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2. B8 A4 g9 2 FRIF A3
FETLED GAS f5ld sFATAIR 600 A FTHATAE 24 A
of W39 Human adenocarcinoma ¢! DLD-1 % Mouse lymphoide
neoplasm ¢! P388Dle] W3 HE ZA4%FES MTT(methyl tetrazolium
bromide) SAWL WEFst] zAEIAT. 12 FRIEFA KML6-AlTFE
P388D1 YA E] thd EDsztol 4.8 ug/ml2 eSS topoisomerase I A
HEAE deblo

3. AAZEAEE AA R F2EH
ggasts Udeds o5& AEste o9 oA 9 g AH2ded
o ojgsta 5A4E At A A eFEY B FREAFTY A A

7+ KM46-A12.2 actinomycinZl g2 E2& ofygtn B4R}

AZEREADS Qistes AT AT KM46-Ale] ety Aedts =
A AT AEE BAL 3 A3 Streptomyces sp.& FAEAC. oH
7bA WA e AAEHS BAY AT KMI6-AlZFE nutrient agar
medium, potato dextrose agar medium, yeast extract malt extract agar
medium, inorganic salts starch agar medium, starch casein agar medium %
glycerol asparagine agar mediumd A& £ ASYEHE BA 28  iryptone
yeast extract agar medium¥} peptone yeast extract iron agar mediumdl] A=
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Summary
I. Title

A study on the bioactive compounds from the symbiotic microorganisms of

sponges

II. Objectives and Significance

This study is aimed to develop anticancer lead compounds from marine

symbiotic microorganisms, especially of sponges.

The global market for anticancer agents was estimated to be about 2% of the
world drug market and increased by 20% yearly. During last decades, marine
organisms have caught great interest from pharmaceutical companies as
" sources for noble compounds, and over 6,000 novel secondary metabolites have
been fourid from marine organismes. Sponges' are one of the most important
sources for bioactive compounds, many of which have been found to be
prodﬁced by their symbiotic microorganisms. Moreover, symbiotic

microroganisms are important for mass production of bioactive substances.
III. Contents and Scope
The project was performed with the scope and area as follows.

1. Isolation and preservation of marine microorganisms from various marine



sponges.
2. Screening of cytotoxic activity and topoisomerase I inhibition activity.
3. Isolation of bioactive compounds.

4. Identification of bioactive compounds producing strains.

IV. Results and Suggestions

1. Marine bacteria and actinomycetes were isolated from sponges collected
from Keo-Mun-Do in 1994. The strains were stalked with 20% glycerol
solution at -80°C. Marine bacteria were cultivated with PGY broth and
extracted with Folch solution. Actinomycete were cultivated with modified
ZoBell medium. The mycelia were extracted with methanol and the broth was

" partitioned between ethylacetate phase and water phase.

2. Cytotoxic activities of 600 samples prepared from bacteria and 24 samples
from actinomycetes were measured against P388D1 and DLD-1 cell lines by
MTT assay. Actinomycete strain KM46-Al revealed EDsy of 4.8 pg/ml

against P388D1, and inhibited topoisomerase 1 activity.

3. To isolate active compounds with anticancer activity, fermentation broth’
from strain KM46-Al1 was fractionated and its antitumor activities were
investigated. The partially purified compounds from strain KM46-Al were

proved as non-actinomycin.



4. Strain KM46-Al was identified as Streptomyces sp. Its physiological and

biochemical characteristics were examined. The strain KM46-Al grew well
on nutrient agar medium, potato dextrose agar medium, yeast extract
malt extract agar medium, inorganic salts starch agar medium, starch
casein agar medium, and glycerol asparagine agar medium. It showed
poor growth on tryptone yeast extract agar medium and peptone yeast

extract iron agar medium.
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A1 % A8

AA GEY AFTFRE A 1259 ol de] 23] TultE AFE v}
Z97)F 422099 ol4kd] At AR A FE Qe =

o ERA AL B AFZGA A Ay HAle 2 slodE FRoy
2% hdsol}l AIDS 5 A2e Aol st ARA ALl AFT Aol

HANEL ol Sold AHAE olF= FAWEY SHAYEHE &
AGES ARSI AR EFS ALET. A2 G7 A=Y HEE
Y HFIAES AELY FEEAY NFD T2 ddoz AAsA §A
FAAA AFRF oz FA7t FuEAA AFHA A4 L AL 23 6,000
F o139 AEAe) LA AU AGgBAEE FF A o€ T uFt
o}, gulolelx, FulAE, axAE, A9AAS GFd YUBHERE 23 ¢
&0} ¥3 Z th(Rinehart, 1988; Schmitz, 1993).

AAEAL T ADINEAS dWos FUE nE gY F9 e Ao
t}. HHe g2 G EC He| sterols, alkaloids, halogenated acetogenins,
phenolic compounds, terpenoids % & F&¢ t¥d R FA, Futol
B, ot BopolA thakd A S 2 2 AAIHn RuHlY.
FABHANE F dAdA LAY dEHA THEE G2FH 22 A5 AHA
g3 9, 1995 Schmitz, 1993). Aeroplysinin-1 bromotyrosine X3 2

N\

Aplysina aerophoba, A. cavenicola, A. ‘ archeri, Pseudoceratina crassa,
Verongula rigida, Psammaphysilla purpu}ea SAA EHUAY.  Aplysinopsin
& tryptophan XA 2 Aplysinopsis sp.$t Smenospongia echialA 7= A},
Acanthifolicin & g2 agolx AFAA 34H Pandaros acanthifoliumol X &7
A episulfide”’] & -7 polyether antibioticsTZ& 7}t Okadaic acide ¥

_15_



B3l M2 e = Halichondria okadaist 7}l B8}l H. melandocial X 22
At  Tedanolide: Tedania ignis® %E 2e¥ macrolide® lactone ring©]
gaEF FAA AT v F2E 23 Avh. Discorhabdin® Latruncula
sp. oA 2AF  bromotyrosine?l FEAZ Verongida Sojx wAR
bromotyrosine X3¢ @2 BRI} F2EZ zZzm gt Calyculin A¥E
Discodermia calyx®| Al #2851}t Halicondrin & Halichondria okadaiol|*] %
AR 8/19] H=A F halicondrin B8 &4 o) 7Ve Zsiel 53 Bl6
melanoma®l] thdt &7 ofF 7t Spongistatins® Spongia sp.olA ®

g ¥ macrolide2 NCIYAE spongistatin Io] sl AALHEE  athymic
mousedl] °|43t] in vivo FLEAFE HMs Utk oY% Theonella sp.
o} A ¥2]¥ misakinolide A, Phakellia carteriolA] ¥ @ halistatin $°] it}

fae ABPAYELS s TAVAEA A8 A ZolEta A H
gt Stierle 2F oY Colwell 2FE-2 ¥ F 2 FAAEF] 33ty Az
S B3 A B ZAAEY o3 NP LA AxRFH 2FE
o]tH( 9 d 9, 1995). Stierle(1988)= 3|A Tedanis ignis & BB EAL ¥
"RAF Micrococcus sp. o) 93 ARNAGT BugozMN 9 sHe =93}
Colwell5(1989)2 JtelB Aot A Ceratoporella nicholsoni, Dysidea herbacea,
Aplysina fistualris 59 3iHE AFsd AdS EEstn, B8 AT
THFetL FAXA I AEFAEE 2AEAT. ZAMEF 53 dAdE &
g Aol Mol FHAJ=H, F o] MA3e FIA 2T AT
= 08 FH7F sidoA 2YHEAt. 2 F2 Vibrio sp, 1 £ Aeromonas, 1
%9 ActinomycetesfrAb Aol FAVAAEZ EFHAT. o)t AFARE F
3lo] HFg FAATAY FA = chemical ecologye} & RdE {8 E 0] nAy
Eol 23 AAHL AFHEFAEC} olF o83y e AEH} sl g
o A ¢ dve AHAY FEsdFES AEE F AJT =T dE
MBI A= B e2RH okadaic acid, halichondrin, calyculing 9l £2& £

|

32
R

ol

4>
Au)

o
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gl o2 BREo] AAAAC oA BAHE Aol oyt I A
AEd o8 AAEtin 9y o™, okadaxanthin, zeaxanthin, halixanthing 3| ®
Halichondria okadai ¢} &AM wolA E&3tRch(e], 1995).

