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Isolation of Antibiotics Effective to Multidrug-Resistant Cancer Cells from Sorangium cellulosum
(Myxobacteria). Ahn, Jong-Woong* and Chong-Ock Lee'. Division of Ocean Science, Korea Maritime Uni-
versity, Busan 606-791, Korea, "Medicinal Science Division, Korea Research Institute of Chemical Technology,
Daejon 305-600, Korea - Drug resistance is one of the most significant impediments to successful chemother-
apy of cancer. Multidrug-resistance is characterized by decreased cellular sensitivity to anticancer agents due
to the overexpression of P-glycoprotein. By using adriamycin-resistance CLO2 cancer cells, we undertook the
screening for agents which were effective to multidrug-resistant cancer cells from strains of the species Sor-
angium cellulosum isolated in our laboratory. Sorangium cellulosum, cellulose-degrading myxobacteria have
recently proved to be a rich source of novel anticancer agents. One of the significant examples is the promis-
ing anticancer agent epothilone. JW1006 is the first strain of Sorangium cellulosum which was selected by us
for the isolation of a metabolite by a biological screening because of a high cytotoxic activity against the CL02
cancer cells. Cytotoxicity-guided chromatographic fractionation of the culture broth led to the isolation of two
active principles, disorazole A| and A,. They showed potent cytotoxicity against CLO2 cancer cells with 1Cs
values in the picomolar range, and were as active against drug-resistant cancer cells CL02 and CP70 as against

the corresponding sensitive cells.
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B A Fo)r= T Epothilone[3]2] AWATOE. %ﬂxltﬂ
A A2 EA 9] PRS- sourceE F930 A cellulose &
3|4 HAx T Sorangium cellulosum®] 755 HAFSE 1
Lo AMAENA chekA] WA shMlEel g SAHAlE
AL B3P $13l] Choi F[2]0] et kAl WA A

T3] CLO2 HlFE2} CP70 A ES o]8sle] 2~ze]d 3 2
S cellulosum TW10062) v kBl A} 738 oA ZAd o]
Hlee] 1 &
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5 =4 x| oAk, Bl vk FAelA AHFHE B
ok A BEZ st} ABH[12]] Wt cellulose 2314 ZHHA|
<) Sorangium cellulosum TF= 228t & WCX
agar ¥l X Z =2 petri dlsh((p() cm)ol] n]2] W3t filter
paper(¢5 cm, Whatman No.2) £ 723 71 9ol BEFARE
A28k g, 30°Cel| 2-3F ik S o &3 filter
paper2] Tl Wlept= orange ] fruiting bodys KAN-
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4 agardll 3~53] &7 <Fslg o A= VY/2 agar vi%]
£ ol&sldlet. w3k aEe] TAIFA S s At
SANARS H8 Balofell s BF TU3 24 dAwgA|
(0.8% potato starch, 0.2% glucose, 0.2% soybean meal,
0.1% MgS0O, - TH,0, 0.1% CaCl, - 2H,0, 0.0008% EDTA
Fe(Ill)-Na* salt, pH 7.2)E AM8-3133=d], ot Zujjoke] 7
5 A WA BAAAREES Fol7) S8l 2-1 &%
o) wlo Sekrmo] FA5A] XAD-162 2%(whv) B8
o] 400 mie] KA =2} A L2 F Hdg vk Ak
3 FAE 5%(viv) FESld 30°C, 1597 Zeh) ¥ (160
rpm)3}tsiet.

=5 3

Held 4559 255 22 Bergey's Manual[4]
F3[11, 12, 1519 25 - FA6l] @5k 7)5) w2} cellulose
L3142 ofF-E v]Rs) AA 2 Swarme] HelH EAS
A9 Fa3d XNE=Z 3glch Cellulose &34 WCX
agar W} Z] $Joll 7Zol=2 filter paper(Whatman No.2)e] £
sl -2 glalgl o, Swarm# AHAAL] el VY2
agar ¥1A] 2 KAN-4 agar wizJel| A 30°C, 277} wjekst 7
< &%) 7(OLYMPUS SZ-11, OLYMPUS)Z} %330
7 (ECLIPS E600, NIKON)2. 2 a1l v}, =3k Congo
red AAHL 0.01% T84-& A3}

=& 9 22

ekl S WA Felste] A9 FEATAE 22 o
acetone 22 FE3fod I} Eslgdr). o] HE=E-2 silica
geloll F3AA CH,Cl,-MeOH £ SvljA| 23}o] A Z o2
FAA8e] BlEE Tl A (100:0 - 90:10) column
chromatography(p3 x 30 cm)E- #3}e] A I ES d&
& °]AE ©Al methanold ©] 83t Sephadex LH-20
column chromatography(@2.5 x 80 cm)S %3 A3t
FEFH S F 85% aq. methanoks S04 2 reversed phase?]
RP-18 column(@2 x 20 cm, JAI)S %33} Recycling prep.
HPLC(LC-908, Japan Analytical Industry Co., Ltd.)S 3}
St BAEA A 209 =S Sl Al A4
KM10061, KR100622 H3slgic}.

