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dune  A l m e n o f f

A d v i s e r :  M a r i a n  O r l o w s k i ,  M . D . ,  P r o f e s s o r  o f  P h a r m a c o l o g y

A m e m b r a n e - b o u n d  m e t a l l o e n d o p e p t i d a s e  f r o m  b o v i n e  

p i t u i t a r i e s ,  r a b b i t  k i d n e y ,  and r a b b i t  b r a i n  was shown t o  

h y d r o l y z e  p e p t i d e  b o n d s  i n v o l v i n g  t h e  a m i n o  g r o u p  o f  

h y d r o p h o b i c  a m i no  a c i d s  i n  n a t u r a l  and s y n t h e t i c  p e p t i d e s .  

E v i d e n c e  i s  p r e s e n t e d  t h a t  t h i s  enzyme i s  i d e n t i c a l  w i t h  

e n k e p h a l i n a s e .

The enzyme [EC 3 . 4 . 2 4 . 1 1 ]  was p u r i f i e d  t o  h o m o g e n e i t y  

f r o m  r a b b i t  k i d n e y  and p a r t i a l l y  p u r i f i e d  f r o m  r a b b i t  

b r a i n .  I t  has  a m o l e c u l a r  w e i g h t  o f  a b o u t  9 5 , 0 0 0  and i s  

i n h i b i t e d  by m e t a l  c h e l a t o r s  and by t h e  a c t i v e  s i t e  d i r e c t e d  

i n h i b i t o r s  p h o s p h o r a m i d o n  and t h i o r p h a n .

N - ( l - c a r b o x y - 2 - p h e n y l e t h y l )  d e r i v a t i v e s  o f  p h e n y l a l -  

a n y l ,  a l a n y l ,  and g l y c y l - p A B  w e r e  s y n t h e s i z e d  as p o t e n t i a l



i n h i b i t o r s  o f  t h e  e n zy m e .  The two d i a s t e r e o m e r s  o f  t h e

p h e n y l a l a n y l  d e r i v a t i v e  we re  s e p a r a t e d ;  t h e  more  p o t e n t

—  8
i s o m e r  had a o f  2 . 9  x 10~ M. The i n h i b i t o r y  p o t e n c y  o f  

t h e  a l a n y l  and g l y c y l  d e r i v a t i v e s  was l o w e r  by s e v e r a l  

o r d e r s  o f  m a g n i t u d e .  The d a t a  s u g g e s t  t h a t  a h y d r o p h o b i c  

r e s i d u e  i n  t h e  ' p o s i t i o n  and a c a r b o x y l a t e  g r o u p  

c o o r d i n a t i n g  w i t h  t h e  a c t i v e  s i t e  z i n c  a c c o u n t  f o r  t h e  

i n h i b i t o r y  a c t i o n  o f  t h e s e  c o m p o u n d s .

The enzyme f r o m  r a b b i t  b r a i n  was c o m p a r e d  w i t h  t h e  

r a b b i t  k i d n e y  e n z y m e .  The two enzymes  had t h e  same pH 

o p t i m u m ,  m o l e c u l a r  w e i g h t ,  and s p e c i f i c i t y ,  h o w e v e r ,  m i n o r  

b u t  s i g n i f i c a n t  d i f f e r e n c e s  were  f o u n d  i n  t h e i r  i n t e r a c t i o n s  

w i t h  s p e c i f i c  i n h i b i t o r s  and a n t i s e r a .

N - (1 - c a r b o x y - 2 - p h e n y 1 e t h y 1)  d e r i v a t i v e s  o f  p h e n y l a l ­

a n y l ,  a l a n y l ,  and g l y c y l - p A B  were  t e s t e d  f o r  a n t i n o c i c e p ­

t i v e  a c t i v i t y .  I n t r a p e r i t o n e a l  a d m i n i s t r a t i o n  o f  a l l  

t h r e e  compounds  p r o d u c e d  s i g n i f i c a n t  a n a l g e s i a  t h a t  l a s t e d  

f o r  24 h .  The d a t a  i n d i c a t e ,  h o w e v e r ,  t h a t  t h e  a n a l g e s i a  

o b s e r v e d  does  n o t  c o r r e l a t e  w i t h  t h e  K. v a l u e s  o f  t h e
l

i n h i b i t o r s .

An enzyme w i t h  p r o p e r t i e s  s i m i l a r  t o  t h e  m e m b r a n e - b o u n d  

m e t a l l o e n d o p e p t i d a s e  was i d e n t i f i e d  i n  human s e r u m .  The 

s e r um enzyme c r o s s r e a c t e d  w i t h  an a n t i s e r u m  t o  t h e  r a b b i t  

k i d n e y  m e t a l l o e n d o p e p t i d a s e ,  t h e r e b y  s u g g e s t i n g  t h a t  t>he 

two  enzymes  have  common a n t i g e n i c  d e t e r m i n a n t s .

i  v



Serum m e t a l l o e n d o p e p t i d a s e  a c t i v i t y  was m e a s u r e d  i n  

150 c o n t r o l s  and i n  95 s a r c o i d o s i s  p a t i e n t s .  The mean 

enzyme a c t i v i t y  i n  t h e  s a r c o i d o s i s  g r o u p  was more  t h a n

3 - f o l d  h i g h e r  t h a n  t h a t  o f  t h e  c o n t r o l s  ( p  < 0 . 0 0 1 ) .

H i g h e s t  a c t i v i t i e s  w e r e  f o u n d  i n  p a t i e n t s  whose c h e s t  

r o e n t g e n o g r a m s  showed  h i l a r  l y m p h a d e n o p a t h y  and i n t e r s t i t i a l  

i n f i l t r a t e s .  Enzyme a c t i v i t y  i n  p a t i e n t s  w i t h  a c t i v e  

t u b e r c u l o s i s ,  p u l m o n a r y  n e o p l a s m s ,  and i n t e r s t i t i a l  

p u l m o n a r y  f i b r o s i s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  f r o m  t h a t  

o f  c o n t r o l s .

v
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I .  INTRODUCTION

V

A. BIOLOGICAL SIGNI FICANCE OF MEMBRANE-BOUND NEUTRAL 
PEPTIDASES

M e m b r a n e - b o u n d  n e u t r a l  p e p t i d a s e s  a r e  o f  s p e c i a l  

i n t e r e s t  b e c a u s e  t h e  s u b c e l l u a r  l o c a l i z a t i o n  o f  t h e s e  

e nz y m e s  i m p l i e s  u n i q u e  b i o l o g i c a l  r o l e s .  These  r o l e s  

i n c l u d e  l i m i t e d  p r o t e o l y s i s  o f  s e c r e t o r y  p r o t e i n s  and 

p e p t i d e  h o r m o n e s ,  d e g r a d a t i o n  o f  b i o l o g i c a l l y  a c t i v e  

p e p t i d e s ,  and p a r t i c i p a t i o n  i n  membrane s p e c i f i c  m e t a b o l i c  

p r o c e s s e s .  I n  c o n t r a s t  t o  t h e  s o l u b l e  l y s o s o m a l  p r o t e a s e s  

w h i c h  p a r t i c i p a t e  i n  c e l l u l a r  c a t a b o l i s m ,  t h e  b i o l o g i c a l  

f u n c t i o n s  o f  m o s t  m e m b r a n e - b o u n d  enzymes  a r e  n o t  w e l l  

c h a r a c t e r i z e d .

The p r o c e s s  o f  l i m i t e d  p r o t e o l y s i s ,  w h e r e b y  i n a c t i v e  

p r e c u r s o r  p r o t e i n s  and p e p t i d e s  a r e  c o n v e r t e d  t o  a c t i v e  

f o r m s  by h i g h l y  s p e c i f i c  p r o t e o l y t i c  e n z y m e s ,  has  been  

w e l l  e s t a b l i s h e d  i n  many b i o l o g i c a l  s y s t e m s .  One o f  

t h e  e a r l i e s t  s t u d i e d  r e a c t i o n s  was t h e  e x t r a c e l l u l a r  

a c t i v a t i o n  o f  p a n c r e a t i c  z y m o g e n s .  T h i s  c a s c a d e  i s  

i n i t i a t e d  by e n t e r o k i n a s e  ( e n t e r o p e p t i d a s e , EC 3 . 4 . 2 1 . 9 )  

a s e r i n e  p r o t e a s e  w h i c h  i s  a s s o c i a t e d  w i t h  b o t h  t h e  

b r u s h  b o r d e r  membranes  o f  t h e  i n t e s t i n e  ( f o r  a 

r e v i e w  see K e n n y ,  1 9 7 7 ) .  E n t e r o k i n a s e  i s  h i g h l y
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s p e c i f i c  f o r  t h e  c o n v e r s i o n  o f  t r y p s i n o g e n  t o  t r y p s i n .

Once f o r m e d ,  t r y p s i n  can  a c t i v a t e  o t h e r  m o l e c u l e s  o f  

t r y p s i n o g e n  as w e l l  as o t h e r  p a n c r e a t i c  z y mogen s  i n c l u d i n g  

p r o c a r b o x y p e p t i d a s e ,  p r o e l a s t a s e ,  c h y m o t r y p s i n o g e n  and 

p r o p h o s p h o l i p a s e  ( N e u r a t h  and W a l s h ,  1 9 7 6 ) .  S i m i l a r  

c a s c a d e  m e c h a n i s m s  a r e  known t o  r e g u l a t e  many p h y s i o l o g i c a l  

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

c o m p l e m e n t  c a s c a d e ,  and t h e  k i n i n - k i n i n o g e n  p a t h w a y s .

1.  P r o c e s s i n g  o f  P r o t e i n s  and P e p t i d e s

L i m i t e d  p r o t e o l y s i s  has  r e c e n t l y  been  shown t o  be 

an i m p o r t a n t  m e c h a n i s m  f o r  i n t r a c e l l u l a r  p o s t - 1 r a n s 1 a t i o n a 1 

m o d i f i c a t i o n  o f  p r o t e i n s .  The " s i g n a l  p e p t i d e  h y p o t h e s i s "  

p u t  f o r t h  by B l o e b e l  and S a b a t i n i  ( 1 9 7 1 )  p r o p o s e s  t h a t  

t h e r e  i s  a m e m b r a n e - b o u n d  p r o t e a s e  w h i c h  c o n v e r t s  p r e -  

p r o h o r m o n e s  t o  p r o h o r m o n e s .  S p e c i f i c a l l y ,  t h e  h y p o t h e s i s  

d e s c r i b e s  t h e  s e q u e n c e  o f  e v e n t s  by w h i c h  c o - 1 r a n s i  a t  i o n a l  

t r a n s l o c a t i o n  o f  s e c r e t o r y  p r o t e i n s  o c c u r s .  The p r o c e s s  

b e g i n s  as t h e  f i r s t  1 5 - 3 0  r e s i d u e s  o f  t h e  a m i n o - t e r m i n u s  o f  

a n a n s c e n t  p o l y p e p t i d e ,  known as t h e  s i g n a l  p e p t i d e ,  a r e  

t r a n s l a t e d .  The s i g n a l  p e p t i d e ,  w h i c h  c o n t a i n s  a l a r g e  

p e r c e n t a g e  o f  h y d r o p h o b i c  a m in o  a c i d s ,  i s  b e l i e v e d  t o  embed 

i t s e l f ,  v i a  s p e c i f i c  r e c e p t o r  i n t e r a c t i o n s ,  i n  t h e  r o u g h  

e n d o p l a s m i c  r e t i c u l u m  m emb ran e .  As t r a n s l a t i o n  o f  t h e  

p r o t e i n  p r o c e e d s ,  t h e  s i g n a l  s e q u e n c e  i s  d r i v e n  t h r o u g h  t h e  

e n d o p l a s m i c  r e t i c u l u m  membrane and i s  s u b s e q u e n t l y  c l e a v e d  

by t h e  " s i g n a l  p e p t i d a s e " .



The s i g n a l  p e p t i d a s e ,  w h i c h  i s  d e s c r i b e d  as a 

m e m b r a n e - b o u n d  e n d o p e p t i d a s e  t h a t  i s  s p e c i f i c  f o r  t h e  

p o s t - t r a n s l a t i o n a l  p r o c e s s i n g  o f  p r o t e i n s ,  has  n o t  y e t  been 

p u r i f i e d .  As d e s c r i b e d  by J a c k s o n  and B l o e b e l  ( 1 9 8 0 ) ,  

t h e  enzyme i s  i n s e n s i t i v e  t o  a w i d e  v a r i e t y  o f  p r o t e a s e  

i n h i b i t o r s  i n c l u d i n g  DFP, EDTA,  p e p s t a t i n ,  and t h i o l  

b l o c k i n g  a g e n t s .  T h u s ,  t h e  c a t a l y t i c  c l a s s  t o  w h i c h  t h i s  

enzyme b e l o n g s  r e m a i n s  u n c l e a r .  J a c k s o n  and W h i t e  ( 1 9 8 1 )  

have  shown t h a t  p h o s p h o l i p i d  i s  r e q u i r e d  f o r  a c t i v i t y  o f  

t h e  s o l u b i l i z e d  e n z y m e .  O t h e r  s t u d i e s  by t h i s  g r o u p  have 

l e d  t o  t h e  d i s c o v e r y  o f  two  p r o t e i n s ,  " S i g n a l  R e c e p t o r  

P r o t e i n "  ( W a l t e r  and B l o e b e l ,  1 9 8 1 )  and " D o c k i n g  P r o t e i n "  

( M e y e r  and D o b b e r s t e i n ,  1 9 8 0 )  w h i c h  a r e  t h o u g h t  t o  r e g u l a t e  

t h e  t r a n s l o c a t i o n  p r o c e s s ,  b u t  f u r t h e r  c h a r a c t e r i z a t i o n  o f  

t h e  s i g n a l  p e p t i d a s e  i t s e l f  has  n o t  been  r e p o r t e d .

E v i d e n c e  f o r  t h e  s i g n a l  h y p o t h e s i s  i n c l u d e s  t h e  o b s e r ­

v a t i o n  t h a t  when m e s s e n g e r  RNAs o f  s e c r e t o r y  p r o t e i n s  a r e  

t r a n s l a t e d  by _in v i t r o  membrane f r e e  s y s t e m s ,  t h e y  c o n t a i n  

h y d r o p h o b i c  p r e - s e g m e n t s  o f  v a r y i n g  l e n g t h s  and s e q u e n c e s .  

J a c k s o n  and B l o e b e l  ( 1 9 8 0 )  p r o p o s e d  t h a t  t h e r e  i s  a 

u n i v e r s a l  s i g n a l  p e p t i d a s e  b e c a u s e  dog p a n c r e a t i c  membranes  

have  t h e  c a p a c i t y  t o  c o r r e c t l y  p r o c e s s  s u c h  d i v e r s e  p r o t e i n s  

as b o v i n e  p r e - p r o l a c t i n  and p r e - g r o w t h  h o r m o n e ,  a n g l e r  

f i s h  p r e - p r o i n s u l i n , r a t  p r e - l a c t a l b u m i n , and ev en  v i r a l  

p r o t e i n s .  An a l t e r n a t i v e  e x p l a n a t i o n ,  t h a t  t h e  m i c r o s o m a l  

membranes  c o n t a i n  n u m e r o u s  p r o c e s s i n g  enzymes  o f  v a r y i n g  

s p e c i f i c i t i e s ,  i s  n o t  a d d r e s s e d  by t h i s  h y p o t h e s i s .
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I t  i s  c u r r e n t l y  a c c e p t e d  t h a t  a f t e r  t r a n s l o c a t i o n  

t h r o u g h  t h e  r o u g h  e n d o p l a s m i c  r e t i c u l u m  and r e m o v a l  o f  t h e  

p r e s e g m e n t  by s i g n a l  p e p t i d a s e s ,  p e p t i d e  h o r m o n e s  and 

s e c r e t o r y  p r o t e i n s  a r e  f u r t h e r  p r o c e s s e d  i n  t h e  G o l g i  

a p p a r a t u s  and i n  s e c r e t o r y  g r a n u l e s .  The f i r s t  e v i d e n c e  

f o r  t h i s  phenomenon  was t h e  d i s c o v e r y  by S t e i n e r  and c o ­

w o r k e r s  ( 1 9 6 7 )  o f  p r o i n s u l i n ,  a l a r g e r ,  b i o l o g i c a l l y  

i n a c t i v e  f o r m  o f  i n s u l i n .  P u l s e - c h a s e  s t u d i e s  r e v e a l e d  

t h a t  t h e  c o n v e r s i o n  i s  i n i t i a t e d  i n  t h e  G o l g i  and c o n t i n u e s  

i n  n e w l y  f o r m e d  s e c r e t o r y  g r a n u l e s  ( O r c i  e t  a l . ,  1 9 7 1 ) .

The s t r u c t u r e  o f  p r o i n s u l i n  i s  s u c h  t h a t  c o r r e c t  p r o c e s s i n g  

r e q u i r e s  p r o t e o l y t i c  c l e a v a g e s  on t h e  c a r b o x y l  t e r m i n a l  

s i d e  o f  d i b a s i c  a m i n o  a c i d  s e q u e n c e s  f o l l o w e d  by  r e m o v a l  o f  

c a r b o x y l  t e r m i n a l  a r g i n i n e  r e s i d u e s  f r o m  t h e  B c h a i n .

I t  has  bee n  s u g g e s t e d  t h a t  t h e  enzymes  r e s p o n s i b l e  f o r  

t h i s  c o n v e r s i o n  c o n s i s t  o f  a t r y p s i n - l i k e  and a c a r b o x y -  

p e p t i d a s e  B - l i k e  a c t i v i t y .  Kemmle r  e t  a l .  ( 1 9 7 1 )  have  

d e m o n s t r a t e d  t h a t  p a n c r e a t i c  t r y p s i n  and c a r b o x y p e p t i d a s e  

B a r e  i n d e e d  c a p a b l e  o f  c o n v e r t i n g  p r o i n s u l i n  t o  i n s u l i n  i n  

v i t r o . T h i s  g r o u p  has  o b s e r v e d  t h a t  i n t a c t  s e c r e t o r y  

g r a n u l e s  f r o m  p a n c r e a t i c  i s l e t  c e l l s  c an  c o n v e r t  p r o -  

i n s u l i n  t o  i n s u l i n  ( K e m m l e r  e t  a l . ,  1 97 3 )  and i d e n t i f i e d  

l o w  l e v e l s  o f  t r y p s i n - l i k e  and c a r b o x y p e p t i d a s e  B - l i k e  

a c t i v i t i e s  i n  t h e s e  g r a n u l e s .  F l e t c h e r  e t  a l .  have  

r e c e n t l y  c h a r a c t e r i z e d  an a c t i v i t y  i n  b o t h  t h e  s o l u b l e  and 

washed  membrane f r a c t i o n s  o f  t h e s e  g r a n u l e s  w h i c h  c o n v e r t s
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p r o i n s u l i n ,  p r o g l u c a g o n ,  and p r o s o m a t o s t a t i n  t o  t h e i r  

b i o l o g i c a l l y  a c t i v e  f o r m s  ( F l e t c h e r  e t  a l . ,  1 9 8 0 ;  F l e t c h e r  

e t  a l . , 1 9 8 1 ) .  The c o n v e r t i n g  a c t i v i t y  has  a pH o p t i m u m  o f  

4 . 5 - 5 . 5  w h i c h  a p p r o x i m a t e s  t h e  r a n g e  o f  i n t r a g r a n u l a r  pH 

and o f  g r a n u l a r  s t a b i l i t y  ( H o w e l l ,  e t  a l . , 1 9 6 9 ;  Kemmle r  e t  

a l . ,  1 9 7 3 ) .  A c t i v i t y  was s t r o n g l y  i n h i b i t e d  by a n t i p a i n ,  

l e u p e p t i n ,  p - c h l o r o m e r c u r i b e n z o a t e  ( PCMB) ,  and d i t h i o -  

d i p y r i d i n e  b u t  n o t  d i i s o p r o p y l  f l u o r o p h o s p h a t e  ( D F P ) ,  

c h l o r o q u i n e ,  EDTA,  o r  s o y b e a n  t r y p s i n  i n h i b i t o r .  I n h i b i t i o n  

by PCMB and d i t h i o d i p y r i d i n e  was r e v e r s e d  i n  t h e  p r e s e n c e  

o f  d i t h i o t h r e i t o l . On t h e  b a s i s  o f  t h e s e  d a t a  F l e t c h e r  

e t  a l . have  c o n c l u d e d  t h a t  t h e  c o n v e r t i n g  a c t i v i t y  p r e s e n t  

i n  p a n c r e a t i c  s e c r e t o r y  g r a n u l e s  i s  due t o  a u n i q u e  t h i o l  

p r o t e a s e .  A m a j o r  w e a k n e s s  o f  t h i s  w o r k ,  h o w e v e r ,  i s  t h a t  

t h e  g r a n u l e  p r e p a r a t i o n s  used  w e r e  c o n t a m i n a t e d  w i t h  

l y s o s o m e s  and t h e  a u t h o r s  do n o t  p r o v i d e  c o n v i n c i n g  

e v i d e n c e  t h a t  t h e  c o n v e r t i n g  a c t i v i t y  i s  d i s t i n c t  f r o m  

c a t h e p s i n  B,  a l y s o s o m a l  t h i o l  p r o t e a s e  w h i c h  i s  o p t i m a l l y  

a c t i v e  i n  a s i m i l a r  pH r a n g e .

R e c e n t l y ,  t h e  p r i m a r y  s t r u c t u r e  o f  p r o - o p i o m e l a n o c o r t i n  

was d e d u c e d  f r o m  t h e  s e q u e n c e  o f  a c o m p l e m e n t a r y  DNA c l o n e  

o f  p r o - o p i o c o r t i n  m e s s e n g e r  RNA ( N a k a n i s h i  e t  a l . ,  1 9 7 9 ) .

The s t r u c t u r e  r e v e a l e d  t h a t  p r o - o p i o c o r t i n ,  a 3 2 , 0 0 0 -  

d a l t o n  g l y c o p r o t e i n  f o u n d  i n  t h e  a n t e r i o r  and i n t e r m e d i a t e  

l o b e s  o f  p i t u i t a r y ,  c o n t a i n s  t h e  a m i no  a c i d  s e q u e n c e s  o f  

n u m e r o u s  h o r m on es  i n c l u d i n g  a d r e n o c o r t i c o t r o p i n  ( A C T H ) ,



0 - l i p o t r o p i n  ( g - L P H ) ,  0- e n d o r p h i n ,  and a - m e l a n o t r o p i n  

( a - M S H ) .  P u l s e - c h a s e  s t u d i e s  hav e  d e m o n s t r a t e d  t h a t  t h e s e  

h o r m o n e s  a r e  i n d e e d  d e r i v e d  f r o m  t h e  p r o - o p i o m e l a n o c o r t i n  

m o l e c u l e  ( M a i n s  and E i p p e r ,  1 9 8 0 ) .

As seen  i n  t h e  c a s e  o f  o t h e r  p r o h o r m o n e s ,  p a i r s  o f  

b a s i c  a m i no  a c i d s  f l a n k  t h e  v a r i o u s  p e p t i d e  ho r mone  

s e q u e n c e s  p r e s e n t  on p r o - o p i o c o r t i n .  T h u s ,  s i m i l a r  k i n d s  

o f  enzyme a c t i v i t i e s ,  w i t h  t r y p s i n  and c a r b o x y p e p t i d a s e  

B - l i k e  s p e c i f i c i t i e s ,  a r e  t h o u g h t  t o  p a r t i c i p a t e  i n  t h e  

p r o c e s s i n g  o f  p i t u i t a r y  h o r m o n e s .  A r e p o r t  by Loh and 

G a i n e r  ( 1 9 8 2 )  d e s c r i b e s  an a c t i v i t y  p r e s e n t  i n  b o t h  t h e  

s o l u b l e  and p a r t i c u l a t e  f r a c t i o n s  o f  r a t  n e u r o i n t e r m e d i a t e  

l o b e  s e c r e t o r y  g r a n u l e s  w h i c h  c o n v e r t s  l a b e l e d  t o a d  p r o -  

o p i o c o r t i n  t o  ACTH,  6 - L P H ,  a-MSH and a e - e n d o r p h i n  r e l a t e d  

p e p t i d e .  P r o - o p i o m e l a n o c o r t i n  c o n v e r t i n g  a c t i v i t y  i s  

i n h i b i t e d  by  h i g h  c o n c e n t r a t i o n s  o f  l e u p e p t i n ,  p e p s t a t i n  A 

and p - c h l o r o m e r c u r i b e n z o a t e  b u t  n o t  d i i s o p r o p y l  f l u o r o -  

p h o s p h a t e ,  N - p - t o s y l - L - l y s i n e  c h l o r o m e t h y l  k e t o n e ,  

c h l o r o q u i n e ,  o r  EDTA.  The a c t i v i t y ,  w h i c h  i s  d e s c r i b e d  by 

Loh and G a i n e r  as an " a c i d  t h i o l ,  a r g i n y l  p r o t e a s e "  b e a r s  

some r e s e m b l a n c e  t o  t h e  p r o s o m a t o s t a t i n - p r o g l u c a g o n -  

p r o i n s u l i n  c o n v e r t a s e  d e s c r i b e d  by  F l e t c h e r  e t  a l . ( 1 9 8 0 ;  

1 9 8 1 ) .  I t  i s  l i k e l y  t h a t  t h e  p r o - h o r m o n e  c o n v e r t i n g  

enzymes  i d e n t i f i e d  i n  t h e s e  c r u d e  p r e p a r a t i o n s  a c t u a l l y  

r e p r e s e n t  n u m e r o u s  p r o t e o l y t i c  e n z y m e s .  F u r t h e r  p u r i f i ­

c a t i o n  and s p e c i f i c i t y  s t u d i e s  a r e  nee ded  t o  e s t a b l i s h  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 e s e  e n z y m e s .
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The e n z y m o l o g y  o f  p e p t i d e  p r o c e s s i n g  i s  c l e a r l y  i n  i t s  

i n f a n c y .  C h a r a c t e r i z a t i o n  o f  b o t h  t h e  s i g n a l  p e p t i d a s e  

and t h e  p r o h o r m o n e  p r o c e s s i n g  enzymes has j u s t  b e g u n ,  and 

t h e r e  a r e  many enz yme s  y e t  t o  be d i s c o v e r e d .  S t u d i e s  i n  

t h i s  f i e l d  a r e  i m p e d e d  by  t h e  cumbersome t e c h n i q u e s  o f  

p u l s e - c h a s e  c o m b i n e d  w i t h  i m m u n o p r e c i p i t a t i o n , c h r o m a t o g ­

r a p h y ,  and e l e c t r o p h o r e s i s  w h i c h  a r e  r e q u i r e d  t o  a s s a y  

p r o c e s s i n g  enzyme a c t i v i t y .  F u r t h e r  d i f f i c u l t i e s  a r e  

e n c o u n t e r e d  i n  p r e p a r a t i o n  o f  l a r g e  a mo un t s  o f  h i g h l y  

p u r i f i e d  g r a n u l e s ,  s o l u b i l i z a t i o n  o f  m e m b r a n e - b o u n d  

a c t i v i t i e s  and w i t h  t h e  l o w  s p e c i f i c  a c t i v i t i e s  o f  p r o c e s s ­

i n g  enzymes  g e n e r a l l y  f o u n d  i n  t h e s e  p r e p a r a t i o n s .

2 .  D e g r a d a t i o n  o f  B i o l o g i c a l l y  A c t i v e  P e p t i d e s

Many n e u r o p e p t i d e s  h a v e  been  shown t o  a c t  a t  s p e c i f i c  

m e m b r a n e - b o u n d  r e c e p t o r  s i t e s  a t  w h i c h  t h e i r  a c t i o n s  m us t  

be t e r m i n a t e d .  The a p p a r e n t  a b s e n c e  o f  s p e c i f i c  n e u r o n a l  

r e u p t a k e  s y s t e m s  has  l e d  many i n v e s t i g a t o r s  t o  e x p l o r e  t h e  

r o l e  o f  m e m b r a n e - b o u n d  p e p t i d a s e s  i n  i n a c t i v a t i o n  o f  

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

w i l l  f o c u s  on e n z y m e s ,  d e r i v e d  f r o m  s y n a p t i c  m e m b ra n es ,  

w h i c h  h av e  been  r e p o r t e d  t o  m e t a b o l i z e  3 - e n d o r p h i n ,  

s u b s t a n c e  P,  and t h e  e n k e p h a l i n s .

3 - e n d o r p h i n  ( 3 - L P H ^ ) i s  an o p i o i d  p e p t i d e  

d e r i v e d  f r o m  p r o - o p i o m e l a n o c o r t i n ,  w h i c h  has  been  shown by 

r a d i o i m m u n o a s s a y  and i m m u n o c y t o c h e m i c a l  t e c h n i q u e s  t o  be 

c o n c e n t r a t e d  i n  t h e  a n t e r i o r  and i n t e r m e d i a t e  l o b e s  o f
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p i t u i t a r y  ( B l o o m  e t  a l . ,  1978 ; Gramsh e t  a l . , 1 9 7 9 ) .  

6 - e n d o r p h i n  b i n d s  t o  u ,  K , and °  o p i a t e  r e c e p t o r s  and 

p r o d u c e s  n a l o x o n e  r e v e r s i b l e  a n a l g e s i a  when a d m i n i s t e r e d  

c e n t r a l l y .  I t s  s u s t a i n e d  c e n t r a l  e f f e c t s ,  s t a b i l i t y  i n  

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

n e u r o h o r m o n a l  r a t h e r  t h a n  a n e u r o t r a n s m i t t e r  r o l e .  A l t h o u g h  

0 - e n d o r p h i n  i s  r e l a t i v e l y  r e s i s t a n t  t o  a m i n o p e p t i d a s e  

a c t i o n ,  r e m o v a l  o f  t h e  a m i no  t e r m i n a l  t y r o s i n e  a b o l i s h e s  

o p i a t e  a c t i v i t y  ( f o r  a r e v i e w  see  Cox and B a i z m a n ,  1 9 8 2 ) .

Y - e n d o r p h i n  ( S - L P H ^  ) and a - e n d o r p h i n  ( 3 ~ L P H ^  _-j ^ )

w e r e  i d e n t i f i e d  i n  h y p o p h y s i a l  e x t r a c t s  by  L i n g  e t  a l .

( 1 9 7 6 )  and w e r e  f o u n d  t o  p o s s e s s  some m o r p h i n o m i m e t i c

a c t i v i t y .  S t u d i e s  on t h e  m e t a b o l i s m  o f  3 - e n d o r p h i n  h a v e

c o n f i r m e d  t h e  p r e s e n c e  o f  an e n d o p e p t i d a s e  i n  s y n a p t i c

77 78membranes  w h i c h  c l e a v e s  0 - e n d o r p h i n  a t  t h e  Leu  - P h e  

bond t o  f o r m  Y - e n d o r p h i n  a t  b o t h  n e u t r a l  and a c i d i c  pH,  

and a c a r b o x y p e p t i d a s e  A - l i k e  enzyme w h i c h  c o n v e r t s  Y- 

e n d o r p h i n  t o  a - e n d o r p h i n  when membranes  a r e  i n c u b a t e d  a t  

pH 5 .  U n i k e  3 - e n d o r p h i n ,  Y-  and a _ e n d o r p h i n  a r e  e x t r e m e l y  

s u s c e p t i b l e  t o  t h e  a c t i o n  o f  m e m b r a n e - b o u n d  c a r b o x y p e p -  

t i d a s e s  and a m i n o p e p t i d a s e s  and t h e y  a r e  t h u s  r e a d i l y  

d e g r a d e d  t o  n u m e r o u s  i n a c t i v e  f r a g m e n t s .  I t  i s  n o t e w o r t h y  

t h a t  a t  n e u t r a l  pH,  M e t - e n k e p h a l i n , whose s e q u e n c e  f o r m s  

t h e  am i no  t e r m i n a l  p e n t a p e p t i d e  o f  3 - e n d o r p h i n ,  i s  n o t  a 

s i g n i f i c a n t  m e t a b o l i t e  ( A u s t e n  e t  a l  . , 1 9 7 7 ;  B u r b a c h  

e t  a l . ,  1 9 8 0 ;  B u r b a c h  e t  a l . ,  1 9 8 1 ) .  S t u d i e s  by  G r a f
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e t  a l . ( 1 9 7 9 )  ha ve  d e m o n s t r a t e d  t h a t  c a t h e p s i n  D c l e a v e s

77 78g - e n d o r p h i n  a t  t h e  Leu  - P h e  bond  t o  f o r m  Y - e n d o r p h i n . 

The se  a u t h o r s  s u g g e s t  t h a t  t h e  p r e s e n c e  o f  c a t h e p s i n  D 

w i t h i n  b r a i n  s l i c e s  o r  d e r i v e d  f r o m  l y s o s o m a l  c o n t a m i n a t i o n  

o f  s y n a p t i c  membranes  may a c c o u n t  f o r  t h e  r e s u l t s  o f  A u s t e n  

e t  a l . ( 1 9 7 7 )  and o f  B u r b a c h  e t  a l . ( 1 9 8 0 ) .  I n  a d d i t i o n ,  

t h e y  s u g g e s t  t h a t  t h i s  enzyme may p l a y  a p h y s i o l o g i c a l l y  

s i g n i f i c a n t  r o l e  i n  6 - e n d o r p h i n  m e t a b o l i s m .

S u b s t a n c e  P ( A r g - P r o - L y s - P r o - G l n - G l n - P h e - P h e - G l y - L e u -  

M e t N h ^ ) ,  a p u t a t i v e  n e u r o t r a n s m i t t e r  w h i c h  i s  d i s t r i b u t e d  

t h r o u g h o u t  t h e  c e n t r a l  and p e r i p h e r a l  n e r v o u s  s y s t e m s ,  was 

f i r s t  d e s c r i b e d  by von  E u l e r  and Gaddum ( 1 9 3 1 )  and more 

c o m p l e t e l y  c h a r a c t e r i z e d  i n  L e e m a n ' s  l a b o r a t o r y  (Chang  

and Leeman ,  1 9 7 0 ) .  I t s  p h a r m a c o l o g i c a l  e f f e c t s  i n c l u d e  

i n c r e a s e d  s a l i v a t i o n ,  i n c r e a s e d  g a s t r o i n t e s t i n a l  m o t i l i t y ,  

and v a s o d i l a t i o n .  I m m u n o c y t o c h e m i c a l  s t u d i e s  h av e  r e v e a l ­

ed t h a t  s u b s t a n c e  P i s  p r e s e n t  i n  n e u r o n a l  c e l l  b o d i e s ,  

p r o c e s s e s ,  and t e r m i n a l s ,  and i s  h i g h l y  c o n c e n t r a t e d  i n  

h y p o t h a l m u s  and m e s e n c e p h a l o n  ( E l d e  and H o k f e l t ,  1 9 7 8 ) .

I t  has  a l s o  been  l o c a l i z e d  i n  t h e  m y e n t e r i c  p l e x u s  and 

e n d o c r i n e - l i k e  c e l l s  o f  t h e  g a s t r o i n t e s t i n a l  t r a c t  ( S u n d l e r  

e t  a l . ,  1 9 7 6 ) .

The p e n u l t i m a t e  p r o l i n e  a t  t h e  am in o  t e r m i n u s  and t h e  

a m i d a t e d  c a r b o x y l  t e r m i n u s  r e n d e r  s u b s t a n c e  P r e s i s t a n t  t o  

d e g r a d a t i o n  by m os t  e x o p e p t i d a s e s .  I t s  d e g r a d a t i o n  c a n ,  

h o w e v e r ,  be i n i t i a t e d  by e n d o p e p t i d a s e . C y t o p l a s m i c



10

enzymes  ( f o r  a r e v i e w  see M a r k s ,  1 9 7 8 )  i n c l u d i n g  p r o l y l  

e n d o p e p t i d a s e  [EC 3 . 4 . 2 1 . 2 6 ]  ( O r l o w s k i  e t  a l . ,  1 9 7 9 )  can 

h y d r o l y s e  s u b s t a n c e  P.

A r e p o r t  by Lee  e t  a l . ( 1 9 8 1 )  d e s c r i b e s  t h e  b i o c h e m i c a l  

p r o p e r t i e s  and p a r t i a l  p u r i f i c a t i o n  o f  a m e m b r a n e - b o u n d  

s u b s t a n c e  P i n a c t i v a t i n g  enzyme f r o m  human b r a i n .  The 

en z y m e ,  w h i c h  has  a n e u t r a l  pH o p t i m u m ,  c l e a v e s  s u b s t a n c e  P 

a t  t h e  G l n ^ - P h e ^ ,  P h e ^ - P h e ® ,  and P h e ® - G l y ^  b o n d s  g i v i n g  

r i s e  t o  b i o l o g i c a l l y  i n a c t i v e  f r a g m e n t s .  I t  has  a m o l e c u l a r  

w e i g h t  o f  4 0 , 0 0 0 - 3 0 , 0 0 0  d a l t o n s ,  i s  s t r o n g l y  i n h i b i t e d  by 

m e t a l  c h e l a t o r s  and i s  i n s e n s i t i v e  t o  h i g h  c o n c e n t r a t i o n s  

o f  c a p t o p r i l ,  a d i p e p t i d y l  c a r b o x y p e p t i d a s e  i n h i b i t o r  and 

t o  p h o s p h o r a m i d o n , an i n h i b i t o r  o f  t h e r m o l y s i n - l i k e  m e t a l -  

l o e n d o p e p t i d a s e s . The enzyme h y d r o l y s e s  b i o l o g i c a l  p e p t i d e s  

o t h e r  t h a n  s u b s t a n c e  P.  I t s  a f f i n i t y  f o r  s u b s t a n c e  P,  how­

e v e r ,  i s  m a r k e d l y  h i g h e r  t h a n  f o r  many o t h e r  b i o l o g i c a l l y  

a c t i v e  p e p t i d e s .  F u r t h e r m o r e ,  c r u d e  b r a i n  membrane e x t r a c t s  

p r o d u c e  s e v e r a l  m e t a b o l i t e s  o f  s u b s t a n c e  P w h i c h  a r e  t h e  

same as t h o s e  f o r m e d  by t h e  p u r i f i e d  e n z y m e .  On t h e  b a s i s  

o f  t h e s e  d a t a ,  t h e  a u t h o r s  s u g g e s t  t h a t  t h i s  m e t a l l o e n d o -  

p e p t i d a s e  m i g h t  p l a y  an i m p o r t a n t  r o l e  i n  t h e  d e g r a d a t i o n  

o f  s u b s t a n c e  P a t  t h e  s y n a p t i c  c l e f t .  T h i s  r e p o r t  w i l l  

u n d o u b t e d l y  s t i m u l a t e  f u r t h e r  s p e c i f i c i t y  s t u d i e s  and 

b i o c h e m i c a l  c h a r a c t e r i z a t i o n  o f  t h i s  u n i q u e  e n z y m e .

The d i s c o v e r y  o f  t h e  o p i o i d  p e p t i d e s  M e t - e n k e p h a l i n  

( T y r - G l y - G l y - P h e - M e t )  and L e u - e n k e p h a l i n  ( T y r - G l y - G l y - P h e -  

L e u )  ( H u g h e s  e t  a l . ,  1 9 7 5 )  has  l e d  t o  n u m e r o u s  s t u d i e s  o f
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t h e i r  m e t a b o l i s m  by s y n a p t i c  m e m b r a n e s .  G r a f  e t  a l .  ( 1 9 8 2 )  

hav e  r e p o r t e d  t h a t  i n c u b a t i o n  o f  M e t - e n k e p h a l i n  w i t h  r a t  

b r a i n  membranes  r e l e a s e s  t h e  b i o l o g i c a l l y  i n a c t i v e  m e t a b o l ­

i t e s  T y r ,  T y r - G l y ,  and  T y r - G l y - G l y  i n  a m o l a r  r a t i o  o f  

2 8 : 6 : 1 5 .  Guyon e t  a l .  ( 1 9 7 9 )  have  r e p o r t e d  s i m i l a r  r a t i o s .  

T h u s ,  s e v e r a l  m e m b r a n e - b o u n d  enz y mes  have  been i m p l i c a t e d  

i n  e n k e p h a l i n  m e t a b o l i s m .  These  i n c l u d e  a m i n o p e p t i d a s e s

( H e r s h ,  1 9 8 1 a )  and a d i p e p t i d y l  a m i n o p e p t i d a s e  ( G o r e n s t e i n
1

and S n y d e r ,  1 9 8 0 )  w h i c h  c a t a l y s e  t h e  r e m o v a l  o f  a T y r  and 

1 2T y r  - G l y  r e s p e c t i v e l y .  The a n g i o t e n s i n  c o n v e r t i n g  enzyme

(EC 3 . 4 . 1 5 . 1 ,  p e p t i d y l  d i p e p t i d a s e )  and an enzyme d e s i g n a t e d

3 4as  " e n k e p h a l i n a s e "  b o t h  h y d r o l y s e  t h e  G l y  - P h e  bond  o f  

M e t -  and L e u - e n k e p h a l i n , t h e r e b y  r e m o v i n g  a C - t e r m i n a l  

d i p e p t i d e  ( A r r e g u i  e t  a l . , 1 9 7 9 ;  B e n u c k  and M a r k s ,  1 9 8 0 ;  

G o r e n s t e i n  and S n y d e r ,  1 9 7 9 ;  M a l f r o y  e t  a l . ,  1 9 7 8 ) .  T h e r e  

i s  c o n s i d e r a b l e  c o n t r o v e r s y  as t o  t h e  e x t e n t  o f  i n v o l v e m e n t  

o f  eac h  o f  t h e s e  e nz y mes  i n  e n k e p h a l i n  m e t a b o l i s m .

The name " e n k e p h a l i n a s e " ,  w h i c h  i m p l i e s  a s p e c i f i c ,  

e n k e p h a l i n  d e g r a d i n g  f u n c t i o n ,  i s  a s s o c i a t e d  w i t h  a 

m e m b r a n e - b o u n d  m e t a l l o p r o t e a s e  t h a t  has been d e s c r i b e d  as a 

d i p e p t i d y l  c a r b o x y p e p t i d a s e  d i s t i n c t  f r o m  t h e  a n g i o t e n s i n  

c o n v e r t i n g  e n z y m e .  E v i d e n c e  s u p p o r t i n g  t h e  r o l e  o f  t h i s  

enzyme as a s p e c i f i c  e n k e p h a l i n  i n a c t i v a t o r  i n c l u d e s  t h e  

f i n d i n g s  t h a t  t h e  r e g i o n a l  d i s t r i b u t i o n  o f  t h e  enzyme i n  

b r a i n  a p p e a r s  t o  p a r a l l e l  t h a t  o f  t h e  o p i a t e  r e c e p t o r s  

( M a l f r o y  e t  a l . ,  1 9 7 9 ;  S u l l i v a n  e t  a l . ,  1978 )  and t h a t
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t h i o r p h a n  [ ( D L - 3 - m e r c a p t o - 2 - b e n z y l p r o p a n o y 1 ) - g l y c i n e ] , a 

s e l e c t i v e  i n h i b i t o r  o f  t h e  e n z y m e ,  shows a n t i n o c i c e p t i v e  

a c t i v i t y  i n  t h e  h o t  p l a t e  j u m p  t e s t  i n  m i c e  ( R o q u e s  

e t  a l . ,  1 9 8 0 ) .  T h i o r p h a n  was a l s o  shown t o  e n h a n c e  t h e  

r e c o v e r y  o f  M e t - e n k e p h a l i n  r e l e a s e d  by d e p o l a r i z e d  s t r i a t a l  

s l i c e s ,  w h i l e  p u r o m y c i n ,  an a m i n o p e p t i d a s e  i n h i b i t o r ,  and 

c a p t o p r i l ,  an a n g i o t e n s i n  c o n v e r t i n g  enzyme i n h i b i t o r ,  d i d  

n o t  have t h i s  e f f e c t  ( P a t e y  e t  a l . ,  1 9 8 1 ) .  T h i s  r e s u l t  

s u g g e s t s  t h a t  s y n a p t i c a l l y  r e l e a s e d  e n k e p h a l i n s  a r e  p r i ­

m a r i l y  m e t a b o l i z e d  by e n k e p h a l i n a s e .  F u r t h e r m o r e ,  a 

r e c e n t  s t u d y  by Zhang  e t  a l .  ( 1 9 8 2 )  r e v e a l e d  t h a t  i n t r a -  

c e r e b r a l  a d m i n i s t r a t i o n  o f  t h i o r p h a n  i n c r e a s e d  s t r i a t a l  

M e t - e n k e p h a l i n  c o n t e n t  by 30%, w h i l e  b e s t a t i n ,  a p o t e n t  

a m i n o p e p t i d a s e  i n h i b i t o r ,  had no e f f e c t  on s t r i a t a l  M e t -  

e n k e p h a l i n  l e v e l s .

