
The complement regulatory proteins CD55 (decay accelerating
factor) and CD59 are expressed on the inner acrosomal membrane

of human spermatozoa as well as CD46 (membrane cofactor protein)

Introduction

Membrane cofactor protein (CD46), decay accelerating

factor (CD55) and CD59 are three widely expressed

human membrane-bound complement regulatory proteins

(mCRPs) that function to protect autologous tissues from

complement (C)-mediated lysis at two distinct levels of

the C cascade. While CD46 and CD55 regulate C at the

level of C3/C5 convertases1–3 CD59 prevents the assembly

of the membrane attack complex4. These mCRPs connect

with the cell membrane by either a glycosylphosphatidy-

linositol (GPI)-anchor (CD55, CD59) or a transmem-

brane domain (CD46)5 In addition to their role as C

inhibitors, CD46, CD55 and CD59 all serve as cell surface

receptors for a variety of diverse pathogens6–10.

Spermatozoa gain fertilising ability while residing in the

female reproductive tract, where they undergo a process

termed capacitation which is associated with hyperacti-

vated motility as well as reorganisation of plasma memb-

rane lipids and proteins preparing spermatozoa for the
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Summary

The complement regulatory proteins CD55 and CD59 are expressed on

the plasma membrane of human spermatozoa, whereas CD46 is only on

the inner acrosomal membrane (IAM) which becomes surfaced exposed

after the acrosome reaction when sperm assume fertilisation-competence.

CD55 & CD59, two glycosylphosphatidylinositol (GPI)-anchored proteins,

have been detected previously in some studies also in the acrosomal

region of chemically fixed spermatozoa but never demonstrated at this

site on unfixed spermatozoa. Dual labelling immunofluorescence and con-

focal microscopy on fresh unfixed spermatozoa, with minimal subsequent

time to fixation, has shown CD55 to be markedly expressed on the IAM,

more than on the plasma membrane. However, unlike for CD46, CD55

displayed patchy staining over the acrosome, with some variation between

individual spermatozoa. All IAM-associated CD55 was localised within

GM1-containing lipid rafts. CD59 was expressed also on the IAM, but in

a pronounced granular pattern with more variation observed from one

spermatozoa to another. Both CD55 & CD59 were released from the IAM

by PI-PLC, demonstrating them to be GPI-anchored. Analysis of acro-

some-reacted spermatozoal CD55 by Western blotting revealed a novel

single 55 kDa protein lacking significant oligosaccharides susceptible to

glycosidases. Antibody-induced membrane rafting and release of CD55 &

CD59 in vitro may have influenced previous results. Significant coexpres-

sion of CD55 & CD46 on the IAM suggests some functional cooperation

at this site.

Keywords: spermatozoa; acrosome; CD46; CD55; CD59

Abbreviations: AR, acrosome-reacted; AUR, acrosome-unreacted; C, complement; CTB, cholera toxin B; FITC, fluorescein
isothiocyanate; GPI, glycosylphosphatidylinositol; HRP, horseradish peroxidase; IAM, inner acrosomal membrane; mAb,
monoclonal antibody; mCRP, membrane complement regulatory protein; pAb, polyclonal antibody; PBMC, peripheral blood
mononuclear cells; PBS, phosphate-buffered saline; PBS-T, PBS with Tween 20; PI-PLC, phosphoinositol-specific phospholipase
C; R, rhodamine; RBC, red blood cells; SCR, short consensus repeat; SDS-PAGE, sodium dodecyl sulphate – polyacylamide gel
electrophoresis; SWM-HTF, sperm wash modified – human tubular fluid; TR, Texas Red; WGA, wheat germ agglutinin.
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acrosome reaction, an essential step for fertilisation11–13.

