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The surface of mammalian sperm is known to exhibit regional heterogeneity. Using monoclonal antibodies, we have 
analyzed the nature of this regional variation at the molecular level. A map of the surface of guinea pig sperm has 
been constructed that defines a number of regions in which surface antigens are localized and analyzes the diversity 
of antigens found in each region. In an initial screening of 117 hybridoma antibodies to a sperm membrane preparation, 
a remarkable result was obtained: all the antibodies bound to a localized region of the cell. From the initial hybrid 
lines, we established a collection of 56 stable hybridomas producing antibodies to surface antigens. These antibodies 
detect antigens localized in five surface regions: anterior head (AH), posterior head (PH), whole head (WH), posterior 
tail (PT), and whole tail (WT). At least 12 distinct surface antigens are recognized that bind antibodies in one of the 
localized regions (five AH antigens, three PH, two WH, one PT, and one WT). Some of the recognized antigens have 
been identified as proteins, comprised of either one or several ‘%labeled polypeptides. The identified AH antigens 
have labeled polypeptides of molecular weights (Mr) 52,006 (52K); 70K, 62K, 46K, 25K, and 18K, 62K, 52K, and 38K, 
16K; and 38K. Identified PH antigens have polypeptides of M, 60K; 66K, 48K, and 41K; and 58K and 48K. Identified 
WH antigens have polypeptides of M, 89K and 45K; and 42K. We conclude that the sperm cell can maintain contiguous 
membrane domains which have quite different compositions. Its surface is a mosaic consisting of multiple regions and 
each region can contain several localized antigens. 

INTRODUCTION 

Mammalian fertilization involves the capacitation of 
sperm, sperm passage through the cumulus cells, the 
acrosome reaction, and sperm binding to the zona pel- 
lucida and fusion with the egg plasma membrane. In 
each of these processes, the sperm surface is believed 
to play a fundamental role (cf. Yanagimachi, 1981; for 
a recent review). During capacitation, surface molecules 
may be lost and the plasma membrane undergoes 
changes resulting in entry of external calcium into the 
cell. In the acrosome reaction, a specific area of the cell 
membrane fuses with the outer acrosomal membrane. 
During the sperm’s approach to and ultimate fusion 
with the egg, the sperm surface interacts with succes- 
sive layers of the oocyte vestments ending with the egg 
plasma membrane itself. 

A deeper understanding of the sperm’s role in these 
processes will require insight into the molecular anat- 
omy of its surface. Currently, there is a paucity of in- 
formation about individual surface molecules of mam- 
malian sperm. In the present study, we sought such 
information about the guinea pig sperm surface. Pre- 
vious studies of the sperm surface have demonstrated 
a nonuniform binding of probes that potentially rec- 
ognize classes of molecules. These probes include lectins 
(reviewed by Koehler, 1978), filipin, and polymixin B 

(Bearer and Friend, 1980; Bearer and Friend, 1982; Elias 
et aL, 1979), ‘251-di-iodofluorescein isothiocyanate (Ga- 
be1 et aL, 1979), heterogeneous antibodies (Fellous et aL, 
1974; Koehler, 1975; Koehler and Perkins, 1974; Koo et 
aL, 1973; Millette and Bellve, 1977; Tung et aL, 1979; 
O’Rand, 1980; O’Rand and Romrell, 1980), and colloidal 
iron hydroxide (reviewed by Koehler, 1978). These stud- 
ies have established that the sperm surface has regional 
heterogeneity. Their limitation is twofold: they do not 
reveal how many patterns of localization of surface mol- 
ecules may exist on the sperm and they have not de- 
termined the number or identity of the surface mole- 
cule(s) that result in nonuniform binding of the probes. 

Recent work using monoclonal antibodies (MAbs) has 
indicated that an individual antigen can be localized in 
a particular sperm surface region (Myles et ab, 1981; 
Feuchter et a& 1981; Saling and O’Rand, 1981; Schmell 
et al, 1982). In our previous work, we identified three 
localized surface proteins of guinea pig sperm, a iW, 52K 
protein localized on the anterior head, a iW, 60K protein 
localized on the posterior head, and a M, 42K protein 
localized on the whole head (Myles et aZ., 1981). In the 
present study, we asked if there are additional patterns 
of localization or if other surface molecules share the 
already defined patterns of localization. The approach 
we have taken is to generate a collection of monoclonal 
antibodies which can be used to localize the antigens 
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by immunofluorescence and to identify them by im- 
munoprecipitation. This approach has allowed the con- 
struction of an initial map of surface topography for 
the guinea pig sperm. 

MATERIALS AND METHODS 

Hybridoma Production 

Three C5’7/B1/6 female mice (Charles River) were im- 
munized with the initial 90,000ga, membrane pellet ob- 
tained from extensively washed guinea pig cauda epi- 
didymal sperm as previously described (Primakoff et al., 
1980). The pellet is composed mainly of membrane ves- 
icles released by sperm in the acrosome reaction and 
some sperm cells (Myles et al, 1981). Thus, the immu- 
nogen is enriched for the anterior head region of the 
plasma membrane providing a focus on this region com- 
bined with a survey of the whole cell. For immunization 
on Day 1, 150 pg of membrane protein, in complete 
Freund’s adjuvant, was injected intraperitoneally into 
each mouse. Two mice received a second intraperitoneal 
injection of 150 pg protein, in incomplete Freund’s ad- 
juvant, on Day 12. All three mice received intravenous 
injections of 100 pg protein in phosphate-buffered saline 
(PBS) on Day 20 and were sacrificed on Day 23. 

