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ABSTRACT 

Apolipoprotein H (apo H), isolated from human plasma albumin solution, was shown to capture HIV-1-re- 
lated antigens from antigen-positive sera (HIV-1 AGf) of AIDS patients, by using HIV-1-specific polyclonal 
antibodies. In an enzyme-linked immunosorbent assay and ligand blot and dot assays, apo H was able to bind 
recombinant retroviral HIV antigens, especially Gag proteins p18 of HN-1, p26 of HN-2,  and Env gp160 of 
HIV-1. Binding was shown to be pH and NaCl dependent, with an optimum at acidic pH and low ionic strength. 
Specificity was demonstrated by saturation of this binding and inhibition either by homologous competition 
or by specific antisera. Binding was also observed in cell line-harvested viral blotted proteins. The mechanism 
of this apo H-polyspecific binding is discussed in relation to conformational changes due to the influence of 
lipids or detergents. 

INTRODUFTION c- 

NUMBER OF STUDIES have reported isolation of the human A immunodeficiency virus (HIV) from biological fluids such 
as plasma and Variations in culture conditions, such 
as delaying blood processing time, can affect the culture suc- 
cess rate for JXV isolated from pla~ma.3.~ This suggests the 
presence of antiviral factors in the plasma and the existence of 
physical interactions between viral particles and plasma com- 
ponents. Of these latter components, the complement system, 
fibronectin, and mannose-binding protein have been studied ex- 
tensively (for review see Ref. 5). Moreover, apolipoprotein A- 
l (Apo A-l), the main protein component of high-density 
lipoproteins (HDLs), interacts with N-terminal Tusogenic do- 
mains of simian immunodeficiency virus (SI%) gp32 and HIV 
gp41 and inhibits viral infectivity and syncytium f~ rma t ion .~ .~  

Human serum albumin (HSA) polymers are known to bind 
hepatitis B virus (HBV).* We purified a 50-kDa protein in or- 
der to investigate a possible component responsible for this 
binding activity in HSA solutions. N-Terminal amino acid se- 
quencing alloged us to identify this protein as apolipoprotein 
H (apo H).9 A'French patent claimed the binding of apo H to 
various viral components.1° Notably, in HBV-infected sera, apo 

H was able to bind a factor detected by monoclonal anti-HBsAg 
antibodies. Others have since demonstrated direct binding be- 
tween apo H and HBsAg." 

- Apo H, also known as P2-glycoprotein I (P2-GPI), was orig- 
inally identified in plasma as a glycoprotein that is soluble in 
perchloric acid.12.13 Apo H (50-kDa molecular mass and about 
2OO-pglml plasmatic concentration) was also reported to be 
among the apolipoproteins found on the HDL.14 Its amino acid 
sequence showed an unusual composition for a plasma protein, 
with 6.2% cysteine and 8.3% proline.15 This protein is com- 
posed of 5 segments of 60-80 amino acid residues, each con- 
taining the consensus sequence of the complement control pro- 
tein (CCP) module, which implies that apo H is a member of 
the CCP superfamily.16 

About 30% of serum apo H is associated with the lipopro- 
tein fraction.I4 Apo H binds to negatively charged substances 
such as anionic phospholipids, as well as macromolecular struc- 
tures such as heparin, platelet and mitochondrial membranes, 
and DNA.17-21 In view of these data, several functions have 
been proposed for apo H through the link with charged phos- 
pholipids, e.g., inhibition of blood clotting and platelet pro- 
thrombinase a c t i ~ i t y ? ~ . ~ ~  However, its physiological function 
is still unknown. 

'ORSTOM, UR41: Maladies Infectieuses et Parasitaires, 34032 Montpellier cedex 1, France. 
*Laboratoire Central d'Hématologie, Centre Hospitalier Régional, 34000 Montpellier, France. 
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The biochemical properties of apo H and our prevïous re- 
sults on HBV binding led us to investigate the possibility that 
apo H binds to other viral proteins. The aim of this work was 
therefore to demonstrate the binding of apo H to HN type 1 
and type 2 proteins. 

MATERIALS AND METHODS 

Materials 

Viral recombinant soluble proteins (rp26 of HIV-2 ROD and 
rp24, rp18, and rgpl60 of HN-1 LAI were kindly donated by 
Transgene S.A. [Strasbourg, France]). Bovine serum albumin 
(BSA) was purchased from Fkka (St. Quentin Fallavier, France) 
and 20% human albumin solutions were obtained from the Centre 
R6gional de Transfusion Sanguine of Montpellier (Montpellier, 
France). Ultrapurified albumin, herein noted as upHSA, was ob- 
tained as described.% Ninety-six-well microtiter plates (Maxisorp) 
were from Nunc (Roskilde, Denmark). 9G1 and 8C3 monoclonal 
antibody to apo H was kindly donated by J. Arvieux.= Polyclonal 
antiserum to rgpl60 was obtained as described.26 ATB (antigen 
transfer buffer) and Satl and Sat3 saturation blot buffers were pur- 
chased from Labo-Centre S.E.L.A.R.L. (B6ziers, France). 

Isolation and purification of apolipoprotein H from 
human serum albumin 

Apo H was purified from human plasma albumin solution as 
described? Briefly, a human albumin solution from Cohn 
plasma supernatant IV was applied to a column of dextran sul- 
fated beads (Sigma, St. Louis, MO) prebalanced in 0.15 M 
NaCl. After rinsing with 10 mM phosphate buffer @H 7.4w.2 
M NaCl, a fraction was eluted with a 2 M NaCl step, then di- 
luted 10-fold in a 10 mM .sodium phosphate buffer, @H 6.8) 
and loaded over a hydroxylapatite gel (IBF, Villeneuve-la- 
Garenne, France) prebalanced with the same buffer. The gel 
was then rinsed with the same buffer and the apo H eluted by 
increasing the ionic strength with 1 M KCl. The solution ob- 
tained was dialyzed against distilled water and lyophilized. At 
this stage, the purity of apo H provided a single band at 50 kDa, 
as checked by sodium dodecyl sulfate-polyacrylamide gel elec- 
trophoresis (SDS-PAGE, lo%)." 