T h i o r p h a n  has  bee n  shown t o  p o s s e s s  weak a n t i n o c i c e p ­

t i v e  a c t i v i t y  i n  t h e  mouse h o t  p l a t e  j u mp  t e s t ,  h o w e v e r ,  i t  

i s  i n a c t i v e  i n  t h e  r a t  t a i l - f l i c k  t e s t  ( C h i p k i n  e t  a l . ,  

1 9 8 2 ;  Roques e t  a l . ,  1 9 8 0 ;  Vaksh  and H a r t y ,  1 9 8 2 ) .  I t  

has been  w e l l  e s t a b l i s h e d  t h a t  t h i o r p h a n  and p h o s p h o r y l -  

L e u - P h e ,  a n o t h e r  e n k e p h a l i n a s e  i n h i b i t o r  ( A l g e r i  e t  a l . ,

1 98 1 )  b o t h  p o t e n t i a t e  t h e  a n t i n o c i c e p t i v e  e f f e c t s  i n  t h e  

t a i l - f l i c k  t e s t  o f  [ D - A l a  ] M e t - e n k e p h a  1 i n , an a m i n o p e p ­

t i d a s e  r e s i s t a n t  M e t - e n k e p h a l i n  a n a l o g u e  ( C h i p k i n  e t  a l . ,  

1 9 8 2 ;  Roques  e t  a l . ,  1 9 8 0 ;  Ya ks h  and H a r t y ,  1 9 8 2 ;  Zhang 

and C o s t a ,  1 9 8 2 ) .  T h i s  s u g g e s t s  t h a t  b o t h  a m i n o p e p t i d a s e
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and e n k e p h a l i n a s e  may p l a y  a r o l e  i n  t h e  i n a c t i v a t i o n  o f  

e x o g e n o u s  e n k e p h a l i n s .

A c c o r d i n g l y ,  Zhang e t  a l .  ( 1 9 8 2 )  hav e  p e r f o r m e d  _in 

v i v o  i n h i b i t i o n  s t u d i e s  u t i l i z i n g  b e s t a t i n  [ ( 2 S , 3 R ) ] - 3 -  

a m i n o - 2 - h y d r o x y - 4 - p h e n y l b u t a n o y l - L - l e u c i n e  ] , an a m i n o p e p ­

t i d a s e  i n h i b i t o r  w h i c h  i s  1 , 0 0 0  t i m e s  more  p o t e n t  t h a n  

p u r o m y c i n .  I n t r a c e r e b r a l  a d m i n i s t r a t i o n  o f  b e s t a t i n  f a i l e d  

t o  c h a n g e  s t r i a t a l  M e t - e n k e p h a l i n  c o n c e n t r a t i o n s  o r  t o  

p r o d u c e  a n a l g e s i a ,  b u t  i t  d i d  p o t e n t i a t e  t h e  p h a r m a c o l o g i c a l  

e f f e c t s  o f  t h i o r p h a n .  S i m i l a r  p o t e n t i a t i o n  was r e p o r t e d  by 

C h a i l l e t  e t  a l .  ( 1 9 8 3 ) .  I n  c o n t r a s t  t o  Zhang  e t  a l .

( 1 9 8 2 ) ,  h o w e v e r ,  t h e y  o b s e r v e d  a n t i n o c i c e p t i v e  e f f e c t s  

o f  b e s t a t i n  i t s e l f .  D e s p i t e  t h i s  i n c o n s i s t e n c y ,  b o t h  

s t u d i e s  p r o v i d e  d a t a  w h i c h  s u g g e s t  t h a t  e n k e p h a l i n a s e  and 

a m i n o p e p t i d a s e  b o t h  p a r t i c i p a t e  i n  t h e  m e t a b o l i s m  o f  

e n k e p h a l i n s .

Two s t u d i e s  h a v e  e x p l o r e d  t h e  p o s s i b i l i t y  t h a t  e n k e ­

p h a l i n  d e g r a d a t i o n  by s y n a p t o s o m a l  enzymes  i s  f u n c t i o n a l l y  

o r  t o p o g r a p h i c a l l y  c o u p l e d  t o  e n k e p h a l i n  b i n d i n g  o f  o p i a t e  

r e c e p t o r s .  K n i g h t  and K l e e  ( 1 9 7 8 )  s t u d i e d  t h e  h y d r o l y s i s  o f  

M e t - e n k e p h a l i n  by a m i n o p e p t i d a s e  a t  e n k e p h a l i n  c o n c e n t r a ­

t i o n s  w e l l  b e l o w  t h e  K^ o f  t h e  e n zy m e ,  and s u r p r i s i n g l y  

f o u n d  t h a t  t h e  r a t e  o f  h y d r o l y s i s  i s  i n d e p e n d e n t  o f  t h e  

r e l a t i v e  a mo u n t s  o f  e n k e p h a l i n  f r e e  i n  s o l u t i o n  and b ou n d  

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

e n k e p h a l i n s  t o  o p i a t e  r e c e p t o r s  a c t s  as a c o n c e n t r a t i n g
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m e c h a n i s m  f o r  m e m b r a n e - b o u n d  a m i n o p e p t i d a s e s , w h i c h  may be 

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

G r a f  e t  a l .  ( 1 9 8 2 )  h a v e  e x p l o r e d  t h e  p o s s i b i l i t y  t h a t  

a t o p o g r a p h i c a l  r e l a t i o n s h i p  e x i s t s  b e t w e e n  e n k e p h a l i n  

b i n d i n g  s i t e s  and e n k e p h a l i n  d e g r a d i n g  p e p t i d a s e s .  They  

r e a s o n e d  t h a t  i f  r e c e p t o r  o c c u p a n c y  i s  c o u p l e d  t o  t h e  

p e p t i d a s e  a c t i v i t i e s ,  t h e n  b l o c k i n g  o f  t h e  r e c e p t o r  w i t h  

o t h e r  o p i a t e  l i g a n d s  m i g h t  a l t e r  e n k e p h a l i n  d e g r a d a t i o n  

p a t t e r n s .  They o b s e r v e d  no s i g n i f i c a n t  e f f e c t s  o f  n a l o x o n e ,  

m o r p h i n e ,  o r  e n k e p h a l i n  a n a l o g u e s  on t h e  d e g r a d a t i o n  o f  

M e t - e n k e p h a l i n  by  r a t  b r a i n  m e m b r a n e s .  They a l s o  showed 

t h a t  t h e  d i s s o c i a t i o n  c u r v e s  o f  ( ) M e t - e n k e p h a l i n  f r o m  

o p i a t e  r e c e p t o r s  w e r e  t h e  same i n  b o t h  t h e  a b s e n c e  and 

p r e s e n c e  o f  a m i x t u r e  o f  p e p t i d a s e  i n h i b i t o r s  w h i c h  com­

p l e t e l y  p r o t e c t e d  M e t - e n k e p h a l i n  f r o m  c l e a v a g e  a t  t h e  

T y r - G l y  and G l y - P h e  b o n d s .  T h i s  r e s u l t  i n d i c a t e s  t h a t  t h e  

p r o c e s s  o f  d i s s o c i a t i o n  o f  e n k e p h a l i n  f r o m  i t s  b i n d i n g  

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

The b i o c h e m i c a l  p r o p e r t i e s  o f  t h e s e  m e m b r a n e - b o u n d

e n k e p h a l i n  d e g r a d i n g  p e p t i d a s e s  h a v e  bee n  s t u d i e d  t o

v a r y i n g  d e g r e e s .  H e r s h  ( 1 9 8 1 a )  has  i s o l a t e d  t w o  m e m b r a n e -

b o u n d ,  EDTA s e n s i t i v e  a m i n o p e p t i d a s e s  f r o m  r a t  b r a i n .  B o t h

enzymes  a r e  o p t i m a l l y  a c t i v e  a t  pH 7 ,  and b o t h  c l e a v e  M e t -

1 2e n k e p h a l i n  a t  t h e  T y r  - G l y  b o n d .  The t wo  enzymes  can  be 

d i s t i n g u i s h e d  on t h e  b a s i s  o f  t h e i r  k i n e t i c  p a r a m e t e r s  f o r  

s y n t h e t i c  s u b s t r a t e s  and e n k e p h a l i n s .



D i p e p t i d y l  a m i n o p e p t i d a s e  has  been  s o l u b i l i z e d  and 

p a r t i a l l y  p u r i f i e d  by G o r e n s t e i n  and S n y d e r  ( 1 9 7 9 ) .  I t  i s  

s e n s i t i v e  t o  o - p h e n a n t h r o l i n e , a c h e l a t i n g  a g e n t ,  and a l s o  

t o  p - h y d r o x y m e r c u r i b e n z o a t e , a t h i o l  b l o c k i n g  a g e n t ,  b u t  

i t s  s p e c i f i c i t y  and b i o c h e m i c a l  p r o p e r t i e s  have  n o t  been 

e x t e n s i v e l y  c h a r a c t e r i z e d .

T h e r e  a r e  two m e m b r a n e - b o u n d  m e t a l l o p r o t e a s e s , a n g i o ­

t e n s i n  c o n v e r t i n g  enzyme and e n k e p h a l i n a s e ,  w h i c h  c l e a v e  

M e t -  and L e u - e n k e p h a l i n  a t  t h e  G l y - P h e  bond  ( A r r e g u i  

e t  a l . ,  1 9 7 9 ;  Be n u c k  and M a r k s ,  1 9 8 0 ;  G o r e n s t e i n  and 

S n y d e r ,  1 9 7 9 ;  M a l f r o y  e t  a l . , 1 9 7 8 ) .  The a n g i o t e n s i n  

c o n v e r t i n g  enzyme i s  a d i p e p t i d y l  c a r b o x y p e p t i d a s e  o f  b r o a d  

s p e c i f i c i t y  w h i c h  has  been  p u r i f i e d  t o  h o m o g e n e i t y  f r o m  

l u n g ,  one o f  i t s  r i c h e s t  s o u r c e s  ( D a s  and S o f f e r ,  1 9 7 5 ) .

The enzyme has  been shown t o  c o n v e r t  c i r c u l a t i n g  a n g i o ­

t e n s i n  I  t o  a n g i o t e n s i n  I I  (Ng and V a n e ,  1 9 6 7 ) ,  t h e  l a t t e r  

h a v i n g  p o t e n t  p r e s s o r  e f f e c t s .  A n g i o t e n s i n  c o n v e r t i n g  

enzyme a l s o  a c t s  as a k i n i n a s e .  By d e g r a d i n g  b r a d y k i n i n ,  a 

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

a n g i o t e n s i n  I I  p r o d u c t i o n  ( f o r  a r e c e n t  r e v i e w  see Ry a n ,

1 9 8 2 ) .  R e c e n t l y  c a p t o p r i l  [ D - 3 - m e r c a p t o - 2 - m e t h y l p r o p -  

a n o y 1 - L - p r o l i n e ] ( O n d e t t i  e t  a l  . , 1 9 7 7 )  and MK-421 [ N- 

( 1 - S - 1 - c a r b o x y - 3 - p h e n y l p r o p y 1 ) - A l a - P r o ]  ( P a t c h e t t  e t  a l . ,  

1 9 8 0 ) ,  a c t i v e  s i t e  d i r e c t e d  i n h i b i t o r s  o f  t h e  c o n v e r t i n g  

e n z y m e ,  have been shown t o  have  a n t i - h y p e r t e n s i v e  e f f e c t s .
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I n  1978 E r d o s  and c o - w o r k e r s  r e p o r t e d  t h a t  t h e  p u l ­

m o n a r y  a n g i o t e n s i n  c o n v e r t i n g  enzyme c l e a v e s  e n k e p h a l i n s  a t  

t h e  G l y ^ - P h e ^  b o n d ,  and t h e y  s p e c u l a t e d  t h a t  t h e  enzyme 

m i g h t  be i n v o l v e d  i n  e n k e p h a l i n  m e t a b o l i s m .  S t u d i e s  by 

B e n u c k  and M a r k s  ( 1 9 7 8 )  on a p a r t i a l l y  p u r i f i e d  p r e p a r a t i o n  

o f  a n g i o t e n s i n  c o n v e r t i n g  enzyme f r o m  r a t  b r a i n  i n d i c a t e d  

t h a t  i t s  b i o c h e m i c a l  p r o p e r t i e s  we re  s i m i l a r  t o  t h o s e  o f  

t h e  p u l m o n a r y  e n z y m e .  S u b s e g u e n t  i n v e s t i g a t i o n s  showed 

t h a t  t h e  c o n v e r t i n g  enzyme h y d r o l y z e s  e n k e p h a l i n s  a t  t h e  

G l y - P h e  bond  ( A r r e g u i  e t  a l . ,  1 9 7 8 ;  B e n u c k  and M a r k s ,  1 9 8 0 ;  

G o r e n s t e i n  and S n y d e r ,  1 9 7 9 ;  S w e r t s  e t  a l . ,  1 9 7 9 ) .  The 

d a t a  o f  S c h w a r t z  and c o - w o r k e r s  ( P a t e y  e t  a l . ,  1981)  

s u g g e s t  t h a t  a n g i o t e n s i n  c o n v e r t i n g  enzyme i s  n o t  i n v o l v e d  

i n  t h e  m e t a b o l i s m  o f  s y n a p t i c a l l y  r e l e a s e d  e n k e p h a l i n s .

G r a f  e t  a l .  ( 1 9 8 2 )  h o w e v e r ,  have  o b s e r v e d  t h a t  when 

M e t - e n k e p h a l i n  i s  i n c u b a t e d  w i t h  b r a i n  m e m b ra n es ,  1 mM 

c a p t o p r i l  i n h i b i t s  t h e  r e l e a s e  o f  4 0 % o f  t h e  T y r - G l y - G l y  

l i b e r a t e d .  The l a t t e r  r e s u l t  i m p l i e s  t h a t  t h e  a n g i o t e n s i n  

c o n v e r t i n g  enzyme may i n  f a c t  be a b i o l o g i c a l l y  s i g n i f i c a n t  

e n k e p h a l i n  d e g r a d i n g  e n z y m e .  F u r t h e r  s t u d i e s  a r e  needed  t o  

d e l i n e a t e  t h e  m e t a b o l i c  p r o c e s s e s  r e g u l a t e d  i n  b r a i n  by t h e  

a n g i o t e n s i n  c o n v e r t i n g  e n z y m e .

E n k e p h a l i n a s e  was o r i g i n a l l y  d e s c r i b e d  by M a l f r o y

e t  a l .  ( 1 9 7 8 )  as a h i g h l y  s p e c i f i c  e n k e p h a l i n  d e g r a d i n g

enzyme w i t h  a K f o r  M e t - e n k e p h a l i n  i n  t h e  n a n o m o l a r  r a n g e .
m

S u b s e q u e n t  r e p o r t s  by t h i s  g r o u p  and o t h e r s  i n d i c a t e  t h a t
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i t s  v a l u e s  f o r  e n k e p h a l i n s  a r e  a c t u a l l y  on t h e  o r d e r  o f  

1 0 “ ^ M ( A l t s t e i n  e t  a l . ,  1 9 8 1 ;  Be n uc k  and M a r k s ,  1 9 8 0 ;  

M a l f r o y  and S c h w a r t z ,  1 9 8 2 ) .  E n k e p h a l i n a s e  i s  i n h i b i t e d  by 

t h i o l s  and m e t a l  c h e l a t o r s ,  b u t  n o t  by c a p t o p r i l .  B e c a u se  

i t  c l e a v e s  t h e  C - t e r m i n a l  d i p e p t i d e  f r o m  M e t -  and L e u -  

e n k e p h a l i n ,  and a l s o  f r o m  b r a d y k i n i n  ( B e n u c k  and M a r k s ,

1 98 0 )  i t  was c l a s s i f i e d  as a d i p e p t i d y l  c a r b o x y p e p t i d a s e . 

T h i s  c l a s s i f i c a t i o n ,  h o w e v e r ,  was n o t  b a s e d  on e x t e n s i v e  

s p e c i f i c i t y  s t u d i e s  w i t h  a p u r i f i e d  enz y m e ,  b u t  r a t h e r  on 

l i m i t e d  s t u d i e s  w i t h  c r u d e  p r e p a r a t i o n s .  B l u m b e r g  e t  a l .  

( 1 9 8 1 )  o b s e r v e d  t h a t  b e n z y l o x y c a r b o n y l  d e r i v a t i v e s  o f  

am i no  a c i d  h y d r o x a m a t e s , w h i c h  i n h i b i t  t h e  b a c t e r i a l  

m e t a l l o e n d o p e p t i d a s e  t h e r m o l y s i n ,  a l s o  i n h i b i t e d  e n k e ­

p h a l i n a s e  a c t i v i t y  i n  c r u d e  b r a i n  m e m b r a n e s .  T h i s  l e d  t hem 

t o  p o s t u l a t e  t h a t  e n k e p h a l i n a s e  m i g h t  a c t u a l l y  be a t h e r -  

m o l y s i n - l i k e  e n d o p e p t i d a s e  r a t h e r  t h a n  a t r u e  d i p e p t i d y l  

c a r b o x y p e p t i d a s e .

I n  1 9 8 1 ,  L l o r e n s  and S c h w a r t z ,  and B e n u c k  and c o -  

w o r k e r s  r e p o r t e d  on t h e  e x c e p t i o n a l l y  h i g h  s p e c i f i c  a c t i v i t y  

o f  e n k e p h a l i n a s e  i n  p e r i p h e r a l  t i s s u e s ,  p a r t i c u l a r l y  k i d n e y  

and l u n g .  N e i t h e r  o f  t h e s e  o r g a n s  p o s s e s s e s  s i g n i f i c a n t  

n u m be r s  o f  o p i a t e  r e c e p t o r s ,  t h u s  t h e s e  f i n d i n g s  c a s t  d o u b t  

as t o  t h e  s p e c i f i c i t y  o f  t h i s  enzyme as an e n k e p h a l i n a s e .  

F u r t h e r  c h a r a c t e r i z a t i o n  o f  e n k e p h a l i n a s e  may l e a d  t o  t h e  

d i s c o v e r y  o f  a d d i t i o n a l  b i o l o g i c a l  f u n c t i o n s  f o r  t h e  

e n z y m e .
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B. PROPERTIES OF A MEMBRANE-BOUND NEUTRAL METALLOENDO- 
PEPTIDASE

A m e t a l 1 o e n d o p e p t i d a s e  w h i c h  i s  o p t i m a l l y  a c t i v e  a t  

n e u t r a l  pH was r e c e n t l y  p u r i f i e d  1 0 , 0 0 0 - f o l d  f r o m  b o v i n e  

p i t u i t a r y  membranes  by O r l o w s k i  and W i l k  ( 1 9 8 1 ) .  The 

enzyme was s o l u b i l i z e d  by t r e a t m e n t  w i t h  d e o x y c h o l a t e  and 

p a p a i n  and was f o u n d  t o  have  an a p p a r e n t  m o l e c u l a r  w e i g h t  

o f  9 0 , 0 0 0  as d e t e r m i n e d  by g e l  f i l t r a t i o n  on S e phad ex  G-200  

and G - 1 0 0 .  Enzyme a c t i v i t y  was n o t  s e n s i t i v e  t o  i n h i b i t i o n  

by S H - b l o c k i n g  a g e n t s  o r  by s e r i n e  o r  c a r b o x y l  p r o t e a s e  

i n h i b i t o r s ,  b u t  was s t r o n g l y  i n h i b i t e d  by m e t a l  c h e l a t o r s .  

The enzyme was a l m o s t  c o m p l e t e l y  i n h i b i t e d  by d i a l y s i s  

a g a i n s t  EDTA;  a c t i v i t y  was r e s t o r e d  by a d d i t i o n  o f  z i n c  and 

o t h e r  d i v a l e n t  c a t i o n s .

The s p e c i f i c i t y  and k i n e t i c  p a r a m e t e r s  o f  t h e  enzyme 

w e re  s t u d i e d  w i t h  a s e r i e s  o f  s y n t h e t i c  p e p t i d e  n a p h t h y -  

l a m i d e s .  The enzyme was f o u n d  t o  have  a p r i m a r y  

s p e c i f i c i t y  s i m i l a r  t o  t h e r m o l y s i n  i n  t h a t  i t  c l e a v e s  

p e p t i d e  b o n ds  on t h e  a m in o  s i d e  o f  h y d r o p h o b i c  a m i no  a c i d s .  

R e l a t i v e l y  h i g h  r e a c t i o n  r a t e s  and s p e c i f i c i t y  c o n s t a n t s  

w ere  o b t a i n e d  w i t h  s u b s t r a t e s  c o n t a i n i n g  a r g i n i n e  r e s i d u e s  

i n  p o s i t i o n s  P^ and P^ t h e r e b y  c r e a t i n g  t h e  i m p r e s s i o n  o f  a 

t r y p s i n - l i k e  a c t i v i t y .  D i f f e r e n t i a l  c e n t r i f u g a t i o n  s t u d i e s  

d e m o n s t r a t e d  t h a t  t h e  h i g h e s t  s p e c i f i c  a c t i v i t y  o f  t h i s  

enzyme was a s s o c i a t e d  w i t h  t h e  m i c r o s o m a l  f r a c t i o n .  I t  was 

t h e r e f o r e  s u g g e s t e d  t h a t  t h e  enzyme m i g h t  p l a y  a r o l e  i n
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t h e  p r o c e s s i n g  o f  p i t u i t a r y  p r o h o r m o n e s  s u c h  as 0 - l i p o t r o -  

p i n ,  w h i c h  r e q u i r e  c l e a v a g e  o f  a bond  b e t w e e n  a b a s i c  a m i n o  

a c i d  s e q u e n c e  and a t y r o s i n e .

I t  was s u g g e s t e d  by O r l o w s k i  and W i l k  ( 1 9 8 1 )  t h a t  t h e

p i t u i t a r y  m e t a l l o e n d o p e p t i d a s e  m i g h t  be s i m i l a r  t o  a

t h e r m o l y s i n - l i k e  n e u t r a l  m e t a l l o e n d o p e p t i d a s e  [EC 3 . 4 . 2 4 . 1 1 ]

p u r i f i e d  f r o m  k i d n e y  b r u s h  b o r d e r  by K e r r  and Kenny  ( 1 9 7 4 a

and b ) .  The e n z y m e ,  w h i c h  i s  t h e  f i r s t  m e t a l l o e n d o p e p t i d a s e

t o  be i s o l a t e d  f r o m  m a mm a l i a n  t i s s u e ,  was p u r i f i e d  f r o m

r a b b i t  and p o r c i n e  k i d n e y  c o r t e x .  I n  c o n t r a s t  t o  t h e r m o l y -

s i n ,  w h i c h  i s  a s o l u b l e  m i c r o b i a l  enzyme w i t h  a m o l e c u l a r

w e i g h t  o f  a p p r o x i m a t e l y  4 0 , 0 0 0  ( O h t a  e t  a l . ,  1 9 6 6 ) ,  t h e

s o l u b i l i z e d  k i d n e y  m e t a l l o e n d o p e p t i d a s e  was f o u n d  t o  e x i s t

as a s i n g l e  p o l y p e p t i d e  c h a i n  w i t h  a m o l e c u l a r  w e i g h t  o f

a b o u t  9 3 , 0 0 0 .  I t  was shown t o  c o n t a i n  s t o i c h i o m e t r i c

a m o u n t s  o f  z i n c  and t o  be s t r o n g l y  i n h i b i t e d  by c h e l a t i n g

a g e n t s  s u c h  as EDTA,  o - p h e n a n t h r o l i n e  and  d i t h i o t h r e i t o l .

K i d n e y  enzyme a c t i v i t y  was i n h i b i t e d  w i t h  a K^ o f  2 x 

— 910"  M by p h o s p h o r a m i d o n  [ N - ( c x - L - r h am no p y  r a n o s y  l o x y -  

h y d r o x y p h o s p h i n y l ) - L - l e u c y 1 - L - t r y p t o p h a n ] ,  an a c t i v e  s i t e  

d i r e c t e d  i n h i b i t o r  o f  t h e r m o l y s i n  ( K e n n y ,  1 9 7 7 ) .  Kenny  and 

c o - w o r k e r s  d e m o n s t r a t e d  t h a t  t h e  enzyme r e a d i l y  d e g r a d e s  

p e p t i d e s  w i t h o u t  s i g n i f i c a n t  s e c o n d a r y  o r  t e r t i a r y  s t r u c ­

t u r e  s u c h  as i n s u l i n  B c h a i n  ( 30  r e s i d u e s ) ,  g l u c a g o n  (29  

r e s i d u e s ) ,  and ACTH ( 24  r e s i d u e s )  b u t  t h a t  i t  has  n e g l i g i b l e  

a c t i v i t y  t o w a r d  p r o t e i n s  s u c h  as b o v i n e  se r um a l b u m i n  o r
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c a s e i n .  The enzyme d o e s  n o t  d e g r a d e  n a t i v e  i n s u l i n .  Kenny  

d i d  n o t  s t u d y  t h e  s e c o n d a r y  s p e c i f i c i t y  o f  t h e  k i d n e y  

enz yme ,  t h u s  i t  i s  n o t  p o s s i b l e  t o  c o m p ar e  i t s  k i n e t i c  

p r o p e r t i e s  t o  t h o s e  d e s c r i b e d  by  O r l o w s k i  and W i l k .  L i k e  

o t h e r  b r u s h  b o r d e r  p e p t i d a s e s  i n c l u d i n g  y - g l u t a m y l  t r a n s -  

p e p t i d a s e  ( O r l o w s k i  and M e i s t e r ,  1 9 6 5 )  and a m i n o p e p t i d a s e  M 

( W a c k e r  e t  a l . ,  1 9 7 1 ) ,  w h i c h  c o n t a i n  a b o u t  20% c a r b o h y d r a t e ,  

t h e  k i d n e y  m e t a l l o e n d o p e p t i d a s e  was f o u n d  t o  c o n t a i n  a b o u t  

15% c a r b o h y d r a t e  ( K e r r  and K e n n y ,  1 9 7 4 b ) .

V a r a n d a n i  and S h r o y e r  ( 1 9 7 7 )  h av e  a l s o  d e s c r i b e d  a 

k i d n e y  b r u s h  b o r d e r  n e u t r a l  m e t a l l o e n d o p e p t i d a s e .  L i k e  t h e  

enzyme d e s c r i b e d  by  K e r r  and K e n n y ,  i t  d e g r a d e s  i n s u l i n  B 

c h a i n ,  g l u c a g o n ,  and ACTH. The e n zy m e ,  w h i c h  was n o t  

p u r i f i e d  t o  h o m o g e n e i t y ,  was f o u n d  t o  h av e  a m o l e c u l a r  

w e i g h t  o f  a p p r o x i m a t e l y  2 0 0 , 0 0 0 .  I t s  s e n s i t i v i t y  t o  p h o s -  

p h o r a m i d o n  was n o t  t e s t e d  n o r  was i t s  p r i m a r y  s p e c i f i c i t y  

d e l i n e a t e d ,  t h e r e b y  m a k i n g  d i f f i c u l t  a c o m p a r i s o n  o f  t h i s  

enzyme t o  t h e  one d e s c r i b e d  by  K e r r  and K e n n y .

More r e c e n t l y ,  Be ny on  e t  a l . ( 1 9 8 1 )  and  Kenny  e t  a l . 

( 1 9 8 1 )  have  d e s c r i b e d  a b r u s h  b o r d e r  n e u t r a l  m e t a l l o e n d o ­

p e p t i d a s e  w h i c h  d e g r a d e s  a z o c a s e i n  and a l s o  i n s u l i n  B 

c h a i n .  The s o l u b i l i z e d  enzyme has  a m o l e c u l a r  w e i g h t  o f  

a p p r o x i m a t e l y  3 0 0 , 0 0 0 - 4 0 0 , 0 0 0  d a l t o n s .  I n  c o n t r a s t  t o  

t h e  t h e r m o l y s i n - l i k e  n e u t r a l  m e t a l l o e n d o p e p t i d a s e ,  i t  i s  

i n s e n s i t i v e  t o  i n h i b i t i o n  by p h o s p h o r a m i d o n , and i t  has  a 

pH o p t i m u m  ( f o r  a z o c a s e i n )  i n  t h e  pH r a n g e  o f  8 - 9 .  I t s
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p r i m a r y  s p e c i f i c i t y  and o t h e r  b i o c h e m i c a l  p r o p e r t i e s  a w a i t  

f u r t h e r  c h a r a c t e r i z a t i o n .

The k i d n e y  b r u s h  b o r d e r  i s  t h e  s u r f a c e  on w h i c h  much 

o f  t h e  g l o m e r u l a r  f i l t r a t e  i n c l u d i n g  w a t e r ,  i o n s ,  g l u c o s e ,  

a m i n o  a c i d s ,  and p e p t i d e s ,  i s  r e a b s o r b e d .  Many d i f f e r e n t  

e n z y m e s ,  i n c l u d i n g  p h o s p h a t a s e s ,  g l y c o s i d a s e s , and p e p t i ­

d a s e s  have  been l o c a l i z e d  on t h e  b r u s h  b o r d e r .  They have
V

been  p r o p o s e d  t o  p a r t i c i p a t e  i n  t h e  m e t a b o l i s m  o f  m o l e c u l e s  

b e i n g  r e a b s o r b e d ,  b u t  a t  p r e s e n t ,  t h i s  f u n c t i o n  r e m a i n s  

o n l y  s p e c u l a t i v e .  A c c o r d i n g l y ,  t h e  k i d n e y  m e t a l l o e n d o p e p ­

t i d a s e  [EC 3 . 4 . 2 4 . 1 1 ]  i s  t h o u g h t  t o  p l a y  an i m p o r t a n t  r o l e  

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

i n s u l i n  ( K e r r  and K e n n y ,  1 9 7 4 a ;  V a r a n d a n i  and S h r o y e r ,  

1 9 7 7 ) .  I t s  p r e s e n c e  h o w e v e r ,  i n  o t h e r  t i s s u e s  i n c l u d i n g  

i n t e s t i n a l  b r u s h  b o r d e r  ( D a n i e l s o n  e t  a l . ,  1 9 8 0 )  and 

p i t u i t a r y  ( O r l o w s k i  and W i l k ,  1 98 1 )  i n d i c a t e s  t h a t  i t  may 

have  a d d i t i o n a l  b i o l o g i c a l  f u n c t i o n s .



I I .  SPECIF IC AIMS

S p e c i f i c  a i ms  o f  t h i s  w o r k  i n c l u d e :

I n v e s t i g a t i o n  o f  w h e t h e r  t h e  m e m b r a n e - b o u n d  n e u t r a l  

m e t a l l o e n d o p e p t i d a s e  i s  i d e n t i c a l  t o  e n k e p h a l i n a s e .  

P u r i f i c a t i o n  o f  t h e  m e t a l l o e n d o p e p t i d a s e  f r o m  b o t h  

r a b b i t  b r a i n  and k i d n e y .

S t u d y  o f  t h e  i n t e r a c t i o n s  o f  t h e  m e t a l l o e n d o p e p t i d a s e  

w i t h  s y n t h e t i c  s u b s t r a t e s ,  n a t u r a l  p e p t i d e s  and 

i n h i b i t o r s .  C o m p a r i s o n  o f  k i n e t i c  and i m m u n o l o g i c a l  

p r o p e r t i e s  o f  t h e  b r a i n  and k i d n e y  e n z y m e s .

D e s i g n  and s y n t h e s i s  o f  a c t i v e - s i t e  d i r e c t e d  

i n h i b i t o r s .

I n v e s t i g a t i o n  o f  t h e  _in v i v o  . e f f e c t s  o f  t h e s e  

i n h i b i t o r s  on n o c i c e p t i o n .

I d e n t i f i c a t i o n  and c h a r a c t e r i z a t i o n  o f  t h e  m e t a l l o e n ­

d o p e p t i d a s e  i n  human s e r u m .

S t u d y  o f  s e r um m e t a l l o e n d o p e p t i d a s e  a c t i v i t y  i n  

h e a l t h y  s u b j e c t s  and i n  p a t i e n t s  w i t h  s a r c o i d o s i s .
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I I I .  EXPERIMENTAL METHODS

A. MATERIALS

Sod ium p h e n y l p y r u v a t e , s o d i u m  c y a n o b o r o h y d r i d e , t e r t -  

b u t o x y c a r b o n y l  d e r i v a t i v e s  o f  am i no  a c i d s ,  N , -N ' - d i c y c l o -  

h e x y l c a r b o d i i m i d e , N - h y d r o x y s u c c i n i m i d e , t r i f l u o r o a c e t i c  

a c i d ,  t r i e t h y l a m i n e , h i p p u r i c  a c i d ,  g l u t a t h i o n e ,  d i t h i o -  

t h r e i t o l ,  2 - m e r c a p t o e t h a n o l , p - m e r c u r i b e n z o a t e , i o d o a c e t a -  

m i d e ,  i o d o a c e t i c  a c i d ,  N - e t h y l m a l e i m i d e , p a p a i n ,  a n t i p a i n ,  

c h y m o s t a t i n ,  EDTA, o - p h e n a n t h r o l i n e , L - L e u - p N A ,  T r i z m a  b a s e ,  

p h o s p h o r a m i d o n , b e s t a t i n ,  N - 1 - N a p h t h y l - e t h y l e n e d i a m i n e * 2HC1, 

a l l  d i p e p t i d e s  and b i o l o g i c a l l y  a c t i v e  p e p t i d e s  w e r e  o b ­

t a i n e d  f r o m  S igma C h e m i c a l  Co.  ( S t .  L o u i s ,  MO) .  B a r b i t a l  

was o b t a i n e d  f r o m  C o r n i n g  ACI  ( P a l o  A l t o ,  C A ) ,  N o b l e  a g a r  

f r o m  D i f c o  ( D e t r o i t ,  M I ) ,  and a g a r o s e ,  N , - N '  M e t h y l e n e - b i s  

a c r y l a m i d e ,  and C o o m a s i e  B r i l l i a n t  B l u e  w e r e  o b t a i n e d  f r o m  

B i o - R a d  ( R i c h m o n d ,  C A ) .  p - A m i n o - b e n z o i c  a c i d  was o b t a i n e d  

f r o m  A l d r i c h  C h e m i c a l  Co.  ( M i l w a u k e e ,  W I ) .  DFP was o b t a i n e d  

f r o m  C a l b i o c h e m - B e h r i n g  C o r p .  ( L a  O o l l a ,  C A ) .  S i l i c a  g e l  

p l a t e s  ( 1 3 1 8 1 )  f o r  t h i n - l a y e r  c h r o m a t o g r a p h y  and a c r y l a m i d e  

w e r e  o b t a i n e d  f r o m  E a s tm a n  Kodak  Co.  ( R o c h e s t e r ,  N Y ) .  

S e phad ex  G-200  and p h e n y 1 - S e p h a r o s e  CL-4B w e r e  o b t a i n e d  f r o m  

P h a r m a c i a ,  I n c .  ( P i s c a t a w a y ,  N J ) .  A m i n o p e p t i d a s e  M 

[EC 3 . 4 . 1 1 . 2 ]  was o b t a i n e d  f r o m  B o e h r i n g e r / M a n n h e i m  I n c .
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( I n d i a n a p o l i s ,  I N ) .  T y r - G l y - G l y  was o b t a i n e d  by c a t a l y t i c  

h y d r o g e n a t i o n  o f  C b z - T y r - G l y - G l y . G l u t a r y l - A l a - A l a - P h e -  

4Me02NA was o b t a i n e d  f r o m  Enzyme S y s t e m s  P r o d u c t s  ( L i v e r m o r e ,  

C A ) .  H i p - A r g - A r g - L e u - 2 N A  , H i p - A r g - A r g - A l a - 2 N A , H i p - A r g - A r g -  

G l y - 2 N A ,  and g l u t a r y l - A l a - A l a - P h e - 2 N A  w e r e  s y n t h e s i z e d  as 

p r e v i o u s l y  d e s c r i b e d  ( O r l o w s k i  and W i l k ,  1 9 8 1 ) .  T h i o r p h a n  

was o b t a i n e d  as a g i f t  f r o m  D r .  J . - C .  S c h w a r t z ,  U n i t e  de 

N e u r o b i o l o g i e , 75 0 14  P a r i s ,  F r a n c e .  A 0 . 4  mM s o l u t i o n  was 

f r e s h l y  p r e p a r e d  w i t h  2 mM DTT and d i l u t e d  s e v e r a l - t h o u s a n d ­

f o l d  f o r  i n h i b i t i o n  s t u d i e s .  A t  t h e s e  c o n c e n t r a t i o n s ,  DTT 

does  n o t  i n h i b i t  t h e  e n z y m e .  G l y - P r o - 2 N A ,  w h i c h  was used  

t o  d e t e r m i n e  d i p e p t i d y l  a m i n o p e p t i d a s e  IV [EC 3 . 4 . 1 4 . - ]  was 

o b t a i n e d  f r o m  Bachem ( T o r r a n c e ,  C A ) .  y - G l u t a m y l - p N A  was 

s y n t h e s i z e d  and us ed  t o  d e t e r m i n e  y - g l u t a m y l  t r a n s p e p t i d a s e  

[EC 2 . 3 . 2 . 2 ]  as d e s c r i b e d  ( O r l o w s k i  and M e i s t e r ,  1 9 6 5 ) .

A l l  o t h e r  r e a g e n t s  n o t  s p e c i f i c a l l y  m e n t i o n e d  w e r e  

o b t a i n e d  f r o m  e i t h e r  F i s c h e r  S c i e n t i f i c  Co.  ( S p r i n g f i e l d ,

NJ)  o r  S i gma  C h e m i c a l  Co.  ( S t .  L o u i s ,  MO) and w e r e  o f  

r e a g e n t  g r a d e  p u r i t y .

Ma l e  S p r a g u e - D a w l e y  r a t s  w e i g h i n g  a b o u t  250 g w e r e  

used  f o r  a l l  e x p e r i m e n t s .

B.  METHODS

1 .  S y n t h e t i c  P r o c e d u r e s  and I d e n t i f i c a t i o n  o f  R e a c t i o n
P r o d u c t s

P e p t i d e s  w e r e  s y n t h e s i z e d  by u s i n g  N - h y d r o x y s u c c i n i m i d e  

e s t e r s  o f  B o c - a m i n o  a c i d s  ( A n d e r s o n  e t  a l . ,  1 9 6 4 )  i n  t h e
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f o r m a t i o n  o f  t h e  p e p t i d e  b o n d ,  as d e s c r i b e d  ( O r l o w s k i  and 

W i l k ,  1 9 8 1 ) .  The p u r i t y  o f  t h e  compounds  was d e t e r m i n e d  by 

amino  a c i d  a n a l y s i s ,  TLC,  and HPLC.  N - C a r b o x y m e t h y l  

d e r i v a t i v e s  o f  a m i no  a c i d  a m i d e s  o f  pAB w e r e  p r e p a r e d  by 

r e d u c t i v e  a m i n a t i o n  o f  p h e n y I p y r u v a t e  w i t h  e i t h e r  P h e - p A B ,  

A l a - p A B ,  o r  G l y - p A B  a c c o r d i n g  t o  m o d i f i c a t i o n  o f  t h e  m e th o d  

d e s c r i b e d  by P a t c h e t t  e t  a l . ( 1 9 8 0 ) .  P r o t o n  NMR was u sed  

t o  c o n f i r m  t h e  s t r u c t u r e  o f  t h e  d i a s t e r e o m e r s  i n  a d d i t i o n  

t o  HPLC, e l e m e n t a l  a n a l y s i s ,  and TLC,  w h i c h  w e r e  us ed  t o  

d e t e r m i n e  p u r i t y .

A P e r k i n - E l m e r  S e r i e s  2 l i q u i d  c h r o m a t o g r a p h  e q u i p p e d  

w i t h  a v a r i a b l e - w a v e l e n g t h  d e t e c t o r  was u s e d  f o r  a n a l y s i s  

o f  a l l  c ompounds  whose  s y n t h e s e s  a r e  d e s c r i b e d  h e r e  and f o r  

s e p a r a t i o n  o f  t h e  p r o d u c t s  o f  e n z y m a t i c  h y d r o l y s i s  o f  t h e  

b i o l o g i c a l  p e p t i d e s  shown i n  T a b l e  9 .  E m e r g i n g  p e a k s  we re  

m o n i t o r e d  a t  210 nm.  S a m p l e s  w e r e  s e p a r a t e d  on a r e v e r s e -  

p h a se  C^g c o l u m n  ( 4 . 5  x 250  mm, 5 urn; IBM)  by e l u t i o n  

w i t h  a l i n e a r  g r a d i e n t  e s t a b l i s h e d  b e t w e e n  KH2 pO^ ( 0 . 0 5  M, 

pH 2)  and a c e t o n i t r i l e  . The s t a r t i n g  a c e t o n i t r i l e  c o n c e n ­

t r a t i o n  was 2 0 ?o, and i t s  c o n c e n t r a t i o n  was i n c r e a s e d  a t  

1?o/min a t  a f l o w  r a t e  o f  1 m l / m i n .

The p r o d u c t s  o f  e n z y m a t i c  h y d r o l y s i s  o f  b i o l o g i c a l  

p e p t i d e s  shown i n  T a b l e  1 w e r e  s e p a r a t e d  on a W a t e r s  

A s s o c i a t e s  HPLC e q u i p p e d  w i t h  a C  ̂g u B o n d a p a k  c o l u m n  

( 3 0  x 0 . 4  c m ) .  E l u t i o n  was c a r r i e d  o u t  w i t h  a l i n e a r  

g r a d i e n t  e s t a b l i s h e d  b e t w e e n  a 0 . 1  °'a a q u e o u s  s o l u t i o n  o f
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p h o s p h o r i c  a c i d  and a c e t o n i t r i l e . The c o n c e n t r a t i o n  o f  t h e  

o r g a n i c  s o l v e n t  was i n c r e a s e d  f r o m  5?o t o  6 0 % d u r i n g  a p e r i o d  

o f  15 m i n .  The f l o w  r a t e  o f  t h e  s o l v e n t  was 1 . 5  m l / m i n .

The c l e a v a g e  s i t e  o f  s y n t h e t i c  p e p t i d e  n a p h t h y l a m i d e  

s u b s t r a t e s  was d e t e r m i n e d  by i n c u b a t i n g  t h e  m e t a l l o e n d o p e p ­

t i d a s e ,  b u f f e r ,  and a m i n o p e p t i d a s e  M as d e s c r i b e d  i n  

" M e t h o d s , "  S e c t i o n  2 .  F r e e  am in o  a c i d s  r e l e a s e d  d u r i n g  

t h e  c o u r s e  o f  t h e  r e a c t i o n  w e r e  d e t e r m i n e d  by am in o  a c i d  

a n a l y s i s .

A s c e n d i n g  TLC was done  on s i l i c a  g e l  p l a t e s  w i t h  

f l u o r e s c e n t  i n d i c a t o r  i n  c h l o r o f o r m - m e t h a n o - 1  ( 6 0 : 4 0 ) .  

Compounds w e r e  v i s u a l i z e d  by e x a m i n a t i o n  o f  p l a t e s  i n  a 

v i e w i n g  box  e q u i p p e d  w i t h  a s h o r t  wave UV l i g h t  s o u r c e .

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

a c i d  and e n z y m a t i c  h y d r o l y s i s  was done  as p r e v i o u s l y  

d e s c r i b e d  by O r l o w s k i  and W i l k  ( 1 9 8 1 ) .

M e l t i n g  p o i n t s  a r e  u n c o r r e c t e d .  A n a l y s e s  f o r  c a r b o n ,  

h y d r o g e n ,  and n i t r o g e n  w e r e  c a r r i e d  o u t  by S c h w a r t z k o p f  

M i c r o a n a l y t i c a l  L a b o r a t o r y  ( W o o d s i d e ,  NY) and t h e  M i c r o -  

a n a l y t i c a l  S e r v i c e  o f  t h e  R o c k e f e l l e r  U n i v e r s i t y  (New Y o r k ,  

NY ) .

P h e - p A B . N - B o c - P h e  N - h y d r o x y s u c c i n i m i d e  e s t e r  ( 5 . 5  

m m o l ) ,  p r e p a r e d  a c c o r d i n g  t o  A n d e r s o n  e t  a l .  ( 1 9 6 4 ) ,  

was r e a c t e d  i n  THF w i t h  pAB (5  mmol )  i n  t h e  p r e s e n c e  o f  

1 - h y d r o x y b e n z o t r i a z o l e  ( 5  m m o l ) .  The m i x t u r e  was s t i r r e d  

o v e r n i g h t  a t  room t e m p e r a t u r e  a f t e r  w h i c h  t i m e  t h e  s o l v e n t
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was r emovd  by f l a s h  e v a p o r a t i o n .  The r e m a i n i n g  o i l  was 

d i s s o l v e d  i n  c h l o r o f o r m .  The p r o d u c t  c r y s t a l l i z e d  f r o m  t h e  

s o l u t i o n  w i t h i n  s e v e r a l  h o u r s .  The c r y s t a l s  we re  c o l l e c t e d  

on a s i n t e r e d  g l a s s  f u n n e l ,  washed  w i t h  c h l o r o f o r m ,  and 

d r i e d .  T r e a t m e n t  w i t h  CF^CO^H and e t h e r  y i e l d e d  t h e  

CF^CC^H s a l t  o f  P h e -p A B  (61% y i e l d ) .  The s a l t  can  be 

c o n v e r t e d  t o  t h e  f r e e  a m i de  by d i s s o l v i n g  i t  i n  e t h a n o l  and 

a d d i n g  an e q u i v a l e n t  am ou n t  o f  t r i e t h y l a m i n e . Phe-pAB 

p r e c i p i t a t e s  w i t h i n  m i n u t e s ,  a f t e r  w h i c h  t i m e  i t  i s  washed 

w i t h  e t h a n o l  and d r i e d :  s i n g l e  peak  on HPLC w i t h  a r e t e n t i o n  

t i m e  o f  9 . 2  m i n ;  mp 2 50 °  C d e c .