The acrosome reaction is a calcium-dependant exocytotic

event involving fusion and vesiculation of the plasma

membrane with the outer acrosomal membrane of sper-

matozoa, thereby releasing the acrosomal content and

exposing proteins on the inner acrosomal membrane

(IAM) that mediate spermatozoa-egg binding and

fusion12. Spermatozoa that have released only part of

their acrosomal contents are considered partially acro-

some reacted, while spermatozoa that have released all

their acrosomal contents are considered fully acrosome

reacted.14,15

It is well established that all three mCRPs are expressed

by human spermatozoa and may be involved in sperma-

tozoa function, survival in the female reproductive tract

and clearance of redundant spermatozoa3. Acrosome-reac-

ted (AR)-spermatozoa activate C, and C3b is deposited

on the IAM independent of CD4616. However, CD46 is

known to be expressed as a novel hypoglycosylated form

restricted to the IAM and not found on the plasma mem-

brane of spermatozoa17,18. This has led to speculation that

CD46 may be involved in spermatozoa-egg binding, inde-

pendent of its role as a mCRP. Interestingly, rodents

express CD46 only on the IAM of spermatozoa and not

on any other cell types3 and the systemic role of CD46 as

a mCRP is taken up instead by the rodent-specific regula-

tor, Crry19 Moreover, somatic cells of New World mon-

keys express an alternatively spliced isoform of CD46

lacking short consensus repeat 1 (SCR1), whereas SCR1

has been retained on spermatozoal CD4620 suggesting a

role for this domain in fertilisation. In support of this

hypothesis, antibodies to the SCR1 domain of CD46 have

been shown to inhibit human spermatozoa binding to

both hamster and human eggs17,21–23. However, CD46-

knockout mice are fertile but have an accelerated sponta-

neous acrosome reaction24.

The precise localisation of both CD55 and CD59 on

human spermatozoa remains unclear. Previous investiga-

tors using different immunocytochemical methodologies

have variously reported CD55 to be localised on the

plasma membrane of the head and tail of spermato-

zoa25,26 on the acrosomal region and tail and on the

anterior segment of the sperm head27–29 and solely on the

acrosomal region30. In particular, detection of CD55 on

the acrosomal region has been successfully demonstrated

only on chemically fixed spermatozoa28,30 and not on

spermatozoa stained in suspension30. Similarly, CD59 has

variously been reported to be localised on the midpiece

and the plasma membrane of the head and tail26,29 on the

midpiece and the plasma membrane of the head27 on the

plasma membrane of the head25 and on the acrosomal

region, midpiece and tail28,31 of spermatozoa.

There has been no systematic study of surface and fixed

cell staining for CD55 and CD59 on acrosome-reacted

(AR) and acrosome-unreacted (AUR) human spermato-

zoa. In order to address this, we have used dual staining

confocal fluorescent microscopy using CD46 as a marker

for AR-spermatozoa and different staining protocols to

determine the precise localisation of CD55 and CD59 on

spermatozoa.

Materials and methods

Reagents

Sperm Wash Modified – Human Tubular Fluid (SWM-

HTF) medium (containing 5% human serum albumin

was obtained from Conception Technologies (San Diego,

USA). Rhodamine-conjugated wheat germ agglutinin

(R-WGA) was obtained from Vector Laboratories (Peter-

borough, UK). Phosphatidylinositol-specific phospho-

lipase C (PI-PLC) was obtained from Molecular Probes

(Leiden, The Netherlands). Unless stated otherwise, all

other media and reagents were obtained from Sigma-

Aldrich (Dorset, UK).

Antibodies

Fluorescein isothiocyanate (FITC)-conjugated antihuman

CD46 (E4.3) and CD55 (IA10) murine monoclonal anti-

bodies (mAbs), as well as unconjugated antihuman CD46

(E4.3), CD55 (IA10) and CD59 (H319) mAbs, together

with FITC-conjugated IgG1 and IgG2a isotype controls,

were obtained from BD Biosciences (Oxford, UK). The

murine mAb 18–6, which recognises an acrosome-associ-

ated antigen32 was kindly provided by Professor Harry

Moore (University of Sheffield, UK). An unrelated mAb

prepared in-house, H317, was also used as a negative

control33. Texas Red (TR)-conjugated antimouse IgG was

obtained from Molecular Probes (Europe). Rabbit poly-

clonal antibody (pAb) to human CD46 (H-294) and

horseradish peroxidase (HRP)-conjugated donkey anti-

rabbit IgG, as well as HRP-conjugated goat antimouse

IgG, were obtained from Santa Cruz Biotechnology

(California, USA).

