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Asp-hemolysin is a cytolytic toxin that is produced by Aspergillus fumigatus. This toxin is lytic for erythrocytes of
humans, rabbits and sheep. However, Asp-hemolysin is inactived by the addition of serum or blood plasma. This study
was undertaken to identify plasma components inhibitory to the hemolytic activity of Asp-hemolysin. o,-Macroglobulin
(e;M) was isolated from the human blood plasma by affinity chromatography on a column containing Asp-hemolysin
coupled to Sepharose. However, the hemolytic activity was only partially inhibited by cxM. Apolipoprotein B (apoB) -
containing lipoproteins, such as low density lipoprotein (LDL), inhibit the activity of this hemolytic toxin. When 20 ug
apoB was added, the hemolytic activity was almost completely inhibited. Furthermore, similar inhibition was observed
in the filtrates separated from the incubation mixture of Asp-hemolysin with LDL or apoB following ultrafiltration
through a membrane with a molecular mass cutoff of 100000. These results suggest that the inhibition by LDL is due to
apoB binding to Asp-hemolysin. The binding activity of LDL to Asp-hemolysin was measured. LDL binds to Asp-
hemolysin with an affinity as high as the LDL receptor. The apparent Kd, determined by Scatchard plot analysis, was 8.9
X1072 M 2I-LDL. Oxidized LDL (Ox-LDL), but not acetylated LDL, inhibited the hemolytic activity of this toxin.
The inhibitory effects of Ox-LDL increased with the time of Cu?"-induced LDL oxidation. Similar inhibition was ob-
served in the filtrate separated from the incubation mixture of Asp-hemolysin with Ox-LDL (for 2 h of oxidation) fol-
lowing ultrafiltration through a membrane with a molecular mass cutoff of 100000. However, at longer LDL oxidation
times, the inhibition by the filtrates was less than the control mixture without ultrafiltration. These results suggest that
the inhibition of the hemolytic activity by Ox-LDL was due to the binding of Ox-LDL to Asp-hemolysin at short LDL
oxidation times.

Key words——Asp-hemolysin; low density lipoprotein (LDL); apolipoprotein B (apoB); oxidized LDL (Ox-LDL);
lysophosphatidylcholine (lysoPC)

1. [FL&IC

BYYEIC B HEMIKTE LT, MEE#HREOWE
BESHETIEELBINTETWS., —F4, L
DERIEI, Wb HREYE (opportunistic

lysin® 232 DA TH5DH. LinLIBMNS, Aspergil-
lus species [ZMD B 13 E 2D, BT LHEHIK
PUBEsIKEE T < &b, BHIBMEORERRE, Hiide
ficd - BEfilE, KQEZILEERE, YO K= X, 35

infection) &L Tb s EMNMEL, BREOMELE
T 28 NI EHERITBET IO THn,

EPE, INETIRERBRDOY >NVET, Mk
FEDOE DT L NIREDTEEL N TG SN
TWb B D3 Aspergillus fumigatus (A. fumigatus)
DEET S Asp f1,D Asp f1/a,? restrictocin® 73 £ i
EORPIL ZIEHEMNY DNV EHTH S, Wb D

-~

mitogillin 7 7 2 U —4 @ cytotoxins & Asp-hemo-

1213 cystic fibrosis 72 & DR E iR B 2 LI %
ERGDELXMEEZEC S ENHM 5N, O Asper-
gillus species DFEAET B IFEMER FITDNWTHIET
LN EE > TND,

Asp-hemolysin |&, X2 F Zfilin s 5EEL 7= A.
fumigatus Fresenius- K #AKRSEE T 2 5Bt & >
INVEFFET, SEEYORIMERIZK U in vitro 1T
BWTRMERZET 5.9 il# Asp-hemolysin 13,

