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Abstract — About 1,300 strains isolated from soil were evaluated for acyl-CoA:cholesterol acyltrans-
ferase (ACAT) inhibition activity. About 4.0% of actinomycetes and 3.6% of fungi showed greater
than 50% inhibition activity, respectively. However, none of the isolated bacteria exhibited inhibition
activity more than 50%. Among them, one Streptomyces sp. A-3 showed a higher ACAT inhibition
activity in culture broth. Isolation of the ACAT inhibitor (AI-3) was achieved by Amberlite XAD-
7 column, silica-gel column, Sephadex LH-20 gel-filtration and reverse phase HPLC. From the
UV, IR, FAB-MS spectroscopy and NMR studies, the molecular weight of this compound AI-3
was determined as 465. Al-3 seemed to have a similar structure to that of skin tumor promoter,
Olivoretin A. The compound AI-3 inhibited ACAT activity in vitro assay system using rat liver
microsomes with ICs, value of 3.1 uM.
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AR AZ o) g-ste] wb4E Al P 2ol ¥
2iatsdch ADEE v|AY-Eo] A 2] £+ soluble sta-
rch 20 g, soybean meal 25 g, glucose 0.5g, K,;HPO,
1g, MgS0,-7H,0O 0.5 ¢, polypeptone 1g, CaCl, 1g,
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150~200 g)&} 7Fx=]-2 Helsle] Aejrldez A
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—80C Wi ol Batstma] abgsledc,

raidel 5%
ACAT 49 &3 [1-C] oleoyl-CoAE 714 &
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ot 10w WA AEY, 4.0 microsomal enzyme,
20.0 w assay buffer(0.5 M KH,PO,, 10 mM DTT, pH
74), 40 mg/m/ BSA(AH}F4te] A 7% 71, Sigma A6003)
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Table 1. Fermentation medium for Streptomyces A-3
strain

Composition Concentration (%, w/w)

Soluble starch 2.0
SE 50M 0.4
CN 50BT 0.3
CaCOy 0.3
Polypeptone 0.2
Yeast extract 0.1
Glucose 1.0
Na(l 0.2
K:HPO, 0.1
MgS50,- 7H0 0.05
Antifoam(Neorine) 0.05
Trace elements
Fe ™ 20 mg/!
Mn?*~ 10 mg/!
Zn** 10 mg/I
Co** 5 mg/!

graphy & ol&ste] 7] ez Fegt F, A4
22 viehd+= 588 t}A] Sephadex LH-20 size
exclusion chromatography®} preparative reverse
phase HPLC-E 3i3}o] AAsteich

Al-38| FZEFA

UV 3% BAe a40x3E54g 100% MeOH
of 2% % Shimadzu UV-265 spectrophotometer
mass spectmmetrng ]%6}0% FAB mni} HOPﬁ]j.?...i
ZA4sod v matrixZ2+  glycerol(positive) ™  trie-
thylamine(negative)-& o|)-£3}oic) =3k F 4 3=
-2 CDClzell %49 Bruker 300 MHz & x}7)30d 7] &
oj&-3lo] 'H, “C NMR spectra® o WHi
TEAEE TMSE A3t FT-IR spectrum-&
aA4AEAE KBr} &8st disc® 2HE & Bio-
Rad Digilab Division FTS 80 FT-IR spectrophoto-
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Table 2. Incidence frequency of ACAT inhibitor from
various microorganisms

Sample No. Inhibition (%)

Microorganisms treated
o0> 80>
Bacteria 172 0.0 0.0
Actinomycetes 605 4.0 (0.7
Fungi 200 3.0 0.0

Table 3. Composition of fermentation media for isola-
ted Streptomyces

Medium 1 Medium 2
Soluble starch 2.0% Soluble starch 2.0%
SE 50 M 04 SE 50 M 2.0
CN 50 BT 0.3 Glucose 0.2
Polypeptone 0.2 (NH )50, 0.1
CaCO; 0.3 K;HPO, 0.1
K,HPO, 0.1 MgSQO,-7H,0O 0.05
Yeast extract 0.1 CaCl; 0.1
Mg50,-7H,0 0.05 NaCl 0.3
Na(l 0.2
Trace Fe?* 20 mg/l  Trace Fe®? 20 mg/!
Mn** 10 mg/! Mn-* 10 mg/!
Zn** 10 mg/! Zn*! 10 mg/l
Co** 5 mg/! Co?* 5 mg/l
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e WA 6050 FERE 4.0%, ZFo] 50073
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o| %3, ¥l 6051 & ¥ 4027350
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o vz & Al&3led 28T oA 427k 2 elu)oks
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ACAT 345 vtehdl= & 5 Ao ¢ho 2 9]
Alglef o) g-3lglon o *%litﬂ ZAJe] LL-
DAP type¢] 3., isoprenoid gqunonee| MK-9(H,H,H;
Hyyelsd 2 cellular fatty acid &4de| FA-type 2C=
&3 '3::! 2l Strepfamyaﬂsﬁfq 545 velde] o] 5

