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Spirodienal A, A Novel Metabolite
from Sorangium cellulosum KM1041(Myxobacteria)

: Isolation, Structure Determination and Biological Property

Song-Yi Yu

Department of Marine Bioscience and Environment
Graduate School of

Korea Maritime University

Abstract

The gram-negative myxobacteria belong to the & -group of
proteobacteria and show some outstanding and unique features.
They can move by gliding or creeping on surfaces and exhibit a
complex life cycle which includes the formation of fruiting
bodies and culminates in the production of myxospores upon

)

starvation.” Using exoenzymes, they lyse different biological

macromolecules as well as whole microorganisms such as

Y Over the last decades, myxobacteria have

bacteria and yeast.
increasingly gained attention as producers of biologically active
secondary metabolites which exhibit diverse molecular mechanism
of action.'®?830:37

Especially, myxobacteria of the genus Sorangium have proved



to be extremely versatile producers of biologically active

)

secondary metabolites.'? This diversity is true both for the

basic structures, which are generally new, and for the biological
effects and their underlying mechanisms.”

But, myxobacteria are not obtained by the routine method for
culturing bacteria and thus require a special technique for their
isolation and culture. We had succeeded in isolation of pure S.
cellulosum from Korean soil. Our collection increased last year
by 96 strains.

In the course of screening for new bioactive substances from
several S. cellulosum isolates, strain KM1041 was found to
produce bioactive compounds such as epothilones, a promising
class of anticancer agent. They were isolated by silica gel
column chromatography and RP-18 column chromatography,
consecutively. These compounds were finally purified using
semi - prep HPLC. Their structures were elucidated by detailed
NMR spectroscopic analysis.

As the result of this research, a new compound, termed
Spirodienal A, has been isolated. Its structure was elucidated to
be novel spiroketal with a terminal dienal group.

The well known anticancer compound epothilone Al3:28:39

was
found to possess algicidal activity. It selectively inhibited the
growth of the harmful cyanobacterium Microcystis aeruginosa, in

a concentration dependent manner with ICsy of 30ug/ml.

Keywords: Myxobacteria, Sorangium cellulosum, Spirodienal A, spiroketal,
Epothilone A, algicidal activity



1.4 &

FARE AAAE T AZHYEAe
ol Ho FREUG. 53] nAES Fo I A S5 Fu=
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Z] 10% =7} Bacillus ¥ Pseudomonass F5%2E 3 AldFelA
e E e & u YUY EA source’) HojL vAEL dd3] F
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Fig 1. Fruiting bodies of myxobacteria



SAAE FAE Aoz o 9} 529813440

AYATS O elPolgs PEslE TN 2YH A A4
A A (Fig. 1) 5ol 3len FATNA 2 AL ZH= °lF
o WA BFEF 5 Wolg Fo} oJFUTt. =T oY A4EE
&, FAEASS AE gro s MeHe=2A AL 2305t 44
o2 A=r} 42

AAAZe] o AT SHAAE B ok 10074 AFHLEH 500
AN FZA HFEel Bu FHogom, o5 PRE o nYEER
B AAE Aol g AIMANF E89 EA =4 aromatic, heterocycles,
quinones, macrolides, polyethers, polyenic compounds, peptides
5 o F2E dsig) =3 oF Felt S5 /1FE 2w g
wow 1 Fo Myxalamidew Phenalamidezl) Myxothilazolew)

o] &
=3} e electron transport *3}&4, Sorangicin'”, Disorazole

16)
=3 22 nucleic acid polymerase #3124, Epothilone, Apicularen
A? =3 7o cytoskeletonell Z83t:= E4, Soraphen®®e] F9
acetyl-coA carboxylase A4 So] Bux]le] 9J}.** (Fig. 2)

2 dFeAE §le 2o ARZ2AEE MELE sourceE FHASIL 3l
= AFE2 34 HIAAF S. cellulosums hAoes FYxekown
g o] 52 Fe ¢ Wikl @ S S £ 7o dAAE
gk sehE R AEEE 54 A



Sorangicin Epothilone
OH

N * * OH
N OH
HOH Q N N
OH e} O
SN

o O NN

Ripostatin A Chivosazole F

Fig 2. A few examples of secondary metabolites
produced by cellulolytic myxobacteria, S. cellulosum
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1. AE Y P

1. A3

ol

xﬂi
1.1 AeF 2 717]
1.1.1 AJ¢F

F2 % el 443 wWAel 7 FHHEE Difcost, Junseis,
Sigmate] EPF Aok Fdste] AH&stgith(Table. 132). #ix|e] 3
7}k 3AA Cycloheximidex AcrosAt®] EPw<, Kanamycin A&
JunseiAtell A 247k 7935t AH-E35ivh. FEZAAAE NN dxdEE A}
$% Ciprofloxacing #¥3FAdTHo2RY FPdol Agsiglen,
Nystatin< JunseiA}oA T+ 3515}

7 2 28, dAEe] 239 AHEE BE &9 DucsanAbe| EPw
$9E FYstq ASEF F O AEsEY. NMR X3S A% $HE
CeéDs(Cambridge Isotope Laboratories, INC. D, 99.5%), CDs;OD
(Cambridge Isotope Laboratories, INC. D, 99.8%), DMSO - ds(Aldrich, D,
99.9%) & AH&-3H3io

TLCE silica gel Fass, RP-18 gel F254(20% 20cm, 0.25mm, Merck)
plate® ARE3932H, column chromatography?] IAAC ZE silica
gel 60(0.040-0.063m, 230-400mesh ASTM, Merck), LiChroprep
RP - 18(40-63um, Merck) = AF&3}%t}.



1.1.2 7]7]

59 28 2 vjgS 91389 SejongAle] Autoclave(SJ-220A45),
B.0.D incubator(SJ-250B), Clean bench(SJ-701S2), Shaking
incuvator (SJ-808M2) & A}£31%1%, OlympusAte] 3j3-&8n)7(SZ11)
o2 F& TEIGY.

94 compound®] ¥8]& $]3 HPLCE ShimadzuAl2] Diode array
detector(SPD-M10Avp), LC-6AD pump, DGV-14A degasser,
CLASS-VP ver.6.14 spl program®22 $33%|9t}, o] w] CAPCELL
PAK C18(UG120A, 5um; Shiseido) column= analytical£(4.6mm
i.d.Xx250mm), preparative&(10mm i.d.x250mm) & A}-4-3}%ic}.
'H-NMR, °C-NMR, 2D-NMR A@L& 37|273A 7L 93
399 en Bruker Avance 8003} Varian Unity 500 AF&3}e] =3
3R}, Mass APL ESI-MS(MARINE, Perspective Biosystem,
U.S.A), HRESI-MS (ESI-IT-TOF, Shimadzu, Japan)® 3=}
FT/IR-4100(Jasco), V-670 Spectrophotometer(Jasco), Digital
polarimeter(Perkin elmer, U.S.A, 341)&% Z+z+ IR, UV, Optical

rotations =439},



1.2 A1gd¢

gl AEF AT fungis e} Zow FIAFFHATY 484

2oy Fopugn,

Escherichia coli KCTC 12006
Bacteria

Staphylococcus aureus KCTC 1916

Candida albicans KCTC 7965

Fungi Rhodotorula rubra KCTC 1209

Saccharomyces cerevisiae KCTC 7246
T2AzxE 22 AuUE QT SAA 2= g FFE ZAE AR
A

aa
Zo] F7HE B F& I3, 70% ethanold AHAl
=
=

[o

H FOo*H 2= clean bench
SHTFE UM F 2 99S HA FIR Y
D incubatordlA wjekstgict. 43 F2Y

gk 3 WARASH, AY A= streak cultured 4]

Yoo 843 W 25T B LY AR AL,



1.3 ¥} %]

