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Abstract. Gamete recognition in the mouse is medi- 
ated by galactosyltransferase (GalTase) on the sperm 
surface, which binds to its appropriate glycoside sub- 
strate in the egg zona pellucida (Lopez, L. C., E. M. 
Bayna, D. Litoff, N. L. Shaper, J. H. Shaper, and 
B. D. Shur, 1985, J. Cell Biol., 101:1501-1510). GalTase 
has been localized by indirect immunofluorescence to 
the dorsal surface of the anterior sperm head overlying 
the intact acrosome. Sperm binding to the zona pellu- 
cida triggers induction of the acrosome reaction, an 
exocytotic event that results in vesiculation and release 
of the outer acrosomal and overlying plasma mem- 
branes. Consequently, we examined the fate of sperm 
surface GalTase after the acrosome reaction. Contrary 
to our expectations, surface GalTase is not lost during 
the acrosome reaction despite the loss of its membrane 
domain. Rather, double-label indirect immunofluores- 

cence assays show that GalTase is redistributed to the 
lateral surface of the sperm, coincident with the acro- 
some reaction. This apparent redistribution of GalTase 
was confirmed by direct enzymatic assays, which show 
that 90% of sperm GalTase activity is retained during 
the acrosome reaction. No GalTase activity is detect- 
able on plasma membrane vesicles released during the 
acrosome reaction. In contrast, removal of plasma 
membranes by nitrogen cavitation releases GalTase ac- 
tivity from the sperm surface, showing that GalTase 
redistribution requires a physiological acrosome reac- 
tion. The selective redistribution of GalTase to a new 
membrane domain from one that is lost during the 
acrosome reaction suggests that GalTase is reposi- 
tioned for some additional function after initial sperm- 
zona binding. 

I 
N a number of species, gamete recognition is mediated 
by interactions between sperm surface receptors and 
their complementary ligands on the extracellular coat of 

the egg. In many systems, the sperm surface receptors have 
been shown to be carbohydrate-binding proteins that recog- 
nize specific oligosaccharide residues on the egg's surface 
(for review, see Shur, 1987; Shapiro et al., 1981; Monroy and 
Rosati, 1983). 

The egg receptor on the mouse sperm surface has been 
identified as galactosyltransferase (GalTase), 1 which binds 
noncatalytically to its glycoside substrate in the zona pellu- 
cida (Shur and Hall, 1982a, b; Lopez et al., 1985). Mouse 
sperm are unable to bind the zona pellucida before capacita- 
tion, due in part to the presence of competitive GalTase sub- 
strates occupying the active site of the sperm surface en- 
zyme. During capacitation, these competitive substrates are 
shed from the sperm surface, exposing the GalTase active 
site and enabling the enzyme to bind its complementary sub- 
strate in the zona pellucida. The nature of the zona pellucida 
substrate is under investigation, and a likely candidate for 

1. Abbreviations used in this paper: GalTase, galactosyltransferase; medium 
B, 130 mM NaCI, 5 mM KCI, 20 mM Na Hepes, pH 7.2; PIC, protease 
inhibitor cocktail. 

this substrate is a glycoprotein of 83 kD whose glycoside 
chains serve as receptors during sperm-zona binding (Flor- 
man and Wassarman, 1985). 

In the mouse, only acrosome-intact sperm are able to initi- 
ate binding with the zona pellucida (Saling and Storey, 1979; 
Florman and Storey, 1982; Bleil and Wassarman, 1983). 
However, this does not exclude the likely possibility that 
some early aspects of the acrosome reaction occur in the cu- 
mulus matrix (Cummins and Yanagimachi, 1986). Results 
suggest that the selective binding of acrosome-intact sperm 
to the zona pellucida is due to the fact that GalTase is local- 
ized exclusively to a small plasma membrane domain on the 
dorsal surface of the sperm head overlying the intact acro- 
some (Lopez et al., 1985). When the acrosome reaction is 
triggered by binding to the zona pellucida, this plasma mem- 
brane domain i s  shed from the sperm along with the outer 
acrosomal membrane, releasing the contents of the acrosome 
and exposing the inner acrosomal membrane. Initially, it 
seemed obvious that GalTase must also be lost from the 
sperm surface during the acrosome reaction, coincident with 
the loss of its plasma membrane domain. In this study, we 
have examined the fate of sperm surface GalTase after the 
acrosome reaction. 

