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ABSTRACT

The myxobacteria are single cell bacteria that display a remarkable
cooperative multicellular behavior during their life cycle(1). Myxobacteria
are gram-negative and move by gliding and form diffusive spreading
colonies or so-called "swarms"(2,3). Their cells are appear in two basic
shapes : either slender with tapering ends, or cylindrical with blunt,
rounded ends(4). They form characteristic fruiting bodies and microcysts
under certain conditions. Starvation initiates a sequence of developmental
stages culminating after several hours in the formation of multicellular

fruiting body. Shortly before the nascent fruiting body aggregates start



forming the surface of the colony often displays an elaborate pattern of
propagating waves, called 'ripples'(5,6). These waves reflect the local
bacterial density, with dense crests appearing much darker than the more
sparsely populated troughs(7,8).

In general, the isolation of myxobacteria of all types can be a
time—-consuming and often tedious process. They are usually obtained from
herbivore dung, decaying plant material and bark of living and dead trees
by placing samples of these materials in a moist chamber and observing
them frequently for the development of characteristic fruiting bodies(9).

The number of strain named to date is small compared to other bacteria.
Therefore, fundamental studies of the myxobacteria are rather limited in
certain species, and are restricted to morphology.

In 1892 Thaxter reported on the morphology and classification of the
myxobacteria(10). McCurpy(11-15) group paid attention to the isolation and
classification of this group of bacteria, and proposed a classification system
based on the morphology of fruiting bodies and microcysts. MASUDA(16)
published morphological study of fruiting bodies of a myxobacterium, and
Abe et al.(17) reported isolation and purification methods and described
their properties. However, little is known about the ecology of
myxobacteria, and information about their physiology, biochemistry,
chemotaxonomy, and phylogeny is limited. The practical importance of
myxobacteria has not been fully determined. However, recent studies have
shown this group of microorganisms to be useful sources for producing
secondary metabolites(18,19).

Myxobacteria are prolific producers of a variety of bioactive secondary
metabolites including antibacterial, antifungal, antiviral and antitumor

compounds. Remarkably, Reichenbach found that 60-80% of the

_2_



myxobacteria tested had antibacterial or antifungal activity(9).

The isolation methods we have used are the placing soil on bacterial
smears, the filter paper method, and the agar medium method. Placing soil
on bacterial smears was easy to manage.

In the course of a screening for biologically active metabolites from
myxobacteria, Chondromyces apiculatus strain JW480 was found to produce
apicularen A and cyclo-leucylproryl(20). These compounds were finally
purified by diode array detected HPLC. The structure of these compounds
were elucidated by spectroscopic analyses.

Apicularen A demonstrated potent cytotoxicity against cultivated human
cells. A cometabolite of apicularen A, the cyclo-leucylproryl was not
cytotoxic, and showed weak antioxidant activity. None of the tested
bacteria and yeast were inhibited.

Apicularen A is a novel macrolide with a unique unsaturated amide side
chain(21). Apicularen A shows a remarkable structural similarity to
Salicylihalamide A , a compound isolated from marine sponge Haliclona sp.,
but has much less cytotoxicity. There is also a structural relationship to the
Lobatamides A and B, novel cytotoxic macrolides, isolated from the

tunicate Aplidium lobatum(22).

keywords . Chondromyces apiculatus, myxobacteria, Apicularen A,

Cyclo-leucylproryl, cytotoxic, antioxidant
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0. Adx4s 2 =9

1. 7171 2 A]eF

1.1 A8 71+ 4 7]7]

Autoclave (SJ-220A45, SEJONG)
B.0.D incubator (SJ-250B, SEJONG)
Clean bench (SJ-701S2, SEJONG)
Electronic balance (SHIMADZU BL220H, SHIMADZU)
Micropipette (GILSON, FRANCE)
pH meter (Orion 420A, Orion)
Rotary evaporator (BUCHI R-200, BUCHI)
Shaking incubator (SJ-808M2, DONGWON/SEJONG)
Shaking waterbath (circulator, Mono=TECH ENG CO MSB-1511D)
Sonicator (KUM SUNG ULTRASONIC)
Vacuum pump (ULVAC G-50SA)
Vernier caliper (Mitutoyo Coporation)
Vortex mixer (BARNSTEAD/THERMOLYNE, USA)
fFdrd (OLYMPUS SZ11)
Ws 4A42l7] (Supra22K, Hanil)
UV/Visible spectrophotometer(CM-10 Spectroline, MODEL ENF-240C)
High Performance Liquid Chromatography
Pump (LC-6AD, SHIMADZU)
Detector (Diode array detector, SPD-M10Avp, SHIMADZU)
Degasser (DGV-14A, SHIMADZU)



Program (CLASS-VP ver.6.14 spl)
FT-NMR (JNM ECP-400, Varian NMR 300)
Polarimeter (Perkin—-Elmer, U.S.A)

ESI-MS (Mariner, Perspective Biosystem, U.S.A)
EI-MS (JEOL, JMS-700)
FT-IR (Perkin-Elmer, U.S.A)

1.2. AJeF 9w A

(1) AleF

Agar, EP(Junsei)

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

CaCls - 2H20, GR(Junsei)
Casitone, EP(DIFCO)
Ciprofloxacin(3r=73}stA T 0 = 78 &%)
CoClz - 6H20, GR(SHINYO)
Congo-red, EP(SIGMA)

CuSOq4 - 5H20, EP(YAKUD
Cyanocobalamin, EP(SIGMA)
Cycloheximide, EP(ACROS)
Dimethyl sulfoxide, GR(Junsei)
EDTA, Na-Fe’ Salt, GRUunsei)



Glucose, GR(Junsei)

HsBOs, EP(YAKURI)

HEPES, EP(J.T.BAKER)

KBr, EP(YAKURID)

KI, EP(Junsei)

LiCl, EP(YAKURID)

Malt Extract, EP(DIFCO)
MgSOy - 7H20, GR(Junsei)
MnCly - 4H20, (SHINYO)
NaCl, EP(Junsei)

NazMoOy - 2H20, EP(YAKURI)
NaOH, EP(ORIENTAL)
Peptone, EP(MERCK)

SnClg - 2H20, EP(YAKURI)
Soluble starch, EP(DIFCO)
Soybean flour (SIGMA)
Tryptone, EP(DIFCO)
Vanillin (Fluka)

Yeast Extract, EP(DIFCO)
ZnCly, EP(YAKURI)

XAD-16, mesh 20.00-60.00 (Rohm & Haas)
CDCls (Cambridge Isotope Laboratoies, Inc.)

CD30D (Cambridge Isotope Laboratoies, Inc.)