The spleen cells were fused as previously described 
(Myles et aZ., 1981). Culture supernatants were initially 
assayed for binding to sperm membrane antigens in a 
solid-phase radioactive binding assay. An arbitrarily 
selected subset of the positive supernatants was then 
tested for binding to fixed sperm by indirect immuno- 
fluorescence. Most of the cell lines that were positive 
by .indirect immunofluorescence were frozen and stored 
in liquid nitrogen. Subsequently they were thawed, 
grown in small quantities, and supernatants were re- 
tested to confirm the indirect immunofluorescence. Some 
lines were cloned by limiting dilution and grown in large 
quantity, and the others were grown in quantities of 
about 5 ml. Results from the cloning by limiting dilution 
were in each case scored by indirect immunofluores- 
cence on live and fixed cells to establish that all the 
subclones exhibited the same localization of antibody 
binding. 

Solid-Phase Radioactive Binding Assay 

The solid-phase assay for the presence of antibody in 
hybridoma supernatants was performed as previously 
described (Myles et al, 1981). To assess the heat lability 
of particular antigenic determinants, the membrane 
fraction obtained by sonication and ultracentrifugation 
(Myles et al, 1981) was placed in a boiling-water bath 
for 10 min, cooled to room temperature, and allowed to 

bind to the microtiter plate. Alternatively, to solubilize 
the antigen before heating, l/10 volume of 0.25 M n- 
octyl-P-D-glucopyranoside, from Sigma Chemical Com- 
pany (octylglucoside, OG) was added to a suspension of 
sperm at 1 X lO’/ml in Mgz+-Hepes medium (Green, 
1978) containing 1 mM phenylmethylsulfonyl fluoride 
(PMSF) and 10 puM leupeptin. Incubation in the OG con- 
tinued for 15 min and the cell remnants were removed 
by centrifuging at 12,OOOg,, for 10 min at room tem- 
perature. One aliquot of supernatant containing the OG- 
solubilized surface antigens remained at room temper- 
ature, and a second aliquot was boiled for 10 min. Each 
sample was allowed to bind to the microtiter plate. Ra- 
dioactivity bound to boiled samples in the solid-phase 
assay was compared to radioactivity bound to untreated 
samples. For both boiled and untreated samples, bind- 
ing of culture supernatant from the parent myeloma 
line is used as a control for nonspecific binding. The 
counts per minute (cpm) of lz51-goat anti-mouse second 
antibody bound in the control is the background of the 
assay and is subtracted from the cpm bound with each 
hybridoma antibody. 

Indirect Immunojbn-escence 

Indirect immunofluorescence was performed as pre- 
viously described (Myles et al, 1981). Cells were fixed 
prior to staining by addition of 1 vol of buffered form- 
aldehyde made fresh from paraformaldehyde, to 1 vol 
of cells suspended in Me-Hepes at 2 X 107/ml. 

Iodination and Immunoprecipitatio of Cell 
Surface Proteins 

Surface proteins of sperm from the cauda epididymis 
were labeled with ‘%I using the Iodo-Gen reagent, from 
Pierce Chemical Company (Lop0 and Vacquier, 1980; 
Markwell and Fox, 1978). In general, five aliquots each 
containing 1 ml of washed sperm suspended at 3 X 107/ 
ml in M$+-Hepes were added to five lo-ml Pyrex beak- 
ers coated with dried Iodo-Gen and 1 mCi Na-‘%I was 
added to each beaker. The iodination reaction was al- 
lowed to proceed for 10 min at room temperature, the 
sperm were pipetted out of the beakers into a centrifuge 
tube, diluted to about 15 ml with M2+-Hepes contain- 
ing 10 phf leupeptin, and washed twice at room tem- 
perature. The cells were then resuspended in about O.l- 
0.2 ml of residual supernatant (Mg2+-Hepes with 10 &f 
leupeptin), cooled to 4”C, and solubilized by addition of 
l-l.5 ml of “solubilization buffer” containing 0.14 M 
NaCl, 1% bovine hemoglobin, 10 mM Tris, pH 8.0, 1% 
Triton, 1 mM PMSF, and 10 PM leupeptin. Solubiliza- 
tion was allowed to continue for 15 min at 4”C, and 
subsequently the entire solubilized cell mixture was 
centrifuged at lOO,OOOg,, for 1 hr at 4°C. Free ‘%I was 
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removed from the supernatant by dialysis against two 
l-liter aliquots of solubilization buffer for 3 hr each. If 
the labeled antigen mixture was frozen before use, glyc- 
erol was first added to a final concentration of 20%. 

Immunoprecipitation, electrophoresis, and autora- 
diography were done as previously described (Myles et 
aZ., 1981). In experiments with PH-20, PH-21, and PH- 
1022, the immunoprecipitates were alkylated following 
reduction according to Dwyer and Blobel(l976) and then 
electrophoresed. Variation in the molecular weight (Mr) 
determined for iodinated antigens in successive elec- 
trophoresis runs was less than or equal to +5% of 
the M,. 

Autoradiographic films were allowed sufficient ex- 
posure times (noted in the figure legends) to visualize 
the polypeptide bands clearly. The considerable differ- 
ences in required times result presumably from differ- 
ent levels of lz51 labeling of each antigen, extractability 
and stability of the antigen in 1% Triton, or affinity of 
the antibodies for the antigen. 

In immunoprecipitation experiments in which the an- 
tigen mixture was precleared with AH-30, 400 ~1 sol- 
ubilization buffer was added to 4 X lo6 cpm of antigen 
mixture and then incubated 2 hr with 120 111 of AH-30 
supernatant at 4°C. Following this incubation, 40 ~1 of 
rabbit serum anti-mouse IgG was added and incubation 
at 4°C continued overnight. The mixture was centri- 
fuged to remove the bulk precipitate, and the super- 
natant was centrifuged twice more to attempt to remove 
any residual percipitate; 150-~1 aliquots of the final su- 
pernatant were then mixed with other MAbs and the 
second precipitation performed as described (Myles et 
al, 1981). 

