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M a t r i x  d e g r a d i n g  propert ies  o f  sperm serine prote ina3e,  acros in  
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The serine proteinase acrosin plays an important  role in sperm penetrat ion o f  the zona pellucida. In the present study we investigated the effect 
o f  the enzyme on various matrix proteins.  Acrosin degraded proteolytically fibronectin. ,ype IV collagen and heat denatured type I collagen, whereas 
neither native type I collagen no r  laminin were cleaved by the enzyme. The specific activily o f  acrosin with type IV collagen as substrate (66.6 g/h/g} 
was 125-fold higher than that  o f  known type IV eollagenase or  stromelysin. These results suggest that  acrosin may act as a matr ix-degrading 

proteinase.  
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1. I N T R O D U C T I O N  

A c r o s i n  p l a y s  a c e n t r a l  r o l e  i n  m a m m a l i a n  f e r t i l i z a -  
t i o n .  T h e  e n z y m e  w a s  f o u n d  in  s p e r m a t o z o a  o f  v e r t e -  
b r a t e s  a n d  n o n - v e r t e b r a t e s  ( reviewed in [ 1 ]). I t  is a disul-  
f i d e - b o n c d  t w o - c h a i n  g l y c o s y l a t e d  ser inc  p r o t e i n a s e ,  ex-  
h i b i t i n g  t ryps in - l ike  c l e a v a g e  speci f ic i ty  [2,3]. In intact  
s p e r m a t o z o a ,  t h e  e n z y m e  is  a s s o c i a t e d  w i t h  the  a e r o s o -  
real  per iphera l  m e m b r a n e  in f o r m  o f  p r o a c r o s i n  which  
i s  a c t i v a t e d  b y  l i m i t e d  p r o t e o l y s i s  b e f o r e  f e r t i l i z a t i o n  
[4,5t.  

T h e  h i g h  a m o u n t  o f  a c r o s i n  i n  t h e  a c r o s o m e  o f  s p e r -  
m a t o z o a  i s  b e l i e v e d  t o  b e  e s s e n t i a l  f o r  g ~ r n e t e  f u s i o n ,  
p a r t i c u l a r l y  f o r  b i n d i n g  t o  a n d  p e n e t r a t i o n  o f  t h e  z o n a  
p e l l u c i d a  ([6] ,  r e v i e w e d  in  [7]). T h e  m o l e c u l e  o f  a c r o s i n  
c o m b i n e s  a s p e c i f i c  p r o t e o l y t i c  a c t i v i t y  w i t h  zo•a-  a n d  
c a r b o h y d r a t e - a f f i n i t y ,  a p r o p e r t y  u n u s u a l  f o r  a s e r i n e  
p r o t e i n a s ¢  [8 ,9] .  I t  w a s  s u g g e s t e d  t h a t  i n  v i v o  t h i s  s p e c i a l  
a f f i n i t y  o f  a c r o s i n  d i r e c t s  t h e  p r o t e o l y t i c  a c t i v i t y  t o  i t s  
s t r u c t u r a l  t a r g e t .  S p e r m  a c r o s i n  m a y  t h u s  f u n c t i o n  i n  
p e n e t r a t i o n  o f  z o n a  p e l l u c i d a  a n d  o f  a h i g h l y  s t r u c t u r e d  
e x t r a c e l l u l a r  m a t r i x  o f  t h e  p r e v i t e l l i n  s p a c e  [6]. 

S i n c e  l i t t l e  i s  k n o w n  a b o u t  t h e  c h e m i c a l  s t r u c t u r e  o f  
t h e  z o n a p d l u c i d a ,  t h e  a c t i o n  o f  a c r o s i n  o n  i t s  p r e s u m e d  
p h y s i o l o g i c a l  s u b s t r a t e  h a s  n o t  b e e n  c h a r a c t e r i z e d  o n  
t h e  m o l e c u l a r  l e v e l  a n d  t h e  d e g r a d a t i o n  o f  m a t r i x  p r o -  
t e i n s  w a s  a t t r i b u t e d  r a t h e r  t o  t h e  a c t i o n  o f  m a t r i x - d e -  
g r a d i n g  m e t a l l o p r o t e i n a s e s .  