H i p - P h e - p A B . A t o t a l  o f  0 . 5  mmol  o f  P h e - p AB  was 

d i s s o l v e d  i n  THF,  a l o n g  w i t h  an e q u i v a l e n t  am ou n t  o f  

t r i e t h y l a m i n e . H i p p u r y l  N - h y d r o x y s u c c i n i m i d e  e s t e r  ( 0 . 5 2 5  

mmol )  was added  and t h e  m i x t u r e  s t i r r e d  f o r  30 m i n ,  a f t e r  

w h i c h  t i m e  an a d d i t i o n a l  0 . 3  mmol  o f  t r i e t h y l a m i n e  was 

a d d e d .  A f t e r  24 h ,  t h e  THF was f l a s h  e v a p o r a t e d ;  m e t h y l e n e  

c h l o r i d e  was t h e n  a d d e d ,  and t h e  p r o d u c t  r e a d i l y  c r y s t a l ­

l i z e d .  The c r y s t a l s  we re  f i l t e r e d  and wa shed  w i t h  m e t h y l e n e  

c h l o r i d e  and d r i e d  (81% y i e l d ) :  HPLC,  s i n g l e  p ea k  w i t h  a 

r e t e n t i o n  t i m e  o f  2 5 . 0  m i n ;  a m i no  a c i d  a n a l y s i s ,  Phe 1 . 0 9 ,

G l y  1 . 0 ;  mp 2 42 °  C d e c .  A n a l .  C a l c d  f o r  C2 5 H2 3 ^ 3 ^ 5  * ^ 2 ^ :

C, 6 4 . 7 9 ;  H, 5 . 4 4 ;  N, 9 . 0 7 .  F o u n d :  C, 6 5 . 0 0 ;  H, 5 . 1 8 ;  N, 

8 . 8 1 .

G l u t a r y l - P h e - p A B . One m i l l i m o l e  o f  P h e - p AB  was d i s ­

s o l v e d  i n  THF w i t h  an e q u i v a l e n t  amoun t  o f  t r i e t h y l a m i n e .
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The m i x t u r e  was s t i r r e d  i n  i c e ,  and 3 mmol o f  g l u t a r i c  

a n h y d r i d e  was s l o w l y  a d d e d .  A f t e r  1 h ,  t h e  s o l v e n t  was 

f l a s h  e v a p o r a t e d .  The p r o d u c t  c r y s t a l l i z e d  f r o m  c h l o r o ­

f o r m :  HPLC,  s i n g l e  p ea k  w i t h  a r e t e n t i o n  t i m e  o f  1 9 . 6  m i n .

A c e t y l - P h e - p A B . A t o t a l  o f  1 mmol  o f  Phe-pAB was d i s ­

s o l v e d  i n  THF w i t h  an e q u i v a l e n t  amoun t  o f  t r i e t h y l a m i n e .

The m i x t u r e  was s t i r r e d  i n  i c e ,  and 3 mmol o f  a c e t i c  

a n h y d r i d e  was s l o w l y  a d d e d .  A f t e r  1 h ,  t h e  s o l v e n t  was 

f l a s h  e v a p o r a t e d ,  and t h e  p r o d u c t  was o b t a i n e d  as an 

a m o r p h o u s  w h i t e  p o w d e r .  I t  was t h e n  washed on a f i l t e r  

w i t h  d i e t h y l  e t h e r :  HPLC,  s i n g l e  p e a k  w i t h  a r e t e n t i o n

t i m e  o f  1 7 . 2  m i n ;  mp 2 32 °  C d e c .

G l u t a r y l - G l y - P h e - p A B . A t o t a l  o f  4 . 2  mmol  o f  Phe-pAB 

was d i s s o l v e d  i n  THF and r e a c t e d  w i t h  N - B o c - G l y  N - h y d r o x y -  

s u c c i n i m i d e  e s t e r  ( 5  mmol )  i n  t h e  p r e s e n c e - o f  5 mmol  o f  

b o t h  1 - h y d r o x y b e n z o t r i a z o l e  and t r i e t h y l a m i n e .  A f t e r  24 h ,  

t h e  s o l v e n t  was e v a p o r a t e d ,  and t h e  r e s i d u e  was d i s s o l v e d  

i n  c h l o r o f o r m  and washed  t w i c e  w i t h  NaHSO^ ( 0 . 0 2  M, pH 2 . 6 )  

and t w i c e  w i t h  w a t e r .  ( The  w a t e r  p h a s e  was r e e x t r a c t e d  

ea ch  t i m e  w i t h  a s m a l l  amoun t  o f  c h l o r o f o r m ,  w h i c h  was t h e n  

c o m b i n e d  w i t h  t h e  c h l o r o f o r m  l a y e r . )  The o r g a n i c  p h a se  was 

d r i e d  w i t h  a n h y d r o u s  s o d i u m  s u l f a t e  and t h e  s o l v e n t  r e m o v ed  

i n  v a c u o . The r e s i d u e  was t h e n  t r e a t e d  w i t h  CF^C02H and 

e t h e r  t o  y i e l d  CF^C02H• G l y - P h e - p A B , w h i c h  was d r i e d  i n  a 

vacuum d e s i c c a t o r .  A t o t a l  o f  0 . 5  mmol  o f  t h e  d r i e d  

compound  was d i s s o l v e d  w i t h o u t  f u r t h e r  p u r i f i c a t i o n  i n  THF



29

w i t h  an e q u i v a l e n t  am ou n t  o f  t r i e t h y l a m i n e .  The m i x t u r e  

was s t i r r e d  i n  i c e ,  and  DMF was added  d r o p w i s e  t o  k eep  t h e  

compound i n  s o l u t i o n .  An e q u i v a l e n t  amoun t  o f  g l u t a r i c  

a n h y d r i d e  was s l o w l y  a d d e d ,  and a f t e r  1 h ,  t h e  s o l v e n t  was 

r e m o v e d .  The o i l y  r e s i d u e  was d i s s o l v e d  i n  c h l o r o f o r m  f r o m  

w h i c h  t h e  p r o d u c t  c r y s t a l l i z e d :  HPLC,  s i n g l e  peak  w i t h  a 

r e t e n t i o n  t i m e  o f  1 5 . 2  m i n ;  a m in o  a c i d  a n a l y s i s ,  G l y  1 . 1 ,  

Phe 1 . 0 ;  mp 170°  C d e c .

N - [ 1 - ( R , 5 ) - c a r b o x y - 2 - p h e n y l e t h y l j - P h e - p A B  was p r e p a r e d  

by r e d u c t i v e  a m i n a t i o n  o f  p h e n y l p y r u v a t e  w i t h  P he - pAB  

( P a t c h e t t  e t  a l . ,  1 9 8 0 ) .  Ph e -p AB ( 3 . 5  mmol )  and s o d i u m  

p h e n y l p y r u v a t e  ( 1 7 . 6  mmol )  we re  d i s s o l v e d  i n  25 ml  o f  

w a t e r ,  and t h e  pH was a d j u s t e d  t o  7 . 8  w i t h  5 N NaOH.

So d i um c y a n o b o r o h y d r i d e  ( 1 4 . 8  mmol )  was d i s s o l v e d  i n  10 ml  

o f  w a t e r  and added  o v e r  a 5 h p e r i o d  w i t h  a s y r i n g e  pump.  

A f t e r  b e i n g  s t i r r e d  o v e r n i g h t  a t  room t e m p e r a t u r e ,  t h e  

m i x t u r e  was a c i d i f i e d  u n d e r  t h e  hood  t o  pH 2 w i t h  6 N HC1. 

The p r e c i p i t a t e  was c o l l e c t e d  by f i l t r a t i o n  and washed  w i t h  

w a t e r .  The d r i e d  m a t e r i a l  was t h e n  s u s p e n d e d  i n  warm e t h y l  

a c e t a t e ,  and t h e  i n s o l u b l e  w h i t e  s o l i d  was i s o l a t e d  by 

f i l t r a t i o n .  The m a t e r i a l  was d i s s o l v e d  i n  m e t h a n o l  a f t e r  

a d d i t i o n  o f  t r i e t h y l a m i n e .  A d d i t i o n  o f  CF^CO^H i n d u c e d  

c r y s t a l l i z a t i o n  o f  a m i x t u r e  o f  two d i a s t e r e o m e r i c  p r o d u c t s  

(495o y i e l d ) :  HPLC, t w o  p e a k s  w i t h  r e t e n t i o n  t i m e s  o f  21 

( p e a k  I )  and 2 3 . 5  ( p e a k  I I )  m i n ;  TLC,  t wo  s p o t s  w i t h  Re­

v a l u e s  0 . 6 6  and 0 . 4 0 .  A n a l .  C a l c d  f o r  ^ 2 5 ^ 2 4 ^ 2 ^ 5  *0 • 5 H2 O :
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C, 6 8 . 0 2 ;  H, 3 . 7 1 ;  N, 6 . 3 5 .  F o u n d :  C, 6 8 . 2 7 ;  H, 5 . 8 9 ;  N, 

6 . 5 8  .

The t wo  d i a s t e r e o m e r s  we re  s e p a r a t e d  by p r e p a r a t i v e  

HPLC on t w o  j o i n e d  C^g u B o n d a pa k  c o l u m n s  ( 7 . 8  x 30 cm) w i t h  

a W a t e r s  A s s o c i a t e s  HPLC a p p a r a t u s ,  by e l u t i o n  w i t h  a l i n e a r  

g r a d i e n t ,  e s t a b l i s h e d  b e t w e e n  0.28?o t r i e t h y l a m i n e  i n  w a t e r  

a d j u s t e d  t o  pH 3 . 4 5  w i t h  t r i f l u o r o a c e t i c  a c i d  and a c e t o -  

n i t r i l e .  The s t a r t i n g  a c e t o n i t r i l e  c o n c e n t r a t i o n  was 10?o, 

and i t s  c o n c e n t r a t i o n  was i n c r e a s e d  a t  a r a t e  o f  0 . 4 3 % / m i n  

w i t h  a f l o w  r a t e  o f  2 . 5  m l / m i n .  A t o t a l  o f  10 mg o f  t h e  

d i a s t e r e o m e r i c  m i x t u r e  was i n j e c t e d  p e r  r u n ,  and e m e r g i n g  

p e a k s  we re  m o n i t o r e d  a t  285 nm. The t wo  p e a k s ,  e a c h  o f  

w h i c h  c o n t a i n e d  a s i n g l e  d i a s t e r e o m e r ,  we re  c o l l e c t e d  and 

e v a p o r a t e d  u n d e r  v ac u u m .  Each compound  was washed  w i t h  

t e t r a h y d r o f u r a n  and  e t h e r  and t h e n  d r i e d  a t  100°  C i n  a 

vacuum o v e r  c a l c i u m  s u l f a t e  p e l l e t s  f o r  24 h .  Peak  I  

showed t h e  f o l l o w i n g :  TLC,  one s p o t ,  w i t h  R ^ O . 6 6 ;  mp 

2 5 7 - 2 6 0 °  C d e c ;  NMR ( M e ^ S O - d g ,  <s d o w n f i e l d  f r o m  M e ^ S i )  5 

(AB q u a r t e t )  7 . 8 - 7 . 3  ( 0 ^ g  = 8 . 7  Hz ,  4 H, p A B ) ,  5 ( a r o m a t i c )

7 . 2 ,  7 . 0  ( 1 0  H ) , 5 ( a l i p h a t i c )  2 . 9  (6 H, m ) . Peak  I I

showed t h e  f o l l o w i n g :  TLC,  one s p o t ,  w i t h  R ^ Q . 4 0 ;  mp 

2 48 °  C d e c ;  NMR ( M e 2 S 0 - d g ,  5 d o w n f i e l d  f r o m  M e ^ S i )  5

(AB q u a r t e t )  7 . 9 - 7 . 6  ( 0 ^ g  = 8 . 7  Hz ,  4 H, p A B ) ,  5 ( a r o m a t i c )

7 . 2 ,  7 . 1  ( 10  H ) , 6 ( a l i p h a t i c )  2 . 8  (6 H, m ) .

N - [ 1 - ( R , 5 ) - c a r b o x y - 2 - p h e n y l e t h y l ] - A l a - p A B was p r e p a r e d

by r e d u c t i v e  a m i n a t i o n  o f  p h e n y l p y r u v a t e  w i t h  A l a - p A B  as
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d e s c r i b e d  a b o v e .  A f t e r  a c i d i f i c a t i o n  t o  pH 2 ,  t h e  f i l t e r e d

p r e c i p i t a t e  was s u s p e n d e d  i n  e t h y l  a c e t a t e ,  p l a c e d  i n  a

s i n t e r e d  g l a s s  f i l t e r ,  and was hed  e x t e n s i v e l y  w i t h  e t h y l  

a c e t a t e .  A w h i t e  s o l i d  was o b t a i n e d  (51?o y i e l d ) :  HPLC,  t w o  

p e a k s  o f  e q u a l  h e i g h t  w i t h  r e t e n t i o n  t i m e s  o f  9 . 2  and 1 0 . 4  

m i n ;  TLC,  t wo  s p o t s  w i t h  R ^ v a l u e s  o f  0 . 5 2  and 0 . 3 3 ;  mp 

220°  C. A n a l .  C a l c d  w i t h  C1 g H2QN2 0 5 * H2 0 : C, 6 0 . 9 5 ;  H,

5 . 9 2 ;  N, 7 . 4 8 .  F o u n d :  C, 6 1 . 6 4 ;  H, 5 . 5 1 ;  N, 7 . 4 6 .

N - ( 1 - c a r b o x y - 2 - p h e n y l e t h y l ) - G l y - p A B  was p r e p a r e d  by 

r e d u c t i v e  a m i n a t i o n  o f  p h e n y l p y r u v a t e  w i t h  G l y - p A B  as

d e s c r i b e d  f o r  t h e  a l a n y l  d e r i v a t i v e .  HPLC, one p e a k  w i t h  a

r e t e n t i o n  t i m e  o f  8 . 1  m i n .  A n a l .  C a l c d  f o r  C - i g H - j g ^ O ^ ;  C, 

6 3 . 1 4 ;  H, 5 . 2 6 .  F o u n d :  C, 6 2 . 9 4 ;  H, 5 . 3 5 .  Mp 2 5 0 °  C.

2.  D e t e r m i n a t i o n  o f  Enzyme A c t i v i t i e s

M e t a l l o e n d o p e p t i d a s e  a c t i v i t y  was d e t e r m i n e d  e i t h e r  

w i t h  H i p - A r g - A r g - L e u - 2 N A  o r  g l u t a r y l - A l a - A l a - P h e - 2 N A  i n  a 

c o u p l e d  enzyme a s s a y ,  i n  t h e  p r e s e n c e  o f  an e x c e s s  o f  

a m i n o p e p t i d a s e  M [EC 3 . 4 . 1 1 . 2 ] .  W i t h  g l u t a r y l - A l a - A l a -  

Phe-2NA as s u b s t r a t e ,  t h e  r e a c t i o n  p r o c e e d s  as f o l l o w s :

m e t a l l o e n d o p e p t i d a s e
g l u t a r y l - A l a - A l a - P h e - 2 N A  ------------------------------------------------------>

g l u t a r y 1 - A l a - A l a  + Phe -2NA [ 1 ]

a m i n o p e p t i d a s e  M 
Phe-2NA ---------------------------------------- > Phe + 2NA [ 2 ]

I n  t h e  f i r s t  r e a c t i o n  t h e  e n d o p e p t i d a s e  c l e a v e s  t h e  

bond  on t h e  a m i no  s i d e  o f  t h e  p h e n y l a l a n i n e  r e s i d u e ,  

r e l e a s i n g  P h e - 2 N A ,  w h i c h  i s  s u b s e q u e n t l y  c l e a v e d  i n  t h e  

s e c o n d  r e a c t i o n  by t h e  a c t i o n  o f  ami  n o p e p t i d a s e  M.
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I n c u b a t i o n  m i x t u r e s  f o r  d e t e r m i n a t i o n  o f  p i t u i t a r y ,  

b r a i n ,  and  k i d n e y  m e t a l l o e n d o p e p t i d a s e  a c t i v i t y  c o n t a i n e d  

s u b s t r a t e  ( 0 . 4  mM; . 0 2  ml  o f  a 5 mM a q u e o u s  s o l u t i o n ) ,  

enzyme ( . 0 1 - . 0 5  m l ) ,  a m i n o p e p t i d a s e  M ( 1 0  ug)  and T r i s - H C l  

b u f f e r  ( 0 . 0 5  M; pH 7 . 6 )  i n  a f i n a l  v o l u m e  o f  0 . 2 5  m l .  

I n c u b a t i o n s  we re  f o r  3 0 - 9 0  m i n ,  d e p e n d i n g  on t h e  c o n c e n ­

t r a t i o n  o f  e n zy m e .  R e a c t i o n s  we re  t e r m i n a t e d  by a d d i t i o n  

o f  1 0?o t r i c h l o r o a c e t i c  a c i d  ( 0 . 2 5  m l ) .  The 2 - n a p h t h y l a m i n e  

r e l e a s e d  d u r i n g  t h e  r e a c t i o n  was q u a n t i t a t e d  by d i a z o t i z a -  

t i o n  a c c o r d i n g  t o  a m o d i f i c a t i o n  ( G o l d b a r g  and R u t e n b e r g ,  

195 8 )  o f  t h e  p r o c e d u r e  by B r a t t o n  and M a r s h a l l  ( 1 9 3 9 )  o r  

by t h e  p r o c e d u r e  o f  B a r r e t t  ( 1 9 7 2 ) .  The pAB r e l e a s e d  by 

h y d r o l y s i s  o f  pAB c o n t a i n i n g  p e p t i d e s  was a l s o  d e t e r m i n e d  

by t h e  d i a z o t i z a t i o n  p r o c e d u r e  o f  B r a t t o n  and M a r s h a l l  

( 1 9 3 9 ) .  Some enzyme d e t e r m i n a t i o n s  we re  made i n  t h e  

p r e s e n c e  o f  p e p t i d e  i n h i b i t o r s  c o n t a i n i n g  f r e e  a m in o  g r o u p s .  

F o r  t h e s e  d e t e r m i n a t i o n s ,  t h e  e n z y m e ,  p e p t i d e ,  and s u b s t r a t e  

we re  i n c u b a t e d ,  and t h e  r e a c t i o n  was t e r m i n a t e d  by b o i l i n g .  

2NA was t h e n  r e l e a s e d  by a d d i n g  10 ug o f  a m i n o p e p t i d a s e  M 

and i n c u b a t i n g  f o r  30 m in  a t  37°  C b e f o r e  a d d i t i o n  o f  t r i ­

c h l o r o a c e t i c  a c i d .  T h i s  t w o - s t a g e  p r o c e d u r e  was us ed  t o  

p r e v e n t  d e g r a d a t i o n  o f  u n b l o c k e d  p e p t i d e s  by a m i n o p e p t i d a s e  

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

a c t i v i t y  i s  e x p r e s s e d  i n  u n i t s .  One u n i t  o f  b o v i n e  p i t u ­

i t a r y  and r a b b i t  k i d n e y  enzyme a c t i v i t y  i s  d e f i n e d  as  t h e  

amoun t  o f  enzyme c a t a l y z i n g  t h e  r e l e a s e  o f  1 umo l e  o f
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L eu - 2 NA  f r o m  H i p - A r g - A r g - L e u - 2 N A  p e r  h ;  one u n i t  o f  r a b b i t  

b r a i n  enzyme a c t i v i t y  i s  e q u i v a l e n t  t o  t h e  am ou n t  o f  enzyme 

c a t a l y z i n g  t h e  r e l e a s e  o f  1 u mo l e  o f  Phe -2NA f r o m  g l u t a r y l -  

A l a - A l a - P h e - 2 N A  p e r  h .  S p e c i f i c  a c t i v i t y  o f  t h e  p i t u i t a r y ,  

k i d n e y ,  and b r a i n  m e t a l l e n d o p e p t i d a s e s  i s  i n  t e r m s  o f  u n i t s  

p e r  m i l l i g r a m  o f  p r o t e i n  as d e t e r m i n e d  by t h e  m e t h o d  o f  

W a r b u r g  and C h r i s t i a n  ( 1 9 4 2 ) .

I n c u b a t i o n  m i x t u r e s  ( f i n a l  v o l u m e  0 . 2 5  m l )  f o r  t h e  

d e t e r m i n a t i o n  o f  m e t a l l o e n d o p e p t i d a s e  a c t i v i t y  i n  human 

s e r um c o n t a i n e d  g l u t a r y l - A l a - A l a - P h e - 2 N A  ( 0 . 8  mM; 0 . 0 4 0  ml  

o f  a 5 mM s o l u t i o n ) ,  T r i s - H C l  b u f f e r  ( 0 . 1  M, pH 7 . 6 ;  0 . 1 7 5  

m l )  a m i n o p e p t i d a s e  M ( 0 . 0 1  ml  o f  a s o l u t i o n  c o n t a i n i n g  1 

m g / m l )  and s e r u m ( 0 . 0 2 5  m l ) .  The s a m p l e s  we re  i n c u b a t e d  a t  

37°  C f o r  1 - 2  h a t  w h i c h  t i m e  t h e  r e a c t i o n  was s t o p p e d  by 

a d d i t i o n  o f  10% t r i c h l o r o a c e t i c  a c i d  ( 0 . 2 5  m l ) .  P r e c i p i ­

t a t e d  p r o t e i n  was r e m o v e d  by c e n t r i f u g a t i o n  and 2 - n a p h t h y -  

l a m i n e  was d e t e r m i n e d  i n  0 . 3  ml  a l i q u o t s  o f  t h e  s u p e r n a t a n t .  

D i a z o t i z a t i o n  was c a r r i e d  o u t  by a m o d i f i c a t i o n  o f  t h e  

p r o c e d u r e  o f  G o l d b a r g  and R u t e n b e r g  ( 1 9 5 8 ) .  T h i s  i n v o l v e d  

a d d i t i o n  o f  0 .25% s o d i u m  n i t r i t e  ( 0 . 2  m l ) ,  1 . 25% ammonium 

s u l f a m a t e  ( 0 . 2  m l )  and  0.1% N - 1- n a p h t h y l e t h y l e n e d i a m i n e • 2HC1 

( 0 . 5  m l ) .  One u n i t  o f  human s er um enzyme a c t i v i t y  i s  

d e f i n e d  as t h e  a m o u n t  o f  enzyme t h a t  c a t a l y s e s  t h e  r e l e a s e  

o f  1 nmo l e  o f  p r o d u c t / m i n / m l  se r um u n d e r  t h e s e  c o n d i t i o n s .  

C o n t r o l s  i n  w h i c h  s u b s t r a t e  o r  se r um we re  s e p a r a t e l y  

o m i t t e d  w e r e  a l s o  c a r r i e d  t h r o u g h  t h e  p r o c e d u r e .
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Un de r  c o n d i t i o n s  o f  t h e  a s s a y ,  a l i n e a r  r e l a t i o n s h i p  

was f o u n d  b e t w e e n  enzyme a c t i v i t y  and e i t h e r  i n c u b a t i o n  

t i m e  o r  amoun t  o f  se r um up t o  0 . 0 2 5  m l .  The r e a c t i o n  r a t e  

d i d  n o t  i n c r e a s e  l i n e a r l y  when t h e  a m o un t  o f  se r um was 

i n c r e a s e d  up t o  0 . 0 4  ml  and a b o v e ,  a p p a r e n t l y  b e c a u s e  o f  

i n h i b i t i o n  by s e r um c o m p o n e n t s  a t  h i g h e r  s e r u m c o n c e n t r a ­

t i o n s .  S e r a  w i t h  l o w  enzyme a c t i v i t y  w e r e  i n c u b a t e d  f o r  

2 h i n  o r d e r  t o  g e n e r a t e  a m o u n t s  o f  p r o d u c t  t h a t  c o u l d  be 

r e l i a b l y  d e t e r m i n e d .  The c o e f f i c i e n t  o f  v a r i a t i o n  f o r  t h e  

a s s a y  was 3 . 5 %.

C o m m e r c i a l  p r e p a r a t i o n s  o f  a m i n o p e p t i d a s e  o b t a i n e d  

f r o m  v a r i o u s  s u p p l i e r s  a r e  u s u a l l y  c o n t a m i n a t e d  t o  v a r y i n g  

d e g r e e s  w i t h  a m e t a l l o e n d o p e p t i d a s e  a c t i v i t y ,  w i t h  a 

s p e c i f i c i t y  a p p a r e n t l y  s i m i l a r  t o  t h e  enzyme d e s c r i b e d  i n  

t h e  p r e s e n t  w o r k .  I t  was f o u n d  t h a t  t h i s  c o n t a m i n a t i o n  

c o u l d  be r emo v ed  by  h y d r o p h o b i c  c h r o m a t o g r a p h y  on a 

p h e n y 1 - S e p h a r o s e  c o l u m n .  T h i s  was c a r r i e d  o u t  by  a d d i n g  a 

s a t u r a t e d  s o l u t i o n  o f  ammonium s u l f a t e  i n  0 . 0 3 5  M T r i s - H C l  

b u f f e r  (pH 7 . 6 )  t o  a s o l u t i o n  o f  25 mg o f  a m i n o p e p t i d a s e  M 

( B o e h r i n g e r . / M a n n h e i m )  t o  a c h i e v e  a f i n a l  s a t u r a t i o n  o f  3 0 % 

w i t h  r e s p e c t  t o  amminoum s u l f a t e .  The s o l u t i o n  was a p p l i e d  

t o  t h e  t o p  o f  a p h e n y l - S e p h a r o s e  CL -4B  c o l u m n  ( 15  m l )  t h a t  

had been  p r e v i o u s l y  washed  w i t h  30 ml  o f  a 30% s a t u r a t e d  

ammonium s u l f a t e  s o l u t i o n  i n  0 . 0 5  M T r i s - H C l  b u f f e r  (pH 

7 . 6 ) .  The c o l u m n  was washed  w i t h  an a d d i t i o n a l  30 ml  o f  

t h e  same s o l u t i o n ,  and t h e  enzyme was e l u t e d  w i t h  a l i n e a r
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g r a d i e n t  e s t a b l i s h e d  b e t w e e n  150 ml  o f  30% s a t u r a t e d  ammon­

i um s u l f a t e  i n  0 . 0 3 5  M T r i s - H C l  (pH 7 . 4 )  and 150 ml  o f  0 . 0 5  

M T r i s - H C l  (pH 7 . 6 ) .  F r a c t i o n s  o f  a b o u t  3 ml  we r e  c o l l e c t e d  

and t e s t e d  f o r  a m i n o p e p t i d a s e  a c t i v i t y  w i t h  L - L e u - p N A  as 

s u b s t r a t e  and f o r  m e t a l l o e n d o p e p t i d a s e  a c t i v i t y  w i t h  H i p -  

A r g - A r g - L e u - 2 N A  as d e s c r i b e d  a b o v e .  A v i r t u a l l y  c o m p l e t e  

s e p a r a t i o n  o f  a m i n o p e p t i d a s e  f r o m  t h e  c o n t a m i n a t i n g  m e t a l ­

l o e n d o p e p t i d a s e  was a c h i e v e d ,  w i t h  t h e  l a t t e r  enzyme 

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

t h e  a m i n o p e p t i d a s e  w e r e  p o o l e d  and d i a l y z e d  a g a i n s t  0 . 0 5  M 

T r i s - H C l  b u f f e r  (pH 7 . 4 ) .  The p r o t e i n  c o n c e n t r a t i o n  was 

a d j u s t e d  t o  a b o u t  1 m g / m l ,  and t h e  o b t a i n e d  s o l u t i o n  was 

u sed  i n  t h e  e x p e r i m e n t s  d e s c r i b e d  h e r e .

A m i n o p e p t i d a s e  M ( P f l e i d e r e r  e t  a l . ,  1 9 6 4 )  and 

d i p e p t i d y l  a m i n o p e p t i d a s e  IV ( M c D o n a l d  and Sc h wa b e ,  197 7 )  

a c t i v i t i e s  w e r e  d e t e r m i n e d  w i t h  L e u -p N A and G l y - P r o - 2 N A ,  

r e s p e c t i v e l y .  B o t h  enzymes  we r e  a s s a y e d  i n  0 . 0 5  M T r i s -  

HCl  (pH 7 . 6 )  a t  a s u b s t r a t e  c o n c e n t r a t i o n  o f  0 . 4  mM. 

r - G l u t a m y l  t r a n s p e p t i d a s e  a c t i v i t y  was d e t e r m i n e d  as 

d e s c r i b e d  p r e v i o u s l y  ( O r l o w s k i  and M e i s t e r ,  1 9 6 5 ) .

3 .  I s o l a t i o n  o f  B r a i n  Membrane F r a c t i o n s

The c r u d e  membrane p r e p a r a t i o n s  s t u d i e d  i n  T a b l e s  3 ,

4 ,  and 5 w e r e  o b t a i n e d  by  t h e  p r o c e d u r e  o f  M a l f r o y  e t  a l .  

( 1 9 7 8 ) .  P e l l e t s  w e r e  washed and s u s p e n d e d  i n  0 . 0 5  M 

T r i s - H C l  b u f f e r  (pH 7 . 6 )  t o  y i e l d  a p r o t e i n  c o n c e n t r a t i o n  

o f  a b o u t  1 m g / m l .
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4 .  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

D i s c  g e l  e l e c t r o p h o r e s i s  was p e r f o r m e d  i n  8?o g e l s  u n d e r  

d i s s o c i a t i n g  ( 0 . 1  % NaDodSO^)  and n o n d i s s o c i a t i n g  c o n d i t i o n s  

i n  0 . 0 5  M T r i s - H C l  (pH 8 . 4 )  a c c o r d i n g  t o  t h e  m e th o d  o f  Weber  

and O s b o r n  ( 1 9 6 9 ) .  A t o t a l  o f  5 - 2 0  ug o f  p r o t e i n  was l a y e r ­

ed o n t o  e a c h  g e l ,  and a c u r r e n t  o f  5 m A / t u b e  was a p p l i e d .  

G e l s  we re  e i t h e r  s t a i n e d  f o r  p r o t e i n  w i t h  C o o m a s s i e  B l u e  o r  

s l i c e d  i n t o  2-mm s e c t i o n s  f o r  d e t e r m i n a t i o n  o f  enzyme a c t i v ­

i t y .  Each s l i c e  was i n c u b a t e d  i n  0 . 3  ml  o f  0 . 0 5  M T r i s - H C l  

(pH 7 . 6 5 )  o v e r n i g h t  a t  4°  C, and 0 . 0 2 5  ml  a l i q u o t s  were  t h e n  

a s s a y e d  f o r  m e t a l l o e n d o p e p t i d a s e  a c t i v i t y  as d e s c r i b e d  

a b o v e .

5 . I m m u n o d i f f u s i o n

D o u b l e  r a d i a l  i m m u n o d i f f u s i o n  ( O u c h t e r l o n y , 1958 ) was 

c a r r i e d  o u t  i n  g e l s  c o n t a i n i n g  0.15?o a g a r o s e  , 0 . 5?o N o b l e  

a g a r ,  and 0 .035?o EDTA i n  0 . 0 5  M s o d i u m  b a r b i t a l  (pH 8 . 6 ) .  

I m m u n o d i f f u s i o n  was p e r f o r m e d  a t  37°  C i n  a h u m i d  a t m o s p h e r e  

f o r  24 h a f t e r  w h i c h  t i m e  g e l s  we re  washed o v e r n i g h t  i n  

s a l i n e  and t h e n  s o a k e d  b r i e f l y  i n  d i s t i l l e d  w a t e r .  P r o t e i n  

was d e t e c t e d  by s t a i n i n g  w i t h  C o o m a s s i e  B l u e .

6 .  Enzyme P u r i f i c a t i o n s

The m e t a l l o e n d o p e p t i d a s e  was p u r i f i e d  f r o m  b o v i n e  

p i t u i t a r i e s  as d e s c r i b e d  by O r l o w s k i  and W i l k  ( 1 9 8 1 ) .  The 

k i d n e y  enzyme was p u r i f i e d  f r o m  100 g o f  f r o z e n  r a b b i t  

k i d n e y s  by t h e  f o l l o w i n g  m o d i f i c a t i o n  o f  t h e  m e th o d  o f  

O r l o w s k i  and W i l k  ( 1 9 8 1 ) .  A d e o x y c h o l a t e  e x t r a c t  o f  t h e  

p a r t i c u l a t e  f r a c t i o n  was p r e p a r e d  as d e s c r i b e d ,  and a f t e r
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s t r e p t o m y c i n  p r e c i p i t a t i o n ,  t h e  s u p e r n a t a n t  was c o l l e c t e d  

( s t e p  1)  and c o n c e n t r a t e d  i n  an u I t r a f i 11 r a t  i o n  c e l l  

( A m i c o n )  t o  66 m l .  F o r  e ac h  25 mg o f  p r o t e i n  i n  s o l u t i o n ,

1 mg o f  p a p a i n  was a d d e d ,  f o l l o w e d  by s o l i d  d i t h i o t h r e i t o l  

t o  a f i n a l  c o n c e n t r a t i o n  o f  5 mM. The m i x t u r e  was i n c u b a t e d  

a t  37°  C f o r  90 m i n ,  c e n t r i f u g e d  f o r  10 m in  a t  3 , 0 0 0  g ,  and 

a p p l i e d  t o  a S e ph a d e x  G- 20 0  c o l u m n  (5  x 90 cm) e q u i l i b r a t e d  

w i t h  0 . 0 5  M T r i s - H C l  (pH 7 . 6 )  ( s t e p  2 ) .  The c o l u m n  was 

e l u t e d  w i t h  t h e  same b u f f e r ,  and f r a c t i o n s  o f  a b o u t  20 ml  

w e r e  c o l l e c t e d .  The enzyme e m e r g e d  f r o m  t h e  c o l u m n  i n  a 

s i n g l e  p ea k  t h a t  was c o m p l e t e l y  s e p a r a t e d  f r o m  d i p e p t i d y l  

a m i n o p e p t i d a s e  IV  (M 2 3 0 , 0 0 0 ) ,  an a b u n d a n t  m i c r o v i l l u s  

p r o t e i n .  F r a c t i o n s  c o n t a i n i n g  m e t a l l o e n d o p e p t i d a s e  a c t i v i t y  

we r e  p o o l e d  and c o n c e n t r a t e d  by  u l t r a f i l t r a t i o n  t o  a b o u t  

9 m l .  A t o t a l  o f  6 ml  o f  a s a t u r a t e d  ammonium s u l f a t e  

s o l u t i o n  was added  t o  t h e  enzyme c o n c e n t r a t e  t o  y i e l d  15 ml

o f  a s o l u t i o n  i n  0 . 0 3 5  M T r i s - H C l  (pH 7 . 6 )  t h a t  was 4 0 %
f

s a t u r a t e d  w i t h  r e s p e c t  t o  ammonium s u l f a t e .  T h i s  was 

a p p l i e d  t o  a p h e n y 1 - S e p h a r o s e  c o l u m n  ( 2 5  m l )  t h a t  was e q u i l ­

i b r a t e d  w i t h  a 4 0 % s a t u r a t e d  ammonium s u l f a t e  s o l u t i o n  i n  

0 . 0 3 5  M T r i s - H C l  (pH 7 . 6 ) .  The c o l u m n  was washed  w i t h  

50 ml  o f  t h e  same b u f f e r ,  and t h e  enzyme was t h e n  e l u t e d  

w i t h  a l i n e a r  g r a d i e n t  e s t a b l i s h e d  b e t w e e n  150 ml  o f  t h e  

e q u i l i b r a t i n g  b u f f e r  and 150 ml  o f  0 . 0 5  M T r i s - H C l  (pH 7 . 6 ) .  

F r a c t i o n s  o f  3 ml  w e r e  c o l l e c t e d  and a s s a y e d  f o r  m e t a l l o e n ­

d o p e p t i d a s e  a c t i v i t y  ( s t e p  3 ) .  The enzyme was e l u t e d  f r o m  

t h e  c o l u m n  a f t e r  a b o u t  200 ml  o f  t h e  e l u t i n g  b u f f e r  p a s s e d
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t h r o u g h  t h e  c o l u m n  and was w e l l  s e p a r a t e d  f r o m  an a m i n o p e p ­

t i d a s e  a c t i v i t y  t h a t  eme r ge d  i n  s u b s e q u e n t  f r a c t i o n s .

A c t i v e  f r a c t i o n s  w e r e  p o o l e d ,  c o n c e n t r a t e d  t o  a b o u t  30 ml  

and t h e n  d i a l y z e d  a g a i n s t  t wo  c h a n g e s  ( 4  L e a c h )  o f  0 . 0 1  M 

s o d i u m  a c e t a t e  b u f f e r  (pH 5 . 0 ) .  The enzyme was t h e n  a p p l i e d  

t o  a c a r b o x y m e t h y l c e l l u l o s e  c o l u m n  ( C M - 5 2 ,  7 m l )  e q u i l i ­

b r a t e d  w i t h  0 . 0 1  M s o d i u m  a c e t a t e  b u f f e r  (pH 5 )  and washed 

w i t h  100 ml  o f  t h i s  b u f f e r .  The enzyme was e l u t e d  w i t h  a 

g r a d i e n t  e s t a b l i s h e d  b e t w e e n  150 ml  o f  0 . 0 1  M s o d i u m  a c e t a t e  

b u f f e r  (pH 5 . 0 )  and 150 ml  o f  0 . 0 1  M s o d i u m  a c e t a t e  b u f f e r  

c o n t a i n i n g  0 . 2  M N a C l .  F r a c t i o n s  o f  3 ml  w e r e  c o l l e c t e d  and 

a s s a y e d  f o r  enzyme a c t i v i t y .  The enzyme e l u t e d  as a s i n g l e  

p e a k ;  a c t i v e  f r a c t i o n s  w e r e  a d j u s t e d  t o  pH 7 . 5  w i t h  1 M 

T r i s  b a s e .

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

t i c u l a t e  f r a c t i o n  o f  r a b b i t  b r a i n  h o m o g e n a t e s  as d e s c r i b e d  

a b o v e  w i t h  m i n o r  m o d i f i c a t i o n s .  A f t e r  s o l u b i l i z a t i o n  o f  

t h e  enzyme w i t h  d e o x y c h o l a t e  and p r e c i p i t a t i o n  o f  e x c e s s  

d e o x y c h o l a t e  w i t h  s t r e p t o m y c i n  s u l f a t e ,  t h e  s u p e r n a t a n t  was 

c o n c e n t r a t e d  t o  a b o u t  45 m l .  One mg p a p a i n  was added  p e r  

e a c h  150 mg o f  p r o t e i n  i n  s o l u t i o n  f o l l o w e d  by s o l i d  

d i t h i o t h r e i t o l  t o  a f i n a l  c o n c e n t r a t i o n  o f  6 mM. The 

m i x t u r e  was i n c u b a t e d  a t  37 °  C f o r  2 h ,  c e n t r i f u g e d  f o r  

10 min  a t  3 , 0 0 0  g and t h e n  s u b j e c t e d  t o  S e ph a d e x  G-200  

f o l l o w e d  by p h e n y 1 - S e p h a r o s e  c h r o m a t o g r a p h y  as d e s c r i b e d  

a b o v e .  A c t i v e  f r a c t i o n s  o b t a i n e d  a f t e r  p h e n y 1 - S e p h a r o s e
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c h r o m a t o g r a p h y  w e r e  p o o l e d ,  d i a l y s e d  a g a i n s t  0 . 0 5  M T r i s -  

HCl  (pH 7 . 6 )  and s t o r e d  i n  i c e .

7 .  I m m u n i z a t i o n  o f  G u i n e a  P i g s

A n t i s e r a  w e r e  r a i s e d  t o  t h e  r a b b i t  k i d n e y  m e t a l l o ­

e n d o p e p t i d a s e  a t  t h e  Pocono  R a b b i t  Farm & L a b o r a t o r y ,  

C a n a d e n e s i s ,  PA.  P r e - i m m u n e  s e r a  we r e  o b t a i n e d  by c a r d i a c  

p u n c t u r e  one week b e f o r e  i m m u n i z a t i o n  o f  g u i n e a  p i g s  w i t h  

p u r i f i e d  r a b b i t  k i d n e y  m e t a l l o e n d o p e p t i d a s e  d i s s o l v e d  i n  

0 . 0 5  M T r i s - H C l  (pH 7 . 6 )  and e m u l s i f i e d  w i t h  an e q u a l  

v o l u m e  o f  c o m p l e t e  F r e u n d ' s  a d j u v a n t .  A t o t a l  o f  0 . 6  ml  

was i n j e c t e d  i n t r a d e r m a l l y  a t  m u l t i p l e  s i t e s  a l o n g  t h e  

d o r s u m  a t  e a c h  i m m u n i z a t i o n .  F i f t y  t o  60 ug o f  enzyme we re  

i n i t i a l l y  i n j e c t e d  f o l l o w e d  by 2 5 - 3 0  ug b o o s t e r  d o s e s  a t  4 ,  

8 ,  11 a n d ,  i n  one a n i m a l ,  13 weeks  a f t e r  t h e  i n i t i a l  

i n j e c t i o n .  A n i m a l s  w e r e  b l e d  7 - 1 0  d a y s  a f t e r  t h e  f i n a l  

i m m u n i z a t i o n ,  and t h e  s e r um o b t a i n e d  was s t o r e d  f r o z e n .  

A n t i s e r a  w e r e  r a i s e d  t o  t h e  enzyme b o t h  b e f o r e  and a f t e r  

CM-52 c h r o m a t o g r a p h y ;  a l l  a n t i s e r a  g a v e  s i m i l a r  r e s u l t s  i n  

t h e  a n t i c a t a l y t i c  a s s a y  and i n  i m m u n o d i f f u s i o n  e x p e r i m e n t s .  

The s e r u m had  no d e t e c t i b l e  m e t a l l o e n d o p e p t i d a s e  a c t i v i t y  

u n d e r  t h e  c o n d i t i o n s  o f  t h e  a n t i c a t a l y t i c  a s s a y  and was 

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

8 .  A n t i c a t a l y t i c  I m m u n o i n h i b i t i o n  A s s a y

R e a c t i o n  m i x t u r e s  ( f i n a l  v o l u m e  0 . 1 2 5  m l )  c o n t a i n i n g  

0 . 0 1  t o  0 . 1  ml  o f  r a b b i t  k i d n e y  o r  b r a i n  e n zy m e ,  o r  o f  

human s e r u m  a f t e r  f i l t r a t i o n  on S e p h a d e x  G - 2 0 0 ,  v a r y i n g



d i l u t i o n s  ( 1 / 3 0 0  -  1 / 5 )  o f  e i t h e r  p r e - i m m u n e  o r  immune 

s e r u m ,  0 . 0 5  mg o f  b o v i n e  se r um a l b u m i n  ( o m i t t e d  f o r  i n c u ­

b a t i o n  m i x t u r e s  c o n t a i n i n g  human s e r u m )  i n  0 . 1  M T r i s - H C l  

(pH 7 . 6 )  we re  p r e - i n c u b a t e d  a t  37°  C f o r  30 m i n .  The e n z y ­

m a t i c  r e a c t i o n  was t h e n  i n i t i a t e d  by a d d i n g  0 . 0 2  ml  o f  

g l u t a r y 1 - A l a - A l a - P h e - 2 N A  (5  mM) , 0 . 0 9 5  ml  0 . 1  M T r i s - H C l  

(pH 7 . 6 )  and 0 . 0 1  ml  o f  a m i n o p e p t i d a s e  M (1 m g / m l )  t o  ea ch  

s a m p l e .  I n c u b a t i o n s  we re  a t  37°  f o r  40 m i n .  The r e a c t i o n s  

we re  t e r m i n a t e d  by a d d i n g  t r i c h l o r o a c e t i c  a c i d  ( 0 . 2 5  ml  o f  

a 10?o s o l u t i o n ) .  P r e c i p i t a t e d  p r o t e i n  was r e mo ved  by c e n ­

t r i f u g a t i o n  and 2 - n a p h t h y l a m i n e  was d e t e r m i n e d  i n  0 . 3  ml  

a l i q u o t s  as d e s c r i b e d  a b o v e .

9 . T e s t i n g  o f  A n a l g e s i a

The a n a l g e s i c  e f f i c a c y  o f  N - [1 - ( R , S) - c a r b o x y - 2 - p h e n y 1-  

e t h y l ]  d e r i v a t i v e s  o f  p h e n y 1 a l a n y 1,  a l a n y l ,  and g l y c y l - p -  

a m i n o b e n z o a t e  was d e t e r m i n e d  i n  t h e  t a i l  w i t h d r a w a l  t e s t  

( J a n s s e n  e t  a l . ,  1 9 6 3 ) .  Each r a t  was i n i t i a l l y  p l a c e d  

i n  a p l a s t i c  r e s t r a i n e r  f o r  5 m i n .  A b a s e l i n e  t a i l -  

w i t h d r a w a l  l a t e n c y  was t h e n  d e t e r m i n e d :  t h e  d i s t a l  t h r e e  

i n c h e s  o f  t h e  t a i l  was i n s e r t e d  i n t o  a b e a k e r  o f  w a t e r  

m a i n t a i n e d  a t  56°  C, and t h e  t i m e  r e q u i r e d  f o r  t h e  r a t  

t o  " f l i c k "  t h e  t a i l  o u t  o f  t h e  w a t e r  was r e c o r d e d  w i t h  an 

e l e c t r o n i c  s t o p w a t c h .  Each r a t  was t h e n  r emo ved  f r o m  t h e  

r e s t r a i n e r ,  i n j e c t e d  i n t r a p e r i t o n e a 1 l y  w i t h  e i t h e r  s a l i n e  

(1 m l / k g )  o r  d r u g ,  and  r e t u r n e d  t o  i t s  c a g e .  Each r a t  was 

t h e n  r e t e s t e d  a t  1 ,  3 ,  6 ,  24 and 48 h o u r s  a f t e r  t r e a t m e n t .
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1 0 .  A c q u i s i t i o n  and H a n d l i n g  o f  Serum Sa mp l es

Serum s a m p l e s  we re  o b t a i n e d  by v e n i p u n c t u r e  f r o m  

h e a l t h y  d o n o r s ,  s a r c o i d o s i s  p a t i e n t s ,  and p a t i e n t s  w i t h  

o t h e r  p u l m o n a r y  d i s e a s e s ,  and we re  s t o r e d  f r o z e n .  No l o s s  

o f  m e t a l l o e n d o p e p t i d a s e  a c t i v i t y  was o b s e r v e d  w i t h  s t o r a g e  

a t  - 2 0 °  C f o r  one y e a r ,  and enzyme a c t i v i t y  was s t a b l e  

t h r o u g h  s e v e r a l  c y c l e s  o f  f r e e z i n g  and t h a w i n g .  S a m p l e s  

r e f r i g e r a t e d  a t  4°  f o r  up t o  one week d i d  n o t  show any 

c ha n ge  i n  a c t i v i t y .