FNH] dFez A FH AYBHERL 79 dIYELS WYL | 7
22 AEHe AL Aol HGASALAAM THE o

£ AT SHE0] HFUAEAN 71dd fL, FAEANA A5 A
Y B AYY EAEE 2 F FAE FAste mAEd o AdR
O Aol BEATHHDGE 9, 199). =T AGRRES] FHL, 4T UHF
gFxziol YR vtz ALY EF9 @A AAF + Joe Helth
HFHAEL 54 A4S EAS qFPAL DAl Sortd ALdFgH F
AR B&aA Hed HZde ¥4 (aquaculture), ¥l (fermentation), 3
FaAQ iy, 2 g T wEew o9 dHAde Fus Axszm gl
FANBEY] dFIFE B3t AP ERY ALY EAPE &4A &

A% F JE ALME HFAES] FoAL v A FA4ED o

=
oy
Lo &

B o
2

rhe
nes
-

AAE ke oA ARHE ABoRYY YRS B WY
o olg Fxo U FAETH FAS ANHT YA AMY FF FAA IF
A7 e AR FAPRL FHIT
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A2 AdAs 9wy

AT HES Y 28 AT sGelA SCUBA tholdel olato} thokdt *
o A APt FAPAEE BysAdrt. o) vwigsd 2 F3EE 24
o] FLaF A AgsATh. FANAE AR 9% 1459 Fgan o
AL in vitro oA ¢AEF P388D1 (murine leukemia), DLD-1 (human colon
cancer)ol W AHEZHTE ZAEAT. AESHER AAEF) Wt
topoisomerase I AsjEFHE FAlste] FFEH AATFFE Adsidck. HEF
F7h AREE FYHREG £3 RIS AY FTANARY HHWIzA =
ALE st 2%, pH, 449 5o m2 IAnAAEY 4FE&EE 2 Y3y E

4e 25T 258 FRAAL

2.1 ZFEY, Mg R AaxA

ol

AZ=dHGANA 19943 109 A shAOZ R E 5H°“1h—f-‘+ YATEE #2st
.'9&‘3}. 28 Wl £ Marine agar 2216(Difco), 1029 1§_ 3] 3} Marine agar
2216(Difco), ISP 4 medium(Difco), Bransfield agar, Starch-casein agarg A}&3}
Aok FHujARlY] FFE 30CTAA 14U 28U 5 wigste] dAdd @Y
colonyg <4 £t

2EE #F %  glycerol 20% &) Hol A3} 80 °Col BE3dt HyFHEA
AA el o}&3tArt

AZER 2 22A%F 48S A AsAZ" 2dF 2E 2 Auege 9
;A Ade PYGHIAIE, HAFL ¥PE Zobell ¥iAN(SZ medium)E AHE-3t At
A" ATE ¥Wol A" PYG Wi SZ wjxl o] 24L& ofefe} 2}
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* PYG medium * SZ medium

peptone 100 g glucose 200 g

yeast extract 50 g polypeptone 50 g

glucose 200 g yeast extract 10 g

aged sea water 500 ml ferric phosphate 0lg

dest.water 500 ml aged sea water 750 ml

pH 74 dest. water 250 ml
pH 74

AFAF S PYGHIA Ol 4z AF 3t 20°CollA 59 WA 693 A FAI7I L
Folch-§ 4 (CHClxMeOH=2:1)2. 2 F%3}9 Folch &3 FIFA82 74z £ =
AFFTHZYE 1). BATS FAE AF7F H7E AE ZoBellWi A (SZuj A]) ol A
30ColA 743 150 rpmo 2 A&y % 8,000 rpmollA] YA E st A}
= methanol® %31 YR L ethylacetate 3 F5 202 E A, Folch
23} ethylacetate 22 AFFEH7I2 Zd5F3d e Z+ AlE+ eppendorf tube
of ¥ol 4Te|A B #A3tAth Folch & 3 ethylacetate 39 59 A&2c A4
7 methanol& ¥ o} AH&33ith

=

%F

tjo
r°*'
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Fig. 1. Schemes for sample preparation from culture broth:
(a) bacteria, (b) actinomycetes.
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2.2. AZSE% A

Aol AHEF AXE FF HNEF 23oH EYTL Human adenocarcinoma
%l DLD-12} Mouse lymphoid neoplasm ¢ P388D1& A}-&3ic),

Ao AHgg vzl 3 a8 n FAWAE Gibeo AEL, 3-(4,5-dimethylthiazol
-2-y1)-2,5-diphenyl tetrazolium bromideMTT)E Sigma A&, culture flask:s
Falcon #l%&, 96 well plate® NuncAlE& A&t e, AX ulYg7]E Reveort
9] CO: incubatorg AF&3tth A ESF ZH L hemacytometersE AM23}% T},

Microplate reader= Molecular Device®] Thermo max#| &g A}&319 ).

AXGE AsiMe Add) A48 AEQ DLD-1, P33DIL 10% FBS(Fetal
Bovine Serum)¢} kanamycin©l 20 pg/ml £°] 0= RPMI 1640 wjFole Alg3}
o} 25cm’ flaskol ¥ol 37°C, 5% COw7t #AEE #erldA wEstsg. AL
54% 534 P3D1LS 5719 AEE 1500 rpme 2 5% F¢F dARs R
PBSZ g AHF Fo] Q2 wjdde] 2x10° cells/mlZ FHAA ALE31H L
% DLD-19] Z%+& uh#7]9 monolayer® ©|FEEF g A 7chrb 0.25%
“trypsin-EDTA &2 NEE B$A7) 32 1500 rpmO 2 58 St %*Aﬂﬂ =
RPMI 1640 ¥lA2 @9 AAS Fol 4x10' cells/mlZ FHA17 A3

AXEY5Y FHL Carmichael5 9 MTT(methyl tetrazolium bromide) & 39
< WAY3stod AlE-3 Q9 cH(Carmichael et al., 1987; Pauweis et al., 1988). A &2} <}
AEEZ%E ZA}7] 934 96 well plated] 7]l =23 P383DL cell
(2x10" cells/mD)3 DLD-1 (4x10" cells/mD€ 100 ¥ HEdx 232 F AaE
Ztz} 100 A5 3A s 100 ¥ HF s HAF volumeo] 200 w7t HA & F
37°CoAlA 5% COx5 =] 270 58z uiFstgdct wigol B Fd FH5ol
= MTTEY (1.1 mg/mDE 50 ¥ ZzHel welldl Hol& F 37°Co CO. 32
719 4A1ZE Bt o WMiFARAY. 2 F AF59E sBgx 150 w9 dimethyl
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sulfoxide& ¥ i 5&F<¢ E£E0°] formazon crystals # &A1 F EHH=E

Basta AEEHSS BT o f FES YrieA B wFgAe W

Mg dxToz v ofFAE AsAdn AEH YoM wFd well
Rk

ME e mehdo] Uehte A BF F& welldl At FHo e 2L

BEpdo] Ydehvde Aoz AESAHSS BASAT. 05 w/mls =M AESA
58 YEdE AEREL AFFE 005 u/mlT 0.005 w/mi7kAl gAste AES
A%eE 13 AR 23 AREASE HAE Z 9o 28459 EDw @&
T8 7%+ ELISA readerg ©]839 540nmolAx ODE 43t ofzjst 2L

W) o 2 CRF(Cellular Response Function)#tS T3t4t}.

T - Tz T - Tz
CRF =100 x — CRF = 100 x
C-Tz Tz
(T > Tz) (T < Tz)

jFe AlZates At £38 celld) MTTAISS H7H3 well?] OD#-& Time
‘Zero(Tz)2 Rtk 49 vl & AREE 23 well® - ODZ S drug-treated
test value(T)e} dqom AEE A F celld AP wellel ODI=
Control Value(C)g} 8ttt Tz, T, C2 ¥H o8 FE9 A5H7t] @& CRF
Ze FoI olS uig oz sto] EDs S Fakth

2. 3. Topoisomerase 1 Ads A

AEERSS YeEIA Xm0 thslA topoisomerase I AdhEo] JEAY AFEE

o

ZA}s7] 93] DNA relaxation assayS A A3 ¢}. Topoisomerase 1 84 &

gAe zRE obelsh 2o



* Topoisomerase I reaction mixture for DNA relaxation assay

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

Dithiothreitol, 1 mM EDTA) 10 W
pBR 322 supercoiled DNA(100 ug/ml) 2 ul
Enzyme solution purified from Hela Sz cell line(1 unit) 6 ul
Test sample ' 2 ul

Total 20 ul

< buffer o) A& 2 ul2} topoisomerase I A A Y 6 g Hol F volume
o] 20 Wt H =2 ZAF F 37CoA 3083 w3 AIZ1F 5 x stop solution(5%
SDS, 0.25% xylene cyanole FF, 0.25% BPB, 25% sucrose) 4 W< A7p3te] wh-g
& %A A7 T 1% agarose geldl loading3dted 100 voltZ 3 Azt 7b A7)
% 3%t} Ethidium bromide solution(l pg/mDellA 30%3 F4F F 314 nm9
"UV transiluminatorl /] DNA band& ##38tdth &AEEY 1 unite 2143
o} 02 ugel DNAE 30859t wgate} @43 ojge ez WBAIE &4
o2 BFHA

o

2.4 RAHBPEA 2 2 2

NMRZA-& Varian Unity-500& ©] &3 %}t Proton NMR2 500 MHzell A &3
8@ VarianAlolA FFE softwareE ol &3dtt. HAES & 4 £
A4 guje} Aok BT GRES 2UlE AMEEAY EPE S AT FA AHE
3Rt
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AgoA 7 A7 I FATE FF KM46-Al vl g 25 literS QA E 284
supernatant®} #A 2 22 3tQ9th. Supernatant® ethyacetae® 233 & 7942
73l ethyacetae® AA3AT. T3+ methanolZ2 F&3 Yot

C-18 reversed phase column chromatography & AdAlslod & 9 719 g8 o
Ren Z} fractiond 2 NMRE AH&sto] B48i%lon I B4 EE A
t}. 714 g3 A Udd sgE A actinomycin D % AL Y8 silica gel
60F24 TLC plate(Merck 1.05715)& °]-&3t9 #A}AY. ZF oFEZFEH FH
g A8EH Yo 5 1 mg/ml %59 actinomycin DE TLC plate o] #={3k
% ethylacetate-isopropyl alcohol-water(5:2:2) X780} & o} &3t} A3t
Actinomycin D 5% hand UV light(254 nm)ollA 343t AthHGerald and
Marvin, 1984).