W e  h a v e  r e c e n t l y  d e s c r i b e d  t h a t  m a t r i x  p r o t e i n ,  f i b r o -  
nect in ,  c o n t a i n s  a la tent  p ro t eo ly t i c  sys tem o f  ma t r i x  
d e g r a d a t i o n ,  t h a t  c a n  be ac t iva ted  by  ex te rna l  p ro t e ina -  
s e s  [10 ,1  !] .  F N - t y p e  I V  e o U a g e n a s e ,  o n e  e n z y m e  o f  t h i s  
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s y s t e m ,  is  a m e t a l l o p r o t e i n a s e  t h a t  d e g r a d e s  c o l l a g e n  
t y p e  I V ,  h e a t - d e n a t u r e d  c o l l a g e n  t y t ' ~  ! a n d  l a m i n i n .  
F i b r o n e c t i n a s e  is  a s e r i n e  p r o t e i n a s ¢  t h a t  d e g r a d e s  fi-  
b r o n e c t i n  a n d  i t s  f r a g m e n t s .  A s  b o t h  t h e  s p e r r n a t o z o i d  
a n d  t h e  p r e v i t e l l i n  s p a c e  c o n t a i n  f i b r o n e c t i n ,  a p r o c e s s  
o f  a p o t e n t i a l  a c t i v a t i o n  o f  i t s  l a t e n t  p r o t e o l y t i c  s y s t e m  
b y  a c r o s i n  h a d  t o  b e  t a k e n  i n t o  c o n s i d e r a t i o n .  

T h e  i n t e n t  o f  t h i s  s t u d y  w a s  t o  e x a m i n e  t h e  d i r e c t  
e f f e c t  o f  t h e  s e r i n e  p r o t e i n a s e  a c r o s i n  o n  v a r i o u s  m a t r i x  
p r o t e i n s  a n d  t h e  p o s s i b i l i t y  o f  a n  i n d i r e c t  e f f e c t  o f  a c t i -  
v a t i o n  o f  a m a t r i x - d e g r a d i n g  a c t i v i t y  f r o m  f i b r o n e c t i n  
[10,11]. 

2. M A T E R I A L S  A N D  M E T H O D S  

Gelat in-Ultrogel  was purchased from IBF Biotechnics (Villeneuvc- 
la-Garean©, Franc.c). Phenylmethane sulfonylfluoride (PMSF)  and 
pepstat in A were from Fluka Chemic A G  (Buchs, Switzerland), I, ! 0- 
phenanthrol ine  and  n-ethylmaleimide were from Sigma Chemical Co. 
(St. Louis. USA).  

Acrosin (at-form, 14 U/rag) was purified and activated as previously 
described [12]. The lyophilized sample was solubilized in I mM HCI 
to  a final cone.  o f  I mg/mi. Lyophilized human plasma fibronectin 
(Centre National  de Transfusion Sanguine, France), was purified as 
described [ 13,14]. with a final step o f  purification by gel filtration [ ! 5]. 
Laminin and  type IV collagen were purified from the Engelbreth- 
Holm-Swarm (EHS) tumor  [16] and type ! collagen from rat tendons 
[ 17]. Heat-denatured collagen (gelatin) was prepared by incubation o f  
native type ! collagen at 70°C for 15 rain. 

Enzyme assays with native type ! collagen, denatured type ! collagen 
[gelatin}, type IV collagen and laminin as substrates (enzyme/substrate 
ratio o f  1:!000) were carried out in 50 mM Tris-HCl, pH 7.4, buffer, 
containing 0.2 M NaCi  and 5 mM CaCI2 with 20 g o f  substrate in a 
final volume o f  50 litres. In the case o f  laminin, the assays were 
performed without  NaCI. The samples were incubated for 16 h a t  
37°C, lyophilized, reduced and analyzed by electrophoresis using 10~ 
acr3damide gel according to Doucet  and Trifaro [18]. Substratc di- 
geslion was ©valuated in Laser I~ns i tometgr  Ultroscan XL (LKB, 
Sweden) by compar ison o f  control  and enzyme-containing samples.  

