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Isolation and Properties of Cytotoxic Polyene Antibiotics Produced by Myxococcus stipitatus JW117.
Ahn, Jong-Woong", Sang-Un Choi, and Ho Jeong Kwon'. Medicical Science Division, Korea Research
Institute of Chemical Technology, Daejon 305-600, Korea, 'Department of Bioscience and Biotechnology,
Institute of Bioscience, Sejong University, Seoul 143-747, Korea - Drug resistance is one of the most signifi-
cant impediments to successful chemotherapy of cancer. Multidrug-resistance (MDR) is characterized by
decreased cellular sensitivity to anticancer agents due to the overexpression of P-glycoprotein. By employing
adriamycin-resistance CLO2 cancer cells, we undertook the screening for agents which were effective to mul-
tidrug-resistant cancer cells. As a result, a myxobacterial strain JW117 was selected for study since the solvent
extract of cell mass of the strain was found to exhibit significant activity against the CLO2 cancer cells. Cyto-
toxicity-guided chromatographic fractionation led to the isolation of phenalamides A, A, and Aj. The pro-
ducing organism was identified as Myxococcus stipitatus by taxonomic comparison with type strains of
Myxococcus sp. as well as its morphological and physiological characteristics. Phenalamides Aj, A, and Aj
were as active against drug-resistant cancer cells CL0O2 and CP70 as against the corresponding sensitive cells

with [Cs values ranging from 0.23~0.57 pg/ml
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TwW1172] 5374 542 Bergey's Manual of Systematic
Bacteriology ¥ F-E3[13]10] E7 5A-d] 33 AF3=E
£ 71F22 sle] EFTF Myxococcus stipitatus ATCC
296115 7 FAIste AlEsidet. JPNES] swarm3} A}
AA 9] e AAErA (OLYMPUS SZ-11, OLYMPUS)
3} s38}8in]74 (ECLIPS E600, NIKON)C.2 #aslslar, &
28] e U =27)= FARARN]Z (SEM, JSM-5410LV,
JEOL). &2 ZAlslgc).
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vkl S dalEelsle] A E B2 vhE, acetonelE 3=
Z3led 7 55330 o] EFES silica geloll FFAIA
ethyl acetate:n-hexane=4:6~8:25 A7 frl| 23}o] Az o2
S/d-8019] v1&-E FolHA] column chromatography(¢3 x 30 cm)
£ P BejFdA M doiAl F4 RIS oA
methanol S A7/]€w 2 3l Sephadex LH-20 column
chromatography(¢2.5 x 80 cm) 3+ F, 2 F2H 22 85% aq.
MeOHZ- 474 2. reversed phase®] RP-18 column (¢2 x20 cm,
JADS AE3F Recycling prep.  HPLC(LC-908, Japan
Analytical Industry Co., Ltd.)E 3]3}e] ZARAZA 37)2]
S s Elskal KR11701, KR11702, KR11703
22 7bz7t g aigivt.

7217124

A 3FEE2] UV spectrumS methanols: -Svl2 &}
o] UV265 spectrophotometer(Shimadzu, Japan)=. Z318}19]
3 IR spectrum®] =32 FTIR spectrometer(Mattson,
USA)E 319}l Ad# =& automatic polarimeter(Rudolph
Research, USA)Z. 24 8}51 21, mass®] 34-2 OPUS data
systeme] #2t% mass spectrometer(Micromass, England) 2
393t} COSY, ROESY, DEPT, HMBC ¥ HSQCE &
g 7 NMR spectrum-> UNITYS500 NMR spectrometer
(Varian, USAYE- AHE31g o™ Ul BEFEAZ L tetramethyl
silane (TMS)S-, S34-4vl23= CD,0DE A3l

KR11701: colorless oil; [a]p -189° (¢ 1.0, MeOH);
UV(MeOH) Apax (log €): 356nm (4.7); IR(film) vy 3320,
1636, 1600, 1577, 1496, 996 cm™; HREIMS m/z 491.3381
(caled for CayHysNOs, 491.3399); EIMS miz 491[M'], 473,
455, 289, 271; *C NMR (CD;OD, 125MHz): 171.8(s),
144.1(s), 141.8(d), 139.7(d), 139.4(d), 136.3(s), 135.5(s),
135.1(d), 134.8(d), 134.2(d), 131.5(s), 1297(d, x2),
1292(d, x2), 129.0(d), 128.9(d), 126.5(d), 122.8(d),
82.6(d), 66.1(t), 48.5(d), 40.8(t), 37.8(d), 34.9(t), 32.8(d),

21.5(q), 18.3(q), 17.1(g), 13.3(q), 13.0(q), 12.6(q).