2 ARA AER wixe =242 953 2o (Table. 1)

Table 1. Compositions of media used in this experiment

Solution A:
K,HPO, 1%, Yeast extract 0.02%, Agar 1.5%

ST21CX Solution B:
KNO, 1%, MgSO,7H,0 0.1%,

Cycloheximide 50mg/ ¢, TES 1mé/ ¢

CaC12‘2H20 1%, Cycloheximide 50mg/ ¢,
Kanamycin 250mg/ ¢, Agar 1.5%, pH7.2

KAN 4

Baker's yeast 0.5%, CaCl,2H,0 0.1%,

Vy/2
Cyanocobalamin 0.5mg/ ¢, Agar 1.5%, pH 7.2

HEPES 50mM,

Potato starch 0.8%, Soyameal 0.2%,
Glucose 0.2%, Yeast extract 0.2%,
liquid medium CaCl,2H,0 0.01%, MgSO,7H,0 0.01%,

Fe-EDTA 0.08%, TES 1m/{, pH 7.3~7.4

Sorangium cellulosum

CAS Casitone 1%, MgSO4+7H20 0.1%

NA Tryptone 1%, Yeast extract 0.5%, NaCl 1%,
Glucose 0.1%, Agar 1.5%, pH 7.2

YM Yeast extract 0.3%, Malt extract 0.3%,
Peptone 0.5%, Glucose 1%, Agar 1.5%, pH 7.2
Peptone 0.5%, Yeast extract 0.3%,

MM Beef extract 0.15%, Glucose 0.1%, Agar 1.5%,

pH 7.4

_10_



2. A%

ot

K

2.1 AF2= S AYATe] 22 2 <3

2.1.1 ESF A7 AA 2 g

2.1.1.1 ¥ A8 AF

X
<
s
[N

94 HAATE B Astel VIR B4, 9, AREE
A} A4, AR $2, GAe A AGe) AAE A5, A
AAEA B59 ) B¢ AE A o W AER FE
e San ZelkAe] && AT BHez o FshAA AT
158 B39 FHL JAlH) fske] F AFUT AET eI

e AFEZ S AT 2o, 5l gt

2 4N oY

L ¥y B
rol e by
™

ofje
Mo
k)
P
>
iy

2.1.1.2 2 A5 37

ST21CX agar Wiz §]o B3 2 A4 (A7 10w ¥H)E 9
T, 12 2EE SHRFE 3~40E 2= BAER] gEF M A RS
A2 FES A8t 27 0.3~0.5mA7 2 53 ] Fdell & HH &
HEJd o)k 22 WP E A8 AF wiAE 30T incubatorell A ¥
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2.1.2 AlF22 §3A HYAZ 228 2 <3

EF Am7F 3 A& 309 ¢ uA S S5 AlFE= &34 A
£ B3 Ag FHAA ALAY 9227 &=
FES 3X1me] 2712 ZAehA HER I3 9342 &
=¥ ST21CX agar iAo HHow o3 A5 W53t B¢ Aa=
Y AlFE= §3A AYATS 42k EEskg

o|ZA o] ETjE HAYAL ] FEYE B FF0lg Aol EAE

v 2 X KAN4 agar WA & AH&-3te] &3135it. o] wf A8 9ol
T2 E. colifer, E. colit Y3 22 ez wjoksiin.
WAR 3} 5loJ)= E. colis NA agar ¥WlX] ¢ streak culture & ¥ 30T
incubatorell Al 24X17+5-¢F XA FHYG.  ‘L'A Ao Nutrition
Broth(NB)®#j#] & 10ml¥e] autoclavedlA] 121 T2 1587 E@Fg ¥
21L& wix]e A AAEL E. coli¥] FEZEYE HFFH 30CY
shaking water bathol|A] 120rpm2& 16A|7F&2k ek 317}, 2 ¢
AZrESE2=30] 109 NBYjAE Ed3te] 43 F v seed culture 3
= E. coliff¢Sl 10mE FdAez HEs%Y. AEF F 30T shaking
incubator®l4 160rpm22 1617k vl F 4T, 10000GE 20 F<F
LAY A q3 FAE B2 o, TAE A EoF 0.2% NaCl
2 A% F 82715 AA}Y FF35

olgist AAS T3 2R E. colidAE BIFFFE 59 I3l
autoclavedlA B F v|g] A F agar Al micro-pipet2
2 1002 loadingste] 27 1.2~1.5cn® circular patchs 953, 1
Ao dab e A TS HE3. ol F 30T incubatore]
A wjeEstE A el $3 swarmF AHEAL] FE, ARE, LFAY

_12_



S B o] AH o eSS T4 ¢43] &3 Y FaEY
swarmoly AHAAE FdH L2 Vy/2 agar #iA| ] AHF3 AN
th. Vy/2uiz|d A= 319 59 dAFSE FEI7] A% streak
culturedtgieny, o]& 30T incubatorellA wFslitt. A&7 5
3 AMAAIE FHE dFE At AdA L dRES WFolE Fou
5 BUE WA CASHAG] §7 AALLA BRI

2. AIFEZ L34 AANF wF

2.2.1

12} FwjFL Sorangium cellulosum$§ YA A 50mie] E°3+= 300

mAZFEEk AT Vy/2 agar wiz|elA wjgdt FAIE seed® 34 30T
shaking incubator®4] 160rpmS.& 547 vjeks}t), 221 ek &
A3 vixE AFESIR T 12} FefgdE FAE seed® 39 micro - pipet
o2 FANFE ST wikEd £3 12 TN LA 73
3kt

2.2.2 23gQ wjok

23y wke 231 Fejkdr FAE seed® F9  Sorangium
cellulosum$ AAMZ] 0.8 L F 7|£22 30T shaking incubatorel]A]
160rpm2 2 1047 A8, 232y wig=s &3t 58 A F
ZA XAD-16= %, F3 % £33 €2 dxHleE< TLC 2 AE3

AP o5, 1% FPHOoE mejsto] WS FFE A

ek

lnl
o}.i
o



At
2.3.2 #F KM10412] oij=kujek

dujujeie g doj7l YfAAHES TLC 2 AEZAAIES &3l AAH
T3 KM10412] oz ek= AA8t5it).

Sorangium cellulosum$ HAIZ] 400mie] SN+ 2 (AA4E2a
o 2z} Fujeke] FAE FAYNFE 8l F3H 30T shaking incubator
o4 160rpm2E 1097+ A8 o] o AAFFo g Ats54=
A gt Ao RS Eol7] A3 34 XAD-165 1.5%(w/v) 3
7FFck. ook 15 ¢4 103] AA35

1097k wjey®d KM10412 pHE SAT F 100mesh A Z¥
XAD-163% #A1E Wl o ziel Bejshoich. wake) Sol Wobd 243

7 ARG A5 wel YAD ZAE A A 2T A%

ek 3 dojz AFE= L34 AT FH e XAD-169] MeOH
Acetones 1:1 ¥]&2 Y3 magnetic spin bar®} stirrerg ©]£3}¢
A2 A 6X7H5 FEIGT. °lF AFFTOIE ZEUo FEIAS 83}

3, 23} F5& AcetoneT o2 6A)7F AA ). thA] Acetoned A
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58] 9L FEAL WRAES AAGY] Y3 BHZ2YE 43k
H>0¢} EtOAcE & 383t} EtOAcE 2 sodium sulfate anhydrous®
e ste] &2 H.OF AAT F 55330 5204 73499 A=xA
o< AAs7] HAsl MeOHI n-Heptanes °|§3t9 M2 F.
MeOHZ < 533le XEe ¥9sl3ith. (Fig. 3)

dulajek 3 dojA MeOHSS TLC 2 FFSAAYH N AA|5t0] ofzk)
% TF AA] ARR o] &35, A= o] ik KM10412] XE#
&2 74 a=znEaddE o] &3t EAASST.

IJJ
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Culture broth

centrifuged
sieving

Cell and XAD-16 resin

extracted with acetone
concd.