(2) w1 =4 2 =AY
@O WCX Agar medium

T4 RS Table 1 % 231, 121°C, 171¢4elA] 1583t 318 et skl
a2 Wd 5, wA7F 50-60TC e A4 2XTF EHAS W, BEY AR T
HoAF B4 AlmQ &4 HAA F(bacteriolytic myxobacteria) ©]2] 9]
wgolwd] S Asfetr] flste] Al JEE sk cycloheximide®
syringe filter 3] 7}8}$1 a1, petridisholl 2/3%HF E35F0] Ao A 1A]7F

ok A%A7 9 AL,

Table 1. Composition of WCX Agar medium

Components Concentration pH
CaClg - 2H20 1.0g/¢
Agar 15.0g/0 7.2 (with NaOH)
loheximi
Cycloheximide S/t
(stock : 100mg/10m¢ H20)

® VY/2 Agar medium

TA AEE Table 2 ¢F 2t} wiX|E 112 Hst7] 7, Baker's Yeast:

golgA d71= A= A7 kol 100TAA 583 #Fol &5A10 5 A

_10_



FA .
g 5, A7} 50-60C Awel H4 2xvt HAS w, #F] A

ol

121°C, 17|40l A 1587 12 Ht

ol

o 32

7t

al,
o
a3

kl

l‘

ol 875+ HlEFY cyanocobalamin(Bi2)S syringe filter o] 718k

petridisholl 2/3RbE Fsto] A2l A 1A3F st A2 5 ARS8l

r

Table 2. Composition of VY/2 Agar medium

Components Concentration pH
CaCls - 2H20 1.0g/¢
Baker's Yeast 5.0g/¢
7.2 (with NaOH)
Agar 15.0g/¢
Cyanocobalamin(Bi2) 500704

(stock : 5mg/5mé Hz0)

® Nutrient Agar medium (NA)

A AES Table 3 ¥ #Za, 1217T,

petridishell 2/3WwHE B3R a1, 2
Ho| o2 AMR3EY] Y3 Ecoli violE AgarE H7FsHA %S Nutrient

Broth(NB)H| A & A}-&3}i T}

_11_



Table 3. Composition of Nutrient Agar medium

Components Concentration pH
Tryptone 10.0g/¢
Yeast Extract 5.0g/¢
NaCl 10.0g/¢ 7.2 (with NaOH)
Glucose 1.0g/¢
Agar 15.0g/t

@ Micrococcus medium (MM)

T4 A& Table 4

petridisholl 2/3%tE ¢

Zth 121C, 171494 1587

ato] Aol A 1A% &

i

et
ol
oL

Q
=

Kl
32
o3

]
=
g

it}

N

AZA 7

AxAI

],

ol

Table 4. Composition of Micrococcus medium

Components Concentration pH
Peptone 5.0g/¢
Yeast Extract 3.0g/t
Beef Extract 1.5g/¢ 7.4 (with NaOH)
Glucose 1.0g/¢
Agar 15.0g/4

_12_



® Yeast Extract Agar medium (YM)

TA AEL Table

5
petridisholl 2/3%HF ¢

<
4d
(2
rlo
=2
2
—
>
o~
off
r (]
A
BN
>
A
>~
=
ofo
QL
38
o

Table 5. Composition of Yeast Extract Agar medium

Components Concentration pH
Peptone 5.0g/¢
Yeast Extract 3.0g/t
7.2 (with NaOH)
Malt Extract 3.0g/0
Agar 15.0g/4

® CAS medium

A RS Table 6 3 2t}

Table 6. Composition of CAS medium

Components Concentration
Casitone 1.0g/100m
MgSOQOy . 7TH20 0.1g/100me
DMSO 5mé/100me

_13_



@ Trace Element Solution (TES)

Chondromyces apiculatus ¢ 7o Q3 njzk YA HEOZA 1

© Table 7 3 23 Aeo] WAkt AL

Table 7. Composition of TES

Components Concentration
MnCl; - 4H0 100mg/¢
CoCly + 6H0 20mg/¢
CuSOy4 * 5H20 10mg/¢

NazMoOy + 2H20 10mg/¢

ZnCly 20mg/0
LiCl 5mg/0
SnCly + 2H20 5mg/{
H3BOs 10mg/¢
KBr 20mg/0
KI 20mg/0
EDTA, Na-Fe’' Salt 8g/t

_14_



Chondromyces apiculatus liquid medium

Chondromyces apiculatus ©] & WFS HHOo= AREE NA| A 24,
T e Table 8 ¥ #al, #F7F A= e FHAZI] #Asko]
neutral adsorber XAD-16<2 % 7}3}% ).

HA 50mM HEPES(1.2%) 8<%l XAD-16(1.5%)3 Soybean flour(0.04%)
E #H7bste] 5t 1A 12 Hitd H, Soluble starch(0.04%)¢F CaCls -
2H»0-MgSOs. 7TH0 Z§9(0.3%)& #7Fkste]l 121T, 17194l A 1583 23
g Hrshalh

B F WiAZE 50-60C BrEE A 2=7F Hde ), T Al

kl
rfo

A TES¢} Cyanocobalamin(B12)S syringe filter 3}l #H7}ste] &3t H,

Fah9ict

Bis

N
il
i)

Table 8. Composition of Chondromyces apiculatus liquid medium

Components Concentration pH
HEPES(50mM) 1.2%
Soybean flour
0.04%
(Anti form B : 4drop)
Soluble starch 0.04%
CaCls - 2H20-MgS0O4 . 7TH20 0.3% 79 (with NaOH)
(1:4)
TES 0.1%
Cyanocobalamin (Bi2) 0.05%
XAD-16 1.5% *®

a . wet weight

_15_



(3) A AJefo] ZA|
TLC A AJoko 2 FF Vanillin—sulphuric acid reagentE o] A3+
© ™ Dragendorff reagents, Ninhydrin reagent, Iron(Ill) chloride reagent,
Anisaldehyde—- sulphuric acid reagent = & AREsFth ZAHS oFs-3}

EH(33).

D Vanillin—sulphuric acid reagent (VS)

solution 1 : 5% Ethanolic sulphuric acid

solution 2 : 1% Ethanolic vanillin

solution 13} 2& TLC plateo] 538 t}S, 110TCo A 5-10% &<t 714

5 & TLC plate 2o JEE= A8 RS 32159,

® Dragendorff reagents (DRG)

0.85g9] basic bismuth nitrateZ 10mle] W xAbo] g% 40mle] FF{5=ol

531 & of7]o] 8geo KIE =<l 20m <

plate ol YEl}E A8 AES 32513

T o

@ Ninhydrin reagent (NIH)

0.329] ninhydrin< 10ml%] normal-butanolel] < S 3mle] 98% W x

_16_



, 110TClA 5-102 &<+ 7143 5 TLC plate

AN BE HAA3 TLC plateo] 10% FeCly 8MS 53191, TLC plate A
of Yelu= Alg S AT
® Anisaldehyde-sulphuric acid reagent (AS)

0.5m¢2] Anisaldehyde & 10m¢e] H

Smeel A FA ok g BRI

B

Aol M 7}el & 85ml 9] methanol ¥
a1, 100CellA 5-
TLC plate ol YeElhe= Alg S 8203590t

> -

102 &k 7193 ¢

(4) Al
2 AgAA G a4 54 Aol AR FFE e gor], 8% 4
W Es AT FA4 SYoRLE Fohrel A FU AL g3

Escherichia coli (KCTC 12003),
Saccharomyces cerevisiae (KCTC 7246),
Staphylococcus aureus (KCTC 1916),
Rhodotorula rubra (KCTC 1209)
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2. Chondromyces apiculatus ¢ &7 2 vj <%

2.1. Chondromyces apiculatus® ¢ % %3

(1) &4 A A (bacteriolytic myxobacteria)®] #¢]

ES NBEE W o R E coli (Escherichia coln® AdAES HolfFo w2 3l
baiting method& ©]&3sle] &4 N MAS B39 (Fig. 1).

© EF AE A

A% A 1A LA A A EWOERE 10cm obd ¥o EFL

5715 AAsL7] #lsto] Hulo] x| il FFO]

R
)
i
=

f
4n,
>
nl
2

)=]
S Rold AFY FobFRI ARAA BRI AL AT

@ Yol WY

Y BaEol = £ coli & Nutrient Agar (NA) plateo] A =3k o
307, incubatorell A 2417t &<t A X ujFete] S shA ZiH

‘L8 Alg#e] Nutrient Broth (NB) #lA]E 10m¢ =H|ste] 212 H3H
a1 AN Ecoli 9 HEEYE HFTSte] 30T, 120rpm, shaking
waterbathol| Al 1675t (overnight) Bl &3k th.

