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Isolation and Properties of Cytotoxic Antibiotics Produced by
Myxococcus stipitatus JW150

Jong-Woong Ahn* and Chong-Ock Lee
Medicinal Science Division, Korea Research Institute of Chemical Technology, Daejon 305-600, Korea

Abstract — Drug resistance is one of the most significant impediments to successful chemotherapy of cancer. Multidrug-
resistance (MDR) is characterized by decreased cellular sensitivity to anticancer agents due to the overexpression of P-gly-
coprotein. By employing a resistant subline of HCT15 to adriamycin (CL02), we undertook the screening for agents which
were effective to multidrug-resistant cancer cells. As a result, a myxobacterial strain JW150 was selected for study since
an activity against CLO2 cells was discovered in the strain. Cytotoxicity-guided fractionation of the culture broth led to the
isolation of cystothiazole A and melithiazole E The producing organism was identified as Myxococcus stipitatus by taxonomic
comparison with type strains of Myxococcus sp. as well as its morphological and physiological characteristics. Cystothiazole
A and melithiazole F demonstrated potent cytotoxicity against certain human cancer cells with IC 5, values ranging from
0.03~0.72 pug/ml. Both compounds were interestingly as active against drug-resistant sublines CL0O2 and CP70 as against

the corresponding parental cells.
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Pgp)ll 213t thekA] WAdo] 718 o] UeiA ok Pgp £
Aol 170 KDa 4 =°]" transmembrane glycoprotein©.EA],
vinca alkaloids, anthracyclines, epi-podophyllotoxin 53} 72
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¥5 slo] Baa1gon, VY/2 agar ¥ix AdelM Alslw, 7
AEA S Ae Aok EFPAE A5 oS modified
MDIHA|®E o} g313it}, thal 2uljokel= Abgolthdl feed-
bacl: inhibitiong: WA]3}il E2PARS £017) Al FAFHY
Amberiite XAD-16(Aldrich)& B ol 3 7}5+51c. Modified
MD15F%] 400 m/®} Amberlite XAD-16 6 g& 2 [ 32| wjo¥
F2-AT0)] 92 F AR nlix|el A dAufjekst JW1508]
- 5%(v/v) AE3te] 30°C, 54zt gk Rz, Wt &
232 £F FVRHCEA digulelel] FEatdtt.

o B8H -W1509] EF3E TAHE 93] Bergey's
Mezrual of Systematic Bacteriology(9th ed.) % 7% 2
5 30 A3 AJHSES 7150 Blo] BT Mywococcus
stipiatus ATCC 296112 &7 FAI3R] A3}, HokA|E o]
swam® AAAY el AAH|0]A(OLYMPUS SZ-11,
OLYMPUS)# 348+417) 74 (ECLIPS E600, NIKON)2_& 25t
R, A B % ANe FARIARERE (SEM, JSM-5410LY,
JEOL) 2.2 ZAIIT

771 A Alg¥ —UV spectrum Shimadzu UV 265 spectrop-
horcmeter2 273191 IR spectrum® &% 2 Genesis II
FTIR spectrometer® 3136}, A4 %= AUTOPOL III automatic
pola-imeter® =319 28, mass2] 742 OPUS data system
o] ~}2F®l Micromass AutoSpec mass spectrometerZ 3}3it}.
COSY, ROESY, DEPT, HMBC ¥ HSQCE ¥33l ZE& NMR
specrume Varian AF] UNITY500 NMR spectrometers AR
stion E EFEZZE tetramethyl silane(TMS)S, &3
£t 2= CDCLE AH&-3F3 Tk Low-pressure liquid chromato-
grapy(LPLCYil= Lichroprep Lobar-A Si-602 AMg3joion &
3 & HPLCE RI detector$} UV detector?} 24 JAIALS)
Recycling preparative HPLC(Model LC-908)¢ JAIGEL-1H
colnnn(20 X 500 mm)-& A&ty ARE3F$ T TLC plates
Silic:: gel 60F,s, precoated plate(Art. 5554, Merck)E 83151
I e AloRRE ASRSk] ARSERi

=& 3 B - oS E gyEsi] 79 SERE B
L 48 0]5L MeOH-acetone=1:3 €807 FFalo] 7¢t
E53100t) o] BEES silica gel(Sioll & AA acetone-n-
hexa1e=0:100~10:90< ANEei= sl GAF o7 S48l
9] 3 &5 ¥oldA Si-LPLCE 33t &4 £35S MeOH-
CH.CL(LD)E =/RgwlE 3to Sephadex LH-20 column
chromatography(¢2.5X80 cm) 3t &, t}A] acetone-n-hexane
(L4Y2 AAEWZ 3 248 SiTLCE e o e F
Az BAEHAC o] 8S 72 &% CH,CLe =<1 &, AFE
A ¢ 2 JAIGEL-1H columns ©}-§-3te] CH,CLE &= 3
Recy:ling prep. HPLCE F31o + /i) @HEdE o8 o
Ao 2 AT Z¥2 KR15011, KR150122. B3t

