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The low density, detergent-insoluble membrane fraction (LD-DIM), where gangliosides are likely to be highly enriched,
was prepared from sperm of two sea urchin species, Hemicentrotus pulcherrimus and Strongylocentrotus purpuratus.
Immunoblotting showed the presence in the LD-DIM of two receptors for egg ligands, a glycosylphosphatidylinositol
(GPIl)-anchored protein, and four proteins which may be involved in signal transduction. Co-immunoprecipitation
revealed that at least three proteins, the speract receptor, the 63 kDa GPIl-anchored protein and the « subunit of a
heterotrimeric Gs protein, are localized in the LD-DIM. This suggests that the LD-DIM fraction may be a membrane
microdomain for speract—speract receptor interaction, as well as the subsequent signal transduction pathway involved in
induction of sperm respiration, motility and possibly the acrosome reaction.
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Abbreviations: ASW, artificial sea water; GPI, glycosylphosphatidylinositol; GSL, glycosphingolipid; HPTLC, high
performance thin layer chromatography; LD-DIM, low density detergent-insoluble membrane; PE, phosphatidylethano-
lamine; PVDF, polyvinylidene difluoride; REJ-1, receptor for egg jelly-1; SBP, sperm binding protein, SLF, sulfatide;
HSO3(Neu5Ac),GlcCer, HSO;-8Neu5Aca2 — 8Neu5Aca2 — 6Glcp1 — Cer; (Neu5Ac),GlcCer, Neu5Aca2 — 8Neu5Aca2 —
6Glcp1 — Cer; HSO3Neu5AcGlcCer, HSO3-8Neu5Aca2 — 6Glcf1 — Cer; Neu5AcGlcCer, NeuS5Aca2 — 6Glcp1 — Cer; GD3,
Neu5Aca2 — 8Neu5Acx2 — 3Gal i1 — 4Glc

Introduction

In somatic cells, the glycosphingolipid-enriched membrane
domains of the plasma membrane are hot spots for signal
transduction [1,2]. The significance of this membrane domain
is believed to be that it localizes glycosylphosphatidylinositol
(GPI)-anchored and membrane-spanning receptor proteins
with transducer proteins [3—6]. This membrane domain can
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be isolated from various cells as a detergent-insoluble fraction
having low buoyant density (the low density detergent-
insoluble membrane, or LD-DIM) [7-13]. One interesting
feature of this membrane domain is its enrichment in
glycolipids in its outer surface [14]. Several lines of evidence
show that glycosphingolipids (GSLs) in the LD-DIM are
involved in cell adhesion in early development [15], metastasis
[16,17] and signal transduction [11,18]. The LD-DIM may
function in GSL-associated cell adhesion and recognition, as
well as in signal transduction [11,15-18].

In gametic cells, the involvement of GSLs in cell-cell
recognition, spermatogenesis, and fertilization has been
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suggested [19-23]. However, little attention has been paid to
the possibility that the LD-DIM is a functional membrane
domain for GSL-mediated signaling. Our hypothesis is that the
LD-DIM of gametic cells acts as a site of GSL-mediated
sperm-egg interaction and signal transduction. To test this
hypothesis, we have begun studying the LD-DIM fraction of
sea urchin spermatozoon. Recently, we have demonstrated the
presence of a LD-DIM domain in sea urchin sperm and
established its enrichment in GSLs [24]. In this study, to
characterize the sperm LD-DIM as a site of sperm-egg
interaction, as well as its possible role in signal transduction,
we have determined which glycoproteins are localized in the
LD-DIM. We have also carried out immunofluorescence
observations of a major ganglioside in sperm using a
monoclonal antibody to a sperm ganglioside.