AN AH Ll 22 R HA
ACAT AHsjgds el S48 Hel3hr] $
sl Ab=od 47E Amberlite XAD-7(Rohm & Hass

Fermentation broth

centrifuged at 7000Xg

for 15 min
Supernatant L Mycelum
XAD-7 Adsorption column extracted_
with MeOH

eluted with MeOH

Reverse phase silica-gel column chromatography }

(C-18, 40~63 pum, 951d X 50 mm)

-

H,O 9:1 7:3 5:5 3:7 1:9 MeOHMeCN EtOAc
1

H(}/MeOH

[ Sephadex LH-20 gel filtration } (35 1d X 850 mm)

eluted with MeOH

[- Preparative reverse phase HPLCW

e

(WBondapak Cyg, 19> 150 mm, 5 mé/min,
75 : 25 MeOH/H20, 225 nm)

|
1_

Al-3 ]
Fig. 1. Purification steps of compound Al-3 showing

ACAT inhibition activity produced from Streptomyces
sp- A-3 strain,
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AP column(105 X 200 mm)e] &% 40 m/e] f4-o 2

v
FAA7) F SRR FEER] L B4 A

MeOH& o] §sle| &F3iqict. &5 F A= &
Ao L}»E]—LHL 2 o] 23 28 Ay F5(2.28

2)3}e] reverse phase silica-gel column chromatog-
raphy(95 idX50 mm, C-18, 40~-63 um, Merck)&
gelojon, &2 E=H,0,9:1,7:3,5:5,3!
7, 1.9 H,0/MeOH, MeOH, MeCN, EtOAcE 77}
400 mi¥ o] g3t AngAdAHEHe] &5 &
(Fr, )& Rolx AF F5F ¥ t}A] MeOHol
S8)8l 2 size exclusion chromatography(Sephadex
LH-20, 35id X850 mm)& F33te] & AEA] o AlF-
2)(Fr. 28~38)S2 XHol ¥&slsir}. =3t Sephadex
LH-208 %33 E2$ preparative HPLC(Bondapak
C-18, 19 X150 mm, Waters, eluent 75% MeQOH, 225
nm)E #HEF QA cKFig 1), #AE%H E4E
A2 Helslr] glslel wFAlel 472 MeOHE 3H7}38}
o Ao A 24A17HEol nElgk § FAE o 3slal
AF 558 §(4.28 g) reverse phase silica-gel co-
lumn chromatography, Sephadex LH-20 gel-filtra-
tion, HPLCE o] §-8tod Abg-oliz) zhe Hiyjeq X
2] « A5 3&-3].91*@‘3:} g ol 472 de] FEHoE

34 5ul g mgwwﬁu XAD-7 MeOH && 3} #

a2l MeOH FZ4-& 7|Z2 23] &L 0.12%°]%]
th)-& dslem, o) & A" 4 g Al3Z %
3kl

Al-32| o|3lety ME

ACAT A3l4 Al-3¢] o)3}&}* A AL Table 40l

Tabie 4. Physico- chemlcal properties of Al-3

a0 1 e il 5 A1 35

Appearance colorless powder
Stability stable in acid and weakly base
Molecular formula CooHyN-O,
HRFAB-MS(m/z)

Calcd: 465.3355

Found: 465.3362
UVMeOH () 232,286
Melting point 251~253C
Solubility

soluble: MeOH, CHCl;

insoluble: H;Q, n-Hexane
Rf value 0.67~0.68

(n-Hexane/EtQAc=1: 2)
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Fig. 2. FAB-MS spectrum (a) and HRFAB-MS spectrum (b) of compound AIl-3.

el ok A3 W g4Rd2 A A3 ekgd 7| Aol Al-329| 2xXZHH

XM= gbAsl), FrE 7| A= Bk E). A3+ Al-3 &322 UV-VIS spectrume 100% MeQH
MeOH®} CHCLell= & %3, 53 n-Hexaneol| &= Lol A] 232 nm&} 286 nmoll A F F4 IAARS
235 =) eratrl. vehilgl oy, ¥4}ek-g FAB-MSs 224 2 74Fig.