One h u n d r e d  f i f t y  c o n t r o l  s e r a  we re  o b t a i n e d  f r o m  

m a l e  and f e m a l e  members  o f  t h e  Moun t  S i n a i  c o m m u n i t y  and 

f r o m  anony mous  b l o o d  b a n k  d o n o r s .  S u b j e c t s  r a n g e d  i n  age 

f r o m  18 t o  70 y e a r s  and had no known m e d i c a l  i l l n e s s e s .

The p a t i e n t  p o p u l a t i o n  c o n s i s t e d  o f  a l l  s a r c o i d  

p a t i e n t s  s een  a t  The M o un t  S i n a i  H o s p i t a l  S a r c o i d o s i s  

C l i n i c  o r  i n  t h e  p u l m o n a r y  d i v i s i o n  p r a c t i c e  s u i t e  o v e r  a 

s e v e r a l - m o n t h  p e r i o d  on whom a r o u t i n e  se rum a n g i o t e n s i n  

c o n v e r t i n g  enzyme (ACE)  d e t e r m i n a t i o n  was made w i t h i n  two 

m o n t h s  o f  a c h e s t  r o e n t g e n o g r a m .  M e t a l l o e n d o p e p t i d a s e  

a c t i v i t y  was t h e n  m e a s u r e d  i n  t h e  same serum f r o m  w h i c h  ACE 

was d e t e r m i n e d .  The d i a g n o s i s  has  been c o n f i r m e d  f o r  a l l  

p a t i e n t s  by e i t h e r  a p o s i t i v e  K v e i m - S i l t z b a c h  t e s t  o r  o r g a n  

b i o p s y  w h i c h  shows n o n - c a s e a t i n g  g r a n u l o m a s  i n  a c l i n i c a l  

s e t t i n g  w h i c h  i s  c o n s i s t e n t  w i t h  s a r c o i d o s i s .  S a r c o i d o s i s  

p a t i e n t s  w i t h  o t h e r  d i s e a s e s  s uc h  as m a l i g n a n c i e s ,  d i a b e t e s ,  

l i v e r ,  o r  k i d n e y  d i s e a s e  we re  e x c l u d e d  f r o m  t h e  s t u d y .  The 

p a t i e n t  p o p u l a t i o n  c o n s i s t e d  o f  i n d i v i d u a l s  r a n g i n g  i n  age
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f r o m  2 3 - 6 4  y e a r s ,  w i t h  i n a c t i v e  as w e l l  as a c t i v e  d i s e a s e ;

13 o f  t h e  95 p a t i e n t s  s t u d i e d  w e r e  r e c e i v i n g  s t e r o i d  t r e a t ­

men t  a t  t h e  t i m e  o f  m e t a l l o e n d o p e p t i d a s e  d e t e r m i n a t i o n .

Serum enzyme d e t e r m i n a t i o n s  we re  made w i t h  no k n o w l e d g e  o f  

t h e  p a t i e n t ' s  h i s t o r y ,  and r a d i o g r a p h i c  and c l i n i c a l  a s s e s s ­

men t  by t h e  e x a m i n i n g  p h y s i c i a n  i s  made w i t h o u t  k n o w l e d g e  

o f  m e t a l l o e n d o p e p t i d a s e  l e v e l s .  R a d i o g r a p h i c  s t a g e s  we re  

d e t e r m i n e d  by D r .  A l v i n  T e i r s t e i n ,  D i r e c t o r  o f  t h e  P u l m o n a r y  

D i v i s i o n  o f  t h e  D e p a r t m e n t  o f  M e d i c i n e  a t  The Moun t  S i n a i  

H o s p i t a l  a c c o r d i n g  t o  t h e  f o l l o w i n g  c r i t e r i a :  S t a g e  0 —  

W i t h i n  n o r m a l  l i m i t s ;  S t a g e  I - - H i l a r  l y m p h a d e n o p a t h y ; S t a g e  

I I - - H i l a r  l y m p h a d e n o p a t h y  w i t h  i n t e r s t i t i a l  i n f i l t r a t e s ;  

S t a g e  1 1 1 - - I n t e r s t i t i a 1 i n f i l t r a t e s .

Se ra  f r o m  p a t i e n t s  w i t h  a c t i v e  t u b e r c u l o s i s  and p u l ­

m on a r y  n e o p l a s m s  w e r e  p r o v i d e d  by D r .  M a r v i n  L e s s e r ,  C h i e f  

o f  t h e  P u l m o n a r y  D i v i s i o n ,  B r o n x  V e t e r a n s  A d m i n i s t r a t i o n  

H o s p i t a l ,  New Y o r k .  S e ra  f r o m  p a t i e n t s  w i t h  i d i o p a t h i c  

i n t e r s t i t i a l  f i b r o s i s  we re  o b t a i n e d  f r o m  D r .  A l v i n  

T e i r s t e i n .  S t a t i s t i c a l  a n a l y s e s  we re  p e r f o r m e d  by D r .  Oohn 

T h o r n t o n  u s i n g  SAS ( S t a t i s t i c a l  A n a l y s i s  S y s t e m ,  1 9 8 3 ) .

The d e s c r i p t i v e  s t a t i s t i c s  we re  o b t a i n e d  f r o m  SA S 's  

UNIVARIATE p r o c e d u r e .  Enzyme d i s t r i b u t i o n s  were  c o m p a r e d  

by n o n p a r a m e t r i c  a n a l y s i s  u s i n g  S A S ' s  NPAR1WAY p r o c e d u r e .

The s t u d y  was a p p r o v e d  by t h e  R e s e a r c h  A d v i s o r y  C o m m i t t e e  

o f  The Moun t  S i n a i  H o s p i t a l  ( # 8 2 - 0 1 7  ME) .
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I V .  RESULTS

A.  COMPARISON OF THE MEMBRANE-BOUND PI TUITARY METALLOEN­
DOPEPTIDASE TO ENKEPHALINASE

P r e v i o u s  r e p o r t s  d e s c r i b i n g  e n k e p h a l i n a s e  as a 

m e m b r a n e - b o u n d  m e t a l l o p r o t e a s e  h a v e  l e d  t o  t h e  f o l l o w i n g  

i n v e s t i g a t i o n  o f  w h e t h e r  t h e  m e m b r a n e - b o u n d  m e t a l l o e n d o p e p ­

t i d a s e  i s o l a t e d  by O r l o w s k i  and W i l k  ( 1 9 8 1 )  i s  i d e n t i c a l  

w i t h  e n k e p h a l i n a s e . A l t h o u g h  e n k e p h a l i n a s e  has  been 

c l a s s i f i e d  by s e v e r a l  a u t h o r s  ( B e n u c k  and M a r k s ,  1 9 8 0 ;  

F o u r n i e - Z a l u s k i  e t  a l . ,  1 9 7 9 )  as a d i p e p t i d y l  c a r b o x y p e p -  

t i d a s e ,  t h i s  c o n c l u s i o n  i s  b a s e d  on w o r k  done  w i t h  c r u d e  

b r a i n  p r e p a r a t i o n s  on w h i c h  d e t a i l e d  s p e c i f i c i t y  s t u d i e s  

we r e  n o t  c a r r i e d  o u t .  The d a t a  p r e s e n t e d  h e r e  c o m p a r e  t h e  

p u r i f i e d  p i t u i t a r y  m e t a l l o e n d o p e p t i d a s e  t o  e n k e p h a l i n a s e  

w i t h  r e s p e c t  t o  t h e i r  i n t e r a c t i o n s  w i t h  e n k e p h a l i n s ,  

r e g i o n a l  d i s t r i b u t i o n  i n  b r a i n ,  and s e n s i t i v i t y  t o  

i n h i b i t o r s .

When t h e  p i t u i t a r y  enzyme was i n c u b a t e d  w i t h  s e v e r a l  

b i o l o g i c a l l y  a c t i v e  p e p t i d e s ,  t h e  r e s u l t s  shown i n  T a b l e  1 

w e r e  o b t a i n e d .  The enzyme c l e a v e s  M e t -  and L e u - e n k e p h a l i n  

a t  t h e  G l y - P h e  bon d  t o  y i e l d  T r y - G l y - G l y  and P h e - M e t  o r  

P h e - L e u  r e s p e c t i v e l y .  T h i s  s p e c i f i c i t y  i s  s i m i l a r  t o  t h a t



Table 1. Cleavage o f  B io lo g ic a l ly  A c tiv e  P ep tides by the  P i tu i t a r y  M e ta lloendopeptidase

P eptide S ite  o f  Cleavage Products Pound

M et-enkepha lin
'I'

T yr-G ly-G ly-P he-M et

I
T yr-G ly-G ly-P he-Leu

I
C ys-T yr-Ile -G ln -A sn -C ys-P ro -Le u -G ly -N H 2

'I' >1/
A rg -P ro -P ro -G ly -P he-S er-P ro -P he-A rg

i  l

Phe-Met, T y r-G ly -G ly

Leu -enkepha lin Phe-Leu, T y r-G ly -G ly

O xytoc in Leu-Gly-NH2 ,
C ys -T ry -Ile -G ln -A sn -C ys -P ro

B ra d y k in in A rg -P ro -P ro -G ly , Phe-Arg, 
Phe-S er-P ro ,
A rg -P ro -P ro -G ly -P he -S e r-P ro

N euro tens in p G lu -L e u -T y r-G lu -A s n -L y s -P ro -A rg -A rg -P ro -T y r-Ile -L e u I le -L e u ,  T y r - I le -L e u , 
pG lu -Le u -T yr-G lu -A sn -Lys -P ro -A rg - 

A rg -P ro ,
pG lu -Le u -T yr-G lu -A sn -Lys -P ro -A rg -

A rg -P ro -T yr

R eaction m ix tu re s  con ta ined  s u b s tra te  (0 .8 7  mM M e t-enkepha lin , 1 .4  mM Leu -e nkepha lin , 0 .87 mM b ra d y k in in ,
1.0 mM o x y to c in  or 0 .6  mM n e u ro te n s in ) , T r is -H C l b u f fe r  (0 .0 5  M; pH 7 .6 )  and enzyme (0 .0 8  u n its )  in  a f in a l  
volume o f  0 .2  m l. A l l  in c u b a tio n s  were fo r  21 h except fo r  n e u ro te n s in , which was incuba ted  fo r  3 h w ith  
0 .2  u n its  o f  enzyme. P roducts  o f  re a c t io n  were separated by HPLC and id e n t i f ie d  as described  under "E x p e ri­
m ental M ethods".
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r e p o r t e d  f o r  e n k e p h a l i n a s e  ( A r r e g u i  e t  a l . ,  1 9 7 9 ;  B e n u c k  

and M a r k s ,  1 9 8 0 ;  G o r e n s t e i n  and S n y d e r ,  1 9 7 9 ;  M a l f r o y  e t  

a l . ,  1 9 7 8 ;  S u l l i v a n  e t  a l . ,  1 9 8 0 ;  V o g e l  and A l t s t e i n ,  1 9 8 0 )  

and i s  c o n s i s t e n t  w i t h  t h e  s p e c i f i c i t y  o f  t h e  m e t a l l o e n ­

d o p e p t i d a s e ,  w h i c h  i s  d i r e c t e d  t o w a r d  b o n d s  on t h e  a m i no  

s i d e  o f  h y d r o p h o b i c  a m in o  a c i d s  ( O r l o w s k i  and W i l k ,  1 9 8 1 ) .  

I n c u b a t i o n  o f  t h e  enzyme w i t h  o x y t o c i n  r e s u l t s  i n  t h e  

f o r m a t i o n  o f  l e u c y 1 - g 1 y c i n  a m id e  , i n d i c a t i n g  t h a t  t h e  enzyme 

i s  n o t  a d i p e p t i d y l  c a r b o x y p e p t i d a s e , s i n c e  h y d r o l y s i s  can

o c c u r  i n  t h e  a b s e n c e  o f  a f r e e  c a r b o x y l  g r o u p .  B r a d y k i n i n

7 8i s  r a p i d l y  c l e a v e d  by t h e  enzyme a t  t h e  P r o  - P h e  b o n d ,  a 

r e a c t i o n  p r e v i o u s l y  r e p o r t e d  f o r  b r a i n  e n k e p h a l i n a s e  ( B e n u c k  

and M a r k s ,  1 9 8 0 ) ,  and a l s o  h y d r o l y z e d  a t  t h e  G l y ^ - P h e ^  

b o n d .  T h i s  c o n f i r m s  t h a t  t h e  enzyme i s  an e n d o p e p t i d a s e  

w h i c h  c a n  a c t  as a d i p e p t i d y l  c a r b o x y p e p t i d a s e  on p e p t i d e s  

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

t h e  C - t e r m i n u s .  N e u r o t e n s i n  i s  h y d r o l y z e d  a t  b o t h  t h e

11 12 10 11T y r  - l i e  and P r o  - T y r  b o n d s .  F r e e  t y r o s i n e  o r

l e u c i n e  w e r e  n o t  d e t e c t e d  among t h e  r e a c t i o n  p r o d u c t s .

10 11T h i s  i n d i c a t e s  t h a t  h y d r o l y s i s  o f  t h e  P r o  - T y r  and 

11 12T y r  - l i e  b o n ds  d o e s  n o t  o c c u r  w i t h i n  t h e  same m o l e c u l e .

T h a t  t h e  t r i p e p t i d e  T y r - I l e - l e u  i s  n o t  h y d r o l y z e d ,  s u g g e s t s  

t h a t  t h e  enzyme c a n n o t  a c t  as an e x o p e p t i d a s e .

M e t - e n k e p h a l i n  i n h i b i t e d  c l e a v a g e  o f  t h e  s y n t h e t i c  

s u b s t r a t e s  g l u t a r y 1 - A l a - A l a - P h e - 2 N A  and g l u t a r y 1 - A l a - A l a -  

Phe-4Me2NA by t h e  m e t a l l o e n d o p e p t i d a s e .  The v a l u e s
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f o r  t h e s e  two s u b s t r a t e s  d e t e r m i n e d  f r o m  D i x o n  p l o t s  

( s u b s t r a t e  c o n c e n t r a t i o n s  we re  0 . 4  t o  1 . 2  mM; e n k e p h a l i n  

c o n c e n t r a t i o n s  we re  0 t o  0 . 5  mM) we re  4 . 6  x 10 M (mean o f  

t wo  d e t e r m i n a t i o n s )  and 3 . 3  x 1 0 - ^ M r e s p e c t i v e l y .  As 

e x p e c t e d ,  t h e  two  v a l u e s  a r e  i n  c l o s e  a g r e e m e n t .  An a v e r a g e  

o f  t h e s e  v a l u e s  ( 4  x 10 - ^ M) s h o u l d  be r e g a r d e d  as t h e  Km

o f  t h e  enzyme f o r  M e t - e n k e p h a l i n ,  s i n c e  when d e t e r ­

m i n e d  by t r e a t i n g  t h e  c o m p e t i n g  s u b s t r a t e  as an i n h i b i t o r

( C o r n i s h - B o w d e n , 1 9 7 9 ) .  T h i s  K v a l u e  i s  c l o s e  t o  t h e  Km m

v a l u e  o f  L e u - e n k e p h a l i n  r e p o r t e d  f o r  e n k e p h a l i n a s e  ( A l t s t e i n  

e t  a l . ,  1 9 8 1 ;  B e n u c k  and M a r k s ,  1 9 8 0 ) .  The k ^ f o r
_ I

h y d r o l y s i s  o f  M e t - e n k e p h a l i n  by t h e  enzyme i s  2 1 . 2  m in  

The s p e c i f i c i t y  c o n s t a n t  k , / K  i s  t h u s  e q u a l  t o  5 3 0 .
0 3 1  IT)

A c o m p a r i s o n  o f  t h e  k i n e t i c  p a r a m e t e r s  f o r  M e t - e n k e p h a l i n  

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

s t r a t e s  i s  shown i n  T a b l e  2 .  The d a t a  i n d i c a t e  t h a t  t h e  

r a t e  o f  h y d r o l y s i s  o f  M e t - e n k e p h a l i n  i s  r e l a t i v e l y  l ow  

c o m p ar e d  t o  some o f  t h e s e  s u b s t r a t e s .  The s p e c i f i c i t y  

c o n s t a n t ,  h o w e v e r ,  i s  o n l y  a b o u t  2 t o  2 . 5  t i m e s  l o w e r  as a

r e s u l t  o f  t h e  l o w  K v a l u e  ( 0 . 0 4  mM) .m

Cr ude  h o m o g e n a t e s  f r o m  r a t  and r a b b i t  b r a i n  showed 

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

g l u t a r y l - A l a - A l a - P h e - 2 N A  and  B z - G l y - A r g - A r g - L e u - 2 N A  a t  pH 

7 . 6  t h a t  was a l m o s t  c o m p l e t e l y  a s s o c i a t e d  w i t h  p a r t i c u l a t e  

membrane f r a c t i o n s .  The enzyme f r o m  r a b b i t  b r a i n  c o u l d  be 

p u r i f i e d  by t h e  same p r o c e d u r e  us ed  f o r  p u r i f i c a t i o n  o f
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T a b l e  2 .  K i n e t i c  P a r a m e t e r s 3 f o r  H y d r o l y s i s  o f  M e t -  
E n k e p h a l i n  and S e v e r a l  S y n t h e t i c  S u b s t r a t e s

S u b s t r a t e  

P3 _ p 2 _ p 1- p 1 ' - p 2 '
^m

(mM)
k Ca t  

( m i n ~ 1 )
^ c a t / ^ m  

( m i n ~1  m M" ^ )

T y r - G l y - G l y - P h e - M e t 0 . 0 4 21 .2 530

B z - G l y - A r g - A r g - L e u - 2 N A 0 . 1 8 240 1330

g l u t a r y l - A l a - A l a - P h e - 2 N A 0 . 5 9 592 1000

B z - G l y - A r g - A r g - A l a - 2 N A 0 . 30 8 . 8 29

B z - G l y - A r g - A r g - G l y - 2 N A N e g l i g i b l e H y d r o l y s i s

a Tbe t u r n o v e r  r a t e  c o n s t a n t  ( k c a {.) f o r  M e t - e n k e p h a l i n  
was d e t e r m i n e d  by i n c u b a t i n g  t h e  enzyme ( 0 . 0 8  u n i t s )  w i t h  
t h e  s u b s t r a t e  ( 0 . 4  mM) f o r  1 - 2  h i n  T r i s - H C l  b u f f e r  ( 0 . 0 5  
M; pH 7 . 6 )  i n  a f i n a l  v o l u m e  o f  0 . 2 5  m l .  A l i q u o t s  o f  t h e  
r e a c t i o n  m i x t u r e  ( 2 0  u l )  we re  r emo v ed  and a n a l y z e d  q u a n t i ­
t a t i v e l y  f o r  t h e  f o r m a t i o n  o f  t h e  T y r - G l y - G l y  by HPLC.  The 
a m o un t  o f  p e p t i d e  f o r m e d  was d e t e r m i n e d  by c o m p a r i n g  t h e  
peak  h e i g h t s  w i t h  s t a n d a r d  s o l u t i o n s  o f  T y r - G l y - G l y  a n a l y z e d  
i n  t h e  same m a n n e r .  M a x i m a l  v e l o c i t y  was c a l c u l a t e d  f r o m  
i n i t i a l  v e l o c i t y  m e a s u r e m e n t s  by a s s u m i n g  a Km o f  0 . 0 4  mM. 
D a t a  f o r  o t h e r  s u b s t r a t e s  a r e  t h e  same as t h o s e  r e p o r t e d  by 
O r l o w s k i  and W i l k  ( 1 9 8 1 ) .
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t h e  p i t u i t a r y  m e t a l l o e n d o p e p t i d a s e .  D e o x y c h o l a t e  e x t r a c t i o n  

o f  membrane f r a c t i o n s  f o l l o w e d  by r e m o v a l  o f  e x c e s s  d e o x y ­

c h o l a t e  w i t h  s t r e p t o m y c i n  s u l f a t e ,  t r e a t m e n t  w i t h  p a p a i n  

and c h r o m a t o g r a p h y  on ' S e p h a d e x  G-200  and DEAE c e l l u l o s e  

c o l u m n s  y i e l d e d  a p r e p a r a t i o n  w i t h  a s p e c i f i c  a c t i v i t y  

s i m i l a r  t o  t h a t  o f  t h e  p i t u i t a r y  enzyme o b t a i n e d  a f t e r  t h e  

same p u r i f i c a t i o n  s t e p s  ( s t e p  4 )  ( O r l o w s k i  and W i l k ,  1 9 8 1 ) .  

The p u r i f i e d  enzyme c l e a v e d  M e t - e n k e p h a l i n  a t  t h e  G l y - P h e  

b o n d ,  a r e a c t i o n  a t t r i b u t e d  t o  e n k e p h a l i n a s e  a c t i v i t y .

B o t h  t h e  p u r i f i e d  enzyme as w e l l  as c r u d e  membrane f r a c t i o n s  

f r o m  t h e  v a r i o u s  r e g i o n s  o f  r a t  b r a i n  c l e a v e d  s e v e r a l  

e n d o p e p t i d a s e  s u b s t r a t e s  a t  r e l a t i v e  r a t e s  s i m i l a r  t o  t h o s e  

o f  t h e  p u r i f i e d  p i t u i t a r y  e n zy m e ,  as p r e s e n t e d  i n  T a b l e  2 .  

The r e g i o n a l  d i s t r i b u t i o n  o f  a c t i v i t y  i n  r a t  b r a i n  i s  shown 

i n  T a b l e  3 .  The h i g h e s t  a c t i v i t y  was f o u n d  i n  s t r i a t u m ,  

w h i l e  t h e  a c t i v i t i e s  i n  p r e f r o n t a l  c o r t e x ,  c e r e b e l l u m  and 

b r a i n s t e m  w e r e  much l o w e r .  T h i s  d i s t r i b u t i o n  o f  a c t i v i t y  

i s  s i m i l a r  t o  t h a t  r e p o r t e d  by o t h e r  i n v e s t i g a t o r s  f o r  

e n k e p h a l i n a s e  ( M a l f r o y  e t  a l . ,  1 9 7 9 ;  S u l l i v a n  e t  a l . ,

1 9 7 8 ) .  Of  i n t e r e s t  i s  t h e  r a t h e r  h i g h  a c t i v i t y  f o u n d  i n  

t h e  s u b s t a n t i a  n i g r a ,  a r e g i o n  w h i c h  has  a p p a r e n t l y  n o t  

been  s t u d i e d  by o t h e r  g r o u p s .

The e f f e c t  o f  i n h i b i t o r s  on t h e  enzyme a c t i v i t y  i n  

p r e p a r a t i o n s  f r o m  r a t  s t r i a t a l  membranes  i s  s u m m a r i z e d  i n  

T a b l e  4 and c o m p a r e d  w i t h  t h e  i n h i b i t i o n  o f  t h e  p u r i f i e d  

p i t u i t a r y  enzyme by t h e  same i n h i b i t o r s .  L e u p e p t i n ,  an
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T a b l e  3 .  R e g i o n a l  D i s t r i b u t i o n  o f  t h e  M e t a l l o e n d o p e p t i d a s e  
i n  Ra t  B r a i n

B r a i n  R e g i o n  S p e c i f i c  A c t i v i t y  R e l a t i v e  A c t i v i t y

S t r i a t u m 0 . 9 3 7 + . 0 5 5 ( 4 ) 100

S u b s t a n t i a n i g r a 0 . 3 1 7 + . 0 5 3 ( 3 ) 55

C e r e b e l l u m 0 . 2 1 5 + . 0 2 6 ( 4 ) 23

B r a i n s t e m 0 . 1 8 6 + . 0 0 9 ( 4 ) 20

Pr e  f r o n t a l C o r t e x 0 . 1 5 6 + .021 ( 4 ) 17

A c t i v i t y  was d e t e r m i n e d  w i t h  t h e  s u b s t r a t e  g l u t a r y l - A l a -  
A l a - P h e - 2 N A  as d e s c r i b e d  u n d e r  " E x p e r i m e n t a l  M e t h o d s " .  
D a t a  r e p r e s e n t  s p e c i f i c  a c t i v i t i e s  e x p r e s s e d  i n  u m o l e s  o f  
p r o d u c t / h / m g  p r o t e i n  +_ S . E .  The numbe r  o f  d e t e r m i n a t i o n s  
i s  g i v e n  i n  p a r e n t h e s i s .  Each d e t e r m i n a t i o n  r e p r e s e n t s  
r e s u l t s  o b t a i n e d  f r o m  p o o l e d  t i s s u e  s a m p l e s  o b t a i n e d  f r o m  
t wo  r a t s .
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Table 4 . E f fe c t  o f  I n h ib i t o r s  on A c t iv i t y  o f  the  P u r i f ie d  P i t u i t a r y  
M e ta llo endo pep tid ase  and the  Enzyme in  Rat S t r ia t a l  
Membrane P re p a ra tio n s

P ercen t I n h ib i t io n

I n h ib i t o r
C o n ce n tra tio n

(mM)
S t r ia t a l  Membrane 

P re p a ra tio n
P i tu i t a r y

Enzyme

Leupep tin 0.023 0 0

N -e thy lm a le im id e 1.0 16 0

DFP 0.11 10 0

D i t h io t h r e i t o l 2.0 90 93

G lu ta th io n e 2.0 61 57

EDTA 1.0 58 37

Phosphate 4 .0 17 20

P h e n o b a rb ita l 0 .2 51 55

A c t iv i t y  was determ ined w ith  Bz-G ly-A rg-A rg -Leu-2N A  as the s u b s tra te  
w ith o u t p re in c u b a tin g  the  enzyme w ith  the  in h ib i t o r s .  Data fo r  the  
p i t u i t a r y  enzyme are those re p o rte d  p re v io u s ly  (O rlo w s k i and W ilk , 
1981). Membranes were prepared as describ ed  in  "E xp e rim e n ta l M ethods."



51

i n h i b i t o r  o f  s e v e r a l  t h i o l  and s e r i n e  p r o t e a s e s ,  had no 

e f f e c t  on e i t h e r  a c t i v i t y .  S i m i l a r l y ,  N - e t h y l m a l e i m i d e , a 

t h i o l  b l o c k i n g  a g e n t ,  and DFP,  an i n h i b i t o r  o f  s e r i n e  

p r o t e a s e s ,  had l i t t l e  e f f e c t  on a c t i v i t y .  T h i o l s  ( g l u ­

t a t h i o n e  and d i t h i o t h r e i t o l ) and t h e  m e t a l  c h e l a t o r s  EDTA 

and p h o s p h a t e  i n h i b i t e d  b o t h  enzymes  t o  t h e  same e x t e n t .  A 

s i m i l a r  d e g r e e  o f  i n h i b i t i o n  o f  b o t h  enzymes  was o b s e r v e d  

w i t h  p h e n o b a r b i t a l , p r e v i o u s l y  r e p o r t e d  t o  i n h i b i t  e n k e ­

p h a l i n a s e  a c t i v i t y  ( A l t s t e i n  e t  a l . ,  1 9 8 1 ) .

T a b l e  5 shows t h e  d i s t r i b u t i o n  o f  t h e  m e t a l l o e n d o p e p ­

t i d a s e  i n  r a b b i t  t i s s u e s .  The enzyme i s  m os t  a b u n d a n t  i n  

k i d n e y ,  s p l e e n  and l u n g  m e m b r a n e s ,  and has  a r e l a t i v e l y  l o w  

s p e c i f i c  a c t i v i t y  i n  b r a i n .  These  d a t a  a r e  i n  a g r e e m e n t  

w i t h  p r e v i o u s  r e p o r t s  ( B e n u c k  e t  a l . ,  1 9 8 1 ;  H o r e n s  and 

S c h w a r t z ,  1 9 8 1 )  i n  w h i c h  membranes  o f  b o t h  k i d n e y  and l u n g  

h a v e  bee n  shown t o  p o s s e s s  r e l a t i v e l y  h i g h  e n k e p h a l i n a s e .  

a c t i v i t y .  N e i t h e r  o f  t h e s e  g r o u p s  m e a s u r e d  e n k e p h a l i n a s e  

a c t i v i t y  i n  s p l e e n ,  w h i c h  o f  t h e  o r g a n s  s t u d i e d  h e r e ,  had 

t h e  s e c o n d  h i g h e s t  s p e c i f i c  a c t i v i t y .

B.  PURI FI CAT ION OF THE KIDNEY METALLOENDOPEPTIDASE AND 
DETERMINATION OF I TS PHYSICOCHEMICAL PROPERTIES

The s p e c i f i c  a c t i v i t y  o f  t h e  m e t a l l o e n d o p e p t i d a s e  

i n  b r a i n  and p i t u i t a r y  i s  v e r y  l o w ,  m a k i n g  i t  d i f f i c u l t  t o  

i s o l a t e  t h e  enzyme f r o m  t h e s e  t i s s u e s .  A c o n v e n i e n t  

p r o c e d u r e  i s  p r e s e n t e d  f o r  p u r i f i c a t i o n  o f  t h e  enzyme t o
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T a b l e  5 .  S p e c i f i c  A c t i v i t y  o f  t h e  M e t a l l o e n d o p e p t i d a s e  
i n  R a b b i t  T i s s u e s

Organ  S p e c i f i c  A c t i v i t y  R e l a t i v e  A c t i v i t y

B r a i n 0 . 1 3 + 0 . 0 3 1 . 0

H e a r t 0 . 1 1 + 0 . 0 8 0 . 8

L i v e r 0 . 1 6 + 0 . 0 6 1 . 2

T e s t e s 0 . 3 4 + 0 . 0 9 2 . 5

Lung 2 . 7 7 + 0 . 5 2 2 0 . 5

S p l e e n 5 . 5 0 + 1 . 2 0 4 0 . 7

K i d n e y 8 4 . 2 0 + 7 . 1 4 6 2 3 . 7

Membranes  w e r e  p r e p a r e d  as d e s c r i b e d  i n  " E x p e r i m e n t a l  
M e t h o d s "  and a c t i v i t y  was d e t e r m i n e d  u s i n g  0 . 4  mM g l u t a r y l -  
A l a - A l a - P h e - 2 N A  as t h e  s u b s t r a t e .  0 . 1  mg p r o t e i n  0 . 2 5  ml  
r e a c t i o n  m i x t u r e  was u s e d ,  e x c e p t  i n  t h e  c a s e  o f  l u n g  and 
s p l e e n ,  f o r  w h i c h  0 . 0 1  mg p r o t e i n  was u s e d ,  and k i d n e y ,  f o r  
w h i c h  1 ug p r o t e i n  was u s e d .  A c t i v i t y  i n  a l l  r e g i o n s  was 
i n h i b i t e d  a p p r o x i m a t e l y  9Q% by 2 mM DTT.  D a t a  a r e  t h e  mean 
v a l u e s  + S . E .  o f  3 - 4  r a b b i t s .  S p e c i f i c  a c t i v i t y  i s  e x p r e s ­
sed  i n  u m o l e s . / h / m g  p r o t e i n .  R e l a t i v e  s p e c i f i c  a c t i v i t i e s  
a r e  e x p r e s s e d  w i t h  b r a i n  a r b i t r a r i l y  s e t  a t  1 .
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a p p a r e n t  h o m o g e n e i t y  f r o m  r a b b i t  k i d n e y ,  an a b u n d a n t  

s o u r c e .

A summary o f  t h e  p u r i f i c a t i o n  p r o c e d u r e  i s  shown i n  

T a b l e  6 .  S t a r t i n g  w i t h  t h e  s t r e p t o m y c i n - t r e a t e d  d e o x y ­

c h o l a t e  e x t r a c t ,  t h e  enzyme was p u r i f i e d  1 6 0 - f o l d  w i t h  a 

y i e l d  o f  a p p r o x i m a t e l y  19%. L i k e  t h e  p i t u i t a r y  m e t a l l o e n ­

d o p e p t i d a s e ,  t h e  k i d n e y  enzyme was e f f e c t i v e l y  r e l e a s e d  

f r o m  t h e  membranes  by t r e a t m e n t  w i t h  d e o x y c h o l a t e  and 

p a p a i n .  P a p a i n  (M 2 3 , 0 0 0 )  was c o m p l e t e l y  s e p a r a t e d  f r o m  

t h e  m e t a l l o e n d o p e p t i d a s e  by c h r o m a t o g r a p h y  on S e ph ad e x  

G-200  as p r e v i o u s l y  d e s c r i b e d  ( O r l o w s k i  and W i l k ,  1 9 8 1 ) .  A 

h i g h l y  p u r i f i e d  p r e p a r a t i o n  was o b t a i n e d  a f t e r  c h r o m a t o g ­

r a p h y  on p h e n y 1 - S e p h a r o s e  ( s t e p  3 ) ;  h o w e v e r ,  t h e  enzyme 

e l u t e d  i n  a p ea k  t h a t  c o i n c i d e d  w i t h  t h e  p ea k  o f  y - g l u t a m y l  

t r a n s p e p t i d a s e  a c t i v i t y .  The t wo  enzymes  were  s e p a r a t e d  i n  

s t e p  4 .  I n  0 . 0 1  M s o d i u m  a c e t a t e  (pH 5 . 0 ) ,  m e t a l l o e n d o p e p ­

t i d a s e  bou nd  t o  c a r b o x y m e t h y I c e l l u l o s e , w h i l e  m os t  o f  t h e  

t r a n s p e p t i d a s e  e l u t e d  w i t h  t h e  s t a r t i n g  b u f f e r .  The s m a l l  

a mo un t  o f  t r a n s p e p t i d a s e  t h a t  bound  t o  CM-52 u n d e r  t h e s e  

c o n d i t i o n s  was e l u t e d  a t  t h e  b e g i n n i n g  o f  t h e  s o d i u m  

c h l o r i d e  g r a d i e n t  and was t h u s  s e p a r a t e d  f r o m  t h e  m e t a l l o ­

e n d o p e p t i d a s e ,  w h i c h  was e l u t e d  i n  l a t e r  f r a c t i o n s .

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

n o n d i s s o c i a t i n g  c o n d i t i o n s  r e v e a l e d  one m a j o r  a n d ' o n e  

m i n o r  p r o t e i n  band  ( F i g u r e  1 A ) .  U n s t a i n e d  d u p l i c a t e  

g e l s  we re  s l i c e d  i n t o  2-mm s e c t i o n s  and a s s a y e d  w i t h
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Table 6 . Summary o f  P u r i f ic a t io n  o f  the M e ta lloendopep tidase  from R abbit Kidney

Volume
(m l)

P ro te in
(mg/m l)

A c t iv i t y
Sp A c t. 

(U n its /m g )
Recovery

(Sfi)

P u r i f i ­
c a tio n
( x - fo ld )P u r i f ic a t io n  Step U n its /m l T o ta l

(1 ) deoxycho la te  e x tra c t 260 V̂4 • GO cr 138 35,880 10 ' 100 1

(2 ) papain tre a tm e n t and Sephadex f i l t r a t i o n 238 0.176 60.0 14,280 341 40 34

(3 ) phenyl-Sepharose chromatography 67 0.170 178 11,930 1,050 33 105

(4 ) c a rb o x y m e th y lc e llu lo s e  chrom atography 56 0.074 120 6,720 1,620 19 162

aFor d e ta i ls  and d e f in i t io n  o f  u n i ts ,  see "E xp e rim e n ta l M ethods".

^ P ro te in  was determ ined fo r  t h is  s tep  by the  method o f  Lowry e t  a l .  (1951 ).
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FIGURE 1,  POLYACRYLAMIDE GEL ELECTROPHORESIS OF KIDNEY 

METALLOENDOPEPTIDASE.

L e f t  ( 1 A )  n o n d i s s o c i a t i n g  c o n d i t i o n s  ( b o t h  b a n d s  hav e  
m e t a l l o e n d o p e p t i d a s e  a c t i v i t y ) ;  R i g h t  ( 1 B )  d i s s o c i a t i n g  
c o n d i t i o n s  ( 0  .1 % NaDodSO^) .
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H i p - A r g - A r g - L e u - 2 N A  and g l u t a r y l - A l a - A l a - P h e - 2 N A ; r e g i o n s  

c o r r e s p o n d i n g  t o  b o t h  p r o t e i n  b a n d s  we r e  f o u n d  t o  c o n t a i n  

m e t a l l o e n d o p e p t i d a s e  a c t i v i t y  t h a t  was p r o p o r t i o n a l  t o  t h e  

i n t e n s i t y  o f  t h e  C o o m a s s i e  b l u e  s t a i n i n g .  E l e c t r o p h o r e s i s  

u n d e r  d i s s o c i a t i n g  c o n d i t i o n s  ( 0 . 1 %  NaDodSO^)  r e v e a l e d  a 

s i n g l e  s h a r p  band  ( F i g u r e  1 8 ) .  T r e a t m e n t  o f  t h e s e  s a m p l e s  

w i t h  2% and 5% 2 - m e r c a p t o e t h a n o l  g a v e  a m a j o r  band  w i t h  a 

m o l e c u l a r  w e i g h t  o f  a b o u t  9 4 , 0 0 0  and a f a i n t  band  w i t h  a 

m o l e c u l a r  w e i g h t  o f  a p p r o x i m a t e l y  8 5 , 0 0 0 ,

G i v e n  t h a t  t h e  enzyme was r e l e a s e d  f r o m  membranes  

by  p a p a i n  d i g e s t i o n ,  i t  i s  p o s s i b l e  t h a t  t h e  f a i n t  band 

s een  u n d e r  r e d u c i n g  c o n d i t i o n s  may r e p r e s e n t  a f r a g m e n t  o f  

t h e  m a i n  p o l y p e p t i d e  c h a i n ,  w h i c h  was g e n e r a t e d  by l i m i t e d  

p r o t e o l y s i s  d u r i n g  p a p a i n  t r e a t m e n t .  S i m i l a r  r e s u l t s  h a ve  

been  r e p o r t e d  f o r  o t h e r  m e m b r a n e - b o u n d  enzymes  p r e p a r e d  by 

p r o t e o l y t i c  d i g e s t i o n  ( K e n n y  e t  a l . ,  1 9 7 6 ) .  The d i f f u s e  

q u a l i t y  o f  b o t h  a c t i v e  b a n d s  s een  u n d e r  n o n d i s s o c i a t i n g  

c o n d i t i o n s  ( F i g u r e  1 A ) ,  w h i c h  i n  t h e  p r e s e n c e  o f  NaDodSO^ 

m i g r a t e s  as a s i n g l e  s h a r p  ban d  ( F i g u r e  1 B ) ,  s u g g e s t s  t h a t  

t h e  enzyme i s  c o m p r i s e d  o f  c h a r g e  i s o m e r s .

The m o l e c u l a r  w e i g h t  o f  t h e  enzyme was d e t e r m i n e d  by 

g e l  f i l t r a t i o n  on a S e p h a d e x  G - 2 0 0  c o l u m n  a c c o r d i n g  t o  t h e  

m e t h o d  o f  A n d r e w s  ( 1 9 6 5 ) .  Enzyme a c t i v i t y  e l u t e d  as one 

p ea k  w i t h  an a p p a r e n t  m o l e c u l a r  w e i g h t  o f  9 8 , 0 0 0 .  These 

d a t a ,  i n  c o n j u n c t i o n  w i t h  t h e  NaDodSO^ g e l s ,  s u g g e s t  t h a t  

t h e  enzyme i s  a monomer  w i t h  a m o l e c u l a r  w e i g h t  o f  a b o u t  

9 5 , 0 0 0 .
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The pH o p t i m u m  o f  t h e  m e t a l l o e n d o p e p t i d a s e  f o r  H i p -  

A r g - A r g - L e u - 2 N A  ( 0 . 4  mM) was d e t e r m i n e d  i n  0 . 2  M T r i s - H C l  

b u f f e r s ,  i n  t h e  pH r a n g e  b e t w e e n  7 . 0  and 8 . 8 .  A b r o a d  

o p t i m u m  b e t w e e n  pH 7 . 5  and 8 . 0  was f o u n d ,  and enzyme 

a c t i v i t y  was r o u t i n e l y  d e t e r m i n e d  a t  pH 7 . 6 .

The e f f e c t  o f  v a r i o u s  i n h i b i t o r s  on enzyme a c t i v i t y  i s  

s u m m a r i z e d  i n  T a b l e  7 .  L e u p e p t i n ,  a n t i p a i n ,  and c h y m o s t a -  

t i n ,  t r a n s i t i o n - s t a t e  a l d e h y d e  i n h i b i t o r s  o f  s e v e r a l  t h i o l  

and s e r i n e  p r o t e a s e s ,  have  no e f f e c t  on a c t i v i t y .  T h a t  

n e i t h e r  DFP, an i r r e v e r s i b l e  s e r i n e  p r o t e a s e  i n h i b i t o r ,  n o r  

any  o f  t h e  t h i o l  b l o c k i n g  a g e n t s  t e s t e d  a f f e c t e d  a c t i v i t y  

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

a t h i o l  p r o t e a s e .  A l t h o u g h  m o d e r a t e  i n h i b i t i o n  was n o t e d  

w i t h  p e p s t a t i n ,  t h e  c o n c e n t r a t i o n s  r e q u i r e d  f o r  i n h i b i t i o n  

(35% i n h i b i t i o n  a t  0 . 0 6 7  mM p e p s t a t i n )  a r e  by  s e v e r a l  o r d e r s  

o f  m a g n i t u d e  g r e a t e r  t h a n  t h o s e  e f f e c t i v e l y  i n h i b i t i n g  

c a r b o x y l  p r o t e a s e s .  T h u s ,  f o r  e x a m p l e ,  p e p s i n  i s  i n h i b i t e d  

w i t h  a o f  a b o u t  1 0 " ^  M ( K u n i m o t o  e t  a l . ,  1 9 7 4 ) ,  and 

c a t h e p s i n  D,  a n o t h e r  c a r b o x y l  p r o t e a s e ,  i s  i n h i b i t e d  w i t h  a 

s i m i l a r  v a l u e  ( K n i g h t  and B a r r e t t ,  1 9 7 6 ) .  I t  i s  t h e r e ­

f o r e  c o n c l u d e d  t h a t  t h e  i n h i b i t i o n  o f  t h e  m e t a l l o e n d o p e p t i -  

das e  i s  a p p a r e n t l y  due t o  n o n s p e c i f i c  i n t e r a c t i o n  o f  t h e  

enzyme w i t h  h y d r o p h o b i c  g r o u p s  i n  t h e  i n h i b i t o r .  By c o n ­

t r a s t ,  t h e  enzyme was i n h i b i t e d  by a l l  t h i o l s  and m e t a l  

c h e l a t i n g  a g e n t s ,  i n  a manne r  s i m i l a r  t o  t h e  i n h i b i t i o n  o f  

t h e  p i t u i t a r y  m e t a l l o e n d o p e p t i d a s e  by t h e  same r e a g e n t s .
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g

T a b l e  7 .  E f f e c t  o f  I n h i b i t o r s  on K i d n e y  Enzyme A c t i v i t y

I n h i b i t o r
F i n a l  C o n c e n ­
t r a t i o n  (mM)

I n h i b i t i o n
U )

L e u p e p t i n 0 . 0 2 3 0

A n t i p a i n 0 . 0 1 3 0

Chymos t  a t  i n 0 . 0 1 3 0

DFP 0 . 1 1 0

p - M e r c u r i b e n z o a t e 0 . 1 0 3

I o d o a c e t a m i d e 1 . 0 0

I o d o a c e t i c  A c i d 1 . 0 0

N - E t h y l m a l e i m i d e 1 . 0 0

P e p s t a t i n 0 . 0 6 7 35

G l u t a t h i o n e 1 .0 76

D i t h i o t h r e i t o l 0 . 4 88
1 . 0 98

EDTA 1 . 0 70

o - P h e n a n t h r o l i n e 0 . 0 8 47
0 . 2 73

2 - M e r c a p t o e t h a n o l 2 . 0 39

aA c t i v i t y  was d e t e r m i n e d  w i t h  H i p - A r g - A r g - L e u - 2 N A  
as d e s c r i b e d  u n d e r  " E x p e r i m e n t a l  M e t h o d s " .  The enzyme was 
n o t  p r e i n c u b a t e d  w i t h  t h e  i n h i b i t o r s  w i t h  t h e  e x c e p t i o n  o f  
DFP and EDTA,  w h i c h  w e r e  p r e i n c u b a t e d  w i t h  t h e  enzyme a t  
37°  C f o r  20 m in  b e f o r e  a d d i t i o n  o f  s u b s t r a t e .  C o n t r o l s  
i n  w h i c h  t h e  enzyme was p r e i n c u b a t e d  i n  t h e  a b s e n c e  o f  
t h e s e  i n h i b i t o r s  w e r e  i n c l u d e d .  At  t h e  c o n c e n t r a t i o n s  
t e s t e d ,  none  o f  t h e  i n h i b i t o r s  i n t e r f e r e d  w i t h  t h e  a m i n o -  
p e p t i d a s e  c o u p l i n g  r e a c t i o n .
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C. INTERACTION OF THE KIDNEY METALLOENDOPEPTIDASE WITH 
SYNTHETIC SUBSTRATES, NATURAL PEPTIDES,  AND ACTIVE 
SITE DIRECTED I N H I B I T O R S .  DESIGN OF N- 1 - CA RB OXY -2 -  
PHENYLETHYL DERIVATIVES OF AMINO ACID AMIDES OF 
p-AMINOBENZOATE AS I NHI BI TORS OF THE ENZYME

The s p e c i f i c i t y  o f  t h e  enzyme t o w a r d  v a r i o u s  s y n t h e t i c  

n a p h t h l y a m i d e s  i s  s u m m a r i z e d  i n  T a b l e  8 .  The s t e a d y - s t a t e  

p a r a m e t e r s  Km and k c g j. ( = V / e ,  w h e re  e = t o t a l  enzyme 

c o n c e n t r a t i o n )  we re  o b t a i n e d  f r o m  i n i t i a l  v e l o c i t y  

m e a s u r e m e n t s  by a n o n - l i n e a r  r e g r e s s i o n  p r o g r a m  i n  w h i c h  

t h e  s u b s t r a t e  c o n c e n t r a t i o n  and v e l o c i t y  a r e  f i t  t o  t h e  

M i c h a e l i s - M e n t e n  e q u a t i o n  ( B a i n g  and R e i d - M i l l e r ,  1 9 8 0 a ) .  

