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Summary 

Epididymal and ejaculated sperm contain a zymogen form of acrosin (acro- 
somal proteinase, EC 3.4.21.10) which is converted to active enzyme prior to 
fertilization. Benzamidine at concentrations greater than 10 mM has been 
shown to inhibit the conversion of  proacrosin to acrosin. Based on this inhibi- 
tion, a procedure was developed for extracting and quantitating the proacrosin 
content  of  bull sperm. Sperm were isolated from semen and washed by cen- 
trifugation through 1.3 M sucrose and the outer acrosomal membrane removed 
by  homogenization. When 25 mM benzamidine was added to the semen and 
wash solutions, 98% or more of the acrosin activity in the sperm homogenate 
was present as proacrosin. Proacrosin can be extracted from the sperm homo- 
genate by dialysis at pH 3, which solubilized the proenzyme and removed ben- 
zamidine. Benzamidine has been useful in isolating proacrosin and provides a 
new method  for studying the activation of  proacrosin in intact sperm. 

Neutralization of sperm extracts, after removal of benzamidine, resulted in 
rapid activation of  proacrosin with a pH opt imum of 8.5, and activation was 
complete  within 15 min over a pH range of 7.0 to 9.5. Rapid activation also 
occurred during the washing of sperm in the absence of  benzamidine, and this 
activation correlated with a swelling of  the acrosomal membrane. This rapid 
activation appears to result from a small amount  of acrosin activity consistently 
present in the sperm extract. These results indicate an autocatalytic conversion 
of proacrosin to acrosin and suggest that  disruption of  the acrosomal mem- 
brane may trigger this activation. 

Introduction 

The acrosome of mammalian sperm contains a trypsin-like proteinase, acro- 
sin (acrosomal proteinase, EC 3.4.21.10),  which is thought  to aid in the pene- 
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tration of  the ovum by sperm at the time of fertilization [1]. Because of the 
importance of  this enzyme in fertilization, it has been the subject of extensive 
research which has been recently reviewed by McRorie and Williams [1] and 
Zaneveld et al. [2]. Recently,  Meizel and Huang-Yang [3] have partially puri- 
fied a zymogen form of acrosin from rabbit  testes which were homogenized in 
0.25 N H2SO4. Subsequently,  proacrosin has been demonstrated in acid ex- 
tracts of  epididymal rabbit  sperm [4] and ejaculated boar sperm [5,6]. Partial- 
ly purified preparations of  proacrosin undergo conversion to active enzyme at 
natural to slightly basic pH. The conversion is stimulated by Ca 2÷ and inhibited 
by Zn 2+ and appears to be autocatalytic [4]. Based on these results, Meizel and 
Mukerji [4] have suggested that  activation of  proacrosin is required prior to 
fertilization and may occur during capacitation in the female tract. It is there- 
fore of  interest to determine the properties of  proacrosin and the mechanism of 
its activation both with purified zymogen and in intact sperm. 

Seminal plasma contains protein inhibitors of acrosin which interfere with 
studies of  both the zymogen and the active enzyme [1]. It is thus desirable to 
wash sperm prior to extraction of  proacrosin or prior to the investigation of its 
activation in intact sperm. However,  handling of  sperm during washing has the 
potential of inducing zymogen activation. While proacrosin activation is partial- 
ly prevented by immediately titrating the sperm sample to acidic pH (3--6),  
this procedure also solubilizes the proenzyme and destroys the integrity of the 
sperm acrosome. This report  presents evidence that benzamidine, a competitive 
inhibitor of  acrosin [ 7] and trypsin [8],  inhibits proacrosin activation. A proce- 
dure is described for washing sperm and extracting proacrosin which allows 
estimation of  the degree of  enzyme activation. 

Materials and Methods 

Chemicals 
All chemicals were reagent grade. Sucrose was purchased from Mallinckrodt; 

fructose, N-benzoyl  arginine ethyl ester BzArgOEt and N-2-hydroxyethyl-  
piperazine-N'-2~ethanusulfonic acid (HEPES) were from Sigma Chemical Co.; 
and benzamidine was a product  of Aldrich Chemical Co. The concentration 
of  benzamidine solutions was determined spectrophotometrical ly using a molar 
extinction coefficient of 813 at 268 nm. 