Coupling of apolipoprotein H and anti-apolipoprotein 
H antibody (c9Gl)'to alkaline phosphatase 

Apo H was coupled to alkaline phosphatase as described.28 
Briefly, 500 pg of apo H was added t? 4500 units of alkaline 
phosphatase (3000 U/mg; Boehringer GmbH, Mannheim, 
Germany) in the presence of 0.2% glutaraldehyde, followed by 
lysine and ethanolamine inactivation and exclusion chro- 
matography over a Sephadex G25 gel column (Pharmacia, 
Orsay, France). Given concentrations of conjugated apo H re- 
lated to the apo H alone. 

9Gl,.,a,monoclonal antibody to apo H, was conjugated ac- 
cording to the same protocol as above. 

Antiseruin production against apolipoprotein H 
One rabbit was immunized with 250 pg  of purified apo H 

in Freund's complete adjuvant (Difco, Detroit, MI) and boosted 

with the same amount 1 month later in Freund's incomplete ad- 
juvant. Ten days later the rabbit was bled and the serum de- 
canted, aliquoted, and cryopreserved. 

Enqme immunoassay using apolipoprotein H for the 
capture of viral antigen by apolipoprotein H 

For HIV-1 antigen detection in HN-l-positive patients and in 
healthy blood donor sera, 96-well microtiter plates were coated 
for 2 hr at 37°C with 1 pg of apo H per well in 100 pl of either 
50 mM acetate buffer (pH 5.6) or phosphate-buffered saline 
(PBS), pH 7.1. After saturation with 200 pl of 2% BSA in PBS 
@H 7.4) for 1 hr at 37°C and washing with PBS, 100 pl of serum 
diluted in either 50 mM acetate buffer (pH 5.6) or PBS (pH 7.1) 
was added. After a 90-min incubation at 37°C and four wash- 
ings, 100 pl of biotinylated polyclonal anti-HIV-1 antibodies sup- 
plied in the ELAVIA (R) Ag I kit (Pasteur Diagnostics, Mames- 
la-Coquette, France) was incubated at 37°C for 90 min. After 
washing, detection with streptavidin-peroxidase conjugate was 
done according to the manufacturer procedure (Pasteur 
Diagnostics). Wells coated with BSA or a1 T glycoprotein alone 
were used as negative controls. 

Altematively, detection of serum viral antigens fmed on 
coated apo H was performed using a double-step procedure that 
included a 1-hr incubation at 37°C of a.rabbit polyclonal anti- 
serum to the rgpl60 of HIV-1, diluted to 1:20,000 in PBS, fol- 
lowed by a second incubation with alkaline phosphatase-con- 
jugated goat anti-rabbit IgG antibodies, revealed according to 
the manufacturer procedure (Promega, Charbonnières, France). 

Ligand-blotting assays 

Proteins were directly dotted in ATB to nitrocellulose by as- 
piration through a Multiblot-S apparatus (Millipore, Bedford, 
MA) before two &min saturation steps in Satl and Sat3 as de- 
scribed.29 For further purification, rp26 was solubilizedin SDS 
sample buffer, without 2-mercaptoethanol or dithiothreitol, sep- 
arated by 12.5% SDS-polyacrylamide gel electrophoresis (SDS- 
PAGE), then blotted by diffusion in ATB. The nitrocellulose 
was saturated as mentioned above. Commercial nitrocellulose 
strips containing HIV-1 or €€IV-2 proteins (New LAV Blot I; 
Pasteur Diagnostics) were resaturated in the same manner. 
Nitrocellulose strips were incubated with apo H or conjugated 
apo H in 1 ml of 50 mM acetate buffer (pH 5.6) containing 
0.1% hydrolyzed gelatin (Sigma) and 0.5% Triton X-100 for 2 
hr at room temperature, then washed once in 50 mM acetate 
buffer @H 5.6)-0.05% Triton X-100, and twice in PBS con- 
taining 0.05% Triton X-100. Conjugated apo H binding to vi- 
ral proteins was revealed with nitro blue tetrazolium (NBT; 
Sigma) and 5-bromo-4-chloro-3-indolyl-phosphate (BCIP; 
Sigma) according to manufacturer instructions, except that Tris- 
HC1 buffer at pH 8.8 instead'of pH 9.5 was used: 

Enzyine-linked immunosorbent assay 
Unless otherwise noted, the binding assay of apo H to re- 

combinant viral proteins was performed as follows: 96-well mi- 
crotiter plates were coated for 2 hr at 37°C using 200 ng of vi- 
ral proteins per well in.100 pl of PBS (pH 7.4). After saturation 
with 200 pl of Satl for 20 min, Sat3 for 10 min at 25"C, and 
washing with 0.05% Triton X-100 in PBS, 100 p1 of conju- 
gated apo H dilutions in 50 mM sodium acetate buffer (pH 5.6) 

. .  . 
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containing 0.5% Triton X-100 and 0.02% BSA was added and 
incubated for 90 min at 37‘C. The plates were then washed six 
times and incubated with 4-nitrophenyl phosphate (4-NPP; 
Sigma) according to the manufacturer procedure. Absorbance 
was measured at 405 nm with a spectrophotometer (Titertek 
Multiskan Plus; Flow Laboratories, McLean, VA). The means 
of four replicates were plotted. 

