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This study was designed to investigate the antioxidative activity on oxidation of human low density lipoprotein(LDL) of band
2 fractionated from culture broth of Streptomyces sp. BH-405. Antioxidative activity of band 2 obtained from fractionation of
BH-405 culture purification was measured against Cu?” mediated human LDL oxidation by thiobarbituric acid reactive
substance. CuSOs4 mediated oxidation of LDL was degraded at a much higher rate than native LDL. Band 2 at a
concentration of 100 or 200 wg/mL inhibited the oxidation of LDL induced by CuSQs The formation of conjugated dienes
induced in the presence of 5 ;M CuSO4 of the mouse macrophage and J744. The electrophoretic mobility of the LDL in
addition of 200 ,g band 2 in the presence of 5, M CuSO, was lower than that of native LDL. LDL modified by copper
mediated or cell mediated uptake was degraded by macrophage at much greater than native LDL, and band 2 was found
as potential inhibitor of modification of 125]-labelled LDL by macrophage.
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Al el Zavb S48 ARl v ReEZ gERn 9o
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= F
B Ado] ALg3E dF= Streptomyces sp. BH-405¢|H

marine broth 22169 X|o]] (Difco)ol|A] 25Col| A 3U7F vjokst
HjoFol-S ALS-31 G TH20).

Celi lines

J774 cells vl xQA|o} tigtu ofsftfdto ] FFek
o1 10% fetal calf serum, 2 mM glutamine, 100 units/mL
penicillin ¥ 0.17 mM streptomycinS %3+ Dulbecco’s
Modified Eagle Medium (DMEM) sJ|x]o]] i k&}¢ic).

Al2} Low Density Lipoprotein(LDL)2| £2|

A7 9o " 50 mLE EDTA(I mg50 H,0 mL)
SOmLE 4 plasic @@l Pol muke F 4TA 3
AZE A @Y 49 plasmas LM 208 <
YAIE-2)(2000 X g)y3te] 23t T} gentamycin sulfate (1 mg/25
H,0 mL) ImL& FH7}slgich 339 LDL(EE 1.019~
1.063gmL) Fels 23% YAR7|(46,000Xg)T 2447
Eot Bt 4gith. #4293 LDLE 0.15 M NaCl, 0.01 M
EDTA7} 3/%¥ 200mL 0.01 M phosphate buffer(pH 7.4)=
A 16~20A17153F FAEHTH21).

Macrophage?] 22|29} Hijet

Female ICR miceE CO,Z ZAA)7]3 AH73E ERE9| 0
Z}A] ¥H= Dulbecco’s phosphate buffered salineS Wi A H
Sol macrophage T # F A4 @ 0g AL A
Asta AEZ Bk o] AEE BT 10%
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fetal bovine serum3} 2 mM/L, L-glutamine, 100 units/mL
penicillin @ 0.17 mM/L streptomycin2 3 7}5+ DMEMBH] ]
ImLoA 5% COyfair ZR|3Fo)A] vlFstTh 37°CoA 244]
ZF vk Fo AXE wixE Z8A7] tS 5% lipoprotein-
deficient serum(LPDS), L-glutamine2- 3+ DMEMH]X]o]]
LDL E& Oxid LDLE A3 sx2 st A3ttt
2).

LDL9| copper 7 At}

AR A& band 2 B-A(1 mg ethanol mL)E YFFY
3}l o7)ol] LDL(100 yg proteiny mL) 10 uf, 5 M CuSOs 5
E ¥3 phosphate buffer saline (PBS)E o] Hzg 100
WE T F 37T A 18X)3F wiste] LDLY] 2H8tE ZALS}
HATH23).

LDLY| cell = Ats}

Macrophages 2 J7742] ujoFelol LDL(100 yg protein/mL)
10 p9} A]S(1 mglethanol mL) 8 = Z+Z+ 7}t PBSE
Yol AFL 100 U2 & F 5% COp ZABHIN 18417 )
sjel LDLS) 218 Y58 4gatgch W= tzFe ol
sieelel AEE 75 gn $UsP A Bsherhee.