Preparation of  sperm 
Semen was collected from five Holstein bulls using an artificial vagina. Sperm 

were washed by  a modification [9] of the procedure of Garbers et al. [10].  15 
ml of  semen were layered on 20 ml of 1.3 M sucrose/0.15 M NaC1 and centri- 
fuged for 30 min at full speed in an IEC model  HN8 clinical centrifuge at room 
temperature.  The sperm pellets were resuspended in approximately 18 ml of 
0.15 M NaC1/5 mM HEPES, pH 7.0, using a Pasteur pipette. A second washing 
step was carried out  by layering the sperm suspensions of 20 ml 1.3 M sucrose/ 
0.15 M NaC1 and centrifuging for 20 min at 20 000 rev./min in a Beckman 
SW27 rotor  at 0--4°C. The washed sperm were resuspended in 10 ml 0.15 M 
NaC1/mM HEPES, pH 7.0, and homogenized [9].  Sperm homogenates were 
either frozen or stored under refrigeration at 0--4°C. 
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Assay of acrosin and proacrosin 
Acrosin was assayed spectrophotometrically at 37°C using BzArgOEt as sub- 

strate [11]. The standard reaction mixture contained 0.6 mM BzArgOEt, 0.1 M 
CaC12 and 40 mM HEPES, pH 7.5, in a final volume of 2.0 ml. The reaction was 
initiated by addition of enzyme and the increase in absorbance at 253 nm record- 
ed using a Gilford recording spectrophotometer equipped with Beckman optics. 
A molar extinction coefficient of 1150 was used to convert the change in 
absorbance to nmoles BzArgOEt hydrolyzed. In most cases benzamidine was 
removed from sperm homogenates prior to assay by dialysis against 100 vol- 
umes of 1 mM HCI. Samples were dialyzed overnight at 4°C with one change 
of the dialyzate. Sperm were removed from the sample by centrifugation in a 
clinical centrifuge and the acid extract used for assay of acrosin or proacrosin 
activity. 

Activation of proacrosin 
Proacrosin present in sperm homogenates (bound to the sperm) was activat- 

ed by dialysis against 100 volumes of 0.15 M NaC1/5 mM HEPES, pH 7.0. Sam- 
ples were dialyzed overnight at 0--4°C with one change of dialyzate. The solu- 
bilized proacrosin present in acid extracts was activated by incubation of the 
extract with an equal volume of 0.1 M buffer at various specified pH valves. 
The buffers used for this experiment were, cacodylate (pH 6.0 and 6.5), 
HEPES (pH 7.0 to 8.5), and glycine (pH 9.0 to 10.0). The final pH was record- 
ed, and the samples were incubated at room temperature. At 5 and 15 rain, 
0.01 ml aliquots were assayed for acrosin activity using the assay conditions 
outlined above. 

Results 

Washing bull sperm by centrifugation through 1.3 M sucrose removes the 
cytoplasmic droplets and seminal plasma and also loosens the plasma and outer 
acrosomal membranes [9]. Subsequent homogenization removes these mem- 
branes and exposes acrosomal enzymes, including acrosin. Sperm homogenates 
prepared by this procedure have a high acrosin activity which is largely bound 
to the sperm [9]. Since no significant increase in activity occurs during storage 
for several days at neutral pH and 0--4 ° C, acrosin present in these homogenates 
appears to be fully activated. A 50 to 100% increase in acrosin activity results 
from preincubation of the sperm homogenate at pH 3.0 prior to analysis at pH 
7.5, suggesting the presence of residual seminal plasma acrosin inhibitors [12]. 
For this reason, the acrosin activity of sperm homogenates was normally deter- 
mined after dialysis against 1 mM HC1. 