Materials and methods
Materials

Hemicentrotus pulcherrimus were purchased from the local
fisheries at Tsushima and Fukushima, Japan, and Strongylo-
centrotus purpuratus were purchased from Marinus (Long
Beach, CA, U.S.A.). Sperm was collected by intracoelomic
introduction of 0.5 M KCl. Gangliosides from H. pulcherrimus
sperm, HSO; — 8NeuSAca2 — 8NeuSAca2 — 6Glcfil —
Cer (HSO3;(Neu5Ac),GlcCer), NeuSAca2 —8NeuSAca2 —
6Glcf1 — Cer ((Neu5Ac),GlcCer), HSO3 —8NeuS5Aca2 —
6Glcfl — Cer (HSO;Neu5AcGlcCer) and NeuSAco2—
6Glcfi1 — Cer (Neu5AcGlcCer), were prepared according to
the method of Ijuin et al. [22]. A mixture of oligo-N-
acetylneuraminic acid conjugated with phosphatidylethanol-
amine, (8NeuSAca2 —), — PE, was prepared as described
[25]. Authentic samples of Neu5Aca2 — 8NeuSAca2
— 3Galfil — GlcCer (GD3) and HSO; — 3Galfil — Cer

(sulfatide, SLF) were purchased from Snow Brand (Japan) and
Sigma (St. Louis, MO, US.A.). Monoclonal antibody
(mAb.3G9), recognizing HSO; — 8NeuSAc structure, was
prepared as described [24]. Anti-80kDa speract receptor
(rabbit polyclonal IgG), anti-210kDa receptor for egg jelly
(REJ-1) (J4/4, mouse monoclonal IgG2a), anti-63 kDa GPI-
anchored protein (J;7,30, mouse monoclonal IgGl), anti-
bindin antibody (rabbit polyclonal IgG) and anti-adenylate
cyclase (rabbit polyclonal IgG) were prepared as described
[26-30]. Anti-guanylate cyclase antibody (rabbit antiserum)
that recognizes the C-terminal 24 amino acid residues
(KPPPQKLTQEAIEIAANRVIPDDV) of the enzyme from S.
purpuratus sperm [31], was kindly provided by Dr. Norio
Suzuki (Hokkaido University). The following antibodies were
purchased from Santa Cruz Biotechnology, Inc. (U.S.A.): anti-
Gsua/olf (C-18) (rabbit polyclonal IgG), anti-Rho B antibody
(119) (rabbit polyclonal antibody), anti-caveolin-1 (N-20)
(rabbit polyclonal IgG), anti-protein kinase A catalytic subunit
o (C-20) antibody (rabbit polyclonal IgG). FITC-conjugated
goat anti-mouse IgM antibody and peroxidase-conjugated goat
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antibody against rabbit IgG were purchased from ICN/Cappel
(Costa Mesa, CA). Peroxidase-conjugated goat antibody
against mouse (IgG + IgM) and peroxidase-conjugated rabbit
antibody against rat (IgG 4+ IgM) were purchased from
American Qualex (San Clemente, CA) and Zymed Labora-
tories (South San Francisco, CA). A 96-well plastic plate was a
product of Nunc (ImmunoPlate MaxiSorp Surface; Denmark).

Production of monoclonal antibody against sea urchin sperm
gangliosides

mAb.2A11, an IgM monoclonal antibody that recognizes sea
urchin  sperm  ganglioside =~ HSO;3;(Neu5Ac),GlcCer and
(NeuSAc),GlcCer, was generated according to described
procedures [24]. Briefly, sperm from H. pulcherrimus (10 pl
undiluted semen) were suspended in 100 pl of 10 mM sodium
phosphate buffer, pH 7.2, containing 0.15 M NaCl (PBS), and
used as an immunogen. BALB/c mice (8-weeks old female,
Nippon SLC, Japan) were immunized by intraperitoneal
injection with the suspension of lysed sperm with Freund’s
complete or incomplete adjuvant three times at two-week
intervals. A mouse was injected with the sperm suspension
(10l undiluted semen) supplemented with 5Spg of
HSO3(Neu5Ac),GlcCer. Three days after the final injection,
splenocytes were isolated and fused with myeloma P3U1 (P3-
X63 Ag8.U1) cells. Procedures for preparation of hybridoma,
screening, and cloning have been described [32,33]. A
hybridoma, which produced antibody that was reactive with
(NeuSAc),GlcCer and HSO3(Neu5Ac),GlcCer, was cloned,
and designated as 2A11. The antibody class was determined
by the mouse monoclonal antibody isotyping kit RPN29
(Amersham Life Science, UK). The antibody was partially
purified by ammonium precipitation [34].