Blood cells, cell lines and spermatozoal preparations

Local Ethical Committee approval was granted for this

study, and informed consent obtained from all healthy

volunteer donors.

Human peripheral blood mononuclear cells (PBMCs)

and red blood cells (RBCs) were prepared by centrifuga-

tion over Ficoll-Paque (Amersham Biosciences, Bucking-

hamshire, UK) from 10 to 15 mL heparinised blood

obtained by venepuncture, washed twice by centrifugation

and viable cells assessed using a counting chamber and

trypan blue exclusion. The human HeLa cervical carci-

noma cell line was obtained from European Collection of

Animal Cell Cultures (ECACC, Salisbury, UK).
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Freshly ejaculated human semen samples were obtained

from a panel of healthy volunteer donors of unknown

fertility, and allowed to liquefy at 37 �C for 30 min.

Motile spermatozoa were recovered from semen by a

direct swim-up procedure34. Briefly, semen (0.25 mL) was

layered under 1 mL of SWM-HTF medium in multiple

tubes and incubated at 37 �C for 1 h at an angle of about

45�. Motile spermatozoa were recovered by removal of

the top two-thirds of SWM-HTF medium. Spermatozoa

concentration and viability were assessed using a counting

chamber and trypan blue exclusion.

Capacitation and induction of the acrosome reaction

Capacitation was achieved by incubation of spermatozoa

in SWM-HTF medium for a further 1 h at 37 �C. The

acrosome reaction was subsequently induced by addition

of the calcium ionophore A23187 (Sigma-Aldrich, Dorset,

UK) to a final concentration of 10 lM for 1 h at 37 �C.

For control cells, capacitated spermatozoa were incubated

without ionophore. Spermatozoa were then washed twice

with isotonic phosphate-buffered saline (PBS), pH 7.4,

and centrifuged at 500 g for 8 min.

Dual staining fluorescent microscopy

Both capacitated and AR-spermatozoa (5 · 106 cells/mL)

were either smeared onto glass slides and then immedi-

ately air-dried and stained (prefix samples), or stained in

the fluid phase and then air-dried on slides (postfix sam-

ples). Unless stated otherwise, all mAbs were diluted 1: 50

in PBS and either incubated for 30 min followed by two

washes by centrifugation (500 g for 8 min) for postfix

spermatozoa samples or incubated for 1 h with three sub-

sequent rinses in PBS for prefix samples.

To assess the acrosomal status of postfix capacitated

spermatozoa, CD46 was used as a positive marker for

those spermatozoa that had spontaneously acrosome-

reacted (AR-spermatozoa) since it is uniformly distribu-

ted exclusively on the inner acrosomal region (IAM)17,35.

WGA, which binds to the plasma membrane of spermato-

zoa36 was used as a positive control for acrosome-unre-

acted (AUR)-spermatozoa. FITC-conjugated cholera toxin

B (CTB), which binds the GM1 ganglioside37 was used as

a marker for lipid rafts.

For postfix samples, freshly isolated swim-up sperma-

tozoa were incubated for 30 min in suspension with

5% goat serum before centrifugation and resuspension

with unconjugated mAbs, either anti-CD55 or anti-

CD59, followed by incubation with the secondary

TR-conjugated antimouse IgG antibody (diluted 1: 200

in PBS). Spermatozoa were further blocked with 5%

mouse serum before addition of a second mAb, FITC-

conjugated anti-CD46, then immediately air-dried on

slides. When spermatozoa were labelled with anti-

CD55 mAb followed by incubation with TR-conjugated

antimouse IgG and either R-WGA or FITC-cholera

toxin B (CTB; 10 lg/mL), the second block with mouse

serum was omitted.

For prefix samples, spermatozoa were air-dried on

slides then stained as for postfix samples. An irrelevant

mAb (H317) was included as a negative control for un-

conjugated mAbs, as well as a FITC-conjugated isotype

control mAb, for both prefix and postfix spermatozoa.

Slides were mounted with Vectashield (Vector Laborat-

ories, Peterborough) and confocal laser scanning micro-

scopy (CLSM) carried out using a Zeiss LSM 510

microscope.