By the use of double-label indirect immunofluorescence, 
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the distribution of GalTase was determined on individual 
sperm whose acrosomal status could be defined by an appro- 
priate monoclonal antibody. Contrary to our expectations, 
GalTase is not lost during the acrosome reaction, but rather 
is redistributed to a new domain on the lateral sperm surface. 
This finding was confirmed by direct enzymatic assays, which 
show that acrosome-reacted sperm have similar levels of 
GalTase activity to acrosome-intact sperm. GalTase activity 
is not detectable on the plasma membrane vesicles released 
during the acrosome reaction. Furthermore, GalTase redis- 
tribution requires a physiological acrosome reaction, since 
removal of the plasma membrane by a physical means, nitro- 
gen cavitation, releases GalTase from the sperm surface. 

The selective redistribution of GalTase out of a plasma 
membrane domain that is lost during the acrosome reaction 
suggests that GalTase is salvaged for some additional func- 
tion subsequent to initial sperm binding to the zona pellu- 
cida. It is obvious that some mechanism must stabilize the 
binding of acrosome-reacted sperm to the zona surface dur- 
ing the initial stages of zona penetration. The redistribution 
of GalTase to the lateral sperm surface after the acrosome 
reaction suggests that it may facilitate sperm-zona binding 
after the acrosome reaction, as well as before. 

Materials and Methods 

Induction of the Acrosome Reaction 

Sperm from the caudae epididymides of 10-wk-old CD-1 mice (Charles 
River Breeders, Wilmington, MA) were dispersed in a modified Krebs- 
Ringer bicarbonate solution containing sodium pyruvate (1 mM), sodium 
lactate (25 mM), glucose (5.56 mM), and BSA (20 mg/mi). Particulate ma- 
terial was removed by filtration through Nitex cloth, and the sperm were 
capacitated for 30 min as described previously (Lopez et al., 1985). After 
capacitation, the NaCI concentration was increased from 120 to 180 mM. 
The sperm were incubated an additional 30 min at 37~ and the acrosome 
reaction induced by the addition of either the calcium ionophore A23187 
(10 ~tM final) (Sigma Chemical Co., St. Louis, MO) (Florman and Storey, 
1982) or neutralized, acid-solubilized zonae-pellucidae (2 zonae/Bl final) 
(Bleil and Wassarman, 1983) for 1 h at 370C. This procedure resulted in 
29-58% acrosome-reacted sperm above background (no ionophore or no 
zonae added) as determined by indirect immunofluorescence. In some ex- 
periments, the acrosome reaction was induced in the presence of a protease 
inhibitor cocktail (PIC) which includes antipain (2 lig/ml), aprotinin (0.1%), 
benzamidine (10 p.g/ml), chymostatin (1 IB/mi), leupeptin (1 Bg/ml), and 
pepstatin (1 Bg/ml). The extent of the acrosome reaction was unaffected by 
the PIC. The degree of "spontaneous" acrosome reactions was determined 
by indirect immunofluorescence in aliquots of sperm after dissection and 
after capacitation and varied ,~15%. To directly compare the percent of 
sperm undergoing the acrosome reaction with the immunofluorescence dis- 
tribution of GalTase and with the level of GalTase enzymatic activity, a com- 
mon sperm suspension, either acrosome reacted or control, was used for 
these assays. 

Evaluation of Acrosomal Status and GalTase 
Distribution by Indirect Immunofluorescence 
Correlations of acrosomal status and the distribution of sperm surface Gal- 
Tase were determined by double-label indirect immunofluorescence. Gal- 
Tase distribution was defined with a monospecific rabbit anti-GalTase IgG 
as described previously (Lopez et at., 1985). The anti-GalTase IgG can be 
shown to recognize GalTase on the mouse sperm surface by indirect im- 
munofluorescence, inhibition of enzyme activity on whole sperm, and im- 
munoprecipitation of detergent-solubilized enzyme activity. Acrosomal sta- 
tus was assayed with the mouse monoclonal antibody HS21, kindly supplied 
by Dr. Don Wolf which reacts only with acrosome-intact sperm (Wolf et 
al., 1985). Loss of anti-HS21 reactivity is indicative of acrosome-reacted 
sperm. 

