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Abstract

Recurrent venous thrombosis, arterial thrombosis and pregnancy losses are clinical manifestation associated with
antiphospholipid antibody (aPL) that recognizes negatively charged phospholipid antigens. Enzyme-linked immunosorbent
assays (ELISA) are generally used to determine the presence and specificity of aPL. In this paper, a fluorescence
spectroscopy method has been applied, through monitoring the alteration of fluorescence intensity and anisotropy of a
fluorophore that was incorporated in liposomes to explore the changes of molecular structure or configuration elicited by the
binding aPL with phospholipid antigens. The bilayer surface was markedly ordered by aPL binding as indicated by the
surface-sensitive probe NBD-PE. The binding of aPL on the hilayer surface is saturable. The saturation concentration of
aPL is 40% (w/w, aPL /lipid) for cardiolipin membranes. The binding of aPL on cardiolipin took place in the absence of
B2-GPL. The addition of B2-GP1 further increased the anisotropy and decreased the intensity of fluorescence. The binding
of aPL is predominantly attributed to electrostatic interaction, but the configuration of the acyl chains of phospholipid aso
plays arole. It is found that the thermal history is important for aPL binding. The incubation at 37°C is more favorable for
aPL binding than ambient temperature. Norma human serine (IgG-NHS) did not dicit any distinct change of NBD-PE
fluorescence, which indicates it does not interact with the lipid. Published by Elsevier Science B.V.

Keywords: Antiphospholipid antibody; B2-GP1; Cardiolipin; Protein binding; Fluorescence; NBD-PE; DPH

1. Introduction

Abbreviations: 1gG-NHS, norma human serum; aPL, anti-
phospholipid antibody; PC, phospholipid; ELISA, enzyme-linked
immunosorbent assays; B2-GP1, B2-glycoprotein 1; NBD-PE,
N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl1)-1,2-dihexadecanoyl-sn-

The association of anti-phospholipid antibodies
(aPL) with recurrent thrombosis and pregnancy loss

glycero-3-phosphoethanolamine triethylammonium salt; DPH,

diphenylhexatriene; CL, cardiolipin; DMPC, dimyristoylphospha-

tidylcholine; DPPC, dipalmitoylphosphatidylcholine; POPC, 1-

pal mitoy-2-oleoyl-3-sn-phosphatidylcholine; PC, bovine heart PC
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is well recognized [1-3]. Patients with this disorder
are described as having the ‘ Antiphospholipid Syn-
drome [4-6]. The mechanism by which these au-
toantibodies are induced, and the nature of the associ-
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ation of anti-phospholipid antibodies with thrombosis
is unknown. There are several clues that these anti-
bodies may play an integra role in the thrombotic
process [7—-15]. A central feature of antiphospholipid
antibodies is that they influence coagulation reactions
catalyzed by phospholipid. The so-called lupus anti-
coagulant reaction is due to the fact that these anti-
bodies inhibit prothrombin to thrombin conversion
[6,16]. This is a reaction catalyzed by phospholipid,
and it has been demonstrated by several investigators
that an increase of phospholipid in this system will
inhibit the reaction [16—19].

Several investigators present evidence that antibod-
ies with lupus anticoagulant activity may be specific
for B2-glycoprotein 1 ( 32-GP1), a B2-GP1—phos-
pholipid complex [20,21], prothrombin [22], or a
human prothrombin—phospholipid complex [23]. The
conformation rather than the type of phospholipid
may determine its antigenicity [24—26].

It is reasonable to suggest that the conformation
adopted by coagulation proteins in the presence of
phospholipid, and the conformation of phospholipid
in the presence of coagulation proteins may be impor-
tant in determining antibody binding and their resul-
tant functional effects. It is also conceivable that by
binding phosphoalipid with antibody, these antibodies
and/or antigens may impose structural changes,
which may enable circulating phospholipid to serve
as templates for the coagulation reaction. In an effort
to elucidate the structura interactions involved with
the coagulation reactions, as a first step, we have
studied the structure of B2-GP1, and cardiolipin
interactions using infrared spectroscopy [27], and
B2-GP1 interaction with calcium and cardiolipin us-
ing a head group-labeled fluorescent probe [28]. This
methodology was developed in our l|aboratory to
quantify lens protein—lipid binding [29]. In this study,
B2-GP1, antiphospholipid antibody, lipid bilayer in-
teractions were assessed using the fluorescent probe
NBD-PE.

