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Summary:  Sodium chloride extracts obtained from purif ied bovine 
brain myelin were found to contain proteolytic activity capable of 
degrading isolated myel in  basic prote in  as assessed by SDS gel 
electrophoresis.  Using gels copolymerized with gelatin as substrate, 
two bands  at about  54 and  117-125 KDa, respectively,  were  
detected. Activity corresponding to the 54 KDa band was inhibited by 
zinc. 
Data presented in this article suggest that proteolytic activity can be 
re leased  f rom the myel in  shea th  in water-soluble  form and  
recognize MBP as substrate. ~ 1992 Academic P ..... Inc. 

Central nervous system myel in  is known to be a relatively stable 
membrane.  However, in spite of its low protein turnover  and the low 
presence of enzymatic activity, myelin appears to contain a number  
of proteolytic enzymes (1-6),  the role of which is not yet clear both 
in myelinogenesis and in pathological demyelination. 
All these enzymes appear  to have as major  target the myelin basic 
p r o t e in  (MBP), (for a rev iew see 7). MBP is k n o w n  to be 
encephal i togenic  also when hydro lyzed  in smaller f ragments  and 
MBP fragments have been detected in the cerebrospinal fluid (CSF) of 
patients with multiple sclerosis (MS) (8), a disease in which myelin 
proteolytic activity appear to increase. (9). Therefore to know myelin 
associated proteases and their properties is of fundamental  interest. 
In this article we repor t  on the ident i f icat ion of possibly novel  
proteases which can be extracted from myelin by increasing the ionic 

Abbreviations: MBP, myelin basic protein; SDS-PAGE, polyacrylamide 
gel electrophoresis  in sodium dodecyl  sulfate; BSA, bovine serum 
albumine; 1.10 PA, 1.10 phenanthroline;  EGTA, (oxyethylenenitrilo)- 
tetraacetic acid; KDa, kilodaltons. 
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s t reng th .  The  re leased  water - so lub le  p ro teo ly t i c  act iv i ty  is capab le  to 
d e g r a d e  MBP a n d  ge la t in  a n d  can  be i nh ib i t ed  by  zinc. 