FHENE, TR 12 FE AR FR AR EOZEZRLEL (RBLEZDDTH S,



424

Vol. 121 (2001)

cDNA i JE i 51 B OS82 Asp-hemolysin @ N 7 i
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C Asp-hemolysin (3 & M2 HIMEK, EILEY ME
e o7 7 —2,9 b b 2 O 12 R e 1
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Fig. 1. ELISA of Pepsin-Treated IgG Fragments Using an
Asp-Hemolysin-Binding Microtitration Plate
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Effect of Plasma and Its Components on the Hemolytic Activity of Asp-hemolysin

Results were mean+S.D. Significant differences from the control by #-test (*p<0.001 and **p, 0.05).
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KIEEDRIE - TS 2GR, b MREE YRS
> )NZ7'& (low density lipoprotein, LDL) O L &7
& —4% > )\7'8 (LDL receptor) @ LDL #E& K A
- > & Asp-hemolysin DEL73 7 X/ BRELH & DREIC
L mWEM RS D ENHENERD,
Asp-hemolysin & LDL D& O RIREMEN/RIB I 11
Jz. £ T, LDL 23U &9 2 &M Ry
>INV E K LDL #pk % > /X7 M T & % apolipo-
protein B (apoB) @ Asp-hemolysin & Ifi i 4 12 &
ETHEBICIODWTHRAL .

Uiz, dlEBRELTOE MIEITXKD
Asp-hemolysin 7 Il BH #1E 4 & Fig. 3 127”89, Asp-
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Fig. 3. Effect of Human Blood Plasma on the Hemolytic Ac-

tivity of Asp-hemolysin from A. fumigatus on Human
Erythrocytes
The values are means®S.D. of triplicate determinations. The 100%
control value was 0.773 measured as the absorbance at 541 nm.
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Fig. 4. Effects of VLDL, LDL and HDL on the Hemolytic
Activity of Asp-hemolysin
The values are means+S.D. of three separate experiments. The 100%

control value was 0.756 measured as the absorbance at 541 nm. [(J: VLDL,
@®: LDL, A: HDL.

BIhDOHEKAENICHSHIENZ. £/, VLDL
EHRIMUZR TS LDLICEM U ZZHEINY — 20
Honzn, ZoMHEREIZ LDL Ikl T,
-7~ (Fig. 4). —7J, HDL M, HD2WIET 57
WWERE BN, A4 O3 70 2FMLERTO
RMEEIE<BHEINRNM>7. 728, LDL,
VLDL O IDs, (32 81E 4, 20.2ug, 89.7ug ThH >
/z.

& 512, Helenius, Simons!'® MO A{EIC L D FHEL
7z apoB @ Asp-hemolysin & LGP H 9 22 E %
Meat U7z, Fig. 5122779 &L 51, Asp-hemolysin @
A MIETEI apoB 10 ug DIANTHI 90% DHE, 20
ug DEHEIM TR TTRICHEE N, apoB O IDs I3,
12ug THo72. TNHDRERELD, Asp-hemoly-
sin DA MG Z HEFE T % iRk 713, LDL 214U
H&ET B apoBEEYRY DNV ETHDZ ENH
SM&E/eo7-. Tablel OFEHE M5, apoB I,
LDL & HARTH 17 5, Mg LD EFEITH
8600 {5 WM A FIE 2 /R L. LDL I, f5HE
8%, X INTHE 2% MHEKD, TDY INVE
DIF&EEN 540kDa @ apoB TH 5. — f,
VLDL {3 92% DIgE & 8% D& )NV EMNSRRD,
LDL &L T NV BREN DR, £,
ZTDH N ER S 37% 13 apoB TH 5735, 50
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Fig. 5. Inhibition of the Hemolytic Activity of Asp-hemoly-
sin by ApoB on Human Erythrocytes
The values are means®S.D. of triplicate determinations. The 100%
control value was 0.782 measured as the absorbance at 541 nm.

