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SUMUARY 

C a t h e p a i n  9 f rom c h i c k e n  l i v e r  p u r i f i e d  to  a p p a r e n t  homogene i ty  
by the  method o f  a f f i n i t y  ch romatograph~  on p e p s t a t i n - S e p h a r o s e ,  was 
c r y s t a l l i z e d ,  upon  g r a d u a l  p r e c i p i t a t i o n  w i t h  e t h a n o l ,  f rom 1°5% p r o -  
t e i n  s o l u t i o n  i n  s l i g h t l y  a c i d  media  c o r r e s p o n d i n g  t o  t h e  i s o e l e c t r i c  
p o i n t  of  the  enzyme. 

A number of  i n t r a c e l l u l a r  p r o t e i n a s e s  of  a n i m a l  o r i g i n ,  o r  

c a t h e p s i n s ,  have been  o b t a i n e d  i n  the  h i g h l y  p u r i f i e d  s t a t e ,  b u t  

so f a r  none of  them have been  c r y s t a l l i z e d .  

C a t h e p s i n  D (EC 3 . 4 . 4 . 2 3 )  was i s o l a t e d  f rom a v a r i e t y  of  s o u r c e s  

by s e v e r a l  g roups  of  a u t h o r s  ( 1 - 4 ) .  S i n c e  t h e  number of  i s o s y m e s  i n  

d i f f e r e n t  p r e p a r a t i o n s  e s s e n t i a l l y  v a r i e s ,  i t  s t i l l  r e m a i n s  t o  he 

s o l v e d  w h e t h e r  t h e  m u l t i p l e  forms  o b s e r T e d  a c t u a l l y  e x i s t  i n  v i v o  o r  

whe the r  t h e y  a r e  t h e  p r o d u c t s  of p a r t i a l  a u t o l y s i s  a p p e a r i n g  i n  t h e  

c o u r s e  of the  i s o l a t i o n  p r o c e d u r e .  

Having  s y n t h e s i z e d  t h e  b i o s p e c i f i c  s o r b e n t  on ~he b a s i s  o f  p e p s t a -  

t i n ,  a c o m p e t i t i v e  i n h i b i t o r  of a c i d  p r o t e i n a s e s ,  we managed to  o b t a i n  

a homogeneous p r e p a r a t i o n  o f  c a t h e p s i n  D from c h i c k e n  l i v e r ,  which  

was s u b s e q u e n t l y  c r y s t a l l i z e d .  

~TERIALS M~B METIIODS 

P e p s t a t i n ,  p roduced  by Banyu Co ( J a p a n )  was k i n d l y  g i v e n  by 

P r o f .  Umezawa. AN-Sepharose was p roduced  by Pha rmac ia  (Sweden) .  The 

s y n t h e s i s  o f  t he  c a r r i e r  ( 5 , 6 ) : 8 g  of  A~-Sepharose  ~ was washed o f f  

w i t h  O.5 M NaC1 s o l u t i o n  (500 ml)  and w i t h  w a t e r  (500 m l ) .  P e p s t a t i n  

(30 mg) was d i s s o l v e d  i n  3 ml of  d i m e t h y l f o r m a ~ i d e  w i t h  s u b s e q u e n t  

a d d i t i o n  of  h y d r o x ~ s u c c i n i m i d e .  D i c y c l o h e x y l c a r b o d t i m i d e  (20 mg) was 

d i s s o l v e d  i n  1 ml of  formamide .  The s o l u t i o n s  were c o o l e d  up to  4°C, 

poured  t o g e t h e r  and a l l o w e d  t o  s t a n d  f o r  1 h r  i n  t h e  c o l d  room. Added 

to  the  r e a c t i o n  m i x t u r e  were  ~ - S e p h a r o s e  and 8 ml of  s o l u t i o n  c o n s i s t -  
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i n g  of equa l  volumes of  0 . 1 M  p h o s p h a t e  b u f f e r ,  pH 6 .1 ,  and of d i m e t h y l -  

