remark Plate No 94H4L
Inoc. size 100 CCID50 AE2 | 28 . 3H$
Dilution 500.00 75.00 A = o) F
POME AN RSN Mock infected cellgei i 7 I
12ink OD values Mean Std % Viability
100.00 0.02 0.02 0.02 0.00 1.36 |Mnx. vis 84.49
3333 0.02 0.02 0.02 0.00 1.45 IMin. vis 1.23
11.11 0.01 0.02 0.01 0.00 1.14 123 IMax. std 0.09
370 0.65 0.78 on 0.09 62.59 iM'm. std 0.00
1.23 1.01 0.92 0.96 0.06 84.49 |
o IR ~d i HSV-1ifected cells - - x| RS
15/l OD values Mean Std VC OD | % Viability | Remark
100.00 0.02 0.02 0.02 0.00 -2.27 Max. via 56.63
3333 0.02 0.02 0.02 0.00 -2.04 Min; via -2.27
1in 0.02 0.02 0.02 0.00 0.04 -1.91 Max. std 0.02
3.70 0.66 0.67 0.66 0.01 56.63 Min. std 0.00
1.23 0.15 0.18 0.16 0.02 11.13
e HSV-2 infected cells e T :
OD values Mean Std VC OD | % Viability Remark
100.00 0.02 0.02 0.02 0.00 0.40 IMax. via 9.56
3333 0.02 0.02 0.02 0.00 0.62 M. via 0.09
1L11 0.02 0.02 0.02 0.00 0.01 0.53 Max. std 0.03
3.70 0.10 0.14 0.12 0.03 9.56 IMm. std 0.00
1.23 001 0.01 001 0.00 009 |
1r000 Result
100.00 .‘ Antiviral activity
Virus Strain EC50 SI
, ®ooo HSV-1 F 316 147
§ o0 HSV-2 MS >3.64 <1
M oo P Cytotoxicity activity
' ccso | 4.64
20.00 / Remarks
0.00 4 i —f 5
1.00 10.00 100.00
Cone. of emmpound fog) Suggestions ’
T—— Mook —@—WSV-1 —fh—H5v2 |

Fig. 1. Anti-herpes simplex virus activity report
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KRICT

Pharmaceutical Screening Center

Anticytomegalovirus Evaluation Report

Rep. Date 7-Nov-94 Rep. to KORDI-Al F &
Exp. No 94CV19 Exp. Date 26-Oct-94
Virus Human cytomegalovirus Host Cell HEL299
Strain AD-169 Davis Inoculum size CCID50/well
Icubation 794 74 Assay CPE inhibition/Giemsa stain
Sample Conc. AD-169 Cytotoxicity Davis IS
Code pg/ml  |Observed |Net CPE %| % Via. |Observed |Net CPE %| % Via.
100.00 +H+ -+ | CT CT |##s484 448448 4+ +++ | CT CT | ##4488 430838 |AD :0.6
92A15-1 33.33 +++ -+ | CT CT |##dses s44448| +++ ++++ | CT CT | 444488 #44980 |Davis :0.6
11.11 ++++ -+ | CT CT |#5#448 #M0B| v 44+ | CT CT | saaass sxsany
3.70 ++ +++ | CT CT |#ss868 4080¥8| ++ 444+ | CT CT | #44EsE 4ANHN
ECS0 CT CT
100.00 ++ -+ | CT CT |[##4888 3SR ++  +++ | CT CT | 444448 #4444 |AD 0.6
92A15-9 33.33 i+ | CT CT | #4488 #88#88| v 4+ | CT  CT |4#8448 499988 |Davis :0.6
11.11 ++ 4+ | CT CT |#a0888 #844#%| ++ +++ | CT CT | #UNNER HANEDH
3.70 e . 10 10 | 6667 6667 | ++ -+ 10 10 | 6667 66.67
ECS50 <3.7 3.7
300.00 ] s 8333 8333 s s $333 8333 |AD:0.6
PFA 100.00 5 5 8333 8333 15 15 | 50.00 50.00 |Davis:0.6
33.33 30 30 000 0.0 30 30 000 0.0
11.11 30 30 | 000 000 30 30 0.00  0.00
EC50 64 100
10.00 10 10 | 6667 66.67 10 10 | 6667 66.67 |AD:0.6
GCVv 3.33 20 20 | 3333 3333 20 20 | 3333 3333 |Davis:0.6
1.11 30 30 000  0.00 30 30 000  0.00
0.37 30 30 000  0.00 30 30 000 000
EC50 5.8 5.8
Remark