For the study of the pH dependence of conjugated apo H 
binding to viral recombinant proteins, buffer containing either 
50 mM acetate at pH 5.2 and 5.6, or 17 mM phosphate at pH 
6, 6.4, 6.8, 7.2, and 7.6, in both cases with sodium counterion, 
or 50 mM Tris-HC1 at pH 8, 8.4, and 8.8, was used. 

RESULTS 

Capture by apolipoprotein H of HIV-1 antigenic 
proteins from patient sera 

Two different approaches were used to detect possible bind- 
ing of apo H to HIV-related antigens. 

In the experiment shown in Fig. 1, 10 HN-1-seropositive 
sera were chosen: sera 1 to 6 were AIDS and antigen positive 
(HN-1 Ag+), whereas sera 7 to 10 were CDC stage II of HIV 
infection and antigen negative (HN-1 Ag-). For these 10 sera, 
W - 1  antigens had been tested using commercial conjugated 
polyclonal antibodies specific to Env and Gag proteins of HIV- 
1 (Pasteur Diagnostics). Different dilutions in PES of each 
serum were added to apo H-coated microtitration plates. 
Captured HIV-1 antigens were then detected in the same way 
as described above. Strong positive signals were obtained for 
the 100- and 1000-fold dilutions in 5 of 6 samples from HIV- 
positive sera of patients 1 to 6, whereas significant responses 
at 10-fold dilution were observed only for two of them, sera 3 
and 5. Negative signals were obtained for all four HIV antigen- 
negative sera at all dilutions. Control wells coated with BSA 
alone or al T glycoprotein (results not shown) showed nega- 
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FIG. 1. Capture by coated apo H of HIV-1-related antigens 
in 10 HIV-1-seropositive patients sera: influence of serum di- 
lution. Six HIV Ag+ sera (Nos. 1 to 6) and those of four HIV 
Ag- (Nos. 7 to 10) Were diluted lo-, loo-, and lOOO-fold, re- 
spectively (represented by full, empty, and hatched bars, re- 
spectively) and tested in microtiter wells. HIV-1 antigens were 
detected in two steps, using commercial biotinylated polyclonal 
antibodies specific to Env and Gag proteins and streptavidin .. 

. peroxidase. 

a 2 .  
1 

99 

5001 

j 400 

300 
E 
a 
cf 

rn 200 

1 O0 
2 

O 
1 2 3 4 5 6 7 8 9 lOl112131415161~~8192021222 

Serum no 

FIG. 2. Capture by apo H of HIV-1 Env-related antigens in 
AIDS patient sera. Sera (100-fold diluted) from five healthy 
donors (Nos. 1 to 5) and from 18 HIV Ag+ patients (Nos. 6 to 
23) were tested. Antigens were detected by using a rabbit anti- 
gp160 polyclonal serum and alkaline phosphatase-conjugated 
goat anti-rabbit IgG. 

tive responses for all sera, like those obtained from HN-nega- 
tive sera 

For the experiment shown in Fig. 2, a 100-fold dilution was 
chosen to screen.sera from 18 HIV-1 antigen-positive A I D S  pa- 
tients and 5 healthy blood donors. But the detection was re- 
stricted to gpl60-related antigens, by using an anti-gpl60 rab- 
bit polyclonal serum and conjugated anti-rabbit IgG antibodies 
in a two-step revelation procedure. It was seen that all of the 
HN antigen-positive sera were positive for the presence of apo 
H-captured HIV envelope glycoprotein, while those from the 
five.healthy donors were negative. We observed a better bind- 
ing of viral antigen to apo H at pH 5.6 than at pH 7.1 (results 
not shown). 

These results indicated that apo H was able to capture serum 
HIV-1-related antigens and incited an investigation into a pos- 
sible direct binding between the apo H and diverse recombi- 
nant Env and Gag HIV proteins. 

ESfect of physicochemical parameters on the binding 
of apolìpoprotein H to HN proteins 

In a ELISA system, we studied the influence of pH and ionic 
strength on the binding of apo H to recombinant v k d  proteins. 
The results in Fig. 3 show the pH dependence of the binding 
of conjugated apo H to rp18 of HIV-1 coated onto microtitra- 
tion plates. In the frrst conditions without NaCl, significant 
bjndmg of apo H to rp18 was observed within a pH range of 
5.2 to 7100, with an optimum around pH 5.6. On the addition 
of 0.15 M NaCl, the binding was notably decreased at all pH 
values. A similar reaction pattem was observed for rgpl60 and 
rp26, with weaker levels, while no reaction or close to back- 
ground was noted with either rp24 of HIV-1 or HSA, either at 
pH 5.6 or 7.0 (data not shown). 

In another experiment (results not shown), the influence of 
NaCl concentration, from O to 1 M, during incubation of con- 
jugated apo €$ on the coated recombinant protein was studied 
at pH 5.6 or 7.00 binding of conjugated apo H to rp18 slowly 
increased on addition of NaCl, reached a maximum at 0.05 M 
NaCl, and decreased with further NaCl. 
I- Hence, pH 5.6 and 50 mM sodium acetate, being near the 
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FIG. 3. Effect of pH on the binding of conjugated apo H to 
rp18 of HIV-1 LAI in @e absence (open squares) or presence 
(solid squares) of 0.15 M NaC1. 

optimum conditions, were chosen as standard conditions for fur- 
ther studies, 

Spec$city and dose response effect of binding 

The specificity of these interactions was assessed in three 
ways, namely by studying the dose response, the homologous 
competition, and the inhibition by various specific antisera. 

