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SUMMARY 

The encephalitogenic basic protein from bovine spinal cord was 
treated with purified bovine brainproteinase (cathepsin D, EC 3.4.4.23) 
yielding 3-4 peptide fragments. An encephalitogenic fragment (pep[[de 
IIl-a, 8645 daltons) was purified by repetitive filtration on Sephadex gel. 
The purity of the peptide was established by polyacrylamide gel electro- 
phoresis at acid and alkaline pH and by amino acid and end group analysis. 
The N- and C-terminal amino acid sequence of peptide III-a shows that 
the brain acid proteinase hydrolyzes the Phe-Phe linkage (residues 89- 
90) releasing the C-terminal 81 residues of the basic protein molecule. 

Experimental allergic encephalomyelitis (EAE) is produced in animals 

following the administration of the intact myelin basic protein (BP) (I-4). 

Recent studies have shown that the BP is the major encephalitogen present 

in the central nervous system (CNS) (3, 4) whose complete amino acid se- 

quenee has been elucidated (5). Proteolysis in situ is a major problem in 

the preparation of pure BP from CNS tissues (3, 6). The breakdown of BP 

was attributed to the action of endogenous proteinases (6) active at acid pH 

and which is known to increase in animals with EAE (7-9). Further, a 

s i m i l a r  i n c r e a s e  in acid p ro t e inase  ac t iv i ty  was r e p o r t e d  in CNS les ions  

of pat ients  with mult iple  s c l e r o s i s  accompan ied  by the d i sappea rance  of 

mye l in  BP (8-11). 

Because  of its unfolded conformat ion ,  the BP  is suscep t ib le  to h y d r o l y s i s  

by p ro teo ly t ic  enzym es  (12) including b ra in  acid p ro t e tnase s  (6); however ,  

the na tu re  of the l inkage hydro lyzed  by b ra in  p ro t e tna se  has not been p r e -  
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viously reported. This study describes the breakdown products of BP using 

purified brain acid proteinase and the nature of one of the susceptible bonds. 

EXPERIMENTAL 

Myelin BP was isolated from fresh frozen bovine spinal cord following 

established procedures (3). Acid proteinase (cathepsin D, EC 3.4.4.23) 

was prepared from bovine brain as described elsewhere (6,13). The BP was 

incubated with the enzyme (protein to enzyme ratio of 20:1) at 37 ° in 0.05 

moles citrate buffer at pH 3.2. Preliminary experiments indicated that 3 

hours of incubation with the enzyme resulted in complete hydrolysis of the 

BP as shown by polyacrylamide gel electrophoresis (14) at pH 2.4 and I0.6 

(15). The enzyme was separated from the peptides on a column (3xl00 cm) 

of Sephadex G-25 (upper portion) and G-75 (lower portion) in equal portions 

as described elsewhere (12). Peptide III-a was purified by repeated gel 

filtration on Sephadex G-75, G-100 and G-150 columns. In each case, the 

size of the column was 2x75 cm. The elution pattern was monitored at 

280 nm, fractions common to each peak were combined and lyophilized. The 

amino acid composition was determined by the Technicon Autoanalyzer using 

the lithium citrate buffer procedure (16) following hydrolysis with 6N HCI. 

Tryptophan was quantitated by a modification (17) of the Spies and Chambers 

procedure (18). The N-terminal amino acid sequence was determined by 

aminopeptidase M (P-L Biochemicals, Inc., Milwaukee, Wis. ) according 

to published p~'ccedures (19) and the C-terminal sequence was established 

with carboxypeptidase A and B (Worthington Biochemicals, Freehold, N.J. ) 

following previously described methods (20). The EAE assay was performed 

in guinea pigs and the encephalitogenic activity was evaluated by clinical and 

histological criteria (21). 
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RESULTS and DISCUSSION 

The bas ic  p ro te in  unde rgoes  rap id  hyd ro ly s i s  when incubated with 

ex t r ace l l u l a r  p r o t e a s e s  such as pepsin,  t ryps in ,  c h y m o t r y p s [ n  and p ronase  

(12), y ie lding encephal i togenic  pept ides  (22) of known amino acid sequence  