S t r i c t  M i c h a e l i s - M e n t e n  k i n e t i c s  we re  o b s e r v e d  f o r  a l l  

s u b s t r a t e s  w i t h i n  t h e  c o n c e n t r a t i o n  r a n g e s  i n d i c a t e d .

These  d a t a  a r e  c o n s i s t e n t  w i t h  a p r i m a r y  s p e c i f i c i t y  

d i r e c t e d  t o w a r d  b o n d s  i n  w h i c h  t h e  a m i no  g r o u p  i s  p r o v i d e d  

by a h y d r o p h o b i c  a m i n o  a c i d  r e s i d u e  ( p o s i t i o n  P ^ ' )  . 

R e p l a c e m e n t  o f  t h e  h y d r o p h o b i c  a m i no  a c i d  l e u c i n e  ( s u b ­

s t r a t e  1) w i t h  an a l a n i n e  r e s i d u e  ( s u b s t r a t e  2)  d e c r e a s e d  

t h e  k c a j. by a f a c t o r  o f  2 and t h e  s p e c i f i c i t y  c o n s t a n t  

( k  , / K  ) by a f a c t o r  o f  1 0 .  I n t r o d u c t i o n  o f  g l y c i n e
C 8  C ffl

( s u b s t r a t e  3)  i n  t h i s  p o s i t i o n  was a s s o c i a t e d  w i t h  

n e g l i g i b l e  h y d r o l y s i s .

H i g h  l<c a j. v a l u e s  and s p e c i f i c i t y  r a t i o s  we re  a l s o  

o b s e r v e d  w i t h  s u b s t r a t e s  4 and 5 ,  i n  w h i c h  t h e  P^ and P^ 

p o s i t i o n s  a r e  o c c u p i e d  by a l a n i n e  r e s i d u e s  and P^ by a 

g l u t a r y l  g r o u p .  A l t h o u g h  t h e  enzyme w i l l  h y d r o l y z e  b on ds  

on t h e  N - t e r m i n a l  s i d e  o f  a l a n y l  r e s i d u e s  ( s u b s t r a t e  2 ) ,  no



Table 8 . K in e t ic  Parameters fo r  H y d ro ly s is  o f  S evera l P ep tide  Naphthylam ides by the 
Kidney M eta lloendopeptidase

P - P - P - P  ' -  P ' 
3 2 r 1 r 1 2 [ S ] b (mM) K C (mM) m c a t (s  > k . /K  c a t m (M~1 s 1)

(1 ) Bz-G ly-A rg-A rg-Leu-2N A 0 .0 8 -0 .4 0.18 + 0 .2 62.2 3.46 x 105

(2 ) B z-G ly-A rg-A rg -A la -2N A 0 .1 0 -1 .2 0.97 + 0.03 31.8 3.28 x 104

(3 ) B z-G ly-A rg-A rg-G ly-2N A 0.2  -0 .4 N e g lig ib le  H ydro lys . e is

(4 ) g lu ta ry l-A la -A la -P h e -2 N A 0.1 -0 .8 0.27 + 0.02 73.4 2.72 x 105

(5) g lu ta ry l-A la -A la -P he -4M e02N A 0.1 -0 .6 0.23 + 0.02 110.0 4.83 x 1 o'5

g

Enzyme a c t iv i t y  was determ ined as described  under "E xpe rim en ta l M ethods". 

bRange o f  s u b s tra te  co n c e n tra tio n s  used fo r  the  d e te rm in a tio n  o f  K^.

Q
Data are mean va lues  _+ S.E. o f  fo u r d e te rm in a tio n s .

^ C a lc u la tio n s  based on a m o lecu la r w e igh t o f  95,000.
0

Represents le s s  than 1?o o f  the  ra te  fo r  H ip-Arg-Arg-Leu-2NA a t  a c o n c e n tra tio n  o f  0 .4  mM.
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s u c h  c l e a v a g e s  we re  o b s e r v e d  f o r  s u b s t r a t e s  4 and 5 .  No 

f r e e  a l a n i n e  was d e t e c t e d  i n  i n c u b a t i o n  m i x t u r e s  c o n t a i n i n g  

enz y me ,  a m i n o p e p t i d a s e , and s u b s t r a t e s  4 and 5 .  T h e r e f o r e ,  

r a p i d  c l e a v a g e  o f  t h e  A l a - P h e  bond  r e n d e r s  t h e  g l u t a r y l -  

A l a - A l a  p e p t i d e  u n s u s c e p t i b l e  t o  h y d r o l y s i s .

The p r i m a r y  s p e c i f i c i t y  o f  t h e  enzyme d i r e c t e d  t o w a r d  

b o n d s  on t h e  a m ino  s i d e  o f  h y d r o p h o b i c  a m i n o  a c i d  r e s i d u e s  

was a l s o  e v i d e n t  when i t s  a c t i o n  on s e v e r a l  b i o l o g i c a l l y  

a c t i v e  p e p t i d e s  was s t u d i e d .  The r e s u l t s  s u m m a r i z e d  i n  

T a b l e  9 show t h a t  t h e  enzyme has  e n k e p h a l i n a s e  a c t i v i t y  i n  

t h a t  i t  c l e a v e s  b o t h  M e t -  and L e u - e n k e p h a l i n  a t  t h e  - G l y - P h e  

b o n d .  M e t - e n k e p h a l i n a m i d e  i s  a l s o  h y d r o l y z e d  a t  t h e  same 

b o n d ,  i n d i c a t i n g  t h a t  a f r e e  c a r b o x y l  g r o u p  a t  t h e  C-  

t e r m i n u s  o f  t h e  e n k e p h a l i n  m o l e c u l e  i s  n o t  a r e q u i r e m e n t  

f o r  a c t i v i t y .  T h i s  f i n d i n g  i s  s i m i l a r  t o  t h a t  o b s e r v e d  

w i t h  t h e  p i t u i t a r y  m e t a l l o e n d o p e p t i d a s e  and i n d i c a t e s  t h a t  

t h e  e n k e p h a l i n a s e  a c t i v i t y  o f  t h e  enzyme i s  t h a t  o f  an 

e n d o p e p t i d a s e , r a t h e r  t h a n  t h a t  o f  a d i p e p t i d y l  c a r b o x y -  

p e p t i d a s e .

The enzyme a l s o  d e g r a d e s  d y n o r p h i n ,  a L e u - e n k e p h a l i n -

c o n t a i n i n g  o p i o i d  p e p t i d e ,  by h y d r o l y z i n g  b o n d s  on t h e  am i no

4 8s i d e  o f  h y d r o p h o b i c  r e s i d u e s  Phe and l i e  . C l e a v a g e

7 8p r o c e e d s  p r e f e r e n t i a l l y  a t  t h e  A r g  - l i e  bond  w i t h  t h e  

f o r m a t i o n  o f  an N - t e r m i n a l  h e p t a p e p t i d e  and a C - t e r m i n a l  

h e x a p e p t i d e .  L o n g e r  i n c u b a t i o n  r e s u l t s  i n  c o m p l e t e  

h y d r o l y s i s  o f  t h e  G l y ^ - P h e ^  b o n d .  I t  i s  t h i s  c l e a v a g e  t h a t



g
Table 9 . D egradation  o f  B io lo g ic a l ly  A c tiv e  P ep tides by the  Kidney N e u tra l M eta lloendopep tidase

P eptide  S tru c tu re  P roducts Found
_

M et-enkepha lin  T y r-G ly -G ly -P he-M et T y r-G ly -G ly , Phe-Met

I
M et-enkephalinam ide Tyr-G ly-G ly-Phe-M et-N H 2 T y r-G ly -G ly , Phe-Met-NtL

I
Leu -enkepha lin  Tyr-G ly -G ly -P he -Leu  T y r-G ly -G ly , Phe-Leu

D ynorphin T y r-G ly -G ly -P h e -L e u -A rg -A rg -Ile -A rg -P ro -L y s -L e u -L y s  T y r-G ly -G ly ,
T y r-G ly -G ly -P h e -L e u -A rg -A rg , 
P h e -L e u -A rg -A rg -Ile -A rg -P ro -L y s - 

Leu-Lys, 
I le -A rg -P ro -L y s -L e u -L y s ,
Phe-Leu-Arg-Arg

B ra d y k in in  A rg -P ro-P ro-G ly^P he-S er-P ro -P he-A rg  A rg -P ro -P ro -G ly , Phe-Arg,
Phe-Ser-Pro

^  1
A n g io te n s in  I  A s p -A rg -V a l-T y r- I le -H is -P ro -P h e -H is -L e u  A s p -A rg -V a l-T y r, I le -H is -P ro ,

Asp-A rg, V a l-T y r,
A s p -A rg -V a l-T y r- I le -H is -P ro ,
Phe-H is-Leu

aR eaction m ix tu re s  con ta ined  s u b s tra te  (0 .8 -1 .0  mM), T r is -H C l b u f fe r  (0 .0 4  M, pH 7 . 6 ) ,  and enzyme 
(1 u n i t )  in  a f in a l  volume o f  0 .25 m l. A l l  in c u b a tio n s  were fo r  2 -4  h. P roducts o f  the  re a c t io n  were 
separa ted on the P e rk in -E lm er HPLC system described  under "E xpe rim en ta l M ethods". In  these experim ents, 
the  i n i t i a l  a c e to n i t r i le  c o n c e n tra tio n  was 10%, except fo r  the dynorph in  experim ent in  which the  i n i t i a l  
a c e to n i t r i le  c o n c e n tra tio n  was 3%.
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t e r m i n a t e s  t h e  o p i o i d  a c t i v i t y  o f  d y n o r p h i n  ( C h a v k i n  and 

G o l d s t e i n , 1 9 8 1 ) .

7 8 4B r a d y k i n i n  i s  h y d r o l y z e d  a t  t h e  P r o  - P h e  and G l y  -

Phe^ b o n d s ,  a g a i n  s h o w i n g  t h a t  t h e  p r i m a r y  s p e c i f i c i t y  i s

d i r e c t e d  t o w a r d s  b o n d s  on t h e  a m in o  s i d e  o f  h y d r o p h o b i c

7 8r e s i d u e s .  The h y d r o l y s i s  o f  t h e  P r o  - P h e  bond  a l s o  shows 

t h a t  t h e  enzyme can  a c t  as a d i p e p t i d y l  c a r b o x y p e p t i d a s e  on 

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

p o s i t i o n .

7 8A n g i o t e n s i n  I  i s  r a p i d l y  h y d r o l y z e d  a t  t h e  P r o  - P h e

bond  t o  f o r m  P h e - H i s - L e u  and A s p - A r g - V a l - T y r - I 1 e - H i s - P r o .

4 3The l a t t e r  p e p t i d e  i s  f u r t h e r  d e g r a d e d  a t  t h e  T y r  - l i e

b o n d ,  and t h e  r e s u l t i n g  t e t r a p e p t i d e  i s  s l o w l y  c l e a v e d  a t  

2 3t h e  A r g  - V a l  b o n d .  T h i s  t h e r m o l y s i n - l i k e  p a t t e r n  o f

c l e a v a g e  i s  d i s t i n c t l y  d i f f e r e n t  f r o m  t h e  a c t i v i t y  o f  t h e

a n g i o t e n s i n  c o n v e r t i n g  e n z y m e ,  w h i c h  h y d r o l y z e s  a n g i o t e n s i n  

8 9I  a t  t h e  Phe - H i s  bon d  t o  f o r m  a n g i o t e n s i n  I I ,  a p o t e n t  

v a s o c o n s t r i c t o r .

A l t h o u g h  d i p e p t i d e s  a r e  n o t  s u b s t r a t e s ,  t h e  r e s u l t s  i n  

T a b l e  10 ( a n d  F i g u r e  2)  show t h a t  t h e  p h e n y l a l a n y 1 ,  l e u c y l ,  

and e ven  a l a n y l  d i p e p t i d e s  a r e  i n h i b i t o r y .  By c o n t r a s t ,  

d i p e p t i d e s  s u c h  as G l y - G l y ,  G l y - V a l ,  and G l y - L e u ,  w i t h  a 

g l y c i n e  r e s i d u e  on t h e  a m i no  s i d e ,  do n o t  i n h i b i t  a t  

c o n c e n t r a t i o n s  as h i g h  as 2 mM. F r e e  p h e n y l a n i n e  was a l s o  

w i t h o u t  e f f e c t  a t  t h e s e  c o n c e n t r a t i o n s .
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T a b l e  10 .  I n h i b i t i o n  o f  t h e  M e t a l l o e n d o p e p t i d a s e  by 
D i p e p t i d e s  and P e p t i d e  D e r i v a t i v e s  o f  
p - A m i n o b e n z o a t e a

P e p t i d e I C ^ q x 10 - 4 b  C M)

( 1 ) G l y - G l y N e g l i g i b l e I n h i b i t i o n
( 2 ) G l y - V a l N e g l i g i b l e I n h i b i t i o n
( 3 ) G l y - P h e N e g l i g i b l e I n h i b i t i o n
( 4 ) A l a - P h e 5 . 9
( 5 ) Ph e - P he 1 . 6
( 6 ) P h e - L e u 4 . 4
( 7 ) P h e - L e u - N H ~ N e g l i g  i b l e I n h i b i t  i o n
( 8 ) P h e - A l a 0 . 2 1
( 9 ) P h e - G l y 1 . 6

( 1 0 ) Phe N e g l i g i b l e I n h i b i t i o n
( 1 1 ) L e u - P h e 0 . 2 3
( 1 2 ) L e u - T  r p 0 . 7 5
( 1 3 ) Phe-pAB 0 . 1 9
( 1 4 ) A c e t y 1 - P h e - p A B 2 . 5
( 1 5 ) G l u t a r y l - P h e - p A B 1 . 0
( 1 6 ) G l u t a r y l - G l y - P h e - p A B 1 . 0
( 1 7 ) B z - G l y - P h e - p A B 0 . 1 8

a I n h i b i t i o n  s t u d i e s  w e r e  done  by d e t e r m i n i n g  a c t i v i t y  
t o w a r d  0 . 4  mM g l u t a r y l - A l a - A l a - P h e - 2 N A  i n  t h e  p r e s e n c e  o f  
v a r y i n g  c o n c e n t r a t i o n s  o f  i n h i b i t o r .  F o r  t h e s e  d e t e r m i n a ­
t i o n s ,  t h e  enz y me ,  d i p e p t i d e ,  and s u b s t r a t e  w e r e  i n c u b a t e d ,  
and t h e  r e a c t i o n  was t e r m i n a t e d  by b o i l i n g .  2NA was t h e n  
r e l e a s e d  by a d d i n g  10 ug o f  a m i n o p e p t i d a s e  and i n c u b a t i n g  
a t  37°  C f o r  30 m i n .  The a m i n o p e p t i d a s e  r e a c t i o n  was t h e n  
s t o p p e d  by a d d i t i o n  o f  f a s t  g a r n e t  ( B a r r e t t ,  1 9 7 2 ) .  T h i s  
t w o - s t a g e  p r o c e d u r e  was u s e d  t o  p r e v e n t  d e g r a d a t i o n  o f  
u n b l o c k e d  p e p t i d e s  by a m i n o p e p t i d a s e  d u r i n g  t h e  c o u r s e  o f  
t h e  e n d o p e p t i d a s e  r e a c t i o n .

^ I C 5 q v a l u e s  w e r e  o b t a i n e d  w i t h  a c o m p u t e r  p r o g r a m  
( J o h n s o n ,  1 9 8 2 )  t h a t  p e r f o r m s  i t e r a t i v e  c u r v e  f i t s  t o  t h e  
p a r a m e t e r s  (?o i n h i b i t i o n  v s .  i n h i b i t o r  c o n c e n t r a t i o n )  t o  
t h e  l o g i s t i c  e q u a t i o n .  Log do se  r e s p o n s e  c u r v e s  ( F i g u r e  2)  
w i t h  s l o p e s  c l o s e  t o  u n i t y  w e r e  o b t a i n e d  f o r  mos t  c ompou nds  
t e s t e d .

c No i n h i b i t i o n  was o b s e r v e d  a t  an i n h i b i t o r  c o n c e n t r a ­
t i o n  o f  2 mM.
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FIGURE 2 . INHIBITION OF KIDNEY METALLOENDOPEPTIDASE.

Log dose response curves fo r  in h ib i t io n  o f  the  m e ta lloendopep tidase  as described  in  Table 10. 
a, Hip-Phe-pAB; x , g lu ta ry l-P h e -p A B ; o, A la-Phe.
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On th e  b a s i s  o f  t h e  s p e c i f i c i t y  s t u d i e s  d e s c r i b e d  i n  

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

w h i c h  c o n t a i n  a h y d r o p h o b i c  r e s i d u e  on t h e  a m i no  s i d e ,  

can  be r e g a r d e d  as p o t e n t i a l  p r o d u c t s  o f  t h e  m e t a l l o e n d o -  

p e p t i d a s e - c a t a l y z e d  r e a c t i o n .  T h i s  i n t e r p r e t a t i o n  i s  b a s e d  

on t h e  f i n d i n g  t h a t  t h e  enzyme a c t s  as a d i p e p t i d y l  c a r  -  

b o x y p e p t i d a s e  on t h o s e  p e p t i d e s  h a v i n g  a h y d r o p h o b i c  

r e s i d u e  i n  t h e  p e n u l t i m a t e  p o s i t i o n .  I t  may t h e r e f o r e  be 

assumed t h a t  t h e  i n h i b i t o r y  d i p e p t i d e s  a c t  by b i n d i n g  t o  

t h e  ' and S ^ '  s u b s i t e s  o f  t h e  e n z y m e .  By c o n t r a s t ,  t h e  

n o n i n h i b i t o r y  d i p e p t i d e s  h a v i n g  a g l y c i n e  r e s i d u e  on t h e  

a m i n o  s i d e  l a c k  t h e  a b i l i t y  t o  b i n d  t o  t h e s e  s i t e s .  The 

h y d r o p h o b i c i t y  o f  t h e  a m i n o  r e s i d u e  on t h e  c a r b o x y l  s i d e  o f  

t h e  d i p e p t i d e ,  as o p p o s e d  t o  t h e  r e s i d u e  on t h e  a m i no  s i d e ,  

d oe s  n o t  seem t o  be a f a c t o r  i n  d e t e r m i n i n g  i n h i b i t o r y  

p o t e n c y .  F o r  e x a m p l e ,  P h e - G l y ,  P h e - P h e ,  and P h e - L e u  a l l  

i n h i b i t e d  t o  a s i m i l a r  e x t e n t ,  w h i l e  t h e  i n h i b i t i o n  

o b t a i n e d  w i t h  P h e - A l a  was much g r e a t e r .  A f r e e  c a r b o x y l  

g r o u p  i n  t h e  d i p e p t i d e  seems t o  be o f  i m p o r t a n c e  f o r  

i n h i b i t i o n ,  s i n c e  t h e  a m id e  o f  P h e - L e u  showed  l i t t l e  

i n h i b i t i o n  i n  c o m p a r i s o n  w i t h  P h e - L e u .

I t  i s  o f  i n t e r e s t  t h a t  r e p l a c e m e n t  o f  t h e  C - t e r m i n a l  

a m i n o  a c i d  r e s i d u e s  i n  t h e  p h e n y l a l a n y l  d i p e p t i d e s  by 

p - a m i n o b e n z o a t e  y i e l d e d  t h e  a m i no  a c i d  a r y l a m i d e ' P h e -  

pAB w i t h  an i n h i b i t o r y  p o t e n c y  e q u a l  t o  t h e  b e s t  o f  t h e  

d i p e p t i d e s  t e s t e d  ( P h e - A l a ) .  S u b s t i t u t i o n  o f  t h e  amino
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g r o u p  o f  Ph e -p AB w i t h  an a c e t y l ,  a g l u t a r y l ,  and a g l u -  

t a r y l g l y c y l  g r o u p  d i m i n i s h e d  t h e  i n h i b i t o r y  a c t i o n ,  w h i l e  

a h i p p u r y l  g r o u p  i n  t h e  same p o s i t i o n  p r e s e r v e s  t h e  

i n h i b i t o r y  p o t e n c y ,  s u g g e s t i n g  t h a t  a h y d r o p h o b i c  g r o u p  i n  

t h i s  p o s i t i o n  e n h a n c e s  b i n d i n g .

A c y l a t i o n  o f  t h e  a m i no  g r o u p  o f  Phe-pAB y i e l d s  

compounds  t h a t  can s e r v e  as  s u b s t r a t e s  o f  t h e  k i d n e y  

m e t a l l o e n d o p e p t i d a s e .  A l l  f o u r  N - a c y l  d e r i v a t i v e s  o f  t h e  

Phe -pAB l i s t e d  i n  T a b l e  10 ( p e p t i d e s  1 4 - 1 7 )  a r e  h y d r o l y z e d  

by t h e  e n z y m e ,  a l t h o u g h  a t  g r e a t l y  d i f f e r e n t  r a t e s .  T h u s ,  

N - a c e t y 1 - P h e - p A B  ( p e p t i d e  14)  and g l u t a r y l - P h e - p A B  ( p e p t i d e  

15)  a r e  h y d r o l y z e d  a b o u t  1 , 0 0 0  t i m e s  s l o w e r  t h a n  g l u t a r y l -  

A l a - A l a - P h e - 2 N A  ( m e a s u r e d  a t  a s u b s t r a t e  c o n c e n t r a t i o n  o f  

0 . 4  mM, as d e s c r i b e d  u n d e r  " E x p e r i m e n t a l  M e t h o d s " ) ,  and t h e  

h y d r o l y s i s  o f  g 1 u t a r y 1 - G l y - P h e - p A B  and B z - G l y - P h e - p A B  

p r o c e e d s  a t  a r a t e  a b o u t  65 and 35 t i m e s ,  r e s p e c t i v e l y ,  

s l o w e r  t h a n  t h a t  o f  g l u t a r y l - A l a - A l a - P h e - 2 N A . The g r e a t  

d i f f e r e n c e s  i n  t h e  r a t e  o f  h y d r o l y s i s  o f  t h e  d i f f e r e n t  

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

c h a i n ,  w i t h  t h e  l o n g e r  p e p t i d e s  b e i n g  h y d r o l y z e d  more 

r a p i d l y .  T h i s  s u g g e s t s  t h e  p r e s e n c e  o f  an e x t e n d e d  s u b ­

s t r a t e  b i n d i n g  s i t e  i n  t h e  enz y m e .

The s p e c i f i c i t y  o f  t h e  k i d n e y  m e t a l l o e n d o p e p t i d a s e  

t o w a r d  b o n d s  i n  w h i c h  t h e  a m i n o  g r o u p  i s  c o n t r i b u t e d  by 

h y d r o p h o b i c  a m i n o  a c i d  r e s i d u e s ,  r e s e m b l e s  t h a t  o f  t h e r -  

m o l y s i n ,  a b a c t e r i a l  m e t a l l o e n d o p e p t i d a s e .  T h e r m o l y s i n ,
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l i k e  o t h e r  m e t a l l o e n d o p e p t i d a s e s , i n c l u d i n g  a n g i o t e n s i n  

c o n v e r t i n g  e n z y m e ,  and a l s o  c a r b o x y p e p t i d a s e s  A and B,  

c o n t a i n s  a z i n c  a t om i n  t h e  a c t i v e  s i t e  t h a t  i n t e r a c t s  w i t h  

t h e  c a r b o n y l  o x y g e n  o f  t h e  h y d r o l y z e d  p e p t i d e  b o n d .  Many 

o f  t h e  s y n t h e s i z e d  i n h i b i t o r s  o f  t h i s  g r o u p  o f  enzymes  

c o n t a i n  a l i g a n d ,  w h i c h  c o o r d i n a t e s  w i t h  t h e  z i n c  a t om i n  

t h e  a c t i v e  s i t e .  The l i g a n d  i s  u s u a l l y  a t t a c h e d  t o  a p e p ­

t i d e  o r  a m i no  a c i d  c a p a b l e  o f  i n t e r a c t i n g  w i t h  t h e  s u b s t r a t e  

b i n d i n g  s i t e  o f  t h e  e n z y m e .  Due t o  t h e  s i m i l a r i t i e s  i n  t h e  

m e c h a n i s m  o f  a c t i o n  o f  z i n c - m e t a l l o e n d o p e p t i d a s e s , an 

i n h i b i t o r  o f  one o f  t h e s e  enzymes  c an  i n h i b i t  o t h e r  enz y mes  

o f  t h e  same g r o u p ,  when m o d i f i e d  t o  c o n f o r m  t o  t h e i r  

s p e c i f i c i t y  r e q u i r e m e n t s .  T h u s ,  f o r  e x a m p l e ,  D - 3 - m e r c a p t o -

2 - m e t h y l p r o p a n o y l - L - p r o l i n e  ( c a p t o p r i l ) ,  a p o t e n t  i n h i b i t o r  

o f  a n g i o t e n s i n  c o n v e r t i n g  enzyme ( O n d e t t i  e t  a l . ,  1 9 7 7 ) ,  

was u sed  as a m o d e l  f o r  t h e  s y n t h e s i s  o f  t h i o r p h a n  ( R o q u e s  

e t  a l . ,  1 9 8 0 ) ,  an i n h i b i t o r  o f  b r a i n  e n k e p h a l i n a s e ,  h a v i n g  

a b e n z y l p r o p a n o y l g l y c i n e  g r o u p  i n  p l a c e  o f  t h e  p r o p a n o y l - L -  

p r o l i n e  g r o u p .

I t  was t h e r e f o r e  o f  i n t e r e s t  t o  e x a m i n e  t h e  i n h i b ­

i t o r y  e f f e c t  o f  t h i o r p h a n  and o f  p h o s p h o r a m i d o n , a p o t e n t  

i n h i b i t o r  o f  t h e r m o l y s i n ,  on t h e  a c t i v i t y  o f  k i d n e y  m e t a l ­

l o e n d o p e p t i d a s e .  I n  a d d i t i o n ,  N- ( 1 - c a r b o x y - 2 - p h e n y 1 e t h y 1) 

d e r i v a t i v e s  o f  Phe -pAB and A l a - p A B  w e r e  s y n t h e s i z e d  and 

t e s t e d  as p o t e n t i a l  i n h i b i t o r s  o f  t h e  k i d n e y  m e t a l l o e n d o ­

p e p t i d a s e .  I t  was e x p e c t e d  t h a t  t h e s e  d e r i v a t i v e s  s h o u l d
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i n h i b i t  t h e  k i d n e y  e n zy m e ,  s i n c e  a n a l o g o u s  N - ( 1 - c a r b o x y -

3 - p h e n y l p r o p y 1)  d e r i v a t i v e s  o f  s e v e r a l  d i p e p t i d e s  we re  

f o u n d  t o  s t r o n g l y  i n h i b i t  t h e  a n g i o t e n s i n  c o n v e r t i n g  

enzyme ( P a t c h e t t  e t  a l . ,  1 9 8 0 ) ,  and a s i m i l a r  d e r i v a t i v e  o f  

L e u - T r p  was shown t o  be a p o t e n t  i n h i b i t o r  o f  t h e r m o l y s i n  

( M a y c o c k  e t  a l . ,  1 9 8 1 ) .  S t u d i e s  by t h i s  g r o u p  on t h e  

c o n v e r t i n g  enzyme i n h i b i t o r s  i n d i c a t e  t h a t  t h e  N - 1 - c a r b o x y -  

l a t e  g r o u p  c o n t r i b u t e s  s i g n i f i c a n t l y  t o  t h e  i n h i b i t o r y  

p o t e n c y .

The r e s u l t s  o f  i n h i b i t i o n  s t u d i e s  a r e  s u m m a r i z e d  i n  

T a b l e  1 1 .  R e d u c t i v e  a m i n a t i o n  o f  p h e n y l p y r u v a t e  w i t h  

Phe -pAB o r  A l a - p A B  t o  g i v e  t h e  r e s p e c t i v e  N - ( 1 - c a r b o x y - 2 -  

p h e n y l e t h y l )  d e r i v a t i v e s  g e n e r a t e s  a new a s y m m e t r i c  c a r b o n ,  

and a c c o r d i n g l y ,  t w o  d i a s t e r e o m e r s  a r e  f o r m e d  d u r i n g  

s y n t h e s i s .  The d i a s t e r e o m e r s  d e r i v e d  f r o m  a m i n a t i o n  o f  

p h e n y l p y r u v a t e  w i t h  Phe-pAB w e r e  s e p a r a t e d  by HPLC as 

d e s c r i b e d  u n d e r  " E x p e r i m e n t a l  M e t h o d s "  ( F i g u r e  3 ) .  T h e i r  

i n h i b i t o r y  a c t i o n  was d e t e r m i n e d  s e p a r a t e l y  and c o m p a r e d  

w i t h  t h a t  o f  t h e  m i x t u r e  o f  t h e  t wo  d i a s t e r e o m e r s .  The 

N - ( 1 - c a r b o x y - 2 - p h e n y l e t h y 1)  d e r i v a t i v e s  o f  A l a - p A B  w e r e  

e x a m i n e d  o n l y  as a m i x t u r e  o f  t h e  two  d i a s t e r e o m e r s .

Due t o  t h e  l o w  K. v a l u e s  o f  some o f  t h e  i n h i b i t o r s  ( s e el

T a b l e  1 1 ) ,  t h e  a s s u m p t i o n  t h a t  t h e  c o n c e n t r a t i o n  o f  f r e e  

i n h i b i t o r  i s  e q u a l  t o  t h e  t o t a l  i n h i b i t o r  c o n c e n t r a t i o n  

( [ I ]  = f l l ^ o t a i ^  n ° t  c o r r e c t .  The g r a p h i c a l  m e th o d



Table 11. I n h ib i t io n  Constants fo r  the Kidney M eta lloendopeptidase  o f  A c tiv e  S ite  D ire c te d  In h ib i to r s

In h ib i t o r K / 3 (M) S tru c tu re

(1 ) Phosphoramidon (3.4  ± 0 .31 ) x 10-9

0
II

N -a-rham nopyranosyl— 0— P-—Leu-Trp

0-

(2 ) Thiorphan
(D L -3 -m e rca p to -2 -b e n zy lp ro p a n o y lg lyc in e ) 8 .0  x 10-8

(4 ) N -(1 -c a rb o x y -2 -p h e n y le th y 1 )-Phe-pAB
(d ias te reom er I )

(5 ) N -(1 -ca rb o xy -2 -p h e n y le th y l)-P h e -p A B
(d ias te reom er I I )

(7 .1 ± 0 .66 ) x 10 8

(2.9 ± 0 .34 ) X o
1 CD

( 2 . 4  ± 0 .36 ) X o
1̂ 1

(6 ) N - [1 -(R ,S )-c a rb o x y -2 -p h e n y le th y l]-A la -p A B  (3.3 ± 0 .33 ) x 10-6

(7 ) Bz-Gly-Phe-pAB

o

o

o

ch9chconhch9cooh

2 I 2
CH2SH

H
I

CH9— C— Phe-pAB
I
C00H

H

CH2— C— Ala-pAB 

C00H

(3.0  ± 0 .48 ) x 10 6 ( O V - C O — IGly-Phe- pAB

K i va lues were determ ined by us ing  H ip-A rg-A rg-Leu-2N A (0 .3 -0 .7  inM) as s u b s tra te  and se ve ra l con­
c e n tra tio n s  o f  in h ib i t o r ,  acco rd ing  to  the method o f  D ixon (1972 ). In c u b a tio n s  were fo r  30 m in. Data are 
mean v a l ues ±  S.E. o f  th ree  to  fo u r d e te rm in a tio n s .

^T h is  va lue  rep resen ts  the fo r  o th e r d e ta i ls  see the t e x t .
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FIGURE 3 .  HPLC SEPARATION OF DIASTEREOMERS OF N - [ 1 - ( R , S ) -  

CARBOXY-2-PHENYLETHYL] - P h e - p A B .

(A)  N - [ 1 - ( R , S ) - c a r b o x y - 2 - p h e n y l e t h y l ] - P h e - p A B .
( B )  D i a s t e r e o m e r  ( p e a k )  I .
( C)  D i a s t e r e o m e r  ( p e a k )  I I .
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o f  D i x o n  ( 1 9 7 2 ) ,  v a l i d  f o r  b o t h  t i g h t  b i n d i n g  and f o r  l e s s  

p o t e n t  i n h i b i t o r s ,  was t h e r e f o r e  u sed  f o r  t h e  d e t e r m i n a t i o n  

o f  v a l u e s .  E x p e r i m e n t s  w e r e  done  by a d d i n g  t h e  

enzyme t o  m i x t u r e s  o f  s u b s t r a t e  and i n h i b i t o r .  S e p a r a t e  

d e t e r m i n a t i o n s  i n  w h i c h  t h e  enzyme and i n h i b i t o r  we r e  

p r e i n c u b a t e d  f o r  15 m in  a t  37°  C b e f o r e  a d d i t i o n  o f  t h e  

s u b s t r a t e  showed no d i f f e r e n c e  i n  t h e  e x t e n t  o f  i n h i b i t i o n  

by p h o s p h o r a m i d o n , o r  by any pAB d e r i v a t i v e s ,  t h e r e b y  

r u l i n g  o u t  i r r e v e r s i b l e  i n h i b i t i o n  and s l o w  b i n d i n g  

phenomena (Kam e t  a l . ,  1 9 7 9 ) .  I n h i b i t i o n  by  t h i o r p h a n ,  

h o w e v e r ,  was o b s e r v e d  t o  be p o t e n t i a t e d  by  p r e i n c u b a t i o n .  

T h i s  c a u s e d  d i f f i c u l t i e s  i n  a t t e m p t s  t o  r e l i a b l y  m e a s u r e  

v a l u e s .  T h e r e f o r e ,  o n l y  an I C ^ g  v a l u e  f o r  t h i s  i n h i b ­

i t o r  as d e t e r m i n e d  i n  t h e  p r e s e n c e  o f  0 . 4  mM s u b s t r a t e  i s  

g i v e n .  F o r  a l l  c ompou nds  t e s t e d ,  i n h i b i t i o n  was c o m p e t i ­

t i v e  i n  t h a t  i t  c o u l d  be s u r m o u n t e d  a t  h i g h  s u b s t r a t e  

c o n c e n t r a t i o n s .

The r e s u l t s  i n  T a b l e  11 show t h a t  p h o s p h o r a m i d o n ,  a 

t h e r m o l y s i n  i n h i b i t o r  o f  b a c t e r i a l  o r i g i n ,  i s  t h e  mos t  

p o t e n t  o f  t h e  i n h i b i t o r s  t e s t e d  and t h a t  t h i o r p h a n  i s  a l s o  

h i g h l y  i n h i b i t o r y .  These  r e s u l t s  f u r t h e r  s u p p o r t  t h e  

c o n c l u s i o n  t h a t  t h e  k i d n e y  m e t a l l o e n d o p e p t i d a s e ,  l i k e  t h e  

a n a l o g o u s  b o v i n e  p i t u i t a r y  e n z y m e ,  has  t h e r m o l y s i n - l i k e  

p r o p e r t i e s  and t h a t  i t  i s  a l s o  s i m i l a r  t o  b r a i n  e n k e p h a l i n ­

a s e .  The N - c a r b o x y m e t h y 1 d e r i v a t i v e s  o f  Ph e -p AB a l l  show 

h i g h  i n h i b i t o r y  p o t e n c y .  The m o s t  a c t i v e  d i s a s t e r e o m e r
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( d i a s t e r e o m . e r  I ,  T a b l e  11)  o f  N - ( 1 - c a r b o x y - 2 - p h e n y 1 e t h y 1 ) -  

Ph e -p AB has  a K. o f  2 . 9  x 1 0 - ^ M. T h i s  K. i s  2 o r d e r s  o fr  l  l

m a g n i t u d e  l o w e r  t h a n  t h a t  o f  B z - G l y - P h e - p A B , a compound  

w i t h  an i n h i b i t o r y  p o t e n c y  s i m i l a r  t o  t h a t  o f  Phe -pAB ( s e e  

T a b l e  1 0 ) .  T h i s  i n d i c a t e s  t h a t  N - a l k y 1 a t  i o n  o f  Phe -pAB by 

t h e  c a r b o x y p h e n y l e t h y 1 g r o u p  i n c r e a s e s  t h e  i n h i b i t o r y  

p o t e n c y  o f  Phe-pAB by  a l m o s t  2 o r d e r s  o f  m a g n i t u d e .  I t  i s  

o f  i n t e r e s t  t h a t  d i a s t e r e o m e r  I I  was l e s s  i n h i b i t o r y  by a

f a c t o r  o f  10 and t h a t  t h e  m i x t u r e  o f  d i a s t e r e o m e r s  had an

i n t e r m e d i a t e  p o t e n c y ,  s u g g e s t i n g  some s t e r e o s e l e c t i v i t y  

o f  i n h i b i t o r  b i n d i n g .  A s i g n i f i c a n t  f i n d i n g  i s  t h a t  

r e p l a c e m e n t  o f  a p h e n y l a l a n i n e  r e s i d u e  i n  t h e  i n h i b i t o r  by 

an a l a n i n e  r e s i d u e  d e c r e a s e d  t h e  i n h i b i t o r y  p o t e n c y  by a 

f a c t o r  o f  1 0 0 .  T h i s  i n d i c a t e s  t h a t  t h e  i n t e r a c t i o n  b e t w e e n  

t h e  a r o m a t i c  r i n g  o f  p h e n y l a l a n i n e  and a h y d r o p h o b i c  p o c k e t  

i n  t h e  ' s u b s i t e  o f  t h e  enzyme c o n t r i b u t e s  s i g n i f i c a n t l y  

t o  b i n d i n g ,  a c o n c l u s i o n  c o n s i s t e n t  w i t h  t h e  r e s u l t s  o f  

s p e c i f i c i t y  s t u d i e s  d e s c r i b e d  i n  a p r e c e d i n g  s e c t i o n .  A 

common f e a t u r e  o f  t h e  more  p o t e n t  i n h i b i t o r s  l i s t e d  i n  

T a b l e  11 i s  t h e  p r e s e n c e  o f  a g r o u p  c a p a b l e  o f  i n t e r a c t i n g  

w i t h  t h e  Z n ^ + i n  t h e  a c t i v e  s i t e  o f  t h e  e n z y m e .  T h i s  

p r o p e r t y  i s  s h a r e d  by t h e  t h i o l  g r o u p  i n  t h i o r p h a n ,  t h e  

p h o s p h o r y l  g r o u p  i n  p h o s p h o r a m i d o n ,  and t h e  c a r b o x y l  g r o u p  

i n  t h e  N - c a r b o x y m e t h y l  d e r i v a t i v e s  o f  Phe -pAB and A l a - p A B .
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D. BIOCHEMICAL AND IMMUNOLOGICAL PROPERTIES OF THE METAL­
LOENDOPEPTIDASE FROM RABBIT BRAIN AND COMPARISON 
WITH THE RABBIT KIDNEY METALLOENDOPEPTIDASE .

The k i d n e y  n e u t r a l  m e t a l l o e n d o p e p t i d a s e  and  e n k e p h a l i n ­

ase  h a v e  s i m i l a r  s u b s t r a t e  s p e c i f i c i t y  and p h y s i c o c h e m i c a l  

p r o p e r t i e s .  I t  was t h e r e f o r e  o f  i n t e r e s t  t o  i s o l a t e  t h e  

enzyme f r o m  r a b b i t  b r a i n  and t o  s t u d y  i t s  i n t e r a c t i o n s  w i t h  

s u b s t r a t e s  and i n h i b i t o r s  and w i t h  a n t i s e r a  r a i s e d  a g a i n s t  

t h e  r a b b i t  k i d n e y  e n z y m e .  The d a t a  a r e  c o m p a r e d  w i t h  t h o s e  

o b t a i n e d  f o r  t h e  k i d n e y  e n zy m e .

A summary  o f  t h e  p u r i f i c a t i o n  i s  g i v e n  i n  T a b l e  12 .

A 3 7 4 - f o l d  i n c r e a s e  i n  s p e c i f i c  a c t i v i t y  was o b t a i n e d  

w i t h  r e s p e c t  t o  t h e  d e o x y c h o l a t e  e x t r a c t .  As w i t h  t h e  

r a b b i t  k i d n e y  and b o v i n e  p i t u i t a r y  e n z y m e s ,  t h e  r a b b i t  

b r a i n  m e t a l l o e n d o p e p t i d a s e  was c o m p l e t e l y  s o l u b i l i z e d  by 

t r e a t m e n t  w i t h  d e o x y c h o l a t e  and  p a p a i n .  The enzyme a l s o  

had a s i m i l a r  e l u t i o n  v o l u m e  on S e ph ad e x  G-200  c h r o m a t o g ­

r a p h y  s u g g e s t i n g  a m o l e c u l a r  w e i g h t  o f  9 0 , 0 0 0 - 1 0 0 , 0 0 0 .

The pH o p t i m u m  o f  t h e  b r a i n  enzyme was t e s t e d  w i t h  

g l u t a r y 1 - A l a - A l a - P h e - 2 N A  u s i n g  0 . 2  M T r i s - H C l  b u f f e r s  

b e t w e e n  pH 6 . 9 - 9 . 0 .  A b r o a d  pH o p t i m u m  was o b s e r v e d  i n  t h e  

t e s t e d  r a n g e .  B r a i n  m e t a l l o e n d o p e p t i d a s e  a c t i v i t y  was t h u s  

r o u t i n e l y  d e t e r m i n e d  a t  pH 7 . 6 ,  t h e  pH a l s o  us ed  f o r  t h e  

d e t e r m i n a t i o n  o f  t h e  k i d n e y  enz y m e.

B o t h  t h e  b r a i n  and  k i d n e y  enzymes  c l e a v e  M e t - e n k e p h a l i n  

( T y r - G 1y - G l y - P h e - M e t ) and L e u - e n k e p h a l i n  ( T y r - G l y - G l y - P h e -  

L e u )  a t  t h e  G l y - P h e  b o n d .  The r a t e s  o f  h y d r o l y s i s  o f



3
Table 12. Summary o f  P u r i f ic a t io n  o f  the  M eta lloendopep tidase  from R abbit B ra in

v o l
(m l)

P ro te in
(mg/ml)

A c t iv i t y S p e c if ic
A c t iv i t y
(u n its /m g )

Recovery
( * )

P u r i f i ­
c a t io n
( x - fo ld )P u r i f ic a t io n  Step U n its /m l T o ta l

(1 ) Deoxycholate e x tra c t 220 10 .8b 0.534 117 0.49 100 1

(2 ) Papain tre a tm e n t and 
Sephadex f i l t r a t i o n 70 0.21 1.26 88.2 6.0 75.4 121

(3 ) Phenyl-Sepharose 50 0.08 1.48 74.0 18.5 63.2 374

3
From 75 g o f  ra b b it  b ra in s .

^ P ro te in  was determ ined fo r  t h is  s tep  by the  method o f  Lowry e t a l .  (1951 ).
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s e v e r a l  s y n t h e t i c  s u b s t r a t e s  by t h e  two  enzymes  i s  sum­

m a r i z e d  i n  T a b l e  1 3 .  The enz ymes  c l e a v e d  p e p t i d e  b o n d s  i n  

s u b s t r a t e s  1 t o  3 on t h e  a m in o  s i d e  o f  p h e n y l a l a n i n e ,  

l e u c i n e ,  and a l a n i n e  r e s p e c t i v e l y .  The h i g h e s t  r e a c t i o n  

r a t e s  w e r e  o b t a i n e d  w i t h  s u b s t r a t e s  1 and 2 ,  h a v i n g  h y d r o -  

p h o b i c  am in o  a c i d  r e s i d u e s  ( l e u c i n e  and p h e n y l a l a n i n e )  i n  

t h e  P ^ '  p o s i t i o n .  The r e a c t i o n  v e l o c i t y  d e c r e a s e d  

g r e a t l y  when t h i s  p o s i t i o n  was o c c u p i e d  by an a l a n i n e  

r e s i d u e  ( s u b s t r a t e  3 ) ;  i t  was f u r t h e r  r e d u c e d  w i t h  s u b ­

s t r a t e  4 w h i c h  has  a g l y c i n e  a t  t h i s  p o s i t i o n .  The p a t t e r n  

o f  h y d r o l y s i s  o f  t h e  s y n t h e t i c  s u b s t r a t e s  i n d i c a t e s  t h a t  

t h e  p r i m a r y  s p e c i f i c i t y  o f  b o t h  enz y mes  i s  d i r e c t e d  t o w a r d  

b o n d s  on t h e  a m in o  s i d e  o f  h y d r o p h o b i c  a m in o  a c i d  r e s i d u e s .  