formamide.  The m i x t u r e  was s t i r r e d  a t  room t ° f o r  18 h r s ,  t h e  l i q u i d  was 

s e p a r a t e d  and t he  r e m a i n i n g  g e l  was washed t w i c e  w i t h  s m a l l  vo lumes  

of  d i m e t h y l f o r m a m i d e .  The u n f i x e d  p e p s t a t i n  was d e t e r m i n e d  i n  t h e  

a l i q u o t s  by i n a c t i v a t i o n  of  c r y s t a l l i n e  p e p s i n .  The ge l  was washed 

w i t h  a m i x t u r e  c o n s i s t i n g  of  equa l  vo lumes  of  d i o x a n  and d i m e t h y l f o r m -  

amide and w i t h  l a r g e  amounts  of  w a t e r .  The ge l  was a p p l i e d  to  a col,]m- 

of  20 X 100 mm and washed w i t h  w a t e r  and c i t r a t e  b u f f e r ,  pH 3 . 9 .  Under  

t h e s e  c o n d i t i o n s  a b o u t  20 mg of  p e p s t a t i n  was found  t o  be f i x e d  to  t h e  

c a r r i e r .  The a c t i v i t y  of  c a t h e p s i n  D was d e t e r m i n e d  by s p l i t t i n g  of  hemo- 

g l o b i n .  One a c t i v i t y  u n i t  was d e f i n e d  as the  amount of enzyme i n c r e a s i n g  

t he  e x t i n c t i o n  of  t r i c h l o r o a c e t i c  f i l t r a t e s  a t  280 n m b y  1 .0  p e r  h r ,  w i t h  

t h e  sample c o n t a i n i n g :  2 ml of  1% hemog lob in  s o l u t i o n  ( t h e  p r e p a r a t i o n  

of  R e a n a l )  i n  0°I  M c i t r a t e  b u f f e r ,  pH 3 . 0 ;  0.1 ml of  t he  enzyme i n  s o l u -  

t i o n ;  2 ml of  5% t r i c h l o r o a c e t i c  a c i d .  

RESULTS AND DISCUSSIO~ 

Chicken livers were extracted with 0.05 M citrate buffer, pH 2,7, 

and f r a c t i o n a t e d  w i t h  ammonium s u l f a t e .  The f r a c t i o n  p r e c i p i t a t i n g  a t  

4 0 - 7 ~  s a t u r a t i o n  was d e s a l t e d  i n  Sephadex G-25 columns and a d j u s t e d  to  

pH 4o0 w i t h  1 M CH3COOH; t h e  p r e c i p i t a t e  was removed,  t he  r e m a i n i n g  

t r a n s p a r e n t  s o l u t i o n  was p a s s e d  t h r o u g h  a p e p s t a t i n - S e p h a r o s o  co lumn,  

and comple t e  a d s o r b t i o n  of  c a t h e p s i n  D o c c u r e d .  The column was t h e n  

washed w i t h  0ol M a c e t a t e  b u f f e r ,  pH 4 . 0 ,  c o n t a i n i n g  0 .5  M NaC1 ( s o l u t i o n  

A) i n  o r d e r  t o  remove u n s p e c i f i c a l l y  a d s o r b e d  p r o t e i n s ,  and  w i t h  a sma l l  

T a b l e  1 .  P u r i f i c a t i o n  of  c a t h e p s i n  D on p e p s t a t i n - S e p h a r o s e  

T o t a l  f r a c t i o n  
(40-70% s a t u r a t i o n )  

P r e p a r a t i o n  
o b t a i n e d  f rom pep-  
s t a t i n - S e p h a r o s e  

P r o t e i n  16 000 30 

S p e c i f i c  a c t i v i t y  0 ,8  300 
(uni ts)  

Y i e l d  f rom t o t a l  100 70 
a c t i v i t y  

(%) 
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volume of  w a t e r .  As d e m o n s t r a t e d  e a r l i e r  ( ? ) ,  t h e  c a t h e p s i n  D - p e p s t a t i n  

complex c o m p l e t e l y  d i s s o c i a t e s  i n  s l i g h t l y  a l k a l i n e  media°  The enzyme 

was e l u t e d  from t h e  c o l u ~ w i t h  0°1 M Na b i c a r b o n a t e  s o l u t i o n  c o n t a i n i ~  