2. Materials and methods

2.1. Materials

B2-GP1 was purchased from Celsius Laboratories,
(Cincinnati, OH). 1gG was isolated from serum of a

patient with the antiphospholipid syndrome (aPL)
using affinity purification with cardiolipin liposomes
and subsequent isolation of 1gG with protein G
Sepharose as described elsewhere [24,30,31]. Purity
was determined by SDS-PAGE (single band at 150
kDa) and absence of contamination with 32GP1 was
determined by immunoblot using a rabbit anti-human
B2GP1 antiserum. Protein concentration was deter-
mined by the Lowry method [32]. Normal human 1gG
was obtained from a pool of norma health control
sera (n=10) by protein G Sepharose chromatogra-
phy.

N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)-1,2-di-
hexadecanoyl-sn-glycero-3-phosphoethanolamine tri-
ethylammonium salt (NBD-PE) and diphenylhexa-
triene (DPH) were purchased from Molecular Probes
(Eugene, OR). The concentration was determined
using an extinction coefficient of 20,000 M ~* cm™?
at 460 nm and 91,000 M~* cm~* at 350 nm in
chloroform, respectively.

Phosphate-buffered saline (PBS), akaline-phos-
phatase-labeled antihuman immunoglobulin (1gG),
p-nitrophenylphosphate, adult bovine serum (ABS),
cardiolipin (CL), dimyristoylphosphatidylcholine
(DMPC), dipa mitoyl phosphatidylcholine (DPPC) and
1-palmitoy-2-oleoyl-3-sn-phosphatidylcholine
(POPC) were purchased from Sigma (St. Louis, MO).
The concentration was determined as inorganic phos-
phate by the method used by Bartlett [33] or as
specified by the manufacture.

2.2. Liposome preparation

Model membranes composed of phospholipid were
used. Phospholipid and either of the fluorescence
probes NBD-PE or DPH dissolved in chloroform
were mixed together at a weight ratio of fluorescence
probes to phospholipid of 1:200. The solution was
dried under nitrogen, then lyophilized for 4 h to
remove all chloroform. The mixture was suspended
in buffer containing 0.01 M phosphate buffer, 0.0027
M potassium chloride, and 0.137 M sodium chloride,
pH 7.5 at 25°C. After suspending the sample using a
vortex mixer (Fisher Scientific), the lipid probe mix-
ture was sonicated for 5 min at 40°C to form vesicles.
After incubation at room temperature for 1 h, the
suspension was divided equally into plastic cuvettes
with antiphospholipid antibody (or antiphospholipid
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antibody and B2-GP1) added. After mixing with a
vortex mixer, the samples were incubated for 17 h at
room temperature or 37°C. Binding was assessed
using an ELISA assay and by fluorescence intensity
and anisotropy measurements described below.

2.3. ELIA

The binding of anticardiolipin and antiphospho-
lipid antibodies was determined by ELISA using
cardiolipin or other phospholipids to coat the plates,
as described elsewhere [34,35]. The levels of anticar-
diolipin antibodies were determined in GPL (Louis-
ville APL Diagnostics, Louisville, KY).

