creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

MKt Sorangium cellulosum®]
MAYst= A9t spiroketal 3FHE,
Spirodienal D& % % Al &E-3HA]

Structure and Biological Activity of Spirodienal D, A New
Spiroketal from the Myxobacterium Sorangium cellulosum.

2011 2¢



JERE

A S =

ZIN

2010 11¥



e

List of tables

List of figures

List of schemes

List of abbreviations

List of symbols

Abstract

1.3. &7

1.4, Aok d Ex

1.5. TLC(Thin layer chromatography)

2. N+

3. vfR]ZA

=

3.1. &+

o
/KC—)] 1

i
A

2 o]

EY

= H

11

13

14

16

18

19

19



3.2.

3.3.

4. WolFe] wjo

5.1.

5.2.

5.3.

6.2.

7.1.

7.2.

Sorangium 5% ¥ R 8 A WA
Sorangium ¥ By B MA LS ek wiH] ————-
5. Sorangium 72 &2 2 A
EFr R AY R AT
Sorangium w2 &2 H 3}
Sorangium 452 &7
6. Sorangium 32| W%
S A v &k
ol A uj <
- HAREES o H Y
WA= S =
WA= o] 9
8. T3 KMOl41o] AAS= A2 AR By

9. AE g =H

9.1.

—
Mo
Ak

6(;_

O T1°0

29

30

30

30

34

38

38

38

40

40

40

42

45

45

46

48

48



o
]
Flg

—z

1.
1.
2. Sorangium #T5°] AAst= giAAME S ~3E]Y

3. K014l Aabshe e datEe) 722

4.

4.

4.

1.

2.

Sorangium 32

M

Z]

i)
[

T KM01419) 54 2 5A

=24

1.

2.

rt

2

&

Al

£y

l-u U

Fe

o,

>
=

o,

o,

48

53

64

75

75

76

78

31

36

96



Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

10.

11

12.

13.

14.

15.

16.

17.

18.

List of tables

. Test organisms for microbiological assay. 18
. Composition of Nutrient agar. 19
. Composition of YM agar medium. 20
. Composition of Nutrient broth. 21
. Composition of ST21CX agar medium. 22
. Composition of KAN4 agar medium. 23
. Composition of Vy/2 agar medium. 24
. Composition of Nitrate broth. 24
. Composition of Starch agar. 25
Composition of Christensen urea agar medium. 26
. Composition of CAS liquid medium. 27
Composition of S.C liquid medium. 28
Nitrate reduction reagents. 36
Morphological and physiological characteristics of
strain KMO141. 57
Screening of S. cel//ulosum for antimicrobial activity.—————- 60
Physico—chemical properties of Spirodienal D. 64
BC and 'H NMR chemical shifts of Spirodienal D.(CgDs, 900MHz)
73
Cytotoxicities of Spirodienals A-D. 77

_I_



Figure
Figure
Figure
Figure
Figure

Figure

Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

Figure

10.

11.

12.

13.

14.

15.

16.

17.

. Fruiting bodies of myxobacteria.

. UV spectrum and HPLC profile of Spirodienals.
. Isolation of Sorangium cellulosum from soil.

. Purification of Sorangium cellulosum.

.S, cellulosum on a KAN4 agar plate.

. S. cellulosum on Vy/2 agar plate.

List of figures

. Structures of secondary metabolites from S. ce//ulosum.

. S. cellulosum on a filter paper on top of a ST21CX agar

plate.

. Cultural characteristics of S. cellulosum KMO141. ————

Shaker cultures of S. cellulosum KMO141.

UV spectrum and HPLC profile of spirodienal D. ——————

DEPT spectrum of Spirodienal D.(CgDs, 200MHz)

Partial structures of Spirodienal D.

HMBC correlations for spiroketal core.

2D NMR correlations for Spirodienal D.

Key NOESY correlations for spiroketal moiety. ————————

The structure of Spirodienal D.

_II_

32

33

49

o0

ol

55

o6

65

66

68

68

70

71

72



Scheme

Scheme

Scheme

Scheme

Scheme

List of schemes

. Gram stain procedure. 34
. Myxobacteria classification by Congo red staining. ————————— 35
. Work-up procedure of Sorangium cellulosum isolates. ———————- 41
. Isolation of Spirodienal D. 44

. Key to the fruiting body type of myxobacteria. ———————————— 58

- IIT -



List of abbreviations

[aly : specific optical rotation

BC NMR : carbon 13 nuclear magnetic resonance
'H NMR : proton nuclear magnetic resonance
COSY . homonuclear correlation spectroscopy
DMSO . dimethylsulfoxide

EtOAc : ethyl acetate

HMBC ' heteronuclear multiple-bond connectivity
HMQC  : heteronuclear multiple-quantum connectivity
HPLC . high performance liquid chromatography
HRESI : high resolution electrospray ionization

Hz : hertz

[HD : index of hydrogen deficiency

IR : infrared spectroscopy

Kbp . kilo base pair

MeOH : methyl alcohol
MS : mass spectroscopy

NOESY : nuclear overhauser enhancement spectroscopy

rpm . rounds per minute
TLC . thin layer chromatography
uv : ultraviolet spectroscopy

_IV_



List of symbols

J : coupling constant (Hz)

) : chemical shift

€ : the molar extinction coefficient

A nax . the wavelength of maximum absorption
Vipax : maximum frequency in wavenumbers (cm ')
m/z * mass to charge

M . molecular ion

tr : retention time

K . retention factor for TLC



Structure and Biological Activity of Spirodienal D,
A New Spiroketal from the Myxobacterium

Sorangium cellulosum.

Hwa-Sun Lee

Department of Marine Bioscience and Environment
Graduate school of

Korea Maritime University

Abstract

Myxobacteria are a rich source of natural products with biological
activity. In particular, strains belong to the genus Sorangium proved to
be unusually rich in secondary metabolites. So far, about 100 different
core structures and 500 variants have been characterized. The search for
novel compounds strongly depends on the availability of novel strains.

During the last 3 years, we have isolated 96 strains of Sorangrium
cellulosum from soil samples collected at different areas in Korea. The
strains were all used in our screening for secondary metabolites. We

looked for biological effects as well as for new signals in the HPLC-
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diode array analysis of the culture extracts.

Previous studies in our lab have demonstrated that a newly 1isolated
strain KMO141 produced three new antibiotics, each containing a
spiroketal moiety.

In our search for additional antibiotics from the strain, a co-—
metabolite named Spirodienal D(1) was observed in very low yield.

Pooled wet cell mass and adsorbent Amberlite XAD-16 from several
fermentations(about 350L) of S. ce//ulosum KMO141, were extracted with
acetone. Spirodienal D(1) was isolated as colorless oil after extraction,
solvent partitioning, and silica gel chromatography. The crude product
was further purified by HPLC to give 3.9mg of 1.

The structure of 1 was elucidated by 2D-NMR and mass spectroscopy. The
relative stereochemistry of the spiroketal ring was determined on the
basis of 'H-'H coupling constants and NOE correlations.

Spirodienals A-D were evaluated for cytotoxic activity against several
human cancer lines using doxorubicin as a reference by SRB method. All
these compounds demonstrated potent cytotoxicities against human cancer
cells, having ICsy values ranging from 0.053uM to 0.878 uM.

Interestingly, the cytotoxic activities of Spirodienals A-D against
human colon cancer cells(HCT-15) were 2 to 7 times stronger than that of

doxorubicin in terms of ICs.
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Figure 1. Fruiting bodies of myxobacteria.
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I. 4348 % 44

1. A377] € A|¢

1.1. 4377
Ao AHEE 77 vt 2
- Autoclave (SJ-220A45, SEJONG)
- B.0.D incubator (SJ-250B, SEJONG)
- Centrifuge (SUPRA 22K, HANIL)
- Clean bench (SJ-701S2, SEJONG)
- Deep freezer (NF-300SF, NTHON FREEZER)
- Digital polarimeter (341, PERKIN ELMER, U.S.A)
- Drying oven (SSI-601, SHIN SAENG)
- Electronic balance (BL220H, SHIMADZU)
- FT-IR-4100 (JASCO, JAPAN)
- FUME HOOD (A —FHEAREmRBL/F T )
- HEAT GUN (VT-752C, MASTER APPLIANCE CORP.)
- HEATING MENTLE (MS-DM607, MTOPS)
- High Performance Liquid Chromatography (LC-6AD, SHIMADZU)

Diode array detector (SPD-M10Avp, SHIMADZU)
_9_



Degasser (DGV-14A, SHIMADZU)
Program (CLASS-VP ver. 6.14 spl)
Analytical column

CAPCELL PAK C18 (UG120A, 5/m; 4.6mm, 1.D.x250mm, SHISEIDO)
YMC-Pack Silica (5um; 4.6mm, I1.D.x250mm)

Preparative column

CAPCELL PAK C18 (UG120A, 5¢m; 10mm, I.D.x250mm, SHISEIDO)

YMC-Pack Silica (5¢m; 10mm, I.D.x250mm)
High Resolution ESI-MS (Mariner, Applied Biosystems, U.S.A)
Refrigerator (FR-B522EQ, DAEWOO)
Micropipette (GILSON, FRANCE)
Microscope (S7Z11, OLUMPUS)
Microwave (RE-652N, SAMSUNG)
pH meter (Orion 3 STAR pH Benchtop, Thermo electron coporation)
Rotary evaporator (R-200, BUCHI)
Shephadex (Universail system)

