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Isolation and structure elucidation of bioactive
secondary metabolites of Sorangium cellulosum,

cellulose-degrading myxobacteria

Tae-Kyung Yu

Department of Marine Bioscience and Environment, Graduate School,
Korea Maritime University, Busan, Korea

(Advisor: Professor Jong-Woong Ahn)

Abstract

Myxobacteria are unique gram-negative bacteriaratherized by the gliding
and fruiting body forming nature. They have receriiben well established as a
new and potent source for natural products withlogical activities because of
their potential to produce a considerable variet§ metabolites:® Thus,
myxobacteria especially attract many researchelnigces they have many
possibilities of producing undiscovered bioactivebstanced. They are not

obtained by the routine method used in culturingctdér@a and thus require



special techniques for their isolation and cultuM/e established in these
techniques abou$orangium cellulosum in Korea.

In our search for the bioactive metabolites fromxabacteria, strains KM1001
and KM1041 of Sorangium cellulosum, were found to produce potent bioactive
compounds. They were isolated and purified by @ailicgel column
chromatography and semi-preparative HPLC. The wsires of these compounds
were determined on the basis of combined spectpasanalysis.

Epothilone A (15® from S cellulosum KM1041 shown to have a significant
cytotoxicity against the HM7 and HelLa human canoeil lines with 1Go
values 20 and 30nM. At higher concentrations oftlepmn A, the microtubles
became arranged in bundle-like formations at theppery of the celf™® The
major component fromS. cellulosum KM1001, named soraphinol C{4}® was
found to be a new compound closely related to th&éom component,
4-hydroxysattabacin  (5f) Soraphinol C (4) showed antioxidant activity
comparable to that of Trolox, while 4-hydroxylsatain (5) possessed only a

weak antioxidant activity.

Keywords: Myxobacteria,Sorangium cellulosum, Soraphinol C, Epothilone A,

Cytotoxicity, Antioxidant activity



HAEe] A3 ol &l FF AFE 1A AN

3= AL2A AF7A] FE AEF vAEC] I Gty F

ok 53] vAeS S YA 2H olF F oA g2 Al
717y, o= AR Seld 5o AHeE W FAAEe] dAHS Ex 3
o, oS3 AEF I ABASA G T8FT &2t =Ha 9l
o A=7hA] &R 15,0009 F 2 wBE 71de] BYBAESAL oF 70w}

WAdeA AL 20F FdERF (FAAE deutero-, asco-,
basidiomyceted )4 YR 10%4 =7} Bacillus ¥ Pseudomonass F
o2 T ATFFAAA EYENSS B o BFHEAY Ade] = v
AEL F259 groupdll F3EH s & F Aok

olEs WieE ¢ AEH ST FHzak 71 EHY ARYE A=
247} ol Aol 288E W g} Azl AFFrH R S HE
Aot o]z 3 T dFAY ZIdSeA 2RI A S8 §
g Az Ao FaAo] UiFHATY M So)F AFAe) g AlF
g & 42 2718 /Y =8 84 FES P2 s AN
epothilones AAHel= Zez2 B3 3 AFEZ

Ao A9 s

A HAAES M2

(1) M2 AP 24 2] Myxobacteria

Myxobacterid&= gram-negativé] EoFdle|g]ol2 FA|= 0.6-1.2me]w, Zo]
T e 3-15mQ] wolr] Bk Zhdeoltt. o] wEE el AUIEI|ATL



Fig. 1. Myxobacterial fruiting bodies.
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2 12% 35%°] ¢¥A onm, proteobacteriay LF ol &3} Myxobacteria
E BF3Z% 8 o]EsE BAE o] 1A T gk =X 4y
A BHA JE EFelw, d&ie] ZFF A3ddAE AT v v

o7l 2o AAHAE FAsH, 2o gEEols I ellA 73 £
ey AR Wy AIAEL dEgelAE P & FAAE
JFA 2 Y= Aew LA d=v|, ¥ 9,500-10,000kbE HATFe] F Hj
7t @ A7lelg. AYAIEE I AZA A b-E gHEHIE obgks PEEE
F 7R SRS Beltdl, FAAENH 24F < GAE AAAY PAe] 1
Ao},

AN TS B 2559 29, A2 AU Y57 Ae] 29 FA4
AAsk Fo F7lEEE ol&dMA ARAY 9 mAEES Fot
o2 A ARIY. o2 FAR viEldA £ wE o FAHE ]
AHA BF 50 3 HolE Fo} o] FHA oy} @

A o 7teEsl &, FAEAES AIE o= WS EA o5

AT kel o o olErHssA FAL FA B thkAE &
A el 248 o F Aelelelse] @ oz el FA AT 2L
Bk AUH FEES FAsH F7 PPl ATTE o] YA T
2% A 7Y =t G999 A2 ¥9Y I (Fig. 1). FAL vhele)
dejelelrt M0 BH olFolA o]F AAA B AAAF F
Foll wet 79, 97Y, olF FF WAL, YTEG 5 o}F thebsiuh
e AAA AAA) FHL VAAE o] T e ool AE A3
Fobg 4 9m ARAE Dicyosteliume] ABANA T FAEE AL
9Tk AAA Uel ETASE A JoEEe]l TR APl =W A
oAl B, 1 AHE dobel wwPlEE Tuke AW wiele) 3
e PAstel 2Aol o AR A% Do
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Fig. 2. Selected structures of secondary metabkofitem myxobateria.



(2) Aol Aist= A=2AER

HANEL FH FAA g2 HF 87 35k protease, nuclease,
lipase, glucanas€s2] A|E 2] EAE A4Sl 2 u|AES FF59 2
o] gk HFE o)A s1r] Y3l starch, xylan, chitin, cellulosé

< ®3s = &A2EF restricion endonuclease, reversed transcriptaseteip

kinase 5= AAHIE® HAAFe] HEZAHEAS dFEL 25l
Ay == 339 polyketide X peptide] th2? @& EA E 0] polyketided)] o}
uxko]l A=l = FHolH, FF heterocyclEs A= T} (Fig.
2)7% o] 5 AEZAHEAS UREL 7, ¢, INA FHE 2

W&o &3z Fxez dFS°] AWHL g Y B EHSC] £
gEo] Fx9 7] W3Ry I oS WS 9 YeEra 9)
I Fols RS HYAIA ASEE, A IYAFIA ANEE,
gram-positived2] K'e]2 BjEZZE4, gram-negativd DNA ZAFEZ 59|
UL, 717 o] A3 HIAA| AL =HE £ AESAS UEUE
vioprolid, FF&Z7} Y= leupyrrin? So] 9t T 59 23} jAA
= AA3E vAEST VR AT AvE AEENEES
EolFer AistE Zo] ol §A FFoATr AAkst A= %
Ut =23 B HAAFEC] AEZAHAEES T A
Ut o}z @2 A7} o] Fojx|A] ¢ HAYATE FELS E53 71FE
7170 BEBAYEHE] Raoln AMEE AFAL 71FS /A e ALe=
Almgegy W AFAEY] IvE ASIL Yo

3 97

e
J[m

2 AYel AL AAalEe] st e ATHHELL B2 9 @
A ARz Sa4 FAAF 22 @ wjoel BE PEE T Hz=
AA SP#3, 1 PP ol fa T mpomye 2@ HAATS of
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n A3aAs 9 ¥y

P ECEWE PP EEPREDEE D
11 AlF2= £34 FIYATY £ 2 &3
1) B A= AF

A71E M $4 223 AARE 2R 249 AR, AR 32, 9
CEER R EEIEEERNE SR R I R
o & AP AR AP A AZH] F2 2o AN 5P E
o QelAAe] F& UHT DAoE elFsEA AdEE ANNG A
A AR w2 ALSA FE A ol FAE dAs) A8 2
AEe RolA AZAA Rassion, 7 ¢35 A A9
2 94T 55 WEsel Yol A5

P

N

o] 7]

2) B¢ A8 A3

ST21CX agar®fA]ell Fol& 4AT 7] (FH10m)E ZekA HF33-
AFE2 §3lA HAAZE] 2o Fad wixl= 2T FolE A 4
of £ Fvlddch B AEE AT F= AMRT Folel 2ojA B
FTHTE 34E "ol=y Aurt BAEHA GEF Uk A 2ES
°]-§3te] A7 0.3~0.5n A7|Z AEE FH Fol T4 T HY ¥

ot EoF A8 E ¥ wiAE incubator ()4 wikE sHglew, A&



A2 F 309 B¢ AGAALN Ao T 4% FF FLSY
(3 A2z g4 FYATe B2 2 =3

B ARE A 7-158 ¢ ik S W yEhuE AEAIY =
$3lE q9F=|e] YFES ST21CX agarvfiA|Z HZow, oW BFT
Fole 7l ARE THY Z7IEY FL 3xdmd] A7IE F¥IE 3
o] R ST21CX agar®iA| & ©]-§3t] FUT £3xFS o7
W AXNEA EAE FFo|g AlFeZRY AF22 L34 AIAFS B
35t
AFzz &3] FYAEE €573 E257193 KAN 4 agar WA &
o]-§33tt. KAN 4 agar®iZ|ell AlF2= &34 HRYA T2 Heldez E
colie ©]§3te circular patcE TFEeH, AZAd= swarnely AAAE
Au|F = Tt £ 33 olw) Holg o2 AHEF E colit Hadt 2
- W= wigs s
I3 BaEle)9)lE E. colid nutrient agaf#] el A =@sle] 29C oA 24
A7} incubatorl| A A4 A1FH T L'FREe nutrient brotW] A& 10m o] E
AN F, B4 XA E E coiE wiA]e) HFE3de] 30T shaking water
bath (120rpm9ll A 16417+ F<+ ZgeieF 35tk 12 2] nutrient brotWl =] il

e

)

i)

overnigh#]Zl E. coli 10m¢ (0.1% seed culturg FdHo=2 HF F
shaking incubator (30, 160rpmylA 1647 wiek & Z3H&}gic) 532 o
A8 (4T, 10000G, 20ming 53t ®iz] A& A5A FAE 3t
ok FAS st £7)¢d 2L L 0.2% NaCE A3 T E71E5 AA
T A= BFEP 3