2.4. Fluorescence intensity and anisotropy measure-
ment

Fluorescence intensity and anisotropy measure-
ments were made with an 1SS PC1 photon counting
spectrofluorometer (Champaign, IL) with polarization
accessory unit. Steady-state fluorescence anisotropy,
r, was measured as

r=(h=g.)/(+29,)

inwhich g=1,/1,; 1, and |, are the perpendicular
and parallel components of fluorescence observed
corresponding to the plane of polarization of the
excitation beam, respectively. Total fluorescence in-
tensity was calculated as

lot =1+ 21,

All measurements were made at the equilibrium tem-
perature of 23°C or as indicated in the tables and
figure legends. Samples with NBE-PE were excited
at 460 nm, the emission was observed at 540 nm by a
multiphotometer. Samples with DPH were excited at
350 nm, the emission was observed at 452 nm. The
integration time was 5 s. The measuring error was
less than 0.002 for anisotropy. The concentration of
lipid used for fluorescence measurementsis 0.26 mM
in the phase transition study and 200 wg/ml in the
protein binding study. The total volume of the mix-
ture of lipid and proteins was 1.5 ml. Samples were
stirred by a magnetic bar in the spectrometer cuvette
through the fluorescence measurement.

3. Resaults

The fluorescent probe, NBD-PE was used to moni-
tor changes in the bilayer surface environment caused
by aPL binding. Addition of aPL to the cardiolipin
membranes induced a dramatic decrease in the fluo-
rescence intensity (Fig. 1a) and a dramatic increase in
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Fig. 1. (&) Decrease in normalized fluorescence intensity (NFI)
and (b) increase in fluorescence anisotropy of NBD-PE upon
increasing aPL. The liposomes were prepared from bovine heart
cardiolipin. The measurements were completed at 23°C. The
liposomes were bound by aPL at 23°C.
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Table 1

Protein—lipid binding parameters measured from fluorescence intensity of NBD-PE probe

Substrate bound to bovine

Normalized fluorescence intensity parameters

heart cardiolipin and bovine

heart PC [1:1 (w/w), 23°C, ANFI Kp Cooperativity
unless indicated]

aPL binding to cardiolipin (no PC) —0.58 (0.03) 18.0(1.3) 1.85(0.22)
aPL —0.285 (0.007) 14.7(0.9) 24(0.3)

aPL 37°C —0.524 (0.044) 15.4 (2.7) 1.1(0.252)
aPL, 4.0 ug B2-GP1 —0.626 (0.042) <12 N.S.

aPL, 6.3 ug B2-GP1 —0.689 (0.026) 1.87 (1.31) 1.1(0.7)
1gG-NHS N.S. N.S. N.S.
IgG-NHS, 3 g 82-GPL —0.105 (0.003) <3 N.S.

*N.S. (not significant).

the fluorescence anisotropy (Fig. 1b). Note the plateau
in the fluorescence anisotropy and intensity, which
indicates saturable binding occurs above a aPL to
cardiolipin ratio of 40% (w/w). Using Sigma Plot,
version 2 (Jandel, San Rafael, CA), nonlinear regres-
sion analysis was used to fit the data in Fig. 1ab to
Eg. (1) below, that was derived from an eguation
used to quantify Michaelis—Menten kinetics for en-
zymes and lipid structural analysis [36].

Equation: Y=min+max/[1+(Kb/X)c] (1)

where Y = anisotropy or fluorescence intensity; X =
ligand /phospholipid ratio as wt.%; min= minimum
anisotropy or fluorescence intensity; max = maximum
change in anisotropy or fluorescence; K, = wt.%
ratio for 50% binding, K,; C = cooperativity of bind-
ing smilar to 1/Hill coefficient, described by
Michaelis—Menton kinetics. The broader the binding
curve, the lower the cooperativity. Parameters for

Table 2

Fig. 1lab are given in Tables 1 and 2, respectively.
Using the fluorescent probe to quantify binding, a K,
of 18% (w/w) and a cooperativity of 1.8 was esti-
mated.

To confirm the binding data determined by fluo-
rescence, an ELISA assay was used to measure the
binding of aPL with bovine heart cardiolipin antigen.
Fig. 2 shows that O.D. at 410 nm increases upon the
incorporation of aPL from 0 to 50% (w/w,
aPL /cardiolipin), and a maximum saturation of aPL
is found around 40% (w/w, aPL /cardiolipin) and a
K, of 11.7 and cooperativity of 1.2 was determined
(Table 3). The binding data from the ELISA and
fluorescence assays were identical (not statistically
different, p = 0.030).