The effectiveness of benzamidine as an inhibitor of bull sperm acrosin was 
determined for both the insoluble enzyme present in sperm homogenates and 
soluble enzyme prepared by dialysis at pH 3.0. Fig. 1 presents a double-recipro- 
cal plot of data obtained using a sperm homogenate. Benzamidine is a competi- 
tive inhibitor of BzArgOEt hydrolysis with a Ki of approximately 0.025 mM. 
The Km for BzArgOEt hydrolysis is approximately 0.1 mM. Soluble prepara- 
tions of acrosin were also inhibited competitively by benzamidine and gave sim- 
ilar kinetic constants. 
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Fig. 1. Inh ib i t ion  of  bull  spe rm acrosin  by  b e n z a m i d i n e .  Aeros in  was assayed as descr ibed  in Methods ,  
us ing the  ind ica ted  c o n c e n t r a t i o n s  of  B z A r g O E t  and b e n z a m i d i n e .  Each  p o in t  represen ts  the  average of 
dup l ica te  de t e rm i na t i ons .  The  s pe rm  h o m o g e n a t e  had  an  acrosin  act iv i ty  of  1 4 0 0  n m o l / m i n / 1 0 8  sp e rm  
u n d e r  s t a n d a r d  assay condi t ions .  

The effect  of  benzamidine on activation of  proacrosin was tested by adding 
varying concentrations of  benzamidine to semen. The sperm were then washed 
by centrifugation through sucrose and homogenized, using solutions containing 
the same concentrat ion of  benzamidine, as described in Methods. Acrosin activ- 
i ty was measured in the acid extract obtained by dialysis at pH 3.0 and centri- 
fugation to remove sperm. Benzamidine concentrations between 0.1 and 50 
mM inhibited proacrosin activation during the preparation of  sperm homo- 
genates, while proacrosin was fully activated in the absence of  benzamidine. At 
2.5 mM benzamidine, less than 5% of the proacrosin was activated and at 25 
and 50 mM benzamidine, less than 1% was activated. Below 2.5 mM a variable 
degree of  activation was observed. Based on these results 25 mM benzamidine 
was selected for further studies. 

The proacrosin content  of  sperm homogenates and pH 3.0 extracts was 
determined by measuring the increase in acrosin activity resulting from activa- 
tion of  the proenzyme. Sperm homogenates were activated by dialysis at pH 
7.0, and acid extracts were activated by neutralization to pH 7--7.5. Table I 
presents typical results for a sperm homogenate prepared with 25 mM benzami- 
dine. Before dialysis, acrosin activity could not  be detected in the sperm homo- 
genate, while after dialysis the rate is comparable to the control  sample prepar- 
ed wi thout  benzamidine. Acrosin activity was also measured in acid extracts of  
these samples. After dialysis at pH 3.0, the control sample had approximately 
twice the activity of  the sperm homogenate,  due to dissociation of  acrosin 
inhibitor [12],  and less than 5% of the activity is present in the sperm pellet 
after extraction and centrifugation. The low rate observed in the treated sam- 
ple was less than 1% that of  the control. Activation of  this extract  by neutrali- 
zation yielded an activity similar to that  in the sperm homogenates and control. 

To determine which step or steps in the washing procedure are responsible 
for activation of  proacrosin, 25 mM benzamidine was added at different stages 
in the procedure and the washing completed in the presence of 25 mM ben- 
zamidine. As seen in Table II, addition of benzamidine to semen or to the first 
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T A B L E  I 

M E A S U R E M E N T  OF P R O A C R O S I N  IN H O M O G E N A T E S  OF B U L L  SPERM 

The  s p e r m  h o m o g e n a t e  was p r e p a r e d  as descr ibed  in Methods  using 25  m M  b e n z a m i d i n e ,  an d  a con t ro l  
h o m o g e n a t e  was p r e p a r e d  in the  absence  of  b e n z a m i d i n e .  Proacros in  in the  sp e rm  h o m o g e n a t e  was di rect -  
ly ac t iva ted  by  dialysis a t  p H  7.0. A l t e rna t ive ly ,  an  e x t r a c t  was p r e p a r e d  by  dialysis a t  p H  3.0,  and the  
solubi l ized p roae ros in  ac t iva ted  b y  adjus t ing  the  p H  to  7.2 and  incuba t ing  at  r o o m  t e m p e r a t u r e  for  30  
rain.  Acros in  ac t iv i ty  is expressed  as n m o l / m i n / 1 0  ~ s p e r m .  

Sample  Acros in  ac t iv i ty  

Benzamid ine  t r e a t e d  Cont ro l  

Spe rm h o m o g e n a t e  ND * 753 

pH 7.0 dialysis 726 765 

pH 3.0 supe rna t e  ** 8.1 1407  

pH 3.0 pellet  ** ND * 52 

pH 3.0 su pe rna t e  
i ncuba t ed  at  pH 7.2 745  732  

* Below the  l imi t  of  de t ec t ion .  