T8 Agd#e Ecolies overnight ¢ H, 20 &9 A7 Zeb=F0
Nutrient Broth (NB) ®}#| 14& 31 Hatste] o] #jA|e| overnight gk Y

_18_



[e)

S it e A 10me (0.1% seed culture)S HE3F thg, 30T, 160rpm,

o T =
shaking incubator oA 16A|7F FoF & wjd3t 5 43513t}
F38e nEHJAEY7IE 4T, 10000G, 20 min o sl F3s3AT}
A EEste] Bobxl e Wi, dAY E4S 017 #8e 0.2%9]

AAFHA E coli AR Eh,

L
bl

o] ®RolR E. coli
AEskelar

=
0.2% NaCl £94L °F 10v71% ¢3ste] b o s

]_O

d
o

deas Wil =715 AAste] dAlE YR

o 1l

off

32
o

Q EF A& AH

v Fst ol (£ coli )& Bt SFHF= 10 343k ths, WCX plate ¢
7R = RE oF 2em H= HF 1A 9l micropipets ARt 100ut A E
ojrt ] X Eo] 1.5-2cm ¥+ circular patchE ®FERQIUE o] WCX plate
o circular patch7} 4-57 EHE= ¥ aL, vx] FHA oA circular patch”}
Freds 24 REF oF 30-60 FF frar AEjAA A=A F T

Zb AZE E coli circular patch® v}ZZE 7HdAlE]o EY A|lgE A

A=

0.5eme] Q3o w XA L, B =FFE 2% "oy Edo] B

L.

X FrEE 3 5 30T, incubatorol Al A x| uj ksl t).

Ed ARE AA st 3-59 FHEH &4 A Ao AAA7E #
ZEH AAAE wojo] A7) AFGsE WHo R wE £ coli circular patch

o] %7 30T, incubatorolA] wlslYl i, Ee] S 98 HAdk w)X
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5 FHlske] o8 A 3 F AL vkt
T TEE st 12 Hisk £

rot
R
ey
o
Lo

9 FAES oY Ak HbE
719 #F= %7 30T, incubatorel

coli & circular patch® W8}, o =

A ajgetH A =3tsl T
&3lE 7S VY/2 plateo] %7 307C, incubatoroll A At wjekst = 5

s AA Aol Bl

o)

HAg ¥X](CAS medium)ol|

D sample loading @ swarm

@ fruiting body @ purification

Fig. 1. Isolation of bacteriolytic myxobacteria.
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EF AsaSY ¥ 75 JW 4809 /34 545 A 75 VY/2
FA T
- dAnAS F8 VY/2 Agar platedold 752 HeE(swarm)@F 22 A|
(fruiting body)®] &2 EAL #AF&9 31, 0.01% Congo-red FE&MNLE A}
goto] 5o GA AAFE gl
Bergey's Mannual 2 #39] &4, A &g 7IFdd wet &85 v%
alo] A} A (fruiting body) 2 FF(swarm)e] Feld EA3 M YA of R

< FAARE ARSI

Ol

Agar plateo] %7 30T, incubatorol]A 5-10¥ -5t vjF

g

ol

2.2 Chondromyces apiculatus® ¥l %

EY ANsE2HY &+ 8% 7 JW 4802 VY/2 Agar plateodA At
Bl

el A Aol RIASAL i Y] HH o2 30T, incubatorel

77 Abske tiAL AbE Y 54 245 HESH] g o8] wd &
Ao 54 Z4S gHsly] Y N wjdS Chondromyces apiculatus W
A1g ol&skqlt). dn] wieF Aldl= Chondromyces apiculatus A& 800md
(400mex2) Wb Apgate] Wittt oig wig Aol oA S4s AT T
Hjokyl BA AALS 9)s B owjoke] F WA R o] SaEadn)

% ¥ Al 300me &% A7 Zet~Ao Chondromyces apiculatus WA S
50m¢ =Hske] 1, 23F Al Wetsklar, x| 7E 25Celstm AAE=TE o

e w, ¥ AEelA Cyanocobalamin(Bi2)¥ TESZE syringe filter 3}
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A7kste] st

FHE iAol Fat AEelA #F W 480% AHFske] 30T, 160rpm,
shaking incubatorel Al 3Y &<t & wikalRA L, ) 4%E FHatol 5L A
o] a# 50mS sk AEE 300me &% 4zt S ddd HEske] A
71e] WRe R ' wjgedvh(Fig. 2).

oGS w7l g AUt 54S BAsta EE AEE Fol7] A8 2¢
Sl g Zg~Te] 52 ¥4 $A < neutral adsorber XAD-16<S 6g
(wet weight) F7Fe &, ¥lx] 400mes 9ol Hista, & wds #9<
2% %3] 30T, 160rpm, shaking incubatorolA 7Y Z¢tF & ujoksldl
tH(35). HE3F HlY Eet2Ad 5 UHoR SUMNASRA HAY dH =
A ArkeFe] 4 gHd FEeksit

Fig. 2. Shaking culture of strain JW 480
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Foll A 315

S
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fite)

il
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4
g

gl R

%L

=

7 MeOH-Acetone(1:1)

=
T~

oA 124]

Magnetic spin bar®} nlWh7]

B
file)

il

sk t}S- Ethyl

3]
5
g

H.0%} Ethyl acetate |w= &

=, == o
TEE=

1A

e

oH

el

Fod o

S

=
=

}o]  sodium - sulfate(anhydrous)

S

§‘I/\

< rotary evaporatorz=

&

A

H.0&

3} A1 7] n-heptane ¥ MeOH &vwj=

6
11

sl ===

Ethyl acetate i

3|
pul

ol

JW 480 XE(XAD acetone extract)E A tH(Fig. 3).
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JW 480 culture broth (9.6£) with XAD resin

sieving

cell mass and XAD resin

extracted with Acetone

crude extract

partitioned
H>0 layer EtOAcC layer
concentrated
partitioned
n-Heptane layer MeOH layer
concentrated
JW 480 XE
(1.679)

Fig. 3. Work-up scheme of strain JW 480

_24_



3.2. &7 2 AA

TLC(Thin layer chromatography) #4212 silica gel plate (silica gel Fosy,
20%20cm, 0.25mm, MERCK)2} RP-18 plate (RP-18 Fass4, 20x20cm, 0.25mm,
MERCK)E zAAo & A3 1, o]|FArC 2 Methylene chloride, Ethyl
acetate, Methanol, H:0 & ©¥43 S54& 7Hx &vlE o5 =& o8 H|&

= E3-alo] ALgaqr.

ot
i)
oX,
oo
=
2
A
o,
Y
rlo
oo

g
1o,
>,
kil
il
td
>
r ol
filo
>~
>
oo

ato] Aol 2ol
lem = Aol AAedaL, &ms SEAZ Foll ofsd &7k Sod=
A AR Sl Alge] A7 A7A s AAAZG. A7 g5 @
ol e 3FS A gvie TRAI v UV 254 % 365 34
Az A7 Fe A em FRIEI.

= VS, AS, NIH, FeCls, DRG &9& Alg3te] A@e] 7

X

o

X

o
=

i

TLC #4& B3l Als AR 54 A5 &9l3 % Silica gel Column
Chromatography (silica gel 60, 0.040-0.063mm, 230-400 mesh ASTM, MERCK)
E T3t 8% &vl=A] Hexane, Ethyl acetate, Acetone, Methanol<
ds =2 E3tsle] AME351S a2, RP-18 Column Chromatography (RP-18,
0.040-0.063mm, 230-400 mesh ASTM, MERCK)T ©]& 9.2 Methanold}
STHTE =%kl ARRSEAH

w3k Fa3 79 Methanol-Methylene chloride(8:2)5 &vwjA= 3t
Sephadex LH-20 Column Chromatography (Sephadex LH-20, bead size
25~100m, Fluka)E S3t3ich.