First, the capacity of apo H to interact with viral proteins in 
a dose-dependent manner was tested and controlled with non- 
HJY proteins such as HSA and BSA. As shown in Fig. 4, con- 
jugated apo H bound, in a fírst-order-like reaction, to recombi- 
nant viral proteins p18, gp160 of HIV-1 LAI, and p26 of HN-2 
ROD. The reaction was the strongest for rp18 and decreased 
for rp26 and rgpl60. A saturation plateau was reached for each 
retrovkal protein at about 20 nM of the initial conjugated apo 
H. The binding was specific since the apo H did not bind to 
HSA or BSA or rp24 frÒm HW-1 LAI, even at 40 nM con- 
centration of conjugated apo H. 

Figure 5 shows the capacity of unconjugated pure apo H to, 
inhibit binding of a constant amount of conjugated apo H. For 
each of the bound proteins, near 100% inhibition was reached 
with a 4 pM concentration of initial apo H. Native unlabeled 
apo H exhibited an I D 5 0  (50% inhibition dose) of 0.3 pM for 
rgpl60,0.5 ,UM for rp26, and 0.9 pM for rpl8. 

Specificity was ascertained by using antibodies against apo 
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FIG. 4. Dose response and saturation of the binding of con- 
jugated apo H to HIV proteins. Absorbance activity of conju- 
gated apo H bound to rp18, rp26, rp24, rgpl60, BSA, and HSA 
was plotted as a function of the initial conjugated apo H input. 
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FIG. 5. Homologous competitive inhibition by unconjugated 
pure apo H. Eight nanograms of conjugated apo H was mixed 
with increasing concentrations of pure apo H, from 4 nM to 4.3 
mM, in 100 $/well of reaction mixture. The results were plot- 
ted as percentages of the measures of conjugated apo H alone. 

H and gp160. Figure 6 shows that a rabbit serum immunized 
against apo H and preincubated with it was able to decrease the 
binding to each of the three viral proteins, whereas the serum 
before immunization did not. Incubation of the viral proteins, 
coated onto microtiter'wells, with an anti-gpl60 serum abol- 
ished only the binding to the rgpl60 and had no influence on 
the binding of apo H to the rp18 and rp26. 

Ligand-blotting and -dotting assay experiments 

Binding of conjugated apo H to HW proteins was further 
tested with recombinant viral proteins adsorbed on nitrocel- 
lulose strips. About 200 ng of each viral protein (rp26 of HIV- 
2, rp24, rp18, and rgpl60 from HIV-1) and human albumin 
as controls, either ultrapurified or Cohn's supernatant N frac- 
tion, were dotted onto strips of nitrocellulose as described in 
Materials and Methods and incubated for 1 to 2 lk at 25°C in 
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FIG. 6. Effect of anti-rgpl60 and anti-apo H rabbit sera on 
the binding of conjugated apo H to diverse recombinant HIV 
proteins. Before being added to microtiter wells coated with re- 
combinant viral proteins, 20 ng of conjugated apo H was prein- 
cubated for 1 hr at 22°C with a 1000-fold dilution of rabbit 
serum before and after immunization against apo H, showed 
by black and gray bars, respectively. In wells represented by 
white bars, a 1000-fold dilution of rabbit anti-rgpl60 serum 
was incubated for 1 hr at 22°C with the coated viral proteins, 
following which 20 ng of conjugated apo H was added after 
four washes with PBS. 
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the presence of increasing concentrations of conjugated apo 
H. After the washes and detection, the alkaline phosphatase 
(AP) activity of the conjugated apo H, shown in Fig. 7, lanes 
2 to 5, was strongly visible for rp18 and rp26, and weaker for 
rgpl60, with a dose-response effect for each of them. No re- 
action was visible for the rp24 or the two different human al- 
bumin preparations used. In this experiment, apo H binding 
to .viral proteins was detectable with a minimum conjugated 
apo H concentration of 4 ng/ml for rp18 and rp16 and 20 ng/ml 
for the rgpl60. AP alone did not show any reactivity at con- 
centrations up to 2.5 mg/ml (Fig. 7, lane 6). 

A similar reactivity pattern was obtained by incubating unla- 
beled apo H, further recognized by the conjugated anti-apo H 
monoclonal antibody c9G1 in Fig. 7, lane 8. The background was 
likely due to the high initial apo H concentration of 1 mg/ml. 
Omission of apo H gave no reactivity at all (Fig. 7, lane 7). The 
rp26 preparation used throughout this study was claimed to be 
80% pure, while the rp18 was claimed by the manufacturer to be 
more than 95% pure. To determine the binding specificity of apo 
H, this rp26 preparation was submitted to SDS-PAGE separation 
and the major component was identified as rp26 by using a spe- 
cific antibody (not shown). After reaction with the conjugated 
apo H, the phosphatase activity again revealed the recombinant 
p26 (Fig. 7, lane 
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FIG. 7. Reaction of apo H with retroviral dotted and blotted 
proteins. In lanes 1 to 8, proteins were dotted as indicated. Lanes 
1 to 5: conjugated apo H was reacted at concentrations of O, 4, 
20, 100, and 500 ng/ml, respectively. L h e  6: control reaction 
with AI' alone (2500 ng/ml). Lanes 7 and 8: after a fvst incu- 
bation with, respectively, no apo H and 1' pg  of apo H per mil- 
liliter in 3 mM phosphate buffer @H 6.8)-50 mM NaC1-0.5% 
Triton X-100, two washes with 50 mM Tris-HC1 (pH 8.2)-50 
mM NaCl, one with PBS, strips were incubated'with 9G1 mon- 
oclonal antibody to apo H (1 pg/ml) in PBS-O.l% Tween 20, 
then rinsed four times in the same buffer before detection. Lanes 
9 and 1 0  Western blot strips containing electrophoresed re- 
combinant p26 were incubated with, respectively, AP alone (1 
mg/ml) and conjugated apo H (50 nglml). Lanes 11 and 1 2  two 
strips from different commercial Western blot lots of HIV-1 
were reacted with conjugated apo H (50 ng/ml). Lanes 13 and 
14 immunoblot control reactions with, respectively, a human 
HIV-positive control serum and serum from a rabbit immunized 
against a recombinant Gag protein containing peptides from p18 
and p24. Lane 15: a commercial strip for HJY-2 Western blot 
was reacted with conjugated apo H (50 ng/nll). 1 
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By using commercial Western blot strips of HIV-1 and HIV- 
2, containing viral proteins pretreated under dissociating and 
reducing conditions, we confirmed the binding of conjugated 
apo H to proteins of Hl'v from cell culture supernatants, as 
shown in Fig. 7. There was substantial recognition of p18 and 
p55 of HIV-1, as well as of p17, p26, and p55 of HIV-2 (Fig. 
7, lanes 11, 12, and 15). A number of possible precursors and 
catabolites reacted differently along the commercial lot strips. 
gp120 was scarcely visible (Fig. 7, lane 12). The lack of gp160 
binding is discussed below. 