Acetone ex.

solvent partition
EtOAc/H20

EtOAc layer H20 layer

concd.
solvent partition
n -Heptane/MeOH

n -Heptane layer MeOH layer (XE)

Fig 3. Work-up procedure of S. cellulosum isolates
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2.4 #F KM1041 HAHAHE 9] £ A A
2.4.1 TLC

TLC(Thin layer chromatography)+ Silica gel plate(silica gel
Fas54, 20%X20cm, 0.25mm, Merck)$2} RP-18 plate(RP-18 gel Fosq,
20 % 20cm, 0.25mm, Merck) & #dg 7|2 dd3le o] &35z, AN
S22 = CH-Cl,, MeOH, EtOAc, n-Hexane, H.0%52] t}ekst §7]&
WE 7o oo 23er At sl F TLCE UV 254mg} 365
mel A F5 BRI, o 7Ex] A G T3 YeEhs As Fds)
At

A4 wax e 1 zAEE oeT 2o,

@ VS(Vanillin-sulfuric acid)
Ethanol 300m¢e] 34k 3ml, vanillin 9g& 2o Ak A=
AN 7 TLC platedl] 3 £ 120CE 714934}

@ Ninhydrin
n-Buthanol 100m¢9] ninhydrin 0.3g% =9 & %
st A|z3kgct. AMAIZY TLC plated] % F 100C=E 7}

@ Dragendorff
10mee] WxZke] 353 40me] SHF9 0.85g2] basic bismuth
nitrate® %9 ¥ 8g¢ KIE %9 200lZHS3E AH7lstd A kS A=

351t AAAZ TLC plates] $534510),

_17_



@ Anisaldehyde-sulphuric acid (AS)

0.5m¢¢] anisaldehyded 10m¢ ¥ ZAke] H7I3 ¥, 85mi¢] MeOH,
s5me] A& 3k SA4E 3 TLC plated] #5389, 100C=E 714
35t}

2.4.2 29 a2ulxE 9]

Silica gel(silica gel 60, 43-63um, Merck), RP-18 gel
(LiChroprep RP-18, 40-63/m, Merck)S xAAc=® ZA3%,
2x30cm, 3xX30cm 7|8 ZHE AHE3H5 .

=4 azelEadse] FAAE silica gels: AHE3sga, o]FAo=
CH:Clz/MeOH, n-Hexane/EtOAcAE o435t FAHS DAz F
TR e FHFU.

I aAgutea#e] FRAE RP-18 geld AHE31g3, o|Eae
MeOH/H0AIE °]43t9 MeOH2 §=% Hz F7/H7I= e

=+

2.4.3. HPLC

Analytical HPLC+= &%%9 &8 271% AsAY =2 #83 33
diode array detectorS A3 HPLCE A&3lgion, Zye
CAPCELL PAK C18 (UG120, 5um; 4.6mmI.D.x250m, Shiseido) <

AH&31r. o] Wl MeOH/H20AE °]l5A2E 319 gradient modes}

isocratic mode® A3}9it}.

_18_



Semi - preparative HPLCX: analytical HPLCE A3 EzAS
71Ee2 sl EFEA &5¥ EFHS 3] A FHE6U.
Analytical HPLCS} £94% HPLCE AH$slgien, 232 CAPCELL
PAK C18(UG120A, 5um; 10mI.D.x250m, Shiseido)< AH&3}5it}.

o] 5 AL analytical HPLC$} §Y3l3, isocratic modeZ 33t}

2.5 717184

'H, ¥C - NMR, 2D - NMR A¥-< Bruker Avance 800% Varian
Unity 5005 AF83t99 800MHz, 500MHzoA &A39 29, Mass A
L ESI-MS(MARINE, Perspective Biosystem, U.S.A), HRESI-MS
(ESI-IT-TOF, Shimadzu, Japan)® $3=%t}t. FT/IR-4100(Jasco),
V-670 Spectrophotometer(Jasco), Digital polarimeter(Perkin
elmer, U.S.A, 341)& Z+7} IR, UV, Optical rotations =A3}9it}.
UV 3 [alpe B2l Aoz AASGY.

OD X MW

UV: e=
Optical path length(cm) X ¥ X (mg/ml)

100 x (A 28&q2 AF=-§vje A3E)

[CV]D =
Optical path length(dm) X FX(g/ml)
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2.6 AEZASA
2.6.1 FFZA

FEE8A 542 paper disc S AHgstgled, @AY TIHAT
Yoz HE FNkE gram positived] Staphylococcus aureus,
gram negative®] Escherichia coli, 8 Saccharomyces cerevisiae$}t
Rhodotorula rubra, Candida albicansg A3dd2=E 35th
WARAR S, aureus, E. coli, S. cerevisiae, R. rubra, C. albicans
£ NA agar ¥%], YM agar ®§%], MM agar ®j#]o| Z+Z} streak
cultures}e] 30C B.O.D incubatordil# ZAAHY. 843} = Al 2
R FEYE BEFHT AT F3IHY 1004F NA agar
®2], YM agar ¥§%], MM agar ®#|°] ZtZ} loading ¥ ¥, SI9ETT
Edger Y. BFS  6m paper discol 50,000ppm3}

10,000ppme2 ZA|E A5 E8HE 204% ZF7ZF loading ¥ F clean
benchelA 20%7F AXAH = 2T 8ix)$]e] 7HF°] 3.0cnAE 5
EE 2HFY}. o] o BT F 24 MeOH:CH:Clyo] 1:1 v]&E £3

¥ So)E 28393, YReERZ A Ciprofloxacin 10ppm, Nystatin
100ppme A£3g}. DiscE loading3k zZ+zFe] wix]= 30C B.O.D
incubatorol A 484]7F ®l¢} & vernier caliper® inhibition zone¥]

2718 2495,
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2.6.2 A 54

28k 532 compound 19] tjsle] AZT=AAIS A

< Az ot FPsien A WP AEY HCT-15
9l 5% W AESAHS BFEI}HY. AEFE ATCC(American
Type Culture Collection)AFZ3¥ HFokylol wjoksisict. AlEn|ofe

Shid
o

10% heat-inactivated fetal bovine serum(FBS), penicillin
(100units/ml), streptomycin(100xg/ml)& 7} DMEM< ®jgFi e
E 5% COz, 37T wjck7|oA wiksten, AELET} FolAd & &
%< trypsin ¥ (0.05% trypsin, 0.02% EDTA in Hank's
balanced salt solution without calcium and magnesium)3}e] A
ZE wojueo] A-E35%. AY A AlE7} A$7] (logarithmic phase)
o YEF wjckstin, e Ao A 154 U] AMESE AHE

stgith. AlE7 e AIEEALS SRB assay’?E $3lo] AME AEES

Az F5 F WAE AASZ 15% cold TCAE 1m® 7hske] 4T
oA 1A17F B2 F A5=2 53] A, AxsL 1% 4G 59
0.4% SRB 0.25ml1% 7}3te] 1417 whx|skgich. o] o) ko] MaT
1% ZAHgNe 2 53] AH AXI T 10mM Tris Brifers A 7}

st MAEE §AA 96 well plateE  °]§3F]  520mel A

ofd

microplate reader® JIIJE=E =AY}, Positive control

5 - fluorouracil (5 - Fu) S A}-&3+4t}.
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23 &2 compound 2¢] W3le] G5zl W ASAMNLEHS =2
AR 53t st sl & A¥ AHEd AN
2 FERAETEITY IHAETEHATANA £ G2 [ Microcystis
aeruginosa UTEX2388, ¥%% Chlorella vulgariss AH$3t3x
Allen's media, €% 25T, 3F7] 1447}, FE 50 #zmolm s ' 27|
A EEWA Aduerssc,
Agerl AA &9 3uel A7) 2F AEFe] 0.3me] HES 2F
SEE 2HAUL, AREEE 1~100ppm $FE22 3k g
£ DMSOe 3¢l 50n¢ WeFdel Sigie 10ne wlel A7 Felso]

A
} s A8E9e =AY, DMS

P

ba 0 IFE5xE 1%9 2E ¥
= 3¥HESl AAERY. AE7| s &5 25T, FF7] 14417, 2=

52um01m_25_1}_7;1_% 4235t 6 wjekslgt).