FEEREF P SHL R FEEUF ALET 4A Y.

Fig. 2. Anti-cytomegalovirus activity report
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Table 4. Anti-varicella virus acitivity of standard compounds

Acyclovir BVdUrd
Concet.(ug/mb)
Plaque No. |% Protection | Plaque No. |% Protection
1.2 2/4 76 NT NT
04 8/10 30 NT NT
0.13 5/12 34 0/0 100
0.05 11/13 7 0/0 100
0.02 NT NT 0/0 100
0.006 NT NT 0/0 100
0.002 NT NT 0/0 100
0.0006 NT NT 0/2 92
0.0002 NT NT 6/7 50
0 12/14 0 12/14 0
ECso (ug/mb) 0.64 0.0002

BVdUrd: (E)-5-(2-bromovinyl)-2'~deoxyuridine
NT: not tested
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KRICT

Pharmaceutical Screening Center

Anti-Polio Evaluation Report

Exp. No KPCO9 Date 9-Nov-94
Code 92A-15-1 Source KORDI
Virus information Host cell information Assay information
Virus PV-1 Coxa B3 Vsv Cell line Hela Assay CPEMTT
Strain BH Nancy Passage ? Day 2d
Batch No [ov] C5 G2 Remark Plate No, 94PCO9A
Inoc. size 100 49 |28, P85
Dilution 17333 52 34211 2 Y = o]E M
Mock infected cells
Conc. OD value Mean Std Control | % Viability Remark
100.00 0.019 0.021 0.020 0.001 1.36
33.33 0.019 0.022 0.021 0.002 1.39
11.11 0.193 0.12 0.157 0.052 1.47 10.63
3.70 1416 1.425 1.421 0.006 96.47
1.23 NT NT #DIV/0! #DIV/0! #DIV/0!
PV-1 infected cells
Conc. OD value Mean Std _Control | % Viability Remark
100.00 0.021 0.018 0.020 0.002 -0.73
33.33 0.02 0.016 0.018 0.003 -0.83
11.11 0.036 0.066 0.051 0.021 0.03 1.46
3.70 0,024 0.031 0.028 0.005 -0.17
1.23 NT NT #DIV/0! #DIV/0! #DIV/0!
Cox B3 infected cells
Conc. OD value Mean Std Control | % Viability Remark
100.00 0.018 0.019 0.019 0.001 -0.45
3333 0.018 0.018 0.018 0.000 -0.48
© 1111 0.024 0.021 0.023 0.002 0.03 -0.17
3.70 0.046 0.048 0.047 0.001 1.52
1.23 NT NT #DIV/0! #DIV/0! #DIV/0
VSV infected cells
Conc. OD value Mean Std Control | % Viability Remark
100.00 0.019 0.024 0.022 0.004 -0.31
33.33 0.018 0.019 0.019 0.001 -0.52
11.11 0.037 0.17 0.104 0.094 0.03 5.36
3.70 0.022 0.023 0.023 0.001 -0.24
1.23 NT NT #DIV/0! #DIV/0! #DIV/0!
Result
Cytotoxicity activity CC50 Antiviral activity EC50 EC90
PV-1 >6.71 26.71
Cytocidal effect 6.71 Cox B3 >6.71 26.71
VSV . 26.71 26.71

Fig. 3. Anti-poliovirus, coxsackie B virus and vesicular stomatitis virus

activity report
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