Treatment of cells with phosphatidylinositol-specific
phospholipase (PI-PLC)

PBMCs, RBCs and AR-spermatozoa (1 · 106 cells/mL)

were treated either with or without PI-PLC (1.0 U/mL)

for 20 min at 4 �C. Cells were washed with PBS and cen-

trifugation, and localisation of CD46, CD55 and CD59

evaluated on cell suspensions by dual immunofluores-

cence staining as described above for postfix samples.

Preparation of cell lysates

Cell lysates were prepared by resuspending cells (2 · 107

cells/mL) in ice-cold lysis buffer (10 mM Tris pH 7.2,

150 mM NaCl, 1% NP-40, 0.05% SDS) supplemented

with 10% protease inhibitor cocktail. After 30 min incu-

bation on ice, insoluble material was removed by centrif-

ugation (10 000 g, 10 min, 4 �C) and supernatants stored

at )80 �C until use.

Western blotting

Cell lysates were separated in a 10% SDS-polyacrylamide

gel using a Bio-Rad MiniProtean 3 cell (Bio-Rad) accord-

ing to Laemmli38 under nonreducing conditions. Fol-

lowing electrophoresis, the separated proteins were

transferred onto a nitrocellulose membrane (Schleicher &

Schuell, London, UK) and blots blocked overnight at

4 �C with 5% (w: v) nonfat dry milk in PBS. Blots were

probed for 1 h at room temperature with either rabbit

antihuman CD46 pAb (H-294; 1: 800) or anti-CD55 mAb

(IA10; 1: 1000) diluted in PBS containing 0.05% Tween

20 (PBS-T), washed three times with PBS-T and incuba-

ted with either HRP-conjugated donkey antirabbit IgG or

HRP-conjugated goat antimouse IgG (1: 30 000) for

30 min. Following a further three washes with PBS-T,

protein bands were detected using an enzyme chemo-

luminescence Western blotting detection kit (Amersham

Biosciences, Buckinghamshire, UK) and captured on

autoradiographic film (Hyperfilm ECL, Amersham Bio-

sciences).
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Enzymatic deglycosylation

Deglycosylation of AR-spermatozoa and HeLa cell lysates

was performed according to the manufacturers’ instruc-

tions both with individual glycosidase enzymes and with

a defined mixture of enzymes. Both endo-a-N-acetyl-

galactosaminidase (Calbiochem, Nottingham, UK) and

O-glycosidase (Roche, Mannheim, Germany) were used

separately to cleave the disaccharide (Galb1,3GalNAc) of

O-glycans linked to a serine or threonine residues39 and

N-glycosidase F (Roche, Mannheim, Germany) was used

to cleave all types of asparagine-bound N-glycans. Briefly,

25 lL of cell lysate was mixed with 25 lL nonreducing

buffer (10% SDS, 10% glycerol, 0.1% bromophenol blue

in 0.3M Tris-HCl, pH 6.8) and boiled for 10 min. Endo-

a-N-acetylgalactosaminidase (0.25 mU) or O-glycosidase

(0.25 mU) and/or N-glycosidase (0.5 U) were added to

diluted lysate and incubated at 37 �C for 24 h. Neurami-

dase (25 mU; Roche) was included in all O-deglycosyla-

tion tubes to remove terminal disaccharide. Samples were

then separated on SDS-PAGE, Western blotted and blots

probed with anti-CD55 mAb, as described previously.

Results

CD55 is associated with both the plasma membrane
& acrosome of human spermatozoa

Evaluation of the acrosomal status of postfix capacitated

spermatozoa samples, containing both acrosome-unreacted

(AUR)-spermatozoa and spontaneous acrosome-reacted

(AR)-spermatozoa, was determined by two-colour cell sur-

face fluorescent staining with anti-CD46 mAb and R-WGA

followed by postfixation (Figs 1a,b). Localisation of CD55

was evaluated also by two-colour fluorescent staining

on postfix capacitated spermatozoa using R-WGA and

anti-CD55 (Fig. 1c).

Spermatozoa displaying intense binding with WGA and

no anti-CD46 binding on the inner acrosomal region

were considered AUR-spermatozoa (Fig. 1a; solid arrow).