Acrosome-reacted and control sperm (no ionophore or zonae treatment) 

were pelleted by centrifugation (1,000 g, 10 min), washed three times by cen- 
trifugation in medium B (130 mM NaC1, 5 mM KC1, 20 mM Na Hepes, 
pH 7.2), and resuspended in 0.4 ml medium B. To form wells, 7-mm holes 
were punched into Mylar plastic sheets (Dynatech Laboratories, Inc., Alex- 
andria, VA) and applied to precleaned glass microscope slides. All of the 
following procedures were conducted at room temperature in a humidified 
chamber. 20 p.I of sperm were added to the wells and allowed to dry. To 
prevent nonspecific antibody binding, 10 B1 of solution A (1% BSA, 0.05% 
NaN3 in medium B) were added to the wells. After 10 min, 10 Ill of rabbit 
anti-GalTase IgG/HS21 monoclonal antibody (9:1) or preimmune rabbit 
IgG/control hybridoma supernatant (9:1) were added to a final concentration 
of 0.45 mg/ml for the rabbit IgGs. After a 45-min incubation, the sperm 
were washed twice with solution A and 10 ~1 of biotinylated goat anti-rabbit 
IgG (Vector Laboratories, Inc., Burlingame, CA)/rhodamine-conjugated 
goat anti-mouse IgG (Cappel Laboratories, Inc., Cochranville, PA) (both 
second antibodies at 7.5 Bg/ml in solution A) were added and incubated for 
30 min. The sperm were washed three times with solution A, and 10 BI of 
fluorescein-conjugated DCS-avidin (20 Bg/ml in solution A) (Cappel Labo- 
ratories, Inc.) were added. After a 20-min incubation, the slides were 
washed with solution A, mounted, and viewed with epi-illumination using 
a Leitz Dialux EB22 fluorescence microscope equipped with an H2 (Leitz) 
filter cube (390-490 excitation) and GG455 (Leitz) barrier filter for fluores- 
cein and with an N2.1 (Leitz) filter cube (515-560 excitation) for rhoda- 
mine. Sperm with a uniform rhodamine fluorescence, specific for HS21 an- 
tibody, over the acrosomal cap region were scored as acrosome intact (see 
Fig. 1). Sperm lacking this fluorescence pattern were considered acrosome 
reacted. At least 100 sperm in a minimum of four fields were scored for each 
sample. 

GalTase Enzymatic Act/v/ty on Acrosome-reacted Sperm 

The surface GalTase enzymatic activity of acrosome-reac~xl and control 
sperm suspensions was assayed as described below. In some experiments, 
the sperm were pelleted after the acrosome reaction and washed with 
medium B plus PIC as described above, and the supernatant and pellet 
washes were retained for isolation of released membrane vesicles. The 
supernatant reaction media and washes were pooled and centrifuged at 
100,000 g (4~ 1 h). The membrane pellets were resuspended in 0.4 mi 
medium B. The sperm and their corresponding membrane preparations 
were then assayed for GalTase enzymatic activity. 

Effect of Nitrogen Cavitation on Sperm 
GalTase Distribution 

Cauda epididymal sperm (10 s cells) were isolated as described above and 
resuspended in 3 ml medium B containing PIC. The plasma membranes 
were released from sperm by nitrogen cavitation according to the procedure 
of Peterson et al. (1980) and Mack et at. (1986). 1.5 ml of the sperm suspen- 
sion were placed in a Parr bomb and subjected to nitrogen pressure of 
800 psi for 10 min. The sperm were extruded and placed on ice. Control 
sperm (1.5 ml) were retained on ice during the same time period. 1 ml of 
both the cavitate and control sperm samples was centrifuged at 1,000 g (4~ 
10 min), the sperm pellet retained and the supernatant re, centrifuged as be- 
fore. The resulting supernatant, examined by light microscopy and found 
to be free of intact sperm, was centrifuged at 100,000 g (4~ 1 h) to pellet 
membrane vesicles. 

Integrity of the plasma membrane over the sperm acrosomal cap region 
was assessed by double-label indirect immunofluorescence as described 
above. 

GalTase enzymatic activities in the sperm pellet, the released membranes 
collected by high-speed centrifugation, and the total unfractionated cavitates 
and controls were assayed as described below. 