Examination of Procedures for Possible Proteolgsis 

To search for possible proteolysis during our proce- 
dures, exogenous, lz51-labeled bovine serum albumin 
(BSA) was added, carried through the procedures, and 
then examined for proteolytic fragmentation. The ‘%I- 
BSA, a kind gift from Dr. J. F. Dice of Harvard Medical 
School, was stored frozen at -20°C at a concentration 
of 0.18 mg/ml and 8.25 X lo5 cpm/pl in PBS. Since the 
exogenous BSA is soluble and will not centrifuge down 
with the sperm, it is left behind when the sperm are 
initially pelleted and it must be readded. Therefore, the 
control experiment to probe for proteolysis was per- 
formed in two steps. In the first step an attempt was 
made to detect protease activity released during the 
isolation and initial pelleting of cauda sperm. Twenty 
microliters of ‘251-BSA was added to 20 ml of Mti+- 
Hepes, a freshly excised cauda epididymis was added 
and cut into pieces as usual, and the sperm were pressed 
out from the cut epididymis with wooden applicator 

sticks, and then removed by centrifugation at room 
temperature. The ‘%I-BSA was allowed to sit an extra 
3 min at room temperature in the supernatant (thus 
giving it extra exposure time to potential proteases) and 
then SDS-PAGE sample buffer was added and this 
sample prepared for electrophoresis. In the second step, 
another sample of ‘251-BSA was exposed to all the con- 
ditions that pelleted sperm experience as they are re- 
suspended, iodine labeled, detergent extracted, di- 
alyzed, and incubated with antibodies in our procedures. 
Sperm were released from the cauda, pelleted, and re- 
suspended in 0.5 ml MS+-Hepes containing 40 ~1 of ‘%I- 
BSA. The sperm were then “mock-iodinated” using 50 
ng of nonradioactive NaI for 10 min in an Iodo-Gen 
coated beaker. Subsequently, they were removed from 
the beaker, leupeptin was added to a final concentration 
of 6 p&l, the cells were pelleted twice at room temper- 
ature, and resuspended in their own supernatant so as 
not to discard the exogenous ‘%I-BSA. The cell suspen- 
sion was cooled at 4°C and 0.5 ml of two times concen- 
trated solubilization buffer added. The detergent ex- 
tract was ultracentrifuged, dialyzed, and frozen. This 
mock-labeled surface antigen mixture containing lwI- 
BSA was later thawed and immunoprecipitated in the 
usual fashion with AH-30 supernatant. The ‘%I-BSA 
containing supernatant was saved after each washing 
centrifugation and after the final wash was mixed with 
9 vol of sample buffer and prepared for electrophoresis. 

RESULTS 

Generaticm and Screening of the Antibodies 

The initial screening indicated that the immunization 
protocol produced many hybrid lines secreting antibod- 
ies to sperm membrane antigens. From three spleen- 
myeloma fusions, 832 culture supernatants were as- 
sayed and 318 were found to be positive in the solid- 
phase assay for binding to a sperm membrane prepa- 
ration. One hundred and seventy-six of these were ar- 
bitrarily selected for scoring of binding to fixed sperm 
by indirect immunofluorescence. Sixty of the superna- 
tants scored negative and 116 were positive by indirect 
immunofluorescence. One hundred fifteen of the one 
hundred sixteen positive supernatants contained anti- 
body that bound to a specific region of the sperm. The 
one culture which initially produced antibody that bound 
to the entire sperm was subsequently cloned and split 
into two hybrid cell lines. One clone produced antibody 
that bound to the whole head and the other produced 
an antibody that bound only to the tail. Thus, all the 
hybridoma antibodies tested from the three fusions 
bound to a localized region on the sperm. 

The morphology of the sperm cell and its surface re- 
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Anterior Head 

Equatorial Segment 1 
Posterior Head 

Anterior Tail 

Posterior Tail 

FIG. 1. Diagram of the guinea pig sperm. The asymmetrical sperm 
cell and the positions of its internal organelles are shown: A, acro- 
some; N, nucleus, M, mitochondria. The terminology used for sperm 
surface regions is on the right side of the diagram. 

gions are illustrated in the diagram of Fig. 1. The bind- 
ing patterns to the surface observed with the antibodies 
included in this study are shown schematically in Fig. 
2. From the initial 116 positive hybridomas we now have 
established 56 stable lines, which, when grown in quan- 
tity, continue to secrete antibody to sperm surface an- 
tigens (Fig. 2). Letter designations are given to anti- 
bodies indicating their localized binding to the anterior 
head (AH), posterior head (PH), whole head (WH), pos- 
terior tail (PT), and the whole tail (WT) (Fig. 2). The 
anterior head surface is the region that lies over the 
acrosome and equatorial segment; the posterior head 
surface overlies the postacrosomal region of the cell; 
and the posterior tail surface covers the region over the 
principal piece and endpiece of the tail (Fig. 1). If the 
antibody is produced by a cloned line it is assigned a 
number from 1 to 100; if it is produced by an uncloned 
line it has a number from 1001 to 1100. Thus, for ex- 
ample, PH-30 is an antibody from a cloned line which 
binds to the posterior head. The results obtained with 
the individual antibodies are presented for each surface 
region. 

Anterior Head 

The binding patterns of antibodies that stain the an- 
terior head and the other distinct regions can be ob- 
served on live, swimming cauda epididymal sperm. This 
is the case for all the antibodies in this study with the 
exception of the five antibodies in anterior head Group 
3a (see below). Since it is possible that the immunoflu- 
orescent staining procedure could induce antigen ag- 

gregation on live cells, binding to live cells was com- 
pared in all experiments with binding to cells fixed in 
1.5-4% formaldehyde prior to staining. Alternatively, 
live sperm at room temperature were compared to live 
sperm maintained at 4°C throughout the staining pro- 
cedure. In all cases, the surface domain in which the 
antibody is observed to bind is the same. 