HZ 3= HAAE 98] High Performance Liquid Chromatography=

s o, o] 5o 2= Methanol-H.0 &3 &v& AFE3FSITH
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(1) LAIE vj
A eo] AFEH oA EFE A549(non small cell lungcarcinoma), SK-OV-3

(adenocarcinoma, ovary malignant ascites), SK-MEL-2(malignant melanoma,
metastasis to skin of thigh), XF 498(central nerve system tumor), HCT 15
(colon adenocarcinoma)e]™ o] ¢IAM|EEE XY human origin tumor cell
line E24, 779 FHIATANCDERE EGutol g 343} AF-4el A
A alFTe AL AFESA Y. Bl AN 5% fetal bovine serum O 2 5-E]
B7¥E RPMI 1640 mediume ARgsilon, 37C &= 5 5% CO»
incubatorell A vl Fatgith ALl Altls 3-4¥e) 18] sl omn, Al Al
Y= &7] By o Ry EeA]7]7] $18ke] phosphate buffered saline(PBS)

folo] 0.25% trypsin®} 3mM trans—1,2-di—aminocyclohexane—n,n,n,n,

-tetraacetic acid (CDTA)E =9 &S AL831%TH(36).

@) 24 =4

o 1 0Hd

1989l m=re] o g AT Ao e in vitro Y A4S 1A=
ZA43L7] 95te] JiEE sulforhodamine B (SRB) assay WS AFE3A T
= Ad T AxsS AP AHEE7] f1skel 41 trypsin-CDTA &4 o=

4%

]o
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Bl g Al7]aL, 96 well flat bottom microplate (Falcon)el
49, HCT 15), 1x10* (SK-MEL-2, XF 498),

At EFH AEELS CO, incubator Wol

=
=
@,
oft
=
e
4 o
N
)
Q1
X
—
>
a1

of F&FAl7l ¥ aspirator = mediaE A A3 6

=9 log dose® mediumO. 2 3|43t test material £XNES AE7} E0] 9
+ wellell Z+2t 3vl<F(triplicate) 2 WolFiL, 48A1%F &<t O wiksigleh. A
AgNes A8 HAste] Do wel DMSO (dimethylsulfoxide)& A&
skl om oluf Aol 7FsxE= DMSO ¢ %= 0.5% ol %= &4
o TSk o]H A s|A e HA8 N AlxEe 7Fsl7] Aol miliphore filter 2 ¢
Hsto] AP For FHE FAT AEE = 48AIKF wike & 7
10% trichloro—acetic acid(TCA)E 100 2 7}

LSS plate?] vigHo] A A F T Al

Rl

well 9] mediumS A # 3}

al 1=
TCA €95 &d3] AAsL P& B717F §l=d AxAHY. &d3] 1z
10040 1% acetic acid &4l 0.4% SRBE =9 F4 &N
S 7tete] 3087 AEES Mol THA] 1% acetic acid N0 7 5-63] Al
sl Ao AgstA] ¢S 3] SRBE AASISIH. olFEA GAAE cell
plate5S ThA] Aol AZXAZl 3 well ¥ 100 9] 10mM trisma base

(unbuffered) &M< 7}3}o] titer plate shaker & 10%7F shaking 3te] <3

ofl

plate + well

NS 21171 & microplate readerE AFE3l] 520nmolA SHE=E =AHs)
St Z+zbe]l A XSl gk oF=Eo adE ALlelr] 9ste] oFE S Tlele

A "ol A o] AES (Tz, zero time)$t ke WAl F A9 medium &
7heke] 48417 wdElS o] M¥ES (C, control) ¥ ZF wE9] oFEI 1
48A17F vk e wle] MES (T, test) & 77 FAs ko] b9 F=4
o} et g4 AL

= Tz2>T 9 A= [(T-T2)/(C-T2)1x100 o2& AAbsE s, Tz<T I
A9-ol= [(T-T2)/Tz]1x100 & F=2o = skt
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)
g3telth. ORAC assayv % FAtst @9& SH4she WHOEA, W23 =
A ksl @a¥te] 4ol 7bEdlal, serum, agriculture products, food
product, food ingredient, pharmaceutical products 52| 34t3 a3 Ao
o] &% aL ATH37).

&3 A @Al B-phycoerythrin (B-PE)& peroxy radical o ¢|&f &
Fikel Alztel whel HAskoh bufferel sample, fluorescence solution (FL)
2383t & peroxy radical generator® AF8-E & 2,2'-axobis(2-amindino
propane)dihydrochloride (AAPH)E 7}3o 24 Hhg-o] A&= a1, AAPH
o8l dojub= FFe #A7) antioxidant S GAlEH. G| FAE 9
Aste BEE kst adiE S48 =H B-PE= AETHA ikstA®T 100
] 7} oxygen radical®} =8| Al HES-8}3l, non-antioxidant®.t} 60w 7}
HkS-Alo] =t} dakst g3y 9l 522 B-PE 7 oxygen radicalol 2] 3&|
A3tE] 7] Ao Atgelr g FJFgle]l 7HAE o A3t} Trolox (6-hydroxy-2,

filo

5,7,8-tetramethylchroman-2-carboxylic acid)= 484 HEY E analogue
2 control standard® AFE% 1 TH38,39,40).

B-PE, phosphate buffer, sample2 15% &<t water bath 2rolA
pre—incubation 3}al 75mM phosphate buffer (pH 7.4), B-PE : FL (final
10uM), sample, radical generator (AAPH, final 50mM) 7} &3t% wkgo
2005 37C=E vg FIAZY. FHEFFE=AE ARt FF dAa

A 60% FoF 28 tAo=w #E

1=

=l

2 7128k, dFo] 95% loss 2 W 7R

||\
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ettt

Reading Z7A&  excitation 530+£25nm, emission 590+30nm (&<
excitaion 540nm, emission 565nm) ©]t}. A3 A& Trolox standard
curveZ5-¥ TroloxE standard® AFE&3F 7| FX 25 &390
Y3k DPPH free radical &7 @435 o] &3 3itst &4 SAHS o534 2
o R Al
g g F¢9 3= EtOH o 4 s=2 &fA0 b5 gAste]
TA O 2 100ug/me, 50ug/me, 10ug/me, Sug/ml, lug/ml ¢ 57HA] FE =2 FH|3}
&ttt DPPH(1,1-diphenyl-2-picrylhydrazyD)E 0.1mMe¢| ¥ %= EtOHo| &

s)skaL, 96well plateo] A-DE 7z} wlso] FH|sk9d )

rlo

Hm

0

N
ol
ki
lo

AZ 88 10042 DPPH &9 100u0 &3t
AlE & 100wl EtOH 100u0%t 713 o)

: DPPH &9 100x¢t EtOH 10040°] Z3FH

: EtOH 2004

o o w o »
RN
off
M
Lo

_—

7

A

HES Al 7] & 540nmol| A microplate reader@® &

i

A-DE 25C9A 10
o, 2 AdE(%)S o2 2ol At

ofd
=
il
N\
o
o
2
o

Adll&(%) = {[(C-D)-(A-B)1/(C-D)} <100
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4.3. g+ A
(D) A1+t