Fraction collector (Pharmacia Biotech)

Detector (280nm)

Recorder (Pharmacia Biotech)
Shaking incubator (SJ-808M2, SEJONG)

Shaking water bath (circulator, Mono-TECH ENG CO MSB-1511D)
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- Sonicator (KUM SUNG ULTRASONIC)
- Stirrer (HMS 100, HANA instrument)
- UV hand lamp (ENF-240C, SPECTROLINE, 254nm, 365nm)
- UV/Vis/NIR spectrophotometer (V-670, JASCO, Japan)
- Vacuum liquid chromatography
(PERISTALTIC PUMP P-1, PHARMACIA FINE CHEMICALS, Sweden)
- Vacuum pump (ULVAC G-50SA)
- Vernier caliper (MITUTOYO COPORATION)
- Vortex mixer (BARNSTEAD/THERMOLYNE)
- 900 MHz NMR Spectroscopy (AVANCE II 900, BRUKER, Germany)

- %5 7] (WATER STILL ELECTRICALLY HEATED, CHANG SHIN)

1.2. B934 54 5H
D Nuclear Magnetic Resonance Spectrometry

et BAS 9& H-NMR, PC-NMR, 2D-NMRA &L 8t7]) %1} 8H]

o,
',

?_
Qe o o] F ko] 900MHz NMR Spectroscopy® =4 3FTh. NMRS 7 ol

88 Bl CDE AHESTH

® Mass Spectrometry

B4 AR 9% NassHH S @R/ 2AFAAATA 2 FAHe| o]



At

(/)i

o] HR-ESI-MSZ=

=z
=

t}.

@ Infrared Spectrometry

FT-1R-4100S AF&3}Att. Al&E CHCL.o 9], KBr

@ Ultraviolet Spectrometry

B A
Run

Ao A ANEE

V-670 SpectrophotometerE A}8-3}o] =3y} c}.

MeOHoll =9 optical path length7} 1cm®l cellS AM-g3te] =433},

S8 Vel B FARe)E Be dow Rou

rn{oh

OD xM.W
Optical path length (cm) X concentration (mg/mL)

® Optical rotation

s

Optical rotatione 1cm® A& S ARE35le] Digital polarimeter =

=4l
& How e,

[a]pe

100 x () 289 WA - gulo] %)
Optical path length (dm) X concentration (g/mL)

[

Ip =
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1.3. &vuj

k!

F= 2 g A" &vle AokES ARESEla, &l T4 ethyl
acetate, mhexane, methyl alcohol, methylene chloridex AZFH3e] TLC 2
chromatography column& o =2 AR&3}3tT}.

- Acetone, Extra pure (DUKSAN)

- Acetonitrile, HPLC grade (DUKSAN)

- Buthyl Alcohol, Extra pure (DUKSAN)

- Ethyl Acetate, Extra Pure (DUKSAN)

- Ethyl Alcohol, Extra pure (DUKSAN)

-  mHeptane, Extra pure (DUKSAN)

- mHexane, Extra pure (DUKSAN)

- Methyl Alcohol, Extra pure (DUKSAN)

- Methylene Chloride, Extra pure (DUKSAN)
- Sulfuric Acid, Extra pure (DUKSAN)

- Tetrahydrofuran, Extra pure (DUKSAN)

- Benzene-dg (Cambridge Isotope Laboratories, Inc.)

- Water, HPLC Grade (DUKSAN)

_13_



L4, AN R F3A

o

Ao AR AoF B FXAE oe3 2o
- Agar, Extra pure (JUNSEI)
- Amberlite XAD-16 (SIGMA)
- Antifoam B (SIGMA)
- Baker’s Yeast, CP (BRUGGEMAN)
- Beef Extract, Extra pure (DIFCO)
- (CaCly2H,0, Guaranteed reagent (JUNSEI)
- Casitone, Extra pure (DIFCO)
- Ciprofloxacin (3r=rsletd P o2 RE )
- CoCly'6H,0, Guaranteed reagent (SHINYO)
- Congo-red, Extra pure (SIGMA)
- CuS0,-5H,0, Extra pure (YAKUI)
- Cyanocobalamin, Extra pure (SIGMA)
- Cycloheximide, Extra pure (ACROS)
- Dimethyl sulfoxide, Guaranteed reagent (JUNSEI)
- EDTA Na-Fe* Salt, Guaranteed reagent (JUNSEI)
- Glucose, Guaranteed reagent (JUNSEI)
- Gram reagent (MERCK)
Crystal violet solution

Lugol’s solution stabilized
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Safranin solution

HsBO;, Extra pure (YAKURI)

HEPES, Extra pure (J.T.BAKER)

KBr, Extra pure (YAKURI)

KI, Extra pure (JUNSEI)

LiCl, Extra pure (YAKURI)

LiChroprep RP-18(40-63 m) (MERCK)
Malt Extract, Extra pure (DIFCO)
MgS0,-7H,0, Guaranteed reagent (JUNSEI)
MnCl,-4H,0, Guaranteed reagent (SHINYO)
NaCl, Extra pure (JUNSEI)

NasMoO,-2H,0, Extra pure (YAKURI)

NaOH, Extra pure (ORIENTAL)

Peptone, Extra pure (MERCK)

Sephadex® LH-20(25-100zm) (FLUKA)
Silica gel 60(40-63xm) (MERCK)
SnCly-2H,0, Extra pure (YAKURI)

Sodium sulfate anhydrous, granular, Extra pure (JUNSEI)
Soluble starch, Extra pure (DIFCO)
Soybean flour, Type I (SIGMA)

Tryptone, Extra pure (DIFCO)
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- Vanillin, Guaranteed reagent (JUNSEI)

- Yeast Extract, Extra pure (DIFCO)

- 7nCl,, Extra pure (YAKURI)

- TLC Silica gel 60 Fysy, 20Xx20cm, 0.25mm (MERCK)

- TLC Silica gel 60 RP-18 Fyss, 20><20cm, 0.25mm (MERCK)

1.5. TLC (Thin layer chromatography)

o

TLC:= Silica gel plate$} RP-18 plateE AME3}H L, 8 ZS AE3}9]
EolE 8em 7|l R AHuste] A&tk AJEulE % acetone, CHCly,
MeOH, EtOAc, mhexane, H.05= AFESEt. #HJlE TLC plate= 43

2A2A 7 &, UV hand lamp= 254nm ¢} 365mmell Al S5l H-2 B&egict, 1

1;}% RE1EP) }\] Q]}:

)
rlr
1=
il
o
r o)
(0
ol
2
A

F-3}al heat guno ® 7}d3ste] e}

o
ME

= =

WAl Al ko 2 = Vanillin-sulfuric acid reagent& <+

=

f
1
ftl
>~
>,
ofo
ol
i)
32
R
|}
=
o
0)e]
@D
=

dorff reagent, Ninhydrin reagent, Iron(Ill) chloride reagent, Anisaldehyde-

sulphuric acid reagent= 34| A}-&3}Sc}.

@D Vanillin-sulfuric acid reagent
EtOH 300mLell 24F 3mL, vanillin 9g& Yo Al2kS A X3FTE. AMAI

TLC plateo] &3 o] 120°CE 7}t o).
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@ Dragendorff reagent
o] 0.85g2] basic bismuth nitrate=

10mLof " Z=qto] ShE 40mLe] S
A7RA1Z1 TLC plateol] w43t AR&-3F3ith

® Ninhydrin reagent

=l o 24P Snle A7l

n-BuOH  100mLel]l ninhydrin 0.3g=
T 100°CE 7+

Az, AHAIZ) TLC plateo] %

reagent
A7 ake] A %3k 10% aq. Solution

o
ME
1
Q‘L

&

@ Iron(II) chloride

=i 100mLel FeCl;= 10g

AH-8-3Sl T
® Anisaldehyde-sulphuric acid reagent
0.5mL¢] anisaldehydeZE 10mL W xAbo] H7Fsk & 85mLe] MeOHZ} 5mLeo]
sk g4k 8NE A TLC plateol| 53k ar, 100°C= 7138kl T).

- -
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g S D Hold o' AME¥ bacteria®t fungit ool YEHAIL,

FHATHAT FAAL YR R Wol Ag3AT. (Table 1)

Table 1. Test organisms for microbiological assay.

Escherichia colr KCTC 12006

Bacteria
Staphylococcus aureus KCTC 1916
Candida albicans KCTC 7965
Fungi Rhodotorula rubra KCTC 1209
Saccharomyces cerevisiae KCTC 7246

Al Az=Z Z g 51, 7PpEA g9 Hdsktk. ©o]E clean bench®toll A

R F, AR g oo A% &4 =

i
(L
_°|l’,
K
i)
=Y
01}4
Ju
—x
il
o

& % 30°C B.O.D incubatorolA] ®j<¥algitt. 578 colonyS wo] ApHH|S
T 3 Btk A9 Al APARiA A AR colonyE wo] HduiA|dl

streak culture sto] &4 3std 5 B A AFESIAT}.
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3. WA ZA

3.1. I8 R Hold vlFS AT wjA
@ Nutrient agar HjA|
Magnetic barE % plastic beakerol] T/ 1L9} th-(Table 2.) 249
AloFS A2 Yal stirrerol A uykst

7.282 2Erl. 1 & ggarEs v

)

=
ol autoclaveoll A 121°C, 15%-%F 12 Hstth. W Fo YAl stirrers
AFg3Fe] oF 60°C HAZ7FA] 213l 5 clean bencholl 4] petri-dish® 1/2~2/3

A7 WA S BAe) o] B8 Ho| Axstm

o

\:Ilo
;E
£
)
N

H =z =
A &5 3 o

A 3 BEstnl Ag s

Table 2. Composition of Nutrient agar.