Hj k3 HolF (E coli)y> BT FHTE 59 343t " (121C, 15min)
3tgtt. 279 E coli NS KAN 4 agafl#] $Jell micro-pipete-2 100
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0

fifo

¥ 27 1.2~1.5n2 ¥ patchs 9HE F A ST21CX agailA]
2 AlFE= A HYANES o171el HFHA. Incubator (2
9C)dA wickstaA dnjH oz HARF swarm P A Fejer %
=E #23qc) o|Hd whgoew 2-3319 o
b g3 3kl

Vy2 agaPiA| 2 &

2

ol 4]

Mo

4

ol

0

Fatel PelzAs AR
BAATE] swamplh AUAZL DA T

nFFoR
A werge s &snge
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12 A22= £34 YN Fe) =k
(1) LA

KAN 4 agaPl*]¢] circular patcllA] <3} & AF=2=2 §343 YT
Vy2 agapliZ|el] F-gH oz AFste] FAAIFIHA swarme] Ao} AAA]
ol FY F I SA4= BF v AT o AR IS FAYE F
237 1A AMEE vy2 wiR]e] A =2 dg ey, B.O.D incubator (29)
oA wjekstAnt. o] F B do2RE 240 flon, AR S5 5T

TFE Adste] Ak AASEE = JA - 26 Bis
(2) YA =)

O LILIM
i wekslr] A T AR A =33 Tl di3] Apegs A5
St duuits F3te] AL A mFde] S 2 AT = 5 A
it 58 A AN F 71 S AEE
ojulrf kL Sorangium cellulosum$ HA Wiz E AF&3stg e, F 0.8¢7]
F0F 30C2 shaking incubator (160rpri)A] 1087} v oF3}4i

S35l B 53 FAg 524 XAD-16= +F, 5 2 3 HYE I}

-1
=
o TLC ¥ AERHUYS WAk

@ FME

TS 7 Wl ZAH AAFAT 13k FejgLS Sorangium cellulosum$
HH ¥ix] 50m¢ (300mi-flask)el]l LA|WR=R] A wvjoFst FAHS seedd AHE3}
o] wjekslglth (30°C, 160rpm, 120h). & ¥k GA| FU& WA S A}&3
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gdom 1z} Fujekst FAS seed ©] €3+l micro-pipete® FH YF
E 5w AFssa, 13 F it 4T FH=Z (30T, 160rpm, 120h)

micro-pipete. & 7}tk Foleke] FAIE seedE A3l micro-pipete
Z sw® HE
o

gk ¥ shaking incubator (30, 160rpmylA 10¥7F wjoFs}Sd

@ +%
1047k (240hpk B AIFE= S3A HAIAMFL pHE FHT F
100mestell A2} XADS FAIS WA Az WAL A2
(10000G, 20min, €)3te] AFS-ele W]z djekelo) ol gl F)
om o] FAE sieving F3Fe] 2L FA eI XADE FEte] FEE
kit

rulm
0
~rl
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Byl 2A|7) A XADE aceton@ B A L4 6X7F EoF
FZ dlgon, FE8udA E2g FAH XADE tHA] acetone. & 647+
=
o

mlo

¢ FE< 3ATh Acetone FEE2 rotary evaporatdt §53te] £¥

AA8H$ e (Fig. 3).

FEEL HO053 EtOAc:o=® I3t EtOACES sodium sulfate
anhydroug Jgste] ZA=ZAZ T ¥=35 thg o ¥=ES MeOH}
n-heptané ©] &3] AEFsIH T MeOHsL 535 F 29 a=nedd
3 S o]-§3te] E33T

_14_



Culture broth

centrifuge, sieving

Cell + XAD resin

extracted with acetone
concd.

Acetone ex.

solvent patition
EtOAC/H,0O

EtOAclayer ~ HyO layer

concd.
solvent patition
n-heptane/MeOH

n-Heptane layer ~ MeOH layer

Fig. 3. Work-up procedure dsorangium cellulosum isolates.
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22 ¥ AA|
(1) TLC

TLCOl &5 spot ¥ A9 I §viAI=Z AANE S}3ich 254m} 365m
o] UV F4E R o oY THA] T g At TLC
ollA Z4zhe] S-2] X ekl o5 Yed= Mg #E33
HEAX|eFe 2= Vanillin-34F Ninhydrin®y,  Dragendorf®), FeCh%,
Anisaldehyde-salphuric actS AF&3l9 e, Vanillin-3-4F8-& EtOH 3000
of 34k 3 §Hl vanillin 9ge o] A= AXsGR, WAL BT
T F < 7lete B Ae §¢22 3FFS5T Ninhydrin?) 2 Ninhydrin
0.3g& n-BuOH 100u°l 54 B= 7] 24 3m= 71 S9< &5 F
7} €314t} Dragendorf$d2 0.85¢8] basic bismuth nitrafg 10mee] = A4k
FrE 4] FRFA 5 F 9716 8¢9 KIg H 20T HTE 7H
9= £F59 ded= A 32 35id. FeChY2 10% ag. solutiog
¥ F Azxste vy As 3EsY.

T —

rulo

(2) 29 2=rE1e )

29 a2ule e A§3 Ao FH= FFAZE silica gel, RP-18,
sephadex LH-2& ©] 8333, 2L 2x30m, 3x3km Z7)& AF&3Fit}.
&4 azvEads)e] FAAE silica geE AHSEger  £H:
n-hexane, ChCl, EtOAC, Acetone, MeOHE ©o]&3}o] Z3HE He]o A1-&3)
Aot 94 A=2rlE I E LiChroprep RP-185ZA1E AH4ddx Srs
MeOH, HO, iso-PrOH, THFE °]§% &uiAIZ £33t = size
exclusion 22213 2 4] sephadex LH-2& ©]&3}%t}.
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(3) MPLC

Ao A43 MPLC (YFLC-5404, Yamazed} Universal UV-detectot} 7
24, column LiChroprep Si 6@} LiChroprep RP-1& A}§-3}3it}h

Dy
(i,
P}
|o

(4) HPLC

Diode array detector HPLE AF&3tglon, B4 & Z¥L CAPCELL PAK
C18 (UG120, hBm; 4.6mml.D.x250mm, SHISEIDO), YMC-Pack SIL (&Zm, 12mm;
4.6m11.D.x250m1), YMC-Pack Diol <120-NP (Gn, 12wn; 4.6unl.D.x150m)S A}
§35ith.

Semi-preparative HPLE #4 & g} T4 7|171& AH&315ew, #3
ZY o2 = CAPCELL PAK C18 (UG12(h, 5um; 10mml.D.x250mm, SHISEIDO),
YMC-Pack SIL (%m, 6nm; 10mml.D.x250mm), YMC-Pack Diol -120-NP (&m, 12
nm; 20mml.D.x150m)E AH§-3}$itt.

2.3 717184

'H-NMR3} *°C-MMR, two-dimension NMR daf& Varian UNITY 500
spectrometét JNM ECP-400 spectromef@r SA 31t} Optical rotatios-
JASCO P-1020 polarimeter, UV spectr@mAgilent 8453 spectrophotometer, IR
spectrur®  Bruker IFS-66/S FTIR spectromeir A3l 2w ESIMSE
Agilent 1100LC/MSD trap SL mass spectrom&erA}l-$3}l$32 HRESIMS=

high resolution tandem mass spectromgtetl-8-3le] A 3}% ).
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3. =R
31 ¥78A

FEEYSA L paper diskFAHHE AHgstden, AH§E T2 S aureus,
E. coli, R rubra, C. albicans, S cerevisa® ©]$3}%t}.

