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Interaction of Gangliosides with Proteins Depending on Oligosaccharide
Chain and Protein Surface Modification

Mitsuhiro Hirai, Hiroki Iwase, Shigeki Arai, Toshiharu Takizawa, and Kouhei Hayashi
Department of Physics, Gunma University, Maebashi 371, Japan

ABSTRACT By using neutron and synchrotron x-ray small-angle scattering techniques, we investigated the process of the
complexation of gangliosides with proteins. We treated monosialoganglioside (G,,+), disialoganglioside (Gp,,), and a mixture
of Gy1/Gp+a- Proteins used were bovine serum albumins whose surfaces were modified with different sugars (deoxy-b-
galactose, deoxy-L-fucose, deoxymaltitol, and deoxycellobiitol), which were used as model glycoproteins in a membrane. We
found that the complexation of gangliosides with albumins greatly depends on the combination of ganglioside species and
protein surface modification. With a varying protein/ganglioside ratio in a buffer solution at pH 7, the complexation of Gy, or
Gp1a With albumins modified by monosaccharides appears to be less destructive for ganglioside aggregate structures in
forming large complexes; the complexation of Gp,, with the albumins modified by disaccharides induces the formation of
complexes with a dimeric structure; and the complexation of Gy, with albumins modified by disaccharides, to form small
complexes, is very destructive. The present results show a strong dependence of the interaction between ganglioside and
protein on the characteristics of the ganglioside and protein surface, which would relate to a physiological function of

gangliosides, such as a function regulating the receptor activity of glycoproteins in a cell membrane.

INTRODUCTION

Gangliosides, the most complex of the glycosphingolipids,
are most abundant in the plasma membrane of nerve cells
(making up 5-10% of the total lipid mass) and are found
widely in most vertebrate cell types (Mikata and Taniguchi,
1985). Gangliosides are acidic glycolipids composed of a
ceramide linked to an oligosaccharide chain containing one
or more N-acetylneuraminic acid (called sialic acid) resi-
dues. Through the study of the great variety of structures of
the oligosaccharide chains, gangliosides have been clarified
to play an important role in various physiological surface
events such as cell differentiation, transmembrane signal-
ing, regulation of cell growth, and so on (Hansson et al.,
1977; Hakomori, 1986; Spiegel and Fishman, 1987; Hannun
and Bell, 1989; Hakomori and Igarashi, 1993; Svennerholm
et al.,, 1994). Such physiological functions are closely re-
lated to the physicochemical properties of ganglioside mol-
ecules, which have been studied intensively. The presence
of large hydrophilic headgroups of ganglioside molecules
has been shown to lead to a marked amphiphilic property
and a micellar aggregation in aqueous solutions, rather than
to vesicles or bilayers (Ulrich-Bott and Wiegandt, 1984;
Tettamanti et al., 1985; Corti and Cantu, 1990; Sonnino et
al., 1994).

To clarify the physicochemical mechanism of the appear-
ance of physiological functions of gangliosides, we have
been studying, by scattering techniques and calorimetry, the
functional structures of gangliosides in aqueous dispersions
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in connection with thermotropic phase behaviors and hy-
drodynamic properties (Hirai et al., 1997). Previously one of
our authors (Hayashi and Katagiri, 1974) found an interest-
ing phenomenon in the interaction of gangliosides with
proteins, that is, the solubility of gangliosides to biphasic
solvent (the upper hydrophilic phase and the lower hydro-
phobic phase) changes drastically with the addition of meth-
ylated bovine albumin, which was used as a model chemical
of basic proteins in synaptic membranes. Recently we
showed that this phenomenon results from the heteroge-
neous (patchlike) binding of gangliosides to an albumin
molecule and from the oligomeric lipoprotein formation
depending on protein concentration (Hirai et al., 1995a;
Takizawa et al., 1995). Those results suggested that inter-
actions of gangliosides with proteins depend on protein
surface structures. In the present study, by using x-ray and
neutron scattering techniques, we found evident differences
in the complexation processes of three different types of
ganglioside samples with various bovine serum albumins
whose surfaces were chemically modified with different
saccharides, where these chemically modified albumins
were used as model glycoproteins in a membrane.