Six anterior head antibodies have been found that 
precipitate a single ‘l-labeled polypeptide, ikf, 52K. 
These antibodies are grouped together under anterior 
head Group 1 (Table l), since they apparently recognize 
the same antigen. A member of this group is AH-2 (Ta- 
ble 1) whose immunofluorescent binding pattern and 
immunoprecipitation results are illustrated in Figs. 3A,B 
and Fig. 4 (lane a). 

In another group of AH antibodies, anterior head 
Group 2, each antibody precipitates five polypeptides of 
M, ‘70K, 62K, 46K, 25K, and 18K (Table 1). The immu- 
noprecipitate from Group 2 MAb (AH-40) is shown in 
Fig. 4 (lane b). AH-40 exhibits a less smooth, more 
splotchy immunofluorescent pattern on the anterior 
head (Fig. 3C, D) as compared to the antibodies from 
AH Group 1 (see AH-2, Fig. 3A, B and AH-l (Myles et 
al, 1981). 

The major class of antibodies produced in these fu- 
sions comprises anterior head Groups 3 and 3a (Table 
1). Fifteen of the 56 antibodies studied fall into these 
two groups. Each antibody in these groups bind spe- 
cifically to the anterior head (Figs. 3E-H) and precip- 
itates polypeptides of M, 62K, 52K, and 38K (Fig. 4, 
lanes c, d). While they precipitate the same lz51-labeled 
antigen, there are four differences between Group 3 and 
Group 3a antibodies: 

(1) Group 3 antibodies bind to live sperm, whereas 
Group 3a antibodies do not bind to live sperm. We found 
that Group 3a antibodies can bind to sperm only if the 
cells are first treated with saponin, frozen and thawed, 

#of AH PH WH Wl Pl Total 

antibodior 27 7 17 4 1 56 

FIG. 2. Summary diagram of the binding patterns observed for the 
collection of hybridoma antibodies. 
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TABLE 1 
ANTIGENIC SPECIFICITIES OF ANTIBODIES BINDING 

TO THE SPERM SURFACE 

Localization 
M, of precipitated 

polypeptides X lOen Antibodies 

Anterior head 
Group 1 

Group 2 70, 62, 46, 25, 18 
Group 3 62, 52, 38 

Group 3a 

Group 4 
Group 5 

Posterior head 
Group 1 
Group 2 
Group 3 
Group 4 

Whole head 
Group 1 

Group 2 
Group 3 

Posterior tail 
Group 1 

Whole tail 
Group 1 

52 

62, 52, 38 

38, 16 
No bands on gel 

60 PH-1 
66, 48, 41 PH-20, PH-21, PH-1022 
58,48 PH-10, PH-1011 
No bands on gel PH-30 

42 

89, 45 
No bands on gel 

No bands on gel 

No bands on gel 

AH-l, AH-2, AH-1003, AH- 
1004, AH-1005, AH-1006 

AH-40, AH-1041, AH-1042 
AH-20, AH-21, AH-1022, 

AH-1023, AH-1024, AH- 
1025, AH-1026, AH-1027, 
AH-1028, AH-1029 

AH-30, AH-31, AH-1032, 
AH-1033, AH-1034 

AH-50 
AH-1060, AH-1061 

WH-1, WH-1002, WH-1003, 
WH-1040 

WH-30 
WH-20, WH-21, WH-1022, 

WH-1023, WH-1024, WH- 
1025, WH-1026, WH-1031, 
WH-1032, WH-1033, WH- 
1034, WH-1035 

PT-1 

WT-1, WT-2, WT-1003, WT- 
1004 

or fixed in formaldehyde at concentrations higher than 
1% (Figs. 3G, H). Such treatments may result in per- 
meabilizing the cell, thus permitting some access of an- 
tibodies to internal components, and under these con- 
ditions binding of Group 3a antibodies becomes pos- 
sible. 

(2) Group 3 antibodies show a relatively smooth flu- 
orescent pattern (Figs. 3E, F). Group 3a antibodies have 
a clearly different, uneven fluorescent pattern that often 
exhibits holes (Figs. 3G, H). 

(3) Group 3 antibodies precipitate lower amounts of 
the three ‘l-labeled polypeptides (Fig. 4 lanes c and d; 
exposure time lane c, Group 3, 47 days; exposure time 
lane d, Group 3a, 8 days). 

(4) Group 3 antibodies recognize heat-sensitive an- 
tigenic determinants whereas Group 3a antibodies rec- 
ognize heat-stable determinants. In the experiment that 
revealed this difference, antibody binding to a sperm 
membrane preparation or to the antigen solubilized in 
octylglucoside (OG) was measured in the solid-phase 
assay. The antigenic material was either untreated or 

boiled. All 10 Group 3 antibodies recognize heat-sen- 
sitive antigenic determinants, whereas all five Group 
3a antibodies recognize heat-stable determinants (Ta- 
ble 2). 

Anterior head Groups 4 and 5 include the other AH 
antibodies obtained (Table 1). AH-50, the single anti- 
body in Group 4, has a bright fluorescent pattern (Figs. 
31, J) and precipitates labeled polypeptides of il& 38K 
and 16K (Fig. 4, lane e). Group 5 antibodies exhibit a 
smooth and bright fluorescence (Figs. 3 K, L), but show 
no labeled bands in their immunoprecipitates (Table 1). 
These two Group 5 antibodies (AH-1060,106l) may rep- 
resent unique antigenic specificities. Alternatively, if 
further characterized they could turn out to recognize, 
perhaps with low affinity following detergent solubili- 
zation, one of the Group l-Group 4 antigen types. 