W B3 S aureus, E. coli, R rubra, C. albicans, S cerevisag nutrient
agar, YM agar, Micrococcus Medium aghr]el]l A Zwwtsle] A A FHG
A3 AlEd aRE AN TTATY FAASH RN Y B PolA
AH4-314 ). gram %A Al S 2 Saphylococcus aureuss gram A Al
2 Estherichia coli® AF$33, BAEE  Saccharomyces cerevisiae®}t
Rhodotorula rubrag AF43l3ew 1 9] Candida albicans: 3734 A3
o 2§35t

2439 A 2 5229 FEYE BFE T ARG INF F
o} 100LE nutrient agar, YM agar, MM ag#f#z]ell z+z} loadinggt 5, 34
073 sd¥ oz xudgct  6m  paper disk]l 3AEF A 20
(50000ppmE- loadinggt ¥ clean benchlA] 2087F AZA|AH wjz] $el
paper diskF ZFZeo] 3.0mAE HEZE 28 Fh. olw controk
MeOH:CHCl, 1:1& A&stgen, dlzEX=RE Ciprofloxacin  10ppr}
Nystatine 100ppr& AH&3}$ith. 2] incubator (2C)9|A] 48X17F vk %

vernier calipe inhibition zong] Z7|& AR (IR =4 BF #I=).
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32 #4314 (ORAC assay)

10, 5, 2, 1, 0m/me Al®, 10mM R-PE 8} 50mM AAPH:= HES-EZ,
sodium phosphate buffer blank® A}&E9len, Troloxe Z+zZke] A& oA
z2Foez L= %t} "WA R-PE, phosphate buffellg]l3l A|&F& 37Tl
15%7F incubatorll A B3H& 31gich. 1¥]3L AAPHE H7Iste uk3-& A%
st ew 28wt} Vitcor3 1420 Multi-label counters Recording Fluoreter
(Perkin Elmer® & (emission 596m, excitation 53b6m)= A3t od, 25
P33z 5% Eok A FX7F g o 7hA] dheS ARAF T wES
e 607 A= 28 3o, blankd}t 7|EEH 2 FHo 12719 A=
£ 243153, 4o AsEs 3H HHEEd e SA%Y. 183 ORAC
assagll ¥ 2 ofel 22 Aoz AXEI 1 AFHE FY}FEP

Relat've ORAC Value = (AUQmple — AUCBIank)/(AUCTroon — AUCBIank) X
(molarity of Trolox/molargitof sample)
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33 AEFA

(1) HAlZEF 5l AlE2] ek

2 Ade] A8¥ dA AT AEQ HelLa (Human cervical cancéd) <l
AW AA EQ HM7 (Human colon cancerMlE3F+= ATCC (American Type
Culture Collectior}tZ2 € Fofitol A83Rern, AERFLS 10%
heat-inactivated fetal bovine serum (FBS), pemici{100 unitshl), streptomycin
(100 pg/mt)s 3H7FgF DMEM<S ®wjgd o= 59 CQ, 37°C ®iF7|lA HjoF
stgon, AE HWE7l FolXIH & F F¢ trypsin X8 (0.05% trypsin,
0.02% EDTA in Hank's balanced salt solution withaaicium and magnesium)
gt} AEE wlojue] AE35T. AF Al A|57] (logarithmic phase)l S}
EF Ak 33, BE A= AWk 150 oWl AIEE AH§3H
At

(2) Cell proliferation assay (MTT assay)

A8 &3] HM7 A|ES8} HeLa AlE7} W= AESALE MTT assayg ©|
43l AZ AEES ST & 96 well microtiter tissue culture plate
(Falconpll HeLa MEZE 2 X 10 cellwell® platingdtx, A| 25 t}g 5

2 A g5 dAAZ F¢ 5% CQ, 37C incubatopl|A] wikstitt. o]
£ AEE PBSE 4 3] AFHSZ MTT (0.5 mg/ml) £Po2 37T A 24
7+ 9-g A7) A NS AA tE DMSOR %9 570 nnllA] F2EE

243t AEAEES ARG
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HIYPFIM L Herzod”?t Smalle] HHES HPske] AW F,
chamber slide (Lab-teR] HelLa A|EE 5 X 10 cell/well® platingdle],
2417k FF kS F ARE AEESY. u) AZele PBSE 23] A3
2, 0.25% Triton X-108} 0.5% glutaraldehydg X33+ cytoskeleton buffer
(10mM MES, 150mM NaCl, 5mM EGTA, 5mM Mgg&l 5mM glucose¥:
A2 18, 1% glutaraldehydg X33+ cytoskeleton buffeéd 108 39
2 3t AFAFG. °o]F YA PBSE 23] AHE F 2% BSA & 5%
horse serur§ E33I PBS/T (tween-20f A4 147+ F<F blocking g+
%, horse serur®& "™ blocking solutio®] tubulin S H7Fsle 12X 7F
T 4TCoNA ¥-eA]7) F PBS/TZ 43] AlH3F 5| Alexa fluor 488 chicken
anti-mouse Ig& 3715t Ar2oA X7 FoF vhSAA WHYYFINS
21388}k Nucleus 942 0.1% Triton X-108 X33 PBSE 424
108 F¢F ¥-$A]71 % RNase (bg/ml)2} propidium iodide (0.0ze/ml)S
Z33 PBSE 308 E¢ gAstgt. 2 ¥ mounting mediung 23

coverslipe2 M2 A1 confocal microscopy (Olympl= 7735} c}.
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I Az % 23
1L Afzz &4 AYAF) 22 2 T4
11 AF2= 34 FAAR £

FUe AE, Ad 4dd F A A9 wid, 2, EFopE, 4
B A A Az, AAA F23 g, T2, 23, w3,
gHdg Uix] Bk A stgoen] € AF L ZFo|E o
1797 Ado] 52| g AES RAA FE3] ARAA A 9E=z £
ok 300092 HES EMI3AT
AF2z §34 AYATEE] 2= BT FolE Hol= I ST21CX
agaPi Ao 2 2J3te] 15308 T VRS sk I3 ST21CX agal A
qNA F A5 FH F= yellow, orange, blac 22 Fo]7} &3= R&
= dv|Fez FEsgen ALA W swarm FHE I F 22 33
ok 34 35 ok EEE AlFE= FA FAAIFS KAN 4 agar
Wz A E3teten] HER FRAA A swandt AAA L] FEHE
3t 2 HFE A F Vvy2 vzl FFHLoE A 33t 239

L AA) Ao BA3Y

=

v

ojgg AAFE 53] F 24589 HYATS 3. olE F AFE
Z A AANFL 60TFFEA 24%S 23T} (Table 1).
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Table 1. Myxobaterial strains isolated from soimgdes

Taxon Number of isolated strains
Myxococcus sp. 43
Corallococcus sp. 52
Angiococcus sp. 1
Archangium sp. 49
Cystobacter sp 17
Chondromyces sp. 2
Nannocystis sp. 5
Polyangium sp. 10
Sigmatella sp. 1

Haploangium sp. -

Melittangium sp. 1

Sorangium sp. 60

Unspecified 4
Total isolated 245
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1.2 A= S34 HYAF A

AAAFE ok we A7) o|Foid Ar} otk ERAHos @A
7M7) G A ERE 125 5% 0% EREHL JoY

AYAELE A $F4 AAATH AF2= S HAQAFLez A
U=, 2734 HAIANFL swarnd AAAL] Fe (Fig. 4) 59 Jest
Z EAS vlge® Myxococcus, Corallococcus, Angiococcus, Archangium,
Cystobacter, Mélitangium, Stigmatella, Polyangium, Haploangium, Chondromyces,
Nannocystise. 2 #F=oJZt) o] F AF=2= A HAATFL 73
22 BE Syangium celulosum 1F9] &3l Aoz o gt}

2 QTN 2R AFE S04 AANTS JHAE ol PR

Naked masses of slime and myxospores Myxospores encased in sporangioles
| 1 | |
Fruiting body Fruiting body Sporangiole Sporangioles
soft-slimy hard single in groups
Single sporangiole Single sporangiole
on the substrate on top of a stalk
Myxococcis Corrallococcus Nuannocystis Melittanginm
Archanginm Haploanginm Sg. erecty
1
Group of sporangioles Cluster of sporangioles Clusters of sporangioles
on or in the substrate on top of an unbranched stalk on a branched stalk
Aungiococcis, Cystobacter Sg. Aurantiaca Cnt. crocatus
Polyanginm, Soranginm(l) Chondromyces
Nannocystis

Fig. 4. Key to the fruiting body types of mxobacterie*”
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& AT SHL ol gstel Hubew 2 Hn, wAMAGIA v
U AL swame] FAE Foho] AFE= g4 ANTAE AT
g F UMY =23 B2 7 F LV 5 nAE BE AH A9
st 3%l 16s rRNAY 7|4 g

cellulosumel] &3k A< U & 5 Ak

FA AFE R AIFEZ S HIAE S BF 2RdHeE & F
o §3= Ze= FHo UAT B dFA 22E FFES FHHLE A
2 @2 zelE (Fig. 5, 6, 7)UeEHit. 53] A wix|eA 2] A7 Fi
I AL A L GA vkl 7] & S B

aA AR (vy2)ellAe Al 7HA18] A2 g8 A% S B &
A7E A 12 9= s FE, WA ol E stn=EE FH a8n
iz e Wolvprls JEE HF T 5 AT AAA A2 P elA
= red type, yellow type, black typé A 7}%| FEej7} #FE Qe =3+
A1) Mo] mjokal= <k reddl|A blacke®, £ blackellA] red® WH3l=
TFE TR AR E FLE W3 o] e, O
o A ] yellowol A red} blacke.® ®H 3= e} blackll A reat
yellow= #3}l= ez i

ojg} L A= & W AIFEZ A HAYATES HAE Al 7HA| o)A
2 & Fo2 ERFEojor & Zew wdin

2T
A% A3 EHsHHe® Sorangium
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YeI-Iowi fypé

Black type

Fig. 5. Swarm colony ofSorangium cellulosum on filter paper on ST21CX agar.
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Black type

Fig 6. Swarm colony ofSorangium cellulosum on KAN 4 agar.
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Yellow type

Black type

Fig 7. Swarm colony ofSorangium cellulosum on Vy2 agar.
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2. AF22 L34 AYAFe A2 238Y

