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Discovery, Isolation and Characterization
of Bioactive Compounds

from Sorangium cellulosum (Myxobacteria)

Su-Jung Yoo

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

(Advisor : Professor Jong-Woong Ahn)

Abstract

Myxobacrteria are single cell bacteria that display
remarkable cooperative multicellular behavior during their
life cycle. Myxobacteria are gram—negative and move by
gliding and form diffusive spreading colonies or so-called
"swarms". Using exoenzymes, they analyse different biological
macromolecules as well as whole microorganisms such as
bacteria and yeast. These organisms form characteristic
fruiting bodies which are not produced by other bacteria.

The search for novel compounds strongly depends upon the

availability of mnovel strains. Especially, myxobacterium



Sorangium strains have proved to be extremely versatile
producers of biologically active secondary metabolites.
However, they are not obtained by routine method for
culturing bacteria and thus require a special technique for
their isolation and culture.

By wusing filter paper method and different purification
methods, a number of Sorangium strains have been isolated as
pure cultures from soil at different regions of Korea. Our
collection increased last year by 96 strains. In the course of
our screening for bioactive compounds from our culture
collection, two Sorangium strains were chosen for isolation of
their secondary metabolites on the basis of bioassay-guided
fractionation.

An ethyl acetate extract of the culture of Sorangium
cellulosum KM1045 showed cytotoxic activity when tested in
vitro against human cancer cells. Systematic fractionation of
the extract led to isolation and characterization of
chivosazole F(1) as a cytotoxic principle. Chivosazole F
demonstrated potent cytotoxicity against human cancer cells,
having EDso values ranging from 0.1 to 13.7ng/mL. Against
human cancer cells such as SK-OV-3, the activity of
chivosazole F was more than 90 times stronger than that of
doxorubicin in terms of EDso. It also showed moderate
antifungal activity against Candida albicans.

An antifungal activity was detected in the culture broth of



S. cellulosum KM1033. Guided by the results of antifungal
test, the organic extracts from the culture broth were
separated by silica and RP—-18 column chromatographies
followed by silica HPLC to yield an active compound, as a
colorless oil. The 'H NMR spectrum of this compound in
comparison with that of coriolide(2) isolated from Monnina
emarginata seed oil reported by Phillips, B. E. et al(1970)
indicated similar chemical shift, leading to the conclusion
that both compounds were identical. As much as 1000ug/mL
this compound was found to be active against C. albicans,

causing a 26.4mm inhibition zone.

Keywords : Mpyxobacteria, Sorangium cellulosum, Chivosazole F,
Coriolide, Cytotoxicity, Antifungal
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Figure 1. Fruiting bodies of myxobacteria.
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Figure 2. Selected structures of secondary metabolites from
myxobateria.
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Autoclave (SJ-220A45, SEJONG)

B.0.D incubator (SJ-250B, SEJONG)
Centrifuge (SUPRA22K, HANIL)

Clean bench (SJ-701S2, SEJONG)

Deep freezer (NF-300SF, NIHON FREEZER)
Electronic balance (BL220H, SHIMADZU)
FT/IR-4100 (JASCO)

High Performance Liquid Chromatography
(LC-6AD, SHIMADZU)

Diode array detector (SPD—-M10Avp, SHIMADZU)
Degasser (DGV—14A, SHIMADZU)

High Resolution Mass Spectrometer
(JMS—-700 Mstation, JEOL Ltd)

Micropipette (GILSON, FRANCE)
Microscope (SZ11, OLYMPUS)

Medium Pressure Liquid Chromatography
(YFLC—-5404, Yamazen)



e pH meter (Orion 420A, ORION)
e Rotary evaporator (R—200, BUCHI)
e Shaking incubator (SJ-808M2, SEJONG)
e Shaking water bath
(CIRCULATOR, MONO-TECH ENG CO MSB-1511D)
* Sonicator (KUM SUNG ULTRASONIC)
e Stirrer (HMS 100, HANA instrument)
e UV/Visible spectrophotometer
(CM—10 SPECTOLINE, MODEL ENF-240C)
e Vacuum pump (ULVAC G—-50SA)
e Vernier caliper (MITUTOYO COPORATION)
e Vortex mixer (BARNSTEAD/THERMOLYNE, USA)
e 500 MHz FT-NMR Spectrometer (UI500, Varian)



FE5 9 E3 897 29 acetone, ethyl acetate, n—heptane,
methanol, methylen chloride:® A|29S A839x TLC %

columng &vhE o5& AZFFsto] Agstenh.

e Acetone, EP (DUKSAN)

e Buthyl alcohol, EP (DUKSAN)

e Ethyl acetate, EP (DUKSAN)

e n—Heptane, EP (DUKSAN)

e n—Hexane, EP (DUKSAN)

e Isopropyl alcohol, EP (DUKSAN)

e Methyl alcohol, EP (DUKSAN)

e Methylene chloride, EP (DUKSAN)
e Tetrahydrofuran, EP (DUKSAN)

e CD30D (Cambridge Isotope Laboratoies, Inc.)

_10_



Agar, EP (JUNSEI)

Baker's Yeast, CP (BRUGGEMAN)
Beef Extract, EP (DIFCO)

CaCl; - 2H20, GR (JUNSEI)
Casitone, EP (DIFCO)
Ciprofloxacin (=33 d7dezRE £U)
CoCl: - 6H20, GR (SHINYO)
Congo—red, EP (SIGMA)

CuSOy4 - 5H20, EP (YAKUI)
Cyanocobalamin, EP (SIGMA)
Cycloheximide, EP (ACROS)
Dimethyl sulfoxide, GR (JUNSEI)
EDTA Na-Fe®'Salt, GR (JUNSEI)
Glucose, GR (JUNSEI)

H3:BO3, EP (YAKURI)

HEPES, EP (J.T.BAKER)

KBr, EP (YAKURI)

KI, EP (JUNSEI)

LiCl, EP (YAKURI)

Malt Extract, EP (DIFCO)

MgSO4 - 7TH20, GR (JUNSEI)
MnCl:z - 4H20, (SHINYO)

_11_



NaCl, EP (JUNSEI)

NasMoOy4 - 2H20, EP (YAKURI)

NaOH, EP (ORIENTAL)

Peptone, EP (MERCK)

SnCl; - 2H20, EP (YAKURI)

Soluble starch, EP (DIFCO)

Soybean flour (SIGMA)

Tryptone, EP (DIFCO)

Vanillin (Fluka)

Yeast Extract, EP (DIFCO)

ZnCl,, EP(YAKURI)

XAD-16 (mesh 20.00-60.00, Rohm & Haas)
TLC plate

Silica gel F254 (20<20cm, 0.25mm, MERCK)
RP-18 gel F254 (20x20cm, 0.25mm, MERCK)
Silica gel (LiChroprep, 43-63um, MERCK)
RP-18 gel (LiChroprep, 40-63um, MERCK)
HPLC column

CAPCELL PAK C18

(UG120, 5um; 4.6nmI.D.xX250mm, SHISEIDO)
(UG120A, 5pm; 10nml.D.X250mm, SHISEIDO)
YMC—-Pack SIL

(5um; 4.6mmlI.D.<250mm, YMC)

(5um; 10mmI.D.<250mm YMC)

_12_



1.4. TLC

TLC%: Silica gel plate$} RP—-18 plateES H33 7|2 Hdslo
o] &34, ANEHNEE MFHFE F7IENE F AN o) 23 A&
39tk TLC Ao 2 = F 2 Vanillin—sulphuric acid reagents
wlo] A83}9)em Dragendorff reagent, Ninhydrin reagent, Iron

() chloride reagent, Anisaldehyde—sulphuric acid reagent® ¥
A 2§35t

1.4.1. Vanillin—sulfuric acid

Ethanol 300mlI. ¢ 34+ 3ml., vanillin 9gS H7}3to] x| ekS A =3}
Row, A7MAZ] TLC platedl &5 F 120C=E 7}1g35i ).
1.4.2. Dragendorff

10mLe] BlZAle] 385 40mLe /4| 0.85g2 basic bismuth

nitrate® %< ¥ 8g¢l Kb $49 20mL 3748 H7bstel Aleke

Azstgen, AN TLC platel] 53] 2§34t}

_13_



1.4.3. Ninhydrin

n—Buthanol 100mL9] ninhydrin 0.3g& =¢ t& %4F 3mL&
7}ske] A x5tk AMAIZ] TLC plated 5 F 100CE 7}E33id.

1.4.4. Iron(Ill) chloride

%4 100mL)] FeCls& 10g37F3le] AxF 10% aq. solutions

=75t A8t

1.4.5. Anisaldehyde—sulphuric acid

0.5mL¢ anisaldehydeE 10ml. ® XA H7}sk = 85mL9
MeOH=} 5mLe] Zgk 334k §dAE 3 TLC plated] #5345,

100C= 7}9 3¢},

_14_



5. W=

1.5.1. ST21CX agar ®j*#]

ST21CX agar "j#]¢] 74 A&L v+ ZHE 1. $/HFE 7:39
U2 Yreo] solution A$} solution BE 9T, 7S F4sA &
¥ o= 121C oA 1587 BT, EFE solution A
solution B7} ¢F 60C AHEZE 2lod stirrer?} magnetic barg °]&
3t} solution A%} BE &33sta, FdA9A cycloheximide®d TESE
syringe filterdle] H7}stgc). #L4stA] £33 ST21CX agar WA S

petri dishol] A% EF3512 3087 Ax A F w7} vf=2d9d, 35

8} olg& 7|t A3k TR & o) Rstgtir} Agakgic).

‘e
»H

Table 1. Composition of ST21CX agar medium.

