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Oxidatively modified low-density lipoprotein (OxLDL) is present in atherosclerotic lesions and has been proposed
to play an important role in atherogenesis. Asp-hemolysin, a hemolytic toxin from Aspergillus fumigatus, is a binding
protein for OXLDL. This study was undertaken to clarify the biological activity of OxLDL and the potentially of Asp-
hemolysin as a regulation factor to atherogenic effect by OXLDL. We first analyzed the interaction between OxLDL and
blood coagulation factors, which are involved in the blood coagulation pathway. OXxLDL caused prolongation of acti-
vated partial thromboplastin time (APTT) as a parameter of the intrinsic pathway of blood coagulation in a dose- and
oxidation time-dependent manner. In addition, OXLDL significantly inhibited blood coagulation factor VIII, IX, and
XI activity. Furthermore, we demonstrated that factor VIII binds to OXLDL. These results indicate that the binding of
factor VIII to OXxLDL affects the intrinsic pathway of the blood coagulation cascade. Next, to clarify the structure-func-
tion relationship of Asp-hemolysin, we expressed Asp-hemolysin in Escherichia coli as a fusion protein with a maltose-
binding protein (MBP) and purified it by affinity chromatography. The purified recombinant Asp-hemolysin showed an
immunoreactivity with the anti-Asp-hemolysin antibody. In addition, MBP-Asp-hemolysin fusion protein exhibited
binding activity to Ox-LDL as did native Asp-hemolysin. Furthermore, to investigate the effect of the Asp-hemolysin-
related peptide (P-21), a synthetic peptide derived from a region of Asp-hemolysin that is rich in positive charges, on
macrophage proliferation induced by OxLDL. P-21 inhibited OxLDL-induced macrophage proliferation in a dose-
dependent manner. In addition, the binding analysis of P-21 to OXLDL indicated that P-21 binds to OXLDL. These
results indicate that P-21 inhibits the OXxLDL-induced macrophage proliferation through binding of P-21 to OXLDL. In
conclusion, we have shown that OxLDL affects the intrinsic pathway of blood coagulation, and its mechanism is de-
pendent on the binding of factor VIII to OxLDL. Furthermore, we indicate the possibility that Asp-hemolysin is a useful
tool to investigate the pathophysiological significance of OXLDL. In particular, since the P-21, an Asp-hemolysin-relat-
ed peptide, inhibits the OxLDL-induced macrophage proliferation through binding of P-21 to OxLDL, further study on
the binding mechanism between Asp-hemolysin-related peptide and OxLDL may provide important information on the
prevention and treatment of atherosclerosis.
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UH > BEEE B AA > & Asp-hemolysin DER4 7 =
J BB 2D T, EPXIZ Fukuchi
534913, LDL» 2 WX LDL O 7R > )N7E T
%7 N B-100 ¥ > )N 7 & )Y Asp-hemolysin DRI
EHHZ2HZL, LDL 7% Asp-hemolysin 2% L T
ILDL Lt 7% —LRFOHME (Kp fE @ 8.9X
107°M) THBTAHZEZHSNIZL TS, &5
IZ Kudo 55913, Asp-hemolysin 7% OXLDL |{Z%t L
TH OXLDL 2T 2 ENMBNTNDE A AN
Vv —Lt 7 — (SR) EFEFEEDEBEME
(Kpfi : 1.2X107°M) THREATDHZEEMEL,
OxLDL fil @ #& & pk 4> & L T OxLDL ki ¥ H D
lysophosphatidylcholine (LysoPC) D5 %3k < 7w
L Tnh5.

SR ENIREE(LIAE LS, BIARODIEEHEEILE & D
MEHREDK T Z ERRMETIHETHD, Pl
fiE O A2 Tn & D 2R E BB  (acute coronary
syndrome) ZH[EEITEREEZEZA SN TS,
ZTORIECTHIERDERICEGTI2HRTELT, &
FEIME W FE W R % LDL, 2% OEE (L AR
TdH 5 LDL (OXxLDL) 235N TW5S, Ox-
LDL &, #HAREELHHIRZDIME N K FIZHBNT
REmICBR I NS Mé OIEiRME bz 5l &k 2
U, N IR R NS AR e % 1 R 7R
MR EIE A, HERR TN 2 NERICH T 2 TS
HAE, WA S D&Y A b >R KT
DEAR, E5I1T1E Mo KO- i fil i 12 5 47 %
FEIE VRS EDRRZ TS AEEE 2 A L Tn D T &2
HINTHO, WIRBIIREE(LIE O FE R ICE 5
LTWwasEEB\ZASNTVNS, 7D L 2> T Ox-
LDL O 9 % EWiE MO X 0 ZF#l 72 i@ H1 < Ox-
LDL O A& % HilH U152 9E O RRITH 72 7x
B IRAE(LAE D W IR DB ICHBMTZ 5B
DEEZLNS.