=
23 FFF AA vl (Table 2), 2F3H e
2 S cdlulosum KM10013} S cellulosum KM1041 & @37} A =9l
A S celulosum KM10012 77|15 ¢HAF 2| 9ge] E koA He3 Foz
black typell %3ttt SR FE M) fuiting bodyt HE Moz
Hats SAS 32 T & dded, HF &3 F AR (VW2)dlA =
A FHZ swarn# fruiting body?] A= Ww A=ttt dFU AE A7)
AW fruiting body?] Ao] A WHIstE= A & 5 AT YA
A RAAEe] Ak A AZEE flask HH w] S FAFI mA ]
oA ety FA Me] Wit Wik S4S M FF4
S cdlulosum KM10412 77]1= &A1 gellA] £ 3 FF2 red typell &
stk A9k AR (W2)elA BL A fuiting bodys TS
3 3 3 9Jdul. swarme Y27z 9t 7L ez Askon I Aol
fruiing body’t 34 =tk IARR]AA 53] & FF5 2o A7 &
=) wskon], 4A7IY F¢ LANGES H wixe] RS A= 54
ot AAfFAME A AFESE7} e B FAE FAHAL 3
< =30 FAZ S siok I o] HE FAL Mo H2 A4
TAZ W3t wikde] 545 Yediidoh

Jmt
o

f
t:l
ne

Lo

r
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Table 2. Screening of myxobacteria for antimicrbliabstances

Inhibition zone (mm)

. Conc.
Strain o/l
(ug/m E. coli S aureus R rubra S ogedda C. albicans
KM1001 10000 - - - - 7.4
KM1002 10000 - - - - 11.1
KM1003 10000 - 0.6 - - -
KM1004 10000 - 8.9 - - -

KM1006 10000 0.6 - - - -

KM1007 10000 - - - - 9.1
KM1008 10000 - - » - 11.2
KM1010 50000 9.8 - - - 8.75
KM1014 50000 - - - - 14.0
KM1015 40000 - - = - 8.5
KM1016 10000 - 13.6 - - -

KM1017 10000 0.6 - - - -

KM1018 10000 - 10.5 - - -
KM1019 10000 - 8.6 - - -
KM1020 10000 - 0.6 - - -
KM1021 50000 - - - - 12.7
KM1022 50000 - - - - 14.9
KM1023 50000 - 0.6 - - -
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KM1024

KM1025

KM1027

KM1028

KM1029

KM1031

KM1032

KM1033

KM1034

KM1036

KM1040

KM1041

KM1042

KM1043

KM1044

KM1045

KM1054

KM1059

KM1063

KM1065

10000

50000

20000

40000

10000

10000

10000

50000

50000

50000

50000

50000

50000

50000

50000

10000

10000

10000

10000

10000

15.5

11.9

12.1

11.2

0.6

27.2

14.1

12.0
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H!

o]¢} 7ol S cellulosum KM1001& black typell &3 3 F &3} £ 3
| BE BE A 71gsth (KCCM 80040). &A= &4 o] e
U] kA9 S cellulosum KM1001¢] ejApAFE-o] oigk TLC A3} thek

=40 T3FE ] e I FAAE Vanilin-ZAF LA x|kl Feo]gt W
o= Hehe 2 7R £4"0] ¥4 =AU 283 S cellulosum KM1041:&
red typell %3 E. colio] i3] wf¢ 53 2B E /M= S &
T Aok B9k olyz) B 3o v)E oxtf AR AieE $-5315

o,

!

-

¢
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3. S cdlulosum KM10418] tjARiHE2] EejAA|, 224 2 AEFRA
(1) " F5 o &9

A715 8EgA B3 FFE FAMo] H2 AS ulE red type]

Jel5 717 S cdlulosum KM10412 20 ¥l flasks ©]83}e] 30TeNA 10
A7F Ze (160rpm) Wkt F 1459 wjYES 2t Sievingd YAE

YE Tl 145 gAujFdozre FA 9} XAD-162 EAA °F

aceton@.2 FE3A ). Acetone FEES 5F= 3l EtOAcet H.0Z +

23tglon, EtOAC 2 A MeOH#F} n-heptane 2 £3)3te] 94L& MeOH

=22 B¥ dark brown guidele] 2FEE 3.605 L3t

ZFZES CH.Cl, 100% (fraction 1), CkCl-MeOH 9.5:0.5 (fraction 2),
CH.Cl,-MeOH 9:1 (fraction 3), CkCl-MeOH 4:1 (fraction 43 £w & <#3

oftt

03 AH$3}4 silica column chromatographystgith. ©] % fraction 25
RP-18 column chromatograpBy 53F¢f MeOHE 30%%-¥ 10%3% 37} A]7]
M A] fraction 2.1-2.7}A] 77] fractione.® U39}

Fraction 2.3 (47.)< n-hexane:EtOAc 1:F BWAIZ 3} silica
preparative TLC (UV254n)E A #FZHOS=2 RP-18 semi-prep HPLC (65%
ag. MeOH, flow: 4¢/min, UV254m)= %3} compound & 23mg (2.3mg/t,
te=12min) =582 3t} Fraction 2.6 (57k)> n-hexane} EtOAcE: £vl
AIZ silica column chromatograpfy A A3+t TLCOA vanillin-ZHAF 24
Aoz A S W 5ol WS UedE AES ' 5 4Tk 9
3}¢ES =3 silica preparative TLC r¢hexane-EtOAc 1:1, UV25#4)<}
RP-18 semi-prep HPLC (85% ag. MeOH, flowm{/min, UV207m)E 33}
compound 2 @=27min)}¢} 3 (k=38miny> Z+z} 12.91g, 10.g= YR} (Fig. 8).
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KM 1041 EtOAc Ex.
(3.69)

silica gel chromatography
fr. 2
(CH,Cl,:methanol = 95:5)

RP-18 chromatography
MeOH(%) in HO

60% 90%
concd. concd.
silica prep-TLC silica gel chromatogragh

(n-hexane:EtOAc=1:1)
RP-18 prep HPLC
(65% agq. MeOH)

fr. 2

Compound 1 (n-hexane:EtOAc=50:50)

(23mg)

silica prep-TLC
(n-hexane:EtOAc=1:1)
RP-18 prep HPLC
(85% aqg. MeOH)

l !
Compound 2 Compound 3
(12.9mg) (10.7mg)

Fig. 8. Isolation of compounds 1-3 frof cellulosum KM1041.
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(2) Compound ¢ F#xZA

Compound 1& Ao AAezw £5Ee HAD o IFELS [0S
-47.1°C 1.0, MeOHp]%l2w (Table 3),'H, “C NMRZ} 2D-NMR spectrung
F3kel T2 AL Stk (Table 457

Compound # #A2& ®C NMR2 HREIMS (493.2485[M], Calcd:
493.2498F E3}9] CxH:NOS (IHD: 8% ZAA3}STE °C NMROIA
quaternary carborl 57] &3 (5172.1, 554.6, §219.8, 5139.7, 5166.9) ©]
oA §172.1 (C-1), 5219.8 (C-5p] carbor® carbonyl carbofl= & &
gt =3 IR spectrum dasd|Ae] 173&n™, 1692m"¢] peakd ZetsH s
172.1 (C-1¥] carbonyl> ester carbonyll™ ¢219.8 (C-59] carbonyi& ketonic

carbonyRl °] FA =] %A}

Table 3. Physico-chemical properties of compound 1

1
Appearance Colorless crystal
m.p. 95T
Molecular formula Ca6H3aNOsS
EI-MS(m/2) 493[M]"
HREI-MS Found 493.2485[M]
Calcd. 493.2498
UV Amax (MeOH)nm(e) 211(17800), 249(12500)
IRvmax(KBr)cm™ 3476, 1738, 1692
[a]*5 (MeOH) -47.1°C 1.0)
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C11
Lo} ]

a clp i Xf

Fig. 9. °C NMR spectrumof compoundl in CDs;OD.

573.0 (C-3), 578.0 (C-7), 578.0 (C-15), 558.8 (C-12), 556.3(C-13p] 5712
oxymethined E33lo] 9719 methine] 2A13S ¢ 4 Yo, =3 °C
NMR datel] 4 57H¢] methylene §39.9, 630.7, §25.1, 628.4, &33.48} 5749]
methyl (518.6, §20.8, $23.0, 616.8, 515.3°] EAslE= AS ¢ F Ad°
(Fig. 9).

Compound 2] HEFz 9 AAHQ JAFZE 'H-'H COSY, HMBCS =}
2L 2D-NMRE 53] 2439tk WA H-15 (55.37)] protorel| A H-E
H-6 (63.25)¢] protor?}x] 'H-'H COSY A¥ S F3lo REFTZE gggon
E3F H-2 (62.52)2] proton} hydroxyl groupex 7FA X %= carbon
(C-3)¢] protore] (54.14) 92" S ¢ & 43 HMBC datallA H-2 (§
2.52)¢] protore] C-1 (8§172.1%] ester carbony] carbor®} long range coupling
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HiHImREIY

[FL}
L]
:
i
F
chd
m
]
ol

B
Jrivs - 239 = - P e

Fig. 10. H NMR spectrumof compoundl in CDsOD.

