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Abstract

The aims of this studies were carried out to investigate the antioxidant activity on low density lipoprotein(LDL)

using substances extracted from Bacillus sp. RH-5.

The antioxidative substances produced extracellular in the culture broth by Bacillius sp. RH-5 was obtained by
elution of chloroform : methanol from silicagel column (80cm X 100cm) chromatography. Band 4 eluted from fraction 3
by TLC was appeared at highest level of antioxidative activity using thiocyanate methed. Band 4 at a concentration
of 100 or 200ug/m¢ inhibited oxidation of LDL induced by the mouse transformed macrophage.

According to IR. NMR or GC/MASS, the antioxidant substance was identified as 5-hydroxyindole.
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2 Wdke AF(fatty streak)] %4 oto} @it &
AZ0] LDL-E cholesterol ester®] -Wid|2ZA 1 FA&
3~5% triacyl -glyceride, 40~44% cholesteryl ester, 20~
24% phospholipid, 9~10% cholesterol @ 20~26% ap-
olipoprotein® 2 FAEo] 9ltH21]. LDLo] 2k3}s]o] 2F
3} LDL (Oxid LDL)e] =W in vivoo) X THAZE Yo
7W[2] W% LDLe] 2352 eyl Yojuks 3
& ofu] &3l ApdoltH13]. LDLo] F40]-2, macrophage
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s|Fol A 228 Bacillus sp. RH-59 23 A2} Low Density Lipoprotein(LDL) At8}oll jgh dhatsia)e] 7

g Th2 micro tubed] 200u0d 1 7)o} phosphate buf-
fer(400408), distilled water(20040), linoleic acid solution
Q00u)E 22 o] & The o5& oA S0TE &
A& wheA Izt AIZPEE g H(10040)S NHSCN
solution(10040), ferrous chloride reagent(100u0)$} 7
75% ethanol(3nf)ol 43 3 & 5 490moiA FBF=E =
Aatel Fidst 248 veEhsis:

TLCOf 2lgt #4429 &2

-
o] A& HZFA EIYES TIC £ Fasid sy &
4 298k &, Pspgol #9E BHEES capil
lary tube& silica gel TLC (5554, Merck Co.)%oll A% g
3 ARAZAL ojnf A &vle CHCl: MeOH = 9:18
AH&-3194 3L, TLC plate DPPH ¥4 AJefg ERsbo] 2}
FA FAog HE sty A8 s

Al Low Density Lipoprotein(LDL)2| &2l

A7 Gk g9 50ml& 1mg/ml EDTAS 3Hirdh
plastic A1g o]l ol wykgk F 4TAA 343 A8k
o 89 49 plasmac A2A 208 Ft AL
(2,000x g)3+ th& gentamycin sulfate (Img/25ml)-S 7}
8ok LDL (d. 1.019~1.063g/m)> x31% YAEE 7]
(46,000 x g) & 24412} FoF Falste] A} £&¥ LDL
£ 0.15M NaCl, 0.01% EDTA7} 39 0.01M phosphate
buffer, pH 74 A 16~20A17t S48 TH8.

Macrophages| 2212t i

Female ICR miceS CO&E ZAAIA A/ ER £
of 24A THE Ca®, Mg™o] §l& Dulbecco’s phosphate
#|Z3lel macrophaged 3 &
F A48T 3 g AL AAsT AET Eelstdn.
o] MEE 10% BEAAZ) fetal bovine serum¥} 2 mmol/
¢ L-glutamine, 100 units/m{ penicillin ¥ 0.17 mumol/ ¢
streptomycing #7}$ Dulbecco’s Modified Eagle Med-
ium(DMEM)Ei Aol A 5% CO»/air E|stolA uloksty
ohowlF 2443 Foll WA wAE wEBAR oS 5%
lipoprotein-deficient serum(LPDS), L-glutamine %-& D-
MEMHj=|o] LDL ¥+ 4v3} LDLY] 43¢ w55 37}
sl APsHATHS]

buffered salineS 3

Copper mediated LDL A&tol Chist gatsl 20}

phate buffer saline(PBS)d] A|52 @3 =g HJs
of 5% CO, ZA3telM 37Tl H 2447k wjkste] LDLY
Mg 289 BEE 2T o wgdd ARE
A7RHA & 2A00M mgaoh