AEFTIL, OXLDL &4 >NV ETH 5 Asp-
hemolysin O Bjj iR i (LI 32 W 35 LI RFEA DS H D
AJHEME & OXLDL O AWM D /3 % b 217\,
BONZREIZDVWTHENTT 5.

2. OxLDL QIM#&ERERICKREF T

MmygEEE I, MMEKRTE VIKFICES X KT
DIEMALICIEZ D ESPMIC b O > E 2 2R T 244
PR %R E [ Bty & XIL (K7 & ST OBt K D 7
27— RWICEERFAEER SN O E2 2R

B

o

9 % NIRDR EEE BOS3H 5 1 T %, 12 OxLDL
IR FORBFEDL MO RED 2 > OFE
MO EFENT OFA > CIEMEAL DO E R & ifn ik
BEENIERZE TSI ENMEINTHBD,
HRBEAL IR ZE BRI BT S A p I fEHERYIZ B < ©
DEZEZBNTVS. D LinL7IsH s OXLDL &4
L 58 1 R 7~ & DA ALAE RS D W TARBIZS i %
Z &M, OXLDL O Ik §EE R KIE T EICD
WTHRET 21T o 72, 19 83D 1T IR R E SO 159 %
OXxLDL DFEIT DWW CHMA R i [E S DI E 15T
HH70 O EKRE (PT) & NEREERE KOS
DRTEET D HIEHELE > b0 >R T 5 AT e
(APTT) OHIEZ{T>7z. TDHKEHE, OxLDL 35t
BRI R R SR TR s < IR R BE [ IO 2 FH 2K FE Y
MOBALR MK AFRNICIHE T2 2 &M s M &7
7z (Figs. 1,2). Z® OxLDL IZ & % N [ % ¥ [ fH
EIZBI 5 L T2 OXLDL i/ DRk s % FE T %
Him o, BMiGEEEA THEREL - & HE
LDL ZH W APTT ikl 217> /6%, 7 F Ik
LDL (AcLDL) i3 APTT itBrICEE % KT I I
> /=AY, AcLDL % [g{b WL3 L /= Ox-AcLDL %
phenylmethylsulfonyl fluoride (PMSF) & O} 4- (2-
aminoethyl) benzenesulfonyl fluoride hydrochloride
(Pefabloc) Td 57 U LDL 2 4LHET%, M uish
L 7= PMSF-pretreated OxLDL ilfi ZXiZ Pefabloc-pre-
treated OXLDL Tl OxLDL & [A]F£E 0 ¥t & ¢ i D
EENED 57z (Fig. 3). —f&iZ, LDL Ot
AT, EERE, @B A2 REICIDEREN
IRE 7Y —I P HINICLHEBENR R TH S &
EAHND. 9 BE RS ICE N5 & E ARG
PRS2 320, IRENIVAF R, FEY
U= )V EERR L, HERESHBET 5. 15E
VI F 2 REIARLZERPEAT, ~O2 27 )7
R, 4&cRoFo/ xF—), 7IVTEREH
fi {t. phosphatidylcholine (OxPC) 72 E DA D7
VT MEZSOEE BRI mEnS. £C
7T REETERBY NI BEZEEHL, 7
RNBY NI BEOREREEHA, T2k
BLEABREDE(EAL S, —F, OxPClE, UR
FUNIBR T ERESG L TEMET 5 platelet-ac-
tivating-factor acetylhydrolase D £ & U Tk =
N, MK R%Z=Z1F T LysoPC 24T 52 &N
HonNTPH D, 19 Z D platelet-activating-factor ace-
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Fig. 1. Effects of Lipoprotein Concentrations on PT and
APTT Assays