OH.
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KR15011 - colorless oil; [a]p=+109° (¢, 0.24 in CHCly); UV
AMeOH im(log €): 223(4.58), 310(4.09); IRvo: em™: 3123,
1706, 1624, 1150, 1094; HREIMS m/z: 422.1439 (caled for
CyoHyeN,0,S,, 422.1412); EIMS my/z (rel. int.): 422[M]*(5.9),
407 (3.4), 279 (100); 'H NMR (CDCl;, 500 MHz): & 7.87 (1H, s,
H-2), 7.09 (1H, s, H-5), 658 (1H, d, /=15.6 Hz, H-7), 641 (1H,
dd, J=15.6, 7.6 Hz, H-8), 4.96 (1H, s, H-12), 4.17 (1H, m, H-10),
3.81 (1H, t, J=7.8 Hz, H-9), 3.66 (3H, s, H,-17), 3.60 (3H, s, H;-
16), 3.36 (1H, sept, /=6.8 Hz), 3.33 (3H, s, H;-14), 1.44 (3H, 4,
J=6.8 Hz). 1.4 (1H, d, /=6.8 Hz). 1.22 (3H, d, J=6.8 Hz, H,-15).

KR15012 — colorless oil; [a]p=+166° (c, 0.09 in CHCLy);
UVALEOH nmilog €): 226(4.79), 311(4.15); IRvES! em™: 3105,
1710, 1623, 1145, 1093; HREIMS m/z: 470.1306 (caled for
CyyHyeN,0,S,, 470.1334); EIMS myz (rel. int.): 470[M]*(5.5),
455 (3.4), 438 (2.0), 327 (100); *H NMR (CDCl;, 500 MHz): &
7.88 (1H, s, H-2), 7.34~7.31 (4H, m), 7.30 (1H, m), 7.11 (1H, s,
H-5), 6.58 (1H, d, /=15.6 Hz, H-7), 6.42 (1H, dd, J=15.6, 7.8 Hz,
H-8), 4.96 (1H, s, H-12), 4.38 (2H, s), 4.17 (1H, m, H-10), 3.81
(1H, t, J=7.8 Hz, H-9), 3.66 (3H, s, H,-17), 3.60 (3H, s, H;-16),
3.33 (3H, s, Hy-14), 1.21 (3H, d, /=6.8 Hz, H,-15).

UME i — Aol AL PAEFE TF AA7IR) &
AFFEZA, HGATFQ A549, AFUAFF A2780, I
GHEFR] SK-MEL-2, TFARAIGAET] XF498, TdA
¥30) HCT15 ¥ HCT15 MFEZHE adriamycing 2] 3}
Tl AZFE Ss CL02 AJES) AZAIET A2780
AEZEE cisplating A2}sle] WA MEFE =3 CP70 A
XZ olgsidty. BN AEFE BF v)FY 29 & d7d
2XE BoF wkoron cisplatindiA M¥FQ CP702 v]=9
FOX CHASE Cancer CenterolA] #¢F ol ARE3}9T) wjjoF
N6 2= glutamine, NaHCO,, gentamicin % amphotericin B
Z 718l 5% FBSZE K75 RPMI1640 84S ARE3H3 0.
™, 37°C, 5% CO, % 100% Fx2 ZZolA kst 3~42
off A Al] {21813}

MEZEM - NEES 27 96-well flat bottom microplate ]l
Bsio] v Well X7t FASIEE 24417F vioksta Alxot
uiet wof| Hatgl Fof| viokelS AAG ohg AlEES well
o 100 ¥ oy HjkrlolA 72417k vkttt oFEate)] Hy
ofo] Tt T NEEAY L ATu b o Majokel
SRBE o]g3}e] 210 & opgule) wljode] ¥, ol
NS AAT the 7+ welle] 10% TCA &0& Hzjstn 4°C
o] 1A7HEQ} WR|Ele] MEES TN 1 T TCAS A
Ast Aol AFAZ) F 1% acetic acid £ 0.4% SRB
2 =9l FAZANL Jlste] A2ox] 30% Tt WA A
Z B35 AEs} AR B ) SRBE 1% acetic
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acid 9= AZst] A A sk, pH 10.3~10.59] 10 mM
Trisma base(unbuffered) §%-& FAF A XS0l 7}ste] SRB
5 42AHY. 7 well®] 4= microplate readerZ ©]-&3}
o} 520 nmolX] Ssi5lon, kg 71 ok wellC)e oF
58 71 7 well(D) 2 2HES 748 019 well(T2)y 13310,
Tz<TQ 7%l (T-T2AC-T2)]X 1008 FAOZ Tz>TI
ZSoll= [(TTz)TzZ]X 1009] 2402 okEo] AEENL A
skt