2.5, AARF 3 2 A%y YA

ZAL A3t R FF B A= A E e DAP (diaminopimelic acid)]
ol AA S} FF A RE e FHRS BAsAT. Al Wy 54 nag
-ﬂfé A2 Cross(1989) @ Lechevalier 5°](1989) A& 3% .Actinomycetes
4 39S A2 Jdsdd. ded Mag4, g4 ol8%, /714t o0&,
ofplixit o] &%, LEA EF BT S ZABIAT Catalase EAIF 2 F2
d #4%, H:S 445 E A4 Penicillins o FAA ) s #Z54%
AbaHA T

e

c

P

2.5. 1. FHHy 54

nllo

ABFF BAF KM6-A19] 54 2 42 A3y 542 2AE] At $
B3 ZAYEY AZE ISP 2 wixdlA 30°CE 793
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kgt & #ASIFon MAE 7|FAL 712 TAF 2 osoluble pigment 9] W3}
2 #AHQY. ISP 2 MiXGA 257 wgE & 8%9  glutaraldehyde g 4o
2 193 9uaAeAT. P.Os7t €9 EH &7 agar blocke ¥Wol 19
old B2 7AZ% T Bio-Rad E5550 SEM coating system< AF&3le] gold
coating® & FA}A A& v 7 (Philips model 515)& AM&3te] xzte]l FHIFTR, T
s e BA3ATH

2.5 2. A%S A% IHzA9 &Y

KM46-A1 759 47 dig pH, 2%, NaClxE 59 TS AF8H7] 98t
SZ agar plate ¥WjAl& At-&3lth. pHE 50, 74, 100914, =& 47T, 20C, 30
T, 45TC4 At NaCl ko @e& JF5AHL 27 3%, 7%, 10%,
13%°0 4 dAgtaen 793 g F AujR oA o] HAYEHE BEEA
. AEstA wiAe M ZFEL R HAMAE AET] 94sted SZ wiAE
8] 23} Shirling3} Gottlieb(1966)2] tryptone yeast extract agar medium, yeast
extract malt extract agar medium, peptone yeast extract iron agar medium,
'tyrosine agar medium, inorganic salts starch agar mediu?r’l, glycerol asparagine
agar medium, starch casein agar medium(Atlas, 1993), Z2lX nutrient agar
medium(Difco), potato dextrose agar medium(Difco)o} HZF 3l 30CNA ) %3}
bA 7Y, 149 BH o2 ASAE, 71FAF 2 wjEa2S dESAT

2. 5.3 Asdz 54
g7 A FE& FUF gArgozA oL XY qRE AYIAT. AlEH
39 FFE glucose, D(-)-fructose, inulin, D(+)-xylose, D(+)-cellobiose,

D(+)-arabinose, L-rhamnose, myo-inositol, D-mannitol, dulcitol,

D(+)-melezitose, - D(+)-mannose, D(+)-raffinose, lactose, maltose, dextrin,
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D-galactose, D(+)-melibiose, salicin, adonitol S°]% B& X33 ge 7| Eu)
2} [ammonium sulfate 1 g, potassium phosphate(dibasic) 7 g, potassium
phosphate(monobasic) 2 g, magnesium sulfate 0.1 g, agar 20 g, pH 6.8-7.0,
distilled water 1 Llol 10%° & &4& HAFTFTE7 1% HES H7lsidoh &
Fe &2 121ColA 38 st en 30TAA 7498 wigd F Fo] £F
Hol Al & AL A HERTeE, 281 glucose’t TFHE RS P U

T o2 3lo ZA3E v d Y HLechevalier and Lechevalier, 1981).

T AAAORA opuxAE o8 F A AFE HAEAT. AEE
olml =48]  ZH¥E  DL-tyrosine, DL-serine, DL-alanine, DL-histidine,
DL-~cystein, DL-valine, DL-phenylalanine, DL-proline, DL -leucine,
DL~isoleucine, DL-threonine, DL-methionine, DL-aspartic acid, DL-asparagine,
DL-glutamic acid, DL~glutamine, glycine, DL-arginine, DL-lysine, DL-cystine
olry 71EujA] [gluicose 10 g, potassium phosphate(dibasic) 7 g, potassium
phosphate(monobasic) 2 g, magnesium sulfate 0.1 g, agar 20 g, pH 74, aged
sea water 750 ml, distilled water 250ml]} o 121 CelA 3&2F Hd s 1%2} ofn|
xRS HAFEEV 01% FEF HrIsA 30THA 7L wiFdF opn|
wato] EaFoIQA] e AL o4 YrFoz sQon DL-asparagineo] I
T Ae X dxToRsod FAE BEA3 Ao (Locci, 1989).

e

F710E FUT daYoz o83 AFY F JeAE HA AT AHEE
#7122 D-malate, citrate, pyruvate, benzoate, lactate, malonate®]® 7]&u|=]
[ammonium sulfate 1 g, potassium phosphate(dibasic) 7 g, potassium
phosphate(monobasic) 2 g, magnesium sulfate 0.1 g, agar 20 g, pH 7.4, aged
sea water 750 mL, distilled water 1 L]ol 121ColA 38 73 10%2 #7143
29& AZHE} 1% HEE FusiAnh. 30ToA 749 HEFE F #5714t
¥EgEo] QA e AL YRrFor 9 AH}E AF Pt (Locci, 1989).
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225 A starch, gelatin, casein, urea, esculin 52} #d5ZAE=  Jean(1980)
o &gk B S o} &3t4gtt. Caseine nutrient mediumel #7151 gelatin
235 L nutrient gelatin medium(Difco)S At83tA T Caseind FEFF%
b 1% HEE #H7F 9o starchy SZ wiRd) 02%7F HE=2 H7F s
30ColA 74zt ML F gelatin® A2o)A LAY 7]&o BHkEuw 33
A AL FAEoR e caseing TAHFH FEANI FAAE A
FAgngog Q). Starcht iodine §9& "Wolx=d ¥ FHAdrt A
AE FANELR Ut Urea 7t4EdleS #3719 Urea broth(Difco)
mediumdl] #-& HF3t 30T 79 wigTd F wfR] o] Mzo] Hyozm W
3H Aoz BA}AT.  Esculin 7tFES ZAFE A%k Bile esculin
agaril A (Difco)el #& FHF3t 37CANA 743 WFd F AL Y=
Hatd g ow st

o ﬂ

fr

Phenol, potassium tellurite, sodium azide, crystal violet 5<] 2}3t A& Aol o gt
ALERNS ZAEA SZ medium®] phenol 0.1%(v/v), sodium azide
0.01%(w/v), 0.02%(w/v), crystal violet ¥} potassium tellurite® 0.01%(w/v),
"0.001%(w/v)2 Ztzh H7bste) 30TolA 77U wide F AFAEHE BEIAT
(Locci, 1989). Penicillin G, rifampicin, nalidixic acid, tetracyclin, vancomycin,
streptomycin sulfate, novobiocin, neomycin, gentamycin, polymyxin B, 5¢ &
AA A AgPE BB Yste] SZ mediumol 99 Z FAAEES B u
g/ml, 50 pg/ml, 100 pg/mle} F=7F H =& diskel 7347}?'5]'%31 penicillin G& 10
LU, 100 LU ¥%57F 952 H71se] 37ColA 742k vigd F disk T2 clear
zone ¥4 FF& #F A tH(Locci, 1989).

fok
b

48 HS AAls, nitrate 9%, catalase A%, lecithinaseZ4], lipase®d
e BF4ATt. HS B4 %L triple sugar iron agar medium(Difco)ell A4l A A]
#93, 30CoA 797 Mg T FA7L LMoz WAsE FANSoR A
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t}. Nitrate Y%L nitrate brothdl] X (Difco)oll agarE 2% HEF H7lslo )
%@ F Griess-llosvay AloFS H7ste] BeAe 4zusyt Basd Fgws
o2 3grt X3 catalases= SZ mediumo) A wlRE FA) FYd 3% H.0.E
ol F 7]xo] FAol FAFY FYWFo=Z FATE Lecithinase® A 3
lipase& A& 05% egg yolk7} £& % egg yolk medium oA 30C, 14237t wj <k
sled #EA3AE. Colony 9o EFH7t FA=H lecithinase Y822 #A
3t 3 petri dish cover® A A 3 F HZF3NM colonyFH} F9 agari
Ao} oily WF % Feloubd lipase¥ A 22 WA} AHRobert and Noel, 1994).