MATERIALS AND METHODS
Sample preparation

Three different types of gangliosides from bovine brain were purchased
from Sigma Chemical Co.: monosialoganglioside (GalB1-3GalNAcB1—
4(NeuAca2-3)GalpB1-4GlcB1-1Cer, abbreviated as Gy, ); disialoganglio-
side  (NeuAca2-3GalB1-3GalNAcB1-4(NeuAca2-3)GalB1-4GlcB1-
1Cer, abbreviated as Gp,,); and type III (containing 20% sialic acid)
(Gammack, 1963). The purity was monitored by thin-layer chromatogra-
phy (TLC). The Gy, or Gy, sample gave a single spot on a TLC plate.
The major components of the type III sample were G,,; and Gy, gan-
gliosides in equimolar amounts. The lipidic portion (ceramide) of the
natural ganglioside extracted from bovine brain was shown to be formed
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primarily by a long-chain fatty acid (stearic acid, which makes up 90% or
more of the total fatty acid content) and a long-chain base (C18 and C20
unsaturated sphingosine, which is generally more than 10% of the total
content) (Sonnino et al., 1986). We prepared buffer solvents: 0.01 M citrate
buffer in H,O adjusted at pH 6.7; 50 mM HEPES buffer at pH 7.0 in H,O
for the x-ray scattering experiments; and 50 mM HEPES buffer at pH 7.0
in 100%, 60%, 41%, and 0% (v/v) D,O/H,O for the neutron scattering
experiments. Four different types of bovine serum albumins whose molec-
ular surfaces were chemically modified with different saccharides were
purchased from Sigma Chemical Co.: albumin—2-amido-2-deoxy-D-galac-
tose, albumin—1-amido-1-deoxy-L-fucose, albumin-N-1-[deoxymaltitol],
and albumin-N-1-[deoxycellobiitol] were used as model glycoproteins.
Methyl ester of bovine albumin was used as a control protein without
sugars. By using sodium dodecyl sulfate-polyacrylamide gel electrophore-
sis, we checked the purity of each albumin sample to show a single band.
In the following sections we use abbreviations to designate the above
albumins (gal-, fuc-, mal-, cel- and met-albumins, respectively). The albu-
min stock solutions were prepared by dissolving the albumins into the
above buffer solvents with different concentrations. The ganglioside stock
solutions were also prepared by dissolving gangliosides in the buffer
solvents. The concentrations of the ganglioside stock solutions were 1.0%
(w/v) for x-ray scattering experiments and 2.0% (w/v) for neutron scatter-
ing experiments. The samples for the scattering measurements were pre-
pared by mixing equal volumes of the above ganglioside and albumin stock
solutions. The final concentrations of gangliosides were 0.5% (w/v) for
x-ray scattering samples and 1.0% (w/v) for neutron scattering samples.

Scattering experiments

Small-angle x-ray scattering experiments were carried out by using the
synchrotron radiation small-angle x-ray scattering spectrometer installed at
the synchrotron source (PF) at the National Laboratory for High-Energy
Physics (KEK), Tsukuba, Japan (Ueki et al., 1985). The wavelength used
and the covered ¢ range were 1.49 A and 0.01-0.25 A", respectively,
where ¢ is the magnitude of scattering vector defined by ¢ = 47/
A)sin(60/2) (0 is the scattering angle; A is the wavelength). The sample-to-
detector distance was 88 cm. The sample was contained in a sample cell
with a pair of mica windows. The sample cell was placed in a cell holder
kept at 25°C. The exposure time of one measurement was 300 s. Neutron
scattering experiments were done by using the small-/medium-angle neu-
tron diffractometer installed at the pulsed neutron source at KEK. As this
spectrometer uses a white pulsed neutron beam of 1-16 A wavelength
based on the time-of-flight method, it can cover a very wide g range of
0.015-5 A™' in one measurement. The detail of the spectrometer was
reported elsewhere (Furusaka et al., 1992). In the neutron scattering ex-
periments, a solvent contrast variation method was employed (Stuhrmann
and Miller, 1978). The exposure time of one sample was varied from 1 h
to 6 h, depending on the D,O/H,O0 ratio of the solvent.

Scattering data analysis

After data corrections, the following analyses were carried out according to
standard methods. The distance distribution function p(r) was calculated by
the Fourier inversion of the scattering intensity /(q) as

©
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The p(r) function reflects the particle shape, the intraparticle scattering
density distribution, and the interparticle correlation (Glatter, 1982). The
maximum dimension D, of the particle is estimated from the p(r)
function satisfying the condition p(r) = 0 for » > D, .. During the
calculation of the p(r) function, the extrapolation of the small-angle data
sets by use of the Guinier plot (In(/(¢)) versus ¢?) and modification of the
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scattering intensity as

I'(q) = I(g)exp(—kq’) ()

(k is the artificial damping factor) were employed to reduce the Fourier
truncation effect.