717184

A3 #ZFEE2] UV spectrum? methanoks- -8o) 2. 8}
o] UV265 £33 =4 (Shimadzu, Japan)2 24393 IR
spectrum®] 372 FTIR spectrometer(Mattson, USA)Z. &}
et A3} E3E automatic polarimeter(Rudolph Research,
USA)E EA31512m, mass®] =42 OPUS data systeme]
Akl A 2kBM 7] (Micromass, England)® st} COSY,
ROESY, DEPT, HMBC % HSQCZ % &3t zZ+%& NMR
spectrum~> UNITY500 NMR spectrometer(Varian, USA)

E Abgstg o WA EFEAE = tetramethyl silane
(TMS)g, 34892 CD;0DE AH8-3ksiH.

KM10061: colorless oil; [a]p -72°(¢c 0.7, MeOH); UV
(MeOH) Amax: 250, 265, 272, 299, 306, 323 nm; IR(film)
Vmax: 3435, 1725, 1351, 1151, 1109 cm™'; HRFABMS
m/z 781.8933(caled for [C43Hs4N,Ojo+Na], 781.8967);
FABMS mv/z 781[M+Na]', 759[M+H], 741; *C-NMR (125
MHz): 163.9(s), 162.9(s), 161.9(s), 161.7(s), 146.02C, d),
137.0(d), 136.7(d), 135.1(d), 134.7(d), 134.3(s), 133.7(s),
133.4(d), 131.7Q2C, d), 131.0(d), 129.7(d), 129.5(2C, d),
129.3(d), 128.3(d), 128.0(d), 126.9(d), 113.8(d), 79.9(d),
78.2(d), 77.8(2C, d), 77.6(d), 59.7(d), 56.6(q), 56.0(d), 42.6
(2C, s), 36.1(t), 29.5(t), 29.2(t), 19.4(4C, q), 18.0(2C, q).