In addition, we observed in ligand-dot experiments (not 
shown) that (1) reactions were stronger when each of the 
proteins was dotted separately, suggesting a possible com- 
petition between them toward apo H; (2) BSA and a1 T gly- 
coprotein used as controls did not react; (3) the specificity 
of conjugated apo H binding to rp26 was ascertained by in- 
hibition with a rabbit anti-apo H serum, while the control 
nonimmune serum had no effect; (4) weaker but still visible 
binding of conjugated apo H to the three viral proteins oc- 
curred when acetate buffer was replaced by PBS (pH 6.8 to 
7.00); and (5) detection of bound apo H using another mon- 
oclonal anti-apo H antibody, 8C3, in a three-step procedure, 
and labeled anti-mouse antibody, led to the same reactivity 
as the conjugated apo H. 

We concluded that apo H interacted with some of the struc- 
tural HIV proteins adsorbed onto the nitrocellulose: the p18 and 
p26 Gag proteins and the envelope a 1 6 0  protein, respectively, 
in this decreasing order, in the presence of the detergent Triton 
X-100, according to the results of ELISA experiments. 

DISCUSSION 

Among studies on virus-plasma interactions, this work 
demonstrated the capacity of apo H to bind preferentially, un- 
der given conditions, to retroviral HIV antigens, notably the 
p18 Gag protein of HIV-1, the p26 Gag protein of HIV-2, and 
to a lesser extent to gp160 of HIV-1. This binding was depen- 
dent on both pH and ionic strength, with an optimum at pH 5.6 
and 50 mM NaCl, and is not sensitive to reduction of the viral 
proteins, The existence of a saturation dose and the inhibition 
either by homologous internal competition or by specific anti- 
sera demonstrated the specificity of the binding. Binding of apo 
H was also observed to the p55 precursor Gags of HIV-1 and 
HIV-2. In addition, this binding is not restricted to either re- 
combinant or cell line-harvested viral proteins since apo H was 
also able tb'capture components from sera of HIV-infected anti- 
gen-positive patients. Our Western blot results showed a weak 
reaction of apo H to gp120 and a lack of reaction to the gp160, 
even though strong reactivity of apo H to this recombinant pro- 
tein was observed in ELISAs and dot assays. This difference 
could be explained by taking into account the results reported 
by Pinter and by Zolla-Pazner, showing that gplG0 and gp120 
on commercial strips were mostly polymers of gp41?0*31 
Preliminary experiments confirmed the binding of apo H to re- 
combinant gp120. 

The situation was not unique concerning the binding of apo 
H to HIV viral proteins. Other plasma proteins, including apo A- 
1, have been shown to bind HIV? In the case described here of 
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apo H binding to HN proteins, the effects of NaCl concentra- 
tion and pH involve electrostatic and hydrophobic interactions, 
and in this respect our results agree with those on the binding of 
apo H to  phospholipid^.'^ The observed decrease in binding ver- 
sus the increase in molecular weight could simply reflect a lesser 
number of molecules coated on the support. Values of around 
0.5 ph4 obtained for 50% inhibition in the competitive assay be- 
tween native apo H and conjugated apo H for HIV recombinant 
antigens were close to those obtained for cardiolipin, thus indi- 
cating a rather high affííty for apo H for the three viral pro- 
teins.32 The binding of apo H to different viral antigens raises 
the question of its mechanism, especially in view of its poly- 
specificity toward antigens with no apparent primary sequence 
identity, although the same propem has been reported for fi- 
bronectin, another plasma pr0tein.3~ This polyspecifcity, with re- 
spect to conformational changes and hydrophobic interactions, is 
discussed below. 