GalTase Enzymatic Activity 

Sperm surface GalTase was assayed under optimal enzymatic conditions as 
previously described (Sbur and Hall, 1982a, b). Briefly, GalTase incuba- 
tions contained 200 tiM UDP-3H-Gal (0.2 Ci/mmole) (New England Nu- 
clear, Boston, MA), 30 mM N-acetylglucosamine, 10 mM MnCI2, and 
sperm (or membrane) in a total volume of 300 Ill medium B with or without 
PIC. (The presence of PIC had no effect on GalTase enzymatic activity.) 
At 30-min intervals, 50-BI aliquots were removed and the reaction termi- 
nated by the addition of 10 BI ice-cold 0.2 M EDTA, pH 7.2.50 B 1 of this 
mixture were applied to the origins of chromatography paper (3 MM; What- 
man, Inc., Clifton, NJ) and subjected to high voltage electrophoresis (3000 V, 
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Figure t. Fluorescence photomicrographs illustrating the redistribution of sperm surface GalTase after the acrosome reaction. The acrosome 
reaction was induced with ionophore in capacitated sperm as described in Materials and Methods. The sperm were washed, applied to 
glass slides, and examined by double-label indirect immunofluorescence to monitor the acrosome reaction and distribution of GalTase. 
The localization of GalTase is shown in A, B, C, D, and E, while the presence of the acrosomal marker is shown in a, b, c, d, and e. 
Before the acrosome reaction, GalTase is localized to a discrete plasma membrane patch on the dorsal surface of the anterior head. After 
the acrosome reaction, as defined by the loss of HS21 reactivity, GalTase is redistributed to the lateral sperm surface. In D, the arrow points 
to a sperm whose acrosome remained intact. Bar, 10 lam. 

275 mA, 45 min) in borate buffer. Under these conditions the 3H-galac- 
tosylated product, N-acetyllactosamine, remains at the origin, while unused 
UDP-3H-Gal and its breakdown products migrate away. The dried origins 
were removed and the incorporated radioactivity determined in a liquid 
scintillation counter (model 5800; Packard Instrument Co., Inc., Downers 
Grove, IL). Under these conditions, sperm GalTase activity is linear with 
time, proportional to enzyme concentration, and saturating for all substrates 
and cofactors (Shur and Bennett, 1979). 

Results 

We have shown previously that GalTase is localized to a dis- 
crete portion of the sperm plasma membrane overlying the 
intact acrosome (Lopez et al . ,  1985). Since the plasma mem- 
brane and outer acrosomal membranes are shed by vesicula- 
tion during the acrosome reaction, we examined the fate of  
GalTase after the acrosome reaction. 

Distribution of  Sperm Surface GalTase 
after the Acrosome Reaction 

The acrosome reaction was induced in capacitated sperm by 
the addition of ionophore, A23187 (10 I.tM), or by the addi- 
tion of  solubilized zonae pellucidae (2 zonae/~tl). Sperm in- 
cubated in parallel ,  but without the addition of ionophore 
or  zonae, were used to control for the background level of  
acrosome reaction. After a 1-h incubation, the sperm were 
washed three t imes and subjected to double-label indirect 
immunofluorescence. GalTase was localized using a mono- 
specific rabbit ant i-GalTase IgG that was identified with bio- 
tinylated goat ant i - rabbi t  IgG and fluoresceinated avidin. 
The status of the acrosome reaction was monitored with the 
mouse monoclonal antibody HS21, which labels the acro- 
some cap and overlying plasma membrane of  acrosome- 
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intact sperm (Wolf et al., 1985). HS21 binding was identified 
by rhodamine-conjugated goat anti-mouse IgG. This ap- 
proach allowed us to correlate the distribution of the sperm 
surface GalTase with the acrosomal status of individual 
sperm by virtue of the presence or absence of the HS21 
antigen. 

On acrosome-intact sperm, surface GalTase and HS21 an- 
tigen colocaiize exclusively to a discrete patch on the dorsal 
surface of the anterior head overlying the acrosome (Fig. 1, 
A and a). However, on acrosome-reacted sperm, as assessed 
by the loss of HS21 reactivity, the sperm surface GalTase 
now appears to be redistributed to the lateral sperm surface 
(Fig. 1, B and b; C and c; D and d; E and e). Both ionophore 
and solubilized zonae pellucidae induced similar GalTase 
redistributions. A higher resolution photomicrograph of 
acrosome-reacted sperm, induced by solubilized zonae pel- 
lucidae, shows that the redistributed GalTase is usually 
confined to the anterior half of the lateral sperm head (Fig. 
2), although a narrow band of immunoreactivity is occasion- 
ally seen along the extreme posterior sperm head (as in Fig. 
1). The relative surface area possessing GalTase immunore- 
activity was calculated using ocular micrometers. As shown 
in Table I, GalTase on acrosome-reacted sperm was dis- 
tributed to four times the surface area that originally pos- 
sessed GalTase activity on acrosome-intact sperm. 