2.5.4. 3% £FIH

i

3

A xH ] peptidoglycandl F4j3+E diaminopimelic acid(DAP)¢} A A 7} & 3}
Aol F BAMS 93t A)F o #¥)E Staneck®t Roberts(1974)2] S A&
ow TLCE o] 43 BAul¥ e Schaal(1985)e] ol3 #hH-8 o] &3kt

DAPS] B4 93} cap tubed] AZTA & 05 g2 ¥ 6 N HCl 2 ml& ¥
‘T R3S 100CoA 18A7EF wreAlZ . 28] Whatman No. 1 paper
2 o338 e vacuum evaporatorZ 80CAAM #YAZ ¥tk 7lel 1 mig
ZHT4E e U8 o Az (Y. 281 05 mle] FRF 530S
cellulose F TLC plate(Merck 5565)° A& sttt A7)& v+ methanol-pyridine
-10 N HCl-water (80:10:125:175)8 AH&3t8on 24 & 0.2% ninhydrin (&0l
acetone)2 ¥F3o] 100CTolA 287 71dsdct.  DAPO #ALS BFEAE
(Sigma)ste] AMAYE wlwstd YA

FEMS 93 cap tubed) BZFA oF 052 ¥ 2 mle 2 N HSO& 92

g ARE3T 100CAA 240 T vk AT 283 centrifuge tubedll &3]
t} %39 barium hydroxide £%-& ©]&39 pH7} 50-557F HEE =AU
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k. 6,000 rpmollA FHEEsY FAES B 45 4L vacuum evaporator
2 80CoA #gA=dRTG. 7ol 05 mle FHFE ¥l 5U%HS cellulose

Fasss HPLC plate (Merck 15036)9 &2 s}t A& A& n-butanol-

q
water—acetic acid (60:20:20)8 %22 6 cm Ax AN F 7AZ3} 3 ethylacetate
-pyridine-water- acetic acid (100:35:25:5)2 12 cmA = AN T AZ3I thA

297 A& uiz 23] wrEste] Asfsh. T A2 aniline-phthalater] oF

ot o

_(aniline 2 ml, phthalic acid 3.3 g, water saturated butanol 100 mDE& E5F3 +
AZ33 100CANA 583 7HEadt. 29 dA-HE 744 1% f90=2 s EE
F3hol ApAT BAaE S ¥laste el

21 ¥}A2k2e] methylationo] A8 ¥ methanolic HCI®] A&+ acetylchloride 30 ml &
4CTZ 27 wWEdeZ 300 mi o] AP FowA o] F4€ HClo] WELEE
£3l8 AL Azt AFSSATE Folche] #el 93 F&€ lipid&< 1 ml
ol methanolic HCl 2 m] & o] 80°C oA 2A1zbE e vk AR o7]e) 5
ml 9 5% NaCl €43 5 ml 9 hexane & 91 &g F hexaned & £ &
t} & nitrogen gasdtoll A 300 ul 74A] AZRE S HEA17]32 TLC plated] HA 34
't} Hexane-diethyl ether’} 912 412 AAEolZ AL fatty acid HE¥&
Folo] chloroform 1 ml 2 ThA] F&3ke] Al22 A48 th(Christie, 1982a).

A WAL gas chromatography (oven temperature 195 °C, detector temperature
260 °C, injector temperature 250 °C, head pressure 5 psi, carrier gas Ny )& &
At on & AWAate) peaks EFA :949 retention time¥} ECL #-& ¥l w3}k
o 5 A3t HChristie, 1982b, 1988).
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A 3% d7dan 2 nF
3.1 SFFTANAEY 4ABPE (FHFA)

HFTAZE AT ELAY A2 AFTAZ TS 23 Yot Y ES
getdor tpFstn] YEIFHOR Fad o) AMEE

22 Agride] A=Edolv AEFHEY 7|2AFE A =FE AHEE F 9
O ZldgiEd. =29 W, AATE, AATE T HEFHFT

AP ED T 9L HA=Ze Ao, A4 F, blue green algae, &7, AL X
7 59 AN AE 9 Ao BiE A HFaulkner, 1992).

2 FZEF, xantid crab, BojolA LAE = tetrodotoxin®] A AAAE Y
v golgte A2 #AS F3 vk R shHAd 52 saxitoxin® HEZ
<2 Gonyaulax$} blue green algae Aphanizbmenon flos—aquae®) 23] AAbgic),
a

F A AT Aaxil& 42 HFQ Babylonia japonica®l A2 stEd A FE

o
dB
rO
rO

surugatoxin®] A Al Agibolnt, A kst AAlQ
okadaic acidt 3|® Halichondria okadaidlA #3215 Jed AAze HREFQY
'Prorocentrum lima®| ejsf Aikgo] waao. o

A2B4EEAS Edat7] HAste] FaAY AFFEY AL ES MA@
E7bssteh. webd SARAdE 28 R wd YHBHEA S FEI ASH
22 FHE 7 e WHoEA vs Fast B ZedMe A7A AEFE
ojvt A& FAUAEINAN Ed dEAY ALY EALY dTERE £

THeR FANGAT 4 AR/ 25EE AYstnA A

i

F2 283 =52 1993 Chemical Reviewel A2 Kobayashi® Ishibashi®l &
A (Kobayashi and Ishibashi, 1993), Fauknerd #{¥HAE] thst & (Faukner,
1992), Ireland 5(1993), Newman %(1989) ¥ Okami(1986)¢] FHES FZ=2 3
FFAHAEC] Aiste AYUBYEHAS %3t A T



3.1 1 Az

. FERAHoR A EdEC] U2 F9 dHdMT LA 2 F9 3§

V&S AR, HIZde A FEF B FF o)xiAttE o] sdd
M 28 ALY wfFdME B Ak HFEosOA AWD W Tedania
ignis2F 8 92 odA U7& W 2% YAHFA Micrococcus?t Cardellina
Fol o3 Z = Ak (Stierle, 1988). Micrococcus sp.2l g ANA AZEFH o
diketopiperazines(1-3)7} Z@ At ©o] EZEL o] Tedania ignis® F
Z9A g AT Z& EZAol HHAY. Micrococcus sp.2) wlg Ao =
& vIFH2 benzothiazoles(4-7)7t £ HAEE benzothiazoles W& YF
cranberry 9] 344 AFEoln e G Rolrt.  Elyakov IAE-E FARo}s)
o)l ] W33 Dysidea sp.ZHE E2)9 Vibrio sp.”} brominated diphenyl ethers
& A9 gx ¥R+=d, 3,5-dibromo-2-(3’,5'-dibromo-2’-methoxyphen
"oxy)phenol(8)& o)A Dysidea sp.o FEEZA #BHAE 2FolYch
Kobayashi 282 Q&3 Halichondria okadail X Alteromonas® %28t Q=
g o] Al#el A A macrocyclic lactamAl €2l &2 alteramide A(9)E ¥

AT o] B S AEEAS Jehils 32 P388, L1210, KB AlXo} thil
ICso 22 242 01, 1.7, 50 pg/mLYct.  Alteramide AS 31&ul$ A 71| AL
fragment7} AAFE 71T g ed &4 88 3 NaBHs reduction 2 acetylation
#73< AA bicyclo[3.3.0loctane derivative(10)7} A=l en o &xjg 2
HoO: A3}¥r8-& %3 PB-hydroxyornithine(11)7} F5HUh. =3
Alteramide A2l 5719 diene 21§} photochemical [4+4] cycloadditionZ 3%
hexacyclic compound (12)°¢] A=At  Alteramide AT 4 Streptomyces
sp. 7} A= FAA  ikarugamycin(13)oly FrElB &l A" i
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€2 Alteramide A7} oA Eelhd AFdA B

2
discodermide®= 1 27t plAEo] 7iUdta FHEA

A oo FARAEZZRE EE AYEALEIES BXE A G A3}

A& Paclfigorgia EH A #8ls LXF Streptomyces sp.(strain PG-19)7}

s

o=

2F3lE octalactin A(15), octalactin B(16)2 & 4 ¢thk. Fenical Z& A

A% o] EAEL SAATNANE 2P AHol e Eojg  saturated

e

() =

eight-membered lactone function Z1E-& %3 =4 lactone ring< solid 3ol
Al cis lactone® boat-chair #&& 23 3§t} Octalactin A® 723 &4azg
Jelgied ME5A% &AF 23 B-16-F10 murine melanoma % HCT-116
human colon tumor cell lines®l Wd ICs7t Z2+Z+ 0.0072, 0.5 ng/mi=2 epyte,
HHA octalactin BE AEX 545 AN2A3 A8 284S JYEA Zettn HiE
tt.  Fenical 2§ E3 M-S Palaemon macrodactylus® embryoZ3-El A
Alteromonas sp.2 3w %3t 2 3-indolinedione & isatin(17)°o]& EA & &
gt o] BAL P macrodactylusdl ZAHE 4= lower fungusS!
Lagenidium callinectesol} ti3tel ©§93 A7 38 zZ3 oy 52U P
macrodactylus®l WX E Fago] ¥& A HGil-Tumnes et al, 1989). Lower
fungidl 93te] &oly {5l F2 HAste of AW L AALE o] wl§ =o} F3F
FEE FASHA 2 A E A 497 ¥

sp. & HF3AY 23-indplinediones FAF A+ FFolol A &2 AE
g0l ¥& Aoz Yelth. Alteromonas sp.$t P. macrodactylus3tole A4
Aestd Agel st IARAZL Aok #RHUAT. oY= FLEE A
%% Babylonia japonicad 4A3AdA EaE Coryneform AlTOoZHE
surugatoxins’} B HA 2™, Palytoxing Zoanthid Palythoa toxicadl* Ez &