Thiobarbituric acid reacting substances(TBARS)29| =X

LDL9] AF3}= TBARSS Ao gx Hr1sigich LDL(100
g protein/mL) 10 peo] FFd 2 28 ¥ EFA 100
19 20% TCA 1.5 mLE 743+ TS o17]9] 0.05 M NaOH
2 mL$} 0.67% TBA 1.5 mLL @o] 4& & 71 g E3a
£ 90T F2olA 4587 71E3idny o2 1087 94
£2](2,000x2)3 T2 ARl &8 Perkin-Elmer fluores-
cence spectrophotometer (Model 650-10S, USA)ZA 510 @
553 nmoA] ZA3¥ct AlE £¢ TBARSY 4= malon-
dialdehyde (MDA)ZA] YFE0]- MDAQ HFEF3IAHog HE
MDA 9] nmoleE JeRJ A cH25).

LDL9| gel electrophoresis

LDLe] A7|4%e Nile red® £33 LDLL  barbital
buffer, pH 8.6°2.2 THE agarose gelZ2A] 75VolA 20& F<t
ANEA o8 UV lampEA 21514 TH?26).

Diene conjugation?] =3

LDLo} Oxid LDLo] #o2x AA7Fz8 T4 254y
¥ A-8 Perkin-Elmer fluorescence spectrophotometer (Model
650-10S, USA)Z 234 mo]A =%sigck31). = LDL(100
pg protein/mL) 10 xf, 5 M CuSO; 5 ¢f 2 A E(1 mg/mL)
160 WE EF ¥ PBSPH 7.4)2 2 mLZ N FIHF
F5E 80 pgmLl) 37°CoAA 21085 vleksldA o 308 3+
Ao 7 73] ZH3ATH26).

Human vascular endothelial cells@] uff2}

Jaffe5(27)9] 7i%F whol me} el AEE vE RQ
2o} thEtel A FF wokrh AL ke F-10 w0 wl
&t
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LDLe| o=3}

LDLY] 29 =%+ iodine monochloride® 2] HEH HFH
o3t A1%)3}$th28). lodine monochlorideZ [*I1¢] &5}
oA LDL guiAe] 10 : 19| moleH| 2 A Eg&lod BH2-A]7)
I 9hgoA AgEA] &S iodine= 0.1 M Tris-HCl buffer,
0.01% EDTA, 0.85% NaCl, pH 7.40] E4j35to] 2| AATh
ENF & oF 98% [] LDLE 15% trichloroacetic acidZ 4]
FAANA At Pllabeled LDLL filter(0.22 pm)E 34

A AHS-3T-

chzo] Ha

il o) AEke FFEZTOF bovine serum albuming AlE-

&l Lowry 59 Q9 whet 438

A N

EA Hgrt 223 dataE meantSDEAN JERAATH
Data® 7z} 2E7S Duncan’s multiple range testZ A}-&3}o]

A A 2JskAH30).

Zn 9 3

et

Streptomyces sp. BH-405 ufjgtoio] ===0| A2t LDLO]|

ofst gast gat

Streptomyces sp. BH-4052] ®j<
TLCol 23t ¥ AAT JrE IF
Column chromatography 2 #33F 4% FES band 27}
AslgAdo) N stk datks Ayt 4% band 2
2 A2 shof Al LDLO| et Cu't 2o} 2sje] oiAE
IE AFsart

ghakst &A8 £43t7) Yate] LDLe| band 2& 242} 50,
100 2 200 pugmL# HF7}3 & CuSO.Z 1,2, 3,4, 5 2 6
uME H7iste] ARsgch Figure 194 Be wheh 2o
aarslAl A8<Q band 29 M7 8o EE&FE FiE A
F5 Z7hEkgo Bsdola Féolee AT EA<
CuS0,9] F7} Fx=9| Z7lel] we} 2stEErt F7heti e,
5~6uM CuSOs EEJAME A HLdgenz goz
54M CuSOsZ AHE3ISItE ¥ A¥e|A LDLE CuSO.E 4F
EMAZ A7V T Streptomyces sp. BH-4052} ujj 9kl of A
22 AA3 band 22 200 pgml H7FSIES o] dAkE &
H7} 2 ZAoR UEPGong LDLe| o 43} oA &3
7b S8 Aoz AIHUG