- Tryptone 1%

- Yeast extract 0.5%
- NaCl 1%

- Glucose 0.1%

- Agar 1.5%
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@ YM agar A

Magnetic barE & plastic beakerdl =7F5 1L¢ the(Table 3.) XA

o

AloFe MR Ea stirrerol ] wwtate] A ¥, agars viE] ¥

2
M

2L AzrEgaFe A 9 Hell autoclaveol A 121°C, 1587 11

rlo

W3, Wk §o thA] stirrerS AFESFY] oF 60°CH == 2%l ) clean
bencholl A petri-dish® 1/2~2/3 ALE EF3 & AXAHT. AxAT

IS L=

BAE 2} o] B Mol Axstu NEd ol wpdtgthsl Agsrt.

Table 3. Composition of YM agar medium.

Malt extract 0.3%
- Peptone 0.5%

- Yeast extract 0.3%
- Glucose 1%

- Agar 1.5%

@ Nutrient broth #j=]
Magnetic barE Y- plastic beakeroll T 1L9} tha(Table 4.) F4 9]
A ek SAUE Wil stirrerolA] wHbsle] £3]A171 &, NaOHGE N o2 pH

7.22 wk=9th, 1 te 9L A Egg AT &4 9e Ho autoclaved] A



121°C, 15%-3F 12 Hsidt. F83] 2

o
Lo
>~
>
ofo
_OL

2
)

Table 4. Composition of Nutrient broth.

- Tryptone 1%

- Yeast extract 0.5%

- NaCl 1%

- Glucose 0.1%

3.2. Sorangium #F9 #8 ® 8 #F HA
@ ST21CX agar ®jA]

Magnetic barg Y- 7}7+9] plastic beakerol <55 700mL<} Solution A,
55 300mLe} Solution BE 742t Table 5.9 2 Aoz FAUZE Y
stirrerol A nRkste] 83fA17] F- agar’} £+ 2L AZEEb~=9F 500mL
N EEaAd A B2 FHell autoclaveol A 121°C, 1583t 312 B3

Hat Fol stirrerg® ©]&3ste] 27l H clean benchQtell Al Solution A%}

Solution BE 4131, Cycloheximide 10mL/L, TES 1mL/LE syringe filters}o

Zetsldty. &3 #iA|E petri-dishe 1/28 =2 5 3 S AXAFT.
AZAIZ wiA = @l o]l&S Aol xdta AEd o] HIASIGITHL
A}-8-31 T}
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Table 5. Composition of ST21CX agar medium.

Solution A : K:HPO; 1%
Yeast extract 0.02%

Agar 1.5%

Solution B : KNOs; 1%

MgSO4'7H20 0.1%

- Cycloheximide 50mg/L

- TES 1mL/L

- TES(Trace Element Solution) : MnCl-4H,0 0.01%, CoCl-6H,0 0.002%, CuSO, 0.001%,
NaMoO4-2H,0 0.001%, ZnCl, 0.002%, LiCl 0.0005%, SnCl,:2H,0 0.0005%, HsBO; 0.001%,

KBr 0.002%, KI 0.002%, EDTA-Na-Fe™ salt 0.16%

@ KAN4 agar Hl|X]

Magnetic barE Y- plastic beakerol </ 1L9} tha-(Table 6.) FA9]
Alofe EAMHE WAL stirrerol A antsto] ARl 5, NaOHa=8-<4 2= pl
7.282 SEYh. O Uy agarE vE]l Holw 2L AEERRAd &4 '
Holl autoclaveolA 121°C, 15%%F L=
Abg3Fe] o 60°C7FA] 21gl % clean benchell 4] Cycloheximide 50mg/10mL<}

Kanamycin 250mg/10mLE Z}Z} syringe filterste] &38tstal petri-dish® 1/2

_22_



Table 6. Composition of KAN4 agar medium.

CaCly2H:0 1%

Cycloheximide 50mg/L
- Kanamycin 250mg/L

- Agar 1.5%

® VY/2 agar #iA

Magnetic bar® Y- plastic beakerdl F#H 1L} CaCl,2H,05 Y

I

A &, NaOHFE o= pH 7.22 2FATh

2

stirrero] A n¥ks} .
S g 300mLel Baker's yeastZ Yol 7FE3dte] =T, U A 700mL-& N =
7tE3sto] agarE vlE] Yolw 2L AZEEaFd A H2 Holl stirrerg:

ArgEto] FdstA E3eeth. 18l autoclavedl Al 121°C, 1587 1L

ug

oAk, Bt Foll oAl stirrerE ARESEY oF 60°C AT 2 wi7hA

32

1>
o

% clean bencholl4] cyanocobalamin 500uLE syringe filterd}o]
A petri-dish®] 1/2~2/3 A=Z &5 3 o5 AxAZAT. A=A
WA= G e} o] & Ao 7dxstal AEd 3to Hysllohrt ARSIt
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Table 7. Composition of Vy/2 agar medium.

- C&ClzZHzO 0.1%
- Baker’s yeast 0.5%
- Agar 1.5%

- Cyanocobalamin 0.5mg/L

@ Nitrate broth vj=A]

Magnetic barE Y2 plastic beaker®l| </

1o

1L9} o} Table 8.3 %

¢

ZAol AFS AR Yal stirrero] A alEFSHO] 4171 ¥, NaOH
FgANoF pH 7.28 wWFEAT. I ¢S 2 ZpEgtaFe A 9 Hol
autoclaveol A 121°C, 15&3F 1 Hsigith., "W Fof FE3] 23 &

Ahg3kele.

Table 8. Composition of Nitrate broth.

-  Peptone 1%

- Sodium nitrate 0.1%
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® Starch agar HjA|

Magnetic barZE Y& plastic beakero] F#F4 1LeF the(Table 9.) FA

oL
1o

Aok AR WAL stirreroll A aRbsto] §jAIZl &, agarg vlE] WolE
2L AAET Al &A  ©@ Heol  autoclaveol A 121°C, 15X AL+
Atk "t Fol Al stirrers AREste]l oF 60°C7HA] 47 ¥, clean
benchol| 4] petri-dish®] 1/2~2/3 Ax EF 3 t}e AZXAFHT. AFXAZ

WA de} o] 52 Kol xd

=
x

59 3o wstdtl ALgslth

Table 9. Composition of Starch agar.

Peptone 1%

- Sodium nitrate 0.1%

Soluble starch 0.2%

- Agar 1.5%

® Christensen urea agar Hl|%]

Magnetic barE Y2 plastic beakerol &/ 1L} Table 10.°]A agar<b
ureas A9t S TAURE €Il stirrero A uwksle] £3]A1Z1 -, NaOH
FENOR pH 6.8% BEFATE. AgarE vE] Wolw 2L AHEEtzdel &A

g

T2 Holl autoclavedl Al 121°C, 15&%F 2> dHsglh.



stirrers AR&ste] of 60°C A7k 4@ w7k A F,

ureas syringe filterdte] &34 petri-dishe] 1/2~2/3

oe 4

AR, AEA

AR E R e = R I

BT} ALgH

Table 10. Composition of Christensen urea agar medium.

clean benchol] 4]

3

k-

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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3.3. Sorangium #F° BE# R AQAILFES ST A=
@ CAS liquid #i=]
Magnetic barE Y& beakerol =F 100mLe} the(Table 11.)¥3 #&
x4 AokE sAMdE 9ar stirrerolA wwRbste] gafAIZY. 1 vl
nunc tubeo] ImL® Yol autoclaveolA 121°C, 15%-3F 11 H3k o] 23l

ke AHEsT.

Table 11. Composition of CAS liquid medium.

- (Casitone 1%
- MgSO,-7H,0 0.1%

- DMSO 5mL

@ S.C liquid ¥
Magnetic barE Y& plastic beakero] Z<=° HEPESE Y il stirrero]A
wHksle] &A1l F, NaOHF& o2 pH 7.42 23uct. HEPESZE H7bE
fMo| potato starch®t antifoam BES FH7}3F soymeal S AHZtZef~=0l Eol
autoclaveoll Al 121°C, 587 112 H#3tdtt. Ww vlx|o] yeast extract,
CaCly-2H,0, MgSO,-7H,0, EDTA Na-Fe* saltZ #7}a8te] autoclaveol A 121°C,
1583 a1 Adetgley. d sk A7} 29 clean bencholl A mW= Hf sk
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glucoseS H7}ale] ARgslgct.

Table 12. Composition of S.C liquid medium.

- HEPES 5mM

- Potato starch 0.08%

- Soymeal 0.2%

- Yeast extract 0.2%

- (CaCly-2H,0 0.01%

- MgS0,7H,0 0.01%

- EDTA Na-Fe’" salt 0.08%

- Glucose 0.2%
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4. Ho|F9| v

Ho| O 2 Fscherichia colis AAv|ksle] ALgslGtt, WAdH A & o
UE £ coliE nutrient agarvfA|e| streak culture $F 5, 30°C B.0.D
incubatorol Al 24413t &9t A SAIZTE. nutrient broth®l=] 1LE 121°C
oA 158%F 2 g F TE9] A3 v, A @A A E coll 7

W Zo] HE3}ar, shaking incubatorol]l 4] 30°C, 160rpm, 36A]7F &<F vl 5

ﬁ
[y
o
D
=
N
N
i
40
afl
rlo
Lo
)
(@)
D
>
=
=
=
=
0Q
@D
il
S~
o
oo
ol
ol
2
S
o
o
—
o
o
o
o
Q)
DO
o
e
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5. Sorangium @52

EFANESY A R A

5.1.