Immunofluorescence

H. pulcherrimus sperm was suspended in calcium-free sea
water (CaFSW, 444 mM NaCl, 9mM KCI, 40 mM MgSO,,
5mM NaHCO; (pH 8.2)) and deposited onto glass slides
using a Cytospin. The slides were fixed in 3.7%
formaldehyde/CaFSW at room temperature for 10 min,
washed with PBS for 10-30 min, and blocked with 3 mg/ml
BSA, 0.1 mg/ml normal goat IgG in PBS for 1h. After
washing with PBS, a 1:1000 to 1:10000 dilution of mAb.2A11
was added at 4°C for overnight. The slides were washed three
times with PBS for 10min and incubated with FITC-
conjugated goat anti-mouse IgM antibody (a 1:500 dilution)
at room temperature for 70 min. After washing three times
with PBS and dipping into water, the slides were mounted in
90% glycerol/PBS (pH 8.0) containing 1 mg/ml p-phenyl-
enediamine. Cells were observed with a Zeiss Axiovert 135M
microscope equipped with epifluorescence.
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Preparation of low density detergent-insoluble membrane
(LD-DIM) fractions

The low density, detergent-insoluble membrane (LD-DIM)
fraction was prepared as described [24]. Briefly, sperm (150—
300 pl undiluted semen) were suspended in 1.0 ml of 10 mM
Tris-HCI (pH 7.5) containing 1% Triton X-100, 0.15 M NaCl,
5mM EDTA, and 75 units/ml aprotinin. The mixture was kept
on ice for 20min and homogenized with 10 strokes of a
Dounce homogenizer. After removal of the pellet by
centrifugation at 1300xg for Smin, the supernatant was
mixed with an equal volume of 85% (w/v) sucrose in 10 mM
Tris-HCI (pH 7.5) containing 0.15M NaCl and 5mM EDTA
(TNE). The mixture was layered successively with 6 ml of
30% (w/v) sucrose in TNE and with 3.5ml of 5% (w/v)
sucrose in TNE, and centrifuged at 200000x g for 18 h (4°C).
After ultracentrifugation, 1ml each of 11 fractions were
collected from the top of the tube. Fractions were pooled under
fraction A for fractions 1-3, B for 4-5, C for 67, D for 8-9,
and E for 10—11. Each letter designated fraction was subjected
to chemical and immunochemical analyses after dialysis
against water or PBS. Protein was quantitated by the BCA
(bicinchoninic acid) assay (Bio-Rad) using BSA as a standard.

High performance thin layer chromatography (HPTLC)

An acidic lipid fraction was prepared from fractions A-E, and
analyzed by HPTLC, as described [24]. After treatment with
7.5M aqueous ammonia at 25°C for 2h, the acidic lipid
fraction was applied on the HPTLC plate (silica gel 60, Merck,
Germany), developed in chloroform/methanol/0.2% CaCl,
(55:45:10, v/v/v), and sprayed with resorcinol reagent [35],
followed by heating at 120°C for 15 min for development. The
visible bands were quantitated on ATTO Densitograph using
lane and spot analyzer software (ATTO, Japan).