(5, 23). The re la t ionsh ip  between the in-vivo r e l e a s e  of encephal i togenic  

f r a g m e n t s  f r o m  the mye l in  bas i c  p ro te in  to the et iology of EAE have been 

based  upon the r e p o r t e d  findings of acid p ro te inase  in b r a in  t i s sue s  and the 

suscept ib i l i ty  of the BP to degrada t ion  in si tu (3, 10, ll). Although these  

s tudies  const i tu te  ind i rec t  proof  for  the h y d r o l y s i s  of the BP  in the native 

state,  evidence for  the r e l e a s e  of a peptide by b r a i n  acid p ro te inase  capable  

of inducing EAE has not been  repor t ed .  The p re sen t  study c l e a r l y  shows 

that  the BP  unde rgoes  p ro t eo lys i s  in the p r e s e n c e  of a highly pur i f ied b r a i n  

acid p ro t e inase  yielding 3-4 peptide f r agmen t s .  P o l y a c r y l a m i d e  gel  e l e c t r o -  

phores i s  of the digest  (Fig. 1) shows the comple te  d i s appea rance  of a band 

c o r r e s p o n d i n g  to the bas i c  p ro te in  and the s imul taneous  gene ra t ion  of 4 bands 

which m i g r a t e  towards  the cathode ahead of the BP. Repea ted  f i l t ra t ion  on 

co lumns  of Sephadex gels  r e su l t ed  in the i sola t ion of peptide I I I - a  in good 

yie ld  to pe rmi t  chemica l  and b io logica l  c h a r a c t e r i z a t i o n .  Approx ima te ly  25 

m g  of peptide I I I - a  per  100 mg  pro te in  was isolated.  This  cons t i tu tes  57% 

of t heo re t i c a l  yie ld  based  on m o l e c u l a r  weights  of 8645 and 18, 200 for  the 

peptide and the B P  re spec t ive ly .  Amino acid ana lys i s  of peptide I I I - a  gave 

va lues  approx imat ing  whole in tege r s  ba sed  on 1 r e s idue  of valine,  2 r e s i d u e s  

of i so leucine  and 2 r e s idues  of t y r o s i n e  giving a tota l  of 81 r e s i d u e s  and a 

ca lcu la ted  m o l e c u l a r  weight  of 8717 daltons (Table 1). The ca lcu la ted  m o l e c u l a r  

weight,  8717 daltons,  is s l ight ly  h igher  than expected.  This is a t t r ibuted  

to the finding of 5 g lu tamic  acid and 14 glycine r e s i d u e s  by amino acid 

ana lys i s  c o m p a r e d  to 4 and 15 r e s i d u e s  r e s p e c t i v e l y  r e p o r t e d  for  the amino 
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Figure I. The polyacrylamide gel electrophoresis patterns (pH 2.4) 
of the purified basic protein (left gel), the enzyme digest 
(middle gel) and the purified peptide III-a (right gel). 
Approximately 50 ug protein or peptide was applied to 
each gel. 

ac id  s e q u e n c e  of th i s  r eg ion .  C o m p a r e d  to the b a s i c  p r o t e i n ,  pep t ide  I I I - a  

is  b a s i c  and con ta in s  the only t r y p t o p h a n  r e s i d u e  r e p o r t e d  for  the b a s i c  p r o -  

t e i n  m o l e c u l e  (5). The  p r e s e n c e  of an in tac t  t r y p t o p h a n  r e g i o n  was  c o n f i r m e d  

by  the EAE a s s a y .  I n j e c t e d  at  25 and 100 ug d o s e s ,  pe p t i de  I I I - a  induced  

c l i n i c a l  and h i s t o l o g i c a l  s y m p t o m s  of EAE in a l l  10 a n i m a l s  t e s t e d .  

The  p r e s e n c e  of t r y p t o p h a n ,  m e t h i o n i n e  and m e t h y l a r g i n i n e  s u g g e s t  tha t  

pep t ide  I I I - a  o r i g i n a t e s  f r o m  the C - t e r m i n a l  r e g i o n  of the B P  m o l e c u l e .  Th i s  

was  c o n f i r m e d  by  N-  and C - t e r m i n a l  a m i n o  ac id  s e q u e n c e  a n a l y s i s .  A p p r o x i -  

m a t e l y  1. 7 m o l e s  of a r g i n i n e ,  0 .5  m o l e s  of a l an ine  and a t r a c e  of m e t h i o n i n e  

p e r  m o l e  of pep t i de  I I I - a  w e r e  r e l e a s e d  wi th in  3 m i n u t e s  fo l lowing  the add i t i on  
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T a b l e  1. A m i n o  A c l d  C o m p o s i t i o n  Of E n e e p h a l i t o g e n i c  P e p t i d e  I I I - a  

Residues / Molecule 
Amino acid Pept[de III-a 

Found Theoretical 
B. P .  