744 X8 AQ Bl MAA marine toxin® 2 P. tuberculosa, P. mammilosa$t %

%24, §3F9 ©] Alteromonas
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08 FMz EAsEd o

o Ex
Hqo=r 1 w&7 ¥stdgdy BRuHEHY

flo

© AT g3 AAE7] gEd AH

®

FE AASE7L =83 o] ogr] &g I Aol wAde

vl AP EAT7E FdAHeE AA AHFEJ g J2E a3 F
3 AYBAHEE A phomactino] LAEAAN ABPEAY Fo3d Ado=
#4E E3 dY. Sankyo IF AFAEL Y& Fukui@ slicte] Asis A
Chionoecetes opilio ZA A deuteromycetes Phoma sp.& £ ed ol
EAAZAFF vjgdol A Phomactins A(18), B(19), Bi(20), B2(21)7} ¥ 5
At} Phomactin® 3% 129 diterpenoids® platelet-activating factor(PAF)
antagonist® PAF-induced platelet aggregations <A|&t}. Phomacting AE
adenosine diphosphate-, arachidonic acid-, collagen-induced platelet aggregation
At ZH7 e AR vEly MZE Hefe] PAF antagonist2 A, o
£ Kanahawa@olA +33E oF Apogon endekataenia® W2olA Penicillium
'fellutanum?} B = Qe o) AFF FALZEE Fellutamides A(22), B(23)
7t 225 Ac}. Fellutamides A% B lipophilic tripeptides® A E% 45 0] 7
2 A2 murine leukemia P388el th3l ICs= 0.2 2 0.1 ug/miojxx L1210} st
o= ICs 0.8, 0.7 ug/ml, 2832 human epidermoid carcinoma KBeol| thstod=
ICs 05, 0.7 ug/ml& velWlith. %3 Fellutamides A9t BE FX2 22 nerve
growth factor(NGF) &43& #AF8te &4 713 leupeptinesst F+x3H oz #3
o) A}, Numata 2FL oF Pseudolabrus japonicus®l 39X Aspergillus
fumigatus g 3399, o] AFe FAIA E2¥ Fumiquinazolines A(24),
B(25), C(26)= quinazolinesr =2 P388 lymphocytic leukemia cellso] t]3a}s
AXEALASS YehlAg.  SZ2Fd FAse ATHFEZE Salt marsh grass

Spartina alternifloraZ %€l Gloer1 &} 93l £el¥ Leptosphaeria obiones® &
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g4 ascomycete]th. ©} FFE ul$ Z 3 brine shrimp toxicityE B A=l Hl
Folloll A polyketide T#%¢ E2¢ Obionin A(27)¢] &=tk Obionin A&
dopamine D-1 selective ligand 3H-SCH 233907} bovine corpus striatum
membraned] Z2¥sE AL Assts A4S #3 Utk BuHAYY. Gloer L
2 %3l Hawaiian mangroveol A ascomycete?) Helicascus kanaloanusE ¥
s, o) AT 2ZRE jsomeric -lactonesol &3E Helicascolides A(28),
B(29)7} ®FAA. ol F Tz diAERe $FFde FRAME 24
Aol Qe FAAH oFd AL Y 33%7?%%%%(’ 243 A o

ZHsFa I HFFAHER ¥

ABAQ AF, BAT, ARF A8 YAsE YALHEL F BEA e 2

HRUARZFH, BeA S2F, 727 59 A2SHAELS APAAA wdsr] o
He Fo| B oJAFAIEAY] AAgo] 7] wHEd AF7t B2 o]FojAA
‘gt RUERZF7L FAGEoA R S xS HE2ELE
37] 2o olo] W AFIt FHHLZ olFAA FUHLR TE MAZF
d HAolgwk, e AEERIAEY dAEZRC] 7E
7} Eoldty tastn #ZPE FYBHEE JeEhdda #EPezs oF WAl
Z77F AAsE FL401 woHHT
ZAZFO) o3 AAHE Ao By EFZ2E WS flatworm Amphiscolops
o] A4 dinoflagellate?) Amphidinium 7} 22+3tE Amphidinolides A, B, C,.
D, E, F, G, HQ ¢l ©}52 macrolideA|gel A2 AXEYSE AY3 Atk
Nakamural3& 71Ustside] M AstE flatworm Amphiscolopsl A & A8t
= SymbiodiniumE a5 Ed ] zooxanthella jFdolM  ZE

Zooxanthellatoxins A, BE 2 E X3} polyold] sulfate ester2 & FHwE



< =3 (vasoconstrictive) @44 %3 Ydn BRuEA. o] F contractile
response< sodium channel blockerdls tetrodotoxin, histamine antagonists,
serotonin antagonistsoll ¢tsll F&F& Wzl ¢t o} verapamil, magnesium chloride
$} & calcium antagonistsoll 918 F=2iA JARD T RaEPEd o)y
vasoconstrictive activity =& %% calcium permeability®] Z7to] ¢j& 21
3 FAHJT Idstsigel X BAF WA Fragum sp.olA 2e)
& Symbiodinium2%-¥] symbioramide’} £z =1th.  ©] sphingosine &A=
L1210¢} wistode oF3 MXEATE 2 ¥ sarcoplasmic reticulum (SR)
Ca”- ATPase activator®] &%se] Qb Rk SR oo Ca¥- ATPase:
Ca” g cytoplasmolAl SR® lumen® 2 pumpingdts AL FSXAToZN Z59
ojzge] FoF A¥E ¥} Symbioramide:= HAoIA HeE Hxe SR
Ca®- ATPase activator¢ldl SR Ca®- pumping systems® ZA7|ZATE 93
383 E=F2AME ofF F83ltk. Symbioramide® a-hydroxy-B,Y-dehydro
fatty acide HAENAM =&/ LASHEd, 8" Dysidea etheriaZ i€ o
-hydroxy fatty acid®l ceramides’} E2l® o] vl UL ZTANYE L
Bfete Aoz deiyed wgdy o) sdoA 23F ceramides: BjAE 7)
‘ozt FAHUE  Soft corals FAWAZFE Bl TFstm Ytk 29y
3ol A 2&= Sarcophyton sp.olA diterpeneZl ] 16~ deoxysarcophine©)
AT o] BFLE gl A @749 FH%e nonalkaloid compound ©)
Ca” antagonistic activity® 2t3 UEd), AA YA4= TA HAZZE

Symbiodinium sp.2 ¥3 At}

Mz

Haptophyceaet @AFP|Zo2Z2Y #FE ¢ JYve GAHAX ZFE ¢ AEZFaE
o F Aot e gel AMAslE cylindrical stony coralol A
Haptophyte?! Hymenomonas sp.& %25 Amphidinium spp.8} SY3 Py o
2 FAZY. 2 AF G Tl &2 sterol sulfateo] TAFH A&
o] Hymenosulfate® 78 % SR Ca”- releasing activity® U3 Qe o=
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Ca’ releaser® ¥#3 caffeineRth 100} ol #stA =Hgstin waiz. o
Haptophyte® EF Aoz %28 A% 1 FAEL glycolipids4 monogalacto
syldiacylglycerols, digalactosyldiacylglycerols YEewrct Fzzyxgo2
F5% 45 F4EE octadecatetraenoic acide]™ % %< monogalactosyl
monoacylglycerolsol HE&F At o] A7Fx 9 glycolipidst Na', K'-ATPase
o] 4% oAt B3 AT Debromaplysiatixdin® sea hare Stylocheilus
longicauda®) Z=38t¥o A AU Y o] EHe] Ao YA sea hare?]
ol FEF Lyngbia majuscula® %3 ch.

3. 1 4 3AAEFANL FAHHE HFHAE

ek YA EZRE H2E tetra-, pentacyclic aromatic alkaloidsE©] Zo)
FEsE 3zl siEel 749 amphimedine(Amphimedon sp), dercitin(Dercitus
sp.), petfosamine(Petrosia sp.)7}t, tunicatesZ2H# B  ascididemin(Didemnum
sp.), cystodytins(Cystodytes sp.), segolines(Eudistoma sp.)S°] &A= o,
sea anemonel ZHE]= calliactine(Calliactis sp.)°] =AUt ©]E alkaloids

o2 SFAENA BIHUAT FTEFEHOEZ tetracyclic ring system

rr

(pyrido{4,3,2-mnlacridine skeleton T+ benzo-3,6-diazaphenanthroline ring)& 2t
3307 Wi FATAAE oa YA EFo] ohdrt FAHAG

Fiji®) Wakaya’dol A43lE tunicate Clavelina sp.ol4 #a ¥ pyrroloimino
quinone alkaloid®l wakayine MESA%, YA T3E, topoisomerase II A3l
3 DNAE &FA7IE 848 7tAx dtx B, Wakaying F+2E
.81 Latrunculia sp.olA 28 discorhabdin CY} Prianos melanosd Al &2 g
prianosin A9} LA A TBAR RA}. AFAAAAHNAM wakayins F A
9] tryptophaneol*l H#éHE W) discorhabdin® prianosin AYE  tyrosine}
tryptophanoll Al A} =], oA FAI biogenetic origing 713 EFEL
FAFAEA o8 448 FRaT