** The  supe rna t e  and pel le t  ob ta ined  by dialysis of  the  spe rm h o m o g e n a t e  fo l lowed  by cent r i fuga-  
t ion  in a clinical cen t r i fuge .  

sucrose solution effectively prevented activation of proacrosin. The most dra- 
matic increase in acrosin activity was obtained when sperm were resuspended 
at ambient temperature after the first centrifugation, while the addition of  ben- 
zamidine at later points in the wash procedure resulted in smaller increases in 
acrosin activity. When the entire wash procedure is performed at 0--4°C, acti- 
vation was delayed until the final resuspension and homogenization steps were 
performed. Sperm at each stage of washing were viewed by phase contrast 
microscopy to detect changes in acrosomal morphology. After the first centri- 
fugation through 1.3 M sucrose and resuspension in buffered saline, the acro- 

T A B L E  II  

A C T I V A T I O N  OF P R O A C R O S I N  D U R I N G  W A S H I N G  OF B U L L  SPERM 

A p o o l e d  sample  of  bull  s e m e n  was d iv ided in to  six equa l  a l iquots  and  the  sp e rm  washed  and  h o m o g e n i z -  
ed as descr ibed  in Methods .  Be nz a mid ine  was a d d e d  to one a l iquo t  of  s e m e n  to  a final c o n c e n t r a t i o n  of  
25 mM.  F o r  the  r em a i n i ng  a l iquots  25 m M  b e n z a m i d i n e  was  i n t r o d u c e d  at  successively l a te r  s teps  in the  
p r o c e d u r e .  Once  b e n z a m i d i n e  was  i n t r o d u c e d  all r ema in ing  steps were  car r ied  o u t  in the  Presence  of  25 
m M  b e n z a m i d i n e .  The  first wash s tep and resuspens ion  were  p e r f o r m e d  b o t h  a t  r o o m  t e m p e r a t u r e  and  
a t  0 - - 4 ° C .  Acros in  ac t iv i ty  was m e a s u r e d  a f t e r  dialysis a t  p H  3 .0  and cen t r i fuga t i on  to  r e m o v e  spe rm.  
Acros in  ac t iv i ty  is expressed  as n m o l e s / m i n ] 1 0 8  spe rm.  P e r c e n t  z y m o g e n  was ca lcu la ted  by  sub t r ac t ing  
the  a m o u n t  of  act ive e n z y m e  in each  sample  f r o m  the  a m o u n t  of acrosin  p re sen t  in b o m o g e n a t e s  p repar -  
ed in the  absence  of  b e n z a m i d i n e .  

1st add i t i on  of  
b e n z a m i d i n e  

A m b i e n t  t e m p e r a t u r e  (0 - -4°C)  

Acros in  ac t iv i ty  % z y m o g e n  Acros in  ac t iv i ty  % z y m o g e n  

Semen  25 
Sucrose ,  1st wash  20 
Saline, 1st r e suspens ion  141 
Sucrose ,  2nd wash  883  
No b e n z a m i d i n e  1 0 2 0  

97 .5  7 99 .3  
98.1 16 9 8 . 4  

86.2  24 97 .6  
13 .4  439 65.6  
- -  9 9 0  - -  
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Fig. 2. p H  d e p e n d e n c e  of p roae ros in  ac t iva t ion .  A solubi l ized p r e p a r a t i o n  of  p roae ros in  was ob ta ined  by  
washing  and h o m o g e n i z i n g  bull  spe rm in the  presence  of  25 m M  b e n z a m i d i n e  fo l lowed  by dialysis a t  pH 
3.0.  Al iquots  were  m i x e d  wi th  an equal  v o l u m e  of 0.1 M b u f f e r  of  va ry ing  p H  and  the  acrosin  ac t iv i ty  
m e a s u r e d  in the s t anda rd  assay a f te r  5 (o) and 15 (u) ra in incuba t ion .  The  pH of each sample  was measur -  
ed a f te r  mixing.  

somal membrane remained attached to most sperm but was visibly swollen. 
At this stage, the outer acrosomal membrane was removed from less than 5% of 
the sperm. After the second sucrose wash and homogenization, the acrosomal 
membrane is removed from greater than 95% of the sperm. The same results 
were obtained whether the first wash step was performed at room temperature 
or at 0--4 °C. 