Western blotting

SDS-polyacrylamide gel electrophoresis (PAGE) was carried
out according to Laemmli [36]. After SDS-PAGE, samples
were transferred to polyvinylidene difluoride (PVDF) mem-
brane (Millipore, U.S.A.) and immunostained as described
[34]. Briefly, the membrane was blocked with 1% BSA/PBST
(10mM sodium phosphate buffer (pH 7.2) — 0.15M NaCl
(PBS), 0.05% Tween 20) at room temperature for 1-2 h. After
washing, the membrane was incubated with primary anti-
bodies at 37°C for 2h, or at 4°C for overnight for IgG
antibodies, and at 4°C for overnight for [gM antibodies. The
concentration of the primary antibodies was: 1:2000 dilution
for anti-speract receptor; 1 pg/ml for anti-REJ-1; 0.2 pg/ml
for anti-63kDa protein; 1:1000 dilution for anti-bindin;
0.4 pg/ml for anti-Gsa; 0.2 pg/ml for anti-Rho B; 0.4 pg/ml
for anti-caveolin-1; 1:1000 dilution for anti-adenylate cyclase;
1:5000 dilution for anti-guanylate cyclase; 0.4 pg/ml for anti-
protein kinase A. After washing twice with PBST, incubation
of the membrane with secondary antibodies at 1:2000 dilution
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with 1% BSA/PBST were carried out at 37°C for 45 min.
After 3 washes in PBST, the blot was developed using
enhanced chemiluminescence (ECL) reagent and Hyperfilm™
MP (Amersham, England). Stained bands were densitome-
trically analyzed on ATTO Densitograph.

Immunoprecipitation

Unless stated otherwise, all procedures were carried out at
4°C. The LD-DIM fraction was dialyzed against PBS and
concentrated to 1ml using a Microcon YM10 (Millipore,
U.S.A.). This was applied for 1.5h to 30—100 pl of Protein G-
Sepharose (Pharmacia Biotech, Sweden), which had been
pretreated with 1% BSA/PBS for 1 h. After centrifugation at
200x g for 2 min, the supernatant was applied to 30—100 pl of
50% (v/v) suspension of Protein G-Sepharose that had been
preincubated with 200-500 pul of 1% BSA/PBS containing
anti-80 kDa speract receptor antibody or anti-63 kDa protein
(J17/30) for 1.5h, followed by washing three times with 1%
BSA/PBS. After overnight incubation and the subsequent
centrifugation, the pellet was washed four times with PBS, and
subjected to SDS-PAGE/Western-blot analysis.

Results

Localization of a major ganglioside, (Neu5Ac),GlcCer, of sea
urchin sperm

A monoclonal antibody (IgM) which recognized
(Neu5SAc),GlcCer and HSO3(Neu5Ac),GlcCer was obtained
and designated mAb.2A11. As shown in Figure 1, using an
ELISA assay, mAb.2All reacted with HSO;(Neu5Ac),
GlcCer, HSO3NeuSAcGlcCer and (Neu5Ac),GlcCer, but not
with Neu5AcGlcCer. Also, (8Neu5Acx2 —)n — PE, GD3,
and sulfatide were not recognized by this antibody (data not
shown). mAb.2A11 is thus specific to the (NeuSAca2 or
HSO3) — 8NeuSAca2 — 6Glc structure.

H. pulcherrimus sperm was observed by immunofluores-
cence after exposure to mAb.2A11. As shown in Figure 2a, the
entire cell surface was reactive in most sperm. In some sperm,
staining was observed at the tip of the sperm heads and the
midpiece (Figure 2d). However, the staining pattern of the tail
region was uniform in all sperm. The secondary antibody
alone (negative control) showed no fluorescence (data not
shown).

Distribution of the major gangliosides of H. pulcherrimus and
S. purpuratus sperm in fractions A—E.

After sucrose density gradient centrifugation of the Triton X-
100 sperm lysate, fractions A-E were collected (Scheme 1).
Fraction B consisted of a light scattering band that
corresponded to the LD-DIM, as we have reported previously
[24]. Gangliosides in each fraction were quantitated by
densitometric analysis of an HPTLC plate as developed by
the resorcinol reagent. As shown in Figure 3a,
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Figure 1. Determination of antigenic specificity of mAb.2A11. The
plastic wells were coated with various amounts of glycolipids
(0.4—25ng as Neu5Ac), and incubated with 30 pg/ml of mAb.2A11
at 4°C for 12 h. After washing with PBS-T, the wells were incubated
with  2pg/ml of peroxidase-conjugated goat anti-mouse
(IgG + IgM) at 37°C for 1 h. After washing five times with PBS-T,
100 ul of 0.05% o-phenylenediamine in 0.1 M Tris-HCI (pH 7.5)
containing 0.006% H.O., was added and incubated at room
temperature for 10—20 min, followed by measurement of absor-
bance at 492nm after adding of 100ul of 2N H.SO,.
HSO3(Neu5Ac),GlcCer (), (Neu5Ac),GlcCer (O,
HSO3Neu5AcGicCer (@), and Neu5AcGlcCer (O).