A Reniera®} Xestospongia®%¥ isoquinoline quinone alkaloids$] renierone,
mimosamycin, renieramycine E, renierol7} 22 =1t} Tunicated] < 3t=
Ecteinascidia turbinataZ 7 ¥+ ©}9} fA}3 tetrahydroisoquinoline alkaloids$!
ecteinacidins®] 25tk Mimosamycine WA F  Streptomyces lavendulae
no314l A A3 AU o] EFLHATL saframycin BE A8 = ate
tl saframycin b renieramycin®} ecteinacidins® A FZ2 2 Ztm Qo o}
ZhA o]2l 3 alkaloidse FAPIAEC o3 4PgHEE &+ Ydn AAR

A tunicated] A Retd B ola tiAEol FAT e uAEd] o)
A A= HFEAQA 47 macrolided}t peptideA o] EAojc}, s
Theonella) Xl &8 MES5AF %S 73  macrolides?! swinholide A%}
bistheonelide A 9 &}®W Halichondria sp.o}* #2%2 halichondramide Z-&
macrolides®e FA3t= G2 Fol o8 AFHEdr FAFYn Y. Tunicate
Eudistoma cf. rigida®t# #2¥ iejimalides A-D¥ 24-membered macrocyclic
lactone ring2 7FXl macrolides2 1 #2}7t vl Zoletn FAHAT} Theonellas
g Fxo YYSHEAE Aakste cyclic peptidestt peptide lactone Al
o] E4x AiEc ol#d EHE FxFH EAog Eo]F ofmilolnu} DY
o] oW :AE JEA R U7t WEe) FARAEEAAN FAHAGT FFA o]
213 o 2 TheonellaotX] E2]¥ Theonellapeptolide Ide W71} Do} o}n
248 ®ol X33 Q= peptide lactone2 2 Na’', K'-ATPaseE A 33}, o]
99l %  calmodulin antagonist?] Konbamide$t SR Ca® ATPase = 3)#l¢l
Keramamide A% ureide bond& 73 cyclic peptideZ, ureido bond& 7}7
Elol=& ol SAuAAEoA EHE FHol ¢rk.  Keramamides B-D$}
Keramamide F¢] A %% cyclic peptides?) Bl halogen3} ¥ tryptophan & %A

d-oxo-B-amino acids®} &2 Eol3t otk ¥3sta o).

o4 ol AYIATARE TGS AYPHTA WA AHoT o

E el gold A8 g49 FAA dFe2A 2 AN Y,
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agr, o K-

o
1 R=CH2CH(CH3)2 4 R=SH 7
2 R=CH(CH3)2 5 R=CH3
3 R=CH3 6 R=OH

12 13
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27 : 28 R1=OH,R2=H
29 R1=H,R2=0OH
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3.2 ¥FBAHEE AYEF A

Z oA X Human adenocarcinoma ¢ DLD-1%9} Mouse Lympoide neoplasm ¢!
P388D1& AHE3t3 AlEE WATe 5% ethylacetate 32 200 #12] methanol
o &3jA171 AlF2 ¥=% Folch solution %2 100 #12] methanolel] &3|AA
AEF3AA ALE3H AT

AFATARS} BAFA R el DLD-1% P38D] & MTT assays A
AE AR E 13 2L TFE AXSHYELS Adste 252 AEEUT
AP FF F TLCA Actinomycin D¢ 22 spotd] £dS Adstes 25 A
ol Atk duidgelA FaT MEFNE FAH Y mediaZ E25He
ZAE acetone 2 $%38}3 mediat ethylacetate2 F& 3ttt A2} acetone
%29 media®l ethylacetate &, 223 UHA media®l FFol dizhA
P388D,, DLD-1¢] digt ¢ EZ=A 2 topoisomerase Io} thit Asj&Ad-& A3t
Ack. AWA o2 EDsoto] 20 Hg/ml "IRHQ) B 1 FEEL B4
2 339 ¥ (Dunn, 1994), 23 AEX54Y%T &4 27 KMB6-9B% KM46-Al
'FE Zt7 EDx #°] 48 ung/mi2 YEld AEEEF0l B2 ez deEd
Topoisomerase 1 relaxation assay 23 KM46-Al, KM86-9B, KMY 7}
topoisomerase 1 AIPEA-S WisteE #52 B HJAH(Fig. 2.).

TFF KM46-Ale A< wjFd F $ZF oA topoisomerase I A3 &2} 3l
Z} 2o FYFAEE F 20 2.9%sdd. ¥ 29 29 20 JEbd AAE v F
o] KM46-A1S tizuldsle o FAE 339 22 AAE & Fart U=
F2 AGHA

i3

oL

o gl

rlo
rir

Re.

B
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Table 1. Strains with cytotoxic activity.

KM-41-6 KM-78-2
KM-66-1 KM-58-2

bacteria actinomycete
number of tested strains 294 8
number of tested samples 588 24
cell line P388D, DLD-1 P388D; DLD-1
strains KM-74-3 KM-74-3 KM-86-9B  KM-86-9B

KM-46-A1  KM-46-Al
K™Y KMY
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+ Fig. 2. Inhibition of topoisomerase I by microbial samples
tested by relaxation assay. -
Lane 1: pBR322 DNA(0,2 pg/ml) alone
Lane 2: pBR322 DNA(0,2 ng/mi) alone, topoisomerase I(1 unit)
Lane 3: pBR322 DNA(0,2 ug/mi) alone, topoisomerase I(1 unit), methanol
Lane 4, 5, 6: Strain KM46-Al
Lane 7, 8, 9: Strain KM86-9B
Lane 10, 11, 12: Strain KMY
M: methanol phase W: water phase E:! ethylacetate phase
R: relaxed form S.C.: supercoiled form
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Table 2. Anticancer activities of the fractions from KM46-Al.

samlpes

cytotoxicity*

topoisomerase 1
inhibiting activity

actinomycin

acetone extract

P388D;: 4.8 pg/ml

not detected.

of media

of mycelium DLD-1: >30 pg/ml +

ethylacetate n.a. - not detected
extract of media
- water phase n.a. + _ not detected

n.a.. not active

P388D;: Mouse lymphoid neoplasm

DLD-1: Human colon adenocarcinoma
* Numbers refer to EDsp

( an extract was considered as active if the EDsy was <20 )
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3. 3. KM46-Al9 F4&PAEd JEATF

KM46-A1 ## 9] acetone F& N E P38D HAHAEEA 2 topoisomerase I
ANEHA7E BEHANDL media FF N E topoisomerase I A EAF7T BRHY
o dEdY Zae A% KM46-A1S OF ugstod ANaE R S
@A 9] acetone FE Yo} st YFHog JEATF Sojztr)

KM46-A19] i F9 25 liter A FA(13.62 g)9 media® Wz Bstd a2
acetone2 2 F&3t] 2247 mge residueE AUt  Actinomycetesoll A &3] ut
2S£ actinomycins® #4Ed2A DNAY deoxyguanosines] ZA3tstel RNAE
4& Wels L topoisomerasesE JA e Aoz BuFO rH(Wingard et. al,
1991). 71&°l &#A A& Actinomycin A %59 E3do] obd novel compoundE
#4871 A%t early screening ©AINA silica gel 60Fs TLC plate’hol Al
actinomycin®] EAFFE AP 254 nmel UV lightold v aa

KM46-Al &5 EE AlZZFo)A actinomycin® $D3+ spoto] A=A &%
B =2(Table 2) actinomycine & HFHEZDL BHE 7F5Ao] & Ao
"2 JEehyge Y

FLgEge] vevte #FAle F22d ddte JEZAS A7 g8 oA
C-18 reversed phase column chromatography & HAlsld % 9 719 £3g o
Aoem EYPzAL oty #r)
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Fr.l MeOH:H20O (4:1) 25 mg

Fr.2 MeOH:Hz0 (4:1) 147 mg
Fr3 MeOH:H20 (4:1) 6 mg

Fr4 MeOH:H20 (10:1) 37.6 mg
Fr5 MeOH 285 mg
Fr6 EtOAc 86.6 mg
Fr7 EtOAc 249 mg
Fr8 CHzCla+hexane 0.9 mg
Fr.9 hexane 3.6 mg

Z £ dst dMEEAY L topoisomerase | AHBHAE L & AF}E Fig.
3 % Table 3 9} Zt} Positive control+ doxorubicin®} camptothecin®] z}z}
AM-&-E A .



2 03 4 5 6 7 8 9 10 11 12 13 1415 16 17 18 19 20

Figure. 3. Inhibition of topoisomerase I by the fractions from KM46-Al.

Lane 1: pBR322 DNA(0.2 -ug/ml) alone

Lane 2: pBR322 DNA(0.2 ug/ml), topoisomerase I(1 unit)

Lane 3: pBR322 DNA(0.2 pg/ml), topoisomerase I(1 unit), methanol

Lane 4: pBR322 DNA(0.2 ug/ml), topoisomerase I(1 unit), camptothecin(350 wg/ml)
Lane 5; Fr.A(1000 pg/ml), Lane 6, Fr.A(10 ug/mb), Lane 7: Fr.1(1000 pg/ml)
Lane & Fr.1(10 ug/ml), Lane 9: Fr.2(1000 pg/ml), Lane 10: Fr.2(10 pg/ml)
Lane 11: Fr.3(1000 pg/ml), Lane 12: Fr.3(10 ug/ml), Lane 13: Fr.4(1000 ng/ml)
Lane 14: Fr.4(10 pg/ml), Lane 15: Fr.5(1000 pg/ml), Lane 16: Fr.5(10 pg/ml)
Lane 17: Fr.8(1000 ug/ml), Lane 18: Fr.8(10 pg/ml), Lane 19: Fr.9(1000 ng/ml)
Lane 20:"Fr.9(10 pg/ml), R: Relaxed form DNA, S.C: Supercoiled form DNA

- 47 -



Table 3. Biological activities of the fractions from KM46-Al.

fractions cytotoxicity against topoisomerase [
P388D: inhibition at 1000 pg/ml

Fr.l n.a. -

Fr.2 n.a. -

Fr.3 10 +

Frd n.a. +

Frb5 04 +

Fr.6 0.12 -

Fr.7 n.a. -

Fr8 n.a. -

Fr9 n.a. -
doxorubicin 3 n.t.
camptothecin n. t.