In contrast, spermatozoa displaying strong staining with

anti-CD46 mAb and no binding with WGA were consid-

ered completely AR-spermatozoa (Fig. 1b; solid arrow).

However, spermatozoa displaying both binding of WGA

and anti-CD46 mAb reactivity were considered partially

AR-spermatozoa; colocalisation for both WGA-binding

and CD46 signals as yellow pixels (Fig. 1b; broken arrow).

Variation in intensity and localisation of WGA-binding,

particularly along the tail and neck regions, was observed

from one spermatozoa to another. These observations

indicate that CD46 is a reliable marker of the acrosome

reaction and that WGA detects not only AUR-spermato-

zoa but also partially AR-spermatozoa.

Similarly, for spermatozoa where CD55 was localised

primarily in the acrosomal region, no binding of WGA

was observed at that region (Fig. 1c; solid arrow),

although WGA-binding was observed on the neck region

and along the tail. However, some spermatozoa displayed

both anti-CD55 mAb reactivity and WGA-binding.

Co-localisation for both WGA-binding and CD55 signals

as yellow pixels (Fig. 1c; broken arrow), indicating that

CD55 is localised on the acrosomal region of fully or par-

tially AR-spermatozoa.

There was no positive staining with relevant isotype-

matched controls (data not shown).

CD55 & CD59 are expressed on the IAM & their
identification is influenced by time to fixation

The distribution of CD55 and CD59 on AR-spermatozoa

was assessed by two-colour immunofluorescent labelling

with anti-CD46 mAb (Figs 2a,d,j,m) and either anti-CD55

(Figs 2b,e) or anti-CD59 mAbs (Figs 2k,n). Fresh AR-

spermatozoa were stained either prefixed (Figs 2a–c,j–l)

or postfixed (Figs 2d–f,m–o).

Reactivity observed with the anti-CD46 mAb was

intense and localised exclusively to the IAM of both prefix

and postfix AR-spermatozoa; typically, this was approxi-

CD46/WGA (b)CD46/WGA (a) CD55/WGA (c)

Figure 1. Confocal laser scanning microscopy (CLSM) images of dual immunofluorescent localisation of CD46 (green) & WGA binding (red)

(a & b) and CD55 (green) & WGA binding (red) (c) on postfix capacitated spermatozoa. Single staining for WGA in (a), CD46 in (b), and

CD55 in (c) is marked with a solid arrow. Co-localisation signals as yellow pixels (broken arrow) for CD46 & WGA (b) and CD55 & WGA (c).

Final magnification: · 1700 (a,b) and · 1200 (c).
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rCD55 (g)

CD46 (d)

CD46 (a)

CD55 (e) (f)

                  (l)CD46 (j) CD59 (k)

CD46                  (m) CD59 (n) (o)

                  (i)18-6 (h)

CD55 (b) (c)

Figure 2. CLSM images of dual immunofluorescent localisation of CD46 (green) & CD55 (red) on prefix (a–c) & postfix (d–f) AR-spermatozoa.

Arrow indicates small structures not associated with intact spermatozoa (e). CD55 (green) & 18–6 mAb (red) on prefix AR-spermatozoa (g–i);

arrow indicates spermatozoal equatorial segment (i). CD46 (green) & CD59 (red) expression on both prefix (j–l) and postfix (m–o) AR-sperma-

tozoa. Co-localisation signals as yellow pixels for CD46 & CD55 (c & f), CD55 & 18–6 mAb (i) and CD46 & CD59 (l & o). Final magnifica-

tion: · 1200 (a–i), · 1000 (j–l) and · 1500 (m–o).
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mately 90% of ionophore-treated spermatozoa. All sper-

matozoa were positive for both CD55 and CD59,

although CD55 was primarily localised to the IAM of

prefix AR-spermatozoa. However, unlike CD46, which

displayed a relatively uniform pattern of staining on the

IAM, CD55 was localised on the IAM of prefix AR-

spermatozoa in a patchy speckled pattern. In contrast,

postfix AR-spermatozoa had a significantly greater time

to fixation and subsequently displayed a markedly gran-

ular pattern of staining for CD55 localised on the IAM,

with similar granular staining of the neck region and

along the tail. In addition, CD55 alone appeared localised

on small structures not associated with intact spermato-

zoa (Fig. 2e; solid arrow), which may represent released

membrane vesicles. On postfix spermatozoa, some vari-

ation in intensity and localisation of CD55 was observed

from one spermatozoa to another.