Mt (E.coli, S.aureus) 2 &R (Rrubra, S.cerevisiae)ol| Wste] st ZAS

Ad wiFete] W Hy T MF(Ecol, S.aureus) B GX(R.rubra,
S.cerevisiae)E Z}Zy NA, MM, YM A H3jx]o] A= s F 30T,
incubatorell A 16417t &<k wjgFate] &AdstAIZATE. 'L & Al 3ol Nutrient
broth , MM broth, YM broth ¥Wl#|& 10 m¢ & #4135t 121C, 1 7|¢elA
154 &<k e daretglal, viAIZE S2e] A2 o, 7Y @A4stE At
I} gRE HF3e] 30T, 120rpm, shaking water bathollA 16A]7F &t uj
F3STE NA, MM, YM Agar A& 121°C, 17]9tel A 1568 &<t 112 HEif
water bathollA] wjFet S Fof oA

ko] 45-50CAHER A3 %

0.1% AZEak3la, & &50] Agar wix]el o] 117 AolA g F petri
dish o 2/3 wHF EF3klen, 1AF ¢ AX=AIZTh AlE sample
MeOH X+ Methylene ChlorideE AF&-3le] 8381412, Disc deeping
o R Alg sampled loading 3 6mm paper discE ¢F 30% &9 713}
o] A& samples 838 &ulE 3] SHUA F 7] Agar HIA
9ol loading 3Tt ©] W], control &=+ MeOH ¥ Methylene ChlorideZ
ALg8Eel o Hlu kA 2= ciprofloxacin 10ppme AF&3FSITE. A]E sample
S loadingdt Agar plateE 30T incubator oA vjFatiar, 48417 A3 &

vernier caliper & inhibition zone ¢ A7|E =A3}3it}.
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m. 23 2 a3z

1o Ao Alere] e

—

QLA 891, A, &, A3

y TH T,

ot
o

;AR 2, A 5 AdlelA BE EY
S ARsA, EY ANSE N SR E coli (Escherichia col)® AdAE
Hol# o 2 3l Baiting method ¢} Filter paper method(18)& A}-&3fe] t}or
g Al AdE et FeE AHA Ad T & HA Al
(bacteriolytic myxobacteria)®] 185%F(75.5%), AlF=22 2~ &34 N At
(cellulolytic myxobacteria)e] 60%F(24.5%)°]R=dl, &4 HA A Fol
M X Corallococcus sp. 52&, Angiococcus sp. 49%, Myxococcus sp. 43
Fow H& v&R AN Table 9).

ol HN M oA AA GAMET g AG A& A4S APs Ao
T JW4809] At Ab=ell A & &do] YERgt:. ¥k ofye; Mt g
g g 24 AelA s A AlEd Saureus o tigh AAA A @
= A deigth olYst AAREE #F JW480S Wide® &R

3}

2 Geets 54 dEsldm, Y Bl U ey e Amal

ey 2
oX,

Jm
oX,

22
s
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Table 9. Myxobaterial strains isolated from soil samples

Taxon No. isolated strains
Myxococcus sp. 43
Corallococcus sp. 52
Angiococcus sp. 1
Archangium sp. 49
Cystobacter sp 17
Chondromyces Sp. 2
Nannocystis sp. 5
Polyvangium sp. 10

Stigmatella sp. 1
Haploangium sp. -
Melittangium sp. 1

Sorangium sp. 60

Unspecified 4
Total isolated 245




Corallococcus sp. Angiococcus sp.

Chondromyces sp. Archangium sp.

Fig. 4. Fruiting body of myxobacteria
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2. 5 JW 4809 =4

T JW4A80E & AibAlo] &Algt & EY A8E o= E coli 9
AHdAS Hol o2 3 Baiting methods F3 £ AvH18)

WCX plate’dell AlSE Hzlste] 30T wlgsar, 3-4U A3 F ol
ol g &4 Aol vEbwtow, 7-10¢ A3 F A A (fruiting body) 7}

ol
AR vud 2 Hel &8t Sdozm A #&EASE 4 9 A"
(swarm)> iAo FWolu} WO olgf%s FEA|7|HA Agkar, J=he] 7
FAre e EARde] EE o 0
Congo-red F&N& AR&ste] #F9 M AFE g 27, +F JW
4802 gl Congo-red @87} F&FHA| 2&okt}.

ol#]st A3}E Hl¥ o & Bergey's Mannual 2 #31¢ & FAd 73 7
Toll et &S v et A 2 e FHAd 549 A A o
5, Congo-red 979 F& oF & #Hst] #F JW 4805 vhgsh
Chondromyces sp. 5N % Chondromyces apiculatus (C. apiculatus)® &

A3 tH41,42).
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n‘h.u-'.::\,_.-"f'f féb g-ﬁ‘é / i

b i P .
"k A I b |
\ x\l || i |4

L A8l A A . —

C.apiculatus C.pediculatus C.crocatus C.catenulatus C.lanuginosus

Fig. 5. Fruiting body of Chondromyces sp.

Fig. 6. Fruiting body of strain JW 480

_35_




3. C. apiculatus 7} ABAtsl= AL AbE9] B8 W 42 Z2A

C. apiculatus

= e

o2

sho] Qe ool

. o 1

o

F= 4 28 B3-S AAHA
JW 480 XE 1.67g& 931, Silica gel Column Chromatography, RP-18
Column Chromatography,

Sephadex LH-20 Column Chromatography,
semi prep HPLCE 433} Compound 13 25 Hglst9th(Fig. 7).

JW 480 XE
(1.679)
silicagel c.c

|1. 100% Hexane |2_ 100% EtOAC | 3. 100% Acetone |4. 80% Acetone [ 100% MeOH

in MeOH

fr. 1 fr. 2 fr.3 fr. 4 fr.5
(190mg) (330mg)
silicagel c.c
1. 30% Acetone | 2. 50% Acetone | 3. 70% Acetone | 4. 100% | 5. 20% MeOH ilica ol
in EtOAc in EtOAc in EtOAc Acetone in Acetone slicagel c.c
fr.3.1. fr.3.2. fr.3.3. fr.3.4. fr.3.5.
(47.6mg) | 1. 100% EtOAC |2. 80% Acetonel 3. 100% MeOH
) in MeOH
i/leghoaHd?l)\(/l 2?8_22()) fral fr.a2.  fr.43.
) (310mg)
| | | RP-18c.c
fr3.1.1 fr.3.1.2 fr.3.13
(28.8mg) 1. 50% 2.60% 3.70% 4.100%
agueous MeOH | aqueous MeOH | agueous MeOH | MeOH
semi prep HPLC fr. 4.2.1. fr.4.2.2 fr.4.2.3 fr4.2.4.
40% aqueous MeOH (170mg)
Coapson‘i”;j L sephadex LH-20
~mg MeOH-MC(8:2)
fr.4.2.3.1. fr.4.2.3.2. fr.4.2.3.3. fr.4.2.3.4.
(23.2mg)
semi prep HPLC
50% agqueous MeOH
Compound 2.
(12mg)

Fig. 7. Isolation of compounds 1 and 2
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iy,
ol

(1) &4

3 C apiculatus 7F AMEE A} AEZRE HE JFITES 543
2237] 918t semi prep HPLC A &S 42313} t}. HPLC 2
Zl o

=42 compound 1& o]FHO= 40% aqueous MeOHE AM&3t3S W,

ol

e
it
a=
I
a2

—_

retention time©] 107.16minYS &<2ld 4= AY3, UV spectrumol] A

280nmell A A3 F4E RS & 5 AUJTHFig. 8).