To estimate a gyration radius R, and a total scattering intensity /,,,, we
used the following equations (Glatter, 1982), where /.., and R, are given
by

Dimax
Ilotal = p(r)dr (3)
0
and
I porer

2R pdr @

Equation 3 was used for normalization of the p(r) functions.

As shown previously (Hirai et al., 1993), the scattering function of a
complex composed of structural subunits that have simple geometrical
shapes can be calculated by using the following equation:

) = @m) " | 2 2 Al@Af(@)explig - (r; — r)}dQ
qi=lj=1

)

where A4;(q) is the structure factor of the ith subunit with the mass center
coordinate r;. Here we have simplified the shapes of subunits to spheres,
ellipsoids, or cylinders.

RESULTS

Complexation of Gy, and Gp,, gangliosides
with albumins

Figs. 1 and 2 show the x-ray scattering curves /(g) depend-
ing on the albumin/G,,, ganglioside ratio and on the albu-
min/Gyp,;, ganglioside ratio, where 4, B, and C correspond to
the additions of gal-, fuc- and mal-albumins, respectively.
The scattering curves of the Gy, and Gp,, suspensions
without albumins in Figs. 1 and 2 show a saturating ten-
dency of the scattering intensity below ¢ ~ 0.04 A~' and
have an evident minimum at ¢ ~ 0.06—0.07 A~!, followed
by a rounded peak at g ~ 0.09—0.11 A~". This suggests that
both G,;; and Gp,, ganglioside suspensions are highly
monodispersed and consist of globular particles (namely
micelles), because a polydispersity of solute particles in
shape or dimension strongly smears the scattering curve. As
the albumins are added to the ganglioside suspensions, the
scattering curves vary and lose their initial characteristics.
Below the albumin/ganglioside ratios of 1/1 for G,,; and
1.25/1 for Gp,,, the additions of gal- and fuc-albumins
induce a gradual change in the scattering curves by shifting
the minimum and rounded peak positions, which are almost
smeared above the ratios of 2/1 and 2.5/1. The fast increas-
ing tendencies of the scattering intensities below ¢ ~ 0.04
A~ show that the complexation of gangliosides with albu-
mins induces the formation of polydispersed large aggre-
gates, except for the case of the complexation of the Gy,
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FIGURE 1 X-ray scattering curves I(g) of albumin/G,,, ganglioside
mixture suspensions in 0.01 M citrate buffer at pH 6.7 at 25°C. The
ganglioside concentrations were 0.5% w/v, and the albumin concentrations
were varied from 0 to 2.0% w/v. Three different types of albumins were
used: (4) albumin—2-amido-2-deoxy-D-galactose; (B) albumin— 1-amido-
1-deoxy-L-fucose; (C) albumin-N-1-[deoxymaltitol].

gangliosides with mal-albumins. On the addition of mal-
albumins, the scattering curves of the Gy, and Gp,, sus-
pensions change in a manner that is very different from the
above cases. Thus, in the case of Gp,,, the scattering curve
shows a minimum and a rounded peak, even at the highest
albumin/ganglioside ratio, despite the addition of mal-albu-
mins; in contrast, the addition of mal-albumins greatly af-
fects the scattering curve of the Gy, suspension from the
lowest albumin/ganglioside ratio of 0.5/1.

Figs. 3 and 4 show the distance distribution functions p(r)
obtained by the Fourier inversion; Eq. 1 was used for the
scattering curves in Figs. 1 and 2. Determined structural
parameters are shown in Table 1. The p(r) profiles of the
Gy, and Gp,, suspensions without albumins are character-
ized by a shoulder of ~25-40 A and a peak of ~71-76 A,
suggesting the presence of scattering objects, with a strong
fluctuation of the intraparticle scattering density distribu-
tion, namely ganglioside micelles. Such a p(r) profile ap-
parently reflects the intramicellar structure, which is com-
posed of a hydrophobic moiety (ceramides) and of a
hydrophilic moiety (oligosaccharide chains with sialic ac-
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FIGURE 2 X-ray scattering curves /(g) of albumin/Gp,,, ganglioside
mixture suspensions in 0.01 M citrate buffer at pH 6.7 at 25°C. The
ganglioside concentrations were 0.5% w/v, and the albumin concentrations
were varied from 0 to 2.5% w/v. Three different types of albumins were
used. 4, B, and C are as in Fig. 1.