The correlation between the acrosome reaction and the 
redistribution of GalTase is shown in Table I. 99% of HS21- 
positive, acrosome-intact sperm had GalTase localized over 

the intact acrosome as described previously (Lopez et al. 
1985) and as shown in Fig. 1, A anda.  97% of the sperm tha 
showed GalTase redistribution to the lateral surface, as in 
Fig. 1, had completely lost the HS21 antigen. The remaining 
3 % showed an irregular pattern of HS21 reactivity. 

Effect of the Acrosome Reaction on Sperm 
Surface GalTase Activity 

The indirect immunofluorescence assays suggest that Gal- 
Tase redistributes during the acrosome reaction to the lateral 
portion of the sperm head. As an independent approach to 
confirm the apparent redistribution of GalTase after the acro- 
some reaction, we compared the level of GalTase activity on 
acrosome-intact and acrosome-reacted sperm. The acro- 
some reaction was induced by ionophore in capacitated 
sperm as described above, after which they were washed 
three times by centrifugation (1,000 g) to leave any released 
membrane vesicles in the supernatant. Sperm-associated 
GalTase activity was determined, and the extent of the iono- 
phore-induced acrosome reaction quantitated by indirect im- 
munofluorescence using HS21 antibody. 

Fig. 3 is the result of three different experiments in which 
ionophore induced an average of 42 % acrosome reactions 
above background (ionophore treated, 71%; control, 29%), 
but sperm-associated GalTase activity remained 90% of con- 
trol. Consequently, sperm have similar levels of GalTase ac- 
tivity before and after the acrosome reaction, despite the 

Figure 2. Higher resolution flu- 
orescence photomicrograph 
of the GalTase distribution on 
zonae-induced, acrosome-re- 
acted sperm. GalTase is local- 
ized to the dorsal aspect of the 
anterior sperm head on acro- 
some-intact sperm (A and B), 
and is redistributed after the 
acrosome reaction to the an- 
terior half of the lateral sperm 
head, possibly reflecting the 
equatorial segment (C and D). 
Bar, 10 gtm. 
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Table L Redistribution of Sperm Surface GalTase 
after the Acrosome Reaction 

GalTase GalTase 
distri- Acrosome GalTase GalTase activity/ 

Sperm bution status* activity$ areaw I~m-' 

Control 
tonophore 

treated 

Dorsal 99% intact 

pmoles/lCP pmoles/lOP 
sperm.h gm 2 sperm.h 

23.9 (100)4 9.27 2.58 (100) 

Lateral  97% reacted!l 21.5 (90) 37.1 0.580 (22) 

Sperm were isolated, washed, treated with ionophore, washed, and assayed for 
GalTase activity as described in Materials and Methods. 
* Acrosomal status was evaluated with the monoclonal antibody, HS21, as 
described in Materials and Methods. I00 sperm were scored for each group. 
$ Data taken from Fig. 3. 
w Surface area was calculated from the fluorescent fields with ocular microme- 
ters as described in Scully et al., 1987. 
I[ The remaining 3 % of sperm with redistributed GalTase had an irregular pat- 
tern of HS21 reactivity. 
'1 Numbers in parentheses indicate the percent of control values�9 

differences in the enzyme's topographical distribution�9 With- 
in these three experiments, there was no correlation between 
the extent of the acrosome reaction, and the residual sperm- 
associated GalTase activity, and the error bars (Fig. 3) sug- 
gest that the 10% loss of GalTase activity is not significant. 
As shown in Table I, when the GalTase activity per cell is 
normalized to the relevant surface area possessing GatTase 
immunoreactivity, the GalTase concentration, per ~tm 2, de- 
creases by 78 % after the acrosome reaction. 