dEZEn A ¥

oFe| 88 — 7F JW1502 B} Alfe] #AE falsly A
2OAE o]§3A] Rk SvA HAMTCE Gram GMZAT
w40 % TEEITE VY/2 agarilA] Adolla] o]}l tlZol
AERE o 4~54 F o] Sadde] HEHAT 7~10
Yol A A15-(stalk)7} G AHAAZE FAHRCE =} &
u)Fo® PeA S Bt A9 JYAETE X)) 7t
4o myxosporer =39S Bo)3 A7} 1.5 um ojsle] =
2 7o 7 FNHITHFig. 1). 53] FA7} AAstnglE VY/
2 agariiZE 365 nme] UV sl BANE ol swarm F9]of
ukS wgale) ks wiglow | TS Mywococcus stipitatus
ATCC 296113} Y3 A vehiSich 1 9] F7del dast
Aztsra 548 FASIS] Bergey's Manual of Systematic
Bacteriology(9th ed) 9 FnE§Y) NFFJEY 7)Eo 2 5}
of T A AT JWI50E Myxococcus stipitatus® 73
31 (Table I) AAEF8ATA Faxkegel] 71E81SiTHAccession
number: KCTC 0567BP).

HHEFC HA ¥ PEEA - wlGH10 DS AP EEA
A FHFEAS 28 vt MeOH-acetone=1:3 40% 3

. mgﬁ ‘VBRS3I1

2Q0kU X7 300
k 3 £

Fig. 1 - Scanning electron micrograph of Myxococcus stipitatus
JW150 cultured in VY/2 agar medium.

Table I-Basic biochemical and physiological properties of strain
JW150

Optimum temperature for growth 28-32°C
Gram staining -
Fruiting bodies on VY/2 agar

Deliquecent +

Raised on a stalk +
Myxospores

Ellipsoidal to spherical +

1.5 um or more in diameter -
Enzyme activity of

Catalase +

Urease +

Cellulase -
Stained with Congo red +
Greenish diffusible pigment on agar -
Nitrate reduction -
Starch hydrolysis +
Degradation of microbial cell +
Swarm with a yellow fluorescence (365 nm) +

U7F 2ol FE33ch BG4S Bl FAle F3xY 3
£=(1.1 g2 silica gel¥ ©|€% LPLC$ Sephadex LH-20
column chromatography 2 prep. TLCE E3l AAER= 30
A 2709 EAEHR EEEHT o]55 27 CHCLE 4viA
2 3} Recycling prep. HPLCE A A3t A3} @A Ex)24
KR15011(21 mg)¥ KR15012(13 m@)E &5 Ao A9
o} KR150113% KR15012¢] #}et+Z(Fig. 2)& A8 93
2D-NMR<E BIE3E thefsh 2338k wPiS o] g3ll=d), o] 3}
“dollA o152 NMR, UV, IR 52 spectral data7} A2 w)52g
¥ oluje} bithiazoleZ] 3HeHE< myxothiazol' V3 FAFSH Ho]
Holr o]52 7% Exhflo] bithiazole ringS A'd myxothiazol
o 5A HFEY Ao7 FFUct. HREIMSS ¥C NMR
spectral data®F-E KR150119] 22422 Cy0HyeN,0,5, %,
KR15012= C,HyN,0,S,% 712t A3t o152 IR data
23¥ 242} BAol o, B-unsaturated ester'?7} EAFHS &
F 9o, =3 'H 2 ¥C NMR, COSY, HSQC, HMBC

Fig. 2 - Chemical structures of cystothiazole A and melithiazole F
and HMBC correlations, Cystothiazole A: R'=CH(CH,),,
Melithiazole F: R'=CH,C4H;, Arrows indicate selected 'H-
B3C long-range correlations observed in the HMBC spectra.
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Table II - Cytotoxicities of cystothiazole A(1), melithiazole F(2) and reference compounds

1Cs [ug/mi]
Compound
A549 SK-MEL-2 XF498 HCT15 CL02 A2780 CP70
1 0.28 0.31 0.05 0.14 0.13 0.68 0.72
2 0.10 0.35 0.03 0.10 0.11 0.34 0.30
Adriamycin 0.04 0.06 0.13 0.12 3.27 0.02 0.08
Cisplatin 0.45 1.26 0.58 0.50 1.02 324 13.75