The inhibition studies were done as previously described [10,1 I] 
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w i t h  p h e n y l m e t h a n e  s u l f o n y i f l u o r i d e .  1 , 1 0 - p h e n a n t h r o l i n e ,  p e p s t a t i n  
A a n d  h i - e thy l  r n a l e i m i d e  in  f i n a l  c o n c e n t r a t i o n s  o f  t .3 m M .  1 0  r n M ,  
I m M  a n d  3 . 3  m M ,  r e s p e c t i v e l y .  

T o  e v a l u a t e  t h e  p a r t i a l  d i g e s t i o n  o f  f i b r o n e c t i n  w i t h  a c r o s i n ,  t h e  
p r o t e i n  (5 r a g )  w a s  d i g e s t e d  a t  e n z y m c / s u b s t r a t e  r a t i o  o f  I : I 0 0  in  5 rnl  
o f  5 0  m M  T r i s - H C I  b u f f e r ,  p H  8,  c o n t a i r ~ i n g  5 m l ~  C a C I  2 a t  2 2 ° C .  
A f t e r  2 h ,  t h e  d i g e s t  w a s  a p p l i e d  o n  a g e l a t i n - U P . v o g e l  c o l u m n  (2~2 × 
I 0 c r n ) ,  eclui i  i b r a t e d  w i t h  t h e  s a m e  b u f f e r .  T h e  r e t a i n e d  f r a g m e n t s  w e r e  
e l u t e d  w i t h  t h e  e q u i l i b r a t i o n  b u f f e r  c o n t a i n i n g  4 M u r e a .  

3. R E S U L T S  A N D  D I S C U S S I O N  

T h e  e f fec t  o f  a c r o s i n  o n  c o l l a g e n s  w a s  s t u d i e d  w i t h  
n a t i v e  a n d  h e a t - d e n a t u r e d  c o l l a g e n s  t y p e  1 a n d  w i t h  
n a t i v e  c o l l a g e n  t y p e  I V  as  s u b s t r a t e s .  

- T h e  r e s u l t s  i n  F ig .  I A  s h o w  t h a t  n a t i v e  t y p e  I c o l l a g e n  
w a s  n o t  c l e a v e d  b y  t h e  e n z y m e .  O n  t h e  c o n t r a r y ,  t h e  
h e a t - d e n a t u r e d  c o l l a g e n  w a s  d e g r a d e d .  

T h e  d e g r a d a t i o n  o f  b a s a l  m e m b r a n e  m a t r i x  p r o t e i n s  
w a s  s t u d i e d  w i t h  c o l l a g e n  t y p e  I V  a n d  w i t h  l a m i n i n ,  t he  
s u b s t r a t e s  o f  a spec i f ic  g r o u p  o f  m a t r i x - d e g r a d i n g  m e -  
t a l l o p r o t e i n a s e s ,  c o m p r i s i n g  t y p e  I V  c o l l a g e n a s e s  a n d  
s t r o m e l y s i n .  

O u r  r e s u l t s  (F ig .  I B)  h a v e  s h o w n  t h a t  a c r o s i n  effi-  
c i e n t l y  d e g r a d e s  t y p e  I V  c o l l a g e n  a t  E / S  r a t i o  o f  1 : 1000. 
T h i s  d e g r a d a t i o n ,  as  wel l  as  t h e  c l e a v a g e  o f  t he  h e a t °  
d e n a t u r e d  t y p e  1 c o l l a g e n ,  w e r e  i n h i b i t e d  b y  t h e  s e r i n e  
p r ,~ te inase  i n h i b i t o r  p h e n y l m e t h a n e  s u l f o n y l f l u o r i d e ,  
w h i l e  t he  i n h i b i t o r  o f  m e t a l l o p r o t e i n a s e s ,  o - p h e n a n -  
t h r o l i n e ,  w a s  w i t h o u t  ef fect .  T h e r e f o r e  t h e  c l e a v a g e  o f  
t y p e  I V  a n d  d e n a t u r e d  t y p e  I c o l l a g e n s  c a n  b e  a t t r i b u t e d  
t o  a c r o s i n  i t s e l f  a n d  n o t  t o  a n  e v e n t u a l  c o n t a m i n a t i o n  
b y  a m e t a l l o p r o t e i n a s e  o r  b y  i t s  z y m o g e n .  C o n t r a r y  to  
c o l l a g e n  t y p e  IV ,  l a m i n i n  w a s  n o t  d e g r a d e d  b y  a c r o s i n  
( F i g .  IC) .  