Relationships may exist between the antigens rec- 
ognized by antibodies in AH Groups l-4. Figure 4 shows 
that AH Groups 3 and 3a precipitate three polypeptide 
bands with apparent M,. 62K, 52K, and 38K. A band 
that consistently comigrates with the 62K band is pre- 
cipitated by Group 2 antibodies (Fig. 4, lanes b-d); a 
band that consistently co-migrates with the 38K band, 
is precipitated by Group 4 antibodies (Fig. 4, lanes c- 
e); and a band that consistently comigrates with the 
52K band is precipitated by Group 1 antibodies (Fig. 4 
lanes a-d). A “preclearing” experiment was performed 
to ask (1) if the 62K band recognized by Group 2 AH- 
40 (70K, 62K, 46K, 25K, 18K) is the same as the 62K 
band recognized by the Group 3, 3a (62K, 52K, 38K) 
MAbs, and (2) if the 38K band recognized by Group 4 
AH-50 (38K, 16K) is the same as the 38K band recog- 
nized by Group 3, 3a (62K, 52K, 38K) MAbs. The 1251- 
labeled Triton extract of sperm was first precleared by 
immunoprecipitating with AH-30 (62K, 52K, 38K), and 
subsequently precipitated either with AH-40 (70K, 62K, 
46K, 25K, 18K) or AH-50 (38K, 16K). The pattern ob- 
tained with AH-40 following preclearing was un- 
changed from the control AH-40 pattern indicating that 
the AH-40 62K polypeptide is not recognized by AH-30 
(62K, 52K, 38K). However, after AH-30 (62K, 52K, 38K) 
preclearing, AH-50 (38K, 16K) gives an immunoprecip- 
itation pattern in which the 38K band is significantly 
reduced, whereas the 16K band is relatively unchanged 
(Fig. 4, lane f). This experiment shows that AH-30 (62K, 
52K, 38K) recognizes an antigenic determinant on the 
38K polypeptide precipitated by AH-50 and these two 
38K polypeptides may well be identical. The experi- 
ment, in addition, indicates that the MAb AH-50 rec- 
ognizes two distinct antigens with a common deter- 
minant, M, 38K and Bl, 16K, as these two polypeptides 
are not coprecipitated in the preclearing, and thus ap- 
parently are not covalently or noncovalently associated. 

The electrophoretic result (Fig. 4, lane f) also illus- 
trates the limitations of this type of preclearing ex- 
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FIG. 3. Binding patterns of six AH antibodies demonstrated by indirect immunofluorescence. Left micrograph in pair shows fluorescence; 
right micrograph is the corresponding phase contrast image of the same cell (A,B) AH-2, live staining; (CD) AH-40, live staining (E,F); AH- 
20, staining after fixation in 1.5% formaldehyde; (G,H) AH-30, staining after fixation in 1.5% formaldehyde. (1,J) AH-50, live staining; (K,L) 
AH-1060, staining after fixation in 4% formaldehyde. Bar, 5 pm. 

periment: though we varied the conditions of precipi- 
tation, it was not possible to quantitatively remove all 
of the 38K band by preclearing with AH-30 (62K, 52K, 
38K). Thus, a low level of the 38K band remains to be 
precipitated by AH-50 (38K, 16K). Furthermore, a small 
amount of the 52K band, the strongest band in the AH- 
30 (62K, 52K, 38K) pattern, appears with the second 
(AH-50) immunoprecipitate (Fig. 4, lane f). This auto- 
radiographic detection of 52K material probably occurs 
because less than 100% of the initial AH-30 antigen- 
MAb complex is removed in the preclearing. This re- 
sidual complex is then precipitated by the second pre- 
cipitation step. This appearance of a residual 52K la- 
beled band in the second precipitate after preclearing 
with AH-30 (62K, 52K, 38K) made it impossible to de- 
termine whether AH-30 (Group 3a) could preclear the 
52K band recognized by Group 1 antibodies (Fig. 4, lane 
a, Table 1). 

Posterior Head 
The seven antibodies that bind to the posterior head 

can be classified into four groups, whose fluorescent pat- 

terns are presented in Fig. 5. Group 1 (Figs. 5A, B) 
contains a single MAb, PH-1, that precipitates an ‘%I- 
labeled polypeptide of M, 60 K (Myles et aL, 1981). Group 
2, represented by PH-20, has a fluorescence pattern on 
the posterior head which differs from the PH-1 pattern, 
since PH-20 fluorescence is not as bright nor as uni- 
formly distributed in the PH region (Figs. 5A, B, E, F). 
PH-20 precipitates three bands on a reducing gel with 
M,. 66K, 48K, and 41K (Fig. 6, lane a). If the immuno- 
precipitate is run on a nonreducing gel, one band is 
obtained with M, 70K (Fig. 6, lane b). 

PH-10 (Figs. 5C, D) represents the third group of PH 
antibodies and has a fluorescent pattern that is similar 
to that of PH-1 (Figs. 5A, B). It precipitates two labeled 
polypeptides with ilf, 58K and 48K (Fig. 6, lane c). These 
two polypeptides appear as only weak bands on the film 
after a 27-day exposure. A third weak band of ilf, 65K 
also appears (Fig. 6, lane c). This third band was ap- 
parently a contaminant, since it was present in all the 
lanes on this particular gel, including control lanes of 
immunoprecipitates from MAbs that do not bind to the 
sperm surface (Fig. 6, lane d). 
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A fourth type of MAb that binds to the posterior head 
has a fluorescent pattern shown in Figs. 5G, H. This 
MAb, PH-30, shows no labeled bands in its immuno- 
precipitate and thus may recognize a unique antigen or 
have low affinity, following detergent solubilization, for 
one of the identified posterior head antigens. 