= 33 5S¢ 5 U= 24 of" ] proton (52.52)¢] chemical shift
5 53l ester carbonyll &3l down field2 °©]&3F HLeZE Hol H-22 C-19]
A% AdS ¢ 5 dAY H-15 (65.37)9) protors} C-1 (5172.1)] carbon

°] long range coupling 3tx2 ¢Jew carbon (C-158 proton (H-15p]
chemical shiff} ©]-%3F 3tel| ester carbong] o2 <¢ldled down field2
shiftgh A& =¥ ¢ 4 Aok (Fig. 10). 123 H-6 (63.25)] protore} C-5
(6219.8)] carbor?] long range coupling 332 1912w ©] methine proton
(H-6)2] chemical shift 63.257} down field® ©]%3% Ho=z Mo} o3k
ketonic carbony?] FFS AIdw= & F It F He methyr}t 9ZH
C-4 (654.6)2) carbor® H-3 (%4.14%} H-2 (82.52)2) protors2] couplings: B
ogFAq. =3 H-3 (54.14% H-2 (52.52)°] protonE 5219.8 (C-5p]
carbor®} long range coupling ¥ 22X lactone ringd A= AS
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O OH O

Fig. 11. Partial structure of compoun 1. Solid dinedicateH spin system
identified from *H-'H COSY data, and arrows indicatselecte
'H-C long range correlationsobservedin the HMBC spectrun

¢ 4 9o ®°C NMR dat@lA spZ2¥S 3= C-17 (5120.52] carbore}
C-16 (¥139.7¥] carbor?] HMBCE <Z o] =» =3 H-15 (¢5.37)%] proton
C-17 (5120.5), C-16 §139.7%] carbor®} couplinge] ®o=2A 18 139
T2F ¢ 5 A¥Y (Fig. 11).

Holl= CHNOS &3 48] F2EAFR|FF 53 17§2] aromatic
ringe] EAgo] A&} E]glon, =3 H-19¢] protorel] chemical shift §7.22)
¢} coupling e T WIFeE 7|E AFEZ &34 AYATY oAt
AHEo] #3 £3-S A A3 thiazole ring ¥ oxazole ring] A7) 3
A= .

@2 spectral datdt FETZEE vl eE £ AR ZF o] F3¥ES
o]de] = GBFATFX] 23 antifungal compoung #E|Fe] Ri=
v} 9)= epothilone A2 UVE 'H NMR dat@} A2 939} (Fig. 12).

o

]
1

N

u
Mo

o B
- T
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Specinum at fire 0 mn

— dlm

TAIE

i iy i 48k g5t BGSRY 2 RA4E D6RREE Ripghdciy
i Gkt 4 337 AY% AR%0 MR XWW Aad% A% 333300aa8

'H NMR (400MHz, CDz;OD) and UV spectraof compoundl

ﬂ e . . b
200 250 100
Wavelength (nm)
J k
| Lhtm N
: 6 s 4 3 2 1

Fig. 12. '"H NMR (400MHz, CD;OD) and UV spectraof epothiloneA.*®
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Table 4.'H, ®*C NMR data and principal HMBC correlations of corapd 1

Position Sc SH HMBC
1 172.1 s
2 399t 2.52, dd, (14.6, 10.1) C-1, C-3, C4
3 73.0 d 4.14, dd, (10.1, 3.8) C-1, C-2, C-4, C-5,Z-2-23
4 546 s
5 219.8 s
6 46.7 d 3.25, dq, (8.4, 6.8) C-5, C-7, C-8, C-24
7 78.0 d 3.65, dd, (8.4, 1.8) C-5, C-6, C-8, C-9, C-2425
8 37.1 d 1.48(m) C-10
9 30.7 t 1.28(m) C-10, C-25
10a 25.1t 1.58(m) C-8, C-25
10b 1.4(m)
11a 284 t 1.72(m) C-8, C-9
11b 1.4(m)
12 58.8 d 2.92.dt, (7.5 1.9 C-11, C-13
13 56.3 d 3.09, dt, (7.5, 3.5 C-12, C-14, C-16
1l4a 334t 2.15, ddd, (124, 35, 1.8 C-12, C-13,7C-2
14b 1.88, dt, (124, 9.1) C-12, C-13, C-15, C-16,TC-2
15 78.0 d 5.37, d, (9.1) C-13, C-14, C-16, C-17, C-27
16 139.7 s
17 1205 d 6.58, s C-15, C-16, C-19, C-27
18 153.1 s
19 117.7 d 7.22, s C-16, C-17, C-20
20 166.9 s
21 18.6 g 2.67, s C-18, C-19, C-20
22 20.8 q 1.03, s C-3, C4, C-5
23 23.0 q 1.33, s C-3, C4, C-5
24 16.8 q 1.18, d, (6.8) C-5, C-6, C-7
25 18.4 q 1.00, d, (6.6) C-7, C-8, C-9
26 - - -
27 15.3 q 2.05, d, (0.9) C-15, C-16, C-17, C-18

NMR data were obtained in GDD solution. Assignments were aided lay
combination of 'H-'"H COSY, HMQC and HMBC experiments. Theoupling
constants(Hz) are in parentheses.
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Fig. 13. The structurc of epothiloneA (1)



(3) Compound &} 3¢ F+xZA

Compound 2= FMe] ZHA o7 RP-18 semi-prep HPLC (85% agq. MeOH,
flow: 4m¢/min, UV 207Mm)E &3] compound 2 E27minyg 3 FHo =
12.912& 429 3¢k ®°C NMR%} DEPTS %3}9] quaternary carbond(
175.6) 37t do= &9 FHT o] carbore] chemical shif2 ester
carbonyRl A& & & AdA} (Fig. 14). Methiné 3717} o= Fdd ¢
Adew (5130.9, 671.2, methine F 6130.92] chemical shifg& 7}Al= F
7§e] carbon (C-7,, C-89] T3 74 == 3 HAA U
Methylene2 137§7} 1lew (£35.0, §66.6, §26.1, §30.4, 633.2 &30.7, &
30.5, 628.2, 628.0, 630.5, 630.4, 630.7, &23.5), methyl (14.4) sh}r} =
AMZ}= A spectral datd F3e] A & = AU (Table 5)

CE/Cy

»
(]

Fig. 14. *C NMR spectrumof compound2 in CD;OD.
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(Billinns)

Billions)
=3

{
g —

[Rillions)

[Hillians)

Fig. 15. DEPT spectrumof compound?2 in CD;OD.

=3 ®C NMR dat&& E3}9) ©]E carbon % hydroxyl group: 7}3 $66.6
(C-3), 671.2 (C-4), 564.2 (C-5)carbore] EA38}, sp 23S 3= 6130.9
(C-7', C8] carborr] U= =2l A} (Fig. 15).

o]} & ¥C NMR dat@} ESI-MS (351[M-Naj) AF}ES 53l9 o] 33E
= B2l 328U A & & dR2eH, EI-MS (311 [M-OHT,
237 [M-OCHCHOCHOH[)IA ©]S Aztel stgith o]ake] A9} spectral

date E3Ho] compound & CiHi0:S] EANE 741 HTEYS ¢ &

o)
S

)

x2

'H-'H COSY, HSQC18]3L HMBC data® %3}°] compound 2] & F%
2 ZAA3gtt. 'H-'H COSY datall 4] H-3 (54.10), H-4 ¢3.81), H-5 3.55)
2] protore] AZ couplinges dFRew, =3 o]F2] carbor® proton

chemical shif& &3} hydroxyl groupx 7FA 9= & & Idt
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Fig. 16. '*H-'H COSY spectrumof compound2 in CD;OD.

(Fig. 16). *H-'H COSYE E3}¢] Yopd HEFxzo] 43 (4108 C2 (5
175.6X}e] ¢l long range coupling 3= Z 22 Ho} ester carbongl] 923
= & F AR} (Fig. 21). H-12] proton 2.35)2 down field2 °]%53& A3}
-2 (6175.68F HMBCE 7] H& 2oz Ho} ester] dZ¢] Ho U+

|

< ¢ 5 999 (Fig. 17).

$12] spectral dat& 53 glycerol?] FEF2E ZAT + U

A4%= aliphatic chai®] F25 A8 Z9st=d A7) 9o 3849
S 59k ol F2E ZAsT
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H4/CS
T H3/CS —
fr- ~~H5/C3

3/ o—\ “Npssc4
HasC3

H3f C2

Fig. 17. HMBC spectrumof compound?2 in CD;OD.

ol = CuHxyoll Wik 725 ZA7] A8 HA 723 s
sko] 1 EaAHEel diE 7]7)|E4S SF9ek. °C NMReA carbon 3 1170
2] methylene carbof 633-23%}e]ef] FE3) e o]F carbod} © &<
&130.9 (C-7', C-89) chemical shif& 7}Zl carbore] aliphatic chais] €74 =
AMEFE & F AT BMAES 222 FAES TLIC 2 IEA S
&3t vt xEALS EHAAEF A carbor®] ¢ )T A
< 7HA2 = cis-9-Hexadecenoic acid (palmitoleic acid, SIGNE&A)®] 2 t)AF
=45 A&

Ester 7}-838) 23S Glyceroll-(9-hexadecenoate) & MeOH (1ml)ol] &
A &2 10% NaOH (l)E A2°l4 3087 W33t e F
¥ 10% HCE F3} AA W= 5338t 5552 oA H0E
pH32.2 B O dE=22 83T (20nix5). ¥HE< sk

el RES silica chromatography nthexane:EtOAc=1:% ¥32]3}%

f

o
f

r

x2

|o
a:
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U2 5L 6.7mes €S 4 99}t StandardE3 Q) palmitoleic acig&e TLC

2 'H NMR spectrum datag-3}e] ¥H3-E3} ®)i 3}t

o, 53] 65.49] protorell YEYE  chemical shifell A \F-E 3}
cis-9-Hexadecenoic acil 22 chemical shife R.o]= Aoz FUF 9x
o]FAdel v A= & & AU (Fig. 19).