—~
fi%e)

o

o
Ho
Ha

Sorangium dF2] Eg

5.2.

sk Ao ST21CX agar v A

oJ
=

I e =

ksl
pul

E=Eia

Clean benchol 4

iyl
m

=

H

rvzel

o] &3l Al5E A7 0.3cm~0.5cm

el
HR
L

or

Ly

0
—_
file)

wr

L
o

At} (Figure

A

, 30°C B.0.D incubatoroll A ®j<

4.)

q dndem ofzxel &

]S loading

%

o]

oj
i
-

—

0

incubator ol A

B.0.D

ST21CX agarMl A= &7 ThA|

s =%

o} 44|

M =&
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Sorangium #F7F TFE 299 §lo] ST21CX agardiA|el A d7gstH, ThA|

KAN4 agar¥l A2 74 43189}

k%

v WSSt E £ colie SFTO 58] 3148} autoclaveol A 121°C,

by
rlo

15 7k

A

H#3F . Clean benchollA] KAN4 agar®f=] 9o 200uL-
micropipette® AF&3te] Hdk £ col/i3A NS 100uLA  loadingd}lo]
circular patchE W= t, 92438 AXZAHY. AZXH circular patchd

7] Fatel A et Sorangium ATE

)

B.0.D incubator®ll 4]
HlFst AT, Swarm¥t AL A ] @A Bl @RS S AA| dAvjdow
Hsto], o o} HE %ol #HAEHA %4%kE w, clean benchel A
swarm®|up AR A AF-E W] Vy/2 agar¥fAe] $7 B.0.D incubator® A
skt (Figure 5.)

Vy/2 agardfA|ol A FAEEF Spetar, AAA ] dE7E FE dAE
ol E ARE3sle] CAS liquid ¥iAlE ¥ nunc tubed] &4 AAAA ®HA

L= -80°C deep freezerol] H.T3}SITH.
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l KAN4 agar medium

Vy/2 agar medium

Figure 5. Purification of Sorangrium cellulosum.
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5.3. Sorangium #F9 TA

3 AR #A Yol crystal violet¥} phenole] THrE AAA L=

128 Wolrme 127 @Atk o7l PYP-IODHKI uldAl g 1-2

Zolole  ZFEkAE  ethanol+propanol &M o= 15%7F A7 F thA

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

J

PVP-10OD + Kl for 1 minute (1~2 drop)

ﬂ Water rinse for 5 second

Ethanol + propanol for 15 second

ﬂ, Water rinse for 5 second

Safranin for 1 minute

Water rinse
Purple crystal violet Pink safranin counterstain
Gram-positive bacteria Gram-negative bacteria

Scheme 1. Gram stain procedure.
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® Congo red &4

Congo red A°FS FHFo =9 0.01% solutions WHEo] AF&3T}.
Swarme] Mol Ql: agar plated]®]o] wg] ¥F=o] % congo red &S swarmo]
Ad w7bA Fe v, 108 AF ¥, &9 AASNES W, swarm®
AAARS BE Y. Swarm®] Mol F2Aow Yehpd o A9
Hel7l §ls dol= 4o =2 AT (Scheme 2.)

Result

| Cystobacterinaea | ‘

Sorangineae |

| |

‘ Family | ‘ Myxococcacea ‘ Cystobacteacea ‘ ’ Poliangiaceae ‘ Nannocystaceae ‘
| | |
Genus Myxococcus Archangium Polyangium Nannocystis
Corallococcus Cystobacter Haploangium
Angiococcus Melittangium Chondromyces
Stigmatella Sorangium

Scheme 2. Myxobacteria

@ Oxidase test

90% ethanol® A %3+ 1%

amine oxalate solutions 1:

ojfell A o] A

classification by Congo red staining. !

a -naphtol 843} 1% dimethyl-p-phenyl enedi-

12 E3e §9¢ 2 g Wojmy & 10-30%
B, o, E@lel ols FA Mol
se] Walst glom gHoz Byt



@ Urease test

Christensen urea agar®j*](Table 10.)°] <2 HF3 3, 37C B.0.D

ot
=
X
lo
1%
o
i
L
p‘l
¥
O
re
i)
r
e
1%
rO

incubatoro Al 3~12A17F wj<k

Hjxje] Mol Bx Moz WMl oty MAE oz 7FFEsle] Ao

o
rg
lo
oX
o
fru
i
o
o
S
=

BT IE S

® Nitrate reduction test
Nitrate broth"i*|(Table 8.)° wF& HZE3st] 1294 &<t v g3t
detection solution(Table 13.)& o] A¢] W& H&eqivt. wjgFoe]
Alo] FHeAow el FHow, Ao syl glow FHdom AT

.

Table 13. Nitrate reduction reagents.

Sulfanilic acid 0.8%

Solution A 5N acetic acid 300mL

Total 1L

Dimethyl-naphtylamine 0.5%

Solution B 5N acetic acid 300mL

Total 1L
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® Starch hydrolysis test

=

g
TR

_,oT

AL
00

Fol 48417 Eob W)

A5

Starch agar®j#](Table 9.)¢l

B<
fi%e)
H
i

o

el
,.ao
o)
B

& 7y

ol

s solutiong &A%

’

AFE-E = Lugol

ﬂ
—_
file)

X
B

!

o
i
1mo
W
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6. Sorangium T2 Bj%

6.1. LA WF

37} B 5+ clean bencholl Al Vy/2 agar ®iA|o] A Z=w&te] 30T

Hx

B.0.D incubatorol Al Bl eFdte] S2IA]Z T},

6.2. AAME

aAfFl A T Lol §lal, BEEETE sty AAAe] FETL

o

T dFE5 Adste] AAES Stk AAFS seed culturest
production culture F @WAIZ o] HlGSEGlon, F wjdd ALEE
NA A o] S FAeATE

12} seed cultures= S.C liquid ®iA|(Table 12.) 50mL7} %1 300mL 4H2}
ST o AR A v #AE FESFe] 30T, 160rpme!  shaking
incubatoroll Al 543+ s3I Tt.

22} seed culturex 1xF seed culture®} FL3F S.C liquid ®¥i#] 50mL7}
I3rEl 300mL ArZbEE~Fo] 10mL-micropipetteE ARE3}e] 13z wjtE

TAE YF2 tmAR AE3sFe] 30T, 160rpm¢] shaking incubatoro]A 5U7F

npxjeto 2 thAMAES A7) 93 production culture B AE= S.C

liquid ®i=|] 400mL7} =3He 2L AH2bEdbs~Ae] 24 XAD-16€ 1.5%(w/v)
— 38 —



A7V t. Production ®iA|o 10mL-micropipettesS AFg3}e] 2xF= njokd
oA Y2 SmL® HEske] 30T, 160rpm shaking incubatorelx 107k

RIS LS

w Agel AHEE #F K041 1570E &<t 1614 F 203] 9] diEgm S
B =
[€)
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Z 202 Zob wjorE wjokele] pHE =Adka, 100mesh Aol ZAel w9
XAD-16 A& Wiy FEEeitk. Aol AL dAeE XAD-16 FAE

kol centrifuge

of\
=il
Ll
fru
=
)
2
ula}
it
N
e
2
X
QL
£
N
Lot
P‘l
2
K
O
2
B
=

5 ARE3skY 4T, 10,000 g, 202 B AAEsI] AsHe AAs A,

¢

F3 7A9 XAD-16 FA= MeOHZ} acetoneS 1:19 H|&E= L&
X7}t magnetic barE 2o, stirrer®z A2 6A17F o FE39 ).
FEHLE AFTolE ol&stod AL} XAD-16 FAE M= FsIct. 1

US55 HE acetones AREsle] A2oA 6AIZF FoF e WHow FH

FE FEALS M09 EtOAcE EF5tY], HiAAES HO0ToZ %A
A A3, EtOAcZol sodium sulfate anhydrousZ A 7}3te] overnightd}itt.

FES AT EtOAE S HFHS] NeOHT}  rrheptaneo® AR 3k},
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=

Aol AEAQEEC] pheptanez o2 o]l A A%, MeOHZE

o
=2

o

FAch. ol@A A& FEES XAD extract, & XE'@ W i, oA

G} g el gMAlgR A8t (scheme 3.)

Fermentation broth of Strain KMO141 (320L)

sieving
centrifuged

XAD-16 resin and Wet cell mass

extracted with acetone
concd.

Crude products

Partition, Ho0/EtOAc

M 1
H)0 layer EtOAc layer
concd.
Partition, mHeptane/MeOH
| |

nHeptane layer MeOH layer (XE)
(60g)

Scheme 3. Work—up procedure of Sorangium cellulosum isolates.
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8. o KM01410] AASIE A 2L HAMIES £

et Este] 42 #F KN0141e] XEE TLC ¥AZARE wigom
chemical screeningS 3}¢] normal-phase chromatographyS 3} th.