Macrophage-mediated LDLOi ch#t &4kst &1t

LDL(100 £ g/ml, protein)3{+ macrophage Hj ¥ o]
Bacillus sp. RH-59] & & 944 sz I7ta F 5%
CO, EABIA 37TCAM 2447 F wjde F LDLY
dste Y g dgauth

Thiobarbituric acid reacting substances(TBA-
RS9 &%

Human LDLe] 4F8he TBARS] Ao 24 Brlslg]
t}. 100 g, protein/ml, LDLe] &8 wid T3} 0.5ml
d 20% TCA 1.5mlE 7}8 & «7}9] 0.05M NaOHdj
067% TBA 15ml& Yol 4 & 1 ¥ EE NT
S o)A 4587 7HEE T AR 1083 9AE
(2000xg)st -8 45N ¥§3E Perkin-Elmer fluores-
cence spectrophotometer (Model 650-105)2 4] 510 & 553
nmol A &84k AJ8 £9 TBARSY 4+ malonald-
ehyde (MDA)ZX 1H501% MDAY EFF40E FE
MDA®9] nmoleZ A R A TH?26].

GAstH o] 7 &l

Bacillus sp. RH-52) )% 9& Fraction & & TLCOA
Fo] Eo} HPLC(model No. HP1050, Hewlett Paekrd Co.

Waldbronn, Germany)o] ¢j3}e] G|t & GC/MASS,
R 9 NMR= elatgich

LDLe) grldel Hae Lowry 59 WH[15]e wat

Znh o oE

Chromatographyt TLCOl 2lst aatsid £29)
23

oA wjokd S ethyl ether® % 23 A silica gel
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column chromatography& &% ch. Chloroform : meth-
anol®] B]&-9] Fraction 1 (100 : 0), Fraction 2 (80 : 20)
Fraction 3 (50 : 50), Fraction 4 (20 : 80) 2 Fraction 5 (0
1 100)) 74+ B-EEL2 dof o]of tha) thiocyanate method
£ ol &3ty P Y 2 Fig 1oA Heupet
2ol Fraction 30] @40 Q= 2EYS ¢ & Uk
Fraction 32 silica gel column chromatography$} TLC
Hog #8389 TLC 2 ¥ band 1, 2, 3 9 48 AU
(Fig. 2). ©]& Vit. E(10mol)e} BHA10mol)s} ¥l m -
@ band 4% 7]& FAIA B o] 2 AHE Y
LT (Fig 3)

Bacillus sp. RH-5 BH2t42| LDLO| 4lof CiEt St
st £0t

Bacillus sp RH-4059] ¥l & ethyl ether2 2% th
& A5t %8 % silica gel column chromatography
2 TLCo| oJ8te] A& Fraction 3ollA] kst &A4o] 7}
2 ¥ band 48 LDLY Astel] g g3 as 4
¥9 A Fig. 4] JERI AT

Fraction 49 Fxd 333t A dotRr] 3o

120

100 +
2w} m = m
2
2
S 60
s
s
o 40 +
o

20

o

Control  Fr.1 Fr.2 Fr.3 Fr.4 Fr.s BHA
Fractions

Fig. 1. Antioxidative activity of various fractions by

silica gel column(8cm X 100cm)chromatography with
mixtures of CHCl; and methanol.

Fr.1, CHCl;: MeOH(100: 0), Fr. 2, CHCl3: MeOH
(90:10), Fr. 3, CHCl;: MeOH(80 : 20), Fr. 4, CHCh
: MeOH(50: 502, Fr. 5, CHCls: MeOH(0 : 100),
Vit. E, BHA(10”mol)

All fractions are eluted with 1000m{ mixtures of
CHCl; and methanol.

102 / A=33}e3)|

& 254
® Band
[ ) Band 2
L Band 3
O Band 4
o Origin
Fig. 2. Thin layer chromatogram of antioxidative fraction
developed with mixtures of Ethyl acetate : Meth-
anol =90: 10.
100 | -
80 f
L .
% 60
5 w0t
¢
20
0 :
Control  Fr.3 Bandl Band2 Band3 Band4 BHA BHT
Antioxidants
Fig. 3. Antioxidative activity of band 1, 2, 3 and 4 ob-

tained from Fraction 3 by TLC and its com-
parison with BHA and BHT.