Whole Head 

Although it appears that the sperm cell has several 
antigens segregated into either the anterior head or the 
posterior head surface, other antigens localized on the 
head are present in both of these domains. These are 
detected by whole head antibodies and three distinct 
groups of WH antibodies have been found. 

Group 1 contains four antibodies: WH-1, WH-1002, 
WH-1003, and WH-1040. These antibodies give a bright, 
smooth fluorescent pattern on the whole head (Figs. 7A, 
B and WH-1 fluorescence, Myles et aL, 1981). WH-1 
(Myles et al., 1981), WH-1002, and WH-1003 precipitate 
a single ‘251-labeled polypeptide with M, 42K (Fig. 8, 
lane a). WH-1040 precipitates a single band that con- 
sistently migrates slightly faster than the 42K WH-1, 

116 

67 

45 

30 

12 K- 

FIG. 4. Analysis of immunoprecipitates of AH antibodies by SDS- 
PAGE and autoradiography. Lane a, AH-2,4’7 days exposure; lane b, 
AH-40, 27 days exposure; lane c, AH-20, 47 days exposure; lane d, 
AH-30,8 days exposure; lane e, AH-50,28 days exposure; lane f, AH- 
50 following preclearing with AH-30, 28 days exposure. Molecular 
weight markers are @galactosidase, 116K, bovine serum albumin, 
67K; ovalbumin, 45K; carbonic anhydrase, 30K; and cytochrome c, 
12.4K. 

TABLE 2 
HEAT LABILITY OF ANTIGENIC DETERMINANTS RECOGNIZED BY 

ANTERIOR HEAD ANTIBODIES IN GROUPS 3 AND 3a 

Counts per minute bound Counts per minute bound 
to membranes to OG extract 

boiled/untreated boiled/untreated 

Group 3 
AH-20 
AH-21 
AH-1022 
AH-1023 
AH-1024 
AH-1025 
AH-1026 
AH-1027 
AH-1028 
AH-1029 

Group 3a 
AH-30 
AH-31 
AH-1032 
AH-1033 
AH-1034 

O/1127 o/229 
011376 o/1533 

23311468 33712346 
102/1710 352/2794 
3111348 011303 
9611562 o/2329 

o/1492 O/2055 
31902 011772 

641950 6511792 
61350 011397 

213212434 1808”/1643 
266713536 180313089 
2462/2558 1940”/1718 
178912052 1842”/891 

6801818 1398”/896 

’ This increase in antibody binding after heating is unexplained. It 
may reflect somewhat increased attachment of the heated, solubilized 
antigen to the solid phase (microtiter plate). 

WH-1002, WH-1003 polypeptide with a mobility cor- 
responding to M, 40K. This polypeptide could be a mod- 
ified form of the 42K antigen or a distinct antigen, and 
cloning of the WH-1040 line and further characteriza- 
tion will be needed to find out which is the case. 

The second defined type of WH antibody gives a flu- 
orescent pattern (Figs. 7C, D) that generally resembles 
the smooth, uniform fluorescence of WH Group 1. The 
single representative of this WH Group 2, WH-30, pre- 
cipitates two polypeptides, M,. 89K and 45K, in very low 
amounts that can be visualized by autoradiography af- 
ter a long exposure (47 days, Fig. 8, lane b). 

A large class, 12 whole head antibodies, was obtained 
which gives no labeled immunoprecipitate (WH Group 
3, Table 1). Staining obtained with one (WH-20) of these 
antibodies is shown in Figs. 7E, F. The binding pattern 
is less uniform than that observed with WH Group 1, 
with relatively sparser staining in some subregions. For 
example, often the posterior head near the neck or the 
apical portion of the anterior head stains less intensely 
(Figs. 7E, F). 

Posterior Tail 

Only one antibody that bind exclusively to the PT 
region has been isolated. This MAb, PT-1, binds from 
the tip of the tail up to the junction of the PT with the 
anterior tail (Myles et ak, 1981) and no labeled immu- 
noprecipitate has been obtained. 
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FIG. 5. Binding patterns of four PH antibodies demonstrated by indirect immunofluorescence. Left micrograph in pair shows fluorescence; 
right micrograph is the corresponding phase contrast image of the same cell. (A,B) PH-1, live staining; (C,D) PH-10, live staining; (E,F) PH- 
20, live staining; (G,H) PH-30, live staining. Bar, 5 pm. 

FIG. 6. Analysis of immunoprecipitates of PH antibodies by SDS- 
PAGE and autoradiography. Lane a, PH-20, 47 days exposure; lane 
b, PH-20, nonreducing gel, 51 days exposure; lane c, PH-10, 27 days 
exposure; lane d, control for PH-10; IX C6 01 C3, a MAb isolated in 
these fusions that does not bind to the sperm surface (unpublished 
results), 27 days exposure. This IX C6 (Y C3 immunoprecipitate was 

Whole tad 

We did find another localization of antibody binding 
on the sperm tail surface, the whole tail region (Table 
1). Immunofluorescent staining with WT-2 shows fluo- 
rescence along the entire length of the tail and no bind- 
ing to the head (Figs. 9A, B). None of the four whole 
tail antibodies precipitates a labeled polypeptide (Table 
l), so we do not know how many distinct antigens may 
be recognized with this localization. 

Examination of Experimental Procedures for 
Possible Proteolysis 

Several of the MAbs studied here precipitate multiple 
‘%I-labeled bands, visualized on the SDS-gels. In one 
case (PH-20, PH-21) it appears that the multiple bands 
are in part the result of disulfide bonds linking subunits 
into a multimeric antigen. However, this one antigen 
is the exception; all the other labeled immunoprecipi- 
tates were tested on both reducing and nonreducing gels 
and show the same number of bands under both con- 
ditions, indicating that these antigens do not contain 
disulfide-linked subunits. 