A s p a r t i c  a c i d  4 4 11 
T h r e o n i n e  3 3 7 
S e r [ n e  10 10 19 
P r o l i n e  6 6 12 
G l u t a m i c  a c i d  5 4 10 
G l y c i n e  14 15 25 
A l a n i n e  5 5 14 
V a l [ n e  1 1 3 
M e t h i o n [ n e  1 1 2 
I s o l e u c i n e  2 2 3 
L e u c i n e  5 5 10 
T y r o s i n e  2 2 4 
P h e n y l a l a n i n e  4 4 8 
Lysine 8 8 13 
Hist[d[ne 2 2 I0 
A rginine and 
Methylarginine 8 8 18 

T r y p t o p h a n  1 1 1 

The number of amino acid residues per molecule of pept[de III-a are computed by 
assuming One residue of valine, two residues of isoleucine and two residues of tyros[ne 
Approximately 0.3-0.5 residues for methionine and 0.15 residues for methylarg[nine 
were found. The theoretical number of residues for both peptide III-a and the basic 
protein (BP) were computed from the amino acid sequence described in reference 5. 

of carboxypeptidase A and B. The amount of alanine increased to 0.8 moles 

within 80 minutes and a slight increase in methionine (0.2 moles). Similar 

results were obtained when the BP was used as a substrate. These data are 

an agreement with previously published results (20) and establish a Met-AN- 

Arg-Arg-OH sequence for peptide III-a ~dentical to the C-terminal sequence 

reported for the BP. In contrast to the BP which has an N-terminal acetyl 

blocking group (20), a free N-terminal phenylalanine was establ~shed for 

peptide III-a. Aminopeptidase M released 0.1 and 0.05 moles of phenylalanine 

and lysine respectively per mole of peptide within 3 hours of incubation. 

Following 7 hours of incubation with the enzyme, the values increased to 0.4 
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and 0 .2  m o l e s  r e s p e c t i v e l y .  In addi t ion,  the  e n z y m e  r e l e a s e d  0 .2  m o l e s  of 

a s p a r a g i n e  and O. 1 m o l e  of i s o l e u c i n e  e s t a b l i s h i n g  an N - t e r m i n a l  s e q u e n c e  of 

H - P h e - L y s - A s n - I l e .  T h e s e  r e s u l t s  show tha t  b r a i n  ac id  p r o t e i n a s e  

h y d r o l y z e s  the C - p h e n y l a l a n i n e  bond ( r e s i d u e  #89) r e l e a s i n g  e n c e p h a l i t o -  

gen ie  pep t i de  I I I - a  wi th  an N - t e r m i n a I  p h e n y l a l a n i n e  and ex tend ing  to the  

C - t e r m i n a l  a r g i n i n e  ( r e s i d u e  #170) of the bov ine  m y e l i n  BP. S tud ies  b e a r i n g  

on e n z y m e  s p e c i f i c i t y  us ing  i n su l i n  B - c h a i n  fo r  a s u b s t r a t e  c l e a r l y  show 

tha t  e a t h e p s i n  D c a t a l y z e s  the  h y d r o l y s i s  of pep t ide  bond p r e f e r e n t i a I i y  

f o r m e d  b e t w e e n  two a r o m a t i e  amino  a c i d s  such  as  Phe and Tyr .  S i m i l a r  

c o n c I u s i o n s  m a y  be d rawn  us ing  the B P  fo r  a s u b s t r a t e .  The  e n z y m e  c a t a -  

l y z e s  the  h y d r o l y s i s  of the  pep t i de  l i nkage  b e t w e e n  the two phe ny l a I a n i ne  

r e s i d u e s  89-90.  The  c o m p l e t e  amino  ac id  s e q u e n c e  of the  B P  r e v e a l s  the 

p r e s e n c e  of a n o t h e r  P h e - P h e  l i nkage  f o r m e d  b e t w e e n  r e s i d u e  43 and 44 which  

m a y  have  been  h y d r o l y z e d  by the enzyme .  The  f ind ing  of m o r e  than two 

b a n d s  in the e n z y m e  d i g e s t  by p o l y a c r y l a m i d e  ge l  e l e c t r o p h o r e s i s  c l e a r l y  

i n d i c a t e s  the p r e s e n c e  of at l e a s t  3 p e p t i d e s  which  a r e  c u r r e n t l y  be ing  
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