T h e  e f fec t  o f  a c r o s i n  o n  f i b r o n e c t i n  is d e m o n s t r a t e d  
i n  F ig .  2. T h e  p r o t e o l y s i s  o f  f i b r o n e c t i n  a t  a n  E /S  r a t i o  
o f  1 : 100 w a s  a c c o m p l i s h e d  w i t h i n  2 h (F ig .  2 A ) .  F u r t h e r  
i n c u b a t i o n  d i d  n o t  c h a n g e  t he  e l e c t r o p h o r e t i c  p a t t e r n  o f  
t h e  d i g e s t  ( n o t  s h o w n ) .  

A n  a f f i n i t y  c h r o m a t o g r a p h y  o f  t h e  d i g e s t  o n  g e l a t i n -  
U l t r o g e l  ( F i g .  2B)  a n d  a s u b s e q u e n t  gel  e l e c t r o p h o r e s i s  
o f  the  s e p a r a t e d  f r a c t i o n s  ( F i g .  2 A )  h a v e  d e m o n s t r a t e d  
t h r e e  m a i n  f r a g m e n t s  o f  110, 27  a n d  25  k D a  in  g e l a t i n -  
u n r e t a i n e d  f r a c t i o n .  A l l  o t h e r  f r a g m e n t s  w e r e  r e t a i n e d  
b y  g e l a t i n - U l t r o g e l .  XVhen e i t h e r  t h e  g e l a t i n - u n r e t a i n e d  
o r  g e l a t i n - r e t a i n e d  f r a c t i o n s  w e r e  a s s a y e d  w i t h  v a r i o u s  
m a t r i x  p r o t e i n s  a s  s u b s t r a t e s ,  n o  t r a c e s  o f  a n y  n e w l y  
g e n e r a t e d  p r o t e o l y t i c  a c t i v i t y  w e r e  d e t e c t e d .  A 24  h -  
p r e i n c u b a t i o n  o f  t h e  f r a c t i o n s  a l o n e  o r  t o g e t h e r  ( r a t i o  
1 : i )  t h a t  e n h a n c e d  t h e  a c t i v a t i o n  o f  F N - p r o t e i n a s e s  d i d  
n o t  c h a n g e  t he  r e su l t s .  

T h e r e f o r e  t h e  p r e s e n t  s t u d y  h a s  d e m o n s t r a t e d  t h a t  
a c r o s i n  d o e s  n o t  g e n e r a t e  a n y  p r o t e o l y t i c  a c t i v i t y  f r o m  
f i b r o n e c t i n ,  b u t  t h a t  it  c a n  d e g r a d e  d i r e c t l y  m a t r i x  p r o -  
t e in s .  A c o m p a r i s o n  o f  t h e  speci f ic  a c t i v i t i e s  o f  a c r o s i n  
t o w a r d s  t h e  s t u d i e d  m a t r i x  p r o t e i n s  w i t h  t h o s e  o f  
k n o w n  m a t r i x - d e g r a d i n g  p r o t e i n a s e s  ( T a b l e  I )  d e m o n -  
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Fig. I. Analysis of proteolytie activity of acrosin. Substrates were 
incubated with acrosin (E/S ratio of 1:100) for 16 h at 37°C. (A) Native 
type I collagen (20 g) alone (lane 1) or with acrosin (lane 2); (lane~ 3-6) 
heat denatured collagen (20 g) as substrate: incubated atone (lane 3). 
with aerosin (lane 4), with acrosin and phenylmethane snlfonyltluoride 
(lane 5), with acrosin and 1,10-phenanthroline (lane 6). (B) Collagen 
type IV (! 5 g) alone (lane 1); with the enzyme (lane 2); with the enzyme 
and PMSF (lane 3); with the enzyme and I ,lO-phenanthroline 0ane 
4). (C) Laminin (15 g) alone (lane l); laminin with the enzyme (lane 

2). 

s t r ~ t e s  t h a t  i ts  spec i f ic  a c t i v i t y  t o w a r d s  t y p e  I V  c o l l a g e n  
is 125 - fo ld  h i g h e r  t h a n  t h a t  o f  t y p e  I V  c o l l a g e n a s e  ( g e l a -  
t i n a s e )  a n d  o f  s t r o m e l y s i n  [19]. 