KR11702: colorless oil; [op +3.0° (¢ 1.0, MeOH);
UV(MeOH) Ay (log €): 355nm (4.7); IR(film) vy
3420, 1641, 1600, 1577, 1496, 993 cm’; EIMS m/z
491[M"], 473, 289, 271;°C NMR (CD;0D, 125MHz):
171.8(s), 144.0(s), 141.0(d), 139.9(d), 138.9(d), 137.8(s),
136.3(s), 135.5(s), 135.2(d), 134.1(d), 132.7(d), 130.5(s),
129.4(d, x2), 129.2(d, x2), 128.1(d), 127.7(d), 126.5(d),
82.6(d), 66.1(t), 48.8(d), 40.8(t), 37.8(d), 34.9(1), 32.8(d),
21.5(g), 18.3(q), 17.1(q), 13.3(q), 13.0(g), 12.6(q).

KR11703: colorless oil; [o]p -40.3° (¢ 0.3, MeOH),
UV(MeOH) Apux (log £): 353nm (4.6); IR(film) vyay: 3332,
1636, 1602, 1577, 1522, 1454, 998 cm™; EIMS m/z
491[M"], 473, 289, 271; *C NMR (CD;OD, 125MHz):
172.0(s), 144.1(s), 141.3(d), 138.9(d), 138.4(d), 136.3(s),
136.0(d), 135.4(s), 134.0(d), 131.5(s), 129.7(d), 129.4(d, x2),
129.2(d, x2), 127.9(d), 127.7(d), 126.5(d), 124.0(d), 82.6(d),
66.2(t), 48.9(d), 40.8(t), 37.8(d), 34.9(t), 32.8(d), 21.5(q),
18.3(q), 17.1(g), 13.0(q, x2), 12.6(q).
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A, S M EFQ] AS49, AFTH EFQ A2780, F]H-A
59 SK-MEL-2, 3217 A E5¢] XF498, ThAISHA]
59 HCT1S ¥ HCT1S M E2HE] adriamycind H2]3}
of TRRWAl NEFTE g7 CL02 M| E9} AgAl x5
2] A2780 A|Ee) cisplating )28l WA MEFE B
gk CP70 MES o] &3lgie}. A MEFE 25 n]59)
=3 oF dFA2RE Bof wigkon cisplatin| A Al EF
el CP70& w9 FOX CHASE Cancer Centerolj A E-oF
wkol Al8-3loit) Wik o 2= glytamine, NaHCOj;,
gentamycin ¥ amphotericinBE H7}3}e] 5% FBSEZ B7}
g RPMI1640 &85 AH8-3}91.2H, 37°C, 5% CO, ¥
100% F=2] 2 wjoFsk 3~42ol g Al $7)
313t
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MEEE Z7F 96-well flat bottom microplates]] E35led
ube Weoll A £7} PRSI 244|7F wioFsial A E7} vl
wHol| 2y Fol] wiofd S A|AZ oS A BHES welld
100 mi4 gof k7oA 72412F wieksldet. S At
aled mjokal F MEFAL S-S AxEE il A
°Fel SRBE o8t SANA(10]. & F=g 3H7Isie
wiost &, wiokAS AAG oS 2 wellell 10% TCA 5}
S A3} 4°Coll M 121759t HEA] o] Al ZES 1A
At 2 F TCAE AASE AL AEAZ F 1%
acetic acid 4ol 04% SRBE =<l JA8HS- 7}sled A




2ol|A] 308 F3F WAIBl MEE G MEe) A%
3R] ¢k o2 SRBE 1% acetic acid Y02 A& 3]
A 718}, pH 10.3~10.5%] 10 mM Trisma base(unbuffered)
SAg ANzl N EE5) 718l SRBE 4&A13H. 7 well
9] F3 =+ microplate reader(Molecular Devices, USA) &
o] &8le] 520 nmell A EA s or, FEL JlekA| e
wel©)3F FE2 78 2} well(T) 2 S 7ha o)
well(Tz)2 | 2sle], Tz< T8l 75l [(T-T2)/(C-Tz)]x100
o] Ao R ) Tz > Tol 7%l [(T-Tz)/Tz] x 100%] 412
2 FEL AEFAS Al

A% W DY

o3 3

TF IW1172 e} Ale] ZAE 488 dfzess
o]-88}x] Hal= 474 HANFLE Gram G4ZA &4
22 IEEE. VY2 agarifA] AbellA] Holql iAol
HEUE 9 4-5¢ F AT SFF] ARHAT 7
~10d o] A A ARF(stalky’t EH AHLA 7 A
(Fig. 1). z} Au]7 oz Hed EAJL B3t Ao} oJof
M| E= 2AA A2 2ol myxospores 334 Kol
2717} Lsum olske] e 7oz Bslls B
A7} AAFINE VY2 agarlAE 365 nme] UV dlej|A
FAYE A swarm FHell #- =39 P3PS w9l o,
RFTF4 Myxococcus stipitatus ATCC 296113 T g
AAE vERITE o 9 FAel "ask Asled BEAS
ZFAF8le] Bergey's Manual of Systematic Bacteriology
(Oth ed.) 2 FTEH[13]2] AHFFFL 71F02 3le] 7%
3t A} AT TW1178 Myxococcus stipitatus® 53338}
o} (Table 1).
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Fig. 1. Fruiting body of Myxococcus stipitatus JW117 on an
agar surface.
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Table 1. Physiological and biochemical characteristics of strain
JW117 and Myxococcus stipitatus.