3x30cm 719 column= A&}, stationary phases= silica gel,
mobile phasei= CH(Cl,, MeOH& AF&3FAvh. &z CHCl, 100%(fr. 1),
95:59] CHCl,9}F MeOH(fr. 2), 90:109] CH,Cl,2} MeOH(fr. 3), MeOH 100%(fr.
4)9] HlEE AREote] WA oR EFES Uitk 95:5M] &9 CHClLS
MeOHZ #2]¥ fr. 25 CHCLS} acetone2 @ CHCl, 100%(fr. 2.1), CH,CL,%}
acetone 95:5(fr. 2.2), 90:10(fr. 2.3), 80:20(fr. 2.4), 100% acetone(fr.
2.5)9] H]&= silica gel column chromatographyst@itt. o= A 2k fr.
2.3S reversed—phase chromatography 3}$itl. Stationary phaser= RP-18%
AFE3FA AL, 2x30cm= 719 columns AFE-3}3ITh. Mobile phase™= MeOH¥ H0E

A} LujxAL 60:409] MeOH¥} H,0(fr. 2.3.1), 70:30¢] MeOHZ}

ofo
Ol

],

52
n

H0(fr. 2.3.2), 80:209] MeOH¥} H,O(fr. 2.3.3), 90:109] MeOH¥} H,O(fr.
2.3.4), 100% MeOH(fr. 2.3.5)¢ #H]&= RP-18 column chromatography=
ST

1 =, fr. 2.3.3% normal-phase chromatographydtSith. 2x30cm=7]2]
columme AFE-3}1 3L, mobile phase™ mhexane®} EtOAcE 40:60(fr. 2.3.3.1),
30:70(fr. 2.3.3.2), 20:80(fr. 2.3.3.3), 10:90(fr. 2.3.3.4), 100% EtOAc(fr.

2.3.3.5)9] H]& = silica gel column chromatography3a}$ith.
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54 AEY B4, IFE9 Eexd AF 2 == HUME 95k
analytical HPLCE WA 35}3it}.

Reversed-phase chromatographys CAPCELL PAK C18 columns AR&3F3 L
mobile phase:= MeOH, H,0, MeCNZ gradient mode®} isocratic modeZ ©]-83}o]
22139 t}.  Normal-phase chromatographys YMC-Pack SILS AF&3FH
mobile phaser mhexane, CH,Cl,, MeOHS A}-83}o] gradient mode®} isocratic

mode® A 3}3ic).

)

wAoR A xHow 43 sRtES A7) s, fr. 2.3.3.25 semi-

.

preparative HPLCE <33}t}. CAPCELL PAK (18 column= A&
mobile phase= 63% aq. MeOH, +< 4mL/min, UV 280nmo] 4] isocratic mode=
3R, Run timeo] 160min € uwf, 285mmolA HUSTE Hol= 33E

3.9mgS #2383l th. (Scheme 4.)
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KM0141 XE (60g)

Silica gel c.c
CHoCl9:MeOH

(CHoClg:MeOH = 95:5 )

(CH2C123AC6

(MeOH:Me

(mrhexane

Silica gel c.c
CHoClo:Acetone

tone = 90:10)

RP-18 c.c
MeOH : HoO

OH = 80:20)

Silica gel c.c
m—hexane:EtOAc

:EtOAc = 30:70)

RP-18 semi-prep HPLC
(Shiseido, 10mmX250mm,
63% aq. MeOH, 4ml/min)

Spirodienal D 3.9mg

(Rt =

Scheme 4. Isolation of Sp

160 min)

irodienal D.
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9. A= A A

9.1. A

i)

of AHgE FE

rr

gty A2 paper disc LS AREsiiew, A
T1#kkA A9l Staphylococcus aureus, L&A A4Sl Escherichia coli,
a8lal @ %% Candida albicans, Rhodotorula rubra 52 AF&3FTH. viA] =
E. coli= Nutrient agar WJX|(Table 2.)&, S. aureus= Micrococcus agar
WX S, C. albicans®t R. rubra= YM agar A (Table 3.)Z Z}7z} A3},
Zyzke] wjAle] Y= 5 streak cultureste] 30°C B.0.D incubator ol A]
st dstAlZth. Clean bencholl Al 43 Azl Ald 2 aX9 colonyE E+

ZR4ol 247k f48kel, o % 20004 Zze] WHol loading @ F, ]

N
o

bt

>

E=Riois

N

73 6mme] FAEZ HA

off

HAdh = o yEd =g
paper disc(ADVANTEC, Japan)ol MeOH:CH,Cl,=1:1 H]&-2] &vj2 A3t ARE
20uL” loadingstal, thE+= MeOH:CH.Cl,=1:1 H]&<l &wjE 20uL*® loading
St th. Loadingdt paper disc7t €+d3s] A=A H, ¢F 3em HE9] 7HA]

}

32

ok Zhzbe] A= 30°C

ol

FAEAE =33, ANIdTe iR 53
B.0.D incubatorol] A 48A|7F &<F w3k 3 inhibition zone® = 7|Z vernier

caliper® =43} t}.
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9.2. AXEA
2 Ao AEFA " Spirodienal Do} AAF A FEE
T%74A # Spirodienal A, B, Col g ME=A AFS d3}8ted 40

o] g5l SasHT.

O FAE wiF

A-549(Lung carcinoma), SK-OV-3(Ovary carcinoma), SK-MEL-2(Melanoma),
HCT-15(Colon carcinoma)®l] gt M =Ad-& #2el ).

ATCC(American Type Culture Collectiom)At=FE Ad HEFE 4 o}
10% heat-inactivated fetal bovine serum(FBS), penicillin(100units/mL),
streptomycin(100pg/mL)S # 7}8k DMEMS BlFel o & 5% C0,, 37°C vjoF7]ol A
jFetion, MEEE7E FolAH 4 & 5k trypsinA 2 (0.05% trypsin,
0.02% EDTA in Hank’s balanced salt solution without calcium and
magnesium)stel A EE wojo] A&, AR A AETE A5

(logarithmic phase)ol| UE=F wgslslar, & Agol= 1568 ool A

e
P
ft
ox

2 SRB assays ®ote] SAHSTE. MEE trypsin-(DTAS- Ko =

ofo
)
4z
L
(g
o

B2 A7]a, 96 well flat bottom microplate(Falcon)e®ll

f
N
QL
32
i)

35 MEEL (0, incubator WolA 24A17F F<b njFslo]
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Hhetel]  3-2HA]

TE

B % aspirator® HJAE A ASAT. Log dose® Al5E

=

=

0]

A Edy

RS filter® o¥ale] A|E7} 7}

o]
gl

-
T

wellell

miliphore Edy

O
A

o

-

3= (triplicate) ® golFa, 48A17F =<F tv] wujk t}. DMSO(Dimethyl

sulfoxide)® 3| Alatglom . olu Axe] 7}AE DNS0S F% 0.5%0] 817}

% 7

4

== st AlEZE AlESE 48A1%F w4 well®] WiA|E A7 8kaL

10% trichloro—acetic acid(TCA)E 100uL® 7}slo]  4°Coll A 14]

dhet W] mAA AT

Oll

SEEEIRED

m&
ru

Aedn AN F

’

plateES UHA| wellQ 100pL¢ 10mM trisma base

Q ol o

o 1=

(unbuffered) 7}ske] titer plate shaker® 10%-7F shakings}od

o3 A0
1= |

=

=

FE

71

A7 3, microplate readerE AFg3te] 520mmoll A E

KN
=

2= Doxorubicing AFEE}SI T},

Al
2

Fol= A EZZ2] A& (Inhibition rate, %)= U

(Sample OD — Blank OD) x 100
Negative Control — Blank OD

Inhibition rate (%) = 100 —
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m. 4¥d24% % 23

1. 299 Sorangium 7F¢ 3 2 EA

Ul Ego=iy AY MES F3] Cellulolytic myxobacteria 96
e oFokA wYet. HaE ARAE ™ ST21CK  agardiA| o]
EYANRE loadingstil of 7~149 o] FH-EH oA 7} Rl 7] A Zeto o
2 o995 34 yellow, orange, black colord A}A A7} #AzE AT},
dFE AHAAE ANZLE AAAE &- ST21CX agardiA|ol &4 &stH44S
AR H, AEAAZE E coliZ circular patchE ®HE KANA agarwll#] 99
AT, Swarme] HAUIZFH I AHE o] Vy/2 agar ¥iA| ] &3 H, 3~7d
A% 5, WA FHOo® swarm AHEAZE AU, 2 wiA] 9o
swarm¥ AP AZE Bol FY& FASAY, swarm¥t ARPAZE BEo] wfA]

otz a1 =Y. AAAe] ME vyellow type, orange type, black

FPATE AAAZ FANA G BEAZE] FRAES} Wil AAA o)

woll oMt o] Fheetltk. e Zzbe] wix|el A wjeksiiE o,
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Yellow type

Red type

Black type

Figure 6. S. cel/lulosum on a filter paper on top of a ST21CX agar plate.
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Red type

Black type

Figure 7. S. cel/lulosum on a KAN4 agar plate.
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Yellow type

Red type

Black type

Figure 8. S. cel/lulosum on Vy/2 agar plate.
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B E oFE FoA] yellow typeo] 709 A== 71 ®Wo] Ry mglon,
black type®] 20%, orange type®] 10% A= Z1t}.