Apolipoproteins are generally known for their conformational 
changes and interactions with lip id^?^,^^ It is known that highly 
flexible proteins such as apolipoproteins A-1, A-2, and C-1 ab- 
sorb rapidly and reversibly at air-water interfaces, reflecting a 
change in their structures, while classic globular proteins inter- 
act more weakly and irreversibly with the interface. The above- 
mentioned interaction of apo A-1 with the N terminal of gp32 of 
SIV and gp41 of HIV, as well as with lipids, has been docu- 
mented as being mediated by amphipathic a-helix regions? 
Human apo H was identifed as a component of circulating 
plasma lipoproteins, especially chilomicrons and HDL 
In contrast to other apolipoproteins, apo H does not associate it- 
self in aqueous solution and its spectrum by circular dichroism 
did not show the existence of a helices, although analysis of the 
primary sequence using the Chou-Fasman algorithm indicated 
three regions with a putative a-helix structure in apo H?6-39 
Moreover, the surface activity of the apo H, at neutral pH, had 
the same characteristics as typical globular proteins, while at 

I 

acidic pH the absorption ratios at the air-water interface were 
similar to those found for apo A-1. These data indicate a modi- 
fication of the secondary and teaiary structures?6 Confor- 
mational changes for apo H after binding either to charged phos- 
pholipids or to solid surfaces have also been s~ggested.3~ For 
these reasons, we postulate that similar changes may have oc- 
curred under o? conditions, especially at acidic pH between 5.2 
and 6.8. Consequently, region(s) of apo H responsible for bmd- 
ing to viral proteins may have been unmasked. 

Apo H has a strong affinity for negatively charged lipids, 
and a phospholipid-binding site has-been identified and located 
in the fifth domain of apo H.17,32,40 Two binding sites on the 
mitochondria during the agglutination stage by apo H have been 
shown. One of these was inhibitable by charged phospho- 
lipids?1 The presence of lipids was described for the binding 
of apo H to HBsAg?2 We assume that apo H at least partidly 
interacted through the effects of either detergents or lipids, 

i; 

1 
1 
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which,also induced conformational changes justifying the ob- 
servid polyspecificity toward HBsAg and different HIV pro- 
teins as shown by the present results?2 Ow experiments with 
the ligand-blotting assay support this hypothesis, since we ob- 
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It is noteworthy that HN-1 and HN-2 viruses are known to 
select specific lipid domains containing charged phosphatidic 
acid (PA) and phosphatidylserine (PS) from the plasmatic mem- 
brane of the host cell during the budding process. Therefore, 
PS and PA levels are higher in the viral envelope than in the 
membrane of infected cells and the cholesterolflipid ratio is also 
2.5-fold higher than at the surface of the host cell?3 Since in- 
teractions between HIV-1 Gag proteins and acid phospholipids 
and membrane lipids have been described, interactions between 
retroviral HN proteins and apo H could result from apo H affin- 
ity for lipids.& These data fit the observed preferential binding 
of apo H to some viral proteins, promoted through either the 
addition of detergent or the presence of native lipids in proteins 
isolated from sera. Finally, the differences in phosphatidyli- 
nositol and phosphatidylserine levels observed in HN-2 and 
HIV-1, resulting in charge and hydrophobicity differences, 
could induce different reactivities of p26 and p24 to apo H.43 

Moreover, when micelles are made by adding lipids to pu- 
rified retroviral HIV-l proteins in the presence of detergents, 
to form virosomes, gp160 and p18 of HN-1 are included in 
these virosomes, while p24 i s  not?5 This is consistent with the 
observed lack of reaction of p24, in contrast to p18 and gp160, 
to apo H. Finally, compounds such as detergents or lipids could 
mediate conformational changes of apo H or viral proteins con- 
sidered as targets, or both apo H and target, and induce com- 
plex apo Wtarget formation, brought out in this work. The de- 
tergent would therefore allow the binding of conjugated apo H 
to the recombinant viral proteins under rather nonphysiological 
conditions of pH and ionic strength, whereas the native lipids 
present on the viral proteins of HN-infected sera would bind 
to the purified apo H under more physiological conditions 
(PBS), conditions used in our work for the antigen capture in 
patient sera. This field is being investigated. 

Under our conditions, the binding of apo H to serum viral 
components detected by the use of anti-gpl60 antibodies and 
100-fold diluted patients sera is consistent with a relatively high 
concentration of soluble envelope glycoprotein (up to 100 n d d )  
measured in sera from AIDS and ARC patients?6 The decreas- 
ing response at high serum concentration reflects perhaps a ho- 
mologous competition with the serum apo H or the presence of 
inhibitors, such as antibodies. Anti-phospholipid antibodies have 
been detected in HIV-infected ~atients?~ Would some of these, 
in the presence of plasmatic apo H, involve nonspecific reactions 
with viral proteins (especially p18) to give some false-positive 
anti-HIV Is apo H present in the serum able to in- 
terfere with some, of the conventional diagnostic methods? 

A precise functional role has not yet been assigned to apo 
H. However, involvement was suggested during HN infection, 
by either mediation or modulation of the recognition of HIV- 
induced apoptotic lymphocytic debris by  macrophage^?^ More 
generally, does apo H interfere in vivo during the infection? 
Does it inhibit syncytium formation and viral infectivity like 
apo Al? Current work is being undertaken in these directions. 

’ 

ACKNOWLEDGMENTS 
served strong reactions either by incubating the viral proteins 
with apo H in the presence of a detergent such as Triton X-100 
or by adding the detergent to these proteins in a preincubation 
step only (results not shown). 

The authors gratefully acknowledge Dr. Christian Larsen, 
Dr. Jonas Blomberg, and Dr. Franz Jansen for helpful discus- 
sions. We are grateful to Dr. Jean Loup Rey for his encour- 



E 

i', 

1 

HIV-1 AM) -2 PROTEIN-apo H BINDING 

agement, to Dr. Jeanine Arvieux and Transgene S.A. for th& 
gifts Of reagents, and to Drs. Jolette Cos&s, Jean pierre 
Vendre& and Jacques Reynes for their kind gifts of human s a  

- 

. REFERENCES 

1. Ehmst A, Sonnerborg A, Bergdahl S, and Strannegard O Efficient 
in- 

fection. J Med V i  1988;26:23-32. 
2. HO DD, Mougdil T, and Alam M: Quantitation of human immun- 

odeficiency virus type 1 in the blood of infected persons. N Eng1 
J Med 1989;321:1621-1625. 