(350 pg/ml)

x : EDsp (Lg/ml).
n.a.. not active.
n.t.. not tested.



AMA3 23 3-54 B3 F24 9= topoisomerase I Ao} #FHY oW
28 56 oA FAESHl BFHANUL. Z EFo] thated diAAA 'H nmr
spectral patterng 33t X319+ (Figure 4). Topoisomerase 1 A 3] &4 o]
YeElE 238 3-5= 3% §4}8 'H nmr spectral pattern € RAFUT. o=
B8 FAHRLE 2% F94¥€ £2AZ2A terminal dimethyl groupg 7FAlZ A&
fatty acidf(iso series)2 FAHAT. EAHSE 09 ppm FE terminal
dimethyl group®] doublet(h)©.2 e}t ow ©]9} coupling® methine proton©}
15 ppm AHZoA septet(e)o.2 YEMGTE 15 ppm 9 septet# coupling®
methylene protone 1.16 ppm A XA multiplet(g) 22 YeElgth Z2l3 228
ppm A XA carbonyl groupol ©]%3% methylene proton©} triplet(c)22 RS
™ o] ¢} coupling %.methylene proton®] 1.6 ppm A E°lA multiplet(d)2 2 Y€}
o}, 28]l YA chain methylene proton E°] 1.3 ppm ¥2¢ @AM Jelyt
o), FHAETEAo) FEH 238 69 'H nmr spectral patterne upfield o]
28 3-59% M2 fFAstd ¥FE FETFZE VI Edo] FARISE ¢ F I
Ak 23 3-504 UYEYY ¢, d, e f g, he signalEE B 5 Ao 528
ppm, 4.26 ppm, 4.17 ppm SolA F7} signal €°} TAFHUG. £ A 4.26
"ppm 3 4.17 ppme] proron & A& coupling HoIYeH o]E& ThA] 528 ppm
o} signal® ztzt coupling HolS S B 4 Atk 2oz BE 6 FAHRL
triglyceride2 A} glycerololl 3 ¥#}9] iso fatty acid?} ester 23S e &

d& & F AN[h. 222 535 ppm, 2.0 ppmell A f3tA YEUYE signal E2
o] £ojB o} chain F3ol °o]FZAEE 71X Y= fatty acid’}l free acid E<

glyceride® FElZ v &AL ¢ F AU F4LS YEA IFRAT £
7% 23 63 A 'H nmr spectral patterng Hol:E Zi.‘liié} triglyceride”}
FARoz FAH S & F AU

JF BARY dAME A BAAREL SSBAR FzE AAsE Y
< R gFojh

ok

_49_



Fr.1

Fr.2

Fr.3

SN

T - T

T /LA A A A AL B B s p -
5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 6.5 pom

Fig. 4. Proton NMR spectra of flash column chromatography fractions of

KM46-Al.
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Continued.
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Fatty acid &7} topoisomerase I o} tis] Hslga& Yepdvte RS 44 A%
7] ol dAtoltt. 2ElA fatty acidF7F dwrAE o 2 topoisomerase Io sl
AAMB4E UeHEAE Lotr7] fde AdANN &3] EdHE A
R 2 B3l 2ol methylesterol ™aled topoisomerase A A S

Aot o AFE Table 49 ARt

A4 A A6k A 2 methylesterdl A€ topoisomerase 1 A3 &/ o] v
U] gttt Fo 2 free BEXFA WA dISAE £ tf FALFo] FIH
of AR T KM46-AlcllAl HAFE A4 Table 49 dwt Apgabate] =
¢l Ao]H& ©@XA| terminal dimethyl groupe fFrFo|B2Z A9 zolx ol

71Q8tE A2 38 + Y& Aot
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Table 4. Effects of free fatty acids and fatty acid methylesters on

topoisomerase I activity.

concentration(itg/ml)
Fatty acids

500 200

caproic acid(6:0) - -

caprylic acid(8:0) - -

capric acid(10:0) - -

lauric acid(12:0) - -

myristic acid(14:0) - -

palmitic acid(16:0) - -

stearic acic}(lS:O) - -

arachidic acid(20:0) - -

behenic acid(22:0) - -

lignoceric acid(24:0) I

oleic acid(18:1) methylester - -

a-linolenic acid(18:3) methylester - -

eicosapentaenoic(20:5) methylester - -

docosahexaenoic(22:6) methylester - -

camptothecin (350 pg/ml) n.t. +

+ o inhibited. - : not inhibited.
nt. . not tested.



3.4 A¥WFF KM46-A1Y 574 2 A3ty =4
3.4.1 ReAsA 54

ISP 2 medium(Yeast extract-Malt extract agar)oll ] KM46-AlT 3= umbonate
#9 colonys ¥ 7]1dTAHsubstrate mycelium)¥ red-brown 72-g e}
Wi 2 2 39 713 F A aerial mycelium)}E 3733t H(Figure 5). 7157
Abs YAlde] spiral JElE R on 712 FAM fragmentationS A E X et
o Z1EdAle AR Oty Ao deE 107 o)A iy s
of Aoz AZAE YAdYoAT. Tz EHEL FAMAGAU Ao

A3 5olH EEES Z1 YA ¥E smooth e} A HFigure 6).
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Figure 5. Morphology of colonies of KM46-Al.

Incubated for 7 days, at 30C on ISP 2 medium.



Figure 6. SEM photograph of spore chains of KM46-A1.
Incubated for 7 days, at 30C on ISP 2 medium.
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3.4.2. A% Aty =4

KM46-AldF= A oA pH 50014 pH 1009] ol2& pH Hada A%
g AT EF 4T 45TolA AFE & F ey 20T 0TAME
B8e e T4 TFLS € F AU 3% 7%9 NaCl F=dqAE AR
€ S 10%9 13% e 43S T F & ez Bq 394 #FE of
Atk sk aiAdiM g 4RAEEE B2R A KML6-AlFFE SZ
mediumE Y| £3to] yeast extract malt extract agar medium, inorganic salts
starch agar medium, glycerol asparagine agar medium, tyrosine agar medium,
nutrient agaf medium, potato dextrose agar medium % starch casein agar
mediumA M E F& ASHHE 229, tryptone yeast extract agar medium
7} peptone yeast extract iron agar mediumoll A& ¥l1oFet QA48 3L (Table
5. A7tA Wi EA wFA FEA Yre AAHSA gon 4L JF
Aol q7ZEE diRE Aoy FMoioy JAFAY 2L kst e
tHTable 5). Shirling® Gottlieb(1966)¢} ®Hol) ©3}e] peptone-yeast extract
iron agar medium $} tyrosine agar mediumolA 4 ¥, 7 ¢4 ##3 A3} melanin
pigments A4 8HA] WArHTable 8). @ ©l4%5< A 7 KM46-Al #F
+ glucose, D(-)-fructose, D-galactose, D-manitol, dextrin, lactose, maltose,
D(+)-raffinose, D(+)-xylose, D(+)-mannose, D(+)-cellobiose, D(+)-arabinose,
L-rhamnose, D(+)-melibiose, myo-inositol& #H7}3 A= WS/ %35
3t 3 inulin, salicin, D(+)~melezitose, dulcitol, adonitolS& A3 o] &3 4 ¢
AtHTable 6). otmixit ol&Fol YAME tiRE ojgsld A4FE + AR
valine, glutamine, aspartic acid, glutamic acid, arginine®} o] &3%o] thx <}g #
o|tH(Table 7). A1¥3 #7124t FollA pyruvate, citrate, DL-lactate, malonate:s
T dx902 o] 48 4 AT benzoate, D(+)-malates & 0] &HA E34
}(Table 8). IEAEZAS] Ed% L AFF AF  casein, ureaS S 2T 4
AN 3L gelatin, starch9} esculing 715-E 3R] 2t sstAsAo) g A



3. 4. 2. Az Assty 54

KM46-A1F 5= 9A AdlA pH 50014 pH 1000 ©]2+ pH HYdA A%
¥ 4 JYT. BB 409 5TAN 4P T F AASY 0T 0TAME
ARg e T4 2FUL L & AT 3% 7% NaCl FEAAE 47
& SAT 10%% 13% AL 432 ¥ 4+ 9 Aoz B9 594 FFE o

