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Oxidized low-density lipoprotein (Ox—LDL) is known to be involved in the generation and progression of athero-
sclerosis. Ox—LDL has a number of potentially atherogenic effects on vascular cells, including uncontrol uptake by
scavenger receptors. Asp-hemolysin, a hemolytic toxin from Aspergillus fumigatus, is a binding protein for Ox-LDL.
This study was undertaken to clarify the binding specificity of Asp-hemolysin to Ox—-LDL. We examined the binding
specificity of Asp-hemolysin to Ox—LDL using several modified lipoproteins and scavenger-receptor ligands. Asp-
hemolysin bound to Ox—LDL with shorter LDL oxidation times. However, Asp-hemolysin did not bind to acetylated
LDL. The native high-density lipoprotein (n-HDL) and modified HDL (e.g., acetylated HDL, oxidized HDL) also had
no Asp-hemolysin binding. Inhibitors of scavenger-receptor binding, including maleylated bovine serum albumin, poly-
inosinic acid, dextran sulfate, and fucoidin, had no effect on the binding of Ox—LDL to Asp-hemolysin. Surface plas-
mon-resonance studies revealed that Ox—LDL binds with high affinity (Kp=0.63 ug/ml) to Asp-hemolysin. Further-
more, we have shown that Ox-LDL strongly inhibits the hemolytic activity of Asp-hemolysin and that the removal of
lysophosphatidylcholine (lysoPC) from Ox—LDL abolished the inhibition. We also investigated the interaction between
Asp-hemolysin and lysoPC as a typical lipid moiety of Ox—LDL. The binding of Asp-hemolysin to LDL oxidized for
different times depended on the lysoPC content in each Ox-LDL. In addition, the inhibition of lysoPC production in Ox
—LDL by phenylmethylsulfonyl fluoride (PMSF) pretreatment of LDL resulted in a marked decrease in Asp-hemolysin
binding to PMSF-pretreated Ox-LDL. The binding analysis of Asp-hemolysin to lysoPC revealed that Asp-hemolysin
binds directly to lysoPC. We conclude that Asp-hemolysin is a specific binding protein with high affinity for Ox-LDL
and that its binding specificity is distinct from any receptor for Ox—LDL.
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Fig. 1. Nucleotide and Deduced Amino Acid Sequences of the cDNA Encoding Asp-hemolysin
Residue 1 is alanine that is believed to constitute the N-terminus of the mature protein. Residues —5——1 enclosed by a box are the cleaved signal sequence. A

stop codon is indicated with an asterisk.
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Local Comparison of an Amino Acid Sequence at Residues 34—45 of the Asp-hemolysin with the Negatively Charged Amino

Acid Sequences in the Ligand Binding Domain of the Human LDL Receptor
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Fig. 3. Effect of Modified Lipoproteins on the Hemolytic Ac-
tivity of Asp-hemolysin
Each value is the mean+S.D. from three separate experiments. O:
LDL, @: Ox-LDL, H: Ac-LDL.
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Fig. 4. Dose Dependent Binding of Asp-hemolysin to Ox—
LDL

A: Asp-hemolysin (AH, 10 ug: lane 1) and Ox-LDL (10 ug, lane 2)
were electrophoresed on a 4% nondenaturing PAGE. Proteins were stained
with Coomassie Brilliant Blue. B: Asp-hemolysin (1 ug) was incubated with
various concentrations of Ox-LDL (lane 1, 0 ug; lane 2, 0.8 ug; lane 3, 4 ug;
lane 4, 8 ug; lane 5, 40 ug) . The mixtures were applied to a 4% nondenatur-
ing PAGE, immunoblotted with anti-Asp-hemolysin antibody and detected
by ECL. C: Asp-hemolysin (1 ug) was incubated with Ox-LDL (10 ug) . The
mixture was applied to a 4% nondenaturing PAGE, immunoblotted with an-
ti-Asp-hemolysin antibody and detected by ECL.
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Fig. 5. Binding of Asp-hemolysin to Ox-LDL versus Time of LDL Oxidation