LDL was isolated by sequential ultracentrifugation from fresh human
plasma collected in EDTA and was oxidized by incubation with 5 uM CuSO,
in phosphate-buffered saline without EDTA at 37°C. OxLDL and LDL at in-
creased concentration were incubated with plasma (50% volume concentra-
tion) for 5 min at 37°C prior to PT (A) and APTT (B) assays. Results
represent the mean+S.D. of three separate experiments.

tylhydrolase /&£ 2 fHE 9 2 ¥E & L T PMSF!) %
Pefabloc!® MH 5N TW3,. F /= AcLDL IZ,

LDL Y Ry >INV ETH5 B-100 DY 2> D ¢-
TI)REETEFIMELEVRY XV ETHO,

P W 5 DZAMEIIE S TV WA, B LLEE 2475
7z Ox-AcLDL {3 AcLDL O[5 [ 5 O i g 1t % 51
FREILTWBHBZ EMNS, OXLDL THEOH 5NN
Bl R 8 [ B D BHEE 1213 LDL D EE{LIT PE L Al X
N5 OxPC 72 EDNEE MR LANBEEL Tna Z

Oxidation time (h)

Fig. 2. Effects of LDL Oxidized at Different Times on PT and
APTT Assays
LDL oxidized at different times was incubated with plasma (50%
volume concentration) for 5 min at 37°C prior to PT (A) and APTT (B) as-
says. Results represent the mean+S.D. of three separate experiments.

EDRE I N

KIZ OXLDL TaED 5 317z i W e [ BH 2 H i 2 fift
B39" % H I © 5 B K116 ¥ 1 %IF 9 OXxLDL O
FEIIOWTHHZTo 2.9 Z0#%E, OxLDL
PIANRREEE IG5 L Twa VII FFEEICIE
B 5 ZTam o e, WRREE RSB S-L T
W5 VI HF, IX KW XI K15 HE
U, #12 VII AF{ET OXLDL #7% F T2 Dif
A 90.7% fHEX N/~ (Fig. 4). Z ® OxLDL iZ
K% VI K& O HEEMEZ RIS 2 NS,
OxLDL & VIII K1 & @ A AE 12D W T dis-
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Control LDL OxLDL

Fig. 3. Effects of Chemically Modified LDLs on APTT Assay

AcLDL Ox-AcLDL PMSF- Pefabloc-
pretreated pretreated
OxLDL OxLDL

Chemically modified LDLs were incubated with plasma (50 % volume concentration) for 5 min at 37°C prior to coagulation assay. Results represent the mean+
S.D. of three separate experiments. *p<(0.005, compared with control (Student’s ¢-test) .
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Fig. 4. Effect of OxLDL on Blood Coagulation Factor Activity

Plasma in the presence or absence of OXLDL was incubated with each factor-deficient plasma for 1 min at 37°C and the time required for clot formation of each
sample was determined. Results represent the mean+S.D. of three separate experiments. *p<0.005, compared with control (Student’s ¢-test).

sociation-enhanced lanthanide fluorometric immuno-
assay (DELFIA) ZHW#EHTZ17> /2. OXLDL &
VI Kz g, g-URT7OT51 >hifkzEE
{b. U 7= 96 well plate 2% L, VI K-FHiAEA R
IZ Budt fEEE R4k 2 WL OXLDL IZ#E & L 7=
VII FFOWEZIT-> 2. £OREE, VIIEFI
LDL O LRI L 2tz /R L 7z (Fig.
5). 5 CimiE & LDL XX OxLDL % & 1%
DELFIA %z fl W R I U7z #5 2%, OxLDL #
MBELCBWTVIHRFAREINEZZENS

(Fig. 6), OxLDL Ol AEMIEE & L Tl iz
FHEL TS OxLDL 28 VIII KT & 54 L, VI
H G2 MES 2 2 & THERRICBT D HkEE M
IZBE- L TS aTHEE AV RIB I 7z,

3. Asp-hemolysin DENRE(LFEZETE R VA E
EADILACET 5 E B

BIEA WS N T S ERECEBEEL, I
BIF2aL2570-)VEDKFZEERET HESHE
MmN ERE HO TS, SRR BREE (L2 (E
f#HL T\ws OxLDL Z EHZEN & L EE M
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Fig. 5. Binding of Factor VIII to LDL Oxidized at Different Times by DELFIA