KM10062: colorless oil; [a]p -30.2°(c 0.5, MeOH); UV
(MeOH) Amax: 252, 264, 274, 298, 303, 320 nm; IR(film)
Vmax: 3450, 1728, 1350, 1155, 1102 cm™'; FABMS m/z
743[C4,H5N,0,-H]; '*C-NMR(125 MHz): 164.1(s), 163.0
(s), 162.1(s), 161.7(s), 146.3(2C, d), 137.2(d), 137.0(d),
136.6(d), 135.4(d), 134.7(s), 133.9(s), 133.6(d), 132.1(2C,
d), 131.4(d), 129.9(d), 129.52C, d), 128.7(d), 128.3(d),
127.0(d), 126.8(d), 113.5(d), 78.5(d), 78.1(2C, d), 77.6(d),
70.8(d), 60.0(d), 56.4(d), 42.8Q2C, s), 38.5(t), 29.7(t),
29.2(1), 19.7(4C, q), 18.6(2C, q).
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Aol AM-E GHAETE BT QA7) SHMEFER
A, H A ETFL AS49, g 2T A2780, F]H-4A
E3<] SK-MEL-2, 521744 A EFQ]1 XF498, th Akl
F¥¢] HCTI15 % HCT15 A Z245E] adriamycinS A2]3}
of R NEFE 5 CLO2 M2} A<M 25
)l A2780 |3 cisplating #2]ste] WA MEF2 7
gk CP70 MEZ <83l A A EFE 55 v
=] 9t A4 HE] BoF Wekonm] cisplatind]A] M| EF
¢l CP70& w]=2] FOX CHASE Cancer Centerol| A &-2f
Hhol Alg-3lglch vl N 2= glutamine, NaHCO;,
gentamycin ¥ amphotericing 718} 5% FBSZ %7}3}
RPMI1640 S-8-& AR8-319]2m, 37°C, 5% CO, ¥ 100%
F520] ZAA wjokslil 3~4e] kA At fR]s1sict.
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MEES 77 96-well flat bottom microplateel] F5-3}oq
upet ol A2} BABEES 244]2F wiokslal Al E7} nist
wol| F-2hgl Foll wjokl S A AG oh2 A|BFES welld
100 pl go] wieFrlolAl 72412 wiFstale). a2 H71s)
of wjoFst F MEFAS] FAL MEFY thial Ga A
oke] SRBE o]-&3le] AT 13]. & E-S A7)l
wieFst -, wioFA & AAT o 2 welle] 10% TCA £
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A5 A slaL 4°CellA 1A]2HE3t WA sl N EES 14
AR L F TCAE AASIAL ALl Az A1 #F 1%
acetic acid 2o 0.4% SRBE %4l gA-gMRE 7lsle] A
<ol A 308 Ft whREle] A EE QA AlEet A
@WalA] o> o H2] SRBE 1% acetic acid 2422 A%
whod A A8, pH 10.3~10.52] 10 mM Trisma base
(unbuffered) 242 HMH MEE] )5l SRBE &34
3ot 4 welld] F3 X=X microplate reader(Molecular
Devices, USA)E ©]-8-3}o] 520 nmellA] SAslgdom okE
3 718HA] 92 well O oHe-S 718 ZF well(T) ¥ <&
-3 7k w2 well(Tz)S Bladled, Tz<Tq] 7-$ll= [(T-
T2(C-Tz)] x 1002] A2 Tz>Tel 3ol [(T-Tz)/
Tz] x 1008] PA L2 o5 MESA L AAlslgit.
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HAAN L e} a3 gl AU d33A o
1718te] BFs)7] Mok o274 fruiting body$} swarm
o] Jed EAel o5t 3K EAE 7IF0R 3l BR
Sl 9lek4, 11, 12]. 22l cellulose® L35l oA
-2 o9 H o F ¥ Sorangium 47(Sorangineae)dl] <3},
2% Bl oJsbd 35 ojAbe] T sl 1], A2
ERAA NS 1502 FolFol Sorangium cellulosum™t Q)
FEA QUEH4) TW1006S 3T 6052 88 IF5S
L5 celluloseS &8l AAMER S, cellulosumSEA
WCX agar #)A] 4] filter paperel] AE38131S o, 10~14
e A F AR} L8l=7) AFFsied I(Fig. 1), o
22| ool yellow-orange 3= red-orange 4] #FAIA 7}
HEAE A o] F2| M X FEHU|H(x150002E ¥
e T A Fo] T w2 SR Elen,
Gram 422 HEHIL congo red® X 231%E W &
Joldct. 3 KAN-4 agar WlA|ollA 30°C, 14~2047F vl
F-S o 53t Hene] A9} swarm(Fig. 2)0] A
i, A ufekel A FA = Heo} =77} dekgt o
(lump)e- o5 ABAsl] S, cellulosume] wjeFd E448 =t

Fig. 1. Photographs of the isolated strain, JW1006 degrading
cellulose (filter paper).

Fig. 2. Swarm colony of the isolated strain JW1006 on KAN-4
agar.

ephisiet.

S$MEX| M ¥ F=ZH

S. cellulosum JW10062] wWjoFel (10 yS HAlRe|sle]
Ao} FHAPAE B2 thE acetone®E 3U7F A-olA F
3 F TSk st 24E Bl 55728 meys
silica gel 3! Sephadex LH-20 column chromatography&
HAA FFH2ZE recycling prep. HPLCZ AA|gF A3} 34
A 24 KM10061(13.8 mg)¥ KR10062(7.0 mg)ys +5*
g datoz Al o] 59 sst2E ZAs] S8l 2D-
NMRE B %3] vfefst B3shs] uhi & o] 4-313id], o
HA oA o] 52 NMR, UV, IR9] spectral pattern©] o}
H|s=8}) HRFABMSS} BC-NMRQ] dataZ5-E Q1% o
Lo) Baprleg ey BEshe(=18yt TUFS & & sl
I, 53] 'H-'H COSY A8 ZA¥} Fdst ¥-EFZ(Fig. 3)

Fig. 3. Two common structural elements of the compounds 1
and 2 derived from '"H-'H COSY NMR Spectroscopy.
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2} 270¢] oxazole ring®] £A|7} FEFHSE FQlFe]
KM100613} KR10062%= 5% 3 chromophore® Al 73
ol g5 o] ZsHAl AlAk=SAT.