Dual immunofluorescence staining for CD55 and bind-

ing of the 18–6 mAb, which recognises an acrosome-

associated antigen, confirmed the presence of CD55 on

the IAM of prefix AR-spermatozoa (Fig. 2g–i). Like for

CD46, reactivity with the 18–6 mAb was intense and

restricted to the IAM. Co-localisation of 18–6 mAb bind-

ing and CD55 signalled as yellow pixels (Fig. 2i). It was

occasionally noted that CD55 exhibited pronounced

reactivity in the equatorial segment in comparison to

18–6 mAb binding (Fig. 2i; solid arrow).

CD59 was expressed also on the IAM of both prefix

and postfix AR-spermatozoa although, in contrast to

CD55, a much more granular staining pattern was

observed for both prefix and postfix AR-spermatozoa,

with pronounced localisation as well in the neck region

and on the tail (Fig. 2j–o). CD55 exhibited a higher

degree of variation than CD59 in its localisation from

one spermatozoa to another for both prefix and postfix

AR-spermatozoa samples.

Dual immunofluorescence staining of prefix AR-

spermatozoa with CTB and anti-CD55 mAb demonstra-

ted that all IAM-associated CD55 is localised within

GM1-containing lipid rafts (Fig. 3a–c).

There was no positive staining with relevant isotype-

matched controls (data not shown).

Spermatozoal CD55 and CD59 are sensitive to
cleavage by PI-PLC

The presence of a GPI-anchor on human spermatozoal

IAM and plasma membrane CD55 and CD59 was con-

firmed by treating AR-spermatozoa with PI-PLC and

subsequent dual staining with fluorochrome-conjugated

anti-CD55 and anti-CD59 mAbs. Anti-CD46 was used

both as a positive control for AR-spermatozoa and as a

negative control for a non-GPI-anchored protein.

PI-PLC cleaved nearly all CD55 and CD59 from the

surface of both spermatozoa and PBMCs (Table 1), dem-

onstrating that both mCRPs are attached via a GPI-

anchor as previously shown for other cell types; however,

the CD55 GPI-anchor expressed by RBC is substituted

with a fatty acyl chain on inositol, thus rendering them

insensitive to cleavage by PI-PLC40,41.

Characterisation of CD55 on AR-spermatozoa by
Western blotting

Western blot analysis of CD46 protein expressed on

PBMC demonstrated a characteristic two-band pattern

with Mr values of approximately 65 and 55 kDa

CTB (a) CD55 (b) (c)

Figure 3. CLSM images of dual immunofluorescent localisation of CTB binding (green) and CD55 (red) on prefix AR-spermatozoa (a & b).

Co-localisation signals as yellow pixels (solid arrow) for CD55 and CTB binding (c). Final magnification: · 3000.

Table 1. Sensitivity to cleavage by PI-PLC for CD46, CD55 and

CD59 on AR-spermatozoa and human control cell types

Cell type Without PI-PLC With PI-PLC

AR-spermatozoa CD46 +++ acrosome +++ acrosome

CD55 +++ acrosome

++ tail

– acrosome

+ tail

CD59 +++ acrosome

++ tail

+ acrosome

+ tail

PBMCs CD46 + +

CD55 +++ –

CD59 +++ +

RBCs CD46 – –

CD55 +++ +++

CD59 +++ +++

Key: + + + strong positive, + + positive, + weak positive, – negative.
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(Fig. 4a, lane 1). However, AR-spermatozoal CD46 dis-

played a single band of Mr 45 kDa (Fig. 4a, lane 3).

RBC, which do not express CD46, were negative

(Fig. 4a, lane 2).