I t  i s  n o t e w o r t h y  t h a t  t h e  r e l a t i v e  r a t e s  o f  h y d r o l y s i s  o f  

t h e  f o u r  s u b s t r a t e s  w e r e  a l m o s t  i d e n t i c a l  f o r  t h e  t wo  

e n z y m e s ,  i n d i c a t i n g  an i d e n t i c a l  s p e c i f i c i t y .

The s p e c i f i c  a c t i v i t y  o f  t h e  k i d n e y  enzyme i s  more  

t h a n  100 t i m e s  g r e a t e r  t h a n  t h a t  o f  t h e  b r a i n  enz y m e .

K i d n e y  i s  a r i c h  s o u r c e  o f  t h e  e n zy m e ;  t h e  s p e c i f i c  a c t i v i t y  

o f  a d e o x y c h o l a t e  e x t r a c t  f r o m  t h i s  o r g a n  ( T a b l e  6 ) ,  i s  

a b o u t  200 t i m e s  h i g h e r  t h a n  t h a t  f r o m  b r a i n  ( T a b l e  1 2 ) .

I n  o r d e r  t o  a c h i e v e  t h e  same s p e c i f i c  a c t i v i t y ,  t h e  b r a i n  

enzyme w o u l d  ha ve  t o  be p u r i f i e d  a l m o s t  5 0 , 0 0 0 - f o l d ,  

t h e r e b y  r e q u i r i n g  i n o r d i n a t e  a m o u n t s  o f  b r a i n  t i s s u e .

K i d n e y  m e t a l l o e n d o p e p t i d a s e  i s  s p e c i f i c a l l y  i n h i b i t e d  

by t h i o r p h a n  ( D L - 3 - m e r c a p t o - 2 - b e n z y 1 p r o p a n o y l g 1y c i n e ) an



T a b l e  13 .  R a t e s  o f  H y d r o l y s i s  o f  S e v e r a l  S y n t h e t i c  S u b s t r a t e s  by B r a i n  and 
K i d n e y  M e t a l l o e n d o p e p t i d a s e

B r a i n  Enzyme S p e c i f i c K i d n e y  Enzyme S p e c i f i c
S u b s t r a t e A c t i v i t y A c t i v i t y

P -P -  P -  P ' -P ' 3 2 1 1 2 ( u m o l / h r / m g  p r o t e i n ) ( u m o l / h r / m g  p r o t e i n )

1 . g l u t a r y l - A l a - A l a - P h e - 2 N A 19 . 1 ( 1 0 0 ) 2 , 4 5 0 ( 1 0 0 )

2 . H i p - A r g - A r g - L e u - 2 N A 11 .6 ( 6 0 . 7 ) 1 , 3 8 0 ( 5 6 . 3 )

3 . H i p - A r g - A r g - A l a - 2 N A 2 . 2 6 ( 1 1 . 8 ) 182 ( 7 . 4 )

4 . H i p - A r g - A r g - G l y - 2 N A N e g l i g i b l e H y d r o l y s i s ^ N e g l i g i b l e H y d r o l y s i s ^

a H y d r o l y s i s  o f  a l l  p e p t i d e s  was d e t e r m i n e d  a t  a s u b s t r a t e  c o n c e n t r a t i o n  o f  0 . 4  mM 
as d e s c r i b e d  i n  " E x p e r i m e n t a l  M e t h o d s " .  I n i t i a l  v e l o c i t i e s  were  u sed  f o r  a l l  d e t e r m i n a ­
t i o n s .  V a l u e s  i n  p a r e n t h e s i s  r e p r e s e n t  a c t i v i t i e s  r e l a t i v e  t o  t h o s e  o b t a i n e d  w i t h  
g l u t a r y l - A l a - A l a - P h e - 2 N A  a r b i t r a r i l y  s e t  a t  100 .

^ N e g l i g i b l e  h y d r o l y s i s  r e p r e s e n t s  l e s s  t h a n  1?o o f  t h e  r a t e  w i t h  g l u t a r y l - A l a - A l a -  
P h e - 2 N A .
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e n k e p h a l i n a s e  i n h i b i t o r  ( R o q u e s  e t  a l . ,  1 9 8 0 ) ,  and by 

p h o s p h o r a m i d o n  ( N -  o t - L - r h a m n o p y r a n o s y l o x y h y d r o x y p h o s p h i n y l -  

L - l e u c y 1 - L - t r y p t o p h a n ) , an i n h i b i t o r  o f  t h e r m o l y s i n  ( Suda  

e t  a l . ,  1 9 7 3 ) .  The enzyme i s  a l s o  i n h i b i t e d  by N - ( 1 -  

c a r b o x y - 2 - p h e n y l e t h y  1) d e r i v a t i v e s  o f  Phe-pAB and A l a - p A B .  

A l l  o f  t h e s e  i n h i b i t o r s  c o n t a i n  a p e p t i d e  m o i e t y  t h a t  

f u l f i l l s  t h e  r e q u i r e m e n t s  o f  t h e  s u b s t r a t e  b i n d i n g  s i t e  and 

a g r o u p  c a p a b l e  o f  c o m p l e x i n g  w i t h  t h e  z i n c  a tom i n  t h e  

a c t i v e  s i t e .  T a b l e  14 s u m m a r i z e s  t h e  v a l u e s  o f  t h e s e  

i n h i b i t o r s  f o r  t h e  b r a i n  and k i d n e y  enz y m e.  A l l  v a l u e s  

w e re  d e t e r m i n e d  by t h e  m e t h o d  o f  D i x o n  ( 1 9 7 2 )  w h i c h  i s  v a l i d  

f o r  t i g h t  b i n d i n g  as w e l l  as f o r  l e s s  p o t e n t  i n h i b i t o r s .  

E x p e r i m e n t s  we re  p e r f o r m e d  by a d d i n g  enzyme t o  i n c u b a t i o n  

m i x t u r e s  c o n t a i n i n g  b u f f e r ,  B z - G l y - A r g - A r g - L e u - 2 N A  as t h e  

s u b s t r a t e  ( 0 . 3 - 0 . 7  mM) and v a r i o u s  c o n c e n t r a t i o n s  o f  

i n h i b i t o r .  P r e i n c u b a t i n g  t h e  enzyme and i n h i b i t o r  f o r  

15 m in  a t  37°  C b e f o r e  a d d i t i o n  o f  s u b s t r a t e  d i d  n o t  

p o t e n t i a t e  i n h i b i t i o n  by p h o s p h o r a m i d o n  and t h e  pAB d e r i v a ­

t i v e s ,  and t h e r e f o r e  s u g g e s t s  a r e v e r s i b l e  p r o c e s s .  Fo r  

t h e s e  c o m p o u n d s ,  i n h i b i t i o n  was o v e r c o m e  a t  h i g h  s u b s t r a t e  

c o n c e n t r a t i o n s  and i s  t h u s  c o n s i s t e n t  w i t h  a c o m p e t i t i v e  

m e c h a n i s m .  T h i o r p h a n  d i d ,  h o w e v e r ,  p o t e n t i a t e  i n h i b i t i o n  

o f  t h e  k i d n e y  e n z y m e ,  m a k i n g  i t  d i f f i c u l t  t o  do k i n e t i c  

e x p e r i m e n t s .  T h e r e f o r e ,  o n l y  an I C^ g  v a l u e  f o r  t h e  t h i o r ­

phan  as d e t e r m i n e d  a t  a s u b s t r a t e  c o n c e n t r a t i o n  o f  0 . 4  mM 

i s  r e p o r t e d .  The d a t a  i n  T a b l e  14 -show t h a t  p h o s p h o r a m i d o n ,



Table 14. I n h ib i t io n  C onstants o f Severa l I n h ib i t o r s  fo r  the  B ra in  and K idney M eta lloendopeptidase

• K .a (M)l

I n h ib i t o r S tru c tu re B ra in Kidney

0

« -9  -9Phosphoramidon N -a-rham nopyranosyl— 0— P— Leu-Trp 2 .0  x 10 ± 0.09 3 .4  x 10 ± 0.31

0"

H

Thiorphanb CH2— C— CO-Gly 12.0 x 10 8 8 .0  x 10 8

ch2sh

H

' -8  , n n-, . . 0-8N -[l- (R ,S )-c a rb o x y -2 -p h e n y le th y l]-P h e -p A B  ( O ) — CH„— C— Phe-pAB 3.1 x 10 ± 0.07 7.1 x 10 ± 0.662

COOH

H 
I

- 6  L o  rw  c -v . 0 - 6N-[ 1 -(R ,S )-c a rb o x y -2 -p h e n y le th y l]-A la -p A B  < O ) — ChL— C— Ala-pAB 2 .0  x 10 ± 0.94 5.3 x 10 ± 0.32

COOH

g
Data are mean va lues ± S.E. o f  th re e  to  fo u r d e te rm in a tio n s . K | va lues o f  phosphoramidon and o f  

N - [1 -(R ,S )-c a rb o x y -2 -p h e n y le th y l]-p h e n y la la n y l and a lany l-pA B  are s ig n i f ic a n t ly  d i f f e r e n t  fo r  the b ra in  and 
kidney enzymes ( t  t e s t ,  p < 0 . 05 ) .

^Values fo r  th io rp h a n  re p resen t the IC^g.
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t h i o r p h a n  and N - [ 1 - ( R, S ) - c a r b o x y - 2 - p h e n y 1 e t h y 1 ] - P h e - p A B  

a r e  a l l  p o t e n t  i n h i b i t o r s  o f  b o t h  t h e  b r a i n  and k i d n e y  

e nz y me .  R e p l a c e m e n t  o f  p h e n y l a l a n i n e  i n  t h e  l a s t  i n h i b i t o r  

by an a l a n i n e  r e s i d u e  d e c r e a s e s  t h e  p o t e n c y  o f  i n h i b i t i o n  

o f  b o t h  enzymes  by a l m o s t  t wo  o r d e r s  o f  m a g n i t u d e ,  s h o w i n g  

t h e  i m p o r t a n t  c o n t r i b u t i o n  t o  b i n d i n g  o f  t h e  h y d r o p h o b i c  

r e s i d u e  i n  t h e  P ^ '  p o s i t i o n .  The v a l u e s  o f  p h o s p h o r a m i d o n  

and t h e  N - [1 - ( R, S ) - c a r b o x y - 2 - p h e n y l e t h y 1 ]  d e r i v a t i v e s  o f  

Phe -pAB and A l a - p A B  w e r e  s om ewh a t  l o w e r  f o r  t h e  b r a i n  t h a n  

f o r  t h e  k i d n e y  e n z y m e .  The se  d i f f e r e n c e s ,  a l t h o u g h  s m a l l ,  

w e r e  s t a t i s t i c a l l y  s i g n i f i c a n t ,  s u g g e s t i n g  t h a t  w h i l e  t h e  

t w o  enzymes  a r e  h i g h l y  s i m i l a r ,  t h e y  a r e  n o t  c o m p l e t e l y  

i d e n t i c a l .

F u r t h e r  e v i d e n c e  f o r  t h e  s i m i l a r i t y  b e t w e e n  t h e  b r a i n  

and k i d n e y  enzymes  was d e m o n s t r a t e d  by s h o w i n g  c l o s e  

i m m u n o l o g i c a l  c r o s s r e a c t i v i t y  i n  an a n t i c a t a l y t i c  im m uno- 

i n h i b i t i o n  a s s a y .  F i g u r e  4 shows  t h e  i n h i b i t i o n  o f  t h e  

b r a i n  and k i d n e y  e nz ym es  by a n t i - k i d n e y  m e t a l l o e n d o p e p t i ­

dase  a n t i s e r u m .  Log d os e  r e s p o n s e  c u r v e s  w e r e  g e n e r a t e d  by 

a c o m p u t e r  p r o g r a m  ( J o h n s o n ,  1 9 8 2 )  i n  w h i c h  t h e  p a r a m e t e r s  

(?o i n h i b i t i o n  v s .  m i c r o l i t e r s  a n t i s e r u m )  a r e  f i t  t o  t h e  

l o g i s t i c  e q u a t i o n .  The d a t a  show t wo  d i s t i n c t  c u r v e s  

w h i c h  r e a c h  t h e  same max imum.  T r a n s f o r m a t i o n  o f  t h e  

i n d i v i d u a l  d a t a  p o i n t s  t o  d o u b l e  r e c i p r o c a l  p l o t s  (1/?o 

i n h i b i t i o n  v s .  1 / m i c r o 1 i t e r s  a n t i s e r u m )  g a v e  t wo  l i n e s  

w h i c h ,  when t e s t e d  by an a n a l y s i s  o f  c o v a r i a n c e  p r o g r a m
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FIGURE 4 .  I N H I B I T I O N  OF RABBIT KIDNEY AND RABBIT BRAIN 

METALLOENDOPEPTIDASE ACT I V I TY  BY A N T I - R AB B IT  

• KIDNEY METALLOENDOPEPTIDASE ANTISERUM.

D a t a  a r e  t h e  mean v a l u e s  + S . D .  o f  t h r e e  t o  f o u r  d e t e r m i n ­
a t i o n s .  P o i n t s  w i t h o u t  e r r o r  b a r s  r e p r e s e n t  t h e  mean o f  
t wo  d e t e r m i n a t i o n s .

R a b b i t  k i d n e y  m e t a l l o e n d o p e p t i d a s e  i n c u b a t e d  w i t h  
a n t i - r a b b i t  k i d n e y  m e t a l l o e n d o p e p t i d a s e  a n t i s e r u m .

“ 0 ~  R a b b i t  b r a i n  m e t a l l o e n d o p e p t i d a s e  i n c u b a t e d  w i t h  
a n t i - r a b b i t  k i d n e y  m e t a l l o e n d o p e p t i d a s e  a n t i s e r u m .

A r  R a b b i t  k i d n e y  m e t a l l o e n d o p e p t i d a s e  i n c u b a t e d  w i t h  
r a b b i t  p r e - i m m u n e  s e r u m .

R a b b i t  b r a i n  m e t a l l o e n d o p e p t i d a s e  i n c u b a t e d  w i t h  
r a b b i t  p r e - i m m u n e  s e r u m .
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( B a i n g  and R e i d - M i l l e r ,  1 9 8 0 b ) ,  w e r e  s i g n i f i c a n t l y  d i f f e r e n t  

( p  < 0 . 0 5 ) .  C l e a r l y ,  t h e  v a l u e s  f o r  t h e  two  c u r v e s

a r e  q u i t e  s i m i l a r ,  w i t h  t h e  I C ^ g  f o r  t h e  k i d n e y  enzyme 

b e i n g  0 . 1 2 0  u l  and t h e  f o r  t h e  b r a i n  enzyme b e i n g

0 . 1 8 0  u l  o f  a n t i s e r u m .  The d a t a  t h e r e f o r e  i n d i c a t e  t h a t  

t h e  t w o  enzymes  show s t r o n g  i m m u n o l o g i c a l  c r o s s r e a c t i v i t y ,  

b u t  n o t  c o m p l e t e  i d e n t i t y .

The r e s u l t s  o f  O u c h t e r l o n y  i m m u n o d i f f u s i o n  e x p e r i m e n t s  

l e d  t o  a s i m i l a r  c o n c l u s i o n  ( F i g u r e s  5 - 7 ) .  A l l  a n t i s e r a  

g ave  a s i n g l e  p r e c i p i t i n  l i n e  w i t h  t h e  homog eneou s  k i d n e y  

enzyme on O u c h t e r l o n y  i m m u n o d i f f u s i o n  p l a t e s .  One a n t i s e r u m  

a g a i n s t  t h e  k i d n e y  enzyme o b t a i n e d  a f t e r  s t e p  3 o f  t h e  

p u r i f i c a t i o n  p r o c e d u r e  ( s e e  T a b l e  6)  r e a c t e d  w i t h  t h e  b r a i n  

enzyme on O u c h t e r l o n y  p l a t e s  by g i v i n g  a s i n g l e  p r e c i p i t i n  

l i n e .  When t h e  b r a i n  and k i d n e y  enzymes  w e r e  i n c u b a t e d  

w i t h  t h i s  a n t i s e r u m ,  a p a t t e r n  o f  p a r t i a l  i d e n t i t y  was 

o b t a i n e d  s h o w i n g  t h a t  t h e  t wo  enz ymes  s h a r e  common a n t i g e n i c  

d e t e r m i n a n t s .  The p r e s e n c e ,  h o w e v e r ,  o f  a s p u r  a s s o c i a t e d  

w i t h  t h e  p r e c i p i t i n  l i n e  o f  t h e  k i d n e y  e n z y m e ,  s u g g e s t s  

t h a t  t h i s  enzyme c o n t a i n s  a n t i g e n i c  d e t e r m i n a n t s  n o t  

p r e s e n t  on t h e  b r a i n  enz y m e .

E. EFFECTS OF N-1-CARB0XY-2-PHENYLETHYL DERIVATIVES OF 
PHENYLALANYL, ALANYL, AND GLYCYL-p-AMINOBENZOATE 
ON NOCICEPTION.1

The r o l e  o f  t h e  m e t a l l o e n d o p e p t i d a s e  as an i_n_ v i v o  

e n k e p h a l i n  i n a c t i v a t o r  i s  c o n t r o v e r s i a l .  T h i o r p h a n ,  a

1A11 b e h a v i o r a l  t e s t i n g  was c a r r i e d  o u t  i n  t h e  
l a b o r a t o r y  o f  D r .  S.  C l i c k ,  D e p t ,  o f  P h a r m a c o l o g y .



FIGURE 5.  OUCHTERLONY IMMUNODIFFUSION OF RABBIT KIDNEY 

METALLOENDOPEPTIDASE.

C e n t e r  w e l l  c o n t a i n s  k i d n e y  m e t a l l o e n d o p e p t i d a s e  ( 0 . 3 7  u g ) ,  
p e r i p h e r a l  w e l l s  c o n t a i n  a n t i - k i d n e y  m e t a l l o e n d o p e p t i d a s e  
a n t i s e r u m  ( 2 . 5  u l ) .
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FIGURE 6 .  OUCHTERLONY IMMUNODIFFUSION OF RABBIT BRAIN 

METALLOENDOPEPTIDASE.

C e n t e r  w e l l  c o n t a i n s  b r a i n  m e t a l l o e n d o p e p t i d a s e  ( 0 . 8  u g ) ,  
p e r i p h e r a l  w e l l s  c o n t a i n  a n t i - k i d n e y  m e t a l l o e n d o p e p t i d a s e  
a n t  i s e r u m  (5  u l ) .



FIGURE 7. QUCHTCRLONY IMMUNODIFFUSION OF RABBIT KIDNEY AND BRAIN METALLOENDOPEPTIDASE. „
ON

te n te r  welJ co n ta in s  an tise rum  (2 .5  u l ) ,  p e r ip h e ra l w e lls  c o n ta in  (1 ) b ra in  m eta lloendopep tidase  (0 .8 0  ug) 
and (2 ) k idney m eta lloendopep tidase  (0 .3 7  u g ).
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p o t e n t  i n h i b i t o r  o f  t h e  e n z y m e ,  has  been  shown t o  have  weak 

and i n c o n s i s t e n t  a n t i n o c i c e p t i v e  a c t i v i t y  ( s e e  " I n t r o d u c ­

t i o n " ,  P a r t  A ) .  I t  was t h e r e f o r e  o f  i n t e r e s t  t o  t e s t  

N - [ 1 - ( R , S ) - c a r b o x y - 2 - p h e n y l e t h y l ] - P h e - p A B , a n o v e l  and 

p o t e n t  i n h i b i t o r  o f  t h e  enzyme f o r  a n t i n o c i c e p t i v e  a c t i v i t y ,  

and t o  c ompa r e  i t s  e f f e c t s  w i t h  t h e  l e s s  p o t e n t  i n h i b i t o r s  

N - [ 1 - c a r b o x y - 2 - p h e n y l e t h y l ] - G l y - p A B  and N - [1  - ( R , S) - c a r b o x y -  

2 - p h e n y l e t h y l ] - A l a - p A B .

F i g u r e  8 s u m m a r i z e s  t h e  s t r u c t u r e s  and v a l u e s  f o r

t h e  k i d n e y  m e t a l l o e n d o p e p t i d a s e  o f  t h e  i n h i b i t o r s  t h a t  we re

t e s t e d  _i_n v i v o  . As shown i n  T a b l e  1 1 ,  N - [  1 -  ( R , S ) -  c a r b o x y -

2 - p h e n y l e t h y l ] - P h e - p A B  has  a o f  7 . 1  x 10"® M. I t s

a l a n i n e  a n a l o g u e  was l e s s  p o t e n t  by a l m o s t  two o r d e r s  o f

m a g n i t u d e .  N - (1 - c a r b o x y - 2 - p h e n y l e t h y l ) - G 1 y - p A B  was o v e r

1 , 5 0 0 - f o l d  l e s s  p o t e n t  t h a n  t h e  p h e n y l a l a n y l  d e r i v a t i v e .

These  d a t a  a r e  c o n s i s t e n t  w i t h  t h e  p r i m a r y  s p e c i f i c i t y

o f  t h e  e n zy m e ,  and d e m o n s t r a t e  t h e  i m p o r t a n c e  o f  a h y d r o -

p h o b i c  r e s i d u e  a t  t h e  P^ ' p o s i t i o n  f o r  e f f e c t i v e

b i n d i n g .  The g l y c y l  d e r i v a t i v e ,  w h i c h  c o n t a i n s  no s uc h

h y d r o p h o b i c  g r o u p ,  n o n e t h e l e s s  w e a k l y  b i n d s  t o  t h e  enzyme

w i t h  a Kj. o f  1 . 1 5  x 1 0 - ^ M. T h i s  i n t e r a c t i o n  i s  p r o b a b l y

a t t r i b u t a b l e  t o  t h e  c a r b o x y l a t e  i o n  o f  t h e  c a r b o x y - p h e n y l -

2 +e t h y l  g r o u p ,  w h i c h  i s  c a p a b l e  o f  c o o r d i n a t i n g  w i t h  t h e  Zn 

a tom i n  t h e  a c t i v e  s i t e .  A d d i t i o n a l  b i n d i n g  e n e r g y  may be 

c o n t r i b u t e d  by t h e  h y d r o p h o b i c  p h e n y l e t h y l  g r o u p  and t h e  

b e n z o a t e  g r o u p  on t h e  i n h i b i t o r .
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T a b l e  15 shows t h e  dose  r e s p o n s e  e f f e c t s  i n  t h e  t a i l  

w i t h d r a w a l  t e s t  o f  N - ( 1 - c a r b o x y - 2 - p h e n y l e t h y 1)  d e r i v a t i v e s  

o f  p h e n y l a l a n y l ,  a l a n y l ,  and g l y c y l - p A B .  Two-way  a n a l y s e s  

o f  v a r i a n c e  showed s i g n i f i c a n t  e f f e c t s  ( p  < 0 . 0 5 - 0 . 0 1 )  o f  

d os e  and t i m e  f o r  e a c h  o f  t h e  i n h i b i t o r s .  S u b s e q u e n t  

t - t e s t s  ( T a b l e  15 )  showed  t h a t  a l l  t h r e e  c ompou nds  p r o d u c e  

s i g n i f i c a n t  a n a l g e s i a  t h a t  was s t i l l  a p p a r e n t  a t  24 b u t  n o t  

a t  48 h o u r s  a f t e r  a d m i n i s t r a t i o n .  A n a l g e s i c  e f f e c t s  w e r e  

e v i d e n t  w i t h i n  one  h o u r  a f t e r  a d m i n i s t r a t i o n  o f  t h e  p h e n y l ­

a l a n y l  and g l y c y l  d e r i v a t i v e s  and  w i t h i n  t h r e e  h o u r s  a f t e r  

t h e  a l a n y l  d e r i v a t i v e .  N - [ 1 - ( R , S ) - c a r b o x y - 2 - p h e n y l e t h y 1 ] -  

Phe-pAB was t h e  m o s t  p o t e n t  o f  t h e  t h r e e  i n h i b i t o r s ,  

p r o d u c i n g  s i g n i f i c a n t  e f f e c t s  a t  3 . 1 2 5  and 6 . 2 5  u m o l / k g  

w h i l e  t h e  a l a n y l  and g l y c y l  d e r i v a t i v e s  w e r e  i n e f f e c t i v e  

a t  up t o  1 2 . 5  u m o l / k g .  The t h r e e  c omp ou n ds  had  s i m i l a r  

e f f i c a c i e s  a t  25 and 50 u m o l / k g .  I n  a s u b s e q u e n t  p i l o t  

e x p e r i m e n t  w i t h  t h r e e  r a t s ,  t h e  p h e n y l a l a n y l  d e r i v a t i v e  was 

a d m i n i s t e r e d  i n t r a v e n t r i c u l a r l y  v i a  c h r o n i c a l l y  i m p l a n t e d  

c a n n u l a e .  A d o s e  o f  1 . 0  u m o l / k g  was i n j e c t e d  i n  a v o l u m e  o f  

10 u l  and s i g n i f i c a n t  a n a l g e s i a  was e l i c i t e d  f o r  24 h .

The d a t a  i n d i c a t e  t h a t  a l l  t h r e e  c ompou nds  a r e  a c t i v e  

when a d m i n i s t e r e d  i n t r a p e r i t o n e a l l y . The r e l a t i v e  p o t e n c i e s  

o f  t h e  t h r e e  c o m po u nd s  as m e t a l l o e n d o p e p t i d a s e  i n h i b i t o r s ,  

h o w e v e r ,  do n o t  c o r r e l a t e  w i t h  t h e i r  a n t i n o c i c e p t i v e  

a c t i v i t y .



Table 15. T a il Withdrawal Latencies3 fo r N -(1 -carboxy-2-phenyle thy l) D eriva tives  o f Phenylalanyl, A la n y l, and Glycyl-pAB

Time A f t e r

N—[ 1 —(R ,S )-ca rb o x y -2 -p h en y le th y l] -P h e -p A B
(umol/kg)

N - [1 - ( R ,S ) - c a r b o x y - 2 -  
phen y le th y l] -A la -p A B  

(umol/kg)

N - (1 -c a rb o x y -2 -
p heny le thy l) -G ly -p A B

(umol/kg)

Adminis­
t r a t i o n S a l in e 3 .1 2 6 .2 5 12 .5 25 .0 50 .0 12 .5 25 .0 50 .0 12 .5 25 .0 50 .0

(n =) (19 ) (7 ) (6 ) (6 ) (10 ) (7 ) (3 ) (4 ) (3 ) (3 ) (4 ) (3 )

0 h
(B a s e l in e )

3 .00  
+ 1 .55 +

2 .0 8
0 .8 5

2 .1 2  
+ 0 .5 0

2 .1 7  
+ 0 .5 2

3 .00  
+ 1 .92

2 .37  
+ 0 .6 8

2 .6 3  
+ 1 .3 6

2 .7 8  
+ 1 .05

3 .0 3  
+ 0 .9 0 +

2 .6 3
1 .4 0

2 .85  
+ 1 .1 3

3 .2 0  
+ 0 .5 0

1 h 2 .38  
+ 0 .2 3 +

3 .1 8 *
1 .59

3 .3 3 *  
+ 1 .20

4 .1 7 *  
+ 1 .73

4 .4 1 *  
+ 2 .2 3

2 .66  
+ 0 .8 3

1 .67  
+ 0 .6 4

3 .08  
+ 1 .57

3 .4 0  
+ 0 .7 9 +

2 .4 3
0.21

5 .4 3 *  
+ 3 .7 9

4 .6 3 *  
+ 0 .1 6

3 h 2 .12  
+ 0 .6 4 +

2 .8 2 *
0 .9 3

3 .4 7 *  
+ 0 .8 8

4 .0 7 *  
+ 0 .9 0

5 .2 6 *  
+ 2 .2 2

3 .7 6 *  
+ 1 .92

2 .8 3  
+ 0 .7 2

4 .0 0 *  
+ 1 .3 4

6 .4 4 *  
+ 2 .0 5 +

2 .6 0
0 .7 2

6 .1 3 *  
+ 1 .3 2

4 .9 0 *  
+ 0 .3 0

6 h 2 .1 0  
+ 0 .71 +

3 .0 5 *
1 .32

3 .7 2 *  
+ 1 .27

5 .0 3 *  
+ 1 .53

5 .5 0 *  
+ 1.31

4 .5 7 *  
+ 2 .0 3

2 .2 4  
+ 0.21

4 .1 4 *  
+ 1.41

6 .7 0 *  
+ 1 .50 +

2.8 3
1 .29

5 .1 3 *  
+ 0 .8 2

5 .8 3 *  
+ 1 .25

24 h 2 .3 8  
+ 0 .7 3 +

2 .85
0 .6 5

3 .1 7 *  
+ 0 .3 9

5 .0 8 *  
+ 2 .5 6

6 .1 2 *  
+ 2 .76

3 .3 9 *  
+ 1 .7 9

2 .5 0  
+ 0.61

4 .2 8 *  
+ 0 .5 6

3 .5 7 *  
+ 0 .5 5 +

2 .6 0
0 .3 6

4 .4 8 *  
+ 1 .92

4 .4 0 *  
+ 0 .9 0

48 h 2 .4 9  
+ 0 .7 3 +

2 .1 8
0.41

2 .1 8  
+ 0 .5 6

4 .1 3  
+ 1 .75

3.21  
+ 0 .7 9

1 .68  
+ 0 .4 6

3 .0 0  
+ 0 .7 5

3 .5 8  
+ 1 .3 8

3 .10  
+ 0.61 +

2.33
0 .6 8

3 .4 3  
+ 1 .1 3

3 .10  
+ 0 .6 6

aLaten c ies  are i n  seconds + S.D.

♦ S ig n i f i c a n t l y  d i f f e r e n t  (p < 0 .0 5 - 0 .0 1 )  from s a l in e  ( t - t e s t s )  and b a s e l in e  (p a i re d  t - t e s t s ) .

VO
□
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F.  I DE N TI F IC A T I ON  AND CHARACTERIZATION OF THE 
METALLOENDOPEPTIDASE IN HUMAN SERUM

A n g i o t e n s i n  c o n v e r t i n g  enzyme [EC 3 . 4 . 1 5 . 1 ]  i s  a 

z i n c - m e t a l l o p e p t i d a s e  w h i c h  i s  s i m i l a r  t o  t h e  m e t a l l o e n ­

d o p e p t i d a s e  i n  i t s  m e c h a n i s m  o f  a c t i o n  and r e l a t i v e  

a b u n d a n c e  i n  l u n g  m e m b r a n e s .  Serum a n g i o t e n s i n  c o n v e r t i n g  

enzyme has  been  e x t e n s i v e l y  c h a r a c t e r i z e d  ( D as  e t  a l . ,  

1 9 7 7 ) ,  and t h e  enzyme has  been r e p o r t e d  t o  be a m a r k e r  o f  

a c t i v e  s a r c o i d o s i s ,  a s y s t e m i c  g r a n u l o m a t o u s  d i s e a s e  o f  

unknown e t i o l o g y  ( F a n b u r g ,  e t  a l . ,  1 9 7 6 ;  L i e b e r m a n ,  1 9 7 5 ;  

R h o g a t i  e t  a l . ,  1 9 8 0 ;  R o h r b a c h  e t  a l . ,  1 9 7 9 ) .  I t  was 

t h e r e f o r e  o f  i n t e r e s t  t o  c h a r a c t e r i z e  t h e  m e t a l l o e n d o p e p ­

t i d a s e  i n  human s e r u m and t o  s t u d y  a c t i v i t y  i n  p a t i e n t s  

w i t h  s a r c o i d o s i s .

I n c u b a t i o n  o f  human s e r um w i t h  g l u t a r y l - A l a - A l a - P h e -  

2NA i n  t h e  p r e s e n c e  o f  e x c e s s  a m i n o p e p t i d a s e  M l e a d s  t o  t h e  

r e l e a s e  o f  2 - n a p h t h y l a m i n e . The r e a c t i o n  i s  d e p e n d e n t  on 

t h e  p r e s e n c e  o f  a m i n o p e p t i d a s e  M, s i n c e  o m i s s i o n  o f  t h i s  

enzyme c a u s e s  a 70% t o  80% d e c r e a s e  i n  2 - n a p h t h y l a m i n e  

f o r m a t i o n ,  and a d d i t i o n  o f  b e s t a t i n  ( 0 . 1  m M) , a p o t e n t  

a m i n o p e p t i d a s e  i n h i b i t o r ,  r e s u l t s  i n  i t s  c o m p l e t e  i n h i b i ­

t i o n .  T h i s  i n d i c a t e s  t h a t  t h e  h y d r o l y s i s  o f  t h e  s u b s t r a t e  

by t h e  se rum enzyme i s  a s s o c i a t e d  w i t h  t h e  e x p o s u r e  o f  a 

f r e e  a m i no  g r o u p ,  and t h a t  t h e  p r o d u c t  o f  t h e  r e a c t i o n  i s  

s u s c e p t i b l e  t o  a m i n o p e p t i d a s e  a c t i o n .  I n  o r d e r  t o  

i d e n t i f y  t h e  s i t e  o f  c l e a v a g e ,  g 1 u t a r y 1 - A l a - A l a - P h e - 2 N A  was
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i n c u b a t e d  w i t h  a m i n o p e p t i d a s e  M and w i t h  a c t i v e  f r a c t i o n s  

o b t a i n e d  by s u b j e c t i n g  s e r u m  t o  c h r o m a t o g r a p h y  on a S e ph ad e x  

G -2 0 0  c o l u m n  ( s e e  F i g u r e  9 ) .  Amino  a c i d  a n a l y s i s  o f  t h e  

r e a c t i o n  m i x t u r e  r e v e a l e d  t h e  p r e s e n c e  o f  p h e n y l a l a n i n e  as 

t h e  o n l y  f r e e  a m in o  a c i d .  T h i s  i n d i c a t e s  t h a t  t h e  s u b s t r a t e  

i s  h y d r o l y s e d  a t  t h e  A l a - P h e  b o n d ,  t o  y i e l d  g l u t a r y 1 - A l a -  

A l a  and P h e - 2 N A ,  t h e  l a t t e r  p r o d u c t  b e i n g  d e g r a d e d  t o  Phe 

and 2NA.

The pH d e p e n d e n c e  o f  t h e  r e a c t i o n  was d e t e r m i n e d  i n

0 . 2  M HEPES b u f f e r  (pH 6 . 4  t o  7 . 2 5 )  and 0 . 2  M T r i s - H C l

b u f f e r  (pH 7 . 0  t o  8 . 8 ) .  O p t i m a l  a c t i v i t y  was f o u n d  i n  a 

b r o a d  r a n g e  b e t w e e n  pH 7 . 0  and 8 . 0 .  R o u t i n e  d e t e r m i n a t i o n s

w e re  t h e r e f o r e  c a r r i e d  o u t  a t  pH 7 . 6  i n  T r i s - H C l  b u f f e r .

When se r um was s u b j e c t e d  t o  c h r o m a t o g r a p h y  on a 

S e ph a d e x  G-200  c o l u m n ,  a s i n g l e  p e a k  o f  a c t i v i t y  e l u t e d  i n  

t h e  v o i d  v o l u m e ,  t o g e t h e r  w i t h  t h e  m a c r o g l o b u l i n  f r a c t i o n  

( F i g u r e  9 ) ,  s u g g e s t i n g  a m o l e c u l a r  w e i g h t  i n  e x c e s s  o f  

2 0 0 , 0 0 0 .  T h i s  e l u t i o n  p a t t e r n  i s  d i s t i n c t l y  d i f f e r e n t  

f r o m  t h a t  o f  t h e  r a b b i t  k i d n e y  enzyme w h i c h ,  a f t e r  s o l u ­

b i l i z a t i o n  f r o m  membrane  f r a c t i o n s  by d e o x y c h o l a t e  and 

p a p a i n  t r e a t m e n t ,  e l u t e s  w i t h  an a p p a r e n t  m o l e c u l a r  w e i g h t  

o f  a b o u t  9 5 , 0 0 0  ( F i g u r e  9 ) .

The enzyme o b t a i n e d  a f t e r  S e ph a d e x  G -2 0 0  c h r o m a t o g r a p h y  

was used  t o  d e t e r m i n e  a Km f o r  g l u t a r y l - A l a - A l a - P h e - 2 N A . A 

v a l u e  o f  0 . 4 1  mM + 0 . 0 4  (mean o f  f o u r  d e t e r m i n a t i o n s  + 

S . E . M . )  was o b t a i n e d  ( B a i n g  and R e i d - M i l l e r ,  1 9 8 0 a ) .  T h i s
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FIGURE 9 .  ELUTION PROFILE OF SERUM METALLOENDOPEPTIDASE

FROM SEPHADEX G - 2 0 0 .

3 ml  o f  se rum f r o m  a p a t i e n t  w i t h  s a r c o i d o s i s  w e r e  a p p l i e d  
t o  t h e  t o p  o f  a 2 . 6  x 5 0 . 0  cm c o l u m n  e q u i l i b r a t e d  w i t h  a 
0 . 0 5  M T r i s - H C l  b u f f e r  (pH 7 . 6 )  c o n t a i n i n g  0 . 1 5  M N a C l .  
F r a c t i o n s  o f  a b o u t  3 ml  w e r e  c o l l e c t e d  and m o n i t o r e d  f o r  
p r o t e i n  f r o m  a b s o r b a n c e  a t  280  nm ( $ ■ )  and f o r  a c t i v i t y  
( “ O ” ) .  The e l u t i o n  p r o f i l e  o f  p u r i f i e d  k i d n e y  m e t a l l o e n ­
d o p e p t i d a s e  c o r r e s p o n d i n g  t o  a m o l e c u l a r  w e i g h t  o f  
a p p r o x i m a t e l y  9 5 , 0 0 0  i s  i n d i c a t e d  by t h e  b r o k e n  l i n e  
( — ).
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v a l u e  i s  s i m i l a r  t o  t h e  K o f  0 . 2 7  mM + 0 . 0 2  o b t a i n e d  f o rm —

t h e  r a b b i t  k i d n e y  enzyme ( T a b l e  8 ) .

The e f f e c t s  o f  i n h i b i t o r s  on se r um enzyme a c t i v i t y  i s  

s u m m a r i z e d  i n  T a b l e  1 6 .  L e u p e p t i n ,  a n t i p a i n ,  and c hy m o-  

s t a t i n ,  t r a n s i t i o n  s t a t e  a l d e h y d e  i n h i b i t o r s  o f  s e v e r a l  

t h i o l  and  s e r i n e  p r o t e a s e s ,  had no e f f e c t  on a c t i v i t y .

The enzyme was a l s o  i n s e n s i t i v e  t o  i n h i b i t i o n  by DFP , 

p e p s t a t i n ,  and t h e  t h i o l  b l o c k i n g  a g e n t s  i o d o a c e t a m i d e  and 

N - e t h y l m a l e i m i d e . S t r o n g  i n h i b i t i o n  was o b s e r v e d  by 

d i t h i o t h r e i t o l , EDTA,  and  o - p h e n a n t h r o l i n e , a l l  o f  w h i c h  

have  m e t a l  c h e l a t i n g  p r o p e r t i e s .  These  r e s u l t s  s u g g e s t  

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

t h i s  c l a s s i f i c a t i o n  was d e r i v e d  f r o m  e x p e r i m e n t s  i n  w h i c h  

enzyme o b t a i n e d  by S e p h a d e x  G-200  g e l  f i l t r a t i o n  was 

e x t e n s i v e l y  d i a l y s e d  a g a i n s t  EDTA ( 1 . 0  mM; pH 7 . 5 ) ,  and t h e  

m e t a l  c h e l a t o r  was t h e n  r e m o v e d  by d i a l y s i s  t o w a r d  s e v e r a l  

c h a n g e s  o f  1 . 0  mM T r i s - H C l  b u f f e r  (pH 7 . 6 ) .  T h i s  p r o c e d u r e  

r e s u l t e d  i n  a more t h a n  9 0 % l o s s  o f  a c t i v i t y .  C o m p l e t e  

r e a c t i v a t i o n  was o b t a i n e d  by a d d i t i o n  o f  Z n C l ? ( 0 . 2  mM) t o  

t h e  i n c u b a t i o n  m i x t u r e  ( F i g u r e  1 0 ) .  C o b a l t  c h l o r i d e  a l s o  

c o m p l e t e l y  r e a c t i v a t e d  t h e  enzyme a t  a c o n c e n t r a t i o n  o f  

0 . 8  mM. A d d i t i o n  o f  NaCl  a t  t h e  same c o n c e n t r a t i o n  had no 

e f f e e t .

The h y d r o l y s i s  o f  g 1 u t a r y 1 - A l a - A l a - P h e - 2 N A  on t h e  am in o  

s i d e  o f  t h e  Phe r e s i d u e ,  and t h e  m e t a l  d e p e n d e n c e  o f  t h e  

r e a c t i o n  s u g g e s t  t h a t  t h e  s e r um enzyme i s  a t h e r m o 1y s i n - 1 i k e
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Table 16. E f f e c t  o f  I n h i b i t o r s  on Serum M eta lloendopeptidase  
A c t i v i t y

F in a l
I n h i b i t o r  C o ncen tra t ion  (mM) % I n h i b i t i o n 3

Leupeptin 0.023 3.3 + 1.8 (4)

A n t ip a in 0.013 2.2 + 2.0 (4)

Chymostatin 0.013 2.4 + 2.0 (4)

DFP 0.11 1.0 + 1 .0 (4)

P e p s ta t in 0.06 5.7 + 3.1 (5)

N -E thy lm a le im ide 1.0 3.4 + 3.4 (4)

Iodoacetamide 1.0 4 .0 + 2.4 (4)

D i t h i o t h r e i t o l 2 .0 85.2 + 2.2 (4)

EDTA 1.0 43.0 + 2 .2 (4)

2.0 68.7 + 3.5 (4)

o -P h e n a n th ro l in e 0.1 58.0 + 4.5 (3)

0 .2 86.0 + 2.8 (3)

aData are the mean va lues  fo r  % I n h i b i t i o n  + S.E.M. The number 
o f  sa rc o id  p a t ie n ts  from whom sera were te s te d  i s  g iven  in  paren theses. 
Enzyme a c t i v i t y  was measured in  crude sera w i th  g lu ta r y l - A la - A la - P h e -  
2NA as the s u b s t ra te  (see "E xp e r im e n ta l M ethods").  The enzyme was not 
p re incuba ted  w i th  i n h i b i t o r s  excep t f o r  DFP and EDTA which were p re in ­
cubated a t  37° C f o r  20 min be fo re  a d d i t io n  o f  s u b s t ra te .  C o n tro ls  in  
which the enzyme was p re incuba ted  in  the absence o f  these i n h i b i t o r s  
were in c lu d e d .  At the c o n c e n tra t io n s  te s te d ,  none o f  the i n h i b i t o r s  
i n t e r f e r e d  w i th  the am inopeptidase co u p l in g  re a c t io n .
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FIGURE 1 0 .  REACTIVATION OF AN EDTA-T REATED SERUM ENZYME BY 

ZINC IONS.

Serum was s u b j e c t e d  t o  g e l  f i l t r a t i o n  on a S e phad ex  G-200  
c o l u m n  ( s e e  F i g u r e  9 ) .  A c t i v e  f r a c t i o n s  we re  p o o l e d  and 
c o n c e n t r a t e d  t o  a p r o t e i n  c o n c e n t r a t i o n  o f  a b o u t  6 mg /mL .
An a l i q u o t  was d i a l y z e d  a g a i n s t  two  c h a n g e s  o f  1 . 0  mM EDTA 
(pH 7 . 5 )  f o l l o w e d  by d i a l y s i s  a g a i n s t  s e v e r a l  c h a n g e s  1 . 0  
mM T r i s - H C l  (pH 7 . 5 ) .  A c o n t r o l  se r um a l i q u o t  was d i a l y s e d  
a g a i n s t  t h e  T r i s - H C l  b u f f e r  o n l y .  Enzyme a c t i v i t y  was 
d e t e r m i n e d  as d e s c r i b e d  u n d e r  " E x p e r i m e n t a l  M e t h o d s "  u s i n g  
0 . 1  M T r i s - H C l  (pH 7 . 2 ) .  The p e r c e n t  a c t i v i t y  r e c o v e r e d  
a f t e r  a d d i t i o n  o f  Zn^+  i s  e x p r e s s e d  w i t h  r e s p e c t  t o  t h e  
c o n t r o l  a c t i v i t y  s e t  a t  1 0 0 .
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m e t a l l o e n d o p e t i d a s e  s i m i l a r  t o  t h e  r a b b i t  k i d n e y  m e t a l l o e n ­

d o p e p t i d a s e  d e s c r i b e d  i n  " R e s u l t s " ,  S e c t i o n  C,  and t o  t h e  

b o v i n e  p i t u i t a r y  m e t a l l o e n d o p e p t i d a s e  i s o l a t e d  f r o m  b o v i n e  

p i t u t i a r y  ( O r l o w s k i  and W i l k ,  1 9 8 1 ) .  I t  was t h e r e f o r e  o f  

i n t e r e s t  t o  s t u d y  t h e  e f f e c t s  o f  a c t i v e  s i t e  d i r e c t e d  

i n h i b i t o r s  o f  t h e  k i d n e y  m e t a l l o e n d o p e p t i d a s e  on t h e  

s e r um e nz y m e .  These  i n h i b i t o r s  i n t e r a c t  w i t h  t h e  s u b ­

s t r a t e  b i n d i n g  s i t e  on t h e  enzyme a n d ,  i n  a d d i t i o n ,  have  a 

g r o u p  c a p a b l e  o f  c o o r d i n a t i n g  w i t h  t h e  a c t i v e  s i t e  z i n c .  