The effect of aPL binding on membranes com-
posed of 50% (w/w) bovine heart cardiolipin and
50% (w/w) bovine heart PC also was studied by
monitoring the change of NBD-PE fluorescence. All

Protein—lipid binding parameters measured from anisotropy change of NBD-PE probe

Substrate bound to bovine Anisotropy parameters

heart cardiolipin and bovine

heart PC [1:1 (W /w), 23°C, AR Ky Cooperativity Rpin Rinax
unless indicated]

aPL binding to cardiolipin (no PC) 0.0102 (0.0010) 24(2.0) 40(13) 0.063 (0.0006) 0.073
aPL 0.0106 (0.0012) 21(2.8) 3.2(1.2) 0.0709 (0.0009) 0.082
aPL, 37°C 0.032 (0.003) 23(3.5) 1.50(0.28) 0.086 (0.001) 0.118
aPL, 4.0 ug B2-GP1 0.039 (0.004) 19.2(3.3) 1.6(0.4) 0.086 (0.0002) 0.125
aPL, 6.3 ug B2-GP1 0.0432 (0.0060) 12(2.7) 1.9(0.7) 0.0726 (0.0043) 0.115
IgG-NHS 0.0094 (0.0075) N.S. 1.26 (1.27) 0.0972 (0.0016) 0.107
IgG-NHS, 3 ug B2-GP1 0.020 (0.002) 56(12) 1.07(0.38) 0.093 (0.001) 0.073

*N.S. (Not significant).
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Fig. 2. The binding plot of cardiolipin liposome upon the amount
of aPL detected by ELISA at 23°C.

of binding parameters from fluorescence intensity
and fluorescence anisotropy are listed in Tables 1 and
2, respectively. From the fluorescence intensity, the
K, was calculated to be 18.0 (without PC) and 14.7
with 50 wt.% PC; from the fluorescence anisotropy,
it was 24.0 without PC and 21.0 with 50 wt.% PC,
respectively. This indicates that aPL binds with the
same sensitivity with or without 50% (w/w) PC.
The ANFI with 50% PC was datisticaly twofold
lower (p=0.0001) compared with the ANFI for
cardiolipin alone. This indicates that the capacity to
bind aPL is twofold lower in cardiolipin vesicle with
50% PC. Following the above experiment, an addi-
tiona 6.3 ng B2-GP1 was added into each sample
and incubated at room temperature overnight. 2-
GP1 caused no significant change in the fluorescence
intensity in the absence of aPL, but caused a signifi-
cant (p=0.0001) twofold increase in the binding
capacity (ANFI) of aPL to cardiolipin/PC vesicles
(Table 1). The K, was aso significantly lower (p =
0.0001) with 6 ug B2-GP1 present.

Table 3
aPL -cardiolipin binding parameters measured from ELISA assay

The aPL binding was also tested with the zwitteri-
onic phospholipid DMPC and DPPC as the lipid
matrix. DPPC has a higher phase transition tempera-
ture (43°C, gel /liquid crystalline phase) than DMPC
(25°C, gel /liquid crystalline phase). Binding of aPL
was quantified at 23°C and 48°C for comparison with
cardiolipin (Table 4). In comparison with cardiolipin,
the ANFI value (binding capacity) was 10 times
lower for DPPC aone (Table 4), which indicates that
very little, if any, aPL binds to DPPC. The ANFI
value was two times larger when DPPC is in the
liquid—crystalline phase, but the binding capacity was
still five times lower than for cardiolipin alone (Table
4). Since aPL binds only dightly to DPPC and DMPC
in any phase, the 50% decrease in the binding
capacity of aPL to cardiolipin when PC is present
is elucidated, and suggests that aPL binds only to
cardiolipin when PC is present. After normalization,
the data that were obtained at different temperatures,
before and after the addition of B82-GP1, was identi-
cal (Table 4). From the data above, we conclude that
neither DPPC nor DMPC bound significantly with
aPL or B2-GP1.