ids). By x-ray analysis, these different moieties have large
negative and positive excess scattering densities (so-called
contrasts), respectively, compared to the average scattering
density of water solvent. The maximum dimension D,,,, of
the micelle estimated from the p(r) function satisfying the
condition p(r) = 0 for » > D, is 130 = 1 A for Gy, and
111 = 1 A for Gp,,. The gyration radius R, estimated by
Glatter’s method and using Eq. 4 is 51.9 = 0.4 A for Gy,
and 44.4 = 0.3 A for Gp,,. In the cases of the additions of
gal- and fuc-albumins to the Gy;; and G, suspensions, the
p(r) profiles show the low humps around 140150 A below
the albumin/ganglioside ratios of 1.25/1 for G, and of 1/1
for Gp,,, and these humps become to be smeared at high
albumin concentrations. In the case of the addition of mal-
albumins to the G, suspension, the presence of the hump
becomes to be much clearer at the highest albumin concen-
tration. Various types of complexes are known to show
different p(r) profiles (Hirai et al., 1993); thus the appear-
ance of these humps is attributable to the presence of
complexes with dimeric or dumbbell structures in face-to-
face contact as a major component (Glatter, 1982; Matsu-
shita et al., 1989), which is shown in the following modeling
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FIGURE 3 Distance distribution functions p(r) of albumin/G,,, gangli-
oside mixture suspensions calculated by the Fourier inversion of the
scattering curves /(¢) in Fig. 1. 4, B, and C are as in Fig. 1.

analyses. In contrast to the above case, the addition of
mal-albumins to the Gy, suspension significantly changes
the p(r) profile, especially at the highest protein concentra-
tion to show a single bell-shaped peak with a small D, .,
value, which indicates the presence of monodispersed small
globular particles. Thus the interaction between Gy, gan-
gliosides and mal-albumins can be assumed to be strong
enough to destroy the initial structure of the ganglioside
aggregates compared with other cases.

In Fig. 5 the protein concentration dependence of the R,
values estimated by Glatter’s method is shown, which well
reflects the above changing tendencies. In the cases of the
addition of gal- and fuc-albumins, the R, value increases
significantly below the albumin/ganglioside ratio of ~1/1,
and gradually decreases with increasing albumin concentra-
tions. In the case of the addition of mal-albumins, the R,
value gradually increases for Gp,,, and, in contrast, de-
creases monotonously for G,,, with increasing protein
concentration.

Modeling analyses

As discussed in the above section, the p(r) profile of the
complex of G, with mal-albumins at high protein concen-
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FIGURE 4 Distance distribution functions p(r) of albumin/Gp,, gangli-
oside mixture suspensions calculated by the Fourier inversion of the
scattering curves /(q) in Fig. 2. 4, B, and C are as in Fig. 2.

tration suggests the presence of dimeric or dumbbell struc-
tures in face-to-face contact. By using Eq. 5, we can tenta-
tively simulate various types of dimeric particles; the p(r)
functions of two different types of model dimeric particles
are shown in Fig. 6. These model structures were searched
mostly to reproduce the experimental p(r) profile, namely,
the D,,. value and the positions of the peak and the hump.
For model B, the simple dimer composed of spheres with a
radius of 46 A was assumed. For model C, a dumbbell
particle composed of two spheres (40 A in radius and with
relative contrast of 1) and one cylinder (20 A in radius, 40
A in height, and a relative contrast of 0.6) was assumed.
Model A represents a sphere 20 A in radius, which gives the
experimental R, value of mal-albumin. The ratio of the

TABLE 1 Structural parameters of ganglioside micelles (Gy,4
and Gp,,) at 25°C at pH 7.0 for Gy, and at pH 6.7 for Gy,

Ry (A) Ry (A) Prmax (A) Dy (A)