Microtiter plates were coated with goat anti-human f-lipoprotein IgG fraction. Then the reaction mixture of LDL oxidized at different times and recombinant
human factor VIII was added to each well. DELFIA was carried out with rabbit anti-human factor VIII polyclonal antibody and Eu3*-labelled anti-rabbit antibody.
Results represent the mean+S.D. of three separate experiments.
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Fig. 6. Binding of Factor VIII Containing Plasma to OxLDL by DELFIA

Microtiter plates were coated with goat anti-human fg-lipoprotein IgG fraction. Then the reaction mixture of plasma and LDL or OxLDL was added to each
well. DELFIA was carried out with rabbit anti-human factor VIII polyclonal antibody and Eu?*-labelled anti-rabbit antibody. Results represent the mean+S.D. of
three separate experiments. *p<0.05, compared with control (Student’s #-test).

HHRNTWRW, L7zdt> T OXLDL O AW E S % LDL 2%t L T OXLDL 23832 Z & o n T
HIET 2 EOHRL, BEA O BIRE(LIER K & W5 SR E[AFEEOEBEMETHRENICHAET S Z
WER R O 2 < Bis 2 Fill RS ORI D/ EZEBSMITTHEEDHIT, OXLDL K 7-H1 D Asp-
52 EMNEZSNS. BEIZ Kudo 55913 Asp- hemolysin ¥ &K+ & L T LDL O LI £ W 2 BE

hemolysin 7% OxLDL, 45175 KRB (LALEE D Ox- I N5 LysoPC 5L TWB I EZHSMNITL,
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Asp-hemolysin 7% SR 38 & 13 B /2 % # % T OxLDL
BRI T A 2 LM< RBL TWa, 22
T, OXLDL §&% > /N7 '8 Td 5 Asp-hemolysin
D F AN IREELAE 22 W IR SE A D il O ]
REMEIC DWW T A ENFIEE HWBE 2175 2.
3-1. #E#% % B Asp-hemolysin DEELE F D4
s&M  Maltose-binding protein (MBP) & Ofh#&
F N ERBZEAW, KBETO recombinant
Asp-hemolysin O {E % 2z i & 7z . 19 Asp-hemolysin
cDNA OFFRMEZ PCRIZEICK D IEIEL, pMAL-
QAR Y—ETAF7 = a3 H, Asp-hemolysin
RPN Y — 725 L /=, T O Asp-hemolysin FEH
Ny &7 —=RIBEITEA, BEERfIE, Yo
U EELBEREMTERL, HAAAT Asp-
hemolysin ¢cDNA ¥ Z R L /2202 —IZDWNT
ey > NI E OB Z{T > /=, Isopropyl-g-D-thi-
ogalactopyranoside (IPTG) Z{RiNL, & 5Ii23 K
3 2 12 D BRI OV B R O 8 5 I A3 8% D 30
HEE 43 12 D W T SDS-PAGE %175 /= #5 %, Fig.
7(A), lane 2 IZ/RT KD ICAGE Y > /N7 B DN TE
WanRUiz, £z, BBEILULSY 2N BT 00
FiEE IS 53/~ (Fig. 7(A), lane 4). Z D
3800 B B VS 43 12 D W T amylose resin column &
WY 742574 —70X T 74 —ICXDF

A

kDa
974 —

66.2 —

45.0 —

31.0 —

M 1 2 3

Fig. 7.

4

BY NV EOREET - /R, Fig. 7(B) ITR
TEDIFIFHE Ly o N7ENERSN, T8
R—=H—NoE LY 2NN EDH TR ST
kDa T&®» D, Asp-hemolysin & MBP & O@t& 4 >
NEOMEwm EopTREE-HLE, 51T, #
Asp-hemolysin ik % F V) 7= western blot fEHT D
BRIy > )N 7 B3 PT Asp-hemolysin Hifk (Fig.
7(C)) WMTMIZHL MBP Hifk it U TR Bk 2 ow
L7z