Distribution o f  GalTase Activity between Acrosome- 
reacted Sperm and Released Membrane Vesicles 

Even though the level of sperm GalTase activity is similar 
before and after the acrosome reaction, we determined 
whether the GalTase activity present on intact sperm was 

60 

E 
a .  
o~ 

~0 40 

3 
-13 

'6 

. . . . . . . . . . . . . .  = �9 
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Figure 3. Sperm have similar levels of GalTase activity before and 
after the acrosome reaction. The acrosome reactions were induced 
in capacitated sperm, washed, and assayed for residual GalTase ac- 
tivity as described in Materials and Methods. Control sperm (acro- 
some intact) were incubated in parallel but did not receive iono- 
phore. Acrosome-reacted sperm populations (o) have 90% the 
activity of acrosome-intact, control sperm populations (*), despite 
the fact that acrosome reactions were induced from 29% in controls 
to 71% in ionophore-treated sperm, as judged by the loss of HS21 
reactivity. Data are the average of three experiments. 
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N 75 

"~- 50 

~2 

~ . . . . .  
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Figure 4. GalTase activity remains associated with acrosome- 
reacted sperm and is not found on released plasma membrane vesi- 
cles. The acrosome reaction was induced in t.~apacitated sperm, 
which were collected by centrifugation. The released membrane 
vesicles were collected from the supernatant by high speed centrifu- 
gation and GalTase activity remaining with the sperm (solid sym- 
bols) was compared with that associated with the membrane vesi- 
cles (open symbols). Controls were incubated in parallel but did not 
receive ionophore. GalTase activity was consistently found associ- 
ated with the acrosome-reacted sperm. GalTase activity released 
into the supernatant was equal in control and ionophore-treated 
sperm, irrelevant of the extent of acrosome reactions induced above 
background levels. The experiment was conducted three times; a 
representative assay is shown. Data are presented as a percentage 
of the total enzymatic activity associated with either control (*, o) 
or ionophore-treated (A, zx) sperm. 

released with the plasma membrane during the acrosome 
reaction. This experiment addresses the possibility that a 
second, similarly active population of GalTase, previously 
cryptic (e.g., intra-acrosomal) on intact sperm, was exposed 
after the acrosome reaction. This possibility was considered 
unlikely for two reasons. First, the level of enzyme activity 
associated with the redistributed GalTase on acrosome-re- 
acted sperm is similar to the level of GalTase activity present 
on intact sperm (Fig. 3). Second, we had previously shown 
that the GatTase distribution is identical on both living, 
acrosome-intact sperm and on sperm whose plasma mem- 
branes were permeabilized by fixation with paraformalde- 
hyde or methanol (Lopez et al., 1985). 

The acrosome reaction was induced in capacitated sperm 
as described above with ionophore, the sperm pelleted by 
centrifugation and the released membrane vesicles collected 
from the supernatant at 100,000 g (4~ 1 h). GalTase activity 
associated with the acrosome-reacted sperm and with the 
released membrane vesicles was assayed as described above. 

Fig. 4 is a representative time course of GalTase activities 
in the released membrane vesicles and sperm pellet of acro- 
some-reacted and control (no ionophore) samples. In both 
the control and acrosome-reacted samples, the distribution 
of GalTase activity between the sperm pellet (83 % of the to- 
tal activity) and supernatant (17%) was identical, even 
though the acrosome reaction was induced in ~50% of the 
treated sperm compared with 19-20% reacted in controls. 
While the level of GalTase activity released into the superna- 
rant varied between experiments, the ratio of released to 
sperm-associated activity remained constant between the 
control and acrosome-reacted samples. Controls show that 
the presence of ionophore A23187 did not affect GalTase ac- 
tivity (data not shown). 
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Effect of  Nitrogen Cavitation on Sperm Surface 
GalTase Distribution 

The above results suggest that sperm surface GalTase redis- 
tributes after the acrosome reaction to the lateral surface of 
the sperm head. The redistributed GalTase does not repre- 
sent a new population of enzyme activity that is uncovered 
upon loss of the plasma membrane, but appears to be the 
same population which has become redistributed during the 
course of the acrosome reaction. To determine whether this 
redistribution requires a physiological acrosome reaction, 
we examined the distribution of GalTase after the plasma 
membranes were removed physically by nitrogen cavitation. 

Cauda epididymal sperm were washed as described in 
Materials and Methods, and subjected to nitrogen pressures 
of 800 psi for l0 min as described (Peterson et al., 1980; 
Mack et al., 1986). The extruded and control sperm (i.e., 
without cavitation) were centrifuged at 1,000 g and the super- 
natants collected. The sperm pellets and supernatants con- 
taining released membranes were examined by light micros- 
copy to ensure that the sperm heads remained in the pellet 
and that the supernatants were devoid of sperm. The control 
and cavitate sperm and supernatants were assayed for Gal- 
Tase activity as described. 