76 = 1 130 £ 1
71+ 1 111 =1

47.7*=18
44.6 = 0.8

51904
444+ 0.3

[Gwil
[Gbia
The ganglioside concentration was 0.5% (w/v). R, and Ry, the gyra-

tion radii estimated by the Guinier approximation and Glatter’s method,
respectively.
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FIGURE 5 Variation of gyration radii R, of albumin/ganglioside mix-
ture suspensions depending on protein concentrations. Open and full marks

correspond to albumin/Gp,;, and albumin/G,,, mixtures, respectively. O
and @, Albumin Z-amido-2-deoxy-D-galactose; [] and M, albumin™'-
amido-1-deoxy-L-fucose; A and A, albumin-N-1-[deoxymaltitol]. R, val-

ues were determined by using Glatter’s method in Figs. 3 and 4.

relative contrast values of the sphere and cylinder for model
C was assumed to correspond to the ratio of the absolute
contrast values of the protein and ganglioside molecules. As
shown by model D in Fig. 6, the more appropriate p(r)
function was obtained by the mixture of the dumbbell
particles and the small spheres. If various types of com-
plexes with different shapes and dimensions had coexisted
in equal amounts, the /(¢) and p(r) would have given very
smeared profiles. The model presented in Fig. 6 would
greatly simplify the present solution system; however, we
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FIGURE 6 Model p(r) functions for the complex of Gp,;, with mal-
albumins at high protein concentration. Model A sphere with radius of 20
A; model B, dimmer composed of spheres with radius of 46 A; model C,
dumbbell particle composed of two spheres (40 A in radius and relative
contrast of 1) and one cylinder (20 A in radius, 40 A in height, and relative
contrast of 0.6); model D, mixture of model A and model C. The p(r)
functions are normalized by the total scattering intensity /,..,. O, Experi-
mental p(r) function of the mal-albumin/Gp,, ganglioside = 5/1 (w/w)
mixture solution in Fig. 4 C.
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can assume the presence of complexes with a dimeric or
dumbbell shape as a major component.

Complexation of type Ill gangliosides with
albumins measured by neutron scattering

As shown in Fig. 7, by using the solvent contrast variation
method, we measured the scattering curves of the type 111
gangliosides solubilized in 100%, 60%, 41%, and 0% (v/v)
D,0O/H,0 HEPES buffers, and determined the contrast
matching point to be ~25% (v/v) D,O/H,0. To compare
with the previous results on the interaction of crude mixture
(G\/Gp) with met-albumin, we focused the present neutron
scattering experiments to observe the complexation of the
ganglioside mixture (Gy;;/Gp;,) With albumin at low pro-
tein concentrations, below the albumin/ganglioside ratio of
0.5/1, by using 41% (v/v) D,O/H,O solvent. This value
mostly agrees with that obtained in our previous study
(Hirai et al., 1995b). Then the scattering curve only re-
flected the change of the ganglioside aggregate structure,
because the 41% (v/v) D,O/H,O solvent is the contrast
matching point of albumin (Hirai et al., 1995a). Fig. 8
shows the neutron scattering curves /(g) depending on the
albumin/type-III ganglioside ratio, where 4, B, and C cor-
respond to the complexation of the gangliosides with gal-,
cel- and met-albumins, respectively. The difference of the
effect of the additions of the above albumins on the gangli-
oside aggregate structures is clearly recognized in Fig. 8.
Thus the albumin modified by monosaccharides (gal-albu-
min) hardly affects the aggregate structure below the albu-
min/ganglioside ratio of 0.25/1; the albumin modified by
disaccharides (cel-albumin) gradually changes the aggre-
gate structure with increasing protein concentration; and the
albumin without saccharides (met-albumin) drastically
changes the aggregate structure even at the lowest protein
concentration, which agrees with our previous results (Hirai
et al., 1995a). Fig. 9 shows the scattering curves obtained by
the synchrotron radiation x-ray scattering for the same sam-
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FIGURE 7 Solvent contrast dependence of neutron scattering curve /(g)
of type III gangliosides in 50 mM HEPES buffer at pH 7.0 at 25°C. O, [,
A, X, Solutions in 100%, 60%, 40%, and 0% (v/v) D,0/H,O buffer
solvents, respectively.
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FIGURE 8 Neutron scattering curves /(g) of albumin/type III ganglio-
side mixture suspensions in 50 mM HEPES buffer (41% v/v, D,O/H,0) at
pH 7.0 at 25°C. Forty-one percent (v/v) D,O/H,O is the contrast matching
point of albumin. The ganglioside concentration was 1.0% (w/v), and the
albumin concentration was varied from 0 to 0.5% (w/v). Three different
types of albumins were used: (4) albumin~-amido-2-deoxy-D-galactose;
(B) albumin-N-1-[deoxycellobiitol]; (C) methyl ester of bovine albumin.