Solution A - KoHPO4 1%
- Yest extract 0.02%
- Agar 1.5%
Solution B - KNO3 1%

MgSO4 * 7H20 0.1%

- Cycloheximide 50mg/L
- TES® 1mL/L

*TES(Trace Element Solution) ; MnCls - 4H>O 0.1%, CoCl,; - 6H:O 0.002%,
CuSO4 - 5H20 0.001%, NasMoO4 - 2H20 0.001%, ZnClz 0.002%, LiCl 0.0005%,
SnCl, - 2H2,O 0.0005%, H3BO3 0.001%, KBr 0.002%, KI 0.002%, EDTA
Na—Fe®" salt 0.8%

_15_



1.5.2. KAN4 agar wj#]

77l CaCly - 2H:08 FH7bste] 233 thr, 20% NaOH<= AH-
3o pH 7.28 =243t 24" ®x|= agarg o] stirrers}
magnetic barg AH&3le] FLIFA £FsF, 121C €A 1587 BF
stgdck. 2@dE w7l oF 60C AHE= Aow syringe filterdt
cycloheximide®} kanamycing F7A o s Hrlstx &35, £3
¥l KAN4 agar ®¥]#|= petri dishel] HAZF BF3l9 3087 A=xAZ
5, AR olFS E7|5] AEIE F3HA| &S Fol| EAdte] AHE

steleh.

Table 2. Composition of KAN4 agar medium.

CaClz - 2H20 1%
Cycloheximide 0.005%
Kanamycin 0.025%
Agar 1.5%

_16_



1.5.3. Vy/2 agar Wj#]

Vy/2 agar #jx]¢] A A& = 33 32t} CaCl: - 2H07} H7Hd
ZH5E 20% NaOHE AH43te] pH 7.28 A3}, o] & 7:39 v
E U3 AAAAAE AHEsH 7Rk, ojw) H 2 vl wix]&= 714
37] el Baker's yeastE o] €43 & W 7% EF F3oH,
Baker's yeast7} H7}E]A] 42 WA= 7} F agarg ¥ F3U
t}. Zzke] i)z} FE3] EF=A stirrerg magnetic barg AH8-3)]
F RS FLsHA EFsta, 121C oA 1587 27 gl 27
wjz]7} ¢k 60C Ax 2 Alomw RFA A cyanocobalaming syringe
filterste] H7}skgcl. Cyanocobalamine] H7}E iz = A FEo] A7|A|
AT E AAE] E35HC. Vy/2 agar #z]7} FLsHA 3= B3
o] B3s}gitt.

Table 3. Composition of Vy/2 agar medium.

- Baker's yeast 0.5%
CaClz * 2H20 0.1%
Agar 1.5%

Cyanocobalamin 0.5%

_17_



1.5.4. CAS ¥j%]

S5 CAS 8jx]e] FA AES Y3 (XE 4), stirrer®} magnetic
barg AH83le] #LsHA £33tk Nunc tubed] 1mL # #F3 F
121°C oA 15%7F Easka mx7} $13] AL ths A-§315it

=]

Table 4. Composition of CAS medium.

- Casitone 1%
- MgSQO4 - 7TH20 0.1%
- DMSO 0.005%

1.5.5. Nitrate broth ®jZ]

Z 53] peptone¥ sodium nitrate® Y3 F Y34 £33t
=5 ®mxE 20% NaOHS AH83le pH 7.22 243 ¥, 121C A

1587 AFste] 323 49 thg Agsgit.

Table 5. Composition of nitrate broth.

- Peptone 1%
- Sodium nitrate 0.1%

_18_



1.5.6. Starch agar ®j#]

Starch agar ®i#]¢] FAQEE =& 63 . FFHF| peptonedt
yeast extract, soluble starch® Y3 &334, F¢siA £33 )
2= 20% NaOHE Ag3le] pH 7.22 =A%, agars 3H7}3H
oAl EFsgYh. 121C oA 1583 Edsgen, Hadd wix|7t <
60C AE=E FTE3] Aeoew FdANA petri dishel] #5349 30+7F
< WA= 2BE @R olF= V| H, AEdx

Bkt Agshet.

rL rH

Table 6. Composition of starch agar medium.

Peptone 0.5%

- Yeast extract 0.3%
Soluble starch 0.2%
Agar 1.5%
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1.5.7. Christensen urea agar ¥“j*|

Urease hydrolysis testell A-8-%5|+= christensen urea agar ¥j*]¢]
TFAAAEL g3 Z(&E 7). Stirrer®} magnetic barg AHE3le S
Fiaoll agars} ureas A|F BE FAAES 2o EFEIC. 20%
NaOHE AH§3te] #43A 3= wiAlE pH 6.82 23 ¥, agars
HA7}sle] A 2. F9sA EE wiz|= 121°C autoclave:
AL-8-5te] 1587 B, B4 wix7t ¢ 60C AEE 2o urea
= syringe filterste 37} 33tk Urea’t H7bd wixl= AFe] A7]

REF AA3] T3t FLsA 4 olFRL, petri dishel] FF3HL
2 EF3 3087 AxAFY. T3] Ax" dx = @8 olFs =

713t AE3t kA o o] BAstir) A8k},

flo
el

Table 7. Composition of christensen urea agar medium.

- Peptone 0.1%

- Yeast extract 0.01%

- Glucose 0.1%

- Sodium chloride 0.5%

- Monopotassium phosphate 0.2%
- Phenol red 0.0012%

- Agar 2%

- Urea 2%
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1.5.8. Nutrient agar ®“j*]

STl agarg A x| 4 AR BEFE 92(X 8) TH3H
E33s1gtr. 39 WA= 20% NaOHS A43)9] pH 7.22 2A3 ¥,
121C ©lA 1587 B@Fskgich. 7% nutrient agar #Ix|7F ¢F 60°C
AER2 83| Aod petri disholl FFHeE FF39 3087 A=
ok WA 7 Az 9E G} o] F& V18] AEs F3A] 2

Fo| mas gl ALt

oL

Table 8. Composition of nutrient agar medium.

Tryptone 1%

- Yeast extract 0.5%
NaCl 1%

Glucose 0.1%
Agar 1.5%
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1.5.9. Micrococcus agar “jA|

Micrococcus agar ¥j*]¢] 74 A& £ 99 YeSict. Agars Al
g wizle] FA AES FRTY EHSEY. LA EFE A=
20% NaOH= AH&3te pH 7.4% 4% ¥, agarg 715k oA &
Faigict. EFE wiAlE 121C ClA 1587 ZE#Fsigit. 27d

Micrococcus agar X7} ¢F 60C AEZ 2ow Dgalo|a] HA e B
F3l GHe) o] TV F AEsty F3A] &2 o Bl A&
SA=

Table 9. Composition of Micrococcus agar medium.

Peptone 0.5%

- Yeast extract 0.3%
Beef extract 0.15%
Glucose 0.1%

Agar 1.5%
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1.5.10. Yeast extract agar ¥j#]

SR XS BFE Y3 (F 10), stirrer®} magnetic barg ©]
3] YA EFdE T EF}E wiRE 121TC oA EF 33T
7% wix)7} G| 2edm petri disholl F+FHo2 3319 3087 A
ZAAY. Yeast extract agar WjA|7} vf2WH Al xdxRel o|FS V|

H, AET Fo7 Fe Fol Baste] Agasn.

if:)

r

Table 10. Composition of yeast extract agar medium.

- Yeast extract 0.3%
Malt extract 0.3%
Peptone 0.5%
Glucose 1%

Agar 1.5%
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1.5.11. SC liquid ®j#]

SC ®iz¢] 4 AE2 v+ ZH(&E 11). HEPES7} ¥7HE 5%
£ 20% NaOHE AH$sle] pH 7.42 2433, pH7l 229 vz =
potato starch®} soyameals H7}ste] &332 F 121C oA 12152
2 587 d#sgit). 12 @979 vlz] 9] yeast extract, CaCls - 2H»0,
MgSO, - 7TH»0, EDTA Na-Fe®" salt® 37}ste] 121°C oA 1587
22 A7 stk 5 A= HE F, WA o 60C AER Alew R

Ao A HFE glucoseS sk A}-&3490).

abl

Table 11. Composition of SC liquid medium.

- HEPES 50mM

- Potato starch 0.8%

- Soyameal 0.2%

- Glucose 0.2%

- Yeast extract 0.2%

- CaClz - 2H20 0.01%

- MgSOy4 -+ 7TH20 0.01%

- EDTA Na—-Fe’" salt 0.08%
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Table 12. Test organisms.

Escherichia coli KCTC 12006
Bacteria
Staphylococcus aureus KCTC 1916
Candida albicans KCTC 7965
Fungi Rhodotorula rubra KCTC 1209
Saccharomyces cerevisiae KCTC 7246
T2 AzxdE 22 AEE ampled] §AA £45 7 455 434

O
=
ethanols HA Az=2 Z 22 F 7PEA 3¢9 235, °|F clean
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1.7. WolFe] A4z wje}

HelgozE E. coli(KCTC 12006)F AAste] A&3stgict. A&l
E. colizx W% R3=e 3= A¥e] H$E nutrient agar wjZ] el
streak cultured F, 30C wj7|olA 24X|7F FA3AHY. 0]
nutrition broth ¥§A|& 10mL o] Hd3| & 'L'A A Fdel] A3t
A1) E. colis %39 t. 30T shaking water bathell4 120rpm
o2 16A17F 9 Aeujek 3¢t 11L¢) nutrition broth #j#] & I
st = 2L AZEE2 39 v]Y] seed culture 3| & E. coli wWj¥
10mLE FHHe=2 HF39. HF F 30C shaking incubatorel A
160rpm2E 16A]7F wjekslRot. wWigH E. coli= 4T, 10,000GE 20
+ 5 YAEYsY S FAE ET oy, TAE A Rof

0.2% NaClZ A% ¥ E71% AAT F ¥gua s

&
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2. Cellulolytic myxobacteria®] ¥ 2 %A

2.1 EZ A= A 2L A

2, 949 YA Aol gAE wE, T2, 2L, WFL QIS
A ) H2 AU A% AF A AED] FS Zou AgelelA
5em Zel7rlel F& UAE BAez oFSuA AgEz ARG
W, AAG AR Bl AL Als] A AT FH A

Bste] APl Agshedrh.