MATERIALS AND METHODS 

Prepa ra t i on  of  myel in :  Myelin was p r e p a r e d  f r o m  bov ine  b ra in  whi te  
m a t t e r  a c c o r d i n g  to N o r t o n  (10) b u t  us ing  two cycles  o f  suc rose  
g r ad i en t  p lus  osmot ic  shock  as desc r ibed  in (11). Material  f loat ing o n  
0.8 M sucrose  a f te r  the  s e c o n d  g r a d i e n t  c e n t r i f u g a t i o n  was w a s h e d  
twice a n d  s to r ed  at  - 70 °C. 
P r e p a r a t i o n  o f  s o d i u m  c h l o r i d e  ext rac t :  Bovine  b r a i n  m y e l i n  was 
r e s u s p e n d e d  in 5 v o l u m e s  of  20 m M  Tris-HC1/500 m M  NaC1, pH 8.5. 
Af t e r  h o m o g e n i z a t i o n  in  a P o t t e r - E l v e h j e m  the  s u s p e n s i o n  was 
i n c u b a t e d  for  10 m i n  in ice a n d  t h e n  cen t r i f uged  in a Beckman  JA-20 
r o t o r  for  20 m i n  at  15,000 r p m  (27,000xg).  The  s u p e r n a t a n t  (10-15% 
m y e l i n  pro te ins )  was c o n c e n t r a t e d  a b o u t  10 fold  by  u l t ra f i l t ra t ion  on  
A m i c o n  YMS, a n d  t h e n  a d d e d  to MBP to a s c e r t a i n  i f  p r o t e o l y t i c  
act ivi ty  was p re sen t .  
P u r i f i c a t i o n  o f  m y e l i n  bas ic  p r o t e i n  (MBP): MBP was  p u r i f i e d  
acco rd ing  to Deibler  et  al. (12,13).  
P ro teo ly t i c  c leavage  of  MBP: Lyoph i l i zed  MBP was r e s u s p e n d e d  in 
Tris 20 mM, pH 8.5. For the  a s s e s s e m e n t  of  wate r - so lub le  p ro teases ,  
a l iquo tes  of  20 ug of  MBP were  i n c u b a t e d  wi th  NaC1 ex t rac t  (20 ug) 
fo r  44  h o u r s  a t  20 °C in the  a b s e n c e  or  in the  p r e s e n c e  o f  s o m e  
p r o t e a s e  inh ib i to r s .  Each s a m p l e  was b r o u g h t  to a f inal  v o l u m e  of  
150 ul  by  a d d i n g  20 m M  Tris-HC1, pH 8.5 to the  i n c u b a t i o n  mix ture .  
The  i n c u b a t i o n  was s tar t ing  wi th  the  a d d i t i o n  of  NaC1 extract .  
P o l y a c r y l a m i d e  gel e l ec t rophores i s  in s o d i u m  d o d e c y l  su l fa te  (SDS- 
PAGE): SDS-PAGE was  c a r r i e d  o u t  a c c o r d i n g  to L a e m m l i  (14) as 
p r e v i o u s l y  de sc r i bed  (15). Briefly, a l iquots  of  150 ul of  each  s ample  
c o n t a i n i n g  20 ug  o f  p r o t e i n s  we re  i n c u b a t e d  wi th  1 ml  o f  co ld  
a c e t o n e  for  1 h o u r  at  -20 ° C a n d  pel le ts  o b t a i n e d  a f te r  r e m o v a l  of  
s u p e r n a t a n t s  w e r e  s o l u b i l i z e d  w i t h  10 ut  o f  4% SDS / 1 %  B- 
m e r c a p t o e t h a n o l / 2  m M  EDTA/IO% g lyce ro l /5% B r o m o p h e n o l  b lue  
(pH 6.8) a n d  a p p l i e d  on  15% r u n n i n g  gels a n d  5.4% s p a c e r  gels. 
Fo l lowing  t he  r u n ,  p r o t e i n s  were  s t a i n e d  for  2 h o u r s  in  0.2% 
C o o m a s s i e  b l u e  R-250  a n d  0 .05% C o o m a s s i e  b l u e  G-250  in  
m e t h a n o l / a c e t i c  a c i d / w a t e r  (4:1:4,  v / v )  a n d  excess  o f  d y e  was 
r e m o v e d  wi th  m e t h a n o l / a c e t i c  a c i d / w a t e r  (4:1:5, v /v ) .  
C o p o l y m e r i z a t i o n  of  ge la t in  in  SDS-PAGE gel: SDS-PAGE 5 .4 -10% 
g r a d i e n t  gels were  c o p o l y m e r i z e d  wi th  0.2% ge la t in  u s e d  as e n z y m e  
subs t ra te ,  as a l r eady  desc r ibed  by McKerrow et al. (16). 
Al iquo ts  o f  40  ug of  NaC1 ex t rac t  were  so lub i l i zed  in  10 ul  o f  4% 
SDS/IO% glycero l /5% b r o m o p h e n o l  blue,  pH 6.8 a n d  a p p l i e d  to SDS- 
PAGE. After  the  run ,  p e r f o r m e d  at  4°C, the  gel was i n c u b a t e d  in 2.5% 
Tr i ton-X-100 at  r o o m  t e m p e r a t u r e  for  20 ra in  wi th  one  c h a n g e  for  
add i t iona l  20 m i n  to r e m o v e  SDS. The  gel t h e n  was i n c u b a t e d  in Tris- 
HC1 100 mM, pH 7.4 fo r  15 m i n  at  r o o m  t e m p e r a t u r e  a n d  a f t e r  
r e p l a c e m e n t  o f  the  buffer ,  the  gel was i n c u b a t e d  o v e r n i g h t  a t  r o o m  
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t e m p e r a t u r e  u n d e r  gen t ly  s t i r r ing (in the  p r e s e n c e  or  the  absence  of  
i nh ib i to r s ) .  T h e  gel was t h e n  s t a i n e d  a n d  d e s t a i n e d  as d e s c r i b e d  
above.  Pro teo ly t ic  ac t iv i ty  was d e t e c t e d  as a wh i t e  b a n d  on  a b lue  
b a c k g r o u n d .  
S t a n d a r d  p r o t e i n s  p u r c h a s e d  f r o m  P h a r m a c i a  were:  o v o t r a n s f e r r i n  
(76-78 KDa), a l b u m i n  (66.2S KDa), o v o a l b u m i n  (45 KDa), ca rbon ic  
a n h y d r a s e  (30 KDa), m y o g l o b i n  ( 17.2 KDa), c y t o c h r o m e  c ( 12.3 KDa), 
m iog lob in  I (8.1 KDa), m iog lob in  II (6.2 KDa). 
U l t r a p u r e  w a t e r  was  o b t a i n e d  wi th  the  Milli Q-plus  a p p a r a t u s  of  
Mill ipore.  