At A, HE F 2~3¥0o] AHIEH Myxobacteriall EA<Ql Zt2~T 9]

oAM= AL Aol Wz gol S A4US & 4 AL, urease testol A=
jx)e] Ao W37l glo] SAYS ¢ 4 Q%Y. Nitrate reduction

testo| /] detection solution(Table 13.)< H7}stQ iy HeMoz WHElo]

do
lo
Jm
oX.
|t
ftlo
juy
=
oft
o
tl
o]
(@}
=
(o)}
D
<
=
=]
QO
=
ey
ol
©
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o
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<
R
i
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r
O
(@)}
£e
N

55 Sorangium cellulosum ©.2 & 73T},

adY H2 A3A TN A Cellulolytic myxobacteria®] A3 2 el

Jm
o
2

celluloseE 3 A7]1= 5HFH A Bacteriolytic myxobacteriall A3

a2
ro

Jm

Aol &3t 58S 7FH Polyangiaceae¥} 2] Byssovorax cruenta’?t 7
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Qg}]\q.SI*SZ
TS Cellulolytic myxobacteriat™ 15 1592  Sorangium cellulosum?t
AdAE o gto}, dF AFdAE AAAEY AME aEsEe Hox 2%

ool Arkir AlkElolgtar T ol Ay Ao M= Hojr A|7FA] o]t

1.2. 5 KM0141¢] 54 2 5A

Aol AR #F K041 F7E &AA A AP EFAZ A
EelEAnk. 30°C, pH 7.4 wf o] Fokow, At HAA dAnAow
AR A o] JeE #ES 4 ATk, ST21CX agar plated] %91 AAAE
Saliste] w24 ALAE FAelal, KANA agar platedl M= B3t £
coi 13| NS micropippet &2 WHE circular patchE wa} UE71#] 3 H <
swarm¥}  AHRAE @A, ey BustAl @2 £ coli3A NS
AF8-31o] circular patchE THE KAN4 agar platedl A& AsHA] X3ksidt.
2jal Vy/2 agar platedl A= FAL swarm¥d A F&M AAAE

FAstdn. £ v ZdE a5l HisiA el waal, dA7IZE o4
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SA S SHAl HE wfR o] e Fe A #= 5SS B (Figure 9.)
T37F 2 FF KM014LE 23 Al F2Ao® o] Hof 13haAd

Al el #HQ1ekalar, congo red ¥4 A3 swarmo] FAEA ol SAUS

BHelakodth.  Oxidase testollAe= A9 Mol WA o} AL

=
AL, urease testoll A= wjA| o] Ao Wty flo] FASlS 215k

Nitrate reduction testo]4]+= detection solution(Table 13.)< #H7}st3tiYy

Y
flo
S~

Mo g HEle] Ao w Bl al, starch hydrolysis testolA X

Lugol’s solutions "ol S uf, T sto] By o] kAl Folstitt.

=
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ST21CX agar plate

KAN4 agar plate

Vy/2 agar plate

Figure 9. Cultural characteristics of S. cel/ulosum KMO141.
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wgror], Fehsao

o] potato starch®} soymeal-sol

& g mAE BEAE o F ko] 16s

(]

qe sast. o APe Fstel #F K014l S

i

Aglatin, AFAYFIATI AEAL

Figure 10. Shaker cultures of S. cellulosum KM0141.
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Table 14. Morphological and physiological characteristics of strain

KMO141.
Spore dimensions(um) (0.6~1.2)x(3~15)
Optimal temperature for growth 30°C

Gram staining -

Fruiting bodies on Vy/2 agar

deliquescent -

consist of sporangioles +
Myxospores

cylindrical rods +

optically refractile +

Swarm

Stained with Congo red -

Enzyme activity of
oxidase -

urease -

Production of pigment -

Reduction of nitrate +
Hydrolysis of starch +
Digestion of cellulose +
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168 FAL ANSE RNSFEES Bl AT ANEY AYL

St Ao W3t Ay= FAJo] (1= ZHA9ol: —, inhibition zone©]
A ofsk A4S YElE ASele £2 Z7|sda, Aol U=

7d$-¢l inhibition zone®] # 7S vernier caliper® =743} Table 15.¢

oot

39S B 9o FERL ARl FTAY AL T A%, F 7

T & A AR £ colidl Wske] 14 #5(18%), TEEd Al S
aureus®| Wste] 42 #5(54%), @R K. rubra®t C. albicans®| Wlste] Z+z}
6 T7(8%) <F 26 T5(33%) Aol A& AsST.

o2 AFAde]  2J3H  MyxobacteriaZt Mt FollAl Act inomycetest
Bacillusol olo] Al HAZ W AgSd=dS s e Aoz 4dA
Rnom, WA o RRE FHE RS oF 95%0]/do] AESHA &0l

Atke Bazb AATHTT B AdeAE REE dFES HARIEE
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aged A g A, &R Tl digh @48 vERddle™, HA
7Y oF 0%t Aol e AR YEHT. O FoAME #F
KM10282 £. coliel HisA 7Hd €& 45 vERUlen, ¥ KI01412 S.
aureus®l tiste] 7HE £ A4S YERAL, 1 Ho®E 5 KM1052%
5 KM10930] &Ade] yebwttl. ze]lar w5 KMI033S €. albicansol o3l
2 &4 eI

AegAFo|A 5 KM0141 wigANoZHE  FokAR o]y e

e
Lo
01011
=
fru
Ho
-
N
24
=
>~
ol
[-'>~
it
il
o
ox
e
_O‘L
rir

Epothilone % Spirodienals”

Table 15. Screening of S. cel/lulosum for antimicrobial activity.

_ Conc. Inhibition zone (mm)
Strain (ug/uL) z

. coli S. aureus R. rubra C. albicans

KM1001 50,000 - - - 7.4
KM1002 10,000 - - - 1.1
KM1003 10,000 - + - -
KM1004 10,000 - 8.9 - -
KM1006 10,000 + - - -
KM1007 10,000 - - - 9.1
KM1008 10,000 - - - 11.2
KM1010 50,000 9.8 - - 8.8



KM1011
KM1013
KM1014
KM1015
KM1016
KM1017
KM1018
KM1019
KM1020
KM1021
KM1022
KM1023
KM1024
KM1025
KM1027
KM1028
KM1029
KM1031
KM1032
KM1033
KM1034
KM1035
KM1036

KM1037

50,000
20,000
50,000
40,000
10,000
10,000
10,000
10,000
10,000
20,000
50,000
50,000
10,000
50,000
20,000
40,000
10,000
10,000
10,000
50,000
50,000
50,000
50,000

50,000

-+

15.5

-+

13.6

10.5
8.6

11.9
12.1

11.2
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KM1040
KMO141
KM1042
KM1043
KM1044
KM1045
KM1049
KM1050
KM1051
KM1052
KM1054
KM1055
KM1056
KM1057
KM1059
KM1060
KM1063
KM1064
KM1065
KM1066
KM1067
KM1068
KM1071

KM1072

50,000
20,000
50,000
20,000
20,000
10,000
20,000
20,000
50,000
20,000
10,000
10,000
10,000
10,000
10,000
50,000
10,000
50,000
10,000
10,000
50,000
50,000
50,000

50,000

-+

27.2

12.8

H

-+

21.4

7.0
9.1
9.5
11.4

9.3
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KM1073 50,000 - 11.5 - -

KM1074 50,000 - - - 15.1
KM1075 50,000 - 6.8 - 9.9
KM1076 20,000 10.5 + - -
KM1077 20,000 8.0 - - -
KM1078 50,000 - 17.0 - 10.8
KM1080 20,000 - T - 10.6
KM1082 50,000 - 11.9 - 7.5
KM1083 50,000 - 7.6 -
KM1084 50,000 - 8.1 -
KM1085 50,000 N 12.8 -
KM1086 50,000 = - -
KM1087 20,000 - n 16.2
KM1088 50,000 S 3.8 14.8
KM1089 50,000 o 14.8 9.6
KM1090 50,000 - 9.5 8.9
KM1092 50,000 - - 15.2
KM1093 50,000 - 19.5 -
KM1094 50,000 - - -
KM1095 50,000 - - -
KM1096 50,000 + 8.4 -

- Determined by the agar diffusion test using paper discs of 6mm diameter.
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3. KM01410] AALEE= A 2E AR Y XA A

Spirodienal®] E#3}et#d EAE Table 16.9] veERATE. FAo oA
AeE EoEdar, 285molA Vel Ao F4E wdd. ®C NMR¥} DEPT

datag Este] &4, 4, AAER A9 FELSE & & A, High
resolution ESI-MS dataZ¥E Fal EAAE  CyllsOs(FA:  506) 0.2
A3k tt. IR datax MMR data®} A Blasle] 3473cm™'e] &4+ hydroxyl

group(-OH), 1671em™ ¢ 3<%+ carbonyl

A

2

o

PN
T A

Table 16. Physico—chemical properties of Spirodienal D.

Spriodienal D

Appearance Coroless o1l
Molecular formula CsoH5006
Molecular weight 506

HR-ESI-MS m/z

Found 529.3504 [M+Nal*
Calced. 529. 3500
UV (MeOH) A ,.xnm (log € ) 277 (4.27)
IRV yox (KBr)em™ 3473, 1671
[a ]2 +30° (c.0.10, MeOH)
TLC (Rf value)® 0.63

Soluble

Insoluble

MeOH, EtOAc, CHxCly, MeCN

H,0, n-hexane, n-hepane

# Silica gel plate, EtOAc-Hexane (1:1)
_64_



Detector B-280 nm : ]
Spectrum at time 160 65 min.