64 ¥ Z+ A=EE 0.2n08 2 Fde 96 well plated] &F%

Bz AW O, A o] AEF JAEES To oAl wEF
2

Microcystis aeruginosa
Y=-0.00837X%+0.2524X+0.00383
Chlorella vulgaris

Y=0.4304X+0.0384
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m. 23 9 1%
1. Al22= S84 AANFe] By o EA
1.1 AF2= S8 FAAFe 2o

A7 A, &9, AAEE A A AR AL, AxH B2, 93 Y
2] gl $1218 Fd, AFE AAEA F5d ] EF AEE AF
3to], F%0le FA= AASH] A3 o dFUAT AT XA TES| A
ZAZA oF 3000 2] B RE FH5t A QEE AT AL

Asl B 5 s EIE A7 8% ST21CX agar ¥i#] ¢ 223}
o] 304 F< #FEsRA, A8 FH=E JA= = yellow, orange, black
o AR GHFTES FUF 5 U, Fv|F ez [Fst] AAUA 2
swarme] e=H 3~4W 9] 432 53t KAN4 agar #j#| o] Alth3s}e]
M3, LgddFE #UE F Vy/2 agar wiA|o] FFHLE A3
Ak, Vy/2 agar ¥jA]el| streak culturedte] FAIFFo] FHE|H CAS
media®ll 2o} AA|ALe RAsGTE o] EE 53 F 967 F9
AF22 §3A AYATS 233

AYAT-E B Aldolvt n|AES FEste 4 ez AdA=R
H¥ E2=A] ¢ single colony?| A2 ¥ %, AQddelA 43S
=7 =" B4, wjkzAe] ZluE: HEE U3 g v AEel v A3
APAT7E Aok £ mAE BEV| TN HEHI Yt 0|59 FE
- H2 Aol o] E A3elA £ APS 3 IUA Hgor A

F22 EMA AYAFe] £ A3, F 96T FE £33 BE
B HelA F5F 717 g Atsdd.

0:)

l

ot
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1.2 #38 AF22 §3i4 HYAZe] 54

ARz HAAFL o2 I A7} 4&3] =] A Aot =H2hA
T3 A7 £7935HA gl HAE &2 dE FE71HA A g

Tk TR LEA 28 &5t ez sk AQATe] 5
de HlEeE B uAES &S 44 FHAIF (Bacteriolytic
myxobacteria)¥ AFEZ=E LI} ANF2= LI AT
(Cellulolytic myxobacteria) &2 A {39, thA] £33 AANTF
< swarm3} AAAS FEIE 1145 34F (Myxococcus, Corallococcus,

Sh

A

-

v gl

r

Angiococcus, Archangium, Cystobacter, Melitangium, Stigmatella,
Polyangium, Haploangium, Chondromyces, Nanocystis), A$+2% &
A AN FL 25 Sorangium cellulosum®.2 1% 1F49o] QA

at}.22" (Fig. 4)

Naked masses of slime and myxospores Myxospores encased in sporangioles
| | | | —
Fruiting body Fruiting body Sporangiole Sporangioles
soft-slimy hard single in groups

! l |
Single sporangiole Single sporangiole
on the substrate  on top of a stalk

l l

Myxococcus Corrallococcus Nannocystis Melitangium
Archangium Haploangium Sg. erecta
| |

Group of sporangioles Cluster of sporangioles Clusters of sporangioles

on or in the substrate on top of an unbranched stalk on a branched stalk
Angiococcus, Cystobacter Sg. Aurantiaca Cm.crocatus
Polyangium, Sorangium (1) Chondromyces

Nannocystis

Fig 4. Key to the fruiting body type of myxobacteriam)
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2 AYANAL offAE Balste] JEUoR o F3hE AYAT 54

o

e g Qb FAY ARG Sl TAHE olF = FHE AL swarme]
= o9t AlFEZ2 &34 AT AL T 5+ AA
1 3PS HEANEH A"
71D £ A BFeE o= S, cellulosume®l
A3l °o]F KCCM 8004022 71€3}4t).
a2, 1€ 139ko) QA= S, cellulosum®) A% A 24 o) 4] LA vl
& Al AL Ak AME A 7] 9E S40] Udwol FUAE A
Vy/2 agar ¥jA]A = Al 742 b8 A7 S4S 2o ZAE WA=
TY= 4% FH, A oldHE sta=E FH, Wiz 2HeR Worls
FEHS FEL & A2, ALA L A BHAA L= yellow type, red
type, black type?| Al 7} ez} Yepger. dAue A= FAL] A
o] yellow type, red type, black type2 & 4AsA A= 7399} red
type®l A black typel®, =X black type®l4 red typey yellow
type2 2 W3E 7A$E A5 (Fig. 5-8)
ol g HelA & v AF2= G HAYAE2 HAE Al 7HA] o] F
EhEojol & Zlez godEy, o @S A7 e ¥ Few AR
L0
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Yellow type

Red type

Black type

Fig 5. Fruiting body color of S. cellulosum
in filter paper cultures
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Red type

Black type

Fig 6. Swarm colony of S. cellulosum on KAN4 agar plate
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Yellow type

Black type

Fig 7. Swarm colony of S. cellulosum on Vy/2 agar plate
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Yellow type

Black type

Fig 8. Cultural characteristics of S. cellulosum during
a shaker flask culture
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CAFEZ $NY AAARY HALE 239

EANRZRE 22 F 906779 ATEE $4 FANT F 497F
o b Fohel HALES AT, Lol AR hstel TLC
e = FFEYS S Pk APl o g3gich. FFAH P

A¥= Table 29 2.

E9de] GBFe d7A 251 S. cellulosum®] MR oz HE £
g 3 A AbEe] oF 95%7F BETH F40) A ew, I F 46%< A

EolA MEA ER BBt BuE v i’

£ AgAFNME 49FF F Gram SHATFY E. colidl W3t 735
(14.2%), Gram S¥AAFA S. aureus®l| Wste 263 F(53.0%), &2
R. rubra®) 93t 6dF(12.2%), &8 C. albicans®| W3l 15dF
(30.0%) 7} Aol du= FU3ATh. £3 49FF 2] YA4HE 257} 3
o) gell Wig &4 o] Uety S. cellulosum?®] °F 95%7} A& A
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Table 2. Screening of S. cellulosum for antimicrobial activity

Strain Conc. ' Inhibition zone (mm) '
(1g/ml) E. coli S. aureus R. rubra C. albicans
KM1001 10000 - - - 7.4
KM1002 10000 - - - 11.1
KM1003 10000 - + - -
KM1004 10000 - 8.9 - -
KM1006 10000 + - - -
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 + - - -~
KM1018 10000 - 10.5 - -
KM1019 10000 - 8.6 - -
KM1020 10000 - =+ - -
KM1021 50000 - - - 12.7
KM1022 50000 - - - 14.9
KM1023 50000 - =+ - -
KM1024 10000 - - 8.8 -
KM1025 50000 - - - 13.4

- 31



KM1027

KM1028

KM1029

KM1031

KM1032

KM1033

KM1034

KM1036

KM1040

KM1041

KM1042

KM1043

KM1044

KM1045

KM1054

KM1059

KM1063

KM1065

KM1066

KM1067

20000

40000

10000

10000

10000

50000

50000

50000

50000

50000

50000

50000

50000

10000

10000

10000

10000

10000

10000

50000

15.5

-+

I+

11.9

12.1

11.2

-+

27.2

14.1

7.0

9.1
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KM1068 50000 - 9.5 -
KM1071 50000 - 11.4 -
KM1072 50000 - 9.3 -
KM1073 50000 - 11.5 -
KM1075 50000 - 6.8 9.9
KM1082 50000 - 11.9 7.5
KM1083 50000 - 7.6 -
KM1084 50000 - 8.1 -
KM1085 50000 - 12.8 -
- Determined by the agar diffusion test using paper discs of 6mn

diameter.
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&3 TLC el gk screening 23 diFguleke] dF2 KM
1041°] A=

S. cellulosum TF KM10412 A7E §ex192] EgX g4 £
FFold, & AYPeAe S. cellulosum 27914 red typeol 43t}
Ak Aol F2 Ao AAAE FAHH L, swarmS YR7FA| ¢ 22 F
B2 Asten] 53], & I3 vl3te A% SE71 wE S FU3id.
BA M FAXE GA A S571 B2 @2 AT AR, AYAZ2
RAujF EAQ) HHo W EF FEE A= FFF Y. (Fig. 9)