Using our fluorescence probe technique, the bind-
ing activity of aPL that tested positive in the ELISA
assay was compared to an IgG from normal human
sera (IgG-NHS). 1gG-NHS was incorporated into li-
posomes composed of cardiolipin and bovine heart
PC (1:1, w:w) (Table 1). 1gG-NHS caused an in-
significant change in the anisotropy and fluorescence
intensity of the NBD-PE probe; thus, no significant
IgG-NHS binding was observed. The addition of 3.0
ng B2-GP1 in each sample induced a discernible
increase in the binding capacity (ANFI) of aPL;
however, the changes in the binding capacity, ANFI,
for B2-GP1/1gG-NHS was 6 times smaller than for
aPL. This suggests that even with 2-GP1, IgG-NHS
binds only dlightly to cardiolipin/PC vesicles.

The thermal history of samples influenced
the binding of aPL to the membranes composed of

ELISA assay parameters

AOD.

Ky Cooperativity O.D.in

aPL binding to: bovine heart cardiolipin, 23°C 0.247 (0.049)

11.7(1.2) 1.2(0.5) 0.060 (0.011)
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Table 4

aPL binding to DPPC measured from changes in NBD-PE fluorescence probe characteristics

Conditions Normalized fluorescence intensity parameters
ANFI Kp Cooperativity
23°C —0.053(0.035) <12 N.S. *
48°C -0.13(0.22) <12 N.S.
25ug <12 N.S.
B2-GP1, 48°C N.S.
Anisotropy parameters
AR Kp Cooperativity Rinin
23°C N.S. N.S. N.S. 0.118 (0.005)
48°C N.S. N.S. N.S. 0.060 (0.002)
25 nug B2-GPL, 48°C 0.017 (0.037) N.S. N.S. 0.063 (0.002)

#N.S. (not significant).

cardiolipin and bovine heart PC (1:1. w/w). As seen
in Table 1, when aPL cardiolipin/PC binding at
23°C is compared with the binding at 37°C, the
binding capacity, ANFI, was significantly two times
higher ( p < 0.0001) at 37°C. There is no significant
difference between the K.

DPH probe was utilized to explore the influence of
aPL binding on the flexibility of acyl chains in
membranes with cardiolipin. The DPH fluorescence
probe has been extensively adopted to study the
anisotropy or polarization of the interior of mem-
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Fig. 3. The comparison of binding of aPL to membranes that are
composed of homogeneous liposomes. The ratio of aPL to phos-
pholipid is 65% (w/w). The unit of Y axis is the relative
increase of anisotropy, r, defined as follows: [ 1w, — Freel/ Iirees
in which r,;, = anisotropy of NBD-PE where aPL present,
I'tvee = anisotropy of NBD-PE where aPL is absent. Spectroscopy
measurements and binding equilibration were done at 23°C.

branes. We measured samples that were incubated at
ambient temperature and 37°C, respectively. aPL
binding caused no obvious change in anisotropy of
DPH suggesting that binding has no effect on the
hydrocarbon chains of the membranes.

To determine if the configuration (or the unsatura-
tion of the acyl chains) of phospholipid influence the
binding of aPL, aPL was bound to liposomes pre-
pared from DOPC, bovine heat PC, DMPC and
DPPC. Judging from the relative increase in the
anisotropy of the NBD-PE probe upon aPL binding,
aPL binds in following order: DPPC < POPC =
bovine heart PC < CL (Fig. 3).

To test if oxidating conditions influenced the bind-
ing of aPL to cardiolipin, argon purging was omitted
from all protocols. The results obtained without argon
were identical to these obtained with argon.