3:

rC‘
i

£4

Figure 3. Sampling sites of soils studied.
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2.2. Cellulolytic myxobactedriad &8 ¥ £3}

A" ERAEE H9ET AdFATE AT vl ZAEA A
ST21CX agar ¥j#]°l]| loading 3t} B9 X7l 2~3L0 HF F
FFE 71t 7807t AR HEF st "W HEE A 2FS
ol g3ste] AA 0.3~0.5cm A7|E ABE B HFE oFx] =t 3§
AR st o|2A] == ¥Ix]E 30T B.O.D incubatoro]A] wjo¥
= 3.

Alg 22 F 304 F¢ AARGEnHer 79 28 2 AT 575
HZs AT, Ag FH A= 7 FEE FEoly ALAIZT fEEE
5 T RES do] MEE ST21CX agar ¥iXIZ &} olu u)
Aele ¥t o FE A7]Becmx1lem) ] AHAAE AHEsglon, Fie
2493 A<= %7l A3 cycloheximide® 3H7}sidt. o8& Hie=s
ST21CX agar "iAE °]§% TLET 27FS o] W 5] B R

Ll

ZB¥ cellulolytic myxobacteria® £ 39t}.

ol Axel EErt o]F oA ¢ Yol &35 $3) KAN4 agar i
215 AH&3H5th. KAN4 agar wWA|dl= 273 9934A] W4l E. colis A
Ao Qs HolFog A3yt AFE E. colis micropipetS A+
£3lo) KAN4 agar ®l#]9 9] 100ul® loadingdle] 27 1.2~1.5cm¥]
circular patchg® &3, I 7R 43 283 celluloytic
myxobacteria < Wo] HFdS k. SwarmI} AAA|L] e L ¢
FARE TEIHEA FTLY &2z o H ey, $H38] &3
Hvr dEE swarmely APAE FEHLE Vy/2 agar WA=
w2t

Vy/2 agar ¥jz]o $AR <344 ¢F F AASES 5k AALA
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°]i

Zojule], CAS HIxE &
-80C deep freezerd] X

_29_

7}

L5

3l 9= nunc

]_

%



2.3. Sorangium cellulosum T2 A

4434 £28)9 cellulolytic myxobacteria TF¢ X2 3n)
5 ;A eiF|lAe swarmd}  AAAL]  FHE  dubg e
myxobacteria®] #g]d] AHLET JE PS5 EAS TR e v
Ak, 28y cellulosed £33t o] &3+= myxobacteria: 543

Al cellulolytic myxobacteria 1 <<%ko] ZEA8t, cellulolytic

ol
b wlo

K

myxobacterias= Sorangium cellulosum 1 ZF49Fo] ZA3}7] uwjE

sorangium cellulosum®] F3L EEAANA FA & + I

Naked mass of slime and myxospores Myxospores_encased in sporangioles
I I I I
Fruiting body Fuiting body Sporangiole Sporangioles
soft-slimy hard single in groups
I
Single sporangiole Sigle sporangiole
on the substrate on top of a stalk
Myxococcus Corrallococcus Nannocystis Melittasngium
Archangium Haploangium SgErecta
I I
Group_of sporangioles Cluster of sporangioles Clusters of sporangioles
on or in the substrate on top of an unbranched stalk on a branched stalk
I I \
Angiococcus Sg.Aurantiaca Cm.corocatus
Cystobacter Chondromyces
Polyangium
Sorangium .
Sg.:Stigmatella
Nannocystis Cm.:Chondromyces

Figure 4. Key to the fruiting body types of myxobacteriazg).
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2.3.1. Gram 94

&3 299 #FE SHFFE 129
<e¥E ¢

violet?} phenole] 7% E4A] §WE 1~2%= doj=7 1&7 94
k. ¢J7]¢) PVP-IOD+KIg wigA] &

=
AN F 2EEE 527 7AAH 89

T FRE BAAA %

crystal violet + phenol for 1minute
(1~2 drop)

<

PVP-10D + KI for 1 minute
(1~2 drop)

water rinse for 5 second (indirect)

ethanol + propanol for 15 second

{} water rinse for 5 second (indirect)

safranin for 1 minute

water rinse

purple crystal violet strain pink safranin counterstain
gram-positive bacteria gram—negative bacteria

Figure 5. Procedure of Gram stain.
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2.3.2. Congo red ¥4

= o
0¥ A% T AAAFE AARE W FA] FHI RS

A7} A8k 9= agar plateo] Congo red A ¢Eg FA7F &2 A
= 1
25T}, wjR] o] WL swarme| HS Ao g JAE Feo| FEAEH o
)

“ o
A, 98] ded Aoz Bddigien, ojw A-§3 Congo red A

ko =g e o 0.01% solutionS 9S50 AF&-3}4t).

Table 13. Myxobacteria classification by Congo red stainingzg).

Positive Negative

Suborder Cystobacterinaea Sorangineae

Family Myxococcacea Cystobacteaceae Poliangiaceae Nannocystaceae

Myxococcus Archangium Polyangium Nannocystis

Corallococcus Cystobacter Haploangium

Genus . . "
Angiococcus Melittangium Chondromyces

Stigmatella Sorangium
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2.3.3. Oxidase test

&35 E3" FFE nutrient agar ¥A(E 8)o HE3d 30T
B.0.D incubatorelA 3~547F wjFs}sit. vix]A FA2] colonyZ}
#AZEM 90% ethanoldl 1%% %9l a—naphtol® 1% dimethyl-p—
phenylenediamine oxalate solution& 1:12 £33 &39S 2 1
& "oj=& & 10~30% °|W| colonyd AMZAW3I}E FFsgc). olw
Fdell o3 colony7} AL HMe= yehpd oz, Ao Wiyt

S} ol
)
om gXeoz PFTh

ot
o

T2

2.3.4. Urease test

Christensen urea agar ®JA|(E 7)o £ F& HESt 37C
B.0.D incubator®lA 3~12X|17F #jFg F wijz] 2] AE #EA3T. o)
o] =2 christensen urea agar PlX|7} EZ Moz W3 o o
Eyolrt AAE Zlez 7Fde] ez FIdigen, wiz|e] Ao| #
o] HFE7] A Zo] xTAE H o FHow TFIT.
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2.3.5. Nitrate reduction test

Nitrate broth 2] (& 5)° £ FFE AFsld 1~297 w3t
). wjeksk mjekale] 0.5%2] a—naphthylamine® 0.8%%] sulfanilic
acid7 1:12 EFE EFAS 10 A= o= 1~2& del vy
o AW E AFsG oy, Yol BT =& A3 HAog YEy}
S o FAHer PF3T),

2.3.6. Starch hydrolysis test

Starch agar WZ (X 6)° #2" FF
gram GH°| A= jodines &% Foj=3 T JA 75
datgion, Fste] JFE A, VAR dowd AR B

o},

i o

x&
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3. Sorangium cellulosum TF2] " YAAHES] 5

3.1. S. cellulosum T3¢] W)k

3.1.1. Al

KAN4 agar ¥#]¢] circular patcholA <£3}5l &35 Vy/2 agar )
e FgHen HFs FAXNAG. AT FoE AY F2 TAYE
R3] A A2 Vy/2 wixle] A =gsigiern, 30C B.0.D
incubator9l A ¥j%¥3}SiT).

3.1.2. YAk

IA G B Fo2fY 240 glon, A SEI 5 FFE
Akste]l  AAjkSES AAEGTE. SC liquid WA 50mLE #4535
300mL flaskel] Auiz]ellA wjkst FAE HF3I, 30C shaking
incubator®l4 160rpme.E 5«47+ ujekslgt). wjekst FA|E seed®E
3] 45mLe] SC liquid W& E£¥35t3 = 300mL flaskel] A $
F2] seed® 5mL HE3R , 30C shaking incubator®lA]
160rpme.2 547} vjokstic).

1.5%(w/v)e] F3A XAD-16 %17} H7F= SC liquid ¥§#] 400mL
£ ¢ = 2L flaskell, vk FAE HF3he] 30T shaking
incubator®l4] 160rpm2= 1047k »jeks}sic).
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2097 Wik = S, cellulosume 100mesh Ao ZHZ A%
XAD-16 A& wlkAz 2 A M FdL 4C, 10,000GE 20%7H
ARSI ASYS AAS A WYl dol U A= Al 2 £
g FAY XAD-165%] E3HAF T}

okl o 2 Mg Bax 7] FA¢ XAD-16 $A]S acetonel® 6A|7F
T4 AA FE3AY. AFFOIE AHESt A8 XAD-16 A&
28 3L, A acetonelE 6A17F F¢ FEIITE. 98 W acetone
+ AH83ke FAg XAD-16 FA)9 FF&E o] &= dAbES &4 F
24

r|

o

3 & 79 5=7)8 =39 acetone FEE

Acetone FEES %% ¥ H,0 3 EtOAc S22 E3F314 nx

AEE AA}YL, EtOAcE S sodium sulfate® ]33] B 43

]

2
X
o
-
off
Ao
o
2
£
o
=
©)
>
o
of\
tlo
)
>
=
o
@)
an
5
b
:r
o
k=)
=4
Qo
=
o
|o
u
2
Shid

st 92 FFES XE(XAD extract)g HH3a o|F 4% BELA
2 ANR= S (2™ 6)
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Fermentation broth

filtered

XAD-16 resin + wet cell mass

extracted with acetone
concentrated

Acetone extract

solvent partition
EtOAc/H20

H->O1
EtOAc layer 2 laver

concentrated
solvent partition
n-Heptane/MeOH

n -Heptane layer MeOH layer
(XE)

Figure 6. Work—up procedure of Sorangium cellulosum isolates.
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4. Strain KM10457} AAsl= AEXEAEZLS] #¢

Strain KM1045 wjxHibze] 23 A< $3) €2 XEE CH:Clel
=9 silica gel column chromatographys AA18%t. &&&w=
CH:Cl2%t MeOH® EFdE Ag3gen, CH:Cla(fraction 1),
CH:Cl2:MeOH 95:5(fraction 2), CH2Cl2: MeOH 9:1(fraction 3),
CH:Cl2:MeOH 8:2(fraction 4), MeOH (fraction 5)2] +2= step
gradient 3}§it}.