°|2A 3HQ datef}t IS F3ke FHFHLE compound 2 (Fig.

2000 28 T BEE 2AN B 2D o) HFEL 1A

=2

Fig. 18. TLC of the reaction product after alkatmgdrolysis of compoundA:
palmitoleic acid (standard), B: compoundb@&fore alkaline-hydrolysi
C: the reaction mixture after alkaline-hylgisis.
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I ,| [ |
1 : '“ 117 il
II | 1} I W

A TR v B ThRWe " Y. . L e L

a ¥ 6 5 4 3 2 1 pon

Fig. 19. H NMR spectrumof palmitoleic acid (2).

24 T8 249 mBAPEYS & & AUtk ZS compound =

Glycerol1-(9- hexadecenoatd)e #2ls}Sit}.

Compound 3 %A ESI-MS (353 [M-Na])¢} EI-MS (313 [M-OHJ, 239
[M-OCH.CHOCHOH]") L8] “C NMR dat&g 3% CioHss0s2] #A14)S
4 5 I

BC NMR datallA] 6175.6 (C-2¥| ester carbonylt 571-64%3 <l hydroxyl
groups 7FA carbon 347} EAFTS ¢ & Uik Compound 2 'H, *°C
NMRS ®l2sld o2 signal> Y3ty 61309 (C-7', 8% carbo®}t 65.34
el 34t} °]= compound 2] sg Z3lo]

A%k =3 compound 2tk T 2z}

rz

(H-7', 8)] protore] §1= A&
ARpA L sp Ajrez W Feg
waol ol 93 Fid

ShiA
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Compound 2} E93% "o FxZ ZAA 39t 'H-'H COSY dat&
T3 FETFZRE ZAZ & UJE H-3 (54.10)] protore] C-2 (5175.6)
estef} long range coupling R Y2e24 'H-'H COSYE 5319 ¢ & U4

9 FETF2I} estest dFES ¢ ATk H-1 (52.350] protone]

(@]
0
[¢)
3,
(@]
QL
wn
3.
=~
*
o
o
S
>
(:l".
o
ofr
i
£
oft
>
2
%
N
=
\l
o1
®
T
<
vg]
@)
L
>

Compound 39A] 7}4E3 WHg< F3te WeEs en, o WA
AHEe] TLC % 'H NMRE 53] dl2E3-9 palmitic aci®l L3t
ojF 3 AUE nlge® £¥ =4 ZF compound £ palmitingd o] 3%

.
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Table 5.'H, ®*C NMR data and principal HMBC correlations of cormapd 2

Position Sc 6H HMBC
1 350 t 2.35, 2H, t (7.6) c-2
2 1756 s
3 66.6 t 4.10, 2H, ddd (24.6, 13.1, 4.7) C-2, C4, C5
4 712 d 3.81, 1H, dg (13.1, 5.5) C-3, C5
5 64.2 t 3.55, 2H, dd (5.5, 1.1) C-3, C4
1 26.1t 161, 2H, m
2 304 t 1.27-1.38, 2H
3 332 t 1.27-1.38, 2H
4 30.7 t 1.27-1.38, 2H
5 305t 1.27-1.38, 2H
6 28.2 t 2.03, 2H, m
7 130.9 d 5.34, 1H, t (5.2)
8 130.9 d 5.34, 1H, t (5.2)
9 28.0 t 203, 2H, m
10 305t 1.27-1.38, 2H
11 304 t 1.27-1.38, 2H
12 30.7 t 1.27-1.38, 2H
13 235 t 1.27-1.38, 2H
14 14.4 q 0.91, 3H, t, (7.1)

NMR data were obtained in GOD solution. Assignments were aided gy
combination of 'H-'H COSY, DEPT, HMQC and HMBC experimentsThe
coupling constants(Hz) are in parentheses.
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' @)
/\/\/\/7\/\/\/1I\/U\ 3
= o)
14 g 1 OH
OH

Compound2 (Glyceroll-(9-hexadecenoa)

|
oyl
o
|

' @)
/\/\/\/7\/\/\/1|\/U\ 2
14 o 1 OMOH
OH
Compound 3 (Palmitin)

Fig. 20. The structuresof compounds2 and 3.



(4) A=284

Epothilone® &l phase 19] ¢34 %e] AP = FH2ES 7R
siebEolt. ol A g da&9Y EAR deEn

YT AR AIEY S gAE s AR 4EA Utk B AFA
2% epothione AZ: MTT assapl HHFFHNS 3o FEBAS
el 35t

AAAFF LA EQ HelLa cells (Human cervical cancek) Q1A ThAHA| £
HM7 cells (Human colon cance®) ©]83}e] epothilone A AZEFA A¥
W Hela cell®] WY9gFgAs 3Jc}. MTT assay = 5 5=

A

ruE

o

b

F4 94 3=

i
rd

25k A3}, epothilone A= F 71X &HA|E N A
hz2Fol ®Ete] InMellAE @AIE T4 JA &2dUF 992y Hela
cells®] 7% 10nMellA wjz=Fe] B3] 50%°] HAE F2] A &2} E

A3 100nv} 1uMoAlA] ZFHzZF 28%9F 30%2] FH ol HAIE =2 oA

Epothilone Ain HM7 cells Epothilone Ain Hela cells

B

g

_§\é 100§

=1

=

Cell Viability (%)
&

Cell Viability (%)

—# Contrd —#- Cortrol
- Epo.A1nM —(~ Epo.A1nM
204 ¥ Epo.At0nM n{ ¥ Epo.A 10 N
-7 Epo.A100 N —£F Epo.A100 i
— Epo.At pAd —- EpoAd M
0 ; . 0 : .
0 Pl 48 0 yi} 48

Incubation Time (hrs) Incubation Time (hrs)

Fig. 21. Cytotoxicity of epothiloneA againstHM7 and HelLa cells
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Control Epothilone A 100 nM Taxol 100 nM

Fig. 22. Microtuble cytoskeleton in the presenceepbthilone A and taxol.

ol

572 RYGt} (ICs 30nM). £3F HM7 cells| A% QA 100nMZF 1uM ol A]
77} 2003 =2 Hojd §AlE 54 JA &FHE (ICs 10nMAHE & 5
AR (Fig. 21).

EpothiloneZ 7]|& dFolA taxobR} 22 microtubuleg SHA3IA| o2 A
AA o] FAE FASE dARTIE EHE 4¥HA g A
AR A B £ U= A o] AA FA|E (controlpll A= microtubule?]

WAl A el AE BdA W Zzte) SAEZ oF AZ 4 ey

24

ffo

epothilone A} taxol 100nMg 8] $rAH|E = microtubules QHA 3} 2 2 A
24el A A AT E 5 AU (Fig. 22). o1HT GHMEE £ge]

Bolupx) G Bk ok 222 AEs Ft
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4. S cdlulosum KM10018] BjApAHES] EejAA|, 224 2 AEFA

2

Mo

(1) Mg 75 ¥

S celulosum KM1001Z H7|= SRz ge] B¢k MEZHE 9 35
o, 40000 ¥HA]E 2& 20 wiok flaskell A ¥ 1005 30TelA 1087 A
(160rpm) ¥ ksl tt. Sievingd YA ERE E3le] 100 AAulfeY oz R
A2} XAD-16= ET|A|AH ©]F acetone.Z F=3}%it}.

ks

KM 1001 EtOAC Ex.
(890mg)

silica gel chromatography

fr. 2
(CH,Cl,:acetone:methanol = 95:3:2)

concd.

sephadex LH-20
(MeOH:CH,Cl,=4:1)

silica semi-prep HPLC
(n-hexane:EtOAc=87.5:12.5)

Compound 4 Compound 5
(11mg) (5mg)

Fig. 23. Isolation of compounds 4 and 5 fré@ncellulosum KM1001.
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Acetone FEEL EtOAcYt H.0Z EI3gown, EOAc HEL2 TA
MeOHZ} n-heptane-2 #3319t} MeOH H-£& 5%3}o] dark brown gum
Jele] ZFEES 890z ¥ Z2FEEL 9A silica gel column
chromatographg $3le] £8& 3Rt olu] &wE CH,Clracetone 95:5
(fraction 1), CHCIl,-acetone-MeOH 95:3:2 (fraction 2;131_‘11 CH.Cl>-MeOH
95:5 (fraction 3% 8w =22 7z} 300m% &A1 FHY. I F fraction 1.2
S MeOH-CHCIl, 4:1¢] &u|E °]83} sephadex LH-203]FHOo=E silica
preparative HPLC rthexane:EtOAc 87.5:12.5, flow ratem®min, UV: 254m)&
%3} compound & 58 ZZF 11mg (1.1mg/l), 5Smg (0.5mg/l)= «=F¥ 3}

At} (Fig. 23).
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(2) Compound &} 5¢] F=ZH

Compound 4= FAe] 715 Feo|y [a]*p -3.52° € 0.17, MeOH®| chiral
3}3HE 0|t} (Table 6). Compound & FZE H, ®C NMR# 2D-NMR
spectrung 53] ZA s} (Table 7).

A BC NMRZ} HRFABMS (found: 245.1150[M+N4] calcd: 245.1155% %
3le] o] 3§Ee] EAH4E CiaHieOs (IHD: 5)22 ZAASH ) (Fig. 24).