LDL(10044/ m8)o band 48 100p¢ 2 20044/ mi9] =2
ZA3}e] 5uM CuSOse] &3k A 37T 1847 &
oF kst A7 band 49 1004 2 20040/ ml9] HE oA
b3t A5 UehliSich LDLY A3t 9oz A
717] 18t LDLe] 54M CuSOsS& H718te] 37°C oA
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Fig. 4. Antioxidant effect of Fraction 3(band 4) obtained
from Bacilliys sp. RH-5 cultivation on the oxi-
dation of LDL by 5um CuSOy LDL(100yg, protein/
m¢)was incubted for 18h at 37°C in the prescence
of 100ug or 200ug/m¢ band 4 of Fraction 3 by the
addition of 5:m CuSO,..

LOL+Cu2+

18A12+5 9 w3 ¥ TBARSE 23§ Z3} native LDL
ol 4] 2.45+0.23 nmole MDA/ mg LDL, proteino] g 21} 5
e M CuSOs2 23 A 71 Z2F9 A9 23.3011.42 nmole
MDA/mg LDL, proteine]d i LDLe] +5uM CuSO,Z
#7rskn o}7]9) band 42 22} 100p8/m D 20040/ mdH
A7} AL TBARSSY 4= 2H7} 514+020 2 480+
0.17 nomol MDA/mg LDL, protein® & LDL&] A}3}¢x)
37} ok

LDLS Q1918<l Arghe Cu™'g Zwjz o]83led A3}
A7IRA Bibgale) olg EE ZATH5]. LDLY A
3 A717) 91sted Cu¥'e) ¥EE 5puM2 2AsHE A
o] 7k ergsithe Rafl4lel mhet B Aol T CuSOs
E 5uMEER 2Hsto] AL4adth

kst 229 HPLCO| 2t £2

TLCe ¢Jef Band 49] F4 %5 wlgk A¥o] A=Y
o1} v A831A 317) Yel chloroform : methanol(9:1) &
Al o] &3 revere phase column(Hypersil ODS C18)2]
HPLCE HAlgte] B2E A=Ak 22 d3 retention

time 7.203} 758 181 84%9 pesk® UEl) 23
(baseline seperation)7} ©]Fo] Fow, ojg 3 ARL &
A 248 JERIYTE o] % retention time 7.20 29
peak? HES T 2T F L Axdte YA

2aste] T AR

.
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Hydroxyindole®} TZ7H

5-Hydroxyindole®] #Zol|A] aromatic 2g}d|+ Jeht
€ 92T WIEE 729-642 ppm Aleldl A Uyt o)F
6.44-6.42 ppmol M Yehte I3+ 90MHz NMR S A}
&3] Razol EojA7je Fu Ha of sj3ele gag
YA BE uie} go] o]F9Az Yey YSE ¥
A & vk = Hb of j@ete slaE 674-6.72ppm
oA &9 o]FHAZ £IHT UL vehdth He 9
AL BF 729-704 ppm Afolol A multiplet &2 e}
wo | HaHb:Hcd ratios oig 3:1:12 Jehte Aoz
o} indoled] TAL 742 YL G4 Yk HrojA
indole o] o] gl AA-F5 79 ZEE3 broad 3
757} 80 ppm Ao Ueldy OH 719 $4 &4
447 ppmo] A A9 149 44 HIEZ integration o] 1}
o2 indole FRo} BlA-F40]99 T F4
£ N-H 2 O-H & #8984 YAd(Fig. 5).

Mass Spectrume AR Fao| 2o sFate M'133
(m/z, rel. intensity)®] 27} Z38kA Vel 71EF 104, 78,
66, 51 9] aromatic of 3|F3l= AF elo] A&dalA U

Lenas us )
R
0BNUC 1
385 B L oR 2y a5 -
38 ° é? O8SET 42 00 i-
bl ] 06F I s138 8
ent Wy
1l | REOL © 200 =
T Lo
POINT 1638,
PO 16384
TINeS 1
MHY o
FREQU 1800 S K
I 909 +
DELAY 2222 v
Ao 4o s
PD 2 4% ¢
Aol 12
oty 22
- e,
e 015w
L2 S S8 LIRS
5 : 7 i s J 3 2 H ° R I 00
” 90 0
14 009 %
p @ ESHOD NON
,%\ Nk, /}\ 4 £1P0H HON S1ag o
KL AN i I T .

TRAPY

Fig. 5. NMR spectrum of 5-hydroxyindole isolated from
Bacillus sp. RH-5.
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Fig. 6. GC/MS chromatogram of 5-hydroxyindole isolated
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Fig. 7. IR spectrum of 5-hydroxyindole isolated from
Bacillus sp. RH-5.
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