2a) 46614 [M+H]'29 733t ion peak”’} v}EbYLC
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Fig. 3. '"H-NMR spectrum of compound AI-3 (CDCl;, 300 MHz).

™, high resolution FAB-MS(Fig. 2b)e] A} m/z :
465.3362% ieht Al s BAALS CyHiNL0s2)
I A zrEigic)

Al-32] 'H-NMR spectrum-2- Fig 3] v}elyigicl
0.68 ppm(3H, d, J=6.6 Hz)®} 0.91 ppm3H, d, J=6.6
Hz)2] signal2 2.61 ppm(1H, septet, ] =6.6 Hz) sig-
nal# coupling3l™, 053 ppm(3H, d, J=6.7 Hz)3}
101 ppm(3H, d, J=6.7 Hz)®} signal® 2.25 ppm(1H,
septet, ]=6.7 Hz) signal®} couping®h= 270¢] isop-
ropyl group®} &4 & 4 23, 1.35 ppm(3H, )3}
1.51 ppm(3H, )& peak+ tert-Coll A% -CH;9l &
o < ik =7 2.91 ppm(3H, s)& N-CH,ol 21§
peake|™, 3.31 ppm(3H, s)& O-CHzol| 43} peakZ
vtepigich 542 ppm(1H, dd, Jirans=17.8, Jeem=1.2
Hz)3 5.25 ppm(1H, dd, J4=10.7, Jeem=1.2 Hz) sig-
nal<- double bond o] <725 protong vlehyg].o o
8.70 ppm(1H, br s)& NH<9] peakE it}ehlgic}). o)
¢1%F 'NMR Spectrum ©. 2 5-E] 932 signal assign-
ment data-E Table 5¢f E33}elic)

Al-3 #3F2-9] FT-IR spectrum-$ Fig. 49) v}eh
Rt 3400 cm oA -NH, 2,870~2,960 cm ol A
aliphatic C-H group®l &A1& 1,650 cm o A&
amide carbonyl group®] &A1& o 4 <¢lch

ojAFe] of2{7}A] spectra® F§ts] ¥ o AL3

Table 5. 'H-NMR(300 MHz, CDCl;) chemical shifts
and assignments for ACAT inhibitor AI-3

No. Chemical shift (8)

1 870 (1H, br s)

2 6.77 (1H, m)

6 652 (1H, s)

10a 315 (1H, br d, Jem=17.8)

10b 2.88 (IH, dd, Jgem$17.8, 1105.11:3.6)
11 4.40 (1H, m)

12 6.22 (1H, br s)

14 429 (1H, d, J1s2=10.2)

20 3.34-3.37(ZH, m)

21 261 ‘(1H, d septet, ]21_14:10.2, Jza‘;;g and 3335.6)
22 %091 (3H, d, Jus1=6.6)

23 *068 (3H, d, 123,2136.6)

24 291 (3H, s)

25 135 (3H, s)

26 2.25 (1H, septet, Jgﬁ,z'; and 2336.7)
27 +053 (SH, d, J2?_26:6.7)

28 +11‘:)]. (SH, d, Jgg,gﬁw_wﬁ.?)

29 151 (3H, s)

30 6.17 (1H, dd, Juas=178, J4=10.7)
3la 542 (1H, dd, Juams=17.8, Jeem=1.2)
3“3 5.25 (1H, dd. Jc:sﬂl()?, Jgem:lz)

32 3.31 (3H, s}

a) 17,5, 18,5 not assigned.
b) Assignments bearing the same superscript on verti-
cal column may be interchanged.
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ACAT #A #1852 (Fig. 5)-& Streptoverticillium oli-
voreticuli 256 Ea]x(7, 8) v} gle 743 W EA
skin tumor promoter?) Olivoretin A8} 78] FUgh
Fzepal A zbgich ey Al S-74A] Olivoretin Al
shghEo] ACAT #AAAzbs A2 Haxl vl
gl owm Olivoretin A2} v]AlgF H-Fof|x =jols B
ol AR oMY rleAel sdh uzlA
oto 2 500 MHz NMRe] E471H# X-ray 4%
23] Hr} HEagt FRdTFE ASE dFe ok

In vitro EAAHIML] ACAT EAXS F ol

2z ACAT EA4A&EAH dYAAH A= 7718
o] & o]8-5}lo] cholesteryl oleate?} ¥¥%¥ Ar&%
Halsled radioactivityE ZA3sleich =¥ 23} w4

Kor. J. Appl. Microbiol Biotechnol.