¥C NMR spectrum datd#] quaternary carbon 370 (6213.2, §126.0, &
157.1) Yepttl o] F $213.2 (C-2¥] carbor® carbonyl carbo®ZA4 IR
spectrun¥l A 1710m™e] 2 F52 peak} ©|F R 3sich (Table 7).
x3F 5126.0 (C-1'),6157.1 (C4'¥) quaternary carbéd 675.9(C-3), §25.7(C-5)
51315 (C2', C-6), 5116.1(C3, C-5)¢ methine]| A& & 34 Yt §
131.5 (C2', C-6"), £§116.1(C3', C-5)2] carbon> HMQCAH & ¢ 2] 3j

Table 6. Physico-chemical properties of compoundand 5

4 5
Appearance Colorless oll Colorless gum
Molecular formula C13H180s3 Ci13H1603
ESI-MS 245[M+Na] 245[M+Na]

HRFAB-MS Found

245.1150[M+Nal]

245.1154[M+Nal]

Calcd 245.1155 245.1155
UV Amax (MeOH)nm(loge) 203(4.06), 224(3.88), 201(4.17), 225(3.84),
279(3.61) 279(3.24)
IRvmax(KBr)cm™ 3369, 1712 3392, 1710
[a]®5 (MeOH) -3.52°¢C 0.17) -3.54°¢ 0.17)
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§7.00 (H2', H6'), 66.71 (H-3', H5)2] protord} AZ2FES & & It
(Fig. 25). ©]& protore] chemical shife B35 3852 proton Gl 3l
23] Z+Zke] protonZ 2HS] A EZE VHAIEER o3 dZFE F 79
carbor> FYE FH HAE 474e carbore] FEE ] UEhd Y ¢
F A9 §75.9 (C-3p] carborE hydroxyl groupx 7}A]+= methine®] 3}
Ae & 5 Aden, 2449 (C-18] methylene e} 623.9 (C-6), 521.8
(C-7)®] methyl & 707} o= AT 5 A0

cé
c 1t o

o | e
| I

Fig. 24. C NMR spectrumof compound4 in CDs;OD.
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HE | HT
Hi

Hr/He HI/HY '

H3 M4

Fig. 25. '"H NMR spectrumof compound4 in CDsOD.

Compound 8] #EFz 2 AFHe HJAF=EE 'H-'H COSY, gHSQC L
g2 gHMBCS 72 2D-NMR datss 539 ZAA 34t} (Table 7). °C
NMR datell A C-1' (5126.0), C4' 6157.1), C-2', C-6' (5131.5), C8', C5' (§
116.12] 670¢] carbonAl &} ZFzFe] carbortll A E protone] chemical shift
7} 67.00 (=6.7Hz), 6.71 J=6.7Hz)R] HS=E ¥o} aromatic ring] &<
g & dgden, o] protong2 coupling consta@te] 6.7HR] FHe=z Ho}
o] 52 para X¥H FHUS & & ddoh =3 C-4' (5157.1)2] carbor
C-1' (5126.0¥] carbor®t} ] down field® ©]&3F5tt. ©]+= hydroxyl
groupll & AYS oJusln] IR spectrum datdlA] 3394 YERG 7}

=
Sz Zo) e F4ol peakl olF FAA Ao

_57_



| ..| | . |

} e H3/H4 gl s
£ 4 e = Gﬁ' ...-
{ | H5He&T
m # -%g
= H5/H4
1
i L
H4/H3

| HY&HE/HY&HS

|
| HISHY/HIEHE

Fig. 26. *H-'H COSY spectrumof compound4 in CDsOD.

'H-'H CcOSY A &4 H-3 (54.18 H-4 (51.450}°]2] couplingrs &
Q) & 4 9lglon] w3 H-4 (5145} H-5 (51.81), 183 H-5 (51.81)%}
H-6 (40.93), H-7 ¢0.92)%] protong°lA] couplings & + JAH
(Fig. 26).

gHMBC AgeA+= H-3 (54.18% H-4 (51.45)°] protore] ketonic carbonyl
groupd] C-2 (6213.2%] carbo®} long range coupling EoIForm, H-1
(63.74)°] protore] C-2 (5213.2%} long range coupling 9Z2¥= ¢ & o
Aok =3 H-1 (63.74)] chemical shife 4¥HE el mething?] chemical shift
B} o down field® °]F 3=l o]&= F9 9l carbonyl group] &S
A sk Aol wekbad $19F 72 spectral datE &3]  3-hydroxy-2

-butanoné} iso-propyl groug] F-EF27F EAqdE AS & 5 U
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h HUC: & = o H4CS
H1/Cl
al - = -
— HI/CI&S v. =
q
HICA myses
HY&HS/C4
HI&HE/C4 ?3:3:-?
A<

~ THI&HE/CI

Fig. 27. gHMBC spectrumof compound4 in CDz;OD.

H-1 (63.74)%] proton& C-2', C-6' ¢131.5] carbor®} long range coupling
Bgle 24 3-hydroxy-2-butanon® HEFZ+ aromatic ringt 2= Ro=
4 4 9o o] methylene protof] chemical shiff} carbonyl groupll )3l
down field® °]&3= A Bu ¢ down field® °]%5 = U= HAS Ho}
653.74%] proton (H-1p] aromatic ring} carbonyl groupAFelell $1x]3] U
g £ Jd9Y (Fig. 27). °|& T34 2FHOZE compound 4] F+=
3-hydroxyl-1-(4-hydroxyphenyl)-5-methylhexan-2-or(8oraphinol Cp-2 ZHA
3ot

23 22437 o] HFELS new compound ¥ ¢ F YRZ, o)F
soraphinol G W93t} o] 3552 absolute stereochemis@y Z2A 3}

7] s A7 471%AS AW F olvh
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H¥/Hs HI/HY H4

T
g

Fig. 28. 'H NMR spectrumof compound5 in CDs;OD.

Compound 5% °C NMR dat#} HRFABMS (found: 245.1150[M+N4] calcd:
245.1155% £3l9] CiHidO: (IHD:5)e] EAAS 7128& ¢ 4 dgien,
compound &+ T4 YL w F25 A4S

Spectral datg &3}e] ©]x|$ aromatic ring, 3-hydroxy-2-butanone®
iso-propyl groug] F-E&72EF ¢ § I3tk giMmBCe AFE T3 H-1 (6
2.91/52.69)°] proton C-2', C-6' ¢131.3®] carbo® long range coupling
gto 24 compound 4} 2] hydroxyl group €2] methylen®] aromatic ring
7 dZFe] A AL 4 4 9Jddrh 'H NMR dat@ll4 compound &} v 3j
& u], compound 8] H-1 (83.74)2] proton carbonyl groupll €J3] chemical
shiftZ} down field2 °©]& 3F$%2m, spin-spin splitting] single®] A& & &
A A9 compound 8] H-1  (52.91/52.69)2] protone hydroxyl group] $1x]%

o] w}g} chemical shift} up field2 ©]F3% A & & ov =3 spin-spin
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splitting®] double-double®. = Z2}zl Apold g & 33t 23 H-59]
proton 9 A] chemical shif¢} spin-spin splittingll 4 xto]d& 43I & 4 9
t}. °o]F &3}l compound %= compound &} ¥|3}e carbonyl groupt
hydroxyl groug] $1x17} v} isomer el A &< 34} (Fig 28).
282 A8 £ A3 compound 3 4-hydroxylsattabacitl A& &4 &
Atk o] 33HEL o ol AFA e 23 Bacillus spellA E2F ul 9}
A EELS F g
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Table 7.'H, ®*C NMR data and principayHMBC correlations of compound 4

Position &c SH HMBC
1 449 t 3.74, 2H, s C-2, C-2', C-6'
2 213.2 s
3 759 d 4.18, 1H, dd(9.6, 4.2) C-2, C-4, C-5
4 435 t 1.45, 2H, m C-2, C-3, C-5
5 25.7 d 1.81, 1H, sept(6.6)
6 239 ¢ 0.93, 3H, d (6.6)
7 21.8 g 0.92, 3H, d (6.6)
1 126.0 s
2'(6" 1315 d 7.00, 2H, d (6.7) C-1, C-3, C-4', C-5
3'(5) 116.1 d 6.71, 2H, d (6.7) c-1, C-4'
4 157.1 s

NMR data were obtained in GOD solution. Assignments were aided ly
combination of '*H-'"H COSY, gHMQC and gHMBC experiments. Thecoupling
constants(Hz) are in parentheses.
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4894

Compound 5 (4-hydroxylsattabacin)

Fig. 29. The structuresof compounds4 and 5.



4) A=84

Antioxidant activitygs ZA3}7] 91389 oxygen radical absorbance capacity
(ORAC) methodE AH&33th. °] WS 2,2-azobis(2-amidinopropane)
dihydrochloride] 23l 2A3}= peroxyl radicap] & XS FFs= A
olt}. o] A¥ %3} soraphinol @ A3 FAL YrEAE AL
trolox (a water-soluble derivative of vitamin ) 8] & wj °]AF FAsH
B4 & 2AY (0.956 ORAC). 3Fx]4k isomer] 4-hydroxylsattabaci& ©] el
H)g e A (0617 ORACE B o & 33&Ee FzA xlo)v}
hydroxly groug} keto-carbonyl groug] $]x|¥3}el] w2 FAjo] W3S <&
F A9t} (Table 8).