Table 1. Inhibitory Capacity of Plasma, VLDL, LDL and
ApoB on the Hemolytic Activity of Asp-hemolysin

1Dy, (u protein) Specifity (-fold) *

Plasma 10300 —
VLDL 89.7 114.8
LDL 20.2 509.9
ApoB 1.2 8583.3

* Relative to plasma=1.00.

% 1% apoC, 13% iZ apoE Th 5. D7/ VLDL
D apoB & &I LDL & [hXTHiD THEK<, Lz
7> T VLDL @7 R 2NV E Y70 OVE I E
MEBENHDEEZ SN

LDL X 2 MHERRIT, MEHRTH D
SLO THEIAZENHBENTWS, P SLO IF,
FA—IbLEYTEEILEINSHFHEZHETDH S Sul-
fhydryl (SH)-activated bacterial toxin DM 755
RTHZIN, INSHEROREIZ, ILATO—
& DFREFITK D Z DGR S DA A YT FH
EINDIOZENHIFS5NS. —F, Asp-hemoly-
sin DEEMIEMEE, JL XT7o0—JLick> Ta<H
EEZIFT, apoBICXDHESINZZ N5,
Asp-hemolysin 2% 9% LDL IZ & % 7 Ifil P 25 H 1%
I%, SLO LI3e<BERD, HILWLWALTZXAITK
T EDIRBINT.
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Fig. 6. Effect of Ultrafiltration on the Inhibition by LDL or ApoB of the Hemolytic Activity of Asp-hemolysin
Asp-hemolysin was incubated with 100 ug (as protein) LDL or 10 ug apoB at 21°C for 1 h. The values are means+S.D. of triplicate determinations.

S 512, LDL, apoB & Asp-hemolysin @ X iR
WEDEDTFEIOTDOAT T T 1)WY —TR
NABU RO AN SIE, EMIEENE E A ER
HEnis<<7zsZ &L (Fig. 6), apoB 7Y Asp-
hemolysin 2% L TRFHMMEICHET S Z &08E %
5Nk,

LDL & apoB @ Asp-hemolysin ¥4 Ifil fH 2 1% 7 %
i3 %5 B 5, Asp-hemolysin 2 LDL & % W
13 apoB & I EFIERKFMTA >FaxX—-FL &
%, TOWMmMEEZHEL 2. TOkE, Fig. 71
ARLUEELDICLDLIZBNWT, 1RO A > Fa
N—3 3 X THEMZ 50% HESNZN, KHEOE
REEDHITHFIFTEIHITHEBL, DI 6 R >
Fax— g PETHIEERISED U2, 2
EVIXTIEAYIZ, apoB TiE, 15001 > FaN—2
3> TC50% HEZRL, TO%K, HFEiHZEIZHER
¥, 30557 RIET I b—IZEL L (Fig. 7).
LDL & apoB 1 & %12 Asp-hemolysin O ¥ Ifil % FH
EL M, apoB [ ZERFHI THENFH L 72 DITHt
L, LDL TR ERKHZELZ. ZORIBEDOEN
JelZ R’ L7z LDL & apoB & O IDsg i D Z 12U D
WizbDEEBHNS.
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Fig. 7. Effect of LDL or ApoB on the Time-Course of the
Hemolytic Activity of Asp-hemolysin
Asp-hemolysin was incubated with 20 ug (as protein) LDL or 1.5 ug
apoB at 21°C for varying periods of time. The 100% control value was 0.746
measured as the absorbance at 541 nm. @: LDL, O : apoB.