AEEA ARSE 39 44L& A #£8EY CH:Cl:MeOH
95:5(fraction 2)& ©A] CH2Cl29 39 silica gel column
chromatography 3stgitl. £ 892 CHyClsiacetonel] &39S 4}
39921, CH.Cls:acetone 95:5(fraction 6), CHsCl,: acetone
9:1(fraction 7), CHsCls:acetone 8:2(fraction 8), CHCls:
acetone 7:3(fraction 9), CH2Cls: acetone 5:5 (fraction 10),
acetone(fraction 11)¢] 22 step gradient 3% t}.

54< ¥ CH:Clziacetone 7:3(fraction 9)F MeOHe| I
RP-18 MPLC 3}¢t. 50% agq. MeOH(fraction 12), 60% aq.
MeOH (fraction 13), 70% aq. MeOH(fraction 14), 80% aq.
MeOH (fraction 15), MeOH(fraction 16)¢] +2% step gradient
o OAl Jle) ERETL BRY F, 7 EYT e AEZHES 248
k.

ANEZAS Yed 80% aq. MeOH fractions 63% aq. MeOH=
$u2 st RP-18 HPLC3¢], UV 270nmeilA 73 F5+5 EHELS

<5 2SR (™ 7).

r-[u:
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KM1045 XE
(5.36g)

Si column chromatography
MeOH in CH>Cl»

| 0% 5% | 10% | 20% | 100%
Fr. 1 Fr. 2 Fr. 3 Fr. 4 Fr. 5

Si column chromatography
acetone in CH»Clo

| 5% | 10% | 20% 30% 50% | 100%
Fr. 6 Fr. 7 Fr. 8 Fr. 9 Fr. 10 Fr. 11
RP-18 MPLC
MeOH in H-O
| 50% | 60% 70% | 80% | 100%

Fr. 12 Fr. 13 Fr. 14 Fr. 15 Fr. 16

semi-prep RP-18 HPLC
63% aq. MeOH

Active compound (1)
(3.2mg)

Figure 7. Isolation of a cytotoxic compound(l) from S. cellulosum
KM1045.
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5. Strain KM1033°] AAts}= s+ Ee

Strain KM1033 ®jAMiHES] #3IAAS 53 92 XEE CH:Clel

z

=9 silica gel column chromatography 3l5tl. £&8v+= CH:Cl:
7 MeOH EFgEuE L3519 en, CH,Cla(fraction 1), CH:Cls:
MeOH 95:5(fraction 2), CH2Cl2:MeOH 9:1(fraction 3), CH2Cls:
MeOH 8:2(fraction 4), MeOH (fraction 5)¢ <22 step
gradient 3}§it}.

Fa84 £EE CH:Cl:MeOH 95:5(fraction 2)& thA CH:Cls
o *¥o silica gel column chromatography 3lRt}. &89
CH:Cl>3} acetone 45 AHgst5ien, CH:Cl:(fraction 6),
CH:Cls:acetone 95:5(fraction 7), CHyCls:acetone 9:1(fraction
8), CHsCls:acetone 8:2(fraction 9), CHyCls:acetone 7:3
(fraction 10), CH2Cl:: acetone 5:5(fraction 11)¢ +£2= step
gradient 3}$it}.

F}d&A fractiond]l CHyClz:acetone 8:2(fraction 9)F MeOH?¢l
=o] RP-18 gel column chromatography 3%Y. 70% aqg.
MeOHfraction 12), 80% aq. MeOH(fraction 13), 90% aq.
MeOH (fraction 14), MeOH(fraction 15)¢] &"]2 step gradient
of 470¢] EH &S BT F 279 £8& W3 FTAIS 33

FFIAE 239 80% aq. MeOH fractions CH2Clz:n—hexane:
MeOH 50:50:1% $v"l2 39 silica gel HPLC¥ v, UV 232nm
A 73 F4F Reolx main fractions FHFHLE 74% aq. MeOH

= $"l2 RP-18 HPLC 34 Ided< <5 28I H 8).
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KM1033 XE
(3.9g)

Si column chromatography
MeOH in CH2Cl»

| 0% 5% | 10% | 20% | 100%

Fr. 1 Fr. 2 Fr. 3 Fr. 4 Fr. 5

Si column chromatography
acetone in CH»oCl»

| 0% |5% | 10% 20%

30% | 50%
Fr. 6 Fr. 7 Fr. 8 Fr. 9 Fr. 10 Fr. 11

RP-18 column chromatography
MeOH in H>O

| 70% 80% | 90% | 100%

Fr. 12 Fr. 13 Fr. 14 Fr. 15

semi-prep Si HPLC
CH>sClo:n ~-Hexane:MeOH=50:50:1

semi-prep RP-18 HPLC
74% aq. MeOH

Active compound (2)
(1.3mg)

Figure 8. Isolation of an antimicrobial compound(2) from
S. cellulosum KM1033.
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6. 4=84 53
6.1. 78

Fo24 5HL paper disc S AHEStGien, A A-§9 F
- TIAPFTEHATY FAASHE2RY FY3Hd. Gram ¥4 AT
© 2 Staphylococcus aureus(KCTC 1916)F, gram w4 Aoz
Escherichia  coli(KCTC  12006)% AH$33x, AFHFEE
Saccharomyces cerevisiae(KCTC 7246 )&  Rhodotorula
rubra(KCTC 1209), Candida albicans(TCTC 7965)% 434 A
el A-g-35id.

S. aureus, E. coli, S. cerevisiae, R. rubra, C. albicans%
nutrient agar ¥WjX], yeast extract agar "§*], micrococcus agar ¥}
el Z+7Z} streak culturedled 30C B.O.D incubatoro]A A 3}1A3
o A3 1 AlF 2 229 colonyE BT FHF 343G 73
A9 100uLE A6l 27 £F ¥ ¥, 59 9FH £HReR Uy
ot "2FE 3273 6mme paper discel AEEHE 20uL 2 ZZ
loading ¥+ ¥, clean bencholA 2087F AZXAA TS =43 89x ¢
o He] 3.0cm AE HNER AFAT. oW dzTEA
MeOH:CH:Cl: 1:1 Hl&=2 E3= $9E 2§35, dxdE=+
Ciprofloxacin®} Nystating A}£3}¢it}. Paper discE loadingd z+
Z+e] wx]E 30C B.O.D incubator®lA] 48A4]7F 4wk X vernier

caliper® inhibition zone? ZL7|& &A3}9%i}.
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6.2. AEFA

AETENLS el ) H A £ A549(non small cell
lungcarcinoma), Y& 9AEF2 SK-0OV-3(adenocarcinoma, ovary
PUES
A

malignant ascites), EANFAEFQ SK—-MEL-2(malignant

melanoma, metastasis to skin of thigh), FFA173A GAEF
XF498(central nerve system tumor), WELMAEFA HCTI15
(colon adenocarcinoma)®l] o3l A &3}, AEZE E%X human
origin tumor cell line 22, v]5 FYLATFE(NCD)EZRE FoFuto}
AT 24 AW T Ae AT, kgL 5% fetal
bovine serum 2 ZXE ®7}El RPMI 1640 mediums A&3}$ 2o
37C 32 3 5% CO- incubatorol4 ®ikstct. AME A=
3~44°l 134 stew, A A AEZE §7] FFHezF Y EIA]7)
7] 932y phosphate buffered saline(PBS) €99 0.25% trypsin
#} 3mM trans—1,2—di—aminocyclohexane—n,n,n,n,—tetra acetic acid
(CDTA)E 59 §4E A&,

AEZSAL 19893 v|Fe] I dadF2A &2l in vitro 3%
#4s 1A ezs SAH%7] HAsted /%" sulforhodamine B(SRB)
assay = AH&33T & AW FA AESS AR A3 H38kY
+4 trypsin-CDTA §22 §7] ¥Fgezie £2X7]2, 96 well
flat bottom microplate(Falcon)el Z+ well 3 AESF7} 5x10°(A
549, HCT 15), 1xX10*(SK-MEL-2, XF 498), 2x<10*(SK-OV-3)°] =
=5 535 £59 AlESS CO: incubator WellA 24A]7F s}
o] uldto) BAX T Z gspiratorZ A E AAS}EZ 6552 log dose