kol & ethylether %3
F 53 TLC

g o

o2t

Human LDLO| $Aloj clfst shrtsl &1

A A9 A3} & LDLeo] 4talE¥ cholesterol @ cholesterol
ester7} B@eo] Z2HEHA AwWE(fatty streak)o] A E o]
=wAg st futEth Figure 2+ macrophage ¥ J77424 A}
2 LDLE CuSO; ZA3to Al Streptomyces sp. BH-4052]
ethylether $+&E25€ Z8% band 20 g 43 2AHE
ek

Macrophageol] LDL(100 gg proteinmL)g 231 2@t 2
T}o]| native LDLoj| A= TBARSE 2.54+0.05 nmole MDA/mg
LDL proteino] .24}, CuSO,E A7}E diz=tolA= TBARS
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TBARS (nmole MDA/mg LDL protein)

CuS04 Concentraton, um

Figure 1. Antioxidative effect of band 2 obtained from Streptomyces
sp. BH-405 cultivation on the oxidation of LDL. Control : ¢ -,
50 pg/mL band 2 ; = - m 100 yg/mL band 2 ; 4 - &, 200 pg/mL
band 2 : e - e. LDL(100 pg proteinfmL) was incubated for 18 hr
at 37°C in the presence or absense of band 2. Oxidation was initiated
by the addition of 1~6 uM CuSO,. The lipoperoxide content was
measured as thiobarbituric acid reactive substance(TBARS) and was
expressed as nmol malondialdehyde equivalents/mg : Data are the mean
of three separate experiments.

Control r : i S E : }-—i

Band2100ug/m [ }—
Band2.200ug/mi T

—

Control | e s j —
Band2,100ug/ml
Band2,200ug/ml [ ]—

o 5 10 15 20 25 30 35

TBARS (n mole MDA/mg LDL protein)

Figure 2. Antioxidative effects of band 2 obtained from cultivation of
Streptomyces sp. BH-405 on cell-mediated oxidation of LDL. 10ug
LDL(100 gg/mL) was incubated with macrophages or J774 cells for
18hr at 37°C in presence or absence of band 2. The medium was
then removed and assayed for TBARS as described in Methods. Res-
ults are expressed as mean+SD of triplicate analyses. The significance
of the difference between band 2 treated and control values evaluated
by t-test.

£ 2841005 nmole MDA/mg LDL proteino] ity Z22u}
band 25 100 % 200 pgmL A7} APwole 242 448+
0.04 2 4.26+0.01 nmole MDA/mg LDL protein®] &It}

3 J7745 o] &35)ed band 28 ZHZ} 100 E 200 pg/ml A
H7yete] 4¥e A3 human LDLE AIAZ] tizae 7
< TBARS¥ 28.010.05 nmole MDA/mg LDL protein ©]].2.
U, band 22 27 100 ¥ 200 pgmLF7Ie A@TAME
Z17be] TBARS:E 4971002 2 4.63+0.01 nmole MDA/ng
LDL proteino] ¥tk o|2igt ZA3p= Streptomyces sp. BH-405
vjjekol 0 2 BE] ethyletherZ %3} & &3Sl band 27} A}
& LDL9] Atstoll oigh o= aztrt Z3ich

B Ado|x] LDLE Streptomyces sp. BH-4052] F&E 9]
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band 2& 7} ¥ 1847k wjdst § LDLS 43} oA &x
o Bt AP M= JA| a5 S wE ozhe] o)zt
ATt Jialal 2 Scaccini(3)E Cu’te] ZAj3}elx LDLY]
A8E 2~3A17F 5 &2 A7 v F TBARSE
7tete] AFAHEE SHsHoY B AFdAs 2~3AR
o 4-5u] BE WAt Z APEAh oA A
g} zAnt Al oA AHste] B& LDLY Aol
EA5e GtSA el JEgE @] ot HiE
A 2 E¢} 22 347} LDLY EEd v gi=of 9l
S BE lslge] glon dulz 2HlE FH9s AR ¥
Aol AElE 4A dole 4 U] i) st AP