(NeuSAc),GlcCer and HSO3(Neu5Ac),GlcCer migrated at Ry
values of 0.55 and 0.45. Most of these components were
distributed in the LD-DIM in H. pulcherrimus sperm, and 54%
and 62% of the total ganglioside was present in this fraction
(Figure 3c¢). In S. purpuratus sperm, a major ganglioside with
almost the same Ry value (0.58) as (NeuSAc),GlcCer of H.
pulcherrimus was also found in the LD-DIM (Figures 3b and
d). Thus, the LD-DIM contains a large proportion of the
ganglioside components.

Western blot analysis of fractions A—E

To identify which proteins were present in the LD-DIM of S.
purpuratus sperm, fractions A-E were subjected to Western
blotting using various specific antibodies against S. purpuratus
sperm proteins and to other proteins involved in signal
transduction (Figure 4). The results are summarized in Table 1.
In the whole sperm lysate, an 80kDa protein (the speract
receptor), a 210 kDa protein (REJ-1), a 63 kDa protein (63 kDa
GPI-anchored protein), a 31 kDa protein (bindin), a 48 kDa
protein (o subunit of a heterotrimeric G protein, Gsa), a
190kDa protein (adenylate cyclase), a 133kDa protein
(guanylate cyclase), a 47kDa protein (protein kinase A
catalytic subunit a), a 25kDa protein (a small G protein,
Rho B) and a 21kDa protein (caveolin-1) were visualized by
each specific antibody. Of these, seven proteins, the 80kDa
(speract receptor), 210kDa (REJ-1), 63 kDa (the 63 kDa GPI-
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anchored protein), 48 kDa (Gsa), 190 kDa (adenylate cyclase),
133kDa (guanylate cyclase) and 47kDa (protein kinase A)
were detected in the LD-DIM fractions. Bindin, caveolin-1 and
Rho B were only detected in the detergent-soluble fractions,
but not in the LD-DIM fraction. The antibodies against S.
purpuratus sperm proteins recognized the corresponding
proteins of H. pulcherrimus sperm, and the distribution of
the proteins in the A-E fractions was the same as in S.
purpuratus sperm, except for REJ-1 and Gsa epitopes. In H.
pulcherrimus sperm, the REJ-1 protein was detected at
115kDa, but not 210kDa, which could be due to proteolysis
of the 210 kDa form (Table 1). Three different Gsa isoforms at
52kDa, 49 kDa and 42 kDa were observed, although signals of
the 49 kDa and 42 kDa isoforms were faint in the whole sperm
lysate (Figure 4b). Interestingly, the 52kDa and 42kDa
isoforms were highly enriched in the LD-DIM fraction (Figure
4b), while the 49kDa isoform was more abundant in the
detergent-soluble fraction than in the LD-DIM. In S.
purpuratus sperm, anti-Gso antibody also reacted with three
bands at molecular masses of 50 kDa, 48 kDa and 47 kDa; the
48 kDa isoform was only detected in the LD-DIM (Figure 4a).
It was reported that the 48 kDa and 45 kDa isoforms are also
immunochemically detectable in S. purpuratus sperm, and the
48 kDa isoform was considered to be functional based on the
sensitivity to ADP-ribosylation by cholera toxin [37].