The activation of proacrosin was further studied using a solubilized prepara- 
tion of zymogen. A sperm homogenate,  prepared with 25 mM benzamidine, 
was dialyzed at pH 3.0 to solubilize proacrosin and remove benzamidine. After 
removal of sperm by centrifugation, activation was carried out at various pH 
valves as described in Methods. Fig. 2 presents the results of this experiment. 
After 5 minutes of incubation acrosin activity was present in samples incubated 
at pH 6.5 to 10.5, with highest activity occurring at pH 8.5, and after 15 min 
incubation activation is complete at all but the extreme pH valves. The amount  
of activity, expressed on the basis of 108 sperm, was the same as found in a 
sample of sperm homogenate dialyzed at pH 7.0, indicating that  essentially all 
of the proenzyme was solubilized by dialysis to pH 3.0. 

Discussion 

Stambaugh and Buckley [7] reported that  benzamidine is a competitive 
inhibitor of acrosin isolated form rabbit sperm. The results presented here con- 
firm this finding and demonstrate that  benzamidine also inhibits the activation 
of proacrosin during washing and homogenization of bull sperm. Both soluble 
acrosin and acrosin bound to the sperm head are inhibited by benzamidine with 
equal efficiency, and the K i of 2.5 • 10 -5 M found for benzamidine inhibition 
of' bull sperm acrosin is in good agreement with that  reported by Stambaugh 
and Buckley [7] using rabbit sperm. When sperm are isolated in the presence 
of benzamidine at concentrations greater than 10 mM, the activation of  pro- 
acrosin is effectively inhibited, while some activation occurs at lower concen- 
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trations. A concentration of 25 mM benzamidine was selected for routine pre- 
paration of proacrosin extracts. 

The washing and homogenization procedure used here was selected because 
it not only separates sperm from other semen components, but also loosens and 
removes the outer acrosomal membrane [9]. This has the advantage of expos- 
ing acrosomal enzymes making their extraction easier and allowing for their 
direct measurement. The proacrosin and acrosin present in sperm homogenates 
can then be solubilized and quantitated by dialysis at pH 3.0. The use of ben- 
zamidine in combination with this procedure has aided in the isolation and 
purification of proacrosin and has proved to be a valuable method for studying 
proacrosin activation in intact sperm. This procedure has been used to quanti- 
tate the proacrosin content of sperm from several mammalian species (Polakos- 
ki, K.L. and Zahler, W.L., in preparation). 

Meizel and Mukerji [4] studied the activation of partially purified proacrosin 
from rabbit sperm and concluded that activation occurs by an autocatalytic 
mechanism. A similar conclusion was reached by Polakoski and Zaneveld [6] In 
studies of a homogeneous preparation of boar preacrosin. Our results provide 
further support for this mechanism. The pH dependence for activation of bull 
sperm proacrosin is similar to the pH dependence of acrosin, and benzamidine, 
a competitive inhibitor of acrosin activity, also inhibits proacrosin activation. 
In addition, a small but detectable amount of acrosin activity is consistently 
present in sperm extracts prepared using benzamidine. This activity may result 
from a small amount of acrosin normally present in ejaculated bull sperm or 
may be intrinsic to proacrosin. In either case, it is likely that this activity is 
responsible for the rapid activation of proacrosin after neutralization of sperm 
extracts and during washing in the absence of benzamidine. 

The results of Meizel and co-workers [3,4] and of Polakoski and Zaneveld 
[6] indicate that activation of proacrosin occurs after ejaculation, and Meizel 
and Mukerji [4] have suggested that activation may be part of capacitation. 
Our results show that proacrosin is rapidly activated during washing of sperm, 
and that this activation correlates with a swelling of the outer acrosomal mem- 
brane. These results further support the possibility that the small amount of 
acrosin activity present in sperm promotes acrosin activation and suggest that 
activation is triggered by changes in the permeability or integrity of the acro- 
somal membrane. It is therefore possible that proacrosin activation takes place 
during the acrosome reaction rather than during capacitation. 
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