T a b l e  17 s u m m a r i z e s  t h e  r e s u l t s  o f  t h e s e  s t u d i e s .  P h o s -  

p h o r a m i d o n ,  a p o t e n t  m i c r o b i a l  i n h i b i t o r  o f  t h e r m o l y s i n  and 

o f  t h e  k i d n e y  and b r a i n  n e u t r a l  m e t a l l o e n d o p e p t i d a s e  ( s e e  

" R e s u l t s " ,  S e c t i o n s  C and  D; F u l c h e r  e t  a l . ,  1 9 8 2 ;  K e n n y ,  

1 9 7 7 ;  Suda e t  a l . ,  1 9 7 3 ) ,  a l s o  i n h i b i t s  t h e  se rum enzyme 

a b o u t  3 0% a t  a c o n c e n t r a t i o n  o f  80 nM. N - [ 1 - ( R , S ) - c a r b o x y -  

2 - p h e n y l e t h y 1 ] - P h e - p A B  , an i n h i b i t o r  o f  r a b b i t  k i d n e y  

m e t a l l o e n d o p e p t i d a s e ,  i n h i b i t e d  t h e  se r um enzyme a b o u t  50?o 

a t  a c o n c e n t r a t i o n  o f  10 uM. The a l a n i n e  a n a l o g u e  o f  t h i s  

i n h i b i t o r  was l e s s  p o t e n t  by t wo  o r d e r s  o f  m a g n i t u d e .  

C a p t o p r i l ,  a p o t e n t  i n h i b i t o r  o f  a n g i o t e n s i n  c o n v e r t i n g  

enzyme ( O n d e t t i  e t  a l . ,  1 9 7 7 ) ,  w h i c h  i s  used  i n  t h e  

t r e a t m e n t  o f  h y p e r t e n s i o n ,  d i d  n o t  i n h i b i t  t h e  enzyme a t  

c o n c e n t r a t i o n s  as h i g h  as 1 , 0  mM. T h i o r p h a n  ( R o q u e s  e t  a l . ,  

1 9 8 0 ) ,  an i n h i b i t o r  r e l a t e d  t o  c a p t o p r i l ,  b u t  c o n t a i n i n g  

t h e  more h y d r o p h o b i c  b e n z y l p r o p a n o y l  g r o u p  i n  p l a c e  o f  t h e  

2 - m e t h y l p r o p a n o y l  g r o u p ,  had a s t r o n g  i n h i b i t o r y  e f f e c t .



T a b l e  17 .  E f f e c t  o f  A c t i v e  S i t e  D i r e c t e d  I n h i b i t o r s  on Serum 
M e t a l l o e n d o p e p t i d a s e  A c t i v i t y

F i n a l
I n h i b i t o r C o n c e n t r a t i o n % I n h i b i t i o n

P h o s p h o r a m i d o n o
( N - a - R h a m n o p y r a n o s y l o x y h y d r o x y - 8 . 0 X 10 M 52 .8 + 3 . 6
p h o s p h i n y l ) - L e u - T r p

8 . 0 X 10 ' m 86 .0 + 1 .8

N - [ 1 - ( R , S ) - c a r b o x y - 2 - p h e n y l e t h y l ] - P h e - p A B 1 . 0 X 1 0 " 5 m 5 5 . 2 + 1 . 3

1 .0 X 1 0 ' 4 m 87 . 1 + 1 .3

N - [ 1 - ( R , S ) - c a r b o x y - 2 - p h e n y l e t h y l ] - A l a - p A B 1 .0 X 10 _ 3 M 46 .2 + 4 . 5

C a p t o p r i l
( D - 3 - m e r c a p t o - 2 - m e t h y l p r o p a n o y l - L - p r o l i n e ) 1 .0 X 10 M 2 . 8 + 1 .6

T h i o r p h a n £
( D L - 3 - m e r c a p t o - 2 - b e n z y l p r o p a n o y l - g l y c i n e ) 8 . 0 X 10 M 76 .3 + 1 .6

Enzyme a c t i v i t y  was d e t e r m i n e d  as d e s c r i b e d  i n  " E x p e r i m e n t a l  M e t h o d s " .  D a t a  a r e  
mean v a l u e s  ± S . E . M .  r e s u l t i n g  f r o m  d e t e r m i n a t i o n s  o f  i n h i b i t i o n  i n  s e r a  f ro m  f o u r  
s a r c o i d o s i s  p a t i e n t s .
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Each o f  t h e  i n h i b i t o r s  l i s t e d  i n  T a b l e  17 has  a 

g r o u p  c a p a b l e  o f  c o o r d i n a t i n g  w i t h  t h e  z i n c  a tom i n  t h e  

a c t i v e  s i t e  o f  m e t a l l o e n d o p e p t i d a s e s . T h i s  p r o p e r t y  i s  

r e p r e s e n t e d  by t h e  p h o s p h o r y l  g r o u p  o f  p h o s p h o r a m i d o n , t h e  

N - 1 - c a r b o x y l a t e  g r o u p s  o f  N - [1 - ( R , S ) - c a r b o x y - 2 - p h e n y l e t h y 1 ] 

d e r i v a t i v e s  o f  Phe -pAB and A l a - p A B  and t h e  m e r c a p t o  g r o u p s  

o f  c a p t o p r i l  and t h i o r p h a n .  The i n h i b i t o r y  compounds  

s h a r e  t h e  common c h a r a c t e r i s t i c  o f  h a v i n g  a h y d r o p h o b i c  

g r o u p  i n  t h e  P ^ '  p o s i t i o n ,  a d j a c e n t  t o  t h e  m e t a l - c h e l a t i n g  

g r o u p .  T h i s  i n c l u d e s  t h e  l e u c y l  r e s i d u e  i n  p h o s p h o r a m i d o n ,  

t h e  p h e n y l a l a n y l  r e s i d u e  i n  N - [1 - ( R , S ) - c a r b o x y - 2 - p h e n y 1 -  

e t h y 1 ] - P h e - p A B  and t h e  b e n z y l p r o p a n o y 1 g r o u p  o f  t h i o r p h a n .  

Enzyme a c t i v i t y  i s  f a r  l e s s  s e n s i t i v e  t o  i n h i b i t i o n  by 

N - [1 - ( R , S ) - c a r b o x y - 2 - p h e n y l e t h y  1 ] - A l a - p A B  and i s  u n a f f e c t e d  

by c a p t o p r i l ,  b o t h  o f  w h i c h  l a c k  t h i s  h y d r o p h o b i c  r e s i d u e .  

T h i s  shows t h e  i m p o r t a n c e  o f  t h e  h y d r o p h o b i c  r e s i d u e  i n  t h e  

P  ̂ ' p o s i t i o n  f o r  t h e  b i n d i n g  o f  t h e s e  i n h i b i t o r s  t o  t h e  

se r um e n zm y e ,  and a r e  c o n s i s t e n t  w i t h  t h e  d a t a  p r e s e n t e d  

h e r e  on t h e  k i d n e y  m e t a l l o e n d o p e p t i d a s e  ( T a b l e  1 1 ) .

The r e s u l t s  i n  T a b l e  17 show t h a t  t h e  c o n c e n t r a t i o n s  

o f  t h e s e  i n h i b i t o r s  ne e de d  t o  i n h i b i t  t h e  m e t a l l o e n d o p e p ­

t i d a s e  i n  c r u d e  s e r um a r e  a p p r o x i m a t e l y  10 t i m e s  g r e a t e r  

t h a n  t h o s e  r e p o r t e d  f o r  i n h i b i t i o n  o f  t h e  p u r i f i e d  k i d n e y  

enzyme ( T a b l e  1 1 ) .  When se r um was s u b j e c t e d  t o  S e ph ad e x  

G-200  g e l  f i l t r a t i o n  ( s e e  F i g u r e  9 ) ,  t h e  s e n s i t i v i t y  o f  t h e  

a c t i v e  f r a c t i o n s  t o  i n h i b i t i o n  by p h o s p h o r a m i d o n  and
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N - [ 1 - ( R , S ) - c a r b o x y - 2 - p h e n y l e t h y 1 ] - P h e - p A B  was s i m i l a r  t o  

t h a t  o f  t h e  k i d n e y  e n z y m e .  T h i s  s u g g e s t s  t h a t  t h e  l o w e r  

s e n s i t i v i t y  t o  i n h i b i t i o n  o f  t h e  enzyme i n  c r u d e  se rum 

m i g h t  be due t o  n o n - s p e c i f i c  b i n d i n g  o f  t h e  i n h i b i t o r s  t o  

p r o t e i n s  ( p r o b a b l y  a l b u m i n s )  t h a t  a r e  r e m o v e d  by S e phad ex  

G- 20 0  c h r o m a t o g r a p h y .

The s i m i l a r i t y  o f  t h e  human s e r u m and r a b b i t  k i d n e y  

m e t a l l o e n d o p e p t i d a s e s  i s  a l s o  shown by t h e i r  c r o s s r e a c ­

t i v i t y  i n  an a n t i c a t a l y t i c  i m m u n o i n h i b i t i o n  a s s a y .  B o t h  

t h e  se r um and k i d n e y  enzymes  w e r e  i n h i b i t e d  by an a n t i -  

s e r um p r e p a r e d  a g a i n s t  t h e  p u r i f i e d  r a b b i t  k i d n e y  - enzyme 

( F i g u r e  1 1 ) .  The human s e r u m enzyme was l e s s  s e n s i t i v e  t o  

i n h i b i t i o n ,  and has  a 5 0 % i n h i b i t i o n  p o i n t  w h i c h  i s  more  

t h a n  t w i c e  t h a t  o f  t h e  r a b b i t  k i d n e y  e n z y m e .  A t  h i g h e r  

a n t i b o d y  c o n c e n t r a t i o n s ,  b o t h  enz ymes  w e r e  i n h i b i t e d  a l m o s t  

c o m p l e t e l y .

F o r  t h e  p u r p o s e s  o f  c o n v e n i e n c e ,  m os t  o f  t h e  b i o c h e m ­

i c a l  s t u d i e s  on t h e  p r o p e r t i e s  o f  t h e  se r um enzyme we re  

c a r r i e d  o u t  on s e r a  w i t h  e l e v a t e d  a c t i v i t i e s  o b t a i n e d  f r o m  

p a t i e n t s  w i t h  s a r c o i d o s i s .  I n  s e v e r a l  e x p e r i m e n t s  i t  was 

s h o w n ,  h o w e v e r ,  t h a t  t h e  enzyme a c t i v i t y  i n  s e r um f r o m  

h e a l t h y  c o n t r o l s  i s  i n h i b i t e d  by d i t h i o t h r e i t o l , p h o s ­

p h o r a m i d o n ,  and a n t i - r a b b i t  k i d n e y  m e t a l l o e n d o p e p t i d a s e  

a n t i s e r u m  a t  t h e  same c o n c e n t r a t i o n s  and t o  t h e  same e x t e n t  

as t h e  enzyme i n  t h e  s e r um o f  s a r c o i d o s i s  p a t i e n t s .  T h i s  

i n d i c a t e s  t h a t  t h e  p r o p e r t i e s  o f  t h e  enzyme i n  c o n t r o l s  and
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FIGURE 1 1 .  I N H I B I T I O N  OF RABBIT KIDNEY AND HUMAN SERUM 

METALLOENDOPEPTIDASE BY A N T I - R A B B I T  KIDNEY 

METALLOENDOPEPTIDASE ANTISERUM.

R a b b i t  k i d n e y  enzyme was p r e p a r e d  as d e s c r i b e d  i n  " R e s u l t s " ,  
S e c t i o n  B.  Serum f r o m  a s a r c o i d o s i s  p a t i e n t  was p r o c e s s e d  
on S e ph a d e x  G-200  as d e s c r i b e d  i n  F i g u r e  9 .  A c t i v e  f r a c ­
t i o n s  we re  p o o l e d  and u sed  f o r  m e a s u r e m e n t s  o f  enzyme 
a c t i v i t y .  The l o g  d os e  r e s p o n s e  c u r v e s  we r e  g e n e r a t e d  by a 
c o m p u t e r  p r o g r a m  w h i c h  f i t s  t h e  p a r a m e t e r s  i n h i b i t i o n  v s .  
m i c r o l i t e r s  a n t i s e r u m )  t o  t h e  l o g i s t i c  e q u a t i o n  ( J o h n s o n ,  
1 9 8 2 ) .  D a t a  a r e  t h e  mean v a l u e s  + S . D .  o f  t h r e e  t o  f o u r  
d e t e r m i n a t i o n s .  P o i n t s  w i t h o u t  e r r o r  b a r s  r e p r e s e n t  t h e  
mean o f  two  d e t e r m i n a t i o n s .

" O - R a b b i t  k i d n e y  m e t a l l o e n d o p e p t i d a s e  i n c u b a t e d  w i t h  
a n t i - r a b b i t  k i d n e y  m e t a l l o e n d o p e p t i d a s e  a n t i s e r u m .

-♦ -H u m a n  se r um m e t a l l o e n d o p e p t i d a s e  i n c u b a t e d  w i t h  a n t i -  
r a b b i t  k i d n e y  m e t a l l o e n d o p e p t i d a s e  a n t i s e r u m .

R a b b i t  k i d n e y  m e t a l l o e n d o p e p t i d a s e  i n c u b a t e d  w i t h  
r a b b i t  p r e - i m m u n e  s e r u m .

A  Human se r um m e t a l l o e n d o p e p t i d a s e  i n c u b a t e d  w i t h  
r a b b i t  p r e - i m m u n e  s e r u m .
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i n  s a r c o i d c o s i s  p a t i e n t s  w i t h  e l e v a t e d  a c t i v i t y  a r e  t h e  

same.  I n c u b a t i o n s  c o n t a i n i n g  a se r um m i x t u r e  f r o m  a 

h e a l t h y  c o n t r o l  and f r o m  a s a r c o i d o s i s  p a t i e n t  w i t h  e l e v a t e d  

a c t i v i t y  p r o d u c e d  an a c t i v i t y  w h i c h  was t h e  sum o f  t h e  t w o .  

T h i s  r e s u l t  can  be i n t e r p r e t e d  as s h o w i n g  b o t h  t h e  a b s e n c e  

o f  a c t i v a t o r s  i n  s e r u m f r o m  s a r c o i d  p a t i e n t s  and t h e  

a b s e n c e  o f  i n h i b i t o r s  i n  s e r u m o f  h e a l t h y  c o n t r o l s .

G. SERUM METALLOENDOPEPTIDASE A C T I V I T Y  IN HEALTHY SUBJECTS,  
SARCOIDOSIS PATI ENTS,  AND PATIENTS WITH OTHER PULMONARY 
DISEASES

Serum m e t a l l o e n d o p e p t i d a s e  a c t i v i t i e s  w e r e  d e t e r m i n e d

i n  150 h e a l t h y  c o n t r o l s  and i n  95 p a t i e n t s  w i t h  s a r c o i d o s i s .

The d e s c r i p t i v e  s t a t i s t i c s  f o r  t h e  t wo  g r o u p s  a r e  s u m m a r i z e d

i n  T a b l e  18 .  The c o n t r o l s  c o n s i s t e d  o f  t h r e e  g r o u p s :

m e d i c a l  s t u d e n t s ,  f a c u l t y  and s t a f f ,  and h e a l t h y ,  anonymous
1

b l o o d  b an k  d o n o r s .  No s i g n i f i c a n t  d i f f e r e n c e s  w e r e  f o u n d  

among t h e  g r o u p s  u s i n g  t h e  K r u s k a l - W a l l i s  k - s a m p l e  t e s t ,  and 

so t h e  d a t a  t h e r e f o r e  w e r e  p o o l e d  t o  f o r m  t h e  c o n t r o l  g r o u p .  

Of  t h e  52 d o n o r s  whose  sex  was k n o w n ,  no s i g n i f i c a n t  d i f ­

f e r e n c e  i n  enzyme a c t i v i t y  was f o u n d  b e t w e e n  t h e  18 f e m a l e s  

and 34 m a l e s .  Enzyme a c t i v i t i e s  i n  t h e  s a r c o i d  g r o u p  

t e n d e d  t o  be h i g h e r  (mean = 9 . 0 6  u n i t s ;  m e d i a n  = 5 . 1 0 )  t h a n  

i n  t h e  c o n t r o l  g r o u p  (mean = 2 . 6 8  u n i t s ;  m e d i a n  = 1 . 8 0 ) .

A s t e m - a n d - l e a f  d i s p l a y  ( V e l l e m a n  and H o a g l i n ,  1 98 1 )  

o f  enzyme a c t i v i t i e s  i n  t h e  c o n t r o l  and s a r c o i d o s i s  g r o u p s

The l e v e l  o f  s i g n i f i c a n c e  f o r  a l l  s t a t i s t i c a l  t e s t s  
was 0 . 0 5 .
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T a b l e  1 8 .  D e s c r i p t i v e  S t a t i s t i c s  f o r  t h e  C o n t r o l  and 
S a r c o i d o s i s  G r o u p s 3

Group

S t a t i s t i c
C o n t r o l  

(n = 150 )
S a r c o i d o s i s  

( n  = 95 )

Mean 2 . 6 8 9 . 0 6

S t a n d a r d  D e v i a t i o n 3 . 0 9 1 2 . 5 6

Maximum 2 0 . 6 0 7 4 . 4 0

9 5 t h  P e r c e n t i l e 8 . 4 7 3 3 . 9 3

9 0 t h  P e r c e n t i l e 4 . 9 2 1 9 . 2 2

7 5 t h  P e r c e n t i l e 2 . 7 8 1 0 . 8 5

5 0 t h  P e r c e n t i l e  ( m e d i a n ) 1 . 8 0 5 . 1 0

2 5 t h  P e r c e n t i l e 1 .21 2 . 1 5

1 0 t h  P e r c e n t i l e 0 . 7 5 1 . 2 9

5 t h  P e r c e n t i l e 0 . 6 2 1 . 0 3

M in im um 0 . 1 5 0 . 4 9

a A l l  v a l u e s  a r e  i n  u n i t s  
ml  s e r u m ) .

o f  enzyme a c t i v i t y  ( n m o l / m i n /
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i s  g i v e n  i n  T a b l e  1 9 .  The d i s t r i b u t i o n  o f  v a l u e s  has a 

s i m i l a r  p a t t e r n  i n  b o t h  g r o u p s .  B o t h  d i s t r i b u t i o n s  were  

skewed  t o  t h e  r i g h t ;  i . e . ,  each  d i s t r i b u t i o n  p o s s e s s e d  some 

v a l u e s  w h i c h  we re  l a r g e  when c o m p a r ed  w i t h  t h e  m a j o r i t y  o f  

v a l u e s  w i t h i n  t h e  d i s t r i b u t i o n .  The two  g r o u p s  were  

c o m p a r e d  u s i n g  t h e  W i l c o x o n  Rank T e s t ,  and t h e  d i f f e r e n c e  

i n  enzyme l e v e l s  was f o u n d  t o  be s t a t i s t i c a l l y  s i g n i f i c a n t

( p < 0 . 001 ) .

I n  t h e  95 s a r c o i d o s i s  p a t i e n t s  s t u d i e d ,  enzyme a c t i v ­

i t i e s  we re  a n a l y z e d  w i t h  r e s p e c t  t o  s t a g e  o f  d i s e a s e  as 

d e f i n e d  by c h e s t  r o e n t g e n o g r a m .  T a b l e  20 s u m m a r i z e s  t h e  

mean enzyme a c t i v i t y  f o r  p a t i e n t s  w i t h i n  e ac h  s t a g e ,  and 

g i v e s  t h e  p e r c e n t a g e  o f  p a t i e n t s  w i t h i n  each  s t a g e  whose 

enzyme l e v e l  was g r e a t e r  t h a n  t h e  9 0 t h  p e r c e n t i l e  f o r  t h e

c o n t r o l  g r o u p  ( i . e . ,  > 5 u n i t s ) .  A d e f i n i t i o n  o f  t h e

r a d i o g r a p h i c  s t a g e s  i s  g i v e n  i n  t h e  l e g e n d  t o  t h i s  t a b l e  

( S i l t z b a c h ,  1 9 6 7 ) .

The h i g h e s t  mean enzyme a c t i v i t y  was s een  i n  p a t i e n t s  

w i t h  s t a g e  I I  x - r a y s .  The s t a g e s  0 ,  I  and I I I  g r o u p s  had 

mean v a l u e s  w h i c h  we re  l e s s  t h a n  h a l f  t h a t  o f  t h e  s t a g e  I I  

p a t i e n t s .  Enzyme a c t i v i t i e s  i n  t h e  v a r i o u s  g r o u p s  we re  com­

p a r e d  u s i n g  t h e  K r u s k a l - W a l l i s  k - s a m p l e  t e s t  and F i s c h e r ' s  

p r o t e c t e d  l e a s t  s i g n i f i c a n t  d i f f e r e n c e  t e s t  ( O t t ,  1 9 7 7 ) .  

S t a g e  I I  was f o u n d  t o  be s i g n i f i c a n t l y  d i f f e r e r i t  f r o m

s t a g e s  0 ,  I ,  I I I ,  and  c o n t r o l s ,  and s t a g e s  I ,  I I ,  and I I I

( b u t  n o t  0)  we re  f o u n d  t o  be s i g n i f i c a n t l y  d i f f e r e n t  f r o m
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Tab le  19 . Stem and L eaf D is p la y 3 o f  Enzyme A c t iv i t y  D is t r ib u t io n s  in  th e  C o n tro l and 
S arco id o s is  Groups

CONTROL SARCOIDOSIS
(n = 150) (n = 95)

U n its  x 10“ ^ U n its U n its  x 10_1

9999988877777666666654331 0 4679
999988888877777777666666655555555443333332222222222111111100 1 00012333455777899

97765544442222222211100000000 2 001124677889
9976444443321100 3 12245677

977633 4 3666
8742 5 001122446688

4 6 348
2 7 3

63 8 01124
7 9 03

10 1258
5 11 236
7 12 338

13 38
14
15

35

16
17

1

85 18 447
19 9

6 20

>21 ^ 2 2 .2 ,2 6 .8 ,2 9 .0 ,3 2 .2 ,  
4 0 .2 ,5 6 .4 ,6 7 .6 ,7 4 .4 .

a
The ta b le  is  a m o d ified  h is togram  which shows th e  in d iv id u a l  d a ta  p o in ts .  Each 

d i g i t  in  th e  rows la b e le d  CONTROL or SARCOIDOSIS re p res en ts  a s in g le  in d iv id u a l  w ith  an 
a c t iv i t y  eq u al to  th e  number o f  u n its  shown in  th e  c e n te r  column (UNITS) p lu s  th e  number 
o f  u n its  x 10“ ”* shown in  th e  rows la b e le d  CONTROL or SARCOIDOSIS. For exam ple, th e  row 
whose c e n te r column c o n ta in s  th e  d ig i t  6 re p res en ts  one h e a lth y  c o n tro l w ith  6 .4  u n its  
( l e f t  s id e )  and th re e  s a rc o id o s is  p a t ie n ts  having 6 .3  u n its ,  6 .4  u n its ,  and 6 .8  u n its  
( r ig h t  s id e ) .

^These rows d is p la y  a l l  a c t iv i t i e s  ( in  u n its )  th a t  were above 21 u n i ts .  These 
extrem e va lu e s  were found o n ly  in  th e  s a rc o id o s is  group.



109

T a b l e  2 0 .  Serum M e t a l l o e n d o p e p t i d a s e  A c t i v i t i e s  i n
V a r i o u s  R a d i o g r a p h i c  S t a g e s  o f  S a r c o i d o s i s

S t a g e 3
Number o f  
P a t i e n t s

Mean Enzyme 
( U n i t s )

0/
h

E l e v a t e d

0 11 4 . 1 36

I 29 6 . 3 41

I I 44 1 2 . 9 61

I I I 11 6 . 2 45

3 R a d i o g r a p h i c  s t a g e s  a r e  d e f i n e d  as f o l l o w s :
0 = W i t h i n  n o r m a l  l i m i t s ;  I  = H i l a r  l y m p h a d e n o p a t h y ;
I I  = H i l a r  l y m p h a d e n o p a t h y  w i t h  i n t e r s t i t i a l  i n f i l t r a t e s ;
I I I  = I n t e r s t i t i a l  i n f i l t r a t e s .

^ T h i s  c o l u m n  g i v e s  t h e  p e r c e n t a g e  o f  p a t i e n t s  i n  
e a c h  s t a g e  i n  whom enzyme a c t i v i t y  i s  a b o v e  t h e  9 0 t h  
p e r c e n t i l e  f o r  t h e  c o n t r o l  g r o u p .
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c o n t r o l s  ( p  < 0 . 0 5 ) .  I t  i s  n o t e w o r t h y ,  h o w e v e r ,  t h a t  

a l t h o u g h  s t a g e  I I  was s i g n i f i c a n t l y  d i f f e r e n t  f r o m  s t a g e s  

0 ,  I ,  and I I I ,  a p p r o x i m a t e l y  40 - 60% o f  p a t i e n t s  w i t h i n  each  

g r o u p  h av e  enzyme l e v e l s  o f  more  t h a n  5 u n i t s .

M e t a l l o e n d o p e p t i d a s e  a c t i v i t y  was a l s o  m e a s u r e d  i n  19 

p a t i e n t s  w i t h  p r i m a r y  p u l m o n a r y  n e o p l a s m s  (5  o f  whom had 

known m e t a s t a s e s ) ,  10 p a t i e n t s  w i t h  a c t i v e ,  s p u t u m  c u l t u r e  

p o s i t i v e  t u b e r c u l o s i s ,  and 9 p a t i e n t s  w i t h  i d i o p a t h i c  

i n t e r s t i t i a l  f i b r o s i s .  The mean a c t i v i t y  l e v e l  was 3 . 1  

u n i t s  + 2 . 9  ( S . D . )  f o r  t h e  p a t i e n t s  w i t h  n e o p l a s m s ,  2 . 5  

u n i t s  + ^ 1 . 0  f o r  t h e  p a t i e n t s  w i t h  t u b e r c u l o s i s  and 2 . 1  

u n i t s  + . 1 . 2  f o r  t h e  p a t i e n t s  w i t h  i n t e r s t i t i a l  p u l m o n a r y  

f i b r o s i s .  None o f  t h e s e  g r o u p s  s i g n i f i c a n t l y  d i f f e r e d  f r o m  

t h e  c o n t r o l s  ( K r u s k a l - W a l l i s  k - s a m p l e  t e s t ) .



V.  DISCUSSION

A. MEMBRANE-BOUND METALLOENDOPEPTIDASE

The i s o l a t i o n  and c h a r a c t e r i z a t i o n  by O r l o w s k i  and 

W i l k  ( 1 9 8 1 )  o f  a t h e r m o l y s i n - l i k e  m e t a l l o e n d o p e p t i d a s e  

p r e s e n t  i n  t h e  membrane  f r a c t i o n s  o f  b o v i n e  p i t u i t a r i e s  

p r o m p t e d  s t u d i e s  on t h e  p r o p e r t i e s  o f  t h i s  enzyme and on 

i t s  a c t i o n  on b i o l o g i c a l l y  a c t i v e  p e p t i d e s .  The f i n d i n g  

t h a t  t h e  enzyme c l e a v e s  t h e  G l y - P h e  bond i n  e n k e p h a l i n s  

p o se d  t h e  q u e s t i o n  o f  w h e t h e r  t h i s  enzyme i s  i d e n t i c a l  w i t h  

e n k e p h a l i n a s e , a m e m b r a n e - b o u n d  p e p t i d a s e  s u g g e s t e d  t o  

f u n c t i o n  as a s p e c i f i c  e n k e p h a l i n  i n a c t i v a t o r .  The d a t a  

p r e s e n t e d  h e r e  show t h a t  t h e  two  enzymes  have  s i m i l a r  

s e n s i t i v i t y  t o  i n h i b i t o r s ,  r e g i o n a l  d i s t r i b u t i o n  i n  b r a i n ,  

and s p e c i f i c i t y .  The l o w  s p e c i f i c  a c t i v i t y  o f  t h i s  enzyme 

i n  b r a i n  and p i t u i t a r y  make i t  e x t r e m e l y  d i f f i c u l t  t o  

i s o l a t e  as a h o m og e ne ou s  p r o t e i n ;  t h e  1 0 , 0 0 0 - f o l d  p u r i f i ­

c a t i o n  d e s c r i b e d  by O r l o w s k i  and W i l k  ( 1 9 8 1 )  r e s u l t s  i n  a 

p r e p a r a t i o n  c o n t a i n i n g  an i n a c t i v e  p r o t e i n  c o n t a m i n a n t .  

V a r i o u s  t i s s u e s  we re  t h e r e f o r e  s c r e e n e d  w i t h  t h e  p u r p o s e  o f  

f i n d i n g  a r i c h  s o u r c e  o f  t h e  enz y m e.  A f t e r  f i n d i n g  t h a t  

r a b b i t  k i d n e y  had t h e  h i g h e s t  s p e c i f i c  a c t i v i t y  o f  a l l  

t i s s u e s  s t u d i e d ,  a p u r i f i c a t i o n  p r o c e d u r e  was d e v e l o p e d  f o r
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i s o l a t i o n  o f  t h e  enzyme f r o m  t h i s  t i s s u e .  T h i s  f a c i l i t a t e d  

s t u d i e s  o f  t h e  i n t e r a c t i o n  o f  t h e  enzyme w i t h  s y n t h e t i c  

s u b s t r a t e s ,  n a t u r a l  p e p t i d e s ,  and i n h i b i t o r s .  The r a b b i t  

k i d n e y  m e t a l l o e n d o p e p t i d a s e  was a l s o  us ed  t o  r a i s e  s p e c i f i c  

a n t i s e r a  w h i c h  a l l o w e d  c o m p a r i s o n  o f  t h e  i m m u n o l o g i c a l  

p r o p e r t i e s  o f  t h i s  enzyme w i t h  m e t a l l o e n d o p e p t i d a s e  f r o m  

r a b b i t  b r a i n  and f r o m  human s e r u m .

B e c a u s e  t h e  enzyme has  been  p r o p o s e d  t o  a c t  v i v o  as 

a s p e c i f i c  i n a c t i v a t o r  o f  e n k e p h a l i n s ,  i t  was o f  i n t e r e s t  

t o  d e s i g n  a c t i v e  s i t e  d i r e c t e d  i n h i b i t o r s  w h i c h  c o u l d  be 

us ed  t o  t e s t  t h e  _in v i v o  f u n c t i o n  o f  t h e  e n z y m e .  T h i s  l e d  

t o  t h e  s y n t h e s i s  o f  N - ( 1 - c a r b o x y - 2 - p h e n y 1 e t h y 1 ) - P h e - p A B , an 

i n h i b i t o r  w i t h  a i n  t h e  n a n o m o l a r  r a n g e .  T h i s  compound  

and s e v e r a l  l e s s  p o t e n t  a n a l o g u e s  w e r e  t e s t e d  f o r  a n t i n o ­

c i c e p t i v e  a c t i v i t y  i n  t h e  r a t  t a i l - f l i c k  t e s t .

The r e s u l t s  r e p o r t e d  h e r e  s t r o n g l y  s u g g e s t  t h a t  t h e  

h i g h l y  p u r i f i e d  m e t a l l o e n d o p e p t i d a s e  f r o m  b o v i n e  p i t u i ­

t a r i e s  i s  i d e n t i c a l  w i t h  an e n d o p e p t i d a s e  a s s o c i a t e d  w i t h  

r a t  and r a b b i t  b r a i n  membrane f r a c t i o n s ,  and t h a t  t h e s e  

enzymes  a r e  a p p a r e n t l y  i d e n t i c a l  w i t h  t h e  enzyme r e f e r r e d  

t o  by s e v e r a l  o t h e r s  as e n k e p h a l i n a s e  ( A r r e g u i  e t  a l . ,

1 9 7 9 ;  B e n u c k  and M a r k s ,  1 9 8 0 ;  F o u r n i e - Z a l u s k i  e t  a l ,  1 9 7 9 ;  

G o r e n s t e i n  and S n y d e r ,  1 9 7 9 ;  Roques  e t  a l . ,  1 9 8 0 ;  S u l l i v a n  

e t  a l . ,  1 9 8 0 ;  V o g e l  and A l t s t e i n ,  1 9 8 0 ) .  A l l  o f  t h e s e



m e m b r a n e - a s s o c i a t e d  a c t i v i t i e s  c l e a v e  t h e  G l y - P h e  bond  i n  

M e t -  and L e u - e n k e p h a l i n , t h e y  s h a r e  a s i m i l a r  s p e c t r u m  o f  

i n h i b i t i o n  by t h i o l s  and m e t a l  c h e l a t o r s ,  and a r e  d i s t i n c t  

f r o m  t h e  a n g i o t e n s i n  c o n v e r t i n g  e n z y m e .  F u r t h e r m o r e ,  t h e  

p i t u i t a r y  m e t a l l o e n d o p e p t i d a s e  and t h e  enzyme a s s o c i a t e d  

w i t h  s t r i a t a l  membranes  a r e  i n h i b i t e d  by p h e n o b a r b i t a l  

( T a b l e  4 ) ,  r e p o r t e d  by A l t s t e i n  e t  a l .  ( 1 9 8 1 )  t o  i n h i b i t  

e n k e p h a l i n a s e  a c t i v i t y  i n  p u r i f i e d  s y n a p t o s o m e s . B e c a u s e  

t h e  enzyme r e l e a s e s  a C - t e r m i n a l  d i p e p t i d e  f r o m  t h e  

e n k e p h a l i n s ,  i t  was c l a s s i f i e d  by s e v e r a l  a u t h o r s  as a 

d i p e p t i d y l  c a r b o x y p e p t i d a s e  ( B e n u c k  and  M a r k s ,  1 9 8 0 ;  

F o u r n i e - Z a l u s k i  e t  a l . ,  1 9 7 9 ;  Roques  e t  a l . ,  1 9 8 0 ) .

I n  t h e s e  s t u d i e s  h o w e v e r ,  o n l y  c r u d e  enzyme p r e p a r a t i o n s  

w e r e  u s e d ,  and t h e  s p e c i f i c i t y  o f  t h e  enzyme was n o t  t e s t e d  

w i t h  p e p t i d e  s u b s t r a t e s  b l o c k e d  a t  b o t h  t h e  N-  and C-  

t e r m i n u s .  The r e s u l t s  o f  s p e c i f i c i t y  s t u d i e s  p r e s e n t e d  

h e r e  w i t h  s y n t h e t i c  p e p t i d e  n a p h t h y l a m i d e s  and w i t h  o x y ­

t o c i n ,  b r a d y k i n i n ,  n e u r o t e n s i n ,  and e n k e p h a l i n a m i d e  c l e a r l y  

i n d i c a t e  t h a t  t h e  enzyme i s  an e n d o p e p t i d a s e , and t h a t  i t  

a c t s  as a d i p e p t i d y l  c a r b o x y p e p t i d a s e  o n l y  on t h o s e  s u b ­

s t r a t e s  h a v i n g  a h y d r o p h o b i c  a m i n o  a c i d  i n  t h e  p e n u l t i m a t e  

p o s i t i o n  a t  t h e  C - t e r m i n u s .  The s p e c i f i c i t y  o f  t h e  enzyme 

i s  d i r e c t e d  t o w a r d  b o n ds  on t h e  a m in o  s i d e  o f  h y d r o p h o b i c  

a m in o  a c i d s  and i n  t h i s  r e s p e c t '  r e s e m b l e s  t h e  s p e c i f i c i t y  

o f  t h e r m o l y s i n  ( B l u m b e r g  e t  a l . ,  1 9 8 1 ) ,  a b a c t e r i a l  z i n c  

m e t a l l o e n d o p e p t i d a s e  ( M a t s u b a r a  e t  a l . ,  1 9 6 6 ) .
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The d a t a  i n  T a b l e  5 show t h a t  r a b b i t  k i d n e y  i s  a f a r  

more a b u n d a n t  s o u r c e  o f  t h e  enzyme t h a n  r a b b i t  b r a i n .  T h i s  

i s  c o n s i s t e n t  w i t h  r e p o r t s  by L l o r e n s  and S c h w a r t z  ( 1 9 8 1 )  

and by B e n u c k  e t  a l .  ( 1 9 8 1 )  w h i c h  h av e  d e s c r i b e d  t h e  

p r e s e n c e  o f  h i g h  e n k e p h a 1 i n a s e  a c t i v i t y  i n  k i d n e y  membrane 

f r a c t i o n s .  The p a r t i c u l a t e  f r a c t i o n s  o f  r a b b i t  k i d n e y  we re  

t h e r e f o r e  u sed  t o  c o n v e n i e n t l y  o b t a i n  l a r g e  q u a n t i t i e s  o f  a 

homogeneou s  e n z y m e .  The k i d n e y  enzyme can be e f f i c i e n t l y  

s o l u b i l i z e d  a f t e r  p r e p a r a t i o n  o f  a d e o x y c h o l a t e  e x t r a c t ,  

r e m o v a l  o f  e x c e s s  d e o x y c h o l a t e  w i t h  s t r e p t o m y c i n  s u l f a t e ,  

and a s u b s e q u e n t  s h o r t  ( 9 0 - m i n )  t r e a t m e n t  w i t h  p a p a i n .  The 

s o l u b i l i z e d  enzyme c a n  be r e a d i l y  s e p a r a t e d  f r o m  o t h e r  

m e m b r a n e - b o u n d  k i d n e y  p e p t i d a s e s  on t h e  b a s i s  o f  m o l e c u l a r  

s i z e ,  h y d r o p h o b i c  i n t e r a c t i o n s ,  and c h a r g e  d i f f e r e n c e s .

T h u s ,  c h r o m a t o g r a p h y  on Se p h a d e x  G-200  c o l u m n s  r emo ved  

d i p e p t i d y l  a m i n o p e p t i d a s e  I V ,  an enzyme h a v i n g  a m o l e c u l a r  

w e i g h t  more t h a n  t w i c e  t h a t  o f  t h e  m e t a l l o e n d o p e p t i d a s e  

( M c D o n a l d  and S c h w ab e ,  1 9 7 7 ) ;  h y d r o p h o b i c  c h r o m a t o g r a p h y  on 

p h e n y 1 - S e p h a r o s e  e l i m i n a t e d  t h e  c o n t a m i n a t i o n  by a m i n o p e p ­

t i d a s e  M; and  c h r o m a t o g r a p h y  on c a r b o x y m e t h y I c e  1 1 u l o s e  

e l i m i n a t e d  t h e  a c c o m p a n y i n g  y - g l u t a m y l  t r a n s p e p t i d a s e ,  an 

enzyme c l o s e l y  a s s o c i a t e d  w i t h  k i d n e y  b r u s h  b o r d e r  membranes  

( A l b e r t  e t  a l . ,  1 9 6 1 ;  O r l o w s k i  and M e i s t e r ,  1 9 6 5 ) .

E l e c t r o p h o r e s i s  o f  t h e  enzyme u n d e r  n o n - d i s s o c i a t i n g  

c o n d i t i o n s  g av e  one m a j o r  and one m i n o r  p r o t e i n  b a n d ,  

b o t h  o f  w h i c h  we re  f o u n d  t o  c o n t a i n  m e t a l l o e n d o p e p t i d a s e
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a c t i v i t y .  E l e c t r o p h o r e s i s  u n d e r  d i s s o c i a t i n g  c o n d i t i o n s  

(0 .1 ?o NaDodSO^)  r e v e a l e d  a s i n g l e  s h a r p  band ( F i g u r e  1 ) .

I t  was t h e r e f o r e  c o n c l u d e d  t h a t  t h e  enzyme was p u r i f i e d  t o  

a p p a r e n t  h o m o g e n e i t y ,  and t h a t  i t  i s  c o m p r i s e d  o f  c h a r g e  

i s o m e r s  w h i c h  a p p e a r  as d i f f u s e  b a n d s  u n d e r  n o n - d i s s o c i a t ­

i n g  c o n d i t i o n s .  I t  i s  p o s s i b l e  t h a t  t h e s e  c h a r g e  i s o m e r s  

r e s u l t  f r o m  d i f f e r e n c e s  i n  t h e  c a r b o h y d r a t e  c o m p o s i t i o n  

o f  d i f f e r e n t  enzyme m o l e c u l e s .

The k i d n e y  enzyme had a m o l e c u l a r  w e i g h t  o f  a p p r o x i ­

m a t e l y  9 5 , 0 0 0  as d e t e r m i n e d  by g e l  f i l t r a t i o n  on S e phad ex  

G-200  and e l e c t r o p h o r e s i s  i n  t h e  p r e s e n c e  o f  NaDodSO^,  and 

seemed t o  be c omposed  o f  a s i n g l e  p o l y p e p t i d e  c h a i n .  I t  

was s e n s i t i v e  t o  i n h i b i t i o n  by t h i o l s  and m e t a l  c h e l a t o r s  

and r e s i s t a n t  t o  i n h i b i t i o n  by t h i o l  b l o c k i n g  a g e n t s ,

DFP, and s e v e r a l  t h i o l ,  s e r i n e ,  and c a r b o x y l  p r o t e a s e  

i n h i b i t o r s  o f  b a c t e r i a l  o r i g i n  s u ch  as l e u p e p t i n ,  c hy mo-  

s t a t i n ,  a n t i p a i n ,  and p e p s t a t i n .  A c t i v i t y  was s t r o n g l y  

i n h i b i t e d  by t h i o r p h a n  and p h o s p h o r a m i d o n , b o t h  o f  w h i c h  

a r e  known t o  s t r o n g l y  i n h i b i t  b r a i n  e n k e p h a l i n a s e  and 

k i d n e y  n e u t r a l  m e t a l l o e n d o p e p t i d a s e  ( F u l c h e r  e t  a l . ,  1 9 8 2 ;  

H u d g i n  e t  a l . ,  1 9 8 1 ;  Roques  e t  a l . ,  1 9 8 0 ) .

The s p e c i f i c i t y  o f  t h e  r a b b i t  k i d n e y  m e t a l l o e n d o p e p ­

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

r e s e m b l e s  t h e  s p e c i f i c i t y  o f  t h e  enzyme p u r i f i e d  f r o m  

membrane f r a c t i o n s  o f  b o v i n e  p i t u i t a r y  ( O r l o w s k i  and W i l k ,  

1 9 8 1 ;  see a l s o  T a b l e  2 ) .  A h y d r o p h o b i c  r e s i d u e  on t h e
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p o s i t i o n  i s  r e q u i r e d  f o r  a c t i v i t y  o f  b o t h  t h e s e  e n z y m e s ,  

and r e p l a c e m e n t  o f  t h i s  r e s i d u e  by s m a l l  n e u t r a l  am ino  a c i d s  

s u c h  as a l a n i n e  o r  g l y c i n e  g r e a t l y  d i m i n i s h e s  o r  v i r t u a l l y  

e l i m i n a t e s  a c t i v i t y .  I t  i s  o f  i n t e r e s t  t h a t  h i g h  ( k  , . /K )
C a t  m

r a t i o s  a r e  o b t a i n e d  w i t h  t h o s e  s u b s t r a t e s  h a v i n g  e i t h e r  

a r g i n i n e  o r  a l a n i n e  r e s i d u e s  i n  p o s i t i o n s  P  ̂ and P 

A p p a r e n t l y ,  t h e  and S£ s u b s i t e s  o f  t h e s e  enzymes  a cc om ­

m o d a t e  w e l l  e i t h e r  s m a l l  n e u t r a l  am in o  a c i d s  o r  b a s i c  a m in o  

a c i d  r e s i d u e s .  T h u s ,  s y n t h e t i c  c h r o m o g e n i c  s u b s t r a t e s  

h a v i n g  a h y d r o p h o b i c  r e s i d u e  i n  t h e  P^ ' p o s i t i o n  and e i t h e r  

s m a l l  n e u t r a l  o r  b a s i c  r e s i d u e s  i n  p o s i t i o n s  P^ and can 

be u s e d  f o r  t h e  c o n v e n i e n t  and s e n s i t i v e  d e t e r m i n a t i o n  o f  

enzyme a c t i v i t y  i n  a c o u p l e d  enzyme a s s a y  w i t h  a m i n o p e p t i -  

dase  M, as d e s c r i b e d  h e r e .  Such s u b s t r a t e s  a r e  p a r t i c u l a r l y  

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

f o r  t h e  d e t e r m i n a t i o n  o f  a c t i v i t y  o f  b a c t e r i a l  m e t a l l o e n -  

d o p e p t i d a s e s  i n c l u d i n g  t h e r m o l y s i n .

K i d n e y  m e t a l l o e n d o p e p t i d a s e  a l s o  showed t h e  same s p e c i ­

f i c i t y  as t h e  p i t u i t a r y  enzyme w i t h  r e s p e c t  t o  h y d r o l y s i s  

o f  n a t u r a l l y  o c c u r r i n g  p e p t i d e s .  B o t h  enzymes  h y d r o l y z e d  

■the G l y - P h e  bond  i n  M e t -  and L e u - e n k e p h a l i n  and i n  M e t -  

e n k e p h a l i n a m i d e  and a l s o  r e a d i l y  h y d r o l y z e d  b o n d s  on t h e  

a m i no  s i d e  o f  h y d r o p h o b i c  r e s i d u e s  i n  s e v e r a l  o t h e r  b i o ­

l o g i c a l l y  a c t i v e  p e p t i d e s .