L S T R P e T 700
—— spi andlysis § i L & 4 '
m‘x’ﬂ.hﬂixﬂm‘ :
3004 & g Compound 1 \ - . P
0. 500
400, 400
: :

WM ommmmnmme e R - - - - -7 - - - g T TaRERR - - - - | - - 4= | o as B . =]
" k" i] - o

e i N

m P [ = 100 20 ¥ 14 10

Motes

—— 107.18 mén

T T i T T T . T T T T+
200 e % 200 280 00 20 3= 380

Fig. 8. HPLC profile and UV spectrum of compound 1
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Compound 1% semi prep HPLC A3 S 38A] Analytical column
(CAPCELL PAK C18 : UGI20A, 5um 4.6mnl.D.x250mm, SHISEIDO) 3}
Preparative column (CAPCELL PAK C18 : UG120A, 5um; 10mnl.D.x250mm,
SHISEIDO), Guard column (CAPCELL PAK C18 : UG120A, 5um; 4.6mn
[.D.x250mn, SHISEIDO)S AR&-atqlom, ¥4 2312 Table 10 3 #th.

Table 10. HPLC condition for analysis of compound 1

Parameter Condition
pump LC-6AD (SHIMADZU)
column CAPCELL PAK C18 ( SHISEIDO)

DAD (SPD-M10Avp, SHIMADZU)

detector UV 2540m
mobile phase 40% aqueous MeOH
flow rate 0.6m¢/min
injection volume 200
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(2) +x 24

w2l¥ Compound 19 #+%F 1H3l7] 913t NMR spectroscopys &3
Hog Fx B o]&3tk. 1 9ok IR spectral data ¢} Mass
spectrum data® °|-&ste] 7xE AAs%aL, Compound 19 & 31334
545 HESAH

Compound 1< colorless crystal 2] @EHZ MeOH, Acetone, EtOAc o &
SR em, TLC A4 vh52 RP-18 plateg AF&3te] H.0¥ MeOH<9| 23t
Suj(3:7)2 AE3}FA 3L Ry (retention factor)Zte 0.310]1om Al Ajeko

A3} S |, dark brown spotS YERY ST

BrAe A= BA3 'H-NMR, “C-NMR spectral dataZS #Hlgo=z

CosH31NOg &= 21 ¥ A (Table 11).

32

Table 11. Physico—chemical properties of compound 1

Physico—chemical properties

Appearance Colorless crystal
Soluble MeOH, Acetone, EtOAc
Insoluble H-0O, Heptane

TL
C Rf:O.Sl
(RP-18, H,O:MeOH=3:7)
EI-MS (m/z) 442 M1
IR Vinax(KBr)em ™! 3300, 2950, 1750, 1650
Molecular formula Co5H31NOg
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Compound 19 NMR spectroscopy data® 248t A3, 'H-NMR spectral

data®] § 6.6-7.3 F-+o YEFY peak(Fig. 9953 “C-NMR spectral data®)

§ 110-150 F-o YEelY peak(Fig. 10)5<S £31A4 benzeneo] &A43HS 3t

=L =
Qg 4 AT

(Millions)

Fig. 9. 'H-NMR spectrum of compound 1

BC-NMR spectral data®] § 193.6, 193.4, 171.5, 165.8, 155.0 o L}t

quaternary carbonE oA § 171.5, 165.82 carbonyl 719 carbon¥S <

T+ A%aL, § 110.0, 120.3, 125.3, 126.3, 137.6, 142.5 o YED peakES

A IR LS,

2
oA 378 o]F Aol EAEE &AAY 5 UATHFig. 10).
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28]32 Compound 19| #Ap2lo g njFo] = ¥} (IHD) #2 119]

i

i
3
5
i3
2 I
5 it ! 1|
| || I
| 11 | I
= | B
- | | I
- b i '
ER b i |
IR R T A m"h*l“ﬂ | M b
g ;_Lsﬁ‘(,hllgﬁy;lh\*qﬁ?ﬁ-:ﬂﬁlﬁ'{m’i“ﬁ}'wwm W 1’*\"1% Wﬂ%mﬁwu WWWWJW W,i}gtm LT
190 180D 1700 1600 1500 140 iJO.‘O“_‘ lm.l; llﬂ.!} I.BM m .SM ;.?ﬂ-ﬂ 0 0.0 4"-0 R : ZID-Fl L] ‘ ‘\l
$8 3 oz opuager e
/. X :parts per Million 1 13C R

Fig. 10. BC-NMR spectrum of compound 1

BC-NMR spectral data®lA] £3] 6§ 155.09 carbon< hydroxy 7] <3k
peak¥dS A3 4 9la, HMBC 23 A¥ § 122.39 carbon¥} A3tsh
proton¥} correlatione H.% 2™ (Fig. 11), benzenes ©|F+ carbon¥d & &

A AN (Fig. 12).
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©
SR

(Billions)

Fig. 11. HMBC spectrum of compound 1

OH

segment (1) segment (2)

Fig. 12. Partial structures (1) of compound 1
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w3t DEPT spectral datags w43 A3}, 137l methine group, 671¢]

methylene group, 170¢] methyl groupe] £A3+S o 4 91 (Fig. 13),

HMQC 232

E34 'H-NMR spectral data®] peakEo] YUEelE 7+7he)]

protone=¢] methine, methylene, methyl group o5& #2183 t}H(Fig. 14).
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Fig. 13. DEPT spectrum of compound 1
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Fig. 14. HMQC spectrum of compound 1

o] gk oyt 'H-'H COSY 28-S TalM C-12, 13, 14, 15, 16, 174
o ¢ 3%t proton & A& correlation %S5 21353 1 (Fig. 15), 159
carbon¥} proton< “C-NMR spectral data ¢} 'H-NMR spectral data ol A]
Z}7} 5 69.6, § 4.2 91Xl peak’} WE= o ® Hol hydroxyZ|7F 94
2

7)
o] &S #eld 4 9ot EsF 139, 1798 carbone C-NMR spectral
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data®] § 74.0, 65.4 X AA 2tz peak’} YER}A, 'H-NMR spectral data
9] § 3.95 YAANA peak’} YEF}= ZHO® WOl oxygenated carbonYS-
golst 4= AdArHFig. 10,11). C-8, 9, 10, 11H} A3l proton ¥ C-1, 2,

=

3,
B

4

%

(Millions)

1y
4.0 3.0

cr Million :

Y : parts p:

80

5, 6" carbon9 proton 9A] 'H-'H-COSY 23&<& %3] correlation

982 Felshgn.

7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 0 1000 2000 300.0

X : parts per Million : 1H (Millions)

Fig. 15. 'H-'H COSY spectrum of compound 1
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o]&J& !'H-NMR spctral data$} “C-NMR spectral data 2 DEPT
spectral data, 'H-'H COSY A< nlgoz dxpdo2 Compound 19 ¥

¥ PRES 24T 5 AAHFig. 16).

o) 12
17
13
16 14
15
OH
segment (3) segment (4) segment (5)

Fig. 16. Partial structures (2) of compound 1

Compound 19 H& FZEL HMBC 23S =34 C-69 proton®]
"YC-NMR spectral data°l* § 165.8 $1x914 peak”} YEF= carbonyl 7]
o] carbon(C-7)3} correlation ®.¢] C-6 ¥} C-7 & A= dAZdHo J&S &
QAA3}tF L, C-129 protone C-119] carbon¥} correlation H.o] A= A4
< A (Fig. 17).