IC5: Drug concentration inhibiting 50% of cell growth; A549: Human lung cancer cell line; SK-MEL-2: Human skin cancer cell line;
XF4¢8: Human CNS cancer cell line; HCT15: Human colon cancer cell line; CL0O2: Adriamycin-resistant HCT15 subline; A2780:
Hurin ovary cancer cell line; CP70: Cisplatin-resistant A2780 subline

data¢] 3432} myxothiazole®] Bl & F3to] olE Ao
bitk.i zole ring®] XJ&FalE T3 C-1~C-179) F-E7z7} 8
Qlzi]em, H-128} 16-OCH; Atelell ROEZ} &2 o] C-119]
07359 geometry’} EQo] ERIH T, o2 0|59 A%
% 1 chiral carbon®] A H-92F H-104 coupling pattern
5© myxothiazol? FG3] frAlste] BF FYd& H7xS
A Aow FAF, olet AMdE upgor FRBS 7
M- A3 KR15011:2 cystothiazole A%} AX|513 31 KR15012
= relithiazole FJo|] #RI=ic}

MZEY - Ee|g S48 HET) izt AlExsAdE 5
A% A3}, cystothiazole A9} melithiazole F= FAIE oA EFE
o &) BF A% AEEALS Yehiglon, A AlEFS]
A% ICo 0.03~0.68 ug/miol3ITHTable D). 015-& FEHO.
& ¥z} Ueof bithiazole rings 50 2 &+ B-methoxyacrylate
&2 A side chain® 727t X2 t&d], 7 3hpxe] xb
ool T2 o]Fe] &/ F¥ol A9 Wizt Q&S E W, E4t
HH2E AZTEA] Wl A AEgle ZoE vy
.2 RE Ahn 1) A8 M. fulous I AEZHEAR 2
2% oithiazoleAl2] B-methoxyacrylate 3F3HE<Q1 KR0259] 7-$-
ol A=) $HH AU Mol st A5 AFel
20032 adramycin®] MFEZAAL- WAAAZF(CLO2)NIAE ICs,
#hol 3.27 ugmidd] vls) A AEFHCTIS)NA = 0.12
pg/mio = oF 2 Aol HolH, cisplating -9 WA
HZEZ=(CPTOCIA 1C,20] 13.75 pg/miQle) Hls) 254 A%
F(A2780)01M = 3.24 ugmlo 2 o AT 2ol vehdel
uhe} idriamycin®} cisplatin o} AETOl sl WAdE F
T3k AL ®moiF3 Qth 28, cystothiazole ASH
melittiazole Fi= 773 Al okAhld Mol diste] A
9 FU%- AEEAS HER L QoA IS SESRS o
ehil1 St} bithiazoleZl®) B-methoxyacrylate 3}3E-2 HAA)
42 JAIHENM cystothiazole A9} melithiazole FE X35
theFi- ER7F REEon F2ede g Eed My
A1 % B-methoxyacrylate Halgge o
Cystothiazole A2} melithiazole Fi= 71E}2] B-methoxyacrylate
339 VIR E AERE T ABPEL] AAEA

L

sHgHEol
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% cytochrom-bc; complex(complex ID¢] AE 53 3F A
HAZ dEA don, I8 2 mouse tumor cello] th3t
AESA o] Bago] QRITEBY B o72 a4 o)Eo] QA
719 okt SAE Y A SAET] diF) e A
AET7} gl2o] BelEgith E3] adramycin WA A EFe
tha} cystothiazole AS} melithiazole F&} WA =Eo] @A S
e} o} 50] Pepel Bdsio] AA|Y active effluxE A3k
A& 2ALsl7] 13 @A Pgpell tig o]59) 28-S HES L
it

IA 7} B4 Al o8 S 53 Pt Adolst
E} SbAlel| = WS UERE o] BuF ] thefA]
‘JMDR)°| ¢ gHta el slojA 7 Azst #4171 5 A
o} £ Aol thebA ubd SHIESTRl CLO2 AIZE o]83)
of AAAFY] qRRIES ez ookl v SEe] F&
3t e AL SAEk Aol Myxococcus stipitatusE. B4
 JW150 5] trbEelM 7t 2AE Tska 1 &
AEAZA cystothiazole A2t melithiazole FE 22|35t ©]
SRS AA7IYY G| i3] e AEEFIC,,=
0.03~0.72 pg/miye Ve % offzl oFAUAd AlEF<1 CL02
9} CP700] iSiM S ] AlEel T8 848 vehdo
oAl U SESRE e 49 EFUE Rl
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