The possibility was considered that the multiple bands 
arise from proteolysis during our procedures. To min- 
imize any released protease activity, two protease in- 

obtained in the same experiment as the PH-10 immunoprecipitate 
and run in another lane on the same gel. All lanes on this gel showed 
the 65K band. Molecular weight markers are the same as those in 
Fig. 4. 
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DISCUSSION 

Topographical Organization of the Sperm Surface 

Our primary conclusion is that the sperm cell can 
maintain surface domains which have a number of dis- 
tinct components not present in neighboring domains. 
An initial understanding of the location of these do- 
mains and their molecular composition has been de- 
veloped. Using the current collection of antibodies, five 
localizations of surface antigens have thus far been de- 
fined: anterior head (AH), posterior head (PH), whole 
head (WH), posterior tail (PT), and whole tail (WT). 
These regions of localization are large, each represent- 
ing a sizeable fraction of the total surface area. At least 
12 distinct surface antigens are recognized that can bind 
antibodies in one of the localized regions (five AH an- 
tigens, three PH, two WH, one PT, one WT, cf. Table 
1). Twelve distinct antigens is a minimum estimate for 
two reasons. First, we do not know how many different 
antigens are recognized by the 20 antibodies (Table 1) 

116 K- 
FIG. 7. Binding patterns of three WH antibodies demonstrated by 

indirect immunofluorescence. (A,B) WH-1002, staining after fixation 
in 1.5% formaldehyde; (C,D) WH-30, live staining; (E,F) WH-20, live 
staining. Bar, 5 pm. 

67 K- 

hibitors (leupeptin and PMSF) were added during the 
cell washing, extraction, and immunoprecipitation. In 
addition, in a two-step control experiment, exogenous 
lz51-labeled bovine serum albumin was used to probe for 
proteolysis at any point during the procedures. After 
being carried through the procedures, the ‘%I-BSA was 
examined by gel electrophoresis to see if any proteolytic 
fragmentation could be detected. A first aliquot of 1251- 
BSA was added in the medium with the cauda epidid- 
ymis as soon as the epididymis was excised and allowed 
to incubate with the epididymal fragments while sperm 
were pressed out and then pelleted. A second aliquot of 
lz51-BSA was added to pelleted sperm and carried 
through all the steps of labeling, Triton extraction, di- 
alysis, and immunoprecipitation. The gel pattern of these 
two treated ‘251-BSA samples is shown in Fig. 10, lanes 
a and c, compared to lZ51-BSA that remained in the 

45 K- 

30 K- 

12K- 

freezer (Fig. i0, lanes b and d). No proteolytic degra- 
dation of the treated samples is seen and this suggests 

FIG. 8. Analysis of immunoprecipitates of WH antibodies by SDS- 

that proteolysis of sperm surface proteins is not oc- 
PAGE and autoradiography. Lane a, WH-1002,26 days exposure; lane 
b, WH-30,47 days exposure. Molecular weight markers are the same 

curring during our various procedures. as those in Fig. 4. 
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FIG. 9. Binding pattern of a WT antibody demonstrated by indirect 
immunofluorescence. (A,B) WT-1, staining after fixation in 4% form- 
aldehyde. Bar, 10 pm. 

that fail to give a labeled immunoprecipitate. Second, 
some individual antibodies (like AH-50, antigens of J&38 
K and M, 16K) may be precipitating two or more an- 
tigens which have a common determinant. Thus, our 
results suggest that the sperm surface is a complex 
mosaic in which distinct regions may have several dis- 
tinctive molecules, and yet may share other localized 
molecules with adjacent regions (e.g., WH antigens oc- 
cupy both the AH and PH domains). 

A remarkable finding concerning the sperm surface 
mosaic is that among over 100 hybridoma antibodies 
initially examined with indirect immunofluorescence, 
none was found that bound to the whole cell. This may 
mean that evenly distributed sperm surface molecules 
are present at much lower concentration or are much 
weaker antigens in the mouse hybridoma system than 
are the localized surface molecules. Alternatively, it may 
be that there are no evenly distributed antigens on the 
surface of guinea pig sperm. To proceed in asking 
whether evenly distributed antigens exist, the current 
MAb collection could be used to remove immunodomi- 
nant antigens to yield an immunogen for “second-gen- 
eration” hybridoma antibodies, following the cascade 
approach used by Springer (1981). 

A significant fraction (20 of 56) of the antibodies stud- 
ied here fail to yield an ‘%I-labeled immunoprecipitate. 
It is possible that some of these 20 antibodies recognize 
localized glycolipids. The regions of localization that we 
find for identified protein antigens correspond well with 
the regions in which particular lipids appear to be rel- 
atively concentrated, as defined in the work of Elias, 
Goerke, Bearer, and Friend (Bearer and Friend, 1980; 
Bearer and Friend, 1982; Elias et aZ., 1979; Friend, 1982). 
Using freeze fracture to visualize membrane protuber- 

ances caused by certain probes, Bearer and Friend found 
that the anterior head plasma membrane is the one 
region that shows extensive polymixin B binding (in- 
dicating high anionic phospholipid) (Bearer and Friend, 
1980, 1982). The anterior head and posterior tail show 
high filipin binding (indicating high 3@-hydroxysterol 
content), whereas the posterior head and anterior tail 
show sparse filipin binding (Elias et ak, 1979; Friend, 
1982). The data on lipid probes and the results in this 
paper indicate that the individual regions have several 
unique protein antigens and differences in their lipid 
complement. In intestinal epithelial cells, the other 
mammalian cell type that has been well studied in re- 
gard to membrane domains, there are two distinct large 
plasma membrane regions that contain unique proteins 
and different lipid compositions (Brasitus and Schacter, 
1980; Fujita et al., 1973; Fujita et al., 1972; Kawai et aL, 
1974). Thus it is possible that the male gamete is an 
example of a general rule that a polarized cell’s large 
membrane domains will differ in both their protein and 
their lipid components. 