In the control, 94% of the GaITase activity remained as- 
sociated with the sperm, with 6 % of the activity released into 
the supernatant fraction (Fig. 5). On the other hand, only 
22 % of the GalTase activity remained associated with the 
cavitated sperm; 78% of the activity had been released into 
the supernatant fraction (Fig. 5). Indirect immunofluores- 
cence using monospecific anti-GalTase IgG and HS21 IgG 
showed that '~55 % of the sperm had completely lost the Gal- 
Tase and HS21 antigens. The remaining sperm had mem- 
branes with an irregular, ragged appearance (as judged by in- 
direct immunofluorescence), which presumably accounts for 
some additional loss of GalTase activity below the limits of 
resolution of indirect immunofluorescence. 

Discuss ion  

In the mouse, acrosome-intact sperm bind to the egg zona 
pellucida, which induces the acrosome reaction (Saling and 
Storey, 1979; Florman and Storey, 1982; Bleil and Wassar- 
man, 1983). Past studies have localized the sperm's receptor 
for the zona pellucida, i.e., GalTase, to a discrete portion of 
the plasma membrane overlying the intact acrosome, thus 
explaining the specific binding of acrosome-intact sperm to 
the zona pellucida (Shur and Hall, 1982a, b; Lopez et al., 
1985). Since this plasma membrane domain is lost as a result 
of the acrosome reaction, it was expected that the GalTase 
would be lost as well. Results presented in this paper show 
this is not the case. Rather, the GalTase is redistributed to 
the lateral portion of the sperm head, coincident with the 
acrosome reaction. This redistribution was determined by 
double-label indirect immunofluorescence, as well as by di- 
rect enzyme assay, which showed that sperm had similar lev- 
els (i.e., 90%) of GalTase activity before and after the acro- 
some reaction despite the enzyme's altered topography. No 
GalTase activity could be recovered on the hybrid membrane 
vesicles released from sperm during the acrosome reaction; 
virtually all of the original activity was retained on the sperm. 
However, physically removing the membranes by nitrogen 
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Figure 5. Sperm GalTase activity is released from the surface after 
physically removing the membranes by nitrogen cavitation. Sperm 
were washed and subjected to 800 psi of nitrogen in a Parr bomb 
as described in Materials and Methods. The extruded sperm were 
pelleted by low speed centrifugation, and the released membranes 
isolated by high speed centrifugation. Sperm-associated (solid sym- 
bols) and membrane-associated (open symbols) GalTase activities 
were determined. 78 % of the sperm GalTase was released from the 
sperm surface and could be recovered in the membrane-containing 
supernatant after nitrogen cavitation (A, ,x). Control sperm had 
released only 6% of their GalTase activity into the supernatant dur- 
ing the same incubation period (o, o). Data are presented as a per- 
centage of the total enzymatic activity associated with either cavi- 
tated or control sperm preparations. 

cavitation did release GalTase from the sperm surface, show- 
ing that a physiological acrosome reaction is necessary for 
GalTase redistribution. 

The techniques used in our present studies are not able to 
define to which membrane compartment the GalTase is being 
redistributed. In the mouse, only a small piece of plasma 
membrane is lost from the dorsal sperm surface after the 
acrosome reaction. Most of the plasma membrane remains 
on the lateral surface of the sperm head, in association with 
the underlying outer and inner acrosomal membranes, form- 
ing a broad equatorial segment (Saling et al., 1985). After 
the acrosome reaction, GalTase redistributes predominantly 
to the anterior, lateral sperm head surface, which may there- 
fore correspond to the equatorial segment. 

During the course of this study, we found the plasma mem- 
brane overlying the acrosome to be very labile. When sperm 
were sequentially incubated at 4~ and then at 37~ they 
were characterized by a fragmented, ragged distribution of 
GalTase, often seen as sheets of immunofluorescence extend- 
ing from the sperm surface (data not shown). This suggests 
that the integrity of the sperm plasma membrane overlying 
the acrosome is easily compromised by drastic temperature 
shifts, and consequently, we avoided exposing sperm to such 
temperature shifts. However, these observations can account 
for findings from other workers that show that the sperm's 
ability to bind to the zona pellucida has a half-life of 15 min 
at 4~ (Heffner and Storey, 1982). 