Co-immunoprecipitation analysis of the LD-DIM

The LD-DIM fraction of H. pulcherrimus sperm was
immunoprecipitated with antibody to the 80kDa speract
receptor, and the precipitate was analyzed by Western blotting
using various antibodies described above. As shown in Figure Sa,
not only the 78kDa protein (recognized by anti-80kDa
speract receptor antibody), but also the 62kDa protein
(recognized by anti-63 kDa GPI-anchored protein antibody)
and 52, 49 and 42kDa components (positive for anti-Gsa
antibody recognition) were precipitated. REJ-1, adenylate
cyclase, guanylate cyclase and protein kinase A were not
detected in the immunoprecipitate (data not shown). Anti-
63 kDa protein antibody precipitated anti-80 kDa receptor and
anti-Gso antibody epitopes, in addition to the 63 kDa protein
(Figure 5b). REJ-1, adenylate cyclase, guanylate cyclase and
protein kinase A were not co-precipitated with anti-63 kDa
protein antibody (data not shown). TLC-immunostaining of
the precipitates using anti-gangliosides antibody mAb.2A11
showed that gangliosides were also co-localized in the LD-
DIM (data not shown). These results showed that the speract
receptor, the GPI-anchored protein and the Gso protein were
co-localized in the LD-DIM containing mAb.2A11-reactive
gangliosides. This co-localization suggests a possible func-
tional association of these signaling proteins.
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Figure 2. Immunolocalization of the 2A11 epitope in sea urchin sperm. Fixed H. pulcherrimus sperm was incubated with mAb.2A11 as
primary antibody and then with FITC-conjugated goat anti-mouse IgM as secondary antibody. (a) Epifluorescence microscopy showed the
entire surface of the sperm was stained. (b) A phase-contrast image of the same sperm as in (a). (c) Another sperm was shown, in which
the 2A11 epitope was distributed over the entire surface. (d) In this sperm the tip of sperm head and the vicinity of the midpiece were
preferentially stained. (a), (c), (d) epifluorescence, (b) phase contrast. Bar in (d), 10 um.

Discussion

Here, the LD-DIM was obtained by sucrose-density gradient
centrifugation after detergent treatment of sperm of two
species of sea urchin. Gangliosides were enriched in the LD-
DIM in sperm of both species (Figure 3). In H. pulcherrimus
sperm, (NeuS5Ac),GlcCer was shown to be a major ganglio-
side [22,38]. A disialylated GlcCer that migrated near
(Neu5Ac),GlcCer of H. pulcherrimus sperm (Figure 3b) was
the most abundant ganglioside in S. purpuratus sperm. A large
percentage of the total sperm gangliosides in H. pulcherrimus
(>54%) and S. purpuratus (> 44%) were recovered in the
LD-DIM.

Proteins that were detected in the LD-DIM by Western blots
were classified into two groups. Group I proteins are those

which orient their functional domain to the outer surface of
sperm plasma membrane, including two receptor proteins for
egg components, 80 kDa speract receptor and 210 kDa REJ-1
and a GPI-anchored protein of molecular mass of 63 kDa,
whose function remains unknown. Bindin, an acrosomal
protein which is known to reside on the outer surface of the
inner acrosomal membrane, was not detected in the LD-DIM.
Bindin may dissociate from the acrosomal membrane during
the Triton X-100 treatment, because it has no anchoring
structure such as GPI-conjugation, fatty acylation nor
membrane spanning domain. Group II proteins are expected
to be linked to the inner surface of the membrane. These
include proteins involved in signal transduction, such as Gsu,
adenylate cyclase, guanylate cyclase and protein kinase A. (In
sea urchin sperm the guanylate cyclase is a transmembrane
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Figure 3. Major sperm gangliosides are enriched in the LD-DIM fraction. (a, b) HPTLC of the acidic lipid fraction prepared from fractions
A—E obtained by the sucrose-density gradient centrifugation of sperm extracted with Triton X-100 treatment. Gangliosides were visualized
by spraying with the resorcinol reagent followed by heating at 120°C for 15 min. (c, d) Distribution of major gangliosides in the A—E fractions,
as densitometrically quantitated. The proportion (w/w %) of the amount of gangliosides in each fraction to the total amount of these
gangliosides are shown. (a, c) H. pulcherrimus and (b, d) S. purpuratus. Closed and open bars represent % recovery for
(Neu5Ac),GlcCer and HSO3; (Neu5Ac),GlcCer. Gray bars represent % recovery for disialyl GlcCer. See Scheme 1 for reference with

fractions A—E.
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Scheme 1. Preparation of fractions A—E upon the sucrose-density
gradient centrifugation of the lysed sperm.