U p  t o  n o w ,  t h e  d e g r a d a t i o n  o f  t y p e  I V  c o l l a g e n  w a s  
c o n s i d e r e d  a s  a spec i f ic  p r o p e r t y  o f  m e t a l l o p r o t e i n a s e s ,  
i n  p a r t i c u l a r  o f  t y p e  I V  c o l l a g e n a s e s .  T h i s  g r o u p  o f  
e n z y m e s  w a s  e x h a u s t i v e l y  s t u d i e d  b y  s e v e r a l  l a b o r a t o -  
r ies,  s i n c e  a c o r r e l a t i o n  w a s  e s t a b l i s h e d  b e t w e e n  t h e i r  
p r o t e o l y t i c  a c t i v i t y  a n d  t h e  m e t a s t a t i c  p o t e n t i a l  o f  
t u m o r  ce l l s  [20,21].  

O u r  p r e s e n t  r e s u l t s  b r o u g h t  e v i d e n c e  t h a t  s e r i n e  
p r o t e i n a s e  a c r o s i n  c a n  a l s o  d i s p l a y  a h i s h  spec i f i c  p r o -  
t e o l y t i e  a c t i v i t y  t o w a r d s  c o l l a g e n  t y p e  IV .  T h e r e f o r e  a 
d e g r a d a t i o n  o f  t h i s  m a t r i x  p r o t e i n  c h a r a c t e r i s t i c  f o r  t h e  
b a s a l  m e m b r a n e  is n o t  a n  e x c l u s i v e  p r o p e r t y  o f m e t a l l o -  
p r o t e i n a s e s .  F u r t h e r  s t u d y  is  r e q u i r e d  t o  u n d e r s t a n d  t h e  
b i o l o g i c a l  s i g n i f i c a n c e  o f  t h i s  p a r t i c u l a r  p r o p e r t y  o f  
a c r o s i n .  

2 8 0  
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Fig.  2. D i g e s t i o n  o f  f ib ronec t in  w i t h  a c r o s i n  a n d  aff ini ty c h r o m a t o g r a p h y  o f  the  digest  o n  8¢lat in-Ultrog¢l .  (A)  Gel  e lec t rophorcs i s .  Fil~roncctin 
( lane  I);  a c ro s in  d iges t  o f  f ib ronec t in  ( l ane  2); 8e la t in-ur t re ta ined  f rac t ion  <lane 3) a n d  re ta ined  f rac t ion  ( lane 4). (B) Aff ini ty  c h r o m a t o g r a p h y  o f  

the  digest ,  A r r o w  indica tes  eh t t ion  wi th  u r e a - c o n t a i n i n g  buffer .  

T a b l e  I 

C o m p a r i s o n  o f  s u b s t r a t e  specificity o f  a c ro s i n  w i th  ex t racc l lu la r  m a -  
t r ix m e t a l l o p r o t e i n a s e s  

S u b s t r a t e  E n z y m e  

A c r o s i n  T y p e  I V  [I 9] S t r o m e -  C o l l a s e n a s e  
co l l agcnasc  lysin interst i t ia l  
(g¢la t inasc)  [ 19] [ 19] 

Co l l agen  I V  66.6 0.5 0 5 0.1 
C o l l a g e n  I -- -- - 54.1 
C o l l a g e n  I ( D )  79.1 96 7.5 3.0 
Larn in in  -- -- + - 
F i b r o n c c t i n  83.3 + + + + + 

Act iv i ty  va lues  were  expres sed  in 8 o f  s u b s t r a t e  d e g r a d e d  pe r  h o u r  p e r  
8 o f  enzyme;  d a t a  f r o m  [19] w e r e  reca lcu la ted  accord ing ly .  (D) ,  d e n a -  

tu red .  
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