67 

FIG. 10. Comparison of treated and untreated ‘%I-BSA by SDS- 
PAGE and autoradiography. Lane a, 10 pl of ‘%I-BSA sample that 
was added to the excised epididymis, exposure 6 days; lane b, 10 pl 
of ‘%I-BSA sample that remained in freezer, exposure 6 days; lane c, 
40 ~1 of ‘%I-BSA sample that was carried through labeling, extraction, 
dialysis, and immunoprecipitation steps, exposure 6 days; lane d, 40 
pl of izT-BSA sample that remained in freezer, exposure 6 days. Mo- 
lecular weight markers used were the same as those in Fig. 4. The 
position of the marker BSA band (67K) is shown. 
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Nature of the Identified Antigens 

Three guinea pig sperm surface antigens were iden- 
tified with MAbs in our previous report (Myles et aL, 
1981) and autoantigenic polypeptides of the guinea pig 
sperm surface have been identified on SDS-PAGE by 
Teuscher et al. (1982). The MAbs characterized in this 
study have allowed us to identify several additional 
sperm surface antigens. In some cases, further struc- 
tural information about the antigens was suggested by 
the experiments. 

The MAb AH-50 precipitates two ‘?-labeled poly- 
peptides with M, 38K and i%f, 16K. The 38K band can 
be selectively removed by pre-clearing with AH-30 (62K, 
52K, 38K). This indicates that the 38K and 16K poly- 
peptides are not associated, but rather are two distinct 
antigens that have a common determinant, recognized 
by AH-50. 

PH-20 recognizes an antigen that exhibits three bands 
on a reducing gel, il& 66K, 48K, and 41K. When this 
immunoprecipitate is run on a nonreducing gel, one band 
is observed with Ai, 70K. It is not apparent how to ex- 
plain the presence of just the one band with Af, 70K 
under the nonreducing condition. A possible explana- 
tion would be that the 66K band observed on the re- 
ducing gel is the result of an artifactual reformation of 
disulfide bonds (during electrophoresis) between the two 
lower-molecular-weight bands. This possibility appears 
unlikely, since the immunoprecipitate was first reduced 
and then alkylated to pevent reformation of disulfides. 
An alternative possibility is that both the 66K band, as 
well as a disulfide-bonded dimer of the 48K and 41K 
polypeptides, migrate under nonreducing conditions 
with a mobility corresponding to M, 70K. Further char- 
acterization of the native size and subunit structure of 
this antigen will be necessary to clarify this result. 

The anterior head antigen 62K, 52K, and 38K is pre- 
cipitated by two sets of antibodies, AH Groups 3 and 
3a. However, while the Group 3 antibodies bind to live 
sperm, the Group 3a antibodies do not bind to live cells 
and apparently recognize a determinant which is in- 
accessible in the intact cell. This inaccessibility is not 
a consequence of the size of the antibody molecules be- 
cause all the Group 3a (as well as most of the Group 
3) antibodies are of the IgG class as shown by analysis 
on Ouchterlony plates. The Group 3a recognized deter- 
minants become accessible to antibodies following cell 
freezing and thawing, saponin treatment, or fixation in 
formaldehyde at concentrations of 1% and greater. 
Formaldehyde fixation of other cell types has been re- 
ported (e.g., Satake et ah, 1981) to open the cytoplasmic 
surface of the membrane and internal structures to an- 
tibody staining. Guinea pig sperm appear to have al- 
tered accessibility to antibodies after 1% (or higher) 
formaldehyde treatment. 

There are several possible explanations for the prop- 
erties of the two antibody groups. One simple expla- 
nation is that in treated cells, Group 3a antibodies are 
binding to the surface antigen recognized on live cells 
by Group 3 antibodies. This suggests that the 62K, 52K, 
38K antigen may be a transmembrane protein and that 
Group 3a antibodies bind to a cytoplasmic portion of 
this protein. Alternatively, they could bind to a cyto- 
plasmic structure (cytoskeletal?) to which this trans- 
membrane protein is itself tightly bound. Although we 
expected that the external-binding Group 3 antibodies 
might in some cases recognize heat-stable determinants 
(carbohydrate), this expectation proved incorrect. The 
external, Group 3 determinants are heat labile, and for 
some unknown reason, the cytoplasmic, Group 3a de- 
terminants are heat stable. 

Some Questim Raised by the Results on 
Surface Topography 

The present data suggest certain new ideas and ques- 
tions about sperm surface topography. Regional het- 
erogeneity of the sperm surface has frequently been 
postulated to have a relationship to regional functions 
of the surface during fertilization. Our finding of five 
distinct localization patterns of surface antigens, some 
of them overlapping, suggests that complex models will 
be necessary to understand the functional significance 
of molecular localization. A related provocative ques- 
tion concerns the functional role of any group of an- 
tigens that are all localized to the same region. Are they 
part of one multistep process that occurs specifically in 
that region? Are several of them there to maintain one 
key antigen in its localized position? Or do they function 
independently in several distinct, region-specific sur- 
face activities? In addition, the mechanisms for the 
maintenance and development of sperm surface antigen 
localization remain unknown. One can now ask if dif- 
ferent protein antigens in the same region of the sperm 
surface are maintained there by the same mechanism 
and if they arrive there during differentiation via the 
same developmental pathway. 
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