RESULTS 

Myel in  was t r ea t ed  wi th  0.5 M NaC1 a n d  s e p a r a t e d  in a wate r - so lub le  

( the  NaC1 extract)  a n d  a t i g h t l y - b o u n d  f r ac t ion  ( the  m y e l i n  res idue)  
w h i c h  o n  t h e  o t h e r  h a n d  was  t he  s t a r t i n g  m a t e r i a l  fo r  o u r  
p r e p a r a t i o n  of  MBP in  the  l i p i d - b o u n d  f o r m  (15).  To tes t  w h e t h e r  
p r o t e o l y t i c  ac t iv i ty  t owards  MBP was p r e s e n t  in  NaC1 extract ,  this  

was  a d d e d  to MBP a n d  ac t iv i ty  was d e t e c t e d  b y  fo l lowing  t he  
d i s a p p e a r a n c e  of  the  MBP b a n d  over  a specific t i m e s p a n  us ing  SDS 
gel e lec t rophores is .  Shor t  t ime incuba t ion  r e su l t ed  in the  f o r m a t i o n  of 

16, 14.5, 11, 9.5, 8.0 a n d  6.5 KDa f r a g m e n t s  (Fig. 1). 
Fig. 2 shows the  effect  of  the  NaC1 extrac t  o n  MBP in  the  p r e s e n c e  or  
in  the  absence  of  s o m e  inh ib i to rs .  T ime  was c h o s e n  to ob t a in  to ta l  
c l eavage  of  MBP (Fig.2, l ane  c). It is i m p o r t a n t  to n o t e  t h a t  MBP 
p r e p a r a t i o n s ,  t h a n k s  to the  d e n a t u r i n g  c o n d i t i o n s  u s e d  fo r  its 
p u r i f i c a t i o n  a n d  to t he  use  of  i o n - e x c h a n g e  c h r o m a t o g r a p h y ,  a re  

KDa 

. 7 6 - 7 8  
66 .2  
45 

30 

M B P  
17.2  
12.3 
8.1 
6.2 

a b c d e 

Fig. 1. Time course of MBP degradation by the NaC1 extract. From left 
to right samples are: (a) MBP, 20/ug; (b) NaC1 extract 20 pg protein; 
MBP + NaC1 extract after: (c) 10 min; (d) 60 min; and (e) 120 min 
incubation at 20 ° C. 
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Fig.2. SDS-PAGE of MBP incubated for 20 hours at 20 ° C with NaC1 
extract. Samples are: (a) NaC1 extract; (b) MBP; (c) MBP + NaC1 extract; 
(d-h) MBP + NaC1 extract in presence of: (d) 4 mM zinc acetate; (e) 1 
mM B-mercaptoethanol + 1 mM EDTA; (f) 2 mM 1.10 PA; (g) 2 mM 
B-mercaptoethanol; (h) 2 mM EGTA .The same amount of protein 

was loaded in all cases, thus possible discrepancies should be 
ascribed to the inhibitor added. 

Fig.3. SDS-PAGE of the NaC1 extract in a gel copolymerized with 0.2% 
gelatin. Samples are: NaC1 extract in the presence (a) or in the 
absence (b) of B-mercaptoethanol in the SDS medium; (c-f) NaC1 
extract as in (b) but in the presence of: (c) 4 mM zinc acetate; (d) 2 
mM EGTA; (e) 1 mM EDTA + 1 mM B-mercaptoethanol; (f) 2 mM 1.10 
PA. 

d e v o i d  of  p r o t e o l y t i c  a c t i v i t y  a n d  are  v e r y  s tab le .  Thus ,  the  

pro teo ly t ic  enzymes  m u s t  be  p resen t  in the NaC1 extracts.  