A single band with a Mr of approximately 55 kDa was

detected by anti-CD55 mAb in AR-spermatozoa cell

lysates (Fig. 4b, lane 3), some 15 kDa lower than that

expressed by PBMC (Fig. 4b, lane 1). Because HeLa cell

lysates produced more consistent deglycosylated CD55

protein bands, these were used in deglycosylation experi-

ments rather than PBMC lysates. Treatment of AR-sper-

matozoa cell lysates with N-glycosidase F (Fig. 4c, lane 6)

had no effect on the CD55 Mr However, treatment of

AR-spermatozoa with endo-a-N-acetylgalactosaminidase

(Fig. 4c, lane 7) or both glycosidases (Fig. 4c, lane 8) pro-

duced a small reduction of Mr of approximately 3 kDa;

similarly, O-glycosidase had the same effect (data not

shown). N-glycosidase F also had no effect on the Mr of

CD55 in HeLa cell lysates (Fig. 4c, lane 2). In contrast,

HeLa cell lysates treated with endo-a-N-acetylgalactosa-

minidase alone (Fig. 4c, lane 3) or with both glycosidases

(Fig. 4c, lane 4) produced a decrease of 22 kDa in the

CD55 Mr.

Discussion

A rapid two-colour cell surface fluorescence staining tech-

nique has been employed in this study to clarify the locali-

sation of CD55 and CD59 on human spermatozoa, using

also CD46 as an accurate indicator of AR-spermatozoa

and WGA-binding as a positive indicator of either AUR

or partially AR-spermatozoa. Of previous reports25–31 only

three have identified CD55 or CD5928,30,31 on the acro-

somal region. The present study has confirmed that both

CD55 and CD59 are expressed on the IAM of prefix

AR-spermatozoa. Unlike Cervoni et al.30 however, we were

able to extend these findings to postfix cell surface staining

of AR-spermatozoa showing that CD55 displayed a more

granular pattern of staining on the IAM than the patchy

speckled pattern of staining for prefix spermatozoa.

In addition, we have been able to demonstrate that

IAM CD55 is associated with GM1-enriched lipid raft

microdomains, as reported for many GPI-anchored pro-

teins37. Hence, in vitro antibody-induced cell surface GPI-

anchored protein redistribution and vesicle release may

have influenced previous results for both AR- or AUR-

spermatozoa in suspension. Differences in spermatozoa

processing and staining could have led to the subsequent

patching and potential release of CD55 and CD59 from

the cell surface, as reported for GPI-anchored mCRP on

other cell types42. Our experiments were designed to min-

imise such loss of CD55 and CD59 from the cell surface

by reducing incubation and centrifugation times. Interest-

ingly, small CD55-positive fluorescent particles, probably

released membrane vesicles, were detected by fluorescent

microscopy in some samples.

Spermatozoal plasma membrane GPI-anchored proteins

can also be acquired from other cells or structures, e.g.

prostasomes43. However, the presence of CD55 and CD59

on the IAM indicates that these mCRPs are intrinsically

synthesised in germ cells. We found further that, unlike

transmembrane CD46, both CD55 and CD59 were

cleaved from the IAM of spermatozoa and PBMCs fol-

lowing incubation with PI-PLC, confirming that these

proteins are attached to the IAM via a GPI-anchor.

There have been consistent reports that spermatozoal

CD59 exists as a single 20 kDa protein, the same as

expressed by other cell types27,28,31. In contrast, Western

blot analysis of spermatozoal CD46 has shown a single

47 kDa band compared to the two band (65 and 55 kDa)

profile expressed by PBMCs which represents the BC1/2

and C1/2 CD46 isoforms, the difference in molecular
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Figure 4. Western blot analysis of CD46 (a) & CD55 (b & c) iso-

forms. (a) PBMC (lane 1), RBC (lane 2) and AR-spermatozoa (lane

3) cell lysates separated by SDS-PAGE and reacted with anti-CD46

pAb. (b) PBMC (lane 1), blank (lane 2) and AR-spermatozoa (lane

3) cell lysates. (c) Deglycosylation analysis of HeLa cell (lanes 1–4)

and AR-spermatozoa (lanes 5–8) cell lysates, either untreated (lanes

1 & 5) or treated with N-glycosidase (N: lanes 2 & 6), O-glycosidase

and neuramidase (O: lanes 3 & 7) or N-glycosidase, O-glycosidase

and neuramidase (N,O: lanes 4 & 8), separated by SDS-PAGE and

reacted with anti-CD55 mAb.
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weight of these forms being mostly due to O-glycosylation