. Myxococcus
. Strain ..
Characteristics TW117 Stipitatus
(ATCC29611)

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

Deliquecent + +

Raised on a stalk + +
Myxospores

Ellipsoidal to spherical + +

1.5 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 + n
(365 nm)

uokl (10 )2 A EE]sle] FA S B o}F acetone 2 E. 3
A7 ALellM 231500 S Bl TA F2E (728 my)
< silica gel 2 Sephadex LH-20 column chromatography
Hx HFEHOZ recycling prep. HPLCE A3 A3} A1 R
A2 KR11701 (103 mg), KR11702 (3.5 mg), KR11703
(5.0meys et ALz doix. ol&9 HETE (Fig
2% ZAAs] s 2D-NMRS H[ 58] ohekst 33304 o
e ol &3, o FAedA o]E2 NMR, UV, IR
spectral data”} o}F B|5:8 B o]} EIMSS &4 A}
mz 491M']S] AT EAS ehie], o5& AL
chromophoreE A & o] A% o] ZsHA AlAHE A
£33 NMR dataZ 58] o] 5 ¥A1Y phenyl ring®] £A19}
IR} dataZH-E} amide carbonyl group (1636~1641 cm™)
o] EA7} A =gl on | HREIMSS 3C NMR9| data@H-
B F1F o] 5] ERM CyHusNO; (BEI==11)2} 1870
o] sp? skae] EAE ARIEIE o5 EA violl Aol 6
4o el AYg e TR AETE2E 71 polyened] 23}
4ol AU, ol2igt AMdel| 2718l A Al
o] HYAMHE & polyenic compondsel] I3 F-3[1118- 34}
g A=, KRI1701, KR11702 % KRI11703> 7z}
phenalamides A;, A,, A;2] 22383 A AN W spectral
data7} AAsIHEH 53] 2 FelM = EAT AFE
([olp) 2 °C NMR datar} 0| 5] S 244 27} 9
o},
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Fig. 2. Chemical structures of phenalamides A;(1), Az(2), and
As(3).

NEZSY.

Fe]¥ #A4J=219] human cancer cellol] 3t 54L& 24
&}ed Table 2¢) v}l i}l Phenalamides A, Ay, Aye &
Al 25 A ET A st 2AE Vel e, ICs
< 0.23~0.57 pg/mle]si=t. ¥HH adriamycin®] A E542 7t
44 AEFHCTI5)2] 1Cs0] 0.12 pg/migldl vls] WAA]
EF(CLO2)AE 327 ug/mlzA] o 2794 = xjo] & Hg
o} Cisplatin®] W44 o] W gt A ZEA Ao A=
cisplatinell @8] WAAMZF(CP70)7} 7HAd A E5F+(A2780)
o Wla o 4MAE Ao fER ATRE frPos
phenalamides A, A,, Azt A AlZ2F9) ofAUA] M E
Zoll sl AS) AT B B clop) HL T8
& Jepi T Qe ol AL 22 w3y A E fole)
polyenic compound?! stipiamide[6]7} colchicines-resistance
KB cellell a3 W& SH3tchs Bash 48l 1
2}, phenalamides A ~A;9) ol=jal By stalTze) 3}

olel] wpE Wz} 9] glsS B o, ExpY o|F5AY ¢
9] configurationS A3 FA 7]eddlA] Eal= e
2 ¥}, Phenalamide 3382 19923 Reichenbach
Sl 28l A5 Fel=e] A stereochemistryE &
gk A FE27F wez e 2 3 phenalamide Al-S-
phenoxan, thiangazol®} 3 HIV-12] A3 [S]3A] AA|
T ] shpelads EAZ B UFY =3 B AT S
F3l °]5-2 ok’ human cancer cellS X&) Tl )
Qo] s EFO RS B E AABI: Zlo] FHalF
e}, 1 28713k FsME obd B vt glek 2
2}, adriamycin WA A EF¢ N3 phenalamide 23t
9] WASEe] "ol ate} Pgpel At stz
active efflux A 33H=3] & A7) S8 @A) o] 52
Pgpell gt 2-8-& =51 Qi

o OF
L =

AESL BA SiAle] o8 iAdE F5shd 720 A
olgt e} gtAlo = HAPAFE vieb = o] BH} SHA 22
SR YA (MDR)e] & 2etaRie] sleiA 71 Alst &
A7d I e £ dFolM e ok WA b EFe
CLO2 HZZ o] 43le] AT HAREES ddo g o}
Rzl WA kM| Eell RS SFEAE FAFHE HA A,
Myxococcus stipitatus= 73 IW117 459 djAAFEo]]
A 08 FAS ST 2 XA 24 polyened 3}
g+E9] phenalamides A, A,, AsS F2]3}93c}. Phenalamides
Ay, Ay, Ay A7 A Ee Hs] BT Ad NES
(ICsp=0.23~0.57 pug/mlyS vehd - ope} vlefA A
MEFQl CL022} cisplatin] Al A5l CP709]] o A=
i MEFe) Y3 FAS velle] HofAl AdS =

Bahe 951 34 BUYL galsae,
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