— #0e&smin ' '
Larbaa max: Z5F 200 373 74 253
4004-- Lawbad mir © 236 357 372 352 373

' 1 1 :

300
£ '

2004 :

4 29 =5 5 Z'Ya 33 23 al 37, 400
100+ ﬂ.-ﬂ ---------------------------------------------

g-_‘.'il h

T T T T T T T T T T ’_; 1 T T T T T T T T

0 20 40 E0 80 100 120 140 160 180 200

Minutes

Figure 11. UV spectrum and HPLC profile of spirodienal D.

“C NMR=} DEPT dataE E3le] 370¢] quaternary carbon(§136.8, &§132.4,
§99.1), 5709l oxymethine(§77.7, 677.3, 675.7, 672.1, 670.4)%
10719 methane( §193.1, §156.9, 6147.7, §128.3, 6120.9, &36.8,
§35.4, 635.2, 633.05, 626.0), 370¢ methylene(§47.1, §36.83,
§33.37), 1709 methoxy group(-OCH;, &55.4), 8702] methyl(&§17.9 §16.7,
§16.2, 613.8, §13.5, §12.6, §8.12, §4.6)°] &A= RS & F
ARk, webAd 'H NMR, “C NMR, DEPT dataZ %53lo] 3070¢] carbon} 487} <]

protong & = AT} (Figure 12.)
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Soll/ent

. Lo bl |_L| [ | | leLL |“|H
i

Ll TR
v

uaternary carbe | —
|(Jnte|nn_\ carbon (3) L) CH, (3)
DEPT 90

. | | I

l ‘l('H (15}[- |

Ldlendeed

DEPT 45

il i Lo

T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 PpPmM

Figure 12. DEPT spectrum of Spirodienal D. (C¢Dg, 200MHz)

ol

¢}, Da

olr

HMQC data & E3te] Z+7+9] carbon ¥} proton & GZAAAE

_l {

ta oA &wju A FFol] 7R AUE carbon( §128.3)9] =R} o] 9} AAH o

2+ proton( §6.10)= 13 4= AQUTh. HE3F carbon # proton 9] chemical
shift & %&38}o] #9213k aldehyde group(§193.1 2] C, §9.3 ¢ H)¥} methoxy
group( 655.49 C, 6§3.5~863.129 H), 8§70 59 carbon ¥ 8359 pro

ton &2 & 4= 9= oxymethine, 12]3L chemical shift & o243 §99.1 car

bon 9] ketal carbon &= 5E oxygen = FA2 CoHs00s B thZ3}e] ketal 2

l

SH-0-C-0-)3} 2 71 9] hydroxyl group(-OH)¢] &A1+ F=4 3} ).

IHD %ke]l 6 o]= =, carbonyl groupd}t 3709 olFZ2dS 7HAa &5
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nefste] 2709 ringel EAEL el YLt

SE,
o,
=)
44
N

TZ% = H-' COSY, long-range 'H-C HMBC correlation

rir

=l
spectroscopy?] Aoz AAE AT},

'H-'"H COSY data® =3 aldehyde C-1(8193.1)¢] proton 6&9.3%E (-3
(6156.9)9] §6.871A19] 4= REFEIS & F AL, C-5(86147.7)]

proton §6.13%F (C-29( §13.8)2] proton §1.537FA]¢] dAZAZ HEFTZI

il

o = AT TS, C-7(8577.3)9] proton §3.53FE C-9(636.83)2] proton
§1.827 §1.867h4¢ 4= R EFXMS & 4 A, C-12(833.3)9
proton §2.36%} §1.5%F (-26(54.6)2] proton §0.967}A2] A=z F&
TZVIE 4 ¢ AATk. 28l C-16(636.8)¢) proton §1.60 oA C-
25(88.12)°] proton &§0.677k4]8 AAR FEFEVE C-21(6120.9)9
proton( §5.29)¢} C-22(613.8)2] proton 61.53 Alo]e] AAR REFTZVIE
&4 4 AU (Figure 13.)

Zae]x H-11, H-13, H-14, H-16914 (C-122¢] Long-range 'H-"C HMBC
correlations &3l &3t F 7N ringd 725 ¢ F UMY, o=

3 ZALE spiroketal ringd-S &elstitt. (Figure 14.)
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Y zjx/:f

Partial Structure I Partial Structure

Partial Structure III

22
“lzaq
21 20
Ry
Partial Structure IV Partial Structure V Partial Structure VI

Figure 13. Partial structures of Spirodienal D.

HCO HO

Figure 14. HMBC correlations for spiroketal core.
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Long-range 'H-"C HMBC correlationg E3dte] 1ol VIZIAe RE

FzxEo AAFAAZS wYrl. 309 proton §1.529F (-3, C-4, C-5%7F9

i

AZAxF9 (-39 proton §6.803 (537t dAZAXEZE T HETFERI I

il

o] A& dZAYe] AS&S & 4 YAk, =3+ C-299] proton §1.063 C-

il
¥2

7AFole] AAXNT 9, (59 proton §6.137 C-7AFo]¢] AAXNTE Ed}o

A
oY
N

Oe} Mol M2 AZdHe] S & AATE. T3 BESFZ C-

ol

=]
n
89] proton &1.813 C-10A}o]olAle] AAA G 9t C-102] proton §3.363 C-
11Abe]e] A4 A&, C-129] proton 62.37% §1.529F C-11AFo]¢] A A A3 ¢}

C-159] proton &63.67% C-11Atole]l AZAAZTE &3 F 79 ring 2=

AANTE T AZE AZAH &S & F A%aL, C-159] proton §3.679]
C-117} C-13Afololl A AZAAIS 7} Shelxlo] (-157F HEFZIVE Ao
98-S < 4 Aot aglar 259 proton §0.677 C-169] proton §1.6&

C-15tolo] AN E} HelEo] A= Ao} U & 4 AU, 239

Ao670e] HEGF9} spiroketal ring®] ZA3$o % Spirodienal D9

=
HHFZE W3, (Figure 15.)
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Spiroketal ring®] side chaindl &A3}t= ©lTZ24¢E2 configurations
vicinal coupling constants®} NOESY data® o]Fol&Htl. H-2(66.10)¢F H-
3(86.80)9] vicinal coupling constant 15.2Hz= (£)configuration®S &
AATE. TS H-3/H-5, H-29/H-30<] NOESY correlation® H-19/H-21, H-22/H-
232] NOESY correlations &3} o]lTA3E9 configurations & 4 ATt
Spiroketal ring®] relative stereochemistry+= H-7/H-28, H-9b/H-7, H-9b/H-

10, H-15/H-14 ¥} H-8/H-9a, H-9a/H-10, H-10/H-12b, H-26/H-12b, H-26/H-27¢]

off

NOESY correlations &lstgion, 7]&d oA BFHAW  Spirodienal
ALY sdgt JAFEE 7HAL A&5S FAsA T (Figure 16.)

Wt F 709 side chaing 713 A2 detE 24 Spirodienal DE} ™

3t} (Figure 17.)

Figure 16. Key NOESY correlations for spiroketal moiety.
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Table 17. C and 'H NMR chemical shifts of Spirodienal D (CgDs, 900MHz)

§C¥ SHY  Multiplicity J [Hz] HMBC

1 193.1d 9.3 d 7.2 C-2, C-3

2 128.3d 6.10 m 7.2, 15.3 C-1, C-3, C-5

3 156.9d 6.80 d 15.3 C-1, C-5, C-30

4 13248 -

5 147.7d 6.13 m 11.7 C-3, C-30

6 35.2d 2.7 m C-30

7 77.3d  3.53 m 6.3 C-29

8 26.0 d 1.81 C-7, C-10

9  36.83t 1.82 7.2 C-7, C-8, C-10, C-30
1.86

10 70.4d 3.36 C-11

11 9.1s -

12 33.37t 2.37 dd 9.0, 12.6, C-11, C-13, C-14
1.52 s 15.36

13 77.7d 3.82 m

14  33.05d 2.14 m C-12

15 72.1d 3.67 c-7, C-11, C-13

16  36.80d 1.6 C-17

17 75.7d 3.7 C-16, C-18, C-19

18 35.4d 1.7 m C-17, C-19

19 47.1t 2.4 5.4, 11.7, C-17, C-18, C-20
1.87 7.2, 7.6

20 136.8s -

21 120.9d 5.29 C-19, C-23
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22
23
24

25
26
27
28
29
30

13.8 ¢ 1.53
16.2 q 1.58
16.7 q 0.71
8.12 q 0.67
4.6 g 0.96
55.4q 3.5
17.9 q 0.72
13.5q 1.06
12.6 ¢ 1.52

6.3
8.1
7.2

7.2, 6.3
6.3
8.1
4.5
6.3

C-20, C-23
C-19, C-20, C-22
C-15, C-17, C-18,

C-19
C-15, C-16, C-17
C-13, C-14, C-15
C-13
C-7, C-15
c-6, C-7
C-3, C-5, C-29

a) Chemical shifts are shown with reference to C¢Dg as 128.3ppm.

b) Chemical shifts are shown with reference to CsDg as 7.1ppm.