A: Time course of LDL oxidation with 5 um CuSO,. The various oxidized LDLs for the indicated time were electrophoresed on a 4% native PAGE and stained
with Coomassie Brilliant Blue. B: Binding of Asp-hemolysin to LDL oxidized at different times. Asp-hemolysin (0.5 ug) and Ox-LDL (5 ug) were incubated at 21
°C for 18 h and the resultant complexes were separated on 4% native PAGE, transferred to Immobilon P, and probed with rabit anti Asp-hemolysin antibody. The
membrane was washed and incubated with goat antibody to rabbit IgG Fc and rabbit peroxidase-anti-peroxidase complex. Detection was done by enhanced
chemiluminescence (ECL).
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Fig. 6. Binding of Asp-hemolysin to Chemically Modified LDLs

A: Asp-hemolysin (10 ug), and LDL (10 ug), modified LDLs (10 ug: Ac-LDL and Ox-LDL) were electrophoresed on a 4% native PAGE. Proteins were
stained with Coomassie Brilliant Blue. B: Asp-hemolysin (1 ug) was incubated with LDL (10 ug) or modified LDLs (10 ug) at 21°C for 21 h. The mixtures were ap-
plied on a 4% native PAGE and immunoblotted with anti-Asp-hemolysin antibody detected by ECL.
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Fig. 7. Binding of Asp-hemolysin to Chemically Modified HDLs
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A: HDL (10 ug), modified HDLs (10 ug, Ac-HDL and Ox-HDL) were electrophoresed on a 10% native PAGE and stained with Coomassie Brilliant Blue. B.
Asp-hemolysin (1 ug) was incubated with HDL (10 ug) or modified HDLs (10 ug) at 21°C for 18 h. The mixtures were applied to a 10% native PAGE and im-

munoblotted with anti-Asp-hemolysin antibody, then detected by ECL.
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Fig. 8. Effect of Polyanionic Molecules on Ox—LDL Binding to Asp-hemolysin
M-BSA, poly-I, dextran sulfate or fucoidin was preincubated with Asp-hemolysin at 37°C for 10 min, then the binding assay of the preincubated Asp-hemoly-

sin and Ox-LDL was performed as described in the legend to Fig. 6.

Table 1. Kinetic Binding Constants of Interaction between Ox—LDL and Asp-hemolysin

Ox-LDL (ug/ml) Kas (s7IM™1) kaiss (s™1) Kp (nM) Kp (ug/ml)
10 6.33X10° 4.03 X104 0.6 0.33
20 3.49X10° 3.92X10~4 1.1 0.58
40 1.98X10° 3.79X10~4 1.9 0.98

Mean (+S.D.) 2.21X10° 3.91X10~4 1.2(+0.64) 0.63(£0.33)

Analyses were done with BIAevaluation 2.1 software (Phamacia). Kp was calculated from kgie/Kass.
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Fig. 9. Sensorgrams of Ox-LDL Binding to Asp-hemolysin
A,B: Solutions of increasing concentrations of Ox—LDL (bottom to top: 10, 20 and 40 ug/ml) were run over a sensor chip containing immobilized Asp-hemoly-
sin (A), or a mock-derivatized sensor chip as control (B), at a flow rate of 10 ul/min. C: y-Transformed sensorgrams after subtraction of control.
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Fig. 10. Effect of Preincubation of Erythrocytes with Ox—LDL on the Hemolytic Activity of Asp-hemolysin

The 2% erythrocyte suspension (200 ul) was incubated with Ox-LDL (10 ug/50 ul), BSA-treated Ox-LDL (10 ug/50 ul) or LysoPC (2 ug/50 ul) suspension
in PBS for 1 h at 21°C. As a control, the same volume of PBS instead of each sample was used. Each incubation mixture was washed 3 times with PBS, and then
Asp-hemolysin (10 ug) was added. Each value is the means+S.D. from three separate experiments.
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Fig. 11. Binding of Asp-hemolysin to Ox-LDL and Phospholipid Analysis of Ox-LDL