protein with about 50% of the sequence on the outside of the
plasma membrane and 50% on the inside.) All these results
indicate that the sperm-derived LD-DIM can be also
characterized by the presence of both receptor proteins and
transducer molecules, as is the case with those from somatic
cells [1,2]. Caveolin-1 is a cytosol-oriented membrane protein
and a specific marker of caveolae, a flask-shaped invagination
of the plasma membrane [1,39]. Caveolae are known to give
rise to a detergent-insoluble membrane fraction during
treatment with 1% Triton X-100 [40]. Caveolin-1 was not
detected in the sperm LD-DIM, although a weak signal was
observed in the whole sperm lysate. This indicates that most of
the LD-DIM in sea urchin sperm may be of a non-caveolae-
type detergent-insoluble membrane, as observed for mouse
melanoma B16 cells [17].
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Figure 4. Western blots of sperm proteins in the fractions A—E obtained by sucrose-density gradient centrifugation of the detergent extract
of sperm of (a) S. purpuratus and (b) H. pulcherrimus. Each of the fractions A—E was subjected to SDS-PAGE (7.5% PAG for 210 kDa REJ-
1, adenylate cyclase and guanylate cyclase; 9% PAG for protein kinase A; 10% PAG for 80 kDa speract receptor, 63 kDa GPIl-anchored
protein and Gso; 15% PAG for bindin, Rho B and caveolin-1), transferred to PVDF membrane. Sperm proteins present in each fraction were
visualized by immunostaining using the antibodies indicated at the left side of each panel. In (b), the results of immunostaining by anti-Gsa
antibody are only shown. An estimated molecular mass for each protein given at the right side of each panel. Whole, lysate of whole sperm.

See Scheme 1 for reference to fractions A—E.

The ganglioside species and the proteins that were detected
in the LD-DIM were also present in the detergent-soluble E
fraction. This is partly because the membrane microdomain
(often called a lipid raft), that is Triton X-100-insoluble, may

be unstable in Triton X-100 depending on subtle differences in
conditions (temperature, pH, the detergent-lipid ratio). Alter-
natively, it may be because recruitment of proteins into the
LD-DIM is known to undergo dynamic changes, depending on
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Table 1. Immunolocalization of various sperm proteins in the LD-DIM (B) and the detergent-soluble (E) fraction

Localization

S. purpuratus

H. pulcherrimus

Proteins Molecular mass LD-DIM  Detergent-soluble Molecular mass LD-DIM  Detergent-soluble
Speract receptor 80kDa + + 78kDa + +
REJ-1 210kDa + + 115kDa + +
63 kDa protein 63kDa + + 62kDa + +
Bindin 31kDa n.d.? + 31kDa n.d. +
Gsu 50, 48, 47 kDa® + - 52, 49, 42kDa® + +
Rho B 25kDa n.d. + 26 kDa n.d. +
Caveolin-1 21kDa n.d. + 20kDa n.d. +
Adenyate cyclase 190kDa + + 192kDa + +
Guanylate cyclase 133kDa + + 135kDa + +
Protein kinase A 47 kDa + + 46 kDa + +

an.d., not detected.
bSee also Figure 4.

the structure of the lipid components, the state of the cells
(resting or activated), or the association with particular ligands
[14,41]. Thus, some portion of the resident proteins in the LD-
DIM can always be solubilized with Triton X-100. However,
the validity of the Triton X-100-insoluble feature as the
criterion for association of the proteins with a membrane
microdomain raft is substantiated by the fact they can be
isolated by ultracentrifugation [4,40].