3. Pan L, Wemer A, and Levy JA Detection of plasma viremia in 
human immunodeficiency virus-infected individuals at all clinical 
stages. 3 Clin Microbio1 1993;31:283-288. 

4. Andreoni M, Sannati L, Parisi SG, Ercoli L, and Rocchi G 
Efficient and reproducible new semimicromethod for the detection 
of HN in human plasma. J Med Virol 1992;38:207-213. 

5. Spear GT: Interaction of non-antibody factors with HIV in plasma. 
A I D S  1993;1:114P-1157. 

6. Martin I, Dubois MC, Saermark T, and Ruysschaert IM. 
Apolipoprotein A-1 interacts with the N-terminal fusogenic do- 
mains of SIV (simian immunodeficiency virus) gp32 and HN @U- 
man immunodeficiency virus) gp41: Implications in viral entry. 
Biochem Biophys Res Commun 1992;186:95-101. 

7. Owens RJ, Anantharamaiah GM, Kahlon JB, Srinivas RV, Compans 
RW, and Segrest JP: Apolipoprotein A-1 and its amphipathic helix 
peptide analogues inhibit human immunodeficiency virus-induced 
syncytium formation. J Clin Invest 1990;861142-1150. 

8. Imai M, Yanase Y, Nojiri T, Miyakawa Y, and Mayumi M. A re- 
ceptor for polymerised human and chimpanzee albumin on hepatitis 
B virus particles Co-occurring with HBeAg. Gastroenterology 

9. Stefas I, Rucheton M, and Graafland H Aqueous protein compo- 
sition, glycoprotein contained therein, preparation method there- 
fore and uses thereof. French Patent Application 1993, No. 
93.01399. 

10. Stefas I, Rucheton M, and Graafland N: Meth-od for detecting vi- 
ral compounds using a glycoprotein. French Patent Application 
1993, No. 93.01400. 

11. Mehdi H, Kaplan MJ, Yasar Anlar F, Yang X, Bayer R, Sutherland 
K, and Peeples ME: Hepatitis B virus surface antigen binds to 
Apolipoprotein H. J Viol 1994;68:2415-2424. 

12. Schuh HE, Heide K, and Haupt H Über ein bisher unbekanntes nie- 
demolekulares b-globulin des hum-serum. Naturwissenschaften 
1961;48719. 

13. McNally T, Mackie Ir, Isenberg DA, and Machin SJ: Immuno- 
electrophoresis and ELISA technique5for assay of plasma pz gly- 
coprotein-I and the influence of plasma lipids. Thromb Res 1993; 

14. Polz E and Kostner GM: The binding of pz-glycoproteh I to hu- 
man serum lipoproteins: Distribution among density fractions. 

15. Lozier J, Takahashi N, and putnam Fw: CoAplete amino acid se- 
quence of human plasma pz glycoprotein-I. Proc Natl Acad Sci 
USA 1984;s 1 :3640-3644. 

16. Reid KBM and Day AJ: Structure-function relationships of the 
complement components. Immunol Today 1989;10:177-180. 

17. Wurm H: ß2 Glycoprotein-I (apolipoprotein H) interactions with 
phospholipid vesicles. Int J Biochem 198416511-515. 

18. polz E, Würm H, and Kostner GM: Investigations on /$.? glYC0- 
protein-1 in the rat: Isolation from serum and demonstration in 
lipoprotein density fractions. Int J Biochem 1979;1 I:265-270. 

19. Schousboe I: Binding of ßz glycoprotein-1 to platelets: Effect On 

adenylate cyclase activity. Thromb 

- isolation of HIV from plasma during different stages of 

1979;76:241-247. 

72275-286. 

FEBS Lett 1979;102:183-186. 

103 

20. Schousboe I: Purification, characterization and identification of an ag- 
gl~tinio in humau se". Biochim Biophys Acta 1979;579:396-408, 

21. J. Larsen JJC, Loft H, Ezban M, Wallevik K, and Faber M: 
DNA-Binding proteins in Yoshida ascites tumor fluid. Biochim 

22. Schousboe I: pZ Glycoprotein-I: A plasma inhibitor of the contact 
activation of the intrinsic blood coagulation pathway. Blood 
1985;66:1086-1091. 

Glycoprotein-I (apoH) in- 
hibits the release reaction of human platelets during ADP-induced 
aggregation. Atherosclerosis 1987;63:109-114. 

24. Rucheton M, Stefas E, and Graafland H: Method for purifying an 
aqueous solution of raw albumin. French Patent Application 1992, 
No. 92.04941. 

25. Arvieux J, Pouzol P, Roussel B, Jacob MC, and Colomb MG 
Lupus-like anti-coagulant properties of murine monoclonal anti- 
bodies to &-glycoprotein I. Br J Haematol 1992;81:568-573. 

26. Benjouad A, Gluckman JC, Rochat H, Montagnier L, and Bahraoui 
E Influence of carbohydrate moieties on the immunogenicity of 
human immunodeficiency virus type 1 recombinant gp160. J Virol 
1992;662473-2483. 

27. Laemmli UK. Cleavage of structural proteins during the assembly of 
the head of bacteriophage T4. Nature (Zondon) 1970;227:680-685. 

28. Avrameas S: Coupling of enzymes to proteins with glutaraldehyde. 
Use of the conjugates for the detection of antigen and antibodies. 
Immunochemistry 1969;8:43-52. 