RIHKEH L /o5 2 N7 E D OXLDL IZH 9 % [k
£ 7% dot blot Lz W TR L7z, 19 SHIBE O
#4 > N7 '8, Asp-hemolysin &2 TX MBP % X 7R v
MU 7== b o)l o— ZXEIZH Asp-hemolysin Fifk
RS S B4, Fig. 8(A)ITRT LI, K
& > )N A TNT Asp-hemolysin 12 3 W C s E
R ARy R E N, ORI FEREE
THo7=. —7F, MBP IIHi Asp-hemolysin HIKIZ
KU TR EZE RS R0z, £z, FRRIC &R
Z AR b LU72EIZ OXLDL 2 i & ¥, H1 LDL
PR TR U 724558, Fig. 8(B) IT/RT XD 1Tk #
& > N7 & W TN Asp-hemolysin 123 W TH{ LDL
PURRIBEE AR v Mt R, 2 OB R
ey NI EOANESBO SN, —H,
MBP {341 LDL HifRiZx U TRISEZ RS 2o

B C

Analysis of the Expressed Proteins by SDS-PAGE and Western Blot

A: BL21 harboring expression vector was cultured in the presence and absence of IPTG, and IPTG-induced cells were disrupted by sonication and separated by
ultracentrifugation (105000 X g, 60 min, 4°C) . Each sample was analyzed by 10% SDS-PAGE and stained with Coomassie brilliant blue. M: molecular size markers,
lane 1: uninduced cells, lane 2: induced cells, lane 3: insoluble fraction, lane 4: soluble fraction. B: The expressed protein was purified by affinity chromatography us-
ing an amylose resin column. The purified protein was analyzed by 10% SDS-PAGE and stained with Coomassie brilliant blue. C: The affinity purified fusion pro-
tein was subjected to 10% SDS-PAGE, transferred to a nitrocellulose membrane, and probed with rabbit anti-Asp-hemolysin antibody. The membrane was incu-
bated with goat antibody to rabbit IgG Fc and PAP complex. Detection was done by enhanced chemiluminescence (ECL). The position of the fusion protein of

recombinant Asp-hemolysin with MBP is indicated by an arrow.
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Fig. 8. Binding of OxLDL to MBP-Asp-hemolysin Fusion Protein Using a Dot Blot Assay
Several dilutions of MBP-Asp-hemolysin fusion protein, Asp-hemolysin and MBP were spotted onto a nitrocellulose membrane. A: The membrane was incu-
bated with rabbit anti-Asp-hemolysin antibody and detected by ECL. B: The membrane was probed with OXLDL. Immunodetection of OXLDL using rabbit anti-

LDL antibody and PAP complex was performed with ECL.

22 EMG, FELZSY )N E D MBP & Asp-
hemolysin & Q@GS >INV ETH 5 Z ENEL IR
B X4, Z O recombinant Asp-hemolysin ¥ % D
N2 & o> T, Asp-hemolysin @ %) T-#1E & Ox-
LDL IZH 9 2 EE DT 2175 ETIREITED)
T®H % Asp-hemolysin DK FEZL BAR D /ERII AT §E &
more.

3-2. OxLDL #3&E M¢ #5# (C & (X9 Asp-hemo-
lysin HREMRTF ROFE  —RICHIREEL
WAL TIE T T — 7 SIS NIE O JEJE 4 57 5
MRS ND T ENHSNTNDED, FTHRER
FEE a7 DFEEL, RFTBNHESS L U 7= i R 4 i
ERHLTWAARET 7—713, BWEEREEDE
BRFEKREINTWD, EEKEME, 5 Mo
DERNL, ZORRET T —I7 DREBRFHELS
THD, Mo ITEDARE T T — 2 ORKITIIEE
{ENERLICEE SN HERDRERA, & SITRES
L TD M¢ D HFE LGN EE BB 2 Rz L
TWBEZEZLNTVNS 0T bE, 59— 0
Mo I3 matrix metalloproteinase (MMP) Z 33 L,
MEDOLE,EEHET ST -7 7 EDORIEsEE