0o5 M ~aC1 ( s o l u t i o n  ~)o The y i e l d  of t h e  enzyme b$ p r o t e i n  and  b$ s p e -  

c i f i c  a c t i v i t y ,  i s  p r e s e n t e d  i n  T a b l e  1o 

uf~ 

^ 

- - t  

F i g .  1 .  I s o l a t i o n  of  c a t h e p s i n  D on p e p s t a t i n - S e p h a r o s e  
1 - o p t i c a l  d e n s i t y  a t  280 
2 - p r o t e o l y ~ i c  a c t i v i t y  

For c o n d i t i o n s  and o t h e r  d e t a i l s  s e e  the  t e x t  

The p r e p a r a t i o n 8  o b t a i n e d  had one band  upon e l e c t r o p h o r e s i s  i n  p o l y -  

a c r y l a m i d e  g e l  ( F i g o 2 ) .  T h e i r  a c t i v i t y  was 5 0 - 7 ~  t h a t  of  c r y s t a l l i n e  

hog p e p s i n t  a s  measured  by  s p l i t t i n g  of  he mog l ob i n .  I n  some cases~  how- 

ever~ t h e  s l i g h t  t r a c e s  of  p igmen t  were s e e n ,  i m p a r t i n g  a y e l l o w i s h  

c o l o u r  to  t he  s o l u t i o n ;  to  e l i m i n a t e  t h e s e ,  t he  a f f i n i t y  s o r p t i o n  was 

r e p e a t e d  t w i c e  i n  t h e  c o u r s e  of  the  c r y s t a l l i z a t i o n  p r o c e d u r e .  The s o l u -  

t i o n  of c a t h e p s i n  D o b t a i n e d  f~om t h e  p e p s t a t i n - S e p h a r o s e  complex wa~ 

d i a l y z e d  f o r  3 - 4  h r s  on a m a g n e t i c  s t i r r e r ,  i t s  pH was a d j u s t e d  to  ~o0 

by  g r a d u a l  a d d i n g  0°5 ~ CH3COOH, and the  r e s u l t i n g  s o l u t i o n  was a p p l i e d  

to  t he  p e p s t a t i n - S e p h a r o s e  columu t p r e v i o u s l y  washed w i t h  ~ M u r e a  and  

0ol M c i t r a t e  b u f f e r ~  pH 3 . 9 .  A f t e r  t h e  second  e l u t i o n ~  t h e  enzyme was 

d e s a l t e d  by d i a l y s i s  and  c o n c e n t r a t e d  by p o l y e t h y l e n e g l y c o l  (mole Wto 

20000, p roduced  b~ Merck) t o  t h e  volume of  1 . 5 - 2  ml~ t h e  c o n c e n t r a t i o n  

of  t h e  enzyme i n  s o l u t i o n  r e a c h i n g  1.5-1o7%. The s o l u t i o n s  t h u s  p r e p a r e d  

were u sed  to  c r y s t a l l i z e  t h e  enzyme° 

As w i l l  be seen  from t h e  e l e c t r o p h o r e t i c  p a t t e r n s  p r e s e n t e d  (F igo2)~  

t h e  p r e p a r a t i o n s  c o n t a i n e d  no i so symes  of c a t h e p s i n  D. I t  seew~ h a r d l y  

p o s s i b l e  t h a t  t h e  i s o s y m e s  v h a v i n g  s i m i l a r  p h y s i c o - c h e m i c a l  p r o p e r t i e $ ~  