in the STP-B region44. However, AR-spermatozoal CD46 is

thought to be a hypoglycosylated C2 form and the reduced

molecular weight is due to trimming of N-linked oligosac-

charides20. Similarly, we have shown that AR-spermatozoal

CD55 displays a single band with a Mr of approximately

55 kDa, some 15 kDa lower that that expressed by PBMC

or HeLa cells. In contrast to Bozas et al.27 but in agree-

ment with both Cervoni et al.30 and Simpson et al.28 it

appears that, as well as CD46, human spermatozoa also

express a unique isoform of the structurally related

complement regulatory protein CD55. Treatment with

N-glycosidase had no effect on the Mr for both AR-sper-

matozoa and HeLa cell CD55. However, in contrast to

the unillustrated report of Cervoni et al.30 AR-spermato-

zoa treated with endo-a-N-acetylgalactosaminidase or

O-glycosidase gave a small reduction in Mr of approxi-

mately 3 kDa, whereas HeLa cell lysates treated with these

glycosidases produced a decrease of approximately 22 kDa

in the CD55 Mr; this is compatible with a core nonglycos-

ylated CD55 protein of 48 kDa45. It is not clear why

CD55-associated glycoconjugates may be resistant to enzy-

matic release, although we can speculate that spermatozoal

CD55 lacks mature O-linked oligosaccharides.

Spermatozoal CD46, CD55 and CD59 have been shown

to be functional, providing protection from C-mediated

damage in the female genital tract where there are signifi-

cant levels of C proteins together with C cleavage

enzymes and potential C activators3. However, it has

often been assumed in the literature that CD55 and CD59

are not expressed on the IAM, and therefore provide pro-

tection of spermatozoa from C-mediated damage only in

the lower regions of the female genital tract, while CD46

provides protection during the final steps of fertilisa-

tion25,46. However, our data have shown that all three

mCRP are present on the IAM, and the strong coexpres-

sion of CD46 and CD55 could suggest some functional

cooperativity immediately prior to fertilisation.

The levels of expression of the mCRPs, CD46, CD55

and CD59, on the spermatozoal IAM may be unexpected.

However, in addition to its conventional role as a regula-

tor of C, data have accumulated to indicate that CD46

participates also in spermatozoal events leading to fertilisa-

tion1,17,20–24. Much less is known on the potential role of

spermatozoal CD55 and CD59. Complement-independent

defective spermatogenesis has been reported in knockout

mice lacking spermatozoal CD5947. In somatic cells, CD55

and CD59 as well as CD46 have been shown to be

involved in cell adhesion and contribute to intracellular

signalling46,48,49. In particular, crosslinking GPI-anchored

mCRP into lipid rafts can contribute to activating T cells

through the tyrosine kinase pathway; such lipid raft-asso-

ciated events lead to signalling that can result in changes

in intracellular calcium concentrations50,51. Cholesterol is

a major player in maintaining the integrity of lipid rafts,

and removal of raft cholesterol leads to dissociation of

most proteins from rafts and renders them nonfunction-

al52. Spermatozoal capacitation involves a diverse series of

biochemical and physical changes that enables the subse-

quent acrosome reaction. The first event in capacitation is

cholesterol efflux leading to elevation of intracellular cal-

cium concentration mediated also by the tyrosine kinase

pathway13,53. This influx of calcium is essential for fusion

of the plasma membrane with the outer acrosomal mem-

brane, initiating the acrosome reaction54. Cholesterol

depletion has been shown to destabilise lipid rafts and

suppress capacitation55. CD55 may therefore be involved

in the signalling machinery for this event. In support of

this, antibodies to CD55 have been reported to inhibit the

acrosome reaction induced by the oocyte-cumulus com-

plex but not by calcium ionophore46.

In summary, an unusual isoform of GPI-anchored

CD55 is markedly expressed on the IAM of human sper-

matozoa, more than on the surface plasma membrane.

Co-localisation experiments revealed also that IAM CD55

is associated with lipid rafts, further supporting the con-

cept that CD55 could be involved in intracellular signal-

ling events prior to fertilisation. Its exact role, however,

remains to be determined.
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