E3 FF KM1041S AEALYANE A KCTC11426BPE 7)€ g}

R

Fig 9. Shaker cultures of strain KM1041
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3. F KM1041°] AAstE= tjAHAFE2] E2 A A
3.1 ¥3F KM10412] =jek

ANE §00X £ B2 RE 2eE FF KM10412 FA| o]
£ red typeSZ 1504 & 103)2] tj&aloke soich. wjok A] 3U7+e
4] FAZ AR} A7) A3} T5E HE A FAZ W 7

VR, WA G2 A3t EHAY A= FA|7 A7)

o o

o]

L

o we}
2

=
n-l?.l-'l

Wl ko]l ¢ ¥ sieving ¥ 9

stol wjoro 29 FAS FAA XAD - 16% Feshgrh.

o> oY e

Mo

oM o 4
ok
-
23
)
X8
o
—
)
e
N
K3
s}

e

= A A

Mo

3.2 Az e] FE %

S Ax $33% FF KM10419 FA9 FFA) XAD - 16904
MeOH3} Acetone 1:1 89 & AF&3F 13} 53, Acetone%rs A-&-3F
2~52} FE< F9 I WAHES FE3H3H. Rotary evaporatorg ©]
43t FEAS 55312, EtOAcTH H0522 #3315 29, EtOAc
=& YA MeOH$} n-Heptanel.® £33lo] A& MeOHZS 55351
dark brown gum ¢ XE(XAD extract)E 24.7g 2%t}.

Strain KM1041¢] XE 24.7g% CH2Cls 100%(fr.1), CH>Cl>:MeOH
95:5(fr.2), CH2Cl2:MeOH 9:1(fr.3), CH2Cl2:MeOH 4:1(fr.4) ¥]&
2 oS dAA R x83} silica gel column chromatography3}$]
t}. o] & 1r.2(9.9g) 5 RP - 18 column chromatographys 3}¢] £uj
+ aq. MeOH 30%(fr.2.1), 50%(fr.2.2), 60%(fr.2.3), 70% (fr.2.4),
80% (fr.2.5), 90% (fr.2.6), 100% (fr.2.7) & step gradationo & Al A
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3ot

Fr. 2.6%1 aq. MeOH 90%°14 <72 EZ 4.5g2 n-Hexane:
EtOAC ¥]&< 8:2(fr. 2.5.1), 7:3(fr. 2.5.2), 6:4(fr. 2.5.3), 5:5(fr.
2.5.4), 4:6(fr. 2.5.5), EtOAC 100%(fr. 2.5.6)F 9AIHoZE A}-83}
o silica gel column chromatography3}$tl. Fr. 2.5.3¢] 327mg2
RP - 18 prep HPLC(aq. MeOH 70, flow 4m!{/min, UV 254m) & %
3l run time 80min®] 10mg®] Compound 1§ €< F IR th. HPLC
pattern®lA Compound 1E& A& t}2 peakF FL3HA 277mel A 3|
Y UVESFE Rolx: $EA17} run time 70min, 130min®l] 747 33x
R FHEF 270 o] FEAVE ¥ de= ¢ & U (Fig. 10).0%F
0.15mg2 2 ARRHE F v £33 compound 1¢] ¥]3ke] o AL %
22 EAStE wEAISY EIE S5t A digek +30 Fo Ao

Defeclor A277 rvn
- 10412513 & analy
1041-2.5 1,3 4002, analy ‘ H
1200 4 s : . s . e o - - " s {- L1700

1000 - |- #1000

Compound 1

00 4 : { s : Leco

mal
a2
8
i
&
2
]

0 i v P00

200 4 1 . ‘ f Fi00

o ) 40 0 W 100 w1 10 190 200
Aves

Fig 10. HPLC profile of compound 1
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Compound 1¥ #3834 5 2
g o] &M I =3 £
Fr.2.3%] aq. MeOH 60%¢°lA

(ag. MeOH 65%, flow 4m{/min, UV
o] 120mg¢] compound 2

2 oo X
=

9}

E)3}

1400 4

Detector 8279 nm
—— 1041-242amly |

H

1041-2-82 araly003 |

1200 4

Compound 2

i L E——

mAL

400 4

200 4 4 - i J ;
1 & il
I\ H {

E i & k. ¥ E B
600 . =

, UV patterne] £9]
R Rl B = S a4 =
476mge RP-18 prep HPLC
54m)E %3} run time 12%

t}.(Fig. 11)

+1400
1200
- F1000

HE00

mALl

- HB00

400

-~ 200

Mnutes

Fig 11. HPLC profile of compound 2
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Fermentation broth (150L)

XE residue(24.7g)

Silica gel
column chromatography

fr.2
(CH2Cl2:MeOH=95:5)

RP-18
column chromatography

fr.2.3 fr.2.6
(MeOH:H20=6:4) (MeOH:H20=9:1)
RP-18 prep. HPLC Silica gel
(65% aq. MeOH) column chromatography
fr.2.6.3
C()(Ilng(())llrllrg)l 2 (7 ~Hexane:EtOAc=6:4)

RP-18 prep. HPLC
(70 ag. MeOH)

Compound 1
(10mg)

Fig 12. Isolation of compounds 1 and 2 from S. cellulosum KM1041
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4. RARES) F22Y

4.1 Compound 19 #+=%ZA

Compound 19 £33 542 Table. 3 Yepuidc. FA2] 0ild
B2 28% compound 1& 277molA UVY FHUYEFE RYgon,
Optical rotationg +39.4° (c 0.66, MeOH) %t}. '*C NMR#} EI - MS
(573.7[M+Nal )& &MA &AF 550& o433, 573.3785m/z
(+1.8mmu error)8] HREI - MSE &3] Cs2:Hs5:07(IHD:6)2] A&
AAsgich. IR data®l 3437cn”’, 1680cn 'F4E NMR datashe] 4
IIAE Y3 hydroxy group(- OH), carbonyl group% aldehyde

(-CHO)l 3Zd= & & Ui

Table 3. Physico-chemical properties of compound 1

Compound 1
Appearance Colorless oil
Molecular formula C32H5407
Molecular weight
ESI-MS(m/z) 573.7[M+Nal’
found 573.3785
HRESI-MS (m/z) caled. 573.3767
UV A max(MeOH)nm( ) 277(23,200)
IR » max(KBr)em™! 3437, 2926, 1680, 1116
[a]¥ +39.4° (c 0.66, MeOH)
TLC R = 0.63

(EtOAc:n-Hexane=1:1)
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16Me

18Me
|
10Me §Me

¢4 Cl8 (o gy
019 o o e8lcil o1 /2

c
: / (6
g U4 150)
C2 | s C13 50Me / i

1 c22

.1 . 1 -~ 1 - 1 1 1 "~ 1 1T " 1T "~ T T 1
240 220 200 180 160 140 120 100 80 60 40 20 ppn

Fig 13. *C NMR spectrum of compound 1 (C¢Ds, 200MHz)

C NMR3} 'H NMR data® $3le 270¢] quaternary carbon($
136.1, 598.9), 670¢] oxymethine(s§77.6, §76.4, §75.6, &
74.2,5 71.9, 670.6)#% aldehyde carbongs X33 12749
methine(6 192.8, 6145.6, 6144.0, §133.2, §129.4, 6121.6,
539.5, §36.9, §36.0, 635.3, §32.9), 37§¢] methylene(d 36.4,
533.5, §46.8), methoxy group(-OCH3)S Z33= 9719
methyl(655.4, 619.8, §18.1, 616.5, 616.3, 613.8, §9.7, §
7.7, §4.5)°] EA= AS & 5 IR} (Fig. 13)

NMR dataS %3} 3<% carbon(3270)3} proton(5170)¢ &, 1
I chemical shift(aldehyde, methoxy, oxymethine)®Z A $

A= oxyzend +E& A (C32H5407) 3 234 ether Z2F(-C-0-C-)
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Fig 14. Partial structures of compound 1