The redistribution of sperm surface antigens during capac- 
itation and the acrosome reaction has been well-documented 
in the guinea pig (Myles and Primakoff, 1984), and more re- 
cently in the boar (Saxena et al., 1986). Myles, Primakoff, 
and their co-workers were the first to show that sperm surface 
antigens, defined by monoclonal antibodies, were confined 
to plasma membrane domains, and that some of these anti- 
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gens redistribute to new positions during capacitation and the 
acrosome reaction (Primakoff and Myles, 1983). Recent 
studies suggest that one of these guinea pig antigens, PH-20, 
participates during sperm binding to the zona pellucida 
(Primakoff et al., 1985). Interestingly, PH-20 redistributes 
after the acrosome reaction, similar to results reported here 
for the mouse sperm receptor, GalTase (Myles and Prima- 
koff, 1984). While the patterns of redistribution differ be- 
tween these two gamete sperm receptors, which may simply 
reflect species-specific differences in the mechanism of 
sperm-zona pellucida binding, both receptors demonstrate 
the principle of acrosome reaction-induced redistribution to 
new membrane domains. 

The redistribution of mouse sperm GalTase after the acro- 
some reaction is the second observed redistribution that this 
enzyme undergoes during the life cycle of the male germ 
cell. We have shown previously that during spermatogenesis 
the surface GalTase redistributes from an initially diffuse and 
uniform distribution on spermatogonia and primary sperma- 
tocytes to a restricted plasma membrane domain overlying 
the intact acrosome characteristic of mature sperm (Scully 
et al., 1987). During spermatogenesis, the GalTase activity 
per cell remains constant despite the drastic reduction in cell 
surface area that accompanies sperm differentiation. When 
normalized to the relevant cell surface area, the GalTase is 
concentrated 77-fold from primary spermatocytes to cauda 
epididymal sperm. The redistribution of GalTase during 
spermatogenesis coincides with the appearance of filamen- 
tous actin, suggesting that the cytoskeleton may participate 
in the redistribution of GalTase during spermatogenesis. 
Whether the cytoskeleton also participates in the redistribu- 
tion of GalTase during the acrosome reaction is unknown, 
but this possibility would explain why an integral membrane 
glycoprotein is maintained on the sperm cell surface despite 
the loss of its original plasma membrane domain. It is equally 
plausible that diffusion barriers maintain the GalTase in its 
plasma membrane domain overlying the intact acrosome 
(Myles et al., 1984). The acrosome reaction may break down 
this putative diffusion barrier, allowing the enzyme to diffuse 
rapidly along the lateral portions of the sperm head. This 
possibility would explain why 10% of the GalTase activity 
appears to be lost after the acrosome reaction, if a similar 
percentage of plasma membrane surface area was released 
by vesiculation. 

The most interesting issue, however, is why the sperm 
would salvage its receptor for the zona pellucida, despite the 
loss of its original plasma membrane domain. This implies 
that GalTase serves some additional function subsequent to 
initial sperm-zona binding. At least three possibilities seem 
obvious. 

Sperm initially bind loosely to the zona pellucida, and af- 
ter the acrosome reaction, the sperm associates tightly to the 
zona via its lateral surface (Katz et al., 1986), which is where 
GalTase redistributes to during the acrosome reaction. Since 
the acrosome-reacted sperm must be retained on the zona 
surface to initiate penetration, some mechanism must exist 
to stabilize binding between the acrosome-reacted sperm and 
the zona pellucida. Since the location of GalTase seems to 
correlate with the sperm surface mediating attachment to the 
zona, GalTase may facilitate sperm-zona adhesion both be- 
fore and after the acrosome reaction. This then raises the 
question as to why acrosome-reacted sperm do not initially 

bind to the zona pellucida if GalTase is present on their 
lateral surfaces. Since the concentration of GalTase, per 
pm z, decreases about fivefold from the dorsal to the lateral 
sperm surfaces after the acrosome reaction, it may generate 
insufficient affinity to initiate binding between an actively 
motile sperm and the zona, but may be sufficient to maintain 
adhesions after initial binding has occurred. Another po- 
tential function for the redistributed GalTase is that it may 
participate during penetration of the zona pellucida by inter- 
acting with zona glycoproteins along the path of sperm mi- 
gration. 

After sperm penetrate the zona pellucida, they bind to and 
fuse with the egg plasma membrane on their lateral surfaces, 
presumably via the equatorial segment (for review, see Sha- 
piro et al., 1981). Since GalTase has been repositioned to the 
lateral sperm surface after the acrosome reaction, another 
possible function for the redistributed GalTase is to mediate 
sperm attachment to the egg plasma membrane. Experiments 
are in progress to address these possibilities. 
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