= 18A1ZF FF wiFSIHTH31). o9} o] LDLY| Arghe
LDL zAlell #atslAlzl Suld Sof Qlol= Atslrt 4A ¢
ol gvth B AAAW Streptomyces sp. BH-40571 A4t
3= 23 E29Q) band 2 macrophage ¢} 17742 o) 83
Ao A9 viszg 4st EAE JERHRAAL band 2E
100 2 200 pgmL® H7bst A#AZ FAvh w2 ©OE &%
&Y o2 et

A2t LDL Y Oxid LDLQ| gel electrophoreis

Ale] A Zox) B3 native LDL, CuSO, % Strept-
omyces sp. BH-405¢] F&Eo] FE<l band 2 dF ZA
3lel| ] E§3}e] agarose gel electrophoresis® 41A|8te] LDL
o olEAEE wwWagrhk Table I1olA HiE ksl o
native LDLE W& F& 3}3 LDLY] 5 M CuSO,%} vkl
FZEE H7Rld AZ|YT oledE &AM AT native
LDL# % FEES /IS Aol olFAo] Wokant
LDLo| macrophage?t HFg-AlZ] A$olE olFAde] mSith
o]21gh Aste LDLo| Cu’'o] 9lte] 43}5d LDLo] #3)
Ho o]5 ATt wolAARE A7) band2E H7F & B¢
LDL2] 413} E3E A=z ol A7t Rrholel 2ol
Streptomyces sp. BH-405 W8 e] F2ES /g Aoole
Oxid LDLEY olZAds} v¥gornz gaksl Fxrt e
Ao werdch

3% diene &Ml oA S5
LDLo| 4k3lsld LDLe] Auht ojzH 27} 25 AdE 3
Asled olg ol#3ty 43t HAERE £3YE 4 Itk

Table 1. Antioxidative effect of band 2 firom Streptomyces sp. BH-
405 culture on LDL oxidation as determined by electrophoretic mobility.

Relative
electrophoretic P
mobility(unit,mm)

Incubation Conditions

Native LDL 1.40
LDL + 5 M CuSOs4 1.77£0.04 <0.05
LDL + 5;M CuSO; + Band 2, 100 pg/mL 1472001 <0.01

LDL + 5/:M CuSO, + Band 2, 200 yg/mL 1.25%0.01 <0.01

LDL(100 yg/mL) was incubated for 18 hr in DMEM medium in
35 mm dishes containing macrophages in the presence or absence of
the band 2 obtained from the culture of Streptomyces sp. BH-405.
The electrophoretic mobility of LDL was determined in agarose gels
as described in Methods. The data are presented as mean +S.D.
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Figure 3. Antioxidative effect of band 2 obtained from cultivation of
Streptomyces sp. BH-405 on the formation of conjugated dienes ob-
served during different times of the LDL oxidation. Control, O-O;
100 sg/mL band 2, A-A; 200 wg/mL band 2, [J-[0J. LDL(100 ug
protein/mL) was incubated in the presence or absence of 100 ug or
200 gg/mL band 2. Oxidation was initiated by the addition of 5 M
CuSOs.

Figure 3& LDL(100 pg protein/mL) 10 ygE 5 p¢M CuSO,
5 S IS o 37CA ujdA el B T 25 2
3to] Z7)} B2 AI3AT). Streptomyces sp. BH-4052] H]
oole] BEQ band 25 72} 100 ¥ 200 pgmlE A7}
A N A upet ¥ 2% ZE9 Aol AAEH= A
S E 4 ATk ole} B A= Streptomyces sp. BH-405

olM B2l HAE band 27} B 23 AW FYS A
£ 724 S0 AR dxdzel 44g PaNtE
e T & AN

'.LDL ©| macrophageofA{e] Eal

Table 264 ®HE ule} Zo] 100 ¥ 200 gg/mLE band 2
£ H7}slx LDLE macrophaged] 2o} wjddt= ok i
2 fEEHY Joe TCA §3) s WEEFE 5
LDLY] 2548 Z33tqch 2 Aol band 28 H7baA)
oke BAZTAAM CuP'ZEA S PLLDLY R 9.23+
0.04 pgmL cell protein®] gl ey band 28 100 pggmL
A7Hst AQoe 22 6.6510.01 pgmL cell proteine] 4.2t
200 pgmlg #H71e19E wWe 4 5621002 pgml celt
protein ©] ¥t}