Asp-hemolysin & FI#£12, 40 FWNICLDL Lt~
& —EHYDT 2 BRI ERDOEEE DY 2N
7EIZE, M- 7077 —EEEGKRIIHTS Lt
7% —, VLDL L't 7% —, gp330 (megalin)'?7s
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EWbHP 2 LDL A KBE S > )X 7 E (LRP,
LDL receptor-related protein/wM receptor) 7235
N TW3,. Asp-hemolysin @ &M iE AT, LDL I
MO TiE7e<, LRPDOU N> KTdh% VLDL %
a-M Ltiofﬁﬁﬂiéhé Z&lE, gnnr/
FRBCH DAt & & BITHKEWAIR E WA KD,

Asp-hemolysin [& & b E— X2k 9 % "*I-LDL @
WEMZ2IiTo /=, & 55 L Asp-hemolysin
(500 ug/ml) LRSI EIE—X%, SEIERR
ED'PI-LDL{E# &1 > F 2 X— KL, Asp-hemo-
lysin & & b £ — X I#§ & L 7z PI-LDL Z #{5E L
7o, ESITHNTAT S e ER N S, FRES
BHH L7 (Fig. 8(A)). Z®F —4# %&ILIT Schatch-
ard 73T 217 o 72 KGR, RENT L OfEEE B Kd 1%
4.45 ug/ml, 975HH 8.9X107°M &7 0, LDL A8
Asp-hemolysin 2% U TEBHMEZEZE T 2 2 LA
5/im&7so7- (Fig. 8(B)). LDL ® LDL L&
& —IZxT 5 Kd iz DWW Tid b Mg T
2.5X1078m (37°C), 4.5X107 %M (4°C),20 F£/=, 7
THEIBMETIX, 2.0X10°3M (FiR)W EHEIN
TWa, INSOENS BT % &, LDL @ Asp-
hemolysin {2t 9 % #F%IX, LDL @ LDL L&~
=I5 ENERFEELIFENLUETH D,
Asp-hemolysin |38 7% LDL &% > /X7 H D 1
DTHAHTENHBAL .

FERAY T ZX)VF ) ZERIT BN TS, MR OE
i D J& YL 5 B T A. fumigatus O B K FK 2 Asp-
hemolysin 237F1E9 5 Z &, X 512, Asp-hemoly-
sin D12 B FRNEED R D R AT - R I 2
HERIZ @ < AREMEVRB I N TS, 9 —F, LDL
L7 —H50iE, £ LDL O2HARE L TH
HEINZAAR Dy =Lt Ty =0, H5FOM
W, UAIAERET DT EITE D AR DO b
O TS ATREME Z /R T MG DI FEHRN TR E
NTWNn5B, 22720 ZERZ - Asp-hemolysin 7% LDL &
in vivo | %LB’C%mblﬁﬂl 2B HEAETHET
UX, LDL IZ#5A L 7= Asp-hemolysin i LDL L
TE — G0 2 B OB EEERE I L TR S o
HEEKITHREEDEASNS.

4. Asp-hemolysin O;A M ;E 4 (CRIF T E{L LDL
(Ox-LDL) DFE

XKIZ, Ox-LDL % & ©&ffi LDL @ Asp-hemoly-
sin IR IMIEPEIC KT BB DWW THREL /2.

Fig. 9137 & 7 )Lt LDL (Ac-LDL) &U“ Ox-
LDL @ Asp-hemolysin i Ifil 1% 1412 o \F 9 52 &
§. KZEMO LDL (nLDL) IZ J:I:f\, 24h @Jl:@
Ox-LDL 13 & 0 5 < Asp-hemolysin @7 Ifn 1% 4% % [H
# L 7. Asp-hemolysin /A IMiEMHIZ 5 ug @ Ox-LDL
AMTEETERICHESINAZ. —F, Ac-LDL T
&, EMEENZED NN 7.

Fig. 10 {213 LDL OF{bRFE & v if FHL 2 DB FRIZ
DWTRLTz. JREERILDIEEE TH % thiobarbi-

10

125]-LDL bound (ng)

0 T
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Fig. 8. Concentration-Binding Curve and Schatchard Plot

for the Binding of !ZI-LDL to Immobilized Asp-hemolysin
Each value in the figures represents the data from duplicate assays.