3 3709 hydroxy”](- OH)7} 2MEE F4sgdch. 'H-'H COSY,
long-range 'H-'C HMBC correlation spectroscopys %3}
compound 19 ¥#7F% 9 JAHFZE F435
Aldehyde proton H-1(69.48)%€ FWe] protonel 2|3 A&H o
425+ 'H-'H COSY dataE 53] H-8(51.68)7x1¢] Tz}
H-10(51.8)e1A H-12(53.38)7A1¢] F2& ¢ten] HMBC
correlation®2 o]5°] AAE S F9ste A Hxy REILRE & F+ 3
9t}. =3F methylene proton H-14(6 2.36, 61.52)%¥ methine
proton H-20(51.6)74x1¢] 'H-'H COSY data® QZA=E F WA
FEF2 53 I &+ 999}, Sps carbondl C-22(6136.1)3 C-23
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#0H 12-08 19-0R

ppm)

20

30

3" \ /

50 7-OH/C-6  19-OH/C-20
80 ! 12-OH/C-13

6.4 6.2 6.0 5.8 5.6 5.4 B 5.0 4.8 4.6 4.4
FZ (ppm)

Fig 15. HMBC spectrum of compound 1 (DMSO - dg)

(6121.6)2 Z+ZFe] x|3=l methyl”] 22 - CH3(61.53), 23 - CH3(6
1.54)proton?] HMBC correlationo® 2 dA2%S T
C-21(646.8)2 d2x @A A WA FEF=2E 3}
20 - CH3(50.72)¢ C-21% ¢ HMBC correlation2 ¥ , A
A FEFZ 448 $93%0.(Fig. 14)

Compound 12 EAA A & £ d=°] 7709 oxyzens E33s1
Ak, 1 5 NMR data®} IREA] #4923 aldehyde?] oxyzens A2
6709 oxyzend AZAE U3l 93 DMSO-deE £z
500MHz NMR spectroscopyS AA18tgich. oA dFA=e] 'H NMR
data®lA 37§¢] hydroxyZ](-OH)Y Z&x& 39 S 9o
'H-'"H COSY datacll ¢J3] H-12¢] 92% hydroxy”]¢ C-6(836.0),

e
23

al,

o},
#

e
o,
¥e 8

kil

)

x2

=

’
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MeO HO

Fig 16. HMBC correlations for spiroketal moiety

C-13(598.9), C-20(635.3)229] Z7}¢] HMBC correlations &3}

Al 7Re] hydroxy”]¢] A& 2% (Fig. 15)

Ether 2%, 92 IHDS 25 1293} ring 5707} ether 2oz 973
+ spiroketal ringe] FIA=E A $HAE F Y FEFZE F H-11

(61.62), H-14(81.52, 62.36), H-17(53.8)¢ quaternary carbon

C-13(598.9)22] HMBC correlation®] °]& #|*] 3%t} (Fig. 16). °]

Aol data®A] compound 18 HHFZEE AASYY. (Fig. 17)
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MeO HO

Fig 17. 2D-NMR correlations for 1. Bold lines show TOCSY correlation
and arrows show HMBC correlations.
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Fig 18. The relative streochemistry of spiroketal moiety of compound 1

Spiroketal ring®] side chain®l]l Ex3}+= °|FZFE2] configulation
vicinal coupling constants®} ROESY data® °]Fo%th. H-2(o
6.00)¢} H-3(57.13)¢ vicinal coupling constant 15.2Hz: E
configurations, H-4, H-5¢ 10.4Hz vicinal coupling constant
= Z configuration® <v|dc}. =3 H-1/H-3, H-2/H- 4,
H - 4/H - 5¢] ROESY correlation®] °]& #]*|3s}%it}. H-22,H - 239]
configulations H-23/H-21¢ ROESY correlation®® Z
configurationd<= €& F IR0}

Spiroketal ring® relative streochemistry+= H-g coupling
constants®} NOE correlations %3te] ZA3gct. H-12(53.38)9]
broad?}t singlet?] multiplicitys £3t¢J H-11(51.88, §1.62)% =+

< coupling constant® correlation¥ds 3G, o] E3dl9

_45_



H - 127} ring9lA equatorial® g5 ¢ 5 A9, H- 12048 &
Z=]= NOE correlations Fig. 18] Y.

H-12/14-Hb, 14 -Hb/16 - CHs, 16 - CH3/15-OMe, H-12 /11 - Hb,
11 -Hb/H-10 A}e]2] NOE correlation®} 10 -CHz/H-9, H-9 /H-11a,
H-16/H- 179 NOE correlation®] &=}, Fx2] FAA-S $s)
A %1342 R17} Ro7}F equatorial 2 SFal|gl o] oF 3= o] &F A4l E=3F o]
data® 53 U= A

Compound 12| JWH, A% Fx& ZAT F I+ =A% 25
Spiroketal rings £33 M2 3FEEA S. cellulosumdiA M=
+ 8<% 2938 5= &3] Spirodienal At 3t (Fig. 19)

Spirodienal A+ spiroketal rings F4 22 F7]¢ side chain®] &

st 1 F ko] chain 2] dienals E3I= FZxo|t).
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Fig 19. The structure of Spirodienal A (compound 1)

_47_



Table 4. **C and "H NMR chemical shifts of compound 1 (C¢Ds, S00MHz)

a) b) T J
Pos. oC o H Multiplicity [Hz] HMBC
1 192.8 d 9.48 d 8.0 Cc-2,C-3
2 133.2 d 6.00 dd 8.0, 15.2 C-1,C-4
3 145.6 d 7.13 dd 11.2, 15.2 C-1,C-5
4 129.4 d 5.92 t 10.4 C-2,C-6
5 144.0 d 6.18 t 10.4 C-3,C-6,C-7,6-CH;
6 36.0 d 2.88 m C-5, 6-CH;
7 75.6 d 3.78~3.84° m C-5,C-8,C-9
8 39.5 d 1.68 m C-10,8-CH;
9 74.2 d 3.78~3.84° m
10 24.9 d 1.8 m C-9
11a 1.88 m C-9,C-10
36.4 t
11b 1.62 m Cc-9,C-10,C-12,C-13
12 70.6 d 3.38 br s C-10
13 98.9 s - -
14a 2.36 dd 4.8, 12.8
335t C-13,C-15,C-16
14b 1.52 m
15 77.6 d 3.78~3.84° m
16 32.9 d 2.16 m C-14,C-15
17 71.9d 3.78~3.84° m C-13
18 36.9 d 1.93 m C-17,18 - CH;s
C-20,C-21,18 - CHs,
19 76.4 d 3.93 d 9.6
20 - CHj
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20 353 d 1.6 m C-19,20 - CH3

21a 2.45 dd 4.8,12.8 _19.C-20.C-22.C- 23,
46.8 t 99 - CHL,

21b 1.8 m

22 136.1 s - -

23 121.6 q 5.31 a 6.4 C-21,23-CH3
6-CHs 19.8 q 1.15 d 7.2 C-5,-6,C-7
8-CH; 9.7q 0.86 d 7.2 C-7,c-8,C-9
10-CH; 18.1 q 0.74 d 8.0 C-9,c-10,C-11
16-CH; 4.5q 0.94 d 7.2 C-15,C-16,C-17
18-CH; 7.7 q 0.70 d 8.8 C-17, C-19
20-CH; 16.5 q 0.72 d 7.2 C-19,C-20,C-21
22-CH; 16.3 q 1.53 s Cc-21
23-CH; 13.8 g 1.54 d 6.4 C-22,C-23
15-OCH; 55.4 q 3.17 s C-15
7-0OH? 5.03 d 5.5 C-8
12 -OH? 4.61 d 5 C-13
19 - OH? 4.42 d 7 C-20

a) Chemical shifts are shown with reference to C¢Ds as 128.0ppm.

b) Chemical shifts are shown with reference to C¢Ds as 7.1ppm.