¢) Multiplicity patterns were unclear due to signals overlapping.
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4. BELA

4.1. F7EA

e

3

%

i 42 paper disc HE ARSI, S, aureus, E. coli, R.
rubra, C. albicansE o= AFstgct. M2 33IE Spirodienal D=
spiroketal coredl T 709l 71 side chaine] &A3t=d], 3&EE dienaly
configuration¥} 3}t}e] methylene®] ZAgto] thE HEAojtt. SUojA
Aty Fdo| w2 FE7} spiroketal coreoll F 7B %1 side chain©]
EAst= FERAo R v fAMSE 8FSHE Spirangien A, B7} S, cellulosum
(strain So ce90)oll A Eo¥ Aoz FAEQAL. T3 Spirodienal DO
HAAE methylened AR T2 FEA| oA RE Spirangien A7} yeast®}
fungiol digt e &4& Yeidle ez BaHYch.®
12y} Spirodienal Doll 3l &l Ao AlgFo diste] Ao
C AT ATl EelEAY Spirodienal A,
B, CollM: Al w500l sl &4 o] gIE Ao= YL, ol FE&
XEollA  HSIE S, aureusel WE &d=4o] Spirodienalse] ofd T&E

=l 9§ o= Bl
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4.2. Ax=E4

Fol= A2 33ES SRB assay'3HOE AE AE

D
U .
o
@)
S,
D
@
o
=
=
0Q
tjo
Hd
o

ftfo
filo
o
o
ol
o,
0
=
Hd
At
oX,
=2
=
<
11t
ol
o
ol
A
o
Lo

(o]

A-aeell o Fste] =353t

T XA wEW spiroketal rings X3 HAAEQ o= Y sfHAA
w25 Altohyrtin A®%= KB cell®} L1210 cellol e MEHAS Holx 3
St&ol | Spongistatin 17-& melanoma, lung, colon cancer cellol] A|EZEA
S yehd Bk oy} A-549 celld} leukemic cellell thal apoptosisf+it &
H7F Qe Ao BuHATh. W3 S cellulosuml A E2]E Spirangien A, B
T X g4 wyk ol 1929 mouse fibroblast cellel sl mj$- &

AEEHY GAE HE AoR HUe) (BrA Bas e

e

ol

olelgt FxA o7 wjg- FAG YEEEY AEEAL AFEAIAE F S

%l Spirodienal A9 # A5A 2l¥l Spirodienal D& HCT-15 1%t
A%t AE 9 359 AR o Ao diste] AxESAE AFEES sy, 1 2
7}, Spirodienal Di= A-549 cellell ths}e] ICy 0.604uM, SK-OV-3 celleol A<
[Cs 0.722uM, SK-MEL-2 cellell A ICso 0.491uM, HCT-15 cellelA] ICs 0.182uM

o Al

e

548 YERSI T (Table 18.) o]t STFA=ZA FHL A A5
+ anthracyclineZd] &2 A Doxorubicin®] HCT-15 cellel]l thsle] ICs 0.38uM
A ARY oF 2n) A3t S HYT, TdXAbe mEW FRHoE FALS

3}8HE Spirangien A, B 7%+ methyl”] B+ ethyl”] A&y thE 554

=

e

it

At FAT} AZEY AGNA B Aolsk Uk, EF HYAT 9

H

2] % Spirodienal A%} Spirodienal C+ geometrical isomer?] =}o]=]x%k

ol
M
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A= 2vfoll A EAl= 108 o]/de] & AbelE Ko™, Spirodienal A,
B, C, D reference?l DoxorubicinX.t} HCT-15 cellol] thal] 2F 1.5ujol 4] 7#)

A% o e BHS BT, w3 o] ] Ao FFREL N2 FrAoR #

(o3

Abalg o, & cancer cell linedl A% A A= 260 A ZA = 108l 7H7t
+ 49 AolE BT, wEba 22 Fx2E Aol Estal A=A

Apgol T tehdtis AL oy

ol

1=
Spirangien A, B9 XA So ce902 Epothiloned A4tslE Aoz H Il

Hoom® B oI o]8¥ #F KM01419| A% Epothilones AAtsl:= A

o

N
I

2 QA Ao W E vl Qlt). o] Epothilone°] AAtE = H#F2HH A

ok A ¥E54S UeERNE spiroketals3tgtEo] ¥ 9SS e

Table 18. Cytotoxicities of Spirodienals A-D.

ICso (llM)
compound

A-549 SK-0V-3 SK-MEL-2 HCT-15
Spirodienal A 0.091 0.224 0.095 0.053
Spirodienal B 0.562 0.837 0.364 0.261
Spirodienal C 0.878 1.284 0.826 0.144
Spirodienal D 0.604 0.722 0.491 0.182
Doxorubicin 0.029 0.067 0.006 0.380
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o] 427 F(54%), @ RN = R rubraol st 6475(8%), C. albicans®] W
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YC NMR, gHSQC-DEPT, gHMQC, 'H-'H gCOSY, gHMBC, gNOESY data, UV, IR —z@]aL
HR-ESI-MS datas 7]% 2 ZA3}o] Spirodienal D} W3}t ok B AF

Ao A ok Rl Spirodienal A, B,

()

= 4o A osf 20051
of oln] Birxlo] gl Spirangien®] #IAtER FAEE FRYOH, oH
AN EA #2]¥ Spirodienal D& 9A] #8]¥ Spirodienal 3-&3} H| =3 %
£ 7HA oy, ReAER mIlde ofde FHE B, webA side
chain®] At aAdd i F7F4 A7 B8 Aoz And.
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. H NMR spectrum of Spirodienal D (900MHz, CeDg)
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. HR-ESI-MS data for Spirodienal D

IR spectrum of Spirodienal D

. Deposit certification of KMO141
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Data File: D:WESI 7| 7| X & Data¥20101119WKMU_LH_1.lcd

Elmt | Val. Min Max Elmt | Val. Min_Max Use Adduct
H 1 0 300 0 2 o 12 Na
Cc 4 0 150
N 3 0 0
Error Margin (ppm): 10 DBE Range: not fixed Electron lons: both
HC Ratio: unlimited Apply N Rule: yes Use MSn Info: no
Max |sotopes: all Isotope RI (%): 1.00 Isotope Res: 10000
MSn Iso RI (%): 75.00 MSn Logic Mode: AND Max Results: 10
Event#: 1 MS(E+) Ret. Time : 1.855 Scan#:191
273.1650
9.000e6
8.000e6
7.000e6 293.6772
6.000e6
5.000e6
4.000e6] 2736669
3.000e6] 294.1784
2.00066] 2481450 303.1829 529.3504
302.6827 526.8416 |
1.000e6
e \ l “l l 321.1674 i 526.3443
! i I L A .

o
100.0 150.0 200.0 25

Measured region for 529.3504 m/z

100.0+

50.0+4

529.3504

0.0 300.0 350.0 400.0 450

530.3618

0 500.0 550.0 600.0 650.0 700.0 750.0 800.0 850.0 900.0 950.0

G AY
5288 5200 520.2 5294 520.6 5208

5300 5302 5304 530.6 5308

5310 5312 5314 5316 531.8

C30 H50 06 [M+Na] + : Predicted region for 529.3500 m/z
529.3500
100.0n ‘
h
|
i
|
|
|
| |
|
50.01 1
[
|
[ 530.3534
| ‘
I
i i
! i
o i 531.3563
G T T T / ; T T T T 3 \ T T T T T T T
528.8 529.0 529.2 5294 5296 529.8 5300 530.2 5304 5306 5308 531.0 5312 5314 5316 531.8
Rank Score Formula (M) lon Meas. m/z  Pred. m/z Df. (mDa) Df. (ppm) Iso  DBE
1 66.11 C30 H50 O6 [M+Na] + 529.3504 529.3500 0.4 0.76 66.11 6.0

HR-ESI-MS data of Spirodienal D
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BUDAPEST TREATY ON TIIE INTERNATIONAL RECOGNITION OF THE UEPOSIT
OF MICROORGANISMS FOR TIIE PURPOSE OF PATENT PROCEINWERE

INTERNATIONAL FORM

RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT

issued pursuant to Rule 7.1

TO : AHN, Jong—-Woong

Division of Marine Environment & Bioscience, Korea Maritime University
I Dongsam-dong, Youngdo—gu, Busan 8058-791
Republic of Korea

1. IDENTIFICATION OF THE MICROORGANISM

Accession number given by the
INTERNATIONAL DEPOSITARY

Identfication relerence given by the |
| AUTHORITY:
i
|

DEPQOSITOR:

Soranginm cellulosum KM0141
KCTC 11426BP

S H

. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under I above was accompanied by:
[ x ] a scientific descripton

[ 1 a proposed taxonomic designation

{Mark with a cross where applicable}

. RECEIPT AND ACCEPTANCE

This International Depositary Authority accepts the microorganism idendfied under I above.
which was received by it on November 18, 2008.

IV. RECEIPT OF REQUEST FOR CONVERSION

The microorganism identified under 1 above was received by this International Depositary
Authority on and a reguest to convert the original deposit to a deposit
under the Budapest Treaty was received by it on

V. INTERNATIONAL DEPOSITARY AUTHORITY

G AR

i Signature(s) of person(s) having the power

Name: Rorean Collection for Tvpe Cultures w represent the Internaticnal Depositary
Authority of authorized official(s):

Addresst Korea Research Institute of M E /:-/ 3
Bioscience and Biotechnology (KRIBB) | # E (.‘\’_.-MW' s S

111 Gwahangno, Yuseong—gu,
Daejeon 305-806 OH, Hee—Mock, Director
Republic of Korea Date! November 21, 2008

Farm BPA AKCTC Furm 17)

Deposit certification of KM0141
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