o]t Aol 273t A A F7HA] WAl AAA
o] diapabgel e F3-E EAHgE 23, KM100613}
KM10062% Z+z} H. Reichenbach group(GBF)Oﬂ g8 F
ZFo] Aol A 22| Disorazoles A @ Ay(Fig. 4)9]
=e]3pst A3} spectral data[7P7} U3 C).
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Baly shEAe] ol7) ehMEol gt AL Table 1o
vellele}. Disorazoles A3 Ay FAIE 2B A ESF
o tsl st FAHA B S velligien, ICsoﬁ 0.04
ng/ml ©)82 viehgdc}, sk adnamycm«] M ESAL 2
A A ZFHCT15)2] ICsee] 0.12 ug/migld] vls] YAAIE
F(CLO2)NME 327 ug/mlEA o 27T 2po] B Kol
o}. Cisplatin®] WA EFo o3 A x5 oM
cisplatinel] & WAMZF(CPT0Y} A AMETF(A2780)
o vl oF M AE WAo] =R ATE REHos
Disorazoles A @} Aye ZAd M ESES) A WA M| E5
Isief 719] FAT Y 0] S S 3G
P Qi ol2ist &2 T &4 AHAMT dF

ol Myxococcus stipitatus®l| A —‘v:ﬂ% stipiamide[§]°l| A =
o8] Aol & 1}

wase] gloat, F= 2o 1000
ez it

Fig. 4. The structures of disorazoles A; and A,. Disorazole A;:
R=CHj, Disorazole A;: R=H.

Disorazole ZF3HE-& 19944 Reichenbach 5[7]0] 23]
Hz=2 Fe|ge] 745 AHEHUA FFolE v 1929
(mouse fibroblast)?} Hela cell} 22 ZiA|Zol| 3l 7}
g AR 2ge] Qlol WHAE[S5], ¥ d75 53l
A= Disorazole Z3HE2] kst Izt stM|Eof cigt 7}t
FA AR 2pgo] ElEglom o]e} A kAl WAde] oF
M EF| 8] T4 Tz AAshs 7o) HFo=
HlEo] k5 ?%L%WH AT el gt 2H87]72] 53
o AMxAel HAdto] 7|t} 53] adriamycin Y4 44
F ol Y3 Disorazole e AT E] dAstoz
o] ol Fol| M= Pgpel HA7sled A active efflux
£ A=Al At AE7F e Folof & Aoz= Al
A

(@) oF
R =

P75 Al os WS dSehd 7ot A
o|gt e} iAol = WY& Hehll= o] S} A £
cleka] iAde] b shekaiel gleid 7P At A7)
3 gl 2 oM ol WA sl EFel CLo2 ME
& ©|-83te] cellulose ‘Q"EH A HAEMNEQ Sorangium
cellulosum®] 6001%2] TF2 AFLZ ctlek) YA S|
ol FEZ S %“li?f]—: FAAA, T TW1006
o] AAEEo A 7FEE FA A A WA T O A
3 2] macrolided] 339l Disorazoles A3} A&
Felslede}. Disorazoles A2t Ays QA 7|42 A Eo]
el ZF g AEFA(ICs< 0.04 ng/m)E vepd *
opz} ':‘r‘lkﬂlﬂvé M EFQ] CLO2%} cisplatin A Al E3
ol CP700) disiAl A MEFS) At F4L ek
of ohefAl WS SHE3H: -3 24 =AY #ElE
%At

dAtel 2

B 7= B8R 2 AR A (00-PI2-PG -
CD02 0007) & Aoz 218=g o o] ZMALEF e}

Table 1. Cytotoxicities of disorazoles A; (1), A; (2) and reference compounds

ICso [ng/ml]

Compound
A549 SK-MEL-2 XF498 HCT15 CLO02 A2780 CP70
| 0.02 0.04 0.02 <0.01 <0.01 <0.01 <0.01
2 0.04 0.04 0.03 <0.01 <0.01 <0.01 <0.01
Adriamycin 40 60 130 120 3,270 20 80
Cisplatin 450 1,260 580 500 1,020 3,240 13,750

ICso: Drug concentration inhibiting 50% of cell growth; A549: Human lung cancer cell line; SK-MEL-2: Human skin cancer cell line; XF498:
Human CNS cancer cell line; HCT15: Human colon cancer cell line; CL02: Adriamycin-resistant HCT15 subline; A2780: Human ovary can-

cer cell line; CP70: Cisplatin-resistant A2780 subline
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