(A) Eupergit CB-6200 bead, after incubation in 1 ml Asp-hemolysin (500 ug/

ml) for 20 h at 4°C, was incubated in 1 ml of ligand solution of 125I-LDL and

immobilized Asp-hemolysin. The specific binding was determined by sub-

tracting the nonspecific binding obtained in the presence of a 300-fold excess

of unlabeled LDL from the total binding obtained in the absence of unla-

beled LDL.

O : total binding, @: specific binding, A: nonspecific binding.

(B) Scatchard plot from the data shown in Fig. 8 (A).
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Fig. 9. Effect of Modified Lipoproteins on the Hemolytic Ac-
tivity of Asp-hemolysin
The values are mean+S.D. of three separate experiments. O : LDL, @:
Ox-LDL, H: Ac-LDL.

KO RWHENBR I N,

I 51T, Ox-LDL IZ K%M ED, Ox-LDL &
Asp-hemolysin DFEFICE D HDNED N EREFTT
5 HBIM S, Asp-hemolysin & Ox-LDL DiRIK & 7
EDTREIOTDOAT 52T 4 )5 —TRIAiE
L, ZDAWITDWTHEMIEHEDOHEE 21T - 7.
Ox-LDL ®##H, 2h#{b £ TiE, nLDL & [F4
2, 7y —lilOf EICEGRR < T FREED
PHERZ /R L 720%, 4hB{LLIFE @D Ox-LDL Tig,
REEI DR & & HITT 1 VY — %D AT DOE
MAFENF 20, 24h L TIE, £AEOa >
FO—)UITHERE 10% OHEL MERI Nan -
7z (Fig. 11). DA EO#FEREK D, ERRHER{LD Ox-
LDL T, nLDL X D & & W 1 £ T Asp-
hemolysin IZ#5E& L TW S AJREMEDNER < RIB I N7z
7, EFEEE(L Ox-LDL 1T & % MHEIX Al /nfs &
DRER T RRWEEZ SN, LDL IZE{LDEST
IS T, FRMEATE O MOIC apoB & > /N7 E
DI FGTAYT—=2arNREIBZENHMSEN TN
5.2 Z D apoB ¥ NI E DO, KRB
Ox-LDL @ Asp-hemolysin #&& M TI2BE L TW
LuREENE A 5N 5.
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Fig. 10. Dependence of Inhibition by Ox-LDL on the Time of Cu?*-Induced Oxidation
@: hemolytic activity, O : thiobarbituric acid reactive substances (TBARS).
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Fig. 11.

The values are mean+S.D. of three separate experiments.

Effect of Ultrafiltration on the Inhibition by Oxidized Ox-LDL
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Fig. 12.

TR TEAGA RS R @B Z 0, KNT
RAT77F2I)Iay > (PC) MBUVJKAT v F
)L al) > (LysoPC) NOEp#ani Z %52 Z &)
HMH5NTWD, 2T, 24hfB{k Ox-LDL # fatty
acid-free BSA & > F 2 X— K L, LysoPC %
DFRW/= Ox-LDL Z3R% L, ZOREIMIC KT T #

Effect of Bovine Serum Albumin-Treated Ox-LDL on the Hemolytic Activity of Asp-hemolysin
@: Ox-LDL, O : bovine serum albumin-treated Ox-LDL.

BIZOWTHA L. ZOfEE, BSA{LHE LDL i
W, wEIMEBEEAN 2B s Nan-> 7 (Fig.
12). ZD#EHIE, Ox-LDL 1M LysoPC 73, &I
HEICHESBEELTWS Z 277, LysoPC i3,

—RITEIMEME S L THSNTHD, EE, Fi
S AT LysoPC 5 ug ZRNS % 2 & TrehE
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Fig. 13. Effect of Preincubation of Erythrocytes with Ox-LDL on the Hemolytic Activity of Asp-hemolysin

The erythrocyte suspension (200 ul) was incubated with 10 ug (50 ul) Ox-LDL, BSA-treated Ox-LDL) or 2 ug lysophosphatidylcholine (lysoPC) 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. The values are means+S.D. of three separate experiments.
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