¢) Multiplicity patterns were unclear due to signals overlapping.

d) This data is provided by '"H NMR measured in DMSO -dg¢ at
500MHz for elucidation of hydroxyl group.
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4.2 Compound 29 F+ZZAA

Compound 22| €834 EAL Table. 59| Yelic). T2 2A Y
o2 2" compound 2E ''C NMR3} HREI-MSE %34
C26H30NOsS(IHD:8) ¢] EAH4= Z A3, UV spectrum 211mmeh
249mel A F45 Bgth. IR F4AX e 93] hydroxyl”])(3476cn™ )<}
carbonyl group % ester(1738cn !) 9} ketoned A3, 3C NMR
A #e=E= 172.1ppm, 219.8ppm= F3to] °]F WHE3] 33Ut

Table 5. Physico-chemical properties of compound 2

Compound 2

Appearance Colorless crystal
Molecular formula Co6H39NOgS
Molecular weight

EI-MS(m/z) 493[M1"

found 493.2485
calcd. 493.2498

HREI-MS(m/z)

UV A max(MeOH)nm( ) 211(17800), 249(12500)

3476, 2974, 2938,
2882, 1738, 1692

IR »max(KBr)em™!

[a]% -47.1(c=1.0, MeOH)

TLC

Rt = 0.26
(MeOH:H20=7:3)
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Fig 20. 3C NMR spectrum of compound 2 (CDs0OD, 100MHz)

C NMR# 'H NMR data® %¥3}] esterg} ketone carbons E3H3}
= 670¢] quaternary carbon(6172.1, §54.6, §219.8, §139.7, ¢
153.1, 6166.9), 570¢] oxymethine(§73.0, 678.0, 558.8, ¢
56.3, 678.00% 47§¢] methine(s 46.7, §37.1, 6§120.5, 60117.7),
57§¢] methylene(s 39.9, 630.7, 625.1, 028.4, §33.4), 671¢
methyl(618.6, §20.8, §23.0, 6§16.8, 618.4, §15.3)°] &A35}+=
Ae & & I (Fig. 20)

'H-'g COSY, long-range 'H-13C  HMBC correlation
spectroscopy & &3t compound 29| §EF% 9 FHFEE A5
o}.

H-6(53.25) %€ F9e| protondl] &3] AEH ez AZ4=E 'H-'H
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Fig 21. 2D-NMR correlations for 2. Bold lines show TOCSY

correlations and arrows show HMBC correlations.

COSY data® &3 H-15(65.37)7k#]2] A WA FEF2E & & 3%
t}. '"H-'H COSY data® $3}e] H-2(02.52)9 H-3(54.14)°] 942
HE F HA BEIZE S F J%T, H-39 C-4(554.6), C-5(¢
219.8) 2] HMBC correlation, H-22(51.03)2 H-23(5§1.33)9]
C-3(873.0), C-4, C-522 HMBC correlation, H-24(51.18)¢]
C - 522] HMBC correlations &3 F FEF27} o]+ ¢ 5 U
k. H- 69 chemical shift(s3.25)+ ketone carbonyl®] 4gFo=
down field=le] °|& H&3| s FJd. =3 H-2, H-15°] ester
carbon?! C-1(5172.1)2 HMBC correlation®] & RS A3}
16-membered macrolide ringS IJATS <4 5 99}t H - 29] down
field®! chemical shift(52.52)% ester carbonyl®] Q&S E3HA
Uehd Aol

o] 2] HMBC correlation AEE %£3l9 H- 159 proton®| sp»

Mo
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carbongl C-16(5139.7), C-17(5120.5) 2 9Z= ¢ macrolide®lA
olojA = S ¢ 4 YUt 'H-'H COSY, HMBC correlation® %
3to] 4 T U= FETEE Fig. 213 2340, o g3t &
§ % molecular formula®lA A|&]stx Folgl= C4H4NOSS THD 4,
32 sps carbon®] &4+ H(5153.1, §166.9, §117.7), H-199
57.228] $x]+ aromatic ring?] EAE YA|gt}E= AHOA hetero
cyclic ringo] EME FAA 33t

FETZ8 FAEE FAE IS FHYXE 3 £ 27 19939 5%
2] GBFelA S. cellulosum®-Z%¥ {28k Epothilone AY<S &3S

o
1o,
i

BojF9r}. (Fig. 22,23)
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Fig 22. 'H NMR(CDs0D, 400MHz) and UV spectra of compound 2

200 50 300
Wavelength (nm)

J R f* A , LM %_JL%V\}‘UKL%

L
7 6 5

Fig 23. 'H NMR(CDsOD, 400MHz) and UV spectra of Epothilone A%
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Table 6. *C and '"H NMR chemical shifts of Compound 2 (CD;OD, 400MHz)

7
Pos o&C? s H” Multiplicity HMBC
[Hz]
1 1721 s
2 399t 2.52 dad  14.6, 10.1 C-1,C-3.C 4
C-1,C-2,C-4,C-5,C-22
3 73.0d 4.14 dd 10.1, 3.8
C-23
4 54.6 s
5 219.8 s
6 46.7d 3.25 dq 84,68 C-5C-7.C-8.C-24
C-5.C-6.C-8,C-9.C-24
7 78.0d 3.65 dd 8.4, 1.8
C-25
8 37.1d 1.48 m C-10
9 307t 1.28 m C-10.C-25
10a 1.58 m C-8.C-25
95.1 t
10b 1.4 m
11a 1.72 m C-8,C-9
98.4 t
11b 1.4 m
12 58.8d 2.92 dt 7.5, 1.9 C-11,C-13
13 56.3d 3.09 dt 7.5, 3.5 C-12,C-14.C-16
12.4,3.5,
14a 2.15 ddd O C-12.C-13.C-26
33.4t C-12.C-13.C - 15.C - 16,
14b 1.88 dt 12.4, 9.1
C-26
C-13.C-14.C - 16.C - 17,
15 78.0d 5.37 d 9.1
C- 26
16 139.7 s
17 1205d 6.58 s C-15.C-16,C-19.C - 26
18 153.1 s
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19
20
21
22
23
24
25
26

117.7d 7.22
166.9 s

18.6 a 2.67
20.8q 1.03
23.0q 1.33
16.8 g 1.18
18.4 q 1.00
15.3 a 2.05

n

o o

c-16,C-17,C-20

C-18,C-19,C-20

C-3,C-4,C-5
C-3,C-4,C-5
6.8 c-5,C-6,C-7
6.6 c-5,C-6,C-7

0.9 Cc-15,C-16,C-17,C-18

a) Chemical shifts are shown with reference to CD30D as 49.0ppm.

b) Chemical shifts are shown with reference to CD3;0D as 4.78ppm.

_56_



©
N
\\\\

~

OH O

Fig 24. The structure of Epothilone A (compound 2)
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5. =84

5.1 Compound 1¢] A|ZEA]

Mz2F 3FEE #¥%= compound 1(Spirodienal A)E spiroketal
rings FAHL2E T side chaine] €3l 1 % ¥} chain 2
o] dienalS E33l= FXo|t). BIARAE 539 spiroketal rings £
e HEE2 ddd A22H A0 du<= FYden 1 F dus
Q 3FEZ S. cellulosumo| A 2= Spirangien A, B¥?*?> ¢} s= 4
A #29 Spongistatin 17772 "¢ 7} AEEHe) FA2 LA 9
o =49 FA4< 7HA B2 Spirodienal A £3 1 &4l Wi 754
o] QX ol HCT-15 UAZZAZEAESL] 5% AZGAE wf3te] SRB

methodE &3 A3 T New A3 A o] A3dd.