A: Binding of Asp-hemolysin to LDL oxidized at different times. Asp-hemolysin (1 ug) and Ox-LDL (10 ug) were incubated at 37°C for 5 h and the resultant
complexes were separated on a 4% native PAGE, transferred to Immobilon P, and probed with rabbit anti-Asp-hemolysin antibody. The membrane was incubated
with goat antibody to rabbit IgG Fc and rabbit peroxidase anti-peroxidase complex. Detection was done by ECL. Control incubation (4 h Ox-LDL) was done
without Asp-hemolysin. B: Densitometric analysis of bands corresponding to Asp-hemolysin/Ox-LDL complex in A. C: Phospholipid composition of Ox-LDL.
Phospholipids from Ox-LDL were extracted with chloroform/methanol (2 : 1). The extracts were separated by TLC on silica gel 60 using chloroform/methanol/
acetic acid/water (25 : 15 : 4 : 2) and the bands were visualized with primulin reagent. LysoPC and PC zones were scraped into test tubes, and assayed for phos-
phorus content. Phospholipid composition was expressed as the lysoPC/PC molar ratio. Each value is the mean +S.D. from duplicate determinations from three

separate experiments.



626

Vol. 125 (2005)

ZiERT2HMMNS, LysoPC OERICEGT 5
PAF-AH OB #E G ZHE S %5 PMSF 2 T,
2,4, 6mM @O PMSF THiALH L 7=z 4h Ox-LDL %
fE®I L 7=. PMSF Fij#l# 4h Ox—-LDL & Asp-
hemolysin D#ES BT 21T o 28R (Fig. 12), 60
PMSF O iALIEEE DI £y Asp-hemolysin @
matEomsENERI Nz, £, U URERS O
4TI, PMSF miflLE R EE OB RIZ W LysoPC
EREDOHDNED SN, NS DRRENS,
Asp-hemolysin @ #% & %k 771, Ox-LDL @ PMSF
WMHEIZ KO Z DA AT % LysoPC TdHh % A]

REtE R < RIB I N7z,

IHI, XDEBEWIZHEN T 572D, Asp-
hemolysin & LysoPC SO EEHIZDONWT, &
AF B oru T I T4 —2HWTHREL
7z. % LysoPC B INEF (2588 5 37z DES1 Rk
£ i 4 T & % Fraction No. 8 D — 7 1%, Asp-
hemolysin & LysoPC O NEIR DB N TIE,
1M NaCl TR H U 7= Asp-hemolysin &5 — 7 & E 7z
% FractionNo. 28 ICHBEH L 7z 2 &M 5, Asp-
hemolysin & LysoPC QEZFE G SN EBo T
(Fig. 13).

A
#=Asp-hemolysin/Ox-LDL
complex

= Asp-hemolysin

4mM_6mM

PMSF

B
0.8

0.4+

0.2+

LysoPC/PC molar ratio

control 2mM 4 mM

€ mM

PMSF

Fig. 12. Binding of Asp-hemolysin to PMSF-Pretreated Ox—LDL and Phospholipid Analysis of PMSF-Pretreated Ox-LDL

A: Binding of Asp-hemolysin to PMSF-pretreated Ox-LDL. Asp-hemolysin (1 ug) was incubated with PMSF-pretreated Ox-LDL (10 ug) at 37°C for 5 h. The
mixture was applied to a 4% native PAGE and immunoblotted with anti-Asp-hemolysin antibody then detected by ECL. B: Phospholipid composition of PMSF-
pretreated Ox—LDL. Phospholipids from PMSF-pretreated Ox-LDL were extracted with chloroform/methanol. TLC of the extracts and phospholipid analysis
were performed as described in Fig. 11 (C). Phospholipid composition was expressed as the lysoPC/PC molar ratio. Each value is the mean+S.D. from duplicate

determinations from three separate experiments.
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Fig. 13. Binding Analysis of LysoPC to Asp-hemolysin by Ion-Exchange Chromatography

A, B: Elution profile of Asp-hemolysin (A) or lysoPC (B) as controls. C: Asp-hemolysin (1.25 mg) was incubated with 400 um lysoPC at 4°C for 3 h and the
mixture was applied to an ion-exchange column. The column was washed with 10 mm Tris-HCI (pH 7.6) and then the bound Asp-hemolysin was eluted with the
buffer containing 1 m NaCl. These fractions were collected and used for determination of protein and phospholipid.
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