Uith. A7 A 4F54E aEF B} KML6-AldFE SZ

o

mediumE ¥H] &3}l yeast extract malt extract agar medium, inorganic salts
starch agar medium, glycerol asparagine agar medium, tyrosine agar medium,
nutrient agar medium, potato dektrose agar medium % starch casein agar
mediumol AE £ ASAHE 2928, tryptone yeast extract agar medium
7} peptone yeast extract iron agar mediumol A& ¥ FFd HAFE FHAH(Table
5). d27kA wiR BN wFA FEA Axe BESHA Fen 49 71
Arel AzZe gRE 3oy AMolRoy 7|ATAY MZAL ThdEA e
t}(Table 5). Shirling® Gottlieb(1966)2] ¥l 23t4] peptone-yeast extract
iron agar medium $ tyrosine agar mediumolA 4 4, 7 & ##3 Z 3% melanin
' pigment= BA SR %ArH(Table 8). % ol8% < AP A KM46-Al TF
£ glucose, D(-)-fructose, D-galactose, D-manitol, dextrin, lactose, maltose,
D(+)-raffinose, D(+)-xylose, D(+)-mannose, D(+)-cellobiose, D(+)-arabinose,
L-rhamnose, D(+)-melibiose, myo-inositol& 73 sl Ae ASGE7t 4=
3993 inulin, salicin, D(+)-melezitose, dulcitol, adonitols2 3 ]88 F %l
AtHTable 6). obml:=4t o]&%o] gojME iF-E o83t AT + UUx
valine, glutamine, aspartic acid, glutamic acid, arginine®] ©}&%o] th& %3 #
olti(Table 7). AP F714 FolA pyruvate, citrate, DL-lactate, malonate=
$9% gagdoz o]4d 4 AR benzoate, D(+)-malateF S ©1&HA X3t
tH(Table 8). ILEAERY Ea5& A¥F AHA casein, ureas S Ej

3L gelatin, starch$} esculin® 7FEE#skx] 34t stA A i 4
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Table 5. Culture characteristics of KM46~A1l on various culture media.

Medium . growth color of color of
aerial mycelium substrate mycelium
Modified Zobell good white, grey brown

agar(SZ medium)

Tryptone-yeast poor white ivory
extract agar

Yeast extract- good grey red, brown
malt extract agar

Inorganic salts- good grey purple
starch agar

Glycerol -asparagine good grey ivory, brown
agar
Peptone- yeast extract poor white yellow
iron agar
. Tyrosine agar good grey . ., brown
" Nutrient agar good white yellow
Potato-dextrose agar good grey yellow, brown
Starch-casein agar good grey brown




Table 6. Utilization of carbon sources by KM46-Al.

Carbon sources Growth
Glucose +
D(-)-fructose +
D-galactose +
D-manni tol +
Lactose +
Maltose +
D(+)-raffinose +
D(+)-xylose +
D(+)-mannose +
D(+)-arabinose +
D(+)-melezitose -
Salicin -
Dulcitol -
L-rhamnose +
D(+)-melibiose o+
D(+)-cellobiose +
Adonitol -
Myo-inositol ) +
Dextrin +
Inulin -

++: very good growth +: good growth
-: no growth
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Table 7. Utilization of DL~amino acids as sole nitrogen source

by KM46-Al.

Nitrogen sources Growth
Asparagine +
Cystine +
Histidine +
Threonine +
Valine (+)
Phenylalanine +
Glutamine (+)
Glycine +
Aspartic acid (+)
Leucine +
Lysine +
Serine +
Glutamic acid (+)
Arginine (+)
Proline +
Tyrosine +
Alanine +
Cysteine +
Methionine +
Isoleucine +

++! very good growth +: good growth

(+): weak growth -: no growth
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Table 8. Physiological and biochemical characteristics of KM46-Al.

Characteristics results

Melanin formation -
Degradation activity

Starch -
Gelatin -
Casein -
Esculin -
Urea +

Enzyme activity

Catalase +
Lecitinase +
Lipase +
Nitrate reduction +

H2S production -

Utilization of organic acid

Pyruvate +
Citrate +
DL-Lactate + o
Malonate +
Benzoate -

D(+)-Malate -
Growth in the presence of inhibitory compounds
Crystal violet(0.01%) -
Phenol(0. 1%) +
Sodium azide(0.02%) +
Potassium tellurite(0.01%) -

+. positive -: negative



Table 9. Antibiotic resistances of KM46-Al.

Concentration(jg/ml)
Antibiotics
25 50 100
Gentamycin + + +
Neomycin + - -
Rifampicin + + +
Streptomycin . N )
sulfate
Tetracyclin + s +
Vancomycin - - -
Polymyxin B + + +
Novobiocin - - -
Nalidixic acid + + +
Penicillin G 100 1.U,: + 101U +
+1 growth  -! no growth (+): weak growth



3.4 3. 3% BE{EH EA

BATY AERE ZASE olvixAtezE LL-DAPY meso-DAP, lysine,
ornithing°] hE Mol BF9 "7 =He 39 ZFE galactose, glucose,
mannose, arabinose, xylose, fucose, madurose’} $1tHGoodfellow, 1985).
KM46-Al# T+ Ax¥ £4 Z7 LL-DAPS oo (Fig. 7) #H 7}+E
Ao} FE EAY A GO 2E galactosed = A2 Z(Fig. 8) YE
ot 324 Lechevalier(1989)el )39l LL-forme} DAPE Z3 & AT
S 7ML AosttEts BAE 4 AT AREA 48 ¥ F ¢gn 23
¥ ¥ KM46-Al#F< EF820 93 1 g9 Axg 2 gaAFoR

Aok AL =2 EM A3 KM46-Al BAFE iso-150, ante-14:0 A Hrako]
FAFH ARo2AN AWHY Streptomyces sp.d AW 2P dxFAY
(Table 10). wabA SHe] FAVAEZA FPHYRERAS Aiste AT
KM46-AldF= Feietsd 2 Asety aza g3 APAFHE 3t
% Streptomyces sp.Z &3 A HTable 11).
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b —GLUTAMIC
5 ACID

g -—GLYCINE

Figure 7. TLC analysis of DAP(diaminopimelic acid) isomer of KM46-Al.
1, 2. Strain KM46-Al
3: Standard DAP(L-DAP, meso-DAP)
4: Standard (glycine, glutamic acid, alanine)



RHAMNOSE—

RIBOSE—  =—XYLOSE
MANNOSE—»| ~ARABINOSE
GLUCOSE—»

~—GALACTOSE
1 2 3 4

Figure 8. TLC analysis of sugar from whole cell hydrolysate of KM46-Al.
1t Standard(glucose, mannose, ribose, thamnose)
2: Standard(galactose, arabinose, xylose)

3, 4 Strain KM46-Al
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Table 10. Fatty acid composition of KM46-Al.

Retention ECL Fatty Relative
time acid percentage
2.57 10.15 ? 2.51
2.866 11.58 iso~11:0 0.49
2.979 11.97 ? 2.65
3.122 12. 40 ? 1.79
3.235 12.70 ante~12:0 0.89
3.678 13.62 is0-13:0 5.76
4.006 14,15 ? 0.84
4,309 14.56 iso-14:0 1.17.
4.370 14. 64 iso-14:0 7.15
4.440 14.72 ante-14:0 10.63
4.680 14.99 15:0 “1.26
5.123 115.43 ? 1.10
5.368 15. 64 iso-15:0 42.62
5.814 15.99 16:0 4.32
6.789 16.63 iso-16:0 4.43
6.936 16.72 ante-16:0 7.41




Table 11. Chemotaxonomic characteristics of KMd46-Al.

Characteristics KM46-A1
Cell wall type I
DAP _ LL-DAP
Sugar NA®
Major fatty acid is0-15:0
ante-14:0

* NA: not applicable.
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A4 AL

A2 23y fFAE YUY B2 T A7F7 A8 NRE dAx2FH 7
A AHAFAHEE 231 JdSol dFodud 2L 4FFe AdezA A
AEY FR4L S AARL don AFBE ALS 8T VEF Jigo] A
3 2753 Y. =Y AYBAH EZ WAFA F2 IANLEL BF
7t euz FARABEES £ uiFstd dFAdsts BRol dHHEAR I &
A AR B vtz dFegd g3 0] JtsE A ol& 9
3 2 ATHANA APz FH FAPES st o€ ez FFYE
=49 F4AdS YA

A= FEste HAL=RH AT 120059 BT 8FE R -80
Col BESFAT. AFAT 30001F9 BAF 8AFE wjFst] 2 wiFAq 2 &
7182 &3 A 8E At FLFEE ZASAT '

ol
[+

Fetokd AP oz DLD-1(human colon)9t P388Dy AE2E tidoz AXE
54%< 1a8 22 zAEY. AESPEA S AAsE FF0 dgdes Fd
"/:f]?zg] F2 EAlo]l 5 &4 topoisomerse I Zﬁﬁ%é.ﬁé}!"é}%t‘r. FEF
AMAAE olgstd 600 AsE AHF A} KM46-AlS ddsdrh
KM46-A18] AES45 e PID, AAZE) e EDw@tol 48 ig/mlz ebsto
W topoisomerse 1& Addle EFS Aiste BT LR Streptomyces sp.E
FRAHAT. FLBHEF AE S EHERA KM46-A1E st FA S
% 33 2 topoisomerase [ Al &0 Yelys £ FHES EF 5

AQAY 2224 terminal dimethyl group< 7FAl 2 Q¥ fatty acidFE YERSH
£ APFoln

AYulgEe AAzsade BHA e Ta¢ ANE A=Y 1 T8
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