Table 8. Antioxidant activities of the soraphinol @d 4-hydroxylsattabacin

Compounds ORAGE
Soraphinol C 0.956 + 0.10
4-hydroxylsattabacin 0.617 + 0.09

®*ORAC values are expressed as relative Trolox etpnvacalculated based on eq 2.
Data are expressed as the mean values + the sfaddarations(n=3)
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AYA TS Ao 271438 ok HHEolzA AT A S BF
713 w|AEE gram negative]l 8F 5= 3= AT (gliding bacteriay| T},
AR AFS A T4 HIANTH AlFE= §4 QAT ez FEH
o it w|AEoly A Al EIer AdAANA £t &7 E
wjcke]l Ziggo. AFEZ= {3 FHAAFo] A= 95%7F antibiotic
compoundg 7FX|™ ##| epothilone] ALFoEA FHL
72 w|AE F 7P £ 9 wjcke]l 7P ZidEua 43 HAA
= FUAA gz £ 2 wjeked AFsdon, =3 gt
g oAt AR £k 97 Jpx|o AEBAEHS EUdden &
3] epothilone A} 1 FEAES A4ste 5 Ee At HelA & 29
7} 4
o3 AFE= F3MAF HANTY £ 2 wiY 2 33HEY #9
lge EUE & A¥dAE 7= A9 A A9 U EF ARE
HE HAAFE 2500 T ETSR °] F 60 Fo AFE2= &M A
A= &2 2 £33t ATsdd. 7o 8 AAHANA AF7HA
Sorangium cellulosm ¥+ 3+ Fulo] gty R uE|gix|qt E2l®l FFo 34
Wzl A Wiz 12 Y9 FANAY A E s 2H Welyrt=
5 g3 FeH S ngon, FAML red type, yellow type, black type =
ZE ). =3 g ekl A= FAIM o] yellowdl] A red} blacke 2 W3sl=
typed} blackell ] redt} yellow® W3t= types 9 gith. o)2 g thekg ey
Y EAS AUz dE AIFEZ2 §EA HAAde ERTHe=

5
Sorangium cellulosum®t VA= gle] Helx A 7129 typee 2 FFH |



w2} ofol] Wi AT+ o o]FolAHok & Aer Andn

22 607Me TF F 38T FE dv] Mt I oAHES £35S
o ol o 7] AEZBAAF A AHE3AT. ©)F TLCAA Hold IH
£ RolAY AEZANAPANA FHeold XS Kol KM1001# KM1041&

°

1

COSY, HMQC, HMBG&} MASS spectrung 5319 F+25 &4 sigen Al
T2 UVlgk 7IAEE FHE EEE skt KM1001014  EEF
soraphinol G= 34ks) AR oA 2 EA R A48k troloxel] ¥|wd w3l &
A (0.956 ORACY XR.gon #F KM10412 H-¥= epothilone A} A=
T2 FAEHE FEAS F939th Epothiloe A= SAE 52 A A
oA Hojd BAHS EJen, H9YFAALIS 3] 71E ATelA
%37 micorotubuleE GBI L 2A SAES A s

ojde] AARFH AFE= FHY HYANZS ¥ 2= 7

WAL AR A s,
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1 AleF 2 717]

O AlofF 2 F3A

Agar, EP (Junsei)

Baker's Yeast, CP (BRUGGEMAN)

Beef Extract, EP (DIFCO)

CaCbx2H,O, GR (Junsei)

Casitone EP (DIFCO)

Congo-red EP (Sigma)

Ciprofloxacin @38t H 25 E £9F)
Cyanocobalamine, EP (Sigma)

Cycloheximide, EP (ACROS)

Dextrose, EP (YAKURI)

Dimethylsulfoxide, GR (Junsei)

HEPES, EP (J.T.BAKER)

LiChroprep RP-18 (40-G&, MERCK)

Malt Extract, EP (DIFCO)

MgSO:x7H,O, GR (Junsei)

Peptone, EP (MERCK)

Sephadex LH-20 (bead size 25~100 Fluka)

Silica gel 60 (0.040-0.068, 230-400 mesh ASTM, MERCK)
TLC plate /silica gel F254, 20x26, 0.25m (MERCK)
TLC plate /RP-18 gel F254, 20x@Q 0.25m (MERCK)
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Tryptone, EP (DIFCO)

Vanilin (Fluka)

XAD-16, mesh 20.00~60.00 (Roh& Haas)
Yeast Extract, EP (DIFCO)

O &

Acetone (Extra Pure, DUCSAN)

Buthyl Alcohol (Extra Pure, DUCSAN)
Ethyl Acetate (Extra Pure, DUCSAN)
n-Heptane (Extra Pure, DUCSAN)

Hexane (Extra Pure, DUCSAN)

Isopropyl Alcohol (Extra Pure, DUCSAN)
Methyl Alcohol (Extra Pure, DUCSAN)
Methylene Chloride (Extra Pure, DUCSAN)
Tetrahydrofuran (Extra Pure, DUCSAN)

O 7171

ek A 717

Autoclave (SJ-220A45, SEJONG)

B.O.D incubator (SJ-250B, SEJONG)

Clean bench (SJ-701S2, SEJONG)

Electronic balance (SHIMADZU BL220H, SHIMADZU)
pH meter (Orion 420A, Orion)

Rotavapor (BUCHI R-200, BUCHI)

Shaking incubator (SJ-808M2, DONGWON/SEJONG)
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Shaking waterbath (circulator, Mono-TECH ENG CO M$RL1D)
Vacuum pump (ULVAC G-50SA)

UV/Visible spectrophotometer (CM-10 Spectroline, BIEL ENF-240C)
3 EFn 7 (OLYMPUS Sz11)

AF 1& YAEE 7] (Supra22K, Hanil)

EAudr)7] 2 2
Sephadex LH-20 (Universail system)
Fraction collector (Pharmacia Biotech)
Detector (254m, 2238UVICORD SI, LKB BROMMA)
Recorder (Pharmacia Biotech)
MPLC (YFLC-5404, Yamazen)
UV-detector (Prep. UV-10V)
column: LiChroprep Si 60 (240xi0, 40-63m, MERCK)
LiChroprep RP-18 (240xdf), 40-63m, MERCK)

HPLC
Detector (Diode array detector, SPD-M10Avp, SHIDIRU)
Pump (LC-6AD, SHIMADZU)
Degasser (DGV-14A, SHIMADZU)
Program (CLASS-VP ver.6.14 spl)
Analytical column

CAPCELL PAK C18 (UG120, /m; 4.6mml.D.x250mm, SHISEIDO)

YMC-Pack SIL (&m, 12nm; 4.6mml.D.x250nm)

YMC-Pack Diol -120-NP (&@n, 12wm; 4.6mml.D.x150mm)
Preparative column

CAPCELL PAK C18 (UG128., 5um; 10mml.D.x250mm, SHISEIDO)
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YMC-Pack SIL (%m, 6mm; 10mnl.D.x250mm)
YMC-Pack Diol -120-NP (@n, 12wm; 20mml.D.x150nm)
£33 717]
Varian UNITY 500 spectrometerH:500MHz, *C:125MHz)
JNM ECP-400 spectrometefH(400MHz, **C:100MHz).
Optical rotation (JASCO P-1020 polarimeter)

UV spectrum (Agilent 8453 spectrophotometer)

O Aldd

Escherichia coli (KCTC 12006)
Saccharomyces cerevisiae (KCTC 7246)
Saphylococcus aureus (KCTC 1916)
Rhodotorula rubra (KCTC 1209)
Candida albicans (KCTC 7965)

o Wz =4
ST21CX agardjA]

Solution A: KHPO, 1%, Yeast extract 0.02%, Agar 12%;

Solution B: KNQ 1%, MgSQx7H,O 0.1%, Cycloheximide %@/ ¢, TES It/ ¢
KAN 4 agar wj#]

CaClx2H,0 1%, Agar 15%, Cycloheximide ©¢ ¢, Kanamycin 25@g/ ¢, pH7.2
Vy2 agar ¥ %]

Baker's yeast 0.5%, Cg&PH,0 0.1%, Agar 1.5%, Cyanocobalamin i@/, pH 7.2

Sorangium cellulosunty =] B 2]

HEPES 50mM, Potato starch 0.8%, Soyameal 0.2%¢oSe 0.2%, XAD-16
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69, Yeast extract 0.2%, CaCl2H,0 0.01%, MgSQ-7H,0 0.01%,

Fe-EDTA 0.0008%, TESmk/7¢, pH 7.3~7.4
CAS ¥iZ]

Casitone 1%, MgS@7H,O 0.1%
Nutrient agar(NA) =]

Tryptone 1% Yeast extract 0.5%NaCl 1% Glucose 0.1% Agar 1.5% pH 7.2
YM ®j=]

Yeast extract 0.3%, Malt extract 0.3%, PeptoB8o0Glucose 1%, Agar 1.5%, pH 7.2
MM ¥} %]

Peptone 0.5%, Yeast extract 0.3%, Beef exira&e4). Glucose 0.1%, Agar 1.5%, pH 7.4

_71_



2. NMR spectral data
© Soraphinol C
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'H NMR spectrumof SoraphinolC.
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©O Glycerol1-(9-hexadecenoate)
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¥C NMR spectrumof Glyceroll-(9-hexadecenoa.
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'H NMR spectrumof Palmitin
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© 4-hydroxylsattabacin
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'H NMR spectrumof 4-hydroxylsattabaci
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3C NMR spectrumof 4-hydroxylsattabaci
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