With r ega rd  to the effect  of  p ro t ea se  inhibi tors ,  p ro teo ly t i c  act iv i ty  

was b locked b y  zinc ions (lane d) and  in par t  by  B-mercaptoe thanol  + 

EDTA ( lane  e), 1.10 p h e n a n t h r o l i n e  (1 .10  PA) ( lane  f) a n d  B- 

m e r c a p t o e t h a n o l  (lane g) bu t  no t  b y  (oxye thyleneni t r i lo ) - te t raace t ic  

a c i d  (EGTA) ( l a n e  h) .  O t h e r  i n h i b i t o r s ,  s u c h  as  

p h e n y l m e t h y l s u l p h o n y l f l u o r i d e  (PMSF), i o d o a c e t a t e ,  p - h y d r o x y  

m e r c u r i b e n z o a t e ,  d i th ioe r i th ry to l  (DTE), N-e thyhna le imide  (NEM), 

and  l eupep t in  were  not  effective (not  shown).  NaC1 extracts  were  no t  

ac t ive  t owards  BSA (no t  shown) .  As a ru le  MBP b r e a k d o w n  was 

l imited in the cold and  was f o u n d  to increase  with the t empera tu re .  

Using gels c o p o l y m e r i z e d  with gelat in  as subs t r a t e  two b a n d s  were  

d e t e c t e d  w h e n  the NaC1 ex t rac t  was  a p p l i e d  to SDS-PAGE. The 

a p p a r e n t  molecular  weight  of  the cor responding  proteases ,  which can 

be  o b s e r v e d  as whi te  b a n d s  on a dark  b a c k g r o u n d  in fig. 3 lane  b, 

was f o u n d  to be  a b o u t  54, and  125 KDa respec t ive ly .  Both b a n d s  

d i s a p p e a r e d  in the p r e s e n c e  of  1 mM B - m e r c a p t o e t h a n o l  + 1 mM 

EDTA or  ( less e f f i c i en t ly )  b y  1.10 PA (Fig.3, l anes  e a n d  f 
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respect ively) ,  but  only the proteolyt ic  activity at 54 KDa was 
inhibited by zinc (lane c) or EGTA (lane d). We could not observe any 
activity when  total myelin was extracted with detergents  and then 
a p p l i e d  on g e l a t i n - c o n t a i n i n g  gels. Final ly ,  w h e n  1% B- 
mercaptoethanol  was added to SDS incubation medium, the 125 KDa 
band shifted to 117 KDa, whereas the 54 KDa band did not change its 

mobility (Fig. 3, lane a). 

DISCUSSION 

In this article we report  that water-soluble proteases are present  in 
myel in  preparat ions.  Of course, one obvious in te rpre ta t ion  for a 
water-soluble enzyme to be associated with a myelin membrane  is 
that  it has become art i factual ly associated with the m e m b r a n e  
following tissue homogenization. However, other myelin proteins and 
in par t icu lar  MBP have been a l ready extracted by t r ea tment  of 

myelin with sodium chloride as well(17,18). 
Here, the NaC1 extract, which is capable of degrading MBP, appears to 
contain two gelatin-hydrolysing enzymes: a not better  characterized 
125 KDa pro tease ,  and  a poss ibly  z i n c - d e p e n d e n t  54 KDa 
metalloprotease.The similar inhibition profile suggest that the same 
enzymes break down MBP. With regard  to the 54 KDa protease,  
inhibition by zinc of zinc-dependent  enzymes has been described by 
Larsen and  Auld (19), whereas  inhibi t ion by 1.10 PA has been 
repor ted  by Chantry et al. in the case of the metalloproteinase they 
purified from myelin (5) and from other tissues (20). On the other  
hand,  inhibi t ion by zinc ions of MBP breakdown was ascribed by 
Berlet et al. (21), and by Earl et al. (22) to the inhibitory effect of zinc 
on MBP release from the membrane  ra ther  than to inhibi t ion of 
enzymes.  In our  present  study, the use of myelin-free MBP as a 
substrate suggest that the effect of zinc is on the protease. On the 
other  hand,  since EGTA and zinc are effective only on the 54 KDa 
protease, and only zinc inhibits MBP breakdown, it may be suggested 
that Zn has the additional role of stabilizing MBP against proteolysis. 
In this respect,  we have already shown that  Zn is actually able to 
in teract  with MBP (23). Isolation and  character izat ion of both 
proteolyt ic  enzymes will be mat te r  of fu r ther  s tudy in o rder  to 
clarify their possible role in physiopathology. 
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