2 mediumeZ 343 AHAA LAEL ATI} EUE welld 22 3



w4 (triplicate) 2 ¥olF31, 4817 §¢ o wW3sint. HASAES
ZA15L7] $35te] FQao] wel DMSO(dimethyl sulfoxide)E A}&34
ow, o]g] AZe) 7}sjz = DMSO $E£ 0.5% °l37t HEF 33l
3 o]FZA AT AAEHL A=E) 7457 Aol miliphore filter®
ofzslel APe] T AHE wASAT. AEZE FEF 48X wjST
T ZF welld] ¥WiX]E A|ASIEZ 10% trichloro—acetic acid(TCA)E
100uL %) 7}3ke] 4TCelA 1A F¢ A8t AEF<= plate] wped
of XA Y. AlE2] 2H°] ¢ F plateE FTHTE 5~63 AlFH3}H
A A FoldlE TCA &95 943 AAS L F2 7171 =5 A=
A1 Ak, &A35 Azx= platex= well F 100ul. 1% acetic acid £
0.4% SRBE 54 94 $d9< 7lste 30€% AM=EE FAstL oA 1%
acetic acid §H22 5~63] A3} AMEel AFSA &2 FY9
SRBE AAH. o|Z€A FA= cell plates= YA AZeA AxA]
71 & well & 100ul®] 10 mM trisma base(unbuffered) £9& 7}
3} titer plate shaker® 1087} wulsteo] JAAS 27
3
Z4zZre] AEEC T FEe AIAE AL st dES e
AR A ME $(Tz, zero time)® FE WA FF L9 AT
7}kl 48A17F RS W] AE (C, control) ¥ Z+ FE2| &
A A8A17F vk S wjo] AE F(T, test) & Z7 FA3], Tz <
T 9 7Sl [(T-T2)/(C-Tz)1x1002] F2o2 AAslg e, Tz = T
A AfelEe [(T-T2)/Tz1x108] A2 FEe] AEXFAFS AL

o

£

microplate readers AF£3l¢] 520nmolA FI=E A

_44_



1. Cellulolytic myxobacteriad 8 % I3

B AR AR 2 MEFAHE S AGgEE £ oF 300082 B
ARE A9E=2 94 & 4833

ST21CX agar ¥i#|Are] oi7}x] $jeo] Ay ESFAEE loadings}e]
30C B.O.D incubatorel4] wl¢k stgien, dn|7goz Fo] S 2 A
F F5E WY FEEGY. 7~14Y9 A= wk F AR 3" Ao
FF Helew, 1 FHE @& FIEH I 44 Y& cellulolytic
myxobacteria®] ZHAAE LAT = AU AT Fdeo] 4olA &S
cellulolytic myxobacteria®] AAAE WFo]E A&31e] L35 o3}
A9} A 2% BEste] AR ST21CX iAo &3tk 3~4¥e 54
g AAE F3 o= A= E" cellulolytic myxobacerias g4
gdRor}, oL &=5354 £8357] Y38 cycloheximide®} kanamycinZ}
718l KAN4 agar WA Z AlYstgc. KAN4 agar WA A 3~7Y
A vk F dHypxEl Holg FYE cellulolytic myxobacteriag)
swarme] ®eo] Uyrj= Zo| FAFE G ew, Fdo] gl MEXT FAE 3t
FETT WFol2 &% FoJule] MEE KAN4 agar "#|el HAFA
3~4¥9] FY3 =Fo 2 £53 cellulolytic myxobacterias g2
o o]& Vy/2 agar ¥WA|d] FFH o2 AW}, Clean bencholA &
TdH o2 AYF cellulolytic myxobacteria®] <& Vy/2 agar #jX]
o] streak culturedte] FATS FRse BASFT, o] WHS F

M F 967FF9) cellulolytic myxobacteria® 83+ cH(2g 9).
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ST21CX agar plate

KAN4 agar plate Vy/2 agar plate

Figure 9. The swarm colony of cellulolytic myxobacteria on agar

plates.

o|27A] £a]% cellulolytic myxobacteria® oIS L33t A
el o] g3 W@ E. colic Wl o|§F F o}, Aol
E. coli= Hol=2 o|&3}x] &3}, =3 A ujx|oA EAE FAst
a1 EAZF Y FHE 9z JSS #EE 5 %Y. #9H

o)

cellulolytic myxobacteriaS< garm QAL J9L o ZH24L Vg
o] gram &4 AldYs ¢ F d%3, Congo redo A=A &kt

Oxidase test®} urease testoA= BF SA o= eyt on nitrate



reduction test$#} starch hydrolysis testolAE BF FJoz iE]
ATk AN A wiF FekxTo] HAYAL wE FAFI S I A
ko] gropxlom X5 wiz| gt o] FAYUS FUASHUTHE 14).

ojAte] A3 EUlR EIH 96FF 9 cellulolytic myxobacteria®
Sorangium cellulosum2.E FA3}Foen, QJEFFE AAT KM1014
T35 T S BE Y 235t 3% 16s rRNA F7]4 €9

v RS 53 S. cellulosum®) §3= AYE A3l

Mixobacteriat ©& AlFely v AES 23 4k ez
AQAZEE =R &< 2 olyE, single colony®] FAe] o
A, A A, ARSE7 =9 A, Wizl 7z A= U3
e n Qg vE W AFATT} o]FoiR|A] ke, o)A REFYH
APAFE A3 obz I E77F 93] = A Ao A7

myxobacteriats 16% 473F°] 4#HA 9Jow 1 FA cellulolytic
myxobacteria® Sorangium cellulosum 1% %re] AA = w1 g},

o3t AMstoA E APS T FUA HFSoE S. cellulosum?)
e s AA B2, T 96 FF EElEke] EESIA vk AL

b P L T

T

&

_47_



Table 14. Morphological and physiological characteristics of
Sorangium cellulosum.

Gram staining —

Fruiting bodies on Vy/2 deliquescent —

consist of sporangioles +
Myxospores cylindrical rods

optically refractile +
Swarm stained with Congo red —
Enzyme activity of oxidase —

urease —
Pigment production —
Nitrate reduction +
Starch hydrolysis +
Cellulose digestion +
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2. ¥2]9 S. cellulosum®] &4

Cellulolytic myxobacteriax wF&82s BF S. cellulosum %+
Fol 3= A= o] AT, E A E2E dFE2 FuHHe=
A2 W zkolE YeEr i

S. cellulosum TF9 #8 ¥ &3HAAHNA HF ST21CX agar ¥
Zl9l A8 E Y F ¥ T3 9IAAE s 5 doE o59
swarm % AAAA7E FFe w2} yellow, orange, black Al F/F2 A
S g 9Fe] FAFIYG(THE 10). KAN4 agar ¥ix|oA o] &9
swarm Holdg Wt 4 RgeE HAWIE SAF Ege YEY
ewn, £3 FFo w2t Al 7k FHe Aol FFHJREAE 11).
Vy/2 agar Wiz FA2] Moy &F3-F oo A7l wiA] 2 &
9= FAAY wiA] oldllE stnE=EE FH, wix] 29 ®eyrls FH
ol & AFAEAC BFHUTG TR 12). A GAANE {FAE Ao]7}
e ew, FA19 myxobacteria®l SA°I2} & & U= vl EF2A
He| HAAde] w7l FAF AR 13). o= S. cellulosum #F
o] E2 2 &stAdA FAL] Mol A 7ro] el wE} yellowel A
blacke®, ®£& redolA blackez W3l FF7) LA on, Axn)
FollA yellowellA redd blacke2 WA blackolA redd yellow
2 WH3l= Aol I3

olg} 7 wick A FHIH EAe=w & w S. cellulosums FHoE Al
742 o)de] & Fom ERECr ¥ Zoez fdEH, 76 #3 ¢
B2 977 2esivy A,
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Yellow type

Black type

Figure 10. The characteristics of S. cellulosum on a filter paper on
top of a ST21CX agar plate.
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Black type

Figure 11. The characteristics of S. cellulosum on a KAN4 agar plate.
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Yellow type

Black type

Figure 12. The characteristics of S. cellulosum on a Vy/2 agar plate.
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Yellow type

Black type

Figure 13. Cultural characteristic of S. cellulosum in a shaker flask
culture.
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3. A= FE8AY 239Y

B Am2iy EIE F 77FFY S. cellulosum TFe| dWd 1
WAAES e FFBYS 23y & Z2IAE & 159 YEih
% 89%% 69FFNA IFddA ol SAH=ENeH
gram &4 A7 E. colivlAE= 18.2%% 147FFA, gram %A Al
Ql S. aureusdlH = 54.6%% 42FFA, &8 R. rubra®lA+= 7.8%
Ql 675, C. albicans|AE 33.8%% 267FFA 1 & o] Yelytct,
o] S. cellulosum& t)¥&o] Aoy AdFol o] XS /A=
QApESs At & 5 Ao, QAR gram ¥ AlFY S.
aureus®| Wk Ao Y= TF7F &el EAstL AR C. albiansd)
RAAE B FFs0] 8= /AL de= & F
o] S. cellulosum®] ¥ek} o2 Be| B3 thAAE2] oF 95%7 A
=33 Aol s 5Y¢ GBFE d47EA#Ae) A 98 & I

on, olF F 46%% AATINA AFA 2P YLEIUTH: B
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Table 15.

Bioassay—based screening of S. cellulosum strans producing

antimicrobial secondary metabolites.