5.2 Compound 2¢] Az%A]

Epothilone2 &7} oF 607054 g3 Fade] A mAZE Bolsn
Y& taxoldt FYE WIE & AAE 3, = A = £
multiple drug resistant(MDR)A|Z |5 EFHAH o g Z&35= AHo=R
A FA = o] Avbe] vk EA etk 1 F Epothilone B F4AZ
Al FE A Gl Aol

oju] Epothilone®] ©§& MTT assay$} HEFF I 5o AEIJAS
e A77L AY=E o] 1 AL AA Zpiz g8 ea= 1 9
A Y8 Epothilone?] 7}F5AS dolr 1z £ compound 2

9l Epothilone A2] 24=z&A) (algicidal activity)s <e}lR k).

d

o



AFEE o TAEY, REECIY WS A A TFEA Y
YS4E el saeks Qe AT S Tk FAl, St gRelA
T WEF Microcystis7} +AF< °1F3 A3, o)l 23 528} ]
3&= v} Microcystis aeruginosa UTEX2388¢1 dist Az 84S &o}
2. =3 AN 9 AR e s 4R Chlorellad) W3 =
GolB 1A} Chlorella vulgaris®| WA E F L 4

SRt Test= =38 ATHNA F4= 3o

I‘N

24 2/

Tabel 7. Algicidal activity of compound 2

Conc. % inhibition of algal growth
Compound

(ug/ml)  Chlorella vulgaris Microcystis aeruginosa

10 0 2.4%x1.5

20 0 46.1=4.5

Compound 2 40 0 55.5%1.0

(Epothilone A)  gq 0 82.8+2.5

80 0 99.2+0.5

200 0 100+0.0

Compound 29| FXE° =& F Fo o IHYUZNAH H2HY
Chlorella vulgaris®] W3 A@5E04 BAIZA ] Yez] sk
ok, X7 Microcystis aeruginosa UTEX2388¢)| djsjA+= 80ppm
|4 99.2% AH5AAIZA ] d2em 20ppmelA 46.1%F JAF] A
H oz v)okdt A3 Yeugith. £ A =AM E e E 1ppm °]F}

o\
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oA HAHA| a7} Qojof Ao )z dt AR 7FF3F= vl compound 2
] AzFAL FHoYx| = Aoz Iz (Table. 7)

ATk 83 Aoz o] §7bsd C. vulgarisd 844 RelA| g+ A

(4

9 g4 dFoiteze] FES JAVE dda Assy. ®=g S
cellulosum® ARHE 9] ofg Axd o] 3 Bigl:= HelA 27t gl
o, kst EAJo] FEE|= AHA compound 298 S. cellulosum Y AHAF

=l Wi AxBA e T ol A oA
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V. 2 &

HAAFL proteobacteria®] 6 -LF°| &3l= gram Aol EF

=53 7oPdEistol A AAA A, THAZ o SAS Boln Alxe &
25 BYIste JFEALHAE SolstAl I o] wf Eu|El= &9 I 29
o) RFeh AFAHE Ol FE ATFollA AAES] oF 95%7) AEEEH &) I
I F 46%c AAENA AMFA 29 AAEHl A A= A =2
woke| mAHALR ez AL 7}X|7} ZIAE 2 k. 53] FHAIR FIHE L
3+ Epothilone 1 a37} 5= o] F#| ¥¢A| (1xabepilone) 4] 7]
=5 FDAC| sUd=. o224 I AFF AlFz= S HYA Ll
g Fi o] o= Y.

Y HQAIFL B Aldoly mAES 25 QRS ez E A
QA=Y EeER] &, v g 7t =g I ik 477} o2 u|
T AACY. £ dFE ol A S uF e AFE2 S QAT
ol £32 2w, jAHES] FHel B 7S A

22 2 o] bR AlFE2 §34 AYATE SHEFNRZNE
I S FH3 F 967 FF FEEs A@AAANA A AT
A3 wiekdEE ES £ 23, ERY 15 159 A= AFE
Z F3A AYATolA T 7] & 54 dwol FedFHe] EFdHer
o @2 d77 2eE 3 AR AuFd.

23 96T F F 497F | W IFZALAAANA 25T
3k A o] Yelg AlFE= S AYAFe WAE F oF 95%7 A
=33 ZAo] dve Bad FHAS RAFY. I8 TLC L

A7

3% dgeR Z3 KM 10418 A4ste] ojepiore

_,_.
rsL'
of
L
o
=2

2
&
172]
)
=
o
o
=)
ok @
=)
el
mh‘.
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% 103(150¢)8 WP F3ke oAHAMIES FS53en,
silica gel column chromatography, RP - 18 column chromatography
¢} semi - preparative HPLC 59 338 FEHE o83t F 719
compoundE ¥ 34}

Compound 12 #3383 < B e s 25742 &HA|A] 42 AM=2E
EA9e 393 Spirodienal AZ =3} cl. Spirodienal AE
spiroketal rings FA49 7}A 2 F719] side chain®] 9Z% ¢ 9on,
g Z side chain®] @<he] dienal groups £33 9t} ©]152) FEA
7} o] EAste AL FelEo] = & =L I3 2HE sk o
Fajek 3 Fo Ao

Compound 2+ £33 WA EI2AE vFeE 19960

antifungal, cytotoxic compound® =42} GBF94 2= = Epothilone A
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'"H-'H COSY spectrum of compound 1 (CgDg)
gHMBC spectrum of compound 1 (CgDg)

13C NMR spectrum of compound 1 (125MHz, DMSO - d¢)
'H-'H COSY spectrum of compound 1 (DMSO - d¢)
gHMBC spectrum of compound 1 (DMSO - de)

HR - EIMS data of compound 1

IR spectrum of compound 1

'H NMR spectrum of compound 2 (400MHz, CD30D)
13C NMR spectrum of compound 2 (100MHz, CDs0OD)
gHMBC spectrum of compound 2 (CD30D)

IR spectrum of compound 2
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1. 3C NMR spectrum of compound 1 (Ce¢Dg, 200MH2z)
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2. gHMQC spectrum of compound 1 (CgDg)
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3. 'H-'H COSY spectrum of compound 1 (Cg¢De)
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4. gHMBC spectrum of compound 1 (CgDg)
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5. 13C NMR spectrum of compound 1 (DMSO-ds, 125MHz)
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6. 'H-'H COSY spectrum of compound 1 (DMSO-dg)
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7. gHMBC spectrum of compound 1 (DMSO-Dg)
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_Elmt | Val. Min_Max _ Elmt  Val. Min_Max Use Adduct
H 1 0 54 e} 2 0 7 Na
C 4 32 32
N 3 0 12
Error Margin (ppm): 10 DBE Range: not fixed Electron lons: both
HC Ratio: unlimited Apply N Rule: yes Use MSn Info: yes
Max |sotopes: all Isotope RI (%): 1.00 Isotope Res: 10000
MSn Iso RI (%): 75.00 MSn Logic Mode: AND Max Resulls: 20
Event#: 1 MS(E+) Ret. Time : 0.460 -> 0.493 Scan#: 129 -> 139
573.3785
3.000e6
2.000e6
605.3716
1.000e6 P
312.0536 501.3622 il
0 i | it
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900
Measured region for 573.3785 m/z
573.3785
1004 :
50] AR 574.3825
| \
[ JARY 575.3868
T : : T T T T i T T T
573.0 5735 574.0 5745 575.0 5755 576.0 5765
(C32 H54 O7 [M+Na] + : Predicted region for 573.3767 m/z
1004 573 ?76?
504 I 574.3800
I 5753832
| 1) ‘ ‘ \ | ‘ /'\u | 576,386?
573.0 5735 574.0 574.5 575.0 o750 576.0 576.5
_Rank _ Score_Formula (M) lon Meas. m/z__ Pred. m/z_ Df (mDa) Df (ppm)__ Iso__ DBE
1 77.48 C32 H54 07 [M+Na] + 573.3785 573.3767 1.8 3.14  81.86 6.0

8.

HR-ESIMS data of compound 1
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9. IR spectrum of compound 1
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10. 'H NMR spectrum of compound 2 (CDsOD, 400MHz)
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11. 13C NMR spectrum of compound 2 (CDsOD, 100MHz)

_79_



¥l

o Son
. &Y,
=Y

s VUL

40
¢

A

TV A LA

)
J

@ |

1041-2.3.5.3_hmbc

|
{
T

001

DET : oAl 1od sjaed : X

1.0 2.0 3.0 4.0 5.0

&
(Billions)

0

1.0

3.0

4.0

_80_

5.0

6.0

7.0

12. gHMBC spectrum of compound 2 (CD30OD)
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13. IR spectrum of compound 2
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