29. Rucheton M, Stefas I, Lamaury I, Coste J, Reynes 1, Lemaire JM, 
and Graafland H IgG autoantibodies to a cellular p72 antigen 
cross-reacting with (MLV) pl5-gag: In early HIV-I infection, in 
HBV infection and in primary Gougerot-SjSgren. CR Acad Sci 

30. Pinter A, Honnen WJ, Tilley SA, Bona C, Zaghouani H, Gomy 
MK, and Zolla-Paner S: Oligomeric structure of gp41, the trans- 
membrane protein of human immunodeficiency virus type 1. J 
Virol 1989;63:2674-2679. 

31. Zolla-Pazner S, Gorny MK, Honnen WJ, andPinter A: Reinter-pw 
tation of human immunodeficiency virus westem blot pattems. N 
Eng1 J Med 1989;3201280-1281. 

32. Hunt 1, and Krillis S: The fifth domain of A-glycoprotein I contains 
a phospholipid binding site (Cys281-Cys288) and a region recog- 
nized by anticardiozipin antibodies. J Immun01 1994;152653-659. 

33. Seelig R, Seelig HP, Lieh €I, and Pott G. Virusantigen, verfahren 
zu seiner gewhung und anwendung in diagnose und therapie 
(Impfstoff). Europäische patentanmel-dung 1984, Anmeldenummer 
84105066.9. 

34. Stone WL and Reynolds JA The self-association of the apo-Gin- 
I and apo-Gln-II polypeptides of human high density serumlipopro- 
teins. J Biol Chem 1975;250:8045-8048. 

35. Reynolds J A  Binding studies with apolipoproteins. Ann NY Acad 
Sci 1980;348174-186. 

36. Lee NS, Brewer HB Jr, and Osborne JC JI: ß2 Glycoprotein-I. 
Molecular properties of an unusual apolipoprotein, apolipoprotein 
H. J Biol Chem 1983;258:4765-4770. 

37. Chou PY and Fasman G D  Prediction of secondary structure of pro- 
teins from their amino acid sequence. Adv Enzym01 1978;47:45-148. 

38. Walsh MT, Watzawick H, Putnam FW, Schmid K, and Brossmer 
R: Effect of the carbohydrate moiety on the secondary structure of 
&glycoprotein 1. Inlplications for the biosynthesis and folding of 
glycoproteins. Biochemistry 1990;296250-6257. 

39. Steikasserer A, Barlow PN, Willis AC, Kertesz 2, Campbell ID, 
Sim m, and Norman DG: Activity, disulphide mapping and struc- 
tural modelling of the fifth domain of human &glycoprotein I. 
FEBS Lett 1992;313:193-197. 

40. Hunt JE, Simpson RJ, and Krillis SA Identification of a region of 
Prglycoprotein I critical for lipid binding and anti-cardiolipin anti- 
body cofactor activity. %oc Natl Acad SciUSA 1993;902141-2145. 

Biophys Acta 1976434490-501. 

I 

23. Nmpf J, Würm H, and Kostner M G  

Paris 1992;314:533-538. 



104 

41. Schousboe I Characterization of the interaction between &-gly- 
coprotein I and mitochondria, platelets, liposomes and bile acids. 
Int J Biochem 1983;15:1393-1401.' 

42. Neurath AR and Strick N The putative cell receptors for hepatitis 
B virus (XBV), annexin V, and apolipoprotein H, bind to lipid com-. 
ponents of HBV. Virology 1994;204:475-477. 

43. Aloia RC, Tian H, and Jensen FC Lipid composition and fluidity 
of the human immunodeficiency virus envelope and host cell 
plasma membranes. Proc Nat1 Acad Sci USA 1993;90:5181-5185. 

44. Zhou W, Parent LJ, Wills JW, and Resh MD: Identification of a 
membrane-binding domain within the amino-terminal region of hu- 
man immunodeficiency virus type 1 Gag protein which interacts 
with acidic phospholipids. J Virol 1994;68:2556-2569. 

45. Comet B, Vandenbranden M, Cogniaux J, Giurgea L, Dekegel D, 
and Ruysschaert JM: Virosomes reconstituted from human im- 
munodeficiency virus proteins and lipids. Biochem Biophys Res 
Commun 1990;167:222-231. 

46. Oh S-K, Cruikshank WW, Raina J, Blanchard GC, Adler WH, 
Walker J, and Kornfeld H Identification of HIV-1 envelope gly- 
coprotein in the serum of AIDS and ARC patients. J Acquir 
Immune Defic Syndr 1992;5:251-256. 

STEFAS ET AL. 

47. Matsuda J, Saitoh N, Tsukamoto M, Gohchi K, Asami K, and 
Hashimoto M: Measurement of Pz-glycoprotein I (apolipoprotein 
H)-independent anticardiolipin antibody in human immunodefi- 
ciency virus-1-positive and -negative hemophiliacs. Am J Hematol 
1993;43: 146-148. 

48. Barin FR and Kabeya CM: Diagnostics tools for H N s .  In: AIDS 
in Africa (Essex M, Mboup S, Kanki PJ, and Kalengayi F, Eds.). 
Raven Press, New York, 1994, pp. 109-131. 

49. Kornbluth RS, Rhodes J, and Richman DD: Recovery of infectious 
HIV following the passage of apoptotic cellular debris through 
phagocytic macrophages. Chest 1993;(Suppl.):102S-l03S. 

Address reprint requests to: 
Elie Stefas 

ORSTOM, UR41 
Maladies Infectieuses et Parasitaires 

911, Av. Agropolis 
BP 5045 

34032 Montpellier cedex I, France. 