Inhibition zone (mm)

Strain Conc.
(ug/mL)  E. coli S. aureus R. rubra C. albicans

KM1001 50000 — — — 7.4
KM1002 50000 — — — 11.1
KM1003 10000 - + — —
KM1004 10000 — 8.9 — —
KM1006 10000 + — — —
KM1007 10000 - - - 9.1
KM1008 10000 — — — 11.2
KM1010 50000 9.8 — — 8.8
KM1011 50000 + + — 10.1
KM1013 50000 + + — —
KM1014 50000 — e — 14.0
KM1015 40000 — y— — 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
KM1027 20000 — + — —
KM1028 40000 15.5 — + —
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KM1029
KM1031
KM1032
KM1033
KM1034
KM1035
KM1036
KM1037
KM1040
KM1041
KM1042
KM1043
KM1044
KM1045
KM1049
KM1050
KM1051
KM1052
KM1054
KM1055
KM1056
KM1057
KM1059
KM1060
KM1063
KM1064
KM1065
KM1066
KM1067

10000
10000
10000
50000
50000
50000
50000
50000
50000
50000
50000
50000
50000
10000
50000
50000
50000
50000
10000
10000
10000
10000
10000
50000
10000
50000
10000
10000
50000

H

11.9
12.1
11.2

H

21.4
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KM1068
KM1071
KM1072
KM1073
KM1074
KM1075
KM1076
KM1077
KM1078
KM1080
KM1082
KM1083
KM1084
KM1085
KM1086
KM1087
KM1088
KM1089
KM1090
KM1092
KM1093
KM1094
KM1095
KM1096

50000
50000
50000
50000
50000
50000
50000
50000
50000
50000
50000
50000
50000
50000
50000
50000
50000
50000
50000
50000
50000
50000
50000
50000

10.5
8.0

H

9.5
11.4

9.3
11.5

6.8

H

12.8

8.8
14.8
9.5

19.5

8.4

15.1
9.9

10.8
10.6
7.5

16.2

14.8
9.6
8.9

15.2

Determined by the agar diffusion test using paper diks
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4. Strain KM10452] §4

A A ANHI EgARNA cellulolytic myxobacteriad] #8] %
ZAo o8 £28]9 strain KM1045% ST21CX agar ¥jA]o|4] oj3}x]
£ £93= black type? S. cellulosum2.2, KAN4 agar ®jz] |4
Ho| & wel UYErtz] Reke g Wolyrl= brown e swarmel 3
7} BEE QY. Vy/2 agar ¥R A E FAISC] AT A5 £Y
o] F4itt. AN A wiek Sepra | HAA uE AAFIL

HFE <t mekdo] grolbxith (™ 14). 30CAA Mg A I A7e] £
syom 53] tfZ FFe B3 Vy/2 agar #ix| s} HAa)ckellA] w2 A
F B

B e ‘r
9

=
o
.
flo
=
og
o3
lo
i
o,
X
n)

o] 2T tIAATe) AT FEP ¢
=
=

AEZEZAAAGA S Bl NEEAHAFSE EYE strain KM1045
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KAN4 agar plate

Vy/2 agar plate

Figure 14. The swarm colony of S. cellulosum KM1045 on agar
plates.
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5. Chivosazole F& Fx%A 4 AEIA

5.1. Chivosazle F¢] #+% %A

BX4E2 compound 12 AAF strain KM10452] vjke =z HE

WAAFES YAt ® o8] 7}A] column chromatographyS %3

A 4L strain KM10459] 235 djApiHEo|t. F 60Le] HAA|a]f

28¥ 3.2mg 9o, ¢]F 1D ¥ 2D NMR#} MS, UV, IR data
T 2 F2E s ZA A

Compound 1& FA ] 1A=, HREI-MS$ '°C NMR datag whe

° 2 CyuHs7NOs(m/z 691IM' D) 2] #2215 33l

flo
4y n2

-

o

Table 16. Physico—chemical properties of compound 1.

Appearance amorphous solid
Molecular formula C41H57NOs
HREI-MS Found 691.4061[M]1"
Calcd. 691.4084
UV Amax (MeOH) nm 277
IR Vmax (KBr) cm™ 3426, 2973, 2932, 2881, 2828,

1576, 1598, 1457, 1382, 1314,
1273, 1189, 1101, 1071, 996,

948, 825
RP-TLC (Rf)
MeOH-H»0(85:15)° 0.38
Solubility Soluble MeOH, CH.Cls, Acetone

H-0O, EtOAc, n—Heptane,

Insoluble
n—Hexane

*RP—IS F254 plate
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Figure 15. 3C NMR spectrum of compound 1 in CDsOD.

Compound 18 2E carbon 92E »C NMR datadlA &% 3
Jgaem(ag 15, C NMR data® 53] 4702 quaternary
carbon(6. 168.9, 8. 134.3, & 140.1, & 167.3)°] £33t o] Fe
A 6 168.9(C—1)3 6. 167.3(C—18)2] carbong carbonyl carbon$
= d2F &+ ddd. gHSQC A¥E 53 carbond FFH ZAJH
protong 2% 93 4 9gen(3% 3), C NMR # 'H NMR ,
gHSQC data®] ¥4 F3MA 4709 exchangeable proton®} , 287)
2] methine, 270¢] methylene, 770¢] methyl?] E#A& 93 5 9
Aoy 15, 16, ¥5F 3). =3 carbon?d chemical shiftel] &) o]
Eo] 2070¢] sp® carbon(5. 117.9, & 145.3, 6. 130.6 , & 139.9, &
129, 6 139.8, 6 134.3, 6. 136.3, 6 132.4, 6. 131.3, 6 127.3, &
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M"‘M&L‘U“Mw” \JMJM”“”N% JUMJM V U .

ﬂLWU}L“ ul

Figure 16. 'H NMR spectrum of compound 1 in CD3OD.

122, 6. 140.1, 6. 137.6, 6. 138.7, 6. 129.2, &6 134.4, &: 128.5,
& 130.2, & 135.4)¢} 7709 oxymethine carbon(§. 70.5, & 80.0,
5 68.1, & 78.1, & 70.4, & 65.2, & 58.2), L 3+ 7|9
oxymethyl carbon22 o]Fo|F S &AF & = YA},

Compound 1& °]F3 9= vl 7je REF=xA I, IO, I, V= Z4Z
L FAs3: 9= BE proton signal®] correlationo® <3 'H-'H
COSY$ TOCSY Aoz 83 AATY 4+ ddv(a2d 17, 5 4,
5). =3 gHMBC A¥S §3 C-309 methine proton(§; 5.25) 14
C—29(8. 35.7), C—32(6. 70.4), C—41(8:. 10.3)22] correlation®l £]3)
HEIz [, T9 928 Fdsgen, C-362 methyl proton(Sy
1.88) 94 quaternary carbon(8. 134.3)# % 7§ methine carbon
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w11 COSY

Figure 17. Partial structures(Il) of compound 1.

el C—7(6: 139.8)3 C—9(6. 136.3) 2] correlation®] &Js] C-8 F%2]

23= 9T & A3, o2 A3 I, Vo] 9425 U3 Double
bone? configuration< Z$ E bond® vicinal coupling constant
2RE FEagon, ood datad] APz U HFHez T e
REFZ A, BE $483H (¥ 18). EIMS$ '°C NMR data® whg
27 9L A CuHs/NOgolA FEFZRE A3 E2 Al 719
quaternary carbon(§. 168.9, & 140.1, & 167.3)3 3}e] methine
carbon(§: 137.6), neighboring protoned} 7] F& 271¢ F£427}
#2154l 28 macrolidegs E33= F 7ie] Ho] EAF o] =N
o, £ 6§, 7.72(H-17)9 A 5 70¢ quarernary carbon(§. 140.1, &
167.3) 222 Z¥¢YH = vl 22 7]E cellulolytic myxobacteria
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-1 COSY
| —> HMBC

o] ot AAE Y WE EIS
oxazole ring?] &A1& €T 5+ AU},

oY Hre} A FEFEE WFLE S. cellulosumd| W EI=
z215F A3 o] FHFES o/He F5Y¢ GBFET&d 93
myxobacteriaZ#¥ ¥ Fo] B3 v} 9J& chivosazole FEA, UV
¢ 'H NMR data’} A2 4TS S50,

ID % 2D NMR data®] 3§z £3xA= Jd3 29 203 22
Compound 19 HHz Fz& 4 F dgen, ROESY A 23]

ZF3g 3oy thiazole ring <

active compound 19 relative stereochemistryS ZAS AT} (FZ
7). FETFZ A B9 relative stereochemistrys I% 19¢] Ye
$em, ROESY A¥e=2Ry 53 =2 NOE correlatione 3% 17
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' ~~ X\ NOE correlations

Figure 19. The structure of compound 1 with possible geometric
configuration from the homonuclear 2D NMR experiments.

o Jelitt. AAFZRE 9% relative stereochemistrys H&72
A3} BAtel ] 43 NOEZ} @3] ¢kol A 4 913

2 dFo 93] 932 compound 18 FRE 19979 SU6jA] o]n]
B 3% v} 9 chivosazole F& Y380, dx|ut & dFoA] A4
ROESY 43¢ A3}, H-9(6: 5.07)¢F H-5(5: 6.87) AFe]el] el
3 NOE correlation& H-5¢ I7Hde= A3 9= H-99
conformation®] $-AA] = ejof 3w, ojuf H-2¢ H-3 Ate]e] Jgd
11.7HzE Z7}F obd EZ2 A siorts & 4 AsiTh. o)+ o]dd RaF
¥ chivosazole F& {AIFZ AolA AolE Hol:= AYS 4A =HIA
o9, B Age o8 waeF H-99 H-54]¢] NOE correlation
<A A7% chivosazole F& $13 ROESY A @A & vehtx] askd

o

Mo
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Table 17. The list of NOE data analyzed from the ROESY spectrum of
compound 1.