C-20¥ C-22 o Zsstar Q= proton 94 HMBC 23S EaA
C-NMR spectral data®] & 171.5 $*|o|A peak’} Yels C-253
correlation R&S ¢ 4 AN, C-19, 20, 21, 22, 23, 24 7} 9]

=
=
benzene¥} C-25 ¢] carbonyl 717} A2 AZ % &5 AT = At
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I /_\\
COsY  HMBC

Fig. 17. 'H-'H COSY(—) and HMBC(™) correlations of compound 1

T3 C-112 BC-NMR spectral data®] 6§ 75.3 9| X|o|A peak”’} e},
o] carbon ol AZ¥ protone 'H-NMR spectral data®] & 5.4 $]x|lA
peak7} YEh= o2 Hol ko] oxygeno]l AZH eS AU
Aotk 183 C-200] A8l Y= proton & PC-NMR spectral datad]
§ 40.7°14 peakE WERNE C-183} correlation Hof M2 AAEHS & &
A3, IR spectrumolA 3300 cm™' FZollA F4E Hols ZAO® Hol 2

Z} amide bond7} EA4&S  gelEd 4 A (Fig. 18).
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Fig. 18. IR spectrum of compound 1

Compound 19¢] Fx+ ¢4 5% 'H-NMR, ""C-NMR spectral data$}
'H-'H COSY, HMBC, HMQC % 2D-NMR Ado] <JslM AA=a,
'H-NMRZ} ®C-NMR spectral data® Table 12.0] e

o] 3t A3 A¥E vy o Z Compound 12 10-membered lactone ring

S Ad macrolideA e 3}3HE Apicularen A 92 Feld 4= 9)ArH(Fig. 19).
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Table 12. 'H and 3C NMR spectral data of compound 1

position 'H B¢
1 1.02 (3H, t) 14.3, q
2 2.28 (2H, m) 21.5, t
3 5.82 (1H, @) 142.5, d
4 7.31 (1H, t) 125.3, d
5 6.86 (1H, t) 137.6, d
6 5.70 (1H, d) 120.3, d
7 - 165.8, s
8 6.86 (1H, d) 126.3, d
9 5.33 (1H, m) 110.0, d
10 2.3 (2H, t) 36.7, t
11 5.48 (1H, m) 75.3, d
12 1.57 (2H, m) 36.7, t
13 3.95 (1H, m) 74.0, d
14 1.71 (2H, m) 38.4, t
15 4.27 (1H, m) 69.6, d
16 1.93 (2H, m) 39.5, t
17 3.95 (1H, m) 65.4, d
18 2.50 (2H, d) 40.7, t
19 - 193.4, s
20 6.68 (1H, d) 114.5, d
21 7.10 (1H, t) 130.8, d
22 6.70 (1H, d) 122.3, d
23 - 155.0, s
24 - 193.6, s
25 - 171.5, s

"H and C NMR spectra are measured in CD3OD at 400 and 125MHz, respectively.
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Fig. 19. Structure of compound 1

Apicularen A¥ 1997 =< GBF9 Reichenbach group ° oJ&] &4
AN Ad Chondromyces sp.9 WAL AbEolA Eeld AlxX 54 2424
human % animal® F& Ao disf vf$ 3 GA4S Hels 3o
Harso] 9lth(4,21,43,44,45). 3 54 A7 &3] 1999d° &4 53

3}

S=o] 993, Ao wws AA TR HHor S5 gt B4 5

TxE s BE< sl (Haliclona sp.) Z5FE E2 ¥ Salicylihalamide A <}
w9 ARk AS gl 4 A AH(Fig. 20).

Salicylihalamide A 7= FAFANNCDO A5+ Aol ©J3hd human
cancer celld] tha] &3} Aedo] a1, 53] TEAE theh &4 ol
NCI7} A 5088 &2 #5352 1 oWl &< &4 =29 screening

profilest e WA = Sold Aol WA AR FUA Ax BAR



N #a YA, o

B2 Akl sHo] =4 10-15me] 3 A
of MA3l7] wiLol AMHSZI7F ofHa & EF AR o e Ede
= gror 2ast Aot Apicularen AT 1 R ¥R ol &4

w3l Salicylihalamide A ¢F W FAFSE Ao 2 HIy]

9
%0
Y
/N
Ny
()]
N—

o o “
Lo 7 7 7
N
o H
OH
Apicularen A - Salicylihalamide A

Fig. 20. Structures of Apicularen A and Salicylihalamide A
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Ao AFgH AMEFTE BT A 7YY IHNEFEZA, HAGAMEFS
A549, A A EFTQ SK-0V-3, FF-IHEFQ] SK-MEL-2, FFA174 7

_T_
MEZFS XF498, et Z5¢ HCT15 & AF8389la, vl oA 2= ¢t

12

[N
ot
~N
°
ol
ol
ofN
o2
oy
2
ot

W3 A AMgEE 34 Doxorubicing A
gt 80 A AAAF Capiculatus ZH-E 8% Apicularen A9 A
ol gk AX S-S SAH Ay, FAEH SHEFES g BF A A

¥ =4S Yehgglen, o] &%%A Doxorubicin ¥tk &37F 453 ¢

Table 13. Cytotoxic activity of compound 1

EDso (uM)

A549 SK-0V-3 | SK-MEL-2 | XF498 HCT15

Apicularen A 0.0002 0.0003 0.0038 0.0007 0.0021

Doxorubicin 0.024 0.048 0.031 0.037 0.183
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skt B =SA Aol= 2F9 Mt Escherichia coli, Staphylococcus

X Saccharomyces cerevisiae, Rhodotorula rubraZ 7

g
AZzo 2 ALg3AT. Capiculatus 58 2% Apicularen AS 3o &4

% 24 A, 250 A@H 2% Ere BHL UehiA @S Y
F a9
Table 14. Antimicrobial activity of compound 1
Inhibition zone (mm)
Bacteria Yeast
E.coli S.aureus S.cerevisiae R.rubra
Apicularen A - 3 - -
Reference 12.6/12.4 12.3/12.2

Control : MeOH- CH.Cly (1:1)
Reference : Ciprofloxacin (10ppm)
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3.2. Diketopiperazine 3}g&E9] ¢ 2 Fx% Z2H

HF stbEs oFstA 87l 918k semi prep HPLC A¥E& 33t
R, 5 C. apiculatus 7} ABilsks tiAF AbERHH sshl 8] ZAE
Compound 25 & F AA. HPLC 23 23} compound 2+ ©|F5o=
50% aqueous MeOHZE A}83}31S ], retention time©] 28.37min®]aL,

UV spectrum®lA 202nmelA 73 S5 A5 & 5 AAHFig. 21).

=

Compoiind 2

B

Fig. 21. HPLC profile and UV spectrum of compound 2
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semi prep HPLC A3 S 3JA] Analytical column (CAPCELL PAK C18:
UG120A,5/m;4.6mnl.D.x250mm, SHISEIDO)¥} Preparative column (CAPCELL
PAK C18 : UGI120A, 5um; 10mml.D.x250mm, SHISEIDO), Guard column
(CAPCELL PAK C18 : UG120A, 5um; 4.6mnl.D.x250mm, SHISEIDO)< A&

shglom, ¥4 231& Table 156 % .

Table 15. HPLC condition for analysis of compound 2

Parameter Condition
pump LC-6AD (SHIMADZU)
column CAPCELL PAK C18 (SHISEIDO)
detector DAD (SPD-M10Avp, SHIMADZU)
UV 254nm
mobile phase 50% aqueous MeOH
flow rate 0.6me/min
injection volume 2010
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(2) +x 44

Compound 29 +Z& +9H3s}l7] $ste] NMR spectroscopy®} IR spectral
data 9} Mass spectrum datas 582402 ©]83}%3, Compound 29| &E¢]
stshA 545 HAESTHTable 16).