749 



Vol. 72, No. 2, 1976 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

F i g .  2. E l e c t r o p h o r e s i s  o f  p u r i f i e d  c a t h e p s i n  D i n  p o l y a c r y l a m i d e  g e l .  
E l e c t r o p h o r e s i s  was c o n d u c t e d  i n  T r i s - g l y c i n e  b u f f e r ,  pH 8o9.  
P o t e n t i a l  g r a d i e n t  was 5 ,5  mA p e r  s ample ,  t i m e  was 120 min 

c o u l d  be s e p a r a t e d  and d i s c a r d e d  a t  t h e  ammonium s u l f a t e  f r a c t i o n a t i o n  

s t e p .  B e s i d e s ,  t h e  f r a c t i o n s  d i s c a r d e d  ~ e r e  a l l  c h a r a c t e r i z e d  by a v e r y  

low a c t i v i t y  o f  c a t h e p s i n  D. The d a t a  were  i n t e r p r e t e d  by us a s  i n d i c a t -  

i n g  t h a t  m u l t i p l e  fo rms  o f  c a t h e p s i n  D found  i n  c h i c k e n  l i v e r  by o t h e r  

a u t h o r s  (2)  a r e  n o t  p r e - f o r m e d  i n  viwo b u t  a r i s e  f rom p a r t i a l  a u t o l y s i s  

o f  t h e  enzyme i n  t h e  c o u r s e  o f  t h e  p r e p a r a t i o n  p r o c e d u r e .  

B e f o r e  c r y s t a l l i z a t i o n ,  t o  t h e  p r o t e i n  s o l u t i o n  was added e t h a n o l  

(up t o  3 ~ b y  v o l u m e ) .  The s l i g h t  d i m n e s s  s e e n  i n  t h e  s o l u t i o n  was removed 

by  c e n t r i f u g a t i o n .  C r y s t a l l i z a t i o n  was c a r r i e d  ou t  i n  c a p i l l a r i e s  LiO mm 

l o n g  and 2 mm i n  d i a m e t e r .  The c a p i l l a r i e s  w i t h  t h e  enzyme s o l u t i o n  were  

c o v e r e d  f rom one end w i t h  d i a l y s i s  membranes,  f i x e d  by e l a s t i c  r i n g s ,  and 

f rom t h e  e t h e r  end w i t h  t h e  p a r a f f i n  f i l m ,  " P a r a f i l m  ~ ' .  G l a s s  v e s s e l s  

were  f i l l e d  w i t h  s o l u t i o n  c o n t a i n i n g  25 ml o f  one o f  t h e  f o l l o w i n g  0 .05  M 
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F i g .  3 .  C r y s t a l s  of  e a t h e p s i n  D m a g n i f i e d  8 0 0 0 - f o l d .  

b u f f e r s :  c i t r a t e  (pR ~ . 0 ) ,  a c e t a t e  (pH 4 .5 ,  5 .0 ,  5 . 5 )  or  phospha te  (pH 

6 .0 ,  6 .5 ,  ? . 0 )  and 25 ml of e thano l  ( t h e  f i n a l  c o n c e n t r a t i o n  5 ~ ) .  The 

c a p i l l a r i e s  were p l a c e d  i n t o  t h e  v e s s e l s  which were s t o p p e r e d  and a l l ow e d  

t o  s t a n d  in  t he  c o l d  room f o r  s e v e r a l  days .  In t h e  c a p i l l a r y  p l a c e d  i n t o  

t h e  v e s s e l  w i t h  t h e  a c e t a t e  b u f f e r ,  pH 5 .0 ,  where the  enzyme was under  

c o n d i t i o n ~  c l o s e s t  to  i t s  i s o e l e c t r i e  p o i n t ,  sma l l  r h o m b - l i k e  c r y s t a l s  

grew ( F i g .  3 ) .  In o t h e r  c a p i l l a r i e s  t he  enzyme p r e c i p i t a t e d  a s  amorphous 

g r a i n s .  

The p r o c e d u r e  f o r  o b t a i n i n g  l a r g e r  c r y s t a l s  of  c a t h e p s i n  D to  be  

used  i n  X- ray  s t r u c t u r e  s t u d i e s  i s  c u r r e n t l y  b e i n g  deve loped .  
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