Endothelial cell®] 7A$+E band 29 FH/}7E 0.083%
0.003 pgmL cell protein 0] 2.1}, band 2E 100 B 200 ug
/mL A7b8tS mE zHzb 0.0054£0.001 2 0.023+0.0042
LDL?] 23] A &7} AT MacrophageS o] 83 43
oX= band 29 FEAN}FAAM= 00931001 pg/mL cell
protein o] o1}, 100 2 200 pgml A FrG B AF
0.05+0.03 % 0.44+0.02 pg/mL cell protein® Z band 22| F
H7H¢ol Hlsle] LDLY &9 577t =30t

o] A¥A tzFe|A LDLe] 5 M CuSO.qt H7}at
$& w9} macrophaged] UERd A B oA XA
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Table 2. Degradation of Oxid LDL by human monocyte derived ma-
crophages and endotherial cells in the absence or presence of band
2 fractionated from cultivation of Streptomyces sp. BH-405.

Band 2
0 100 pg/mL 250 pg/mL
Control{Cu™") 9.231£047 6.65£0.01 5.6210.01
Endothelial cell 0.083£0.003  0.0054+£0.001  0.0023+0.004
Macrophage 0.0931+0.01 0.050%0.03 0.044 £0.02

Values are pug Oxid LDL degraded /mg cell protein.

LDL was preincubated in the absence or presence of band 2 with
endothelial cell or macrophage with phosphate buffered saline containing
5 1M CuSO4 for 18 hr at 37°C. The LDL was reisolated by chro-
matography on Sephadex-G 25 and reincubated with fresh endothelial
or macrophagc Degradation of LDL was determined by measuring the
release of [II-LDL into the medium during the incubation period as
described in Methods.

Results are expressed as means£SD of triplicate experment. The sig-
nificance of differences between band 2 treated and values was cal-
culated by an unpaired t-test and is indicated by “P< 0.05.

27} o Dokok WM Lo st fEH AbsHs Co”f
EE macrophagest Bt} B8 @oktiw mug dA7-A3e)
A BATH28). oo A#E Hol Oxid LDLZ <l3te] &
ol MAHE 7 $Streptomyces sp. BH-4050 4] B35} 3t
34 E#o] subendothelium®. 2 ©]% &) LDLY] AM3}E )
AskE Aoz Atgdrh

Tatel 2

o) gEeegs ST 24
R
ot
i =
ool A HelFt Streptomyces sp. BH-4052) ujjofol oz B
B AAste] d& ksl o] ¢35 FE band 2 of o
3lo] AFE Low Density Lipoprotein(LDL)S] Abg oA &z}
of thale] A3tk Streptomyces sp. BH-4059] wjjgfo) o
2ZRE Bg AA S FE band 2= LDLY| tid 5 gM
CuS0:9 & 2kt =33k 23 100 2 200 pgg/mLolA
LDLO} Absleld] &#r ¢tk 285, band 25 o] &3
macrophage @ 1774 §% LDLY $4ld o3l 343 a7
native LDLO]| Hl3}e] F3irt. o] 22 ¥=9| band 25 #

le} 45} LDLY W/9Ee) oFANE 249 Aw
native LDLECH= oF7F =901} Oxid LDLY] HlZ#Eths
oAzt wo FMFAFe] AHYA Ey= Yok

Abgh LDL9| 4tshol] tf3led macrophage ¥ UISHEE o)
3te] "PLLDL 2}3}o] uldled band 25 217} 100 2 200 ug
fmL¥ H7lete] HAPg A7} Al LDLY RElE dlZTH
o Ygton &% oy AnE yehlich
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