Compound 2% white solid ¢ FEH|Z MeOH, EtOAc, MC ol # &3]% 32
™, TLC A4 ¥k-3-2 RP-18 plates AR&-3to] H:09 MeOHO| &3 §vH(5:5)
2 A8 Rigke 0.3001%1 0 A Ajoko g VSE Agdte] 71dsS
u], bright white spots YWEFHSITE. Compound 29 #33 A A3 Ay}
[a]% e -29.8° & =AU, ®A24& high resolution ESI-MS

spectrum #41& F3A Ci1HisN20s 2 1% ST}

Table 16. Physico—chemical properties of compound 2

Physico—chemical properties

Appearance White solid
Soluble MeOH, EtOAc, MC
Insoluble H20O, Heptane
(RP-18, Hféf/[eOH%:B) R=0.50
[0l -29.8° (c=1.1, MeOH)
ESI-MS (m/z) 211.1441 [M+H]"
IR Vinax(KBr)em ™ 3259, 2951, 1685, 1668, 1633
Molecular formula C11H1sN202
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Compound 29] 'H-NMR spectral dated]*] § 0.98 o] YEIL}E= peak:= 270
o] methyl group& YERIES #<91d & A (Fig. 22), 'H-NMR spectrum?]
downfield & 4.11(H3), 4.01(H6), 3.56(H9) °] WEl b= peakE3 "C-NMR
spectrum® downfield § 53.3(C3), 58.9(C6), 45.4(C9) o YEIF peakeES
34 C-3, 6, 9 & Nitrogendl 1Z2%] 9= carbonds A& F+ AN

oH(Fig. 23).

1# Lo 20 33 232 29 2.4

0.4 &5 06 LT 08 09

| .|||
ﬂn ﬁi"yxm | .lll

o 102 03

a8 R '
w oo I ’
e

X : parts pee Million = 117

Fig. 22. 'H-NMR spectrum of compound 2
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Fig. 23. BC-NMR spectrum of compound 2

E3k BC-NMR spectrum®] § 170.2, 166.16] YEI}E= peakS =2 Hol 27
o] carbonyl 717} £A8HS &1d 4= AL, DEPT spectral datag 5314
3709 methine group (C-3, 6, 11)¥} 4709 methylene group (C-7, 8, 9,
10), 270 methyl group (C-12, 13)¢ &A1& AT F A (Fig. 24).
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60 55 50 a5 40 35 30 25

Fig. 24. DEPT spectrum of compound 2

'"H-'"H COSY spectral data® E3)4 'H-NMR spectrum® & 4.11(C-3),
§ 2.03(C-10), § 1.52(C-11), § 0.98(C-12), § 0.98(C-13)¢] peak”} LEF
+ protonE°] correlation E8&S ¢ F AN (Fig. 25).

'H-NMR spectrum®| 4] & 4.01(C-6), § 2.33(C-7), § 2.05(C-8), § 3.56
(C-9)9] peak”} YEFE proton 941 'H-'H COSY A& oA correlation X

Fes Fold 4 9lglom, o]E ntgo® Compound 29 HE FXE FH
A tH(Fig. 26).
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Fig. 25. 'H-'H COSY spectrum of compound 2

13
CH, !
6
8
3

11
H3C 10 L
12

segment (1) segment (2)

Fig. 26. Partial structures of compound 2
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Compound 2¢] HMBC spectrum®] long range correlations &34 o] &
B 3TxE2 'H-NMR spectrum? § 2.05, 2.03914 peakE YENE HS,
H10 ¥ “C-NMR spectrum® & 166.1914 peakE YEFH= carbony 17]
carbon C-5 ©] correlation®.o]& A& #He1atdar, L3 'H-NMR spectrum
o] § 4.119] peakE YEE= H37 BC-NMR spectrum® & 38.59] peakZ
UehlE C-10 28]x 'H-NMR spectrum® § 1.5 peakE WEhHE HIl
7 C-NMR spectrum® & 53.3°] peakE uYERE C-3 ©] HMBC

correlation®] 9J3|A A= AAFA &S ST 5 AR (Fig. 27).

— 7\
COSsYy HMBC

Fig. 27. 'H-'H COSY(— and HMBC(™) correlations of compound 2
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Compound 22] 'H-NMR¥I} C-NMR spectral data® Table 17 o YERY
At}

Table 17. 'H and *C NMR spectral data of compound 2

position 'H B¢
1 _ _
2 - 170.2, s
3 4.11 (1H, t) 53.3, d
4 _ _
5 ~ 166.1, s
6 4.01 (1H, dd) 58.9, d
7 2.33 (2H, m) 28.0, t
8 2.05 (2H, m) 23.2, t
9 3.56 (2H, m) 45.4, t
10 2.03 (2H, m) 38.5, t
11 1.52 (1H, m) 24.6, d
12 0.98 (3H, d) 21.1, q
13 0.98 (3H, d) 22.7, q

' and ®*C NMR spectrums are measured in CDCls at 400and 125MHz, respectively.

_62_



Compound 29] F%E oA AHE 'H-NMR, “C-NMR spectral data$}

'"H-'H COSY, HMBC, HMQC 5 2D-NMR A3 ZA3Z nlgoz AAS,

HZE2H 02 Cyclo-leucylproryld] S & = A thFig. 28).

@)
H

13 ,
CH, 5

HN, 6

8
3
11 o N
12
O

Fig. 28. Structure of compound 2
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(3) &itst 24

Compound 29 A& @A thgk v 43 23} ORAC assayoll A ofgh
gatst gdo] YeEldS & 4 Atk
ORAC assay+t peroxy radical © &8} &33zke] Al7bel wel ZHAash= &

¥4 ¥z B-phycoerythrin (B-PE)el peroxy radical generator$!

o

2,2'-axobis(2-amindino propane) dihydrochloride(AAPH) & H7}gro &4

WSS Yo7]a, sample® St EE FES= AFoEA AF Ay

Compound 2+ & E2<2l Trolox (water soluble Vitamin E analogue) 2] ¢F
3}

1/2 %) @48 42 el ATk Table 18),

Table 18. Antioxidant activity

Sample No. ORAC pg value DPPH ICso

Compound 2
0.545 200<

(Cyclo-leucylproryl)

ORAC value : standard - Trolox, Vitamin E analogue

DPPH IC50 : standard - Ascorbic acid
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skt B =SA Aol= 2F9 Mt Escherichia coli, Staphylococcus

=

aureus ¢ 2F°] @X Saccharomyces cerevisiae, Rhodotorula rubraZ 7

Table 19. Antimicrobial activity of compound 2

Inhibition zone (mm)

Bacteria Yeast
E.coli S.aureus | S.cerevisiae| R.rubra
Cyclo-leucylprolyl > > - -
Reference 12.3/12.0 12.1/12.2

Control : MeOH- CH.Cl, (1:1)
Reference : Ciprofloxacin (10ppm)
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salicylihalamide A%} w9~ F-AFsH7] W21 dl(46), salicylihalamide A¥ 3]%F
oA wE Aoz va dAFANCDEY Ao 2dH human
cancer celld] tja] A3 Meldo] =3, 53] FF Ao dist &4 S

of W tATAI AW 504 FG FEHFE 1 ofW For FH B

=4 dg FEIF oA o oo Y A= AAHsHA Xl
olgfst st diFF wde] 7hegk A Ml (Myxobacteria)e] WA} b=

H-E] Salicylihalamide AE A& Apicularen A7} £ O 2A o] o] &%
Az FEA T A oA AARERa, A 55 Freta e 5,

P T ol B FEA TH B 58 Al olvl #o] Bl A&

Lo

Ao s tpoket =] EdoA By Hd Afo2EE gAY = A
g &4 BAS SAsld ©F Chondromyces apiculatus®] W)= ZHE] 3

ok &4 =224 Apicularen AE &2 AAlste] I FxE st <A 7

%, 894 ANAAE Capiculatus Z5-F H2¥ Apicularen A = 1A 7]
Aol HAGAEZFA  AB49, ATHAEF  SK-0V-3, IFIAEFS]
SK-MEL-2, 321747 tAEZF<2 XF498, tldtAl 2721 HCT15 o st
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