AL lipid FEZol £3E AEele wga
A} 29l cholesteryl oleate ©]2]e] B&le] vl ¥
o] )-8 7FsAle] gler g TLC plate(Silica 60F s,
MerckARE o]-&3}od ArEolE- petroleum ether-die-
thyl ether-acetic acid(90 : 10 : 1)} B-sljol] ] 4
Al7] %, iodineel| &3l A== cholesteryl oleate
MU Rf—(0.75)S FolA] radicactivity & A3}l
Al-3 3HEEY 100% =73 BAE F£AHeR 3
A )ed in vitro microsomal B.AAH A ACAT &4 &
A At [Cyy valuer 3.1 uMAE o = i)
(Table 5). # Lol Tomoda S(11)ol] ¢l&l B. 2= pur-
pactin A, B, C& 7|3 28|+ HAv|RYEEFE
2o ACAT AsfAlel gt Bavt §353a sl

22 23
85.1 1 j H .
S w"”’*f Iy \O
: T i/
, | 28
% /\ UF ﬂﬁ y ].1/ dy 10 1
= 5001 |} A g/ V\ / 26
il ( i
T \/ 2
| |
25.1 : f ,
4000.0 2000.0 1000.0 400.0
Wavenumbers
Fig. 4. FT-IR spectrum of compound Al-3. Fig. 5. Structure of Al-3.
Table 5. Summary of inhibitory activity and cytotoxicity of various ACAT inhibitors
ICs (UM)
Compound
J774 macrophage assay Ref.
Microsomal
assay CE Cytotoxicity
Al-3 3.1 NT NT
CL-283,546 1.3 0.074 (9)
CL-277,082 6.6 0.30 7.8 (10)
Purpactin A 121 1.2 9.7 (11)
Glisoprenin A 46 1.2 14.0 (12)
Enniatins 22-110 0.44-1.1 26~>10 (13)
Acaterin 120 45 (14)
Beauvericin 3.0 0.17 11 (15)
Pyripyropenes 0.053~0.268 (16)
AS-183 0.94 (17)
Helminthosporol 500 90 (18)

CE: Cholesterol ester formation, NT: Not tested.
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olubd 0 2 J774 macrophage assay systemeol 42}
[Csy values in witro microsomal enzyme assay sys-
tem®c} 10~10088 A vpebbin Sivt

=3t enzyme assay?l Fusarium <p.25-E H2]%l
enniatins(15)ell 2% ACAT <{4|¢} hydrophobicity
Alole] AbakabAlol Bgr A2 FE] ACATe| mem-
brane-bound &40)7] W& 44l FgkE°] mem-
brane® ZstAe] ¥, v]EAHA] Wh{es ax
st o Al & oy ¥ael gk 2@y en-
niatins®] branched alky! amino acid tH %1l L-phen-
ylalanine2 ¥ 33 beauvericine] 73 ACAT = 3}
g8 Jeldcle deoegXE FRAF aromatic
group®] ACAT #allol| 7]edst 7o 2 A5t )t
ubeb ] Al-32} 7 fFE A& o]-8-8ted m vifro micro-
somal assay system3i} J774 cell assay system-S ©|
83} cholesterol ester A % cytotoxicityel] F+Hgh

o372} tumor promoterso] oW 712tef| 2j&l]l ACAT

gA-e xs|dtrtel] FAgE AFE ZlsYElz} gk
2 of
eoko 2 ¥e| Helgl 1300 75 F H0% oAt

ACAT =3 #A-& vjeh= A= Al 605
Z2 BE] 40%, =3o] 500 +FE5E 3.6% %302

A 172FF28E= 50% o1 A &L LJrEMJ
= 71e] glo] T Ul 2E o] Frth o]F “HaF ACAT
Al A S el AidT Streptomyces sp. A-3
pjofed © 2 HE] XAD-7 column, silica-gel column,
sephadex LH-20 column chromatography % 44
HPLCE o]43te] S| ERAALNE £ - A
gkeich. AI-3E UV, IR, FAB-MS, NMR& &3 &
gl Az REabeke) 4650]™, skin tumor promoter %

ot2d ] Olivoretin A9} A2 Hd3 F+2-& ""E} I
oladc}, =3l rat liver microsome2 ©]-83§F &4 %

AEAef 4] Al-39] ICs value+ 3.1 pMe|3ic)
ZHAte] &5

A79] A% F5 SAol B Tee FA
FAEFATA wE b bk
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