Position NOE correlation
H-2 H-3
H-3 H-2, H-5
H-4 H-6
H-5 H-3, H-9
H-6 H-4
H-7 H-36
H-9 H-5, H-6(w), H-7(w), H-12(w), H-11, H-37
H-10 H-11, H-36, II 37
H-11 H-10, H-14(w), H-36(w)
H-12 H-13, H-37
H-13 H-12
H-14 H-11
H-15 H-17
H-17 H-15
H-19 H-20, H-21-a(w), H-22
H-20 H-19, H-21-03

H-21-a(1.66) H-21-3, H-22, H-23
H-21-p3(1.06) H-21-a, H-23

H-22 H-21-a
-23 H-22, H-25
H-24 H-26
H-25 H-23, H-27
H-26 H-29, H-30
H-27 H-25, H-28
H-28 H-26, H-27
H-29 H-26, H-40
H-30 H-26, H-27, H-31, H-40
H-36 H-7, H-10, H-11
H-37 H-9, H-10, H-11(w), H-12
H-38 H-19, H-21-a
H-40 H-28
H-41 H-29, H-30, H-31, H-32
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Figure 20. The structure of chivosazole F(1).

AT A ¥l compound 12 F&7} o8 st
3 AZtEY, 3 FU EgA HFSE chivosazole F& &8 - A

ShThe Mol & AWe oo vy Yz,
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Table 18. The 'H and '>C NMR assigments for compound(1).

8 8 HMBC
1 168.9 s
2 5.42d (11.7) 117.9 d C-1, C—4
3 6.50 dd (11.7, 11.7) 145.3 d C-1, C-5
4 7.06 dd (15.1, 11.7) 130.6 d C-6
5 6.87 dd (15.1, 10.7) 139.9 d C-3
6 5.90 dd (11.2, 10.7) 129.0 d C-7
7 5.84 d (11.2) 139.8 d C-9, C-36
8 134.3 s
9 5.07 d (8.8 136.3 d C-7, C-36
c-8, C-9, C-11, C-12,
10 2.83 m 40.4 d
Cc-37
11 4.72 dd (9.2, 5.9) 70.5 d C-13, C-37
12 5.49 dd (10.3, 9.2) 132.4 d C-14
13 6.21 dd (11.7, 10.3) 131.3 d C-11, C-15
14 7.16 dd (15.1, 11.7) 127.3 d C-16
15 6.36 dd (15.1) 122.0 d C-13, C-16
16 140.1 s
17 7.72 s 137.6 d C-16, C—18
18 167.3 s
19 3.49 m 36.3 d C-38
20 3.94 ddd (10.5, 3.9, 1.7) 80.0 d
21 1.06 ddd (14.2, 10.8, 1.7) 39.6 t C-20
1.66 ddd (14.2, 10.5, 2.7)
22 4.33 br d(9.8) 68.1 d
23 5.76 dd (15.1, 3.5) 138.7 d
24 6.38 ddd (15.1, 10.7, 1.7) 129.2 d C-22
25 6.16 dd (14.6, 10.7) 134.4 d C-27
26 6.54 dd (14.6, 11.3) 128.5 d C-24
27 5.95 dd (11.3, 10.3) 130.2 d C-25, C—29
28 5.17 dd (10.3, 10.3) 135.4 d C-26
29 3.16 m 35.7 d C-28, C—30, C—40
30 5.25 dd (10.2, 1.0) 78.1 d C-1, C—-29, C-32, C-41
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31 1.78 m 41.8 d C-28, C-32, C-41
32 3.44 m 70.4 d

33 1.39 ddd (14.2, 10.3, 2.5) 44.6 t C-34

1.62 ddd (14.2, 9.7, 2.0)
34 4.00 m 65.2 d
35 1.16 d (6.3) 244 q C-33,C-34
36 1.88 s 17.2 q C-7, C-8, C-9
37 1.04 d (6.9) 14.3 q C-9, C-10, C-11
38 1.35 d (6.9 10.8 q C-18, C-19, C-20
39 3.49 s 58.2 q C-20
40 1.01 4 (6.9 17.8 q C-28, C-29, C-30
41 0.97 4 (7.4 10.3 g C-30, C-31, C-32

NMR data were obtained in CDsOD solution. 'H and *C NMR were measured at
500MHz and 125MHz, respectively. Assignments were aided by a combination of
'H-'H COSY, HMQC and HMBC experiments. The coupling constants(Hz) are in
parentheses.

_69_



5.2. Chivosazole F¢] AEEA]

5.2.1. Chivosazole F2] A|Z=4]

Table 19. Cytotoxicties of chivosazole F(1) and doxorubicin(reference).

ED50 [ng/mL]
Compound
A549 SK-OV-3SK-MEL—-2 XF498 HCT15
Chivosazole F(1) 13.7 0.1 0.2 0.6 0.9
Doxorubicin 9.8 89.1 36.9 82.5 72.2

2] - AAE o] A chivosazole F(1)¥E in vitrodlA oA 79| A7-¢t
A|E A549, SK-0OV-3, SK-MEL-2, XF498, HCT159] ti3] A|x =4
= FAsY. AIESAY AL SRB assay W= AHEsglen O ZAs
E 1998} 29}, Chivosazole F(1)E= 97F ¢HAlE e A&l EDsg Zkel
0.1¢14 13.7ng/mLE ng FFAA49 ZAEE ALSHS 7= AL
Boln, £3] FagAIEQ SK-0OV-3° dsixE tlzdERA, o] A5
of AlFE3 9= g§493 FFFA U doxorubicin®Eok ¢k 90¥] © 7
AES5AFS A8t A% chivosazole Fo] o33 3H T AlE254
2 on|E8Y olzgl AAAAFZE FHE3E= ACSR, chivosazole Fo
AE3E AAE o B2 AEF ANEe] FukE o of dvn Q7R

i
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5.2.2. Chivosazole F¢] a3 4]

Table 20. Antimicrobial spectrum of chivosazole F(1).

Inhibition zone (mm)

Conc.
Compound (ug/mL)
we/mi) g coli S. aureus R. rubra C. albicans
Chivosazole F(1) 50000 — — — 14.5

Chivosazole F(1)& Alg3 &5 d&iA 2 A4S A, AlF
o2& gram w4 AT S. aureus$}t gram A AlF E. colis A}
2393, ER2E R. rubra®} C. albicansg AH$3tgoew, 84
= #1314 paper disc F4iYs AMHYste] AF3AGY. 3 A3} £
chivosazle F(1)& AlFo A= 1 Aol SAFR 4oy, a2 C.
albicans °l WA= 14.56mme] A4S EIHE 20).

olu] ¥+8]2 chivosazole?] =4 chivosazole2 Aol i =
FadA o] EAeA] gon ERANAN 1 FAo] Avkn BuF b ¥,
o Aol w]Fo] RS W & AFlA £ chivosazole F(1) g4
E YE chivosazoled®} 2 Ao J4FAS Hole AL A & £
BT £33 Z AFAA SAHE AXFAL o)A dFNAE B F 4A

@ human celld] Bh@ 3 APYE 2AHYE W 2 o7t Yok @

N\
o

i
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6. Strain KM1033¢] §4

HAANA AAT EFAEANA E2]® strain KM10332 ST21CX
agar Wjz|oA H2]E £3sE red typed S. cellulosume]t}.
KAN4 agar ®jA]elA welg wt Uirpx| BEgez wWolyrt:s
orangeX 2] swarme] FA=E| e, Vy/2 agar vjx|oA = dA7} A=
AgS olFo Mz ZHE Ja=E AS A3 QAE A wiF
Eehx3a 2de YA wE AASG e wigFd wickdo] golxit
(I 21). 30TCelA ®F A 2 AF7e] F5kew, Vy/2 agar #j=] A
t A%l ddiiey dApuixeA = 453 wE s Eid. 53,
23Ys T8 FTZA AANA C. albicansel HE A & &F
= 2o o3 FHolwd

ol 72 wigAe 5AF HEo mE A 2adys ¥ FEY
WAARES] <k, FFEAAAFNAL] S EYE strain KM10339]
AY FF=2 AA=E

-
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Vy/2 agar plate

Figure 21. The swarm colony of S. cellulosum KM1033 on agar
plates.
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7. Coriolided] XA 4 NEIA

7.1. Coriolide? #+z& %A

Compound 2+ 2384 A Hod 3dFFdFAS R strain
KM10332 258 94L& 3F dAaHEo|th. F 60Le] AAuFz} 33]9
open column chromatography, Z8]x 23]¢] HPLCE %3] 1.5mg
o] 4% E4S d3en, o]F 1D ¥ 2D NMR¥#} MS, UV datas
T3 2 F2F AA3E

Compound 2& FAe] 7]E Felo|s FABMSS HR FABMS, 1g
2 'H 9 C NMR data® ul2e g Ci3H3002(m/z 279[M+H]")e] &
Al H3tsid.

>

1.

b

ffo
J {

>

Table 21. Physico—chemical properties of compound 2.

Appearance Colorless oil
Molecular formula CisH3002
HRFAB-MS Found 279.2324[M+H]"
Calcd. 279.2324
UV Amax (MeOH) nm 234
IR Vmax (KBr) cm™ 3615, 3500, 3005, 2920, 2850,

1735, 1450, 1430, 1410, 1370,
1360, 1245, 1195, 1170, 1015,

948

RP-TLC (Rf) .

MeOH-H,0(9:1) 0.45

Solubility Soluble MeOH, CH.Cls, Acetone,
EtOAc

Insoluble H,O, n—Heptane, n—Hexane

"RP-18 gel Fi54 plate
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Figure 22. 13C NMR spectrum of compound 2 in CDsOD.

Compound 2¢ &A3t= B2E carbond ¥4+ “C NMR data°lA
ga% 5 gigden(ag 22), 1872 carbon AEE 'H NMR3} 7
DEPTS gHMQCARES S ZZe] 1708 carbonyl carbon(8.
176.6)3 4709] sp° methine(s. 136.1, & 131.7, & 128.1, &
125.3), 1719 oxymethine(§. 72.2), 11701¢] methylene(§. 37.2, &
33.6, 6. 31.7, & 29.5, & 29.0, & 29.0, & 28.9, & 27.3, & 25.0,
8 24.9, & 22.5, & 13.1), 282 170¢] methyl(§. 13.1)= °]|F2
Se= L@ H 23, 5 10, 11).