ples used for the neutron scattering experiments. Although
the x-ray scattering data reflect the change of the whole
structure of the complex, in Fig. 9 we can recognize the
difference in the complexation process of gangliosides with
different proteins, namely that the addition of cel-albumins
induces a more evident change of the scattering curve from
the lowest protein concentration in comparison with the
case of the addition of gal-albumins, which resembles the
case of the addition of met-albumins. These changing ten-
dencies agree with the above results obtained from the
neutron scattering measurements. Both neutron and x-ray
scattering results evidently show the difference in the bind-
ing affinities of gangliosides with albumins, depending on
protein surface modifications.
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FIGURE 9 X-ray scattering curves /(g) of albumin/type III ganglioside
mixture suspensions in 50 mM HEPES buffer (41% v/v, D,O/H,0) at pH
7.0 at 25°C. The samples were as same as those used for the neutron
scattering experiments in Fig. 7. 4, B, and C are as in Fig. 7.

DISCUSSION

The results from the x-ray scattering experiments indicate
that the interaction between gangliosides and albumins
greatly depends both on species of gangliosides and on
surface modifications of albumins. The complexation pro-
cesses of Gy, and Gp,, gangliosides with the albumins
modified by monosaccharides show a similar tendency,
which appears to be less destructive for ganglioside aggre-
gate structures and the formation of polydisperse large
complexes. On the other hand, the complexation of Gy, or
Gp,, gangliosides with albumins modified by disaccharides
occurs in a manner different from that of the above cases.
That is, the complexation of G, gangliosides with albu-
mins modified by disaccharides induces the formation of
complexes with a dimeric or dumbbell structure, and in the
case of Gy, gangliosides the complexation appears to be
very destructive for ganglioside aggregate structures, sug-
gesting a strong interaction between G,,,; gangliosides and
albumins modified by disaccharides. The results from neu-
tron scattering experiments strongly support the above x-ray
scattering results, and demonstrate the binding affinity of
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gangliosides with albumins, depending on the protein sur-
face modification. Combined with both x-ray and neutron
scattering results, we can assume the following. The inter-
action of Gy, gangliosides with an albumin modified by
monosaccharides and the interaction of Gp,;, gangliosides
with an albumin modified by mono- or disaccharides pro-
ceed at the interfacial area of the protein surface to form
oligomeric complexes. On the other hand, the interaction
between Gy, gangliosides with an albumin modified by
disaccharides promotes monomeric complex formation, de-
stroying ganglioside aggregate structures.

As we have shown recently (Hirai et al., 1997), both
factors, namely the flexibility of the oligosaccharide chain
of ganglioside molecules and the interaction between oligo-
saccharide chains, are essentially important to determining
the stability of the ganglioside aggregate structure. A recent
NMR study also suggests the intrinsic dynamic structural
properties of the oligosaccharide chain affecting the geo-
metrical properties of the aggregates (Acquotti et al., 1994).
Such intrinsic structural properties of gangliosides that de-
pend on oligosaccharide chains would be involved in a
variety of interactions with other ligands. Interactions of
gangliosides with various ligands have been studied inten-
sively by many investigators using various methods. Al-
though the x-ray and neutron scattering methods do not
afford us a high-resolution crystallographic picture of the
complex, as shown for the complex of Gy, with cholera
toxin B-pentamer (Merritt et al., 1997), by the complemen-
tary use of x-ray and neutron scattering techniques, we have
partly understood the characteristics of the interaction of
gangliosides with a glycoprotein through saccharide resi-
dues, which greatly depend both on the oligosaccharide
chain of the ganglioside and on the protein surface. Another
recent study has clearly indicated, by using electron micros-
copy, the presence of a ganglioside molecule-enriched
plasma membrane domain (Sorice et al., 1997), which
would support some biological meaning of the present ex-
perimental systems, treating interaction between ganglio-
side micelle and protein as a model system for studying the
interaction between the ganglioside-enriched domain and
ligands. Although the present results do not show directly a
specific binding affinity of gangliosides for a glycoprotein
in a membrane, the present results would relate to some
biological function of gangliosides, such as a function reg-
ulating the well-known receptor activity of glycoproteins on
a cell membrane (Allaway and Burness, 1986; Paul and Lee,
1987), through the great variety of the oligosaccharide
chains of ganglioside molecules.
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