4. Discussion

The disorder of recurrent venous thrombosis, arte-
rial thrombosis (strokes, myocardia infarction) and
pregnancy loss was recognized in young women with
systemic lupus erythematosus (SLE). The abnormal-
ity accompanying this disorder is a production of
antiphospholipid antibodies. The disorder is called
the ‘Antiphospholipid Syndrome’; however, the
mechanism of action of antiphospholipid antibody in
this syndromes is unknown. In a first attempt to
elucidate the interactions involved with coagulation,
the binding of aPL to a few select lipid systems and
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the effect of B2-GP1 on this binding was determined
and compared to the binding of 1gG from healthy
humans. It is necessary to systematically study the
condition of aPL binding appearance and the influ-
ence of aPL binding on the structure of antigens and
membranes with antigens.

In the past, the interactions of phospholipid and
antiphospholipid antibody has been determined by an
ELISA assay. Although the ELISA assay is very
sensitive for the binding, it does not reveal molecular
configuration or structure change during the binding
process. In this paper, fluorescence spectroscopy was
used to confirm the binding of phospholipid with
antiphospholipid antibody. The fluorescence method
overcomes the disadvantage of the loss of lipid dur-
ing washing in ELISA, directly giving information
about interaction between liposome and aPL. Fluores-
cence probes can be located in different positions of
lipid membrane and information, such as the change
of molecular configuration during the binding, can be
obtained by monitoring changes of fluorescence in-
tensity and anisotropy upon the addition of aPL.

In our experiments, two different fluorescent
probes were used. NBD-PE was used to monitor the
influence of aPL binding on the head group of phos-
pholipid antigens in membranes, because the fluores-
cent moieties of NBD-PE are situated in the head
group region of the phospholipid bilayer and are thus
sensitive to the change of the surface environment of
membranes [29]. DPH was used to study the effect of
aPL binding on the hydrocarbon chains of phospho-
lipid, because DPH is distributed in the hydrophobic
region of membranes and is sensitive to change in
lipid order at various depths in the hydrophobic
bilayer interior [37]. We found that binding did not
influence the anisotropy or fluorescence intensity of
the DPH probe, indicating that the hydrophaobic inte-
rior of the bilayers is not affected by aPL binding,
and that large packing changes between vesicles did
not occur.

Cardiolipin was the first antigen found that binds
with aPL [1]. In this paper, the binding of aPL with
cardiolipin was confirmed by NBD-PE fluorescence
spectroscopy.

The increase of probe fluorescence anisotropy and
the decrease of probe fluorescence intensity is at-
tributed to the binding of aPL to cardiolipin. The
increase of NBD-PE fluorescence anisotropy reflects

a decrease of flexibility in the head group region of
the lipid bilayer in the vicinity of aPL. We have
found that the binding of aPL to cardiolipin is sat-
urable with a K, of 18 g aPL /100 g cardiolipin.
The incorporation of PC (50% by weight caused a
50% decrease in the binding capacity (ANFI) of aPL
(Table 1). The K, determined by a decrease in
fluorescence intensity was lower than that determined
by the increase in anisotropy data, because it is likely
that a greater amount of aPL binding was necessary
to elicit a change in the mobility wobble (anisotropy)
of the probe.

There are at least two possibilities that could ex-
plain the quenching of NBD fluorescence by aPL.
One explanation is that the NBD-PE molecules may
phase-separate from the major lipids during the bind-
ing of aPL. Such a phase separation would increase
the local concentration of NBD-PE, and lead to fluo-
rescence self-quenching. This phenomenon was ob-
served when lipids containing 1 mol% NBD-PE are
in the gel phase [38]. A second explanation is that the
guenching of NBD-PE fluorescence after aPL bind-
ing may arise from the exposure of NBD fluorophore
moiety to water (a quencher). The fluorophore moiety
for NBD is hydrophobic and located at the bilayer
surface, as demonstrated by guenching experiments
[39] and spin-labeled lipids [40]. The binding of aPL
in the environment of NBD moieties may make the
head groups of phospholipids more rigid as indicated
by anisotropy results, forcing the NBD towards the
water that leads to a quenching of fluorescence.