Compound 2¢] &3z % AAHe HdAFzE 'H-'H COSYH
gHMBC datag &3te] ZA3SHFF 12, 13). FE7=2 1S H-26.
2.26)9F H-3(5: 1.59)Ak0]¢] '"H-'H COSY A&¢} C-3¢] methylene
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Figure 23. 'H NMR spectrum of compound 2 in CD3OD.

proton (& 1.59)°14 C-1(5. 176.6), C—2(8: 33.8), C—4(5: 29.0) &9
gHMBC correlation, 2832 C—29¢] methylene proton(&x 2.26) 9] 4]
C—-1(5.176.6), C—3(6. 24.9), C—4(5. 29.0)Z2] gHMBC correlation
o o3 xA=FFen, REFEX Ot FETFXRE oF2 Yt EE
proton 2139 correlation2® 13 'H-'H COSY Aoz =83 Z
AE 5 dGoh. 716 o] F2 A2 CisHz0020m/z 279[M+HI") =
A3l FETFE I3 Ool AZ dZFH g AS <33

'H-'H COSY A@el 93 H-17(5: 1.43-1.30)% H-18(8x 0.90) A
°]¢] coupling, gHMBC data®lAl¢] C—-18¢ methyl proton(&x
0.90)4 C-17(8 22.5 3% C—-16(6 31.7)2.22] cross peak® <13}
FE72 IS A3sthH(ad 24). o|2A 443 FE7F2E AT #

K

r°"
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EERK

-1 COSY

Figure 24. Partial structures of compound 2.

2 3709 methylene carbond} Ao 2RE JL& 479 F2EAFH
g 23, olF FETE7 methylene carbong® 2= 3
or 3o HE M FERYES AT 5 AR o)FT EASS vEe
2 S. cellulosum® W3 FIAE =A3GY. 1 2 A=
compound 2% S. cellulosum|A AAR €& FE & f5ed, vA
A4 AE2 I HHAE 9T ZF compound 2% 197049
Polygalaceae ¥ Monnina % FA+24%€ #8]% coriolidegds &
F d9en, NMR data7} A2 dX§E Sdsidc@d 2507,
Coriolide®= #|¥4Fel linoleic acid7} & °|& FH=E 2 EFX]A
F2 WARE T e, vAEAAE AseE Rad Few, A
Eo] opd v|AEY|YY coriolides: &5 &8 - AAFG =Y 1 99



e

Figure 25. The structure of coriolide(2).

7} itk Az,
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Table 22. The 'H and ®C NMR assigments for compound 2.

S e HMBC
1 176.6 s
2 226 t (8.0) 33.8 t C-1, C-3, C—(4,5,6)
3 159 m 24.9 t C-(4,5,6),C-9, C—18
4 1.43-1.30m 29.0 t C—(4,5,6), C—7, C—18
5 1.43-1.30m 28.9 t C-(4,5,6), C—7, C—18
6 1.43-1.30m 29.0 t C-(4,5,6), C—7, C—18
7 1.43-1.30m 29.5 t C-(4,5,6), C—7, C—18
8 2.9 q (6.3, 14.0, 20.1) 27.4 t C-7, C-9
9  5.40 tt (11.2, 8.0) 131.7 d C-11
10 5.97  tt(11.2) 128.2 d
11 6.49 dd(11.2, 15.2) 125.3 d C-13
12 5.61 dd(7.1, 15.2) 136.1 d C-10, C—13
13 4.07 q (7.1, 13.0) 72.2 d C-11 C-12
14 1.50-1.40 m 37.2 ¢
15 1.43-1.30 m 95.0 t C—-(4,5,6), C—7, C—18
16 1.43-1.30m 31.7 ¢ &Z7,C73 C-(45.6),
17 1.43-1.30m 22.5 t C-(4,5,6), C—7, C—18
18 0.90 m 13.1 q C-16, C-17

NMR data were obtained in CD3;OD solution. 'H and *C NMR were measured at
500MHz and 125MHz, respectively. Assignments were aided by a combination of
'H-'H COSY, HMQC and HMBC experiments. The coupling constants(Hz) are in
parentheses.
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7.2. Coriolide?d] AEIA

7.2.1. Coriolide?] 343 A

Table 23. Antimicrobial spectrum of coriolide(2).

Inhibition zone (mm)

Conc.
Compound (1g/mL)

Hg/m E. coli S. aureus R. rubra C. albicans
Coriolide(2) 1000 - - - 26.4
Nystatin 100 — — — 11.5

Coriolide(2)9] Az &R W FFBAS SAHsY. FITEA
SA< #3 paper disc F4AYS AHESISed, gram 4 AlFY S.
aureus$t gram A AT E. coli, Z8/Zz AR R. rubrast C.
albicansE A+435tk. Coriolide(2)+= AT S. aureus$}t E. coli
of thA= FA ol e dsker, &8 FolXE C. albicansl|
3|45k 1000ppmelA 26.4mme| A2 S Y JH(E 23). °]
T A ERFAYEe] AR 2ol 53] candida%e] £2 A EAIR

A§32 9t nystatinsd W S W FES YN 2 DY 2AY
& @4 99k
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V. 2&

Myxobacteriax gram 49 Hd 3I7|A4 AlFoz HAAIFHA=E
=73 & AldelAs ol E 5 g THAES IS5y B A
S Y. 28 swarme AL EFEES s, ©E AldelA
T 45 g 553 AMAE JA3EH, exoenzymes ©]-§3te] Al
3 AFHe 22 AR ohlz} & AEH 18 24S 59
Hol2 sk 5old AZAE BUH.

MEzE BAEEL S AZE AlEY o]&el Yo A FHeHog. 5
3], Sorangim 4] myxobacteriat U v|AEY 2 dFE 579
RAEETH Aol Hold olat tAbES A AewE dA gleon,
myxobacteriat §/2] Al £ WHo=E AQAIRYYH E2=A o
3, wiF G 7Ry 3 T |977F AlgEe ] wEe] @3
myxobacteria®] = W AlFe] vl FA3| H2 LA, o|HF
o2 ML W AR 42 AEZAEEL iy AdezA HFHY
A 242 wite] Ha .

°|2]¥ myxobacteriaZ5-¥ AEFY < 7] #3 < filter
paper W< AH§3t @5 EdA ©2| Sorangium straing &5
B2 - mgsdn, ¥ 96%9 Sorangiunm strains ¥3=dl AFst

A, 8% Sorangiunm straingZF¥E A o] = EFS 3]
J

A 2adS AP, 1 A 89%8 TFANA AESE Ao
SA =g o] F FHE 9 F /M9 Sorangiunm straine 493}
©o 1 guided screenings EUE o 2E2 o|xAAES 3R
t}.

Aelste] wieksEl Sorangium cellulosum KM10452] MeOH FE%&
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< human cancer celld] ojg+ AFZHF} cytotoxic activityd: BgLe
1, cytotoxicityel wel FEEZY5¥ chivosazole F(1)& #33it}.
#8]% chivosazole F(1)& human cellel] i3 ZAZFAH AFNA
EDso Zte] 0.1~13.7ng/mLZ 723 ATEHE 7HAE= Aoz Holn,
53] G2gdAEL SK-0V-3° A= dizFE2A on| A5l A&
53 g g9 3dFkA doxorubicin®tk ¢F 90w © A3 AEXE

AL Y= AYS a3 § 9gen, C. albicans®] HHAE 3+
.]

=3 A AY" S, cellulosum KM10332] ®fE-2 antifungal
activity® B.gt}. Antifungal activity Z3} el u}eg} FEFEL silicag}
RP-18 coumn chromatography, HPLCE °]&3}l9 &3l o=z Fg-
AL en, FA2 oil e &3 B4 2HS €Y. 99 ¥4
42 'H NMR spectrum% 8232 W] Monnina emarginate A}
22 E=eo] R3% coriolidest FYF BHYS Fdsgon,
antifungal test® %3 #¥]¥ coriolide(2)E= 1000ug/mLelA C.
albicans®] W3] 26.4mm<e] antifungal activity® YELHS 44 59

n
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Appendix

'"H NMR spectrum of chivosazole F(1).
3C NMR spectrum of chivosazole F(1).
gHSQC spectrum of chivosazole F(1).
"H-'H COSY spectrum of chivosazole F(1).
TOCSY spectrum of chivosazole F(1).
gHMBC spectrum of chivosazole F(1).
ROESY spectrum of chivosazole F(1).
'"H NMR spectrum of coriolide(2).

13C NMR spectrum of coriolide(2).
DEPT spectrum of coriolide(2).
gHMQC spectrum of coriolide(2).
'"H-'H COSY spectrum of coriolide(2).

gHMBC spectrum of coriolide(2).
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Appendix 1. 'H NMR spectrum of chivosazole F(1).
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Appendix 2. *C NMR spectrum of chivosazole F(1).
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Appendix 3. gHSQC spectrum of chivosazole F(1).
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Appendix 4. 'H-'H COSY spectrum of chivosazole F(1).
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Appendix 5. TOCSY spectrum of chivosazole F(1).
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Appendix 6. gHMBC spectrum of chivosazole F(1).
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Appendix 7. ROESY spectrum of chivosazole F(1).
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Appendix 8. 'H NMR spectrum of coriolide(2).
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Appendix 9. *C NMR spectrum of coriolide(2).
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Appendix 10. DEPT spectrum of coriolide(2).
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Appendix 11. gHMQC spectrum of coriolide(2).
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Appendix 12. 'H-'"H COSY spectrum of coriolide(2).
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Appendix 13. gHMBC spectrum of coriolide(2).
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