The 78kDa protein in H. pulcherrimus sperm and the
80 kDa protein in S. purpuratus sperm can be referred to as the
speract receptor, although the molecular mass of the protein
was reported to be 77 kDa and 71 kDa in H. pulcherrimus and
S. purpuratus sperm [42,43]. As shown in Figure 5, anti-
80 kDa speract receptor antibody precipitated the 63 kDa GPI-
anchored protein and Gso together with the speract receptor,
while anti-63 kDa protein antibody precipitated 80 kDa speract
receptor and Gsa together. These results indicate that these
three proteins are localized in the same LD-DIM micro-
domain. Since the 80 kDa speract receptor is known to play a
role in activation of membrane-bound guanylate cyclase and
the subsequent stimulation of the respiration and motility of
sperm when it is bound by the 10 amino acid peptide, speract,
found in the jelly layer of eggs, it is suggested that 63 kDa
GPI-anchored protein and Gsa also are involved in these
processes. It is noted that the GPI-anchored protein in H.
pulcherrimus sperm is suggested to be near the speract
receptor in the plasma membrane [44]. However, the 135 kDa
guanylate cyclase was not detected in the same LD-DIM
membrane that contained the speract receptor and the 63 kDa
GPI-anchored protein. One explanation of this may be because
the LD-DIM contains only a small amount of guanylate
cyclase as detected in these immunoprecipitation experiments.
An alternative explanation may be that the association of
guanylate cyclase with the LD-DIM is dynamic, depending on

the state of phosphorylation of the enzyme. In this regard, it is
interesting to note that the IgeRI receptor is dynamically
recruited into the DIM fraction only after it forms an
oligomeric structure in the presence of IgE [14]. No functional
linkage between the speract receptor and the trimeric Gs
protein is known. It would be interesting to elucidate the
dynamic structural changes and functions of this speract
receptor-containing LD-DIM during its interaction of sperm
with speract at fertilization.

Immunofluorescence microscopy of H. pulcherrimus sperm
using mAb.2A11, which recognizes a major ganglioside of the
sea urchin sperm, showed that this ganglioside was distributed
on the entire surface of sperm (Figure 2), although it was
reported that some topographical differences were observed in
the localization of gangliosides [45]. The 80kDa speract
receptor, 63 kDa GPI-anchored protein and Gso are localized
mainly in the sperm flagellum [28,37]. Some population of the
major ganglioside species of sperm, which is localized in the
flagellum, is suggested to participate in the formation of the
speract receptor-containing LD-DIM. Recently, we have
shown that a population of the LD-DIM fraction has the
ability to bind to the egg surface 350kDa sperm binding
protein (SBP) [46]. However, it remains to be elucidated if the
speract receptor-containing LD-DIM can bind to the SBP.
Current efforts are focussed on the identification of sperm LD-
DIM molecules interacting with the 350 kDa SBP.
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Figure 5. Co-immunoprecipitation of 80 kDa speract receptor, 63 kDa GPI-anchored protein and Gsu in the DIM fraction with anti-80 kDa or
anti-63 kDa protein. The LD-DIM fraction of H. pulcherrimus was incubated with Protein G-Sepharose resin conjugated with anti-80 kDa or
anti-63 kDa protein antibody. The resins were subjected to SDS-PAGE/Western blot analysis using anti-63 kDa, anti-80 kDa or anti-Gsa
antibody as a primary antibody (1Ab). Panel (a), immunoprecipitation (IP) with anti-80 kDa speract receptor protein; Panel (b), IP with anti-
63 kDa GPl-anchored protein. The blotted membranes were probed with the antibodies indicated at the bottom of each panel. Locations of
80 kDa speract receptor, 63 kDa GPI-anchored protein and Gsa are indicated by arrows on the right of each panel. 2Ab mouse, peroxidase-
conjugated anti-mouse 1gG + IgM; 2Ab rabbit, peroxidase-conjugated anti-rabbit IgG as secondary antibodies.
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