The thermal history of the incubation of the sam-
ples is another important factor that influences aPL
binding to phospholipid antigens. When the same
samples (50 wt.% cardiolipin and 50 wt.% PC) were
incubated at 23°C, less apparent binding was ob-
served as evidenced by a small ANFI and AR value
(Tables 1 and 2). When same samples were incubated
at 37°C for the same period, the ANFI and AR
values for NBD-PE increased twofold (Tables 1 and
2). This indicates that physiological temperature is
more favorable to the binding of aPL to membranes
containing cardiolipin.

There are several different opinions about the role
of B2-GP1 in aPL binding [41]. The first is
that B2-GPl aone is the antigen recognized by
anticardiolipin antibodies. Galli et al. [42], using anti-
bodies affinity purified from two patients with
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Antiphospholipid Syndrome reported direct
antibody binding to B2-GPl. The second is that
anticardiolipin antibodies bind a cardiolipin—£2-GP1
complex. McNeil et a. [43] found no direct binding
of affinity-purified anticardiolipin antibodies to 2-
GP1 by column chromatograph, but they reported
that B82-GP1 was an absolute requirement for bind-
ing to cardiolipin. They proposed that these antibod-
ies bind epitopes shared by cardiolipin and 32-GPL.
The third opinion is that the 82-GP1 enhances bind-
ing to cardiolipin of some patients' sera[41,44,45]. In
our experiments, an obvious increase of fluorescence
anisotropy and a marked decrease of fluorescence
intensity were found after addition of B2-GP1 into
aPL /(cardiolipin + bovine heart PC) comparing with
aPL /(cardiolipin + bovine heart PC) alone; however,
we also found a similar increase of anisotropy and a
similar decrease of NBD-PE fluorescence intensity
when B2-GP1 was incorporated into cardio-
lipin/bovine heart PC mixture. The binding of B2-
GP1 on acid phospholipid depends predominantly on
the electrostatic interaction of the acidic head group
of phospholipid, and the positively charged amino
acid histidine [46,47]. Based on our results, 82-GP1
enhances the binding of aPL, which must occur via a
conformational change. Although we show that 32-
GP1 can bind to CL aone, the change in probe ANFI
and xxanisotropy are much greater when aPL and
B2-GP1 are together than when the system is satu-
rated with aPL or B82-GP1 alone. Our results elimi-
nate the possibility proposed by Galli et al. [42] that
B2-GP1 aoneisthe antigen for aPL, since aPL alone
can bind with phospholipid at appropriate incubation
condition even in the absence B2-GP1.

Through the comparison of binding data using
DMPC, DPPC, POPC, bovine heart PC and
cardiolipin as antigen with aPL present and aPL
absent, we have found that the anisotropy of NBD-PE
was raised by the incorporation of aPL to a different
extent (Fig. 3). The relative change in anisotropy
follows the order: cardiolipin > bovine heart PC >
POPC > DMPC > DPPC. The negatively charged
head group of cardiolipin greatly enhances binding
compared with all forms of phosphatidylcholine (Fig.
3). DPPC is completely ordered at 23°C and binds
aPL less than DMPC (Fig. 3). Thus, hydrocarbon
chain order and aPL binding are correlated. It is
possible that the ability of bound aPL to raise the

anisotropy of NBD-PE in DPPC is less than DMPC,
since DPPC is more ordered, and the anisotropy is
aready as high as possible. The influence of the acyl
chains on aPL binding was explored by Levy et al.
[48] using the ELISA method. They found the poten-
tial role of the fatty acid chains on a PL binding by
monitoring the effect of degradation of phos
phatidylethanolamine by loss of an acyl chain group
to lyso phosphatidylethanolamine [49].

IgG-NHS does not change the fluorescence inten-
sity and anisotropy of NBD-PE in CL /PC, PC and
DMPC liposome. This is a hint that * Antiphospholi-
pid Syndrome’ is attributed to the binding of aPL to
lipid membranes. Weak binding of 1gG-NHS is ob-
served when B2-GP1 is added, but even with B2-
GP1, the extent of IgG-NHS binding is much less
than for aPL.
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