BONREBELC T, 77—0 ODWHEIZE 59 % vlhg
M Mo MK 7 (tissue factor; TF) < plas-
minogen activator inhibitor-1 (PAI-1) DI %
UT, 7'9—7 e T oIk mkzEiEd 5
HEEENEZEZ SN TWNS 202 I SICAREET T —
77 O Ifi % BE N 121X growth factor T & % macro-
phage colony stimulating factor (M-CSF) 7% & DiF
N Me OHSEZFETH I ENHEINTNDS
OxLDL D FIEMNH 6 11 T W %, 2720 B2 Kudo
52013 Asp-hemolysin & OXLDL & OfS&EMRTN S
Asp-hemolysin 73 FH DU 2 > ¥ OXLDL & D
fmEICEGE L TWAsZ LzlE L TWS, 22T
Asp-hemolysin O 7 FHEEHFICHEEL TWH Y P>
BEICEOBMEMEOSERERZZO21 7 I/
MR EEM 578 XTF R (P21) &KL, Ox-
LDL OAEMIEED 1 DTdH D Mo BEHH A BIH T
KT P2l RTF ROEEIIOVWTHRE L. ®
CuSO, T 4 h fe (LAl %17 > /= OXLDL % & £ 55l
TY U ANEREMe 2558 L, £ D OXLDL IZ X %1
TEFREIEEICN T 5 P21 RTF ROFRZ [*H]
thymidine incorporation assay X Hlife D I ~ 1>
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Fig. 9. Effect of P-21 on OxLDL-induced Macrophage
Proliferation
Macrophages were incubated with either medium alone, LDL, OxLDL,
or OxLDL along with P-21 (100 ug/ml) for 96 h. Macrophage proliferation
was assessed by the [*H]thymidine incorporation assay (A) and WST-8 as-
say (B). Results represent the mean+S.D. of three separate experiments. *p
<0.005, compared with OXxLDL alone (Student’s #-test) .

RU 7 NBKEREEEZRIEL, ZORBRREEEE
AR BB L TWnd Z &2 FIH L 72 WST-8 as-
say IZ CHIE L2458, P21 RTF RiE Mo 1269
% OxLDL O ¥E5lF7EEIG M 2 2 N2 54.6 % TN
67.8% il L 7= (Fig. 9). F7z P21 X7 F RiZ
OxLDL O M¢ H4FE #7816 2 K FRICHE T
5 ENHSEMNER ST (Fig. 10). S 512 DEL-
FIA % f\ /= OXLDL & P21 RS F K & DA
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| #
0.6 -
—
E 054
-
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T 04-
<
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Fig. 10. Effect of P-21 Concentration on OxLDL-induced
Macrophage Proliferation
Macrophages were incubated with either medium alone, LDL, OxLDL,
or OxLDL along with the indicated concentrations of P-21 for 96 h. Macro-
phage proliferation was assessed by the WST-8 assay. Results represent the
mean £ S.D. of three separate experiments. *p<0.05, **p<{0.005, compared
with OXLDL alone (Student’s ¢-test) .

M oOfE#ns, OXLDL IZxtd % P21 X7 F KD
et mnm< i N (Fig. 11), P21 X7 F R
OxLDL O #EhfiRiE (e ER 2 HlHdT2 2 &n
TEDHEMEN R S N7z,

4. HHYIC

AF5Tid OXLDL O HAEYTENE E U THRRIM
WEEIR 7 Th 5 VI HTFICHd 25 HEERL
7=. 7z recombinant Asp-hemolysin F % DWENT
%> Asp-hemolysin BAE#H &KX 7T F B TH 5 P-21 R
7'F R @ OxLDL EWi& Pl D v HE I DWW TH
S5MICTHIET, OXLDLEERY VNV ETH S
Asp-hemolysin @ B REE L AE 32 W7 32300 N IR EEEE A
DAHEMEIZ DWW TR L 72, KT Asp-hemolysin O 1
KGNS T A > Lz P-21 X7F Kig, OxLDL
DA P EEN 2 RET 2 ETIERICHEAR
WETHO, BIRELIEDFIE - 8 2 HHS 58
HEELOMIRE, BIIREE OFEFEICB N
THBOERZISANEINS.

#EE AMRIRICER R A BE
BRERHEFHE) THbNbDTHD, TiF
WA EE X UBEY R AR, BB
RIESEHMOBZEZERLXT. £/, AWRIIKRE
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Binding Analysis of P-21 to OxLDL by DELFIA

LDL
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LDL or OXxLDL were added to microtiter wells precoated with rabbit anti-human fS-lipoprotein antibody, and then biotinylated P-21 was added each well.
DELFIA was carried out with Eu3*-labelled streptavidine. Results represent the mean=+S.D. of three separate experiments. *p<(0.05, compared with control
(Student’s #-test) .
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