T h e r e  i s  a g r o w i n g  i n t e r e s t  i n  i n h i b i t o r s  o f  z i n c  m e t -  

a l l o p e p t i d a s e s ,  b e c a u s e  o f  t h e i r  p o t e n t i a l  p h a r m a c o l o g i c a l



e f f e c t s ,  w h i c h  a r e  r e l a t e d  t o  t h e  f u n c t i o n  o f  t h e s e  enzymes  

i n  v i v o . F o r  e x a m p l e ,  c a p t o p r i l  ( D - 3 - m e r c a p t o - 2 - m e t h y l p r o -  

p a n o y l - L - p r o l i n e ) ,  an i n h i b i t o r  o f  a n g i o t e n s i n  c o n v e r t i n g  

e n z ym e ,  has  f o u n d  a p p l i c a t i o n  i n  t h e  t r e a t m e n t  o f  h y p e r ­

t e n s i o n  ( A n t o n a c c i o  and Cushman,  1 9 8 1 ) ;  and N - c a r b o x y m e t h y l  

d i p e p t i d e s ,  a new c l a s s  o f  c o n v e r t i n g  enzyme i n h i b i t o r s ,  

may f i n d  t h e  same a p p l i c a t i o n  ( P a t c h e t t  e t  a l . ,  1 9 8 0 ) .

W i t h  t h e  p o t e n t i a l  r o l e  o f  t h e  m e t a l l o e n d o p e p t i d a s e  

d e s c r i b e d  h e r e  i n  t h e  d e g r a d a t i o n  o f  e n k e p h a l i n s  and o t h e r  

n e u r o p e p t i d e s ,  i n h i b i t o r s  o f  t h i s  enzyme a r e  o f  i n t e r e s t  

b e c a u s e  o f  t h e i r  p o t e n t i a l  p h a r m a c o l o g i c a l  e f f e c t s .  I n d e e d ,  

s t u d y  o f  suc h  e f f e c t s  may p r o v i d e  c l u e s  t o  t h e  p h y s i o l o g i c a l  

f u n c t i o n  o f  t h i s  enzyme _in v i v o . T h e r e  a r e  c l e a r  s i m i l a r ­

i t i e s  i n  t h e  b a s i c  m e c h a n i s m  o f  a c t i o n  o f  t h e  a n g i o t e n s i n  

c o n v e r t i n g  enz y m e ,  t h e  k i d n e y  m e t a l l o e n d o p e p t i d a s e  d e s c r i b e d  

h e r e ,  t h e r m o l y s i n ,  and  a l s o  c a r b o x y p e p t i d a s e s  A and B.  A l l  

o f  t h e s e  enzymes  have  a z i n c  a tom i n  t h e  a c t i v e  s i t e  t h a t  

p a r t i c i p a t e s  i n  c a t a l y s i s  by p o l a r i z i n g  t h e  c a r b o n y l  g r o u p  

o f  t h e  bond u n d e r g o i n g  h y d r o l y s i s .  D i f f e r e n c e s  b e t w e e n  t h e  

enz y mes  r e l a t e  t o  s u b s t r a t e  s p e c i f i c i t y  and b i n d i n g .  

A c c o r d i n g l y ,  p r i n c i p l e s  o f  d e s i g n  o f  p o t e n t  i n h i b i t o r s  o f  

t h e s e  enzymes  a r e  b a s e d  on t h e  need  f o r  t h e  p r e s e n c e  o f  a 

g r o u p  c a p a b l e  o f  i n t e r a c t i n g  w i t h  t h e  z i n c  a tom i n  t h e  

a c t i v e  s i t e ,  i n  a n a l o g y  t o  t h e  i n t e r a c t i o n  o f  t h e  c a r b o n y l  

o x y g e n  o f  t h e  h y d r o y l z e d  bon d  w i t h  t h i s  z i n c  a t o m ,  and i n  

t h e  p r e s e n c e  o f  a g r o u p  w i t h  o p t i m a l  b i n d i n g  c h a r a c t e r i s t i c s  

t o  t h e  s u b s t r a t e  b i n d i n g  s i t e  o f  t h e  enz y me .
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T h e r m o l y s i n  and t h e  k i d n e y  m e t a l l o e n d o p e p t i d a s e  a r e  

c l o s e l y  r e l a t e d  w i t h  r e s p e c t  t o  s p e c i f i c i t y  i n  t h a t  a 

h y d r o p h o b i c  r e s i d u e  i n  t h e  P ^ '  p o s i t i o n  i s  n e e d e d  f o r  

e f f e c t i v e  b i n d i n g .  A l t h o u g h  b o t h  o f  t h e s e  enzymes  can  a c t  

as d i p e p t i d y l  c a r b o x y p e p t i d a s e s  on p e p t i d e s  h a v i n g  a 

h y d r o p h o b i c  r e s i d u e  i n  t h e  p e n u l t i m a t e  p o s i t i o n ,  u n l i k e  t h e  

a n g i o t e n s i n  c o n v e r t i n g  e n z y m e ,  a f r e e  c a r b o x y l  g r o u p  i s  n o t  

r e q u i r e d  f o r  a c t i v i t y .  S e v e r a l  p o t e n t  s y n t h e t i c  t h e r m o l y s i n  

i n h i b i t o r s  h av e  bee n  d e s c r i b e d  (Kam e t  a l . ,  1 9 7 9 ;  M a y c oc k  

e t  a l . ,  1 9 8 1 ;  N i s h i n o  and P o w e r s ,  1 9 7 9 ) .  Each o f  t h e s e  

i n h i b i t o r s  c o n t a i n s  a p e p t i d e  c a p a b l e  o f  i n t e r a c t i n g  w i t h  

t h e  s u b s t r a t e  b i n d i n g  s i t e  o f  t h e  enzyme and a g r o u p  s u c h  

as a h y d r o x a m i c  a c i d ,  p h o s p h o r a m i d a t e , t h i o l ,  o r  c a r b o x y l  

c a p a b l e  o f  c o o r d i n a t i n g  w i t h  t h e  z i n c  a tom o f  t h e  a c t i v e  

s i t e .  I t  was a n t i c i p a t e d  t h a t  s i m i l a r  compounds  w o u l d  be 

e f f e c t i v e  i n h i b i t o r s  o f  t h e  k i d n e y  m e t a l l o e n d o p e p t i d a s e .  

I n d e e d ,  i n h i b i t i o n  o f  t h e  enzyme by p h o s p h o r a m i d o n , a 

n a t u r a l l y  o c c u r r i n g  a n a l o g u e  o f  a s e r i e s  o f  p h o s p h o r a m i d a t e s  

s y n t h e s i z e d  by Kam e t  a l .  ( 1 9 7 9 ) ,  s u p p o r t s  t h i s  c o n c l u s i o n .  

The use o f  p h o s p h o r a m i d a t e s  i n  _in_ v i v o  e x p e r i m e n t s  p r e s e n t s  

d i f f i c u l t i e s  due t o  t h e i r  s u s c e p t i b i l i t y  t o  e n z y m a t i c  

d e g r a d a t i o n .  S i m i l a r l y ,  t h i o l - c o n t a i n i n g  i n h i b i t o r s  s u c h  

as t h i o r p h a n  may p r e s e n t  p r o b l e m s  r e l a t e d  t o  t h e  f a c i l e  

o x i d a t i o n  o f  t h e  s u l f h y d r y l  g r o u p .

N - c a r b o x y m e t h y 1 d e r i v a t i v e s  o f  a m in o  a c i d  a m i d e s  c o n ­

t a i n i n g  p - a m i n o b e n z o a t e  i n  a m i de  l i n k a g e  w e r e  t h e r e f o r e



s y n t h e s i z e d  as p o t e n t i a l  i n h i b i t o r s  o f  t h e  e n z y m e .  T h i s

a p p r o a c h  was b a s e d  on t h e  f i n d i n g  t h a t  t h e  enzyme i s

i n h i b i t e d  by d i p e p t i d e s  h a v i n g  a p h e n y l a l a n y l  r e s i d u e  on

t h e  a m in o  s i d e  and t h a t  Phe -pAB i t s e l f  i s  a p o t e n t  i n h i b i t o r

w i t h  a i n  t h e  m i c r o m o l a r  r a n g e .  I t  was e x p e c t e d

t h a t  a d d i t i o n  o f  a z i n c - b i n d i n g  g r o u p  t o  Phe -pAB s h o u l d

g r e a t l y  i n c r e a s e  i t s  i n h i b i t o r y  p o t e n c y .  I n d e e d ,  N — (1 —

c a r b o x y - 2 - p h e n y l e t h y l ) d e r i v a t i v e s  o f  Phe -pAB h av e  p r o v e d

t o  be p o t e n t  i n h i b i t o r s  o f  t h e  e n z y m e ,  w i t h  t h e  m os t  a c t i v e

—  8d i a s t e r e o m e r  h a v i n g  a o f  2 . 4  x 10 M. As e x p e c t e d ,  t h e  

a l a n y l  and g l y c y l  a n a l o g u e s  o f  t h i s  i n h i b i t o r  w e r e  f a r  l e s s  

p o t e n t  t h a n  t h e  p h e n y l a l a n y l  d e r i v a t i v e ,  t h e r e b y  r e f l e c t i n g  

t h e  l o w e r  b i n d i n g  a f f i n i t y  o f  a l a n i n e  and g l y c i n e  t o  t h e  

h y d r o p h o b i c  p o c k e t  o f  t h e  e n z y m e .  On t h e  b a s i s  o f  t h e  

a v a i l a b l e  i n f o r m a t i o n ,  t h e  mode o f  b i n d i n g  o f  t h e  i n h i b i t o r  

t o  t h e  enzyme c an  be p r e s e n t e d  s c h e m a t i c a l l y  as shown i n  

F i g u r e  1 2 .  T h i s  s i m p l i f i e d  scheme d oe s  n o t  c o n s i d e r  t h e  

c o n t r i b u t i o n s  t o  b i n d i n g  p r o v i d e d  by t h e  c a r b o n y l  g r o u p  o f  

t h e  Phe-pAB bond  and by t h e  c a r b o x y l a t e  g r o u p  o f  p - a m i n o -  

b e n z o a t e .  T h a t  t h e s e  g r o u p s  c o n t r i b u t e  t o  b i n d i n g  i s  

s u g g e s t e d  by t h e  f i n d i n g  t h a t  Phe-pAB i s  s t r o n g l y  i n h i b i t o r y  

w h i l e  f r e e  p h e n y l a l a n i n e  i s  n o t .  T h i s  b i n d i n g  mode p r e ­

s e n t e d  i n  F i g u r e  12 i s  s i m i l a r  t o  t h a t  p r e s e n t e d  f o r  s e v e r a l  

i n h i b i t o r s  o f . t h e r m o l y s i n  ( H o l m e s  and M a t t h e w s ,  1 9 8 1 ;  Kam 

e t  a l . ,  1 9 7 9 ;  N i s h i n o  and P o w e r s ,  1 9 7 9 ) .  A n o t h e r  f a c t o r  

t h o u g h t  t o  c o n t r i b u t e  t o  t h e  i n h i b i t o r y  p o t e n c y  o f  t h e
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N - c a r b o x y m e t h y 1 d e r i v a t i v e s  i s  t h e i r  r e s e m b l a n c e  t o  t h e  

t e t r a h e d r a l  t r a n s i t i o n  s t a t e  i n v o l v e d  i n  t h e  h y d r o l y s i s  o f  

p e p t i d e  s u b s t r a t e s  ( P a t c h e t t  e t  a l . ,  1 9 8 0 ) .

The p r o c e d u r e  d e s c r i b e d  f o r  p u r i f i c a t i o n  o f  t h e  

k i d n e y  m e t a l l o e n d o p e p t i d a s e  has  a l s o  f a c i l i t a t e d  i s o l a t i o n  

o f  t h e  enzyme f r o m  b r a i n .  A 3 7 4 - f o l d  p u r i f i c a t i o n  o f  t h e  

b r a i n  enzyme was a t t a i n e d .  A l t h o u g h  t h e  s p e c i f i c  a c t i v i t y  

o f  t h e  b r a i n  enzyme i s  much l o w e r  t h a n  t h a t  o f  t h e  k i d n e y  

en z y me ,  t h i s  r e f l e c t s  t h e  f a c t  t h a t  t h e  s p e c i f i c  a c t i v i t y  

o f  a d e o x y c h o l a t e  e x t r a c t  o f  b r a i n  membr anes  i s  o n l y  0.3?o 

t h a t  o f  k i d n e y  m e m b r a n e s .  N e v e r t h e l e s s ,  t h e  b r a i n  enzyme 

was f r e e  o f  c o n t a m i n a t i o n  w i t h  a m i n o p e p t i d a s e , an enzyme 

i n t e r f e r i n g  i n  s t u d i e s  o f  e n k e p h a l i n  d e g r a d a t i o n  by t h e  

m e t a l l o e n d o p e p t i d a s e .

E x p e r i m e n t s  s howed  t h a t  t h e  b r a i n  and k i d n e y  enz y mes  

a r e  i d e n t i c a l  w i t h  r e s p e c t  t o  pH o p t i m u m ,  m o l e c u l a r  w e i g h t  

( a s  j u d g e d  f r o m  e l u t i o n  v o l u m e s  r e c o r d e d  d u r i n g  Se p h a d e x  

G- 2 0 0  c h r o m a t o g r a p h y )  and s u b s t r a t e  s p e c i f i c i t y .  B o t h  

enz y mes  h y d r o l y z e  s e v e r a l  s y n t h e t i c  s u b s t r a t e s  w i t h  t h e  

same r e l a t i v e  v e l o c i t i e s  ( T a b l e  13)  and b o t h  h y d r o l y z e  t h e  

G l y - P h e  bon d  i n  M e t -  and L e u - e n k e p h a l i n . I n  a d d i t i o n ,  t h e  

same p u r i f i c a t i o n  p r o c e d u r e  can  be us e d  f o r  t h e  i s o l a t i o n  o f  

b o t h  e n z y m e s .

The c l o s e  s i m i l a r i t y ,  i f  n o t  i d e n t i t y ,  o f  t h e  t wo  

enz y mes  i s  s u p p o r t e d  by s t u d i e s  on t h e  e f f e c t  o f  a c t i v e  

s i t e  d i r e c t e d  i n h i b i t o r s .  The v a l u e s  o b t a i n e d  f o r
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p h o s p h o r a m i d o n  a r e  i n  a g r e e m e n t  w i t h  t h o s e  r e p o r t e d  by 

Kenny  ( 1 9 7 7 )  f o r  t h e  k i d n e y  n e u t r a l  m e t a l l o e n d o p e p t i d a s e  

and more  r e c e n t l y  by M a l f r o y  and S c h w a r t z  ( 1 9 8 2 )  f o r  r a t  

k i d n e y  and mouse s t r i a t a l  me mb r a n e s .  T h i o r p h a n ,  an e n k e -  

p h a l i n a s e  i n h i b i t o r  ( R o q u e s  e t  a l . ,  1 98 0 )  i n h i b i t e d  t h e  

b r a i n  and k i d n e y  enz y me s  w i t h  a s i m i l a r  K ^ ,  a g a i n  s u g g e s t ­

i n g  t h a t  t wo  enz y mes  a r e  c l o s e l y  r e l a t e d  and a p p a r e n t l y  

i d e n t i c a l  w i t h  e n k e p h a l i n a s e . The i n h i b i t i o n  o f  b o t h  

enz y mes  by N--[ 1 -  ( R , S ) -  c a r b o x y - 2 - p h e  ny 1 e t h y  1 ] d e r i v a t i v e s  

o f  Ph e - p AB and A l a - p A B ,  t wo  s p e c i f i c  i n h i b i t o r s ,  a g a i n  

s u p p o r t s  t h e  s t r o n g  s i m i l a r i t y  o f  t h e  e n z y me s .

S i m i l a r  c o n c l u s i o n s  can be d e r i v e d  f r o m  i m m u n o l o g i c a l  

c r o s s r e a c t i v i t y  o b s e r v e d  b e t w e e n  t h e  k i d n e y  m e t a l l o e n d o p e p ­

t i d a s e  and t h e  b r a i n  en z y me .  A n t i c a t a l y t i c  i m m u n o i n h i b i t i o n  

t e c h n i q u e s  have been  a v a l u a b l e  t o o l  f o r  s t u d y i n g  t h e  

r e l a t i o n s h i p  o f  p r o t e o l y t i c  enz y mes  f r o m  d i f f e r e n t  t i s s u e s .  

A n d r e ws  e t  a l .  ( 1 9 8 2 )  and H e r s h  ( 1 9 8 1 b )  hav e  used  t h i s  

a p p r o a c h  t o  a n a l y z e  t h e  p r o p e r t i e s  o f  p r o l y l  e n d o p e p t i d a s e  

f r o m v a r i o u s  t i s s u e s  and s p e c i e s .  Das and S o f f e r  ( 1 9 7 6 )  

have  used  t h i s  t e c h n i q u e  t o  s t u d y  t h e  p r o p e r t i e s  o f  t h e  

a n g i o t e n s i n  c o n v e r t i n g  enzyme f r o m  v a r i o u s  s o u r c e s .  Kenny  

and h i s  c o - w o r k e r s  ( D a n i e l s e n  e t  a l . ,  1 98 0 )  r a i s e d  a n t i -  

s e r a  t o  hog k i d n e y  m i c r o v i l l a r  membr anes  and d e m o n s t r a t e d  

c r o s s r e a c t i v i t y  b e t w e e n  t h e  k i d n e y  n e u t r a l  m e t a l l o e n ­

d o p e p t i d a s e  and a s i m i l a r  enzyme f o u n d  i n  i n t e s t i n a l  

membr anes  .
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D e s p i t e  t h e  c l o s e  s i m i l a r i t y  o f  t h e  b r a i n  and k i d n e y  

m e t a l l o e n d o p e p t i d a s e s , t h e  d i f f e r e n c e s  b e t w e e n  t h e  t wo  

enz y mes  c a n n o t  be n e g l e c t e d .  These  d i f f e r e n c e s  a r e  

e x p r e s s e d  i n  t h e  s omewha t  l o w e r  v a l u e s  o f  p h o s p h o r a m i d o n  

and N - [1 - ( R , S ) - c a r b o x y - 2 - p h e n y 1e t h y 1 ]  d e r i v a t i v e s  o f  P h e -  

pAB and A l a - p A B  t o w a r d  t h e  b r a i n  e n z y me .  They  a r e  a l s o  

e x p r e s s e d  i n  t h e  s l i g h t l y  h i g h e r  s e n s i t i v i t y  t o  i n h i b i t i o n  

by a n t i b o d i e s  o f  t h e  k i d n e y  enzyme t h a n  o f  t h e  b r a i n  enzyme 

( F i g u r e  4 ) .  I n d e e d ,  O u c h t e r l o n y  i m m u n o d i f f u s i o n  e x p e r i ­

m e n t s  g av e  r e s u l t s  s u g g e s t i v e  o f  t h e  p r e s e n c e  o f  a n t i g e n i c  

d e t e r m i n a n t s  on t h e  k i d n e y  enzyme t h a t  a r e  n o t  p r e s e n t  on 

t h e  b r a i n  enzyme ( F i g u r e s  3 - 7 ) .  The u n d e r l y i n g  r e a s o n s  f o r  

t h e s e  d i f f e r e n c e s  a r e  u n k n o w n .  The k i d n e y  enzyme seems t o  

be a s s o c i a t e d  w i t h  t h e  b r u s h  b o r d e r  ( K e r r  and  K e n n y ,

1 9 7 4 a ) ,  a s t r u c t u r e  n o t  p r e s e n t  i n  b r a i n  t i s s u e .  L i k e  o t h e r  

b r u s h  b o r d e r  e n z y m e s ,  t h e  m e t a l l o e n d o p e p t i d a s e  i s  a g l y c o ­

p r o t e i n  and t h u s  t h e  c a r b o h y d r a t e  p a r t  o f  t h e  m o l e c u l e  may 

be g u a n t i t a t i v e l y  and ev en  q u a l i t a t i v e l y  q u i t e  d i f f e r e n t  

f r o m  t h a t  o f  t h e  b r a i n  e n z y me .  These  d i f f e r e n c e s  m i g h t  w e l l  

a c c o u n t  f o r  t h e  s m a l l  i m m u n o l o g i c a l  d i f f e r e n c e s  b e t w e e n  t h e  

t wo  e n z y m e s .  A l t h o u g h  n o t  c h a n g i n g  t h e  s p e c i f i c i t y  o f  t h e  

en z y me ,  s u c h  d i f f e r e n c e s  c o u l d  i n d u c e  s m a l l  c h a n g e s  i n  t h e  

c o n f o r m a t i o n  o f  t h e  p r o t e i n  and i t s  a c t i v e  s i t e ,  t h e r e b y  

a f f e c t i n g  t h e  b i n d i n g  c h a r a c t e r i s t i c s  o f  t h e  i n h i b i t o r s .  

W h i l e  t h i s  e x p l a n a t i o n  seems a t t r a c t i v e ,  t h e  p o s s i b i l i t y  

c a n n o t  be e x c l u d e d  t h a t  t h e  a mi n o  a c i d  s e q u e n c e s  o f  t h e  t wo
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enzy mes  may n o t  be c o m p l e t e l y  i d e n t i c a l .  F u t u r e  s t u d i e s  o f  

t h e  s t r u c t u r e  o f  t h e  t wo p r o t e i n s  s h o u l d  e s t a b l i s h  t h e  

e x a c t  n a t u r e  o f  t h e  o b s e r v e d  d i f f e r e n c e s .
4

The c h a r a c t e r i s t i c s  o f  t h e  k i d n e y  m e t a l l o e n d o p e p t i d a s e  

d e s c r i b e d  h e r e  i n d i c a t e  t h a t  i t  i s  a p p a r e n t l y  i d e n t i c a l  

w i t h  t h a t  p u r i f i e d  by K e r r  and Kenny  ( 1 9 7 4 a ) ,  f r o m  r a b b i t  

k i d n e y  b r u s h  b o r d e r  p r e p a r a t i o n s ,  and shown t o  c l e a v e  t h e  B 

c h a i n  o f  i n s u l i n , , b y  h y d r o l y z i n g  b o n d s  i n v o l v i n g  t h e  a mi no  

g r o u p  o f  h y d r o p h o b i c  r e s i d u e s .  The enzyme a l s o  a p p e a r s  t o  

have p r o p e r t i e s  s i m i l a r  t o  t h o s e  o f  a n e u t r a l  m e t a l l o e n d o ­

p e p t i d a s e  i s o l a t e d  f r o m  b o v i n e  p i t u i t a r i e s  ( O r l o w s k i  and 

W i l k ,  19 8 1 )  and a l s o  d e t e c t e d  i n  p a n c r e a t i c  membr ane p r e p a r ­

a t i o n s  ( M u m f o r d  e t  a l . ,  1 9 8 0 ) ,  and i n  t h e  r a b b i t  and r a t  

b r a i n  p r e p a r a t i o n s  d e s c r i b e d  h e r e .  A l l  o f  t h e s e  enz y mes  

a r e  m e m b r a n e - b o u n d  e n d o p e p t i d a s e s  e x h i b i t i n g  a t h e r m o l y s i n -  

l i k e  s p e c i f i c i t y .  A l l  s h a r e  t h e  common p r o p e r t y  o f  b e i n g  

s e n s i t i v e -  t o  i n h i b i t i o n  by t h i o l s  and by m e t a l  c h e l a t o r s  

and b e i n g  r e s i s t a n t  t o  i n h i b i t i o n  by t h i o l  b l o c k i n g  a g e n t s ,  

DFP, and s e v e r a l  t h i o l ,  s e r i n e ,  and c a r b o x y l  p r o t e a s e  

i n h i b i t o r s  o f  b a c t e r i a l  o r i g i n ,  s u c h  as l e u p e p t i n ,  c h y mo -  

s t a t i n ,  a n t i p a i n ,  and p e p s t a t i n .  F u r t h e r m o r e ,  t h e  p i t u i t a r y ,  

b r a i n  and k i d n e y  enz y mes  have  t h e  same m o l e c u l a r  w e i g h t  o f  

a b o u t  9 0 , 0 0 0 - 9  5 , 0 0 0  ( K e r r  and K e n n y ,  1 9 7 4 b )  and seem t o  be 

composed o f  a s i n g l e  p o l y p e p t i d e  c h a i n .

K e r r  and Kenny  ( 1 9 7 4 a )  hav e  r e p o r t e d  t h a t  t h e  k i d n e y  

enzyme was f i r m l y  bou nd  t o  t h e  m i c r o v i l l u s  membr anes  and
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r e s i s t e d  s o l u b i l i z a t i o n  by t r e a t m e n t  w i t h  p a p a i n ,  T r i t o n  

X - 1 0 0 ,  v a r i o u s  c o n c e n t r a t i o n s  o f  NaDodSO^,  and s e v e r a l  

p r o t e o l y t i c  e n z y m e s .  S u c c e s s f u l  s o l u b i l i z a t i o n  was o n l y  

o b t a i n e d  a f t e r  t r e a t m e n t  w i t h  t o l u e n e  and a r a t h e r  

p r o l o n g e d  s u b s e q u e n t  e x p o s u r e  t o  t r y p s i n .  The p r o c e d u r e  o f  

d e o x y c h o l a t e  e x t r a c t i o n  and p a p a i n  d i g e s t i o n  ( O r l o w s k i  and 

W i l k ,  19 8 1 )  u s ed  h e r e  p r o v i d e s  a r a p i d  and e f f e c t i v e  me t h o d  

f o r  s o l u b i l i z i n g  b o t h  t h e  b r a i n  and k i d n e y  e n z y m e s .

The r o l e  o f  t h i s  enzyme i n  p e p t i d e  m e t a b o l i s m  i s  

u n k n o w n .  I t s  l o c a l i z a t i o n  i n  t h e  k i d n e y  b r u s h  b o r d e r  

s u g g e s t s  t h a t  i n  t h i s  o r g a n ,  t h e  enzyme may p l a y  a r o l e  i n  

t h e  d e g r a d a t i o n  o f  p e p t i d e s  p r e s e n t  i n  t h e  g l o m e r u l a r  

f i l t r a t e .  I t  was shown h e r e  t h a t  i n  a d d i t i o n  t o  e n k e ­

p h a l i n s ,  t h e  enzyme h y d r o l y z e s  o t h e r  b i o l o g i c a l l y  a c t i v e  

p e p t i d e s  i n c l u d i n g  b r a d y k i n i n ,  o x y t o c i n ,  a n g i o t e n s i n  I ,  

n e u r o t e n s i n ,  and d y n o r p h i n .  I t  i s  t h e r e f o r e  p a s s i b l e  t h a t  

t h e  m e t a l l o e n d o p e p t i d a s e  p r e s e n t  i n  b r a i n  and p i t u i t a r y  

p a r t i c i p a t e s  i n  t h e  m e t a b o l i s m  o f  n e u r o p e p t i d e s ,  and c o u l d  

t h u s  p r o f o u n d l y  a f f e c t  t h e  f u n c t i o n  o f  t h e  c e n t r a l  n e r v o u s  

s y s t e m  and a l s o  o f  t h e  p i t u i t a r y .  The a c t i v i t y  o f  t h e  

enzyme h y d r o l y z i n g  t h e  G l y - P h e  bon d  i n  e n k e p h a l i n s  i s  o f  

p a r t i c u l a r  i n t e r e s t ,  b e c a u s e  i t  i s  i d e n t i c a l  w i t h  an 

a c t i v i t y  a s s o c i a t e d  w i t h  b r a i n  membr ane  f r a c t i o n s  and 

d e s i g n a t e d  as e n k e p h a l i n a s e  ( R o q u e s  e t  a l . ,  1 9 8 0 ;  S u l l i v a n  

e t  a l . , 1 9 7 8 ) .  I t  was p r o p o s e d  t h a t  b r a i n  e n k e p h a l i n a s e  

f u n c t i o n s  as a s p e c i f i c  b r a i n  e n k e p h a l i n  i n a c t i v a t o r  i n  a



ma n n e r  s i m i l a r  t o  t h e  i n a c t i v a t i o n  o f  a c e t y l c h o l i n e  by

a c e t y l c h o l i n e s t e r a s e .  The ma i n  a r g u m e n t s  a d v a n c e d  i n

s u p p o r t  o f  t h i s  h y p o t h e s i s  we r e  t h a t  t h e  d i s t r i b u t i o n  o f

t h e  enzyme i n  b r a i n  p a r a l l e l s  t h e  d i s t r i b u t i o n  o f  o p i a t e

r e c e p t o r s  and t h a t  t h i o r p h a n ,  D L - 3 - m e r c a p t o - 2 - b e n z y l -

p r o p a n o y l g l y c i n e , a s y n t h e t i c  i n h i b i t o r  o f  e n k e p h a l i n a s e ,

p o t e n t i a t e d  t h e  m o r p h i n o m i m e t i c  e f f e c t  o f  an e n k e p h a l i n

2
a n a l o g u e ,  D - A l a  - M e t - e n k e p h a l i n , and had i t s e l f  some 

a n t i n o c i c e p t i v e  a c t i v i t y  ( R o q u e s  e t  a l . ,  1 9 8 0 ) .  A f l a w  i n  

t h i s  w o r k ,  h o w e v e r ,  i s  t h a t  w h i l e  t h i o r p h a n  i s  a p o t e n t  

enzyme i n h i b i t o r  w i t h  a n t i n o c i c e p t i v e  a c t i v i t y ,  l e s s  p o t e n t  

m e t a l l o e n d o p e p t i d a s e  i n h i b i t o r s  w i t h  s t r u c t u r e s  s i m i l a r  t o  

t h i o r p h a n  have  n o t  been  t e s t e d .  T h u s ,  t h e  a n t i n o c i c e p t i v e  

p r o p e r t i e s  o f  t h i o r p h a n  c a n n o t  be c o r r e l a t e d  w i t h  i t s  

i n h i b i t o r y  p o t e n c y  f o r  t h e  m e t a l l o e n d o p e p t i d a s e .

A l t h o u g h  M a l f r o y  e t  a l .  ( 1 9 7 8 )  o r i g i n a l l y  r e p o r t e d  t h a t

—  8
e n k e p h a l i n a s e  has  a o f  9 . 0  x 10 M f o r  M e t - e n k e p h a l i n ,  

a o f  4 . 0  x 10 5 M was r e p o r t e d  h e r e  f o r  t h e  p i t u i t a r y  

m e t a l l o e n d o p e p t i d a s e .  The l a t t e r  v a l u e ,  w h i c h  i s  a l m o s t  

t h r e e  o r d e r s  o f  m a g n i t u d e  l e s s  t h a n  t h a t  o f  M a l f r o y  e t  a l . ,  

s u g g e s t s  t h a t  t h e  enzyme i s  n o t  a h i g h  a f f i n i t y  e n k e p h a l i n  

d e g r a d i n g  p e p t i d a s e .  S u b s e q u e n t  r e p o r t s  on t h e  b r a i n  

enzyme by M a l f r o y  and S c h w a r t z  ( 1 9 8 2 )  and by o t h e r  i n v e s t i ­

g a t o r s  ( A l t s t e i n  e t  a l . ,  1981 ;  Be n u c k  and M a r k s ,  1 9 8 0 ;  

Mumf o r d  e t  a l  . , 1 9 8 1 )  a r e  i n  a g r e e m e n t  w i t h  t h e  v a l u e  

p r e s e n t e d  h e r e .
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Mumf o r d  e t  a l .  ( 1 9 8 1 )  h av e  c o n f i r m e d  t h e  f i n d i n g s  

r e p o r t e d  h e r e ,  t h a t  e n k e p h a l i n a s e  i s  a t h e r m o l y s i n - l i k e  

e n d o p e p t i d a s e  r a t h e r  t h a n  a d i p e p t i d y l  c a r b o x y p e p t i d a s e ,  

and t h a t  i t  i s  s i m i l a r  t o  t h e  k i d n e y  n e u t r a l  m e t a l l o e n ­

d o p e p t i d a s e  [EC 3 . 4 . 2 4 . 1 1 ]  o r i g i n a l l y  d e s c r i b e d  by K e r r  and 

Kenny  ( 1 9 7 4 a ) .  I n  a d d i t i o n ,  t h e y  h av e  shown t h a t  t h e  

a f f i n i t y  o f  t h e  k i d n e y  m e t a l l o e n d o p e p t i d a s e  f o r  b r a d y k i n i n ,  

n e u r o t e n s i n ,  and f o r  a n g i o t e n s i n  I  and I I  i s  s i m i l a r  t o  i t s  

a f f i n i t y  f o r  M e t -  and L e u - e n k e p h a l i n , t h e r e b y  s u g g e s t i n g  

t h a t  t h e  e n k e p h a l i n s  a r e  n o t  p r e f e r r e d  s u b s t r a t e s .  These 

o b s e r v a t i o n s  a r e  c o n s i s t e n t  w i t h  t h e  f i n d i n g s  p r e s e n t e d  h e r e  

( T a b l e  2 ) ,  t h a t  b o t h  t h e  r a t e  o f  h y d r o l y s i s  and t h e  s p e c i ­

f i c i t y  c o n s t a n t  o f  t h e  p i t u i t a r y  enzyme a r e  l o w e r  f o r  

M e t - e n k e p h a l i n  t h a n  f o r  t h e  p e p t i d e  n a p h t h y l a m i d e  s u b ­

s t r a t e s  H i p - A r g - A r g - L e u - 2 N A  and g l u t a r y 1 - A l a - A l a - P h e - 2 N A .

I n  c o n t r a s t  t o  a c e t y l c h o l i n e s t e r a s e ,  w h i c h  i s  h i g h l y  

s p e c i f i c  f o r  t h e  h y d r o l y s i s  o f  a c e t y l c h o l i n e ,  t h e  m e t a l l o ­

e n d o p e p t i d a s e  has  a b r o a d  s u b s t r a t e  s p e c i f i c i t y  and does  

n o t  p r e f e r e n t i a l l y  h y d r o l y z e  e n k e p h a l i n s .  I n  a d d i t i o n ,  

a c e t y l c h o l i n e s t e r a s e  has  been  l o c a l i z e d  a t  t h e  m o t o r  end 

p l a t e  o f  s k e l e t a l  m u s c l e  ( D a v i s  and K o e l l e ,  1 9 6 7 )  and i s  

i n  t h e  v i c i n i t y  o f  n i c o t i n i c  r e c e p t o r s .  I m m u n o c y t o c h e m i c a l  

o r  h i s t o c h e m i c a l  l o c a l i z a t i o n  o f  t h e  m e t a l l o e n d o p e p t i d a s e  

has  n o t  y e t  been  r e p o r t e d ,  t h u s  i t s  t o p o g r a p h i c a l  r e l a t i o n ­

s h i p  t o  t h e  o p i a t e  r e c e p t o r s  c a n n o t  be d e s c r i b e d .  I n  

c o n c l u s i o n ,  t h e  a v a i l a b l e  e v i d e n c e  does  n o t  s u g g e s t  t h a t
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t h e  m e t a l l o e n d o p e p t i d a s e  i s  a s p e c i f i c  e n k e p h a l i n  i n a c t i ­

v a t o r  o r  e n k e p h a l i n a s e .

I t  i s  n o t e w o r t h y  t h a t  s i n c e  t h e  p u b l i c a t i o n  o f  t h e  

r e s u l t s  d e s c r i b e d  h e r e  ( A l m e n o f f  e t  a l . ,  1 9 8 1 ;  see p .  v i i ) ,  

M a l f r o y  and S c h w a r t z  ( 1 9 8 2 ) ,  who o r i g i n a l l y  d e s c r i b e d  t h e  

enzyme as a d i p e p t i d y l  c a r b o x y p e p t i d a s e ,  s howed  t h a t  t h e i r  

p r e p a r a t i o n s  o f  e n k e p h a l i n a s e  c l e a v e  H i p - A r g - A r g - L e u - 2 N A  a t  

a r a t e  10 t i m e s  t h a t  o f  H i p - A r g - A r g - A l a - 2 N A , and t h a t  H i p -  

A r g - A r g - G l y - 2 N A  was n e g l i g i b l y  h y d r o l y z e d .  Thes e  r e s u l t s  

a r e  s i m i l a r  t o  t h e  d a t a  p r e s e n t e d  h e r e  ( T a b l e  2 ) ,  and t h e y  

c o n f i r m  t h a t  e n k e p h a l i n a s e  i s  i n d e e d  a t h e r m o l y s i n - l i k e  

e n d o p e p t i d a s e .

The d a t a  i n d i c a t e  t h a t  t h e  enzyme can  a c t  as a d i p e p ­

t i d y l  c a r b o x y p e p t i d a s e  on p e p t i d e s  h a v i n g  a h y d r o p h o b i c  

r e s i d u e  i n  t h e  p e n u l t i m a t e  p o s i t i o n  b u t  t h a t  a f r e e  c a r b o x y l  

g r o u p  i s  n o t  r e q u i r e d  f o r  a c t i v i t y .  I t  was o b s e r v e d  how­

e v e r ,  t h a t  P h e - L e u  i s  a mor e  p o t e n t  i n h i b i t o r  o f  t h e  

m e t a l l o e n d o p e p t i d a s e  t h a n  P h e - L e u - N ! ^ .  S i m i l a r  o b s e r v a ­

t i o n s  we r e  p r e s e n t e d  by M a l f r o y  and S c h w a r t z  ( 1 9 8 2 ) ,  who 

showed t h a t  t h e  f o r  e n k e p h a l i n a m i d e  i s  25 t i m e s  g r e a t e r  

t h a n  f o r  e n k e p h a l i n ;  l i k e w i s e ,  t h e  f o r  a m i d a t e d  t h i o r p h a n  

i s  1 0 - f o l d  g r e a t e r  t h a n  f o r  t h i o r p h a n .  F u r t h e r  s t u d i e s  by 

t h i s  g r o u p  showed t h a t  t r e a t m e n t  o f  t h e  m e t a l l o e n d o p e p t i ­

dase  w i t h  b u t a n e d i o n e ,  a r e a g e n t  w h i c h  has  been  r e p o r t e d  t o  

s e l e c t i v e l y  and i r r e v e r s i b l y  b l o c k  g u a n i d i n i u m  g r o u p s ,  

d e c r e a s e d  t h e  h y d r o l y s i s  r a t e  o f  e n k e p h a l i n  by 8 0 % and o f  

e n k e p h a l i n a m i d e  by 50?5. Based  on t h i s  r e s u l t ,  M a l f r o y  and
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S c h w a r t z  ( 1 9 8 2 )  s u g g e s t e d  t h a t  t h e r e  i s  a " c r i t i c a l "  

a r g i n i n e  r e s i d u e  i n  t h e  a c t i v e  s i t e  o f  t h e  m e t a l l o e n d o p e p ­

t i d a s e  as has been  shown f o r  p a n c r e a t i c  c a r b o x y p e p t i d a s e  A 

( Q u i c h o  and L i p s c o m b ,  1 9 7 1 ) .  They  s p e c u l a t e d  t h a t  t h i s  

r e s i d u e  f a c i l i t a t e s  i n t e r a c t i o n  o f  t h e  m e t a l l o e n d o p e p t i d a s e  

w i t h  p e p t i d e s  h a v i n g  f r e e  c a r b o x y l  g r o u p s  on t h e  d i p e p t i d e  

C - t e r m i n a l  t o  t h e  h y d r o l y z e d  b o n d .

Be c a u s e  o f  t h e  p r o p o s e d  r o l e  o f  t h e  m e t a l l o e n d o p e p t i ­

das e  as an e n k e p h a l i n a s e  and t h e  f i n d i n g  t h a t  t h i o r p h a n ,  a 

m e t a l l o e n d o p e p t i d a s e  i n h i b i t o r ,  has  a n a l g e s i c  p r o p e r t i e s ,  

i t -  was o f  i n t e r e s t  t o  t e s t  N - [ 1 - ( R , S ) - c a r b o x y - 2 - p h e n y l -  

e t h y l ] - P h e - p A B  and i t s  a n a l o g u e s  f o r  a n t i n o c i c e p t i v e  

a c t i v i t y .  These c ompou nds  a r e  r e s i s t a n t  t o  e n z y m a t i c  

d e g r a d a t i o n  by t h e  m e t a l l o e n d o p e p t i d a s e ,  a m i n o p e p t i d a s e , 

and d i p e p t i d y l  c a r b o x y p e p t i d a s e ,  and a r e  t h e r e f o r e  e x c e l l e n t  

t o o l s  f o r  _i_n v i v o  s t u d i e s .

When a d m i n i s t e r e d  i n t r a p e r i t o n e a l 1 y , N—[ 1 —( R , 5 ) — 

c a r b o x y - 2 - p h e n y l e t h y l ]  d e r i v a t i v e s  o f  p h e n y l a l a n y l ,  a l a n y l ,  

and g l y c y l - p A B  i n c r e a s e d  l a t e n c y  a b o u t  t w o - f o l d  i n  t h e  r a t  

t a i l - f l i c k  t e s t .  S i g n i f i c a n t  e f f e c t s  wer e  seen  w i t h  a l l  

t h r e e  c o m p o u n d s ,  w i t h  N - [ 1 - ( R , S ) - c a r b o x y - 2 - p h e n y l e t h y l ] -  

Ph e - p AB b e i n g  s l i g h t l y  mor e  p o t e n t  t h a n  t h e  a l a n y l  and 

g l y c y l  d e r i v a t i v e s .  A l l  compounds  p r o d u c e d  a n a l g e s i a  a t

1 - 2 4  h b u t  n o t  a t  48 h a f t e r  a d m i n i s t r a t i o n .  N—[ 1 —( R , S ) — 

c a r b o x y - 2 - p h e n y l e t h y 1 ] - P h e - p A B  was a c t i v e  a t  3 . 1 2  u m o l / k g ,  

w h i c h ,  a s s u m i n g  u n i f o r m  t i s s u e  d i s t r i b u t i o n  i n  t h e  r a t ,  i s



130

a t  a c o n c e n t r a t i o n  a b o u t  40 t i m e s  i t s  f o r  t h e  m e t a l ­

l o e n d o p e p t i d a s e .  The N - [1 - ( R , 5 ) - c a r b o x y - 2 - p h e n y l e t h y 1]  

d e r i v a t i v e s  o f  a l a n y l - p A B  and g l y c y l - p A B  we r e  e q u a l l y  

e f f i c a c i o u s  a t  25 u m o l / k g .  A s s u m i n g  u n i f o r m  t i s s u e  d i s ­

t r i b u t i o n ,  t h i s  r e p r e s e n t s  a c o n c e n t r a t i o n  o f  a b o u t  5 t i m e s  

t h e  o f  t h e  a l a n y l  d e r i v a t i v e  and 0 . 1 6  t i m e s  t h e  o f  

t h e  g l y c y l  d e r i v a t i v e .  The d a t a  s u g g e s t ,  t h e r e f o r e ,  t h a t  

t h e  a n t i n o c i c e p t i v e  e f f e c t  i s  a p p a r e n t l y  n o t  c o r r e l a t e d  

w i t h  t h e  e x t e n t  o f  m e t a l l o e n d o p e p t i d a s e  i n h i b i t i o n .

The me c h a n i s m o f  a c t i o n  f o r  t h e s e  c o mp o u n d s  i s  n o t  

c l e a r .  S i n c e  t h e i r  a n t i n o c i c e p t i v e  a c t i v i t y  does  n o t  

c o r r e l a t e  w i t h  t h e i r  a b i l i t y  t o  i n h i b i t  enzyme a c t i v i t y ,  i t  

i s  d i f f i c u l t  t o  e x p l a i n  t h e  o b s e r v e d  e f f e c t s  on t h i s  b a s i s .  

P r e l i m i n a r y  d a t a  i n d i c a t e  t h a t  n a l o x o n e  (1 m g / k g )  does  n o t  

r e v e r s e  t h e  a n t i n o c i c e p t i v e  e f f e c t s  o f  N - [1 - ( R , S ) - c a r b o x y -

2 - p h e n y l e t h y 1 ] - P h e - p A B  and t h u s  s u g g e s t s  a me c h a n i s m o f  

a c t i o n  u n r e l a t e d  t o  o p i a t e  b i n d i n g  o r  t o  a c c u m u l a t i o n  o f  

e n d o g e n o u s  o p i a t e s  s u c h  as e n k e p h a l i n s .  F u t u r e  s t u d i e s  o f  

o t h e r  b e h a v i o r a l  and b i o l o g i c a l  e f f e c t s  o f  t h e s e  t h r e e  

c o m p o u n d s ,  and i d e n t i f i c a t i o n  o f  s y s t e m s  w h i c h  a r e  s e l e c t i v e  

f o r  N - [ 1 - ( R , S) - c a r b o x y - 2 - p h e n y l e t h y l ] - P h e - p A B  o v e r  t h e  l e s s  

p o t e n t  a n a l o g u e s ,  may p r o v i d e  i n s i g h t  i n t o  t h e  J j i  v i v o  r o l e  

o f  t h e  m e t a l l o e n d o p e p t i d a s e .

W h i l e  a r e p o r t  on t h e  s y n t h e s i s  o f  N - ( 1 - c a r b o x y - 2 -  

p h e n y l e t h y l )  d e r i v a t i v e s  o f  p h e n y l a l a n y l  and a l a n y l - p A B  was 

i n  p r e s s  ( A l m e n o f f  and O r l o w s k i ,  1 9 8 3 ;  see  p .  v i i ) ,  s e v e r a l
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s i m i l a r  i n h i b i t o r s  o f  t h e  m e t a l l o e n d o p e p t i d a s e  we r e  d e s c r i b ­

e d .  Roques  e t  a l . (1 9 8 2 )  s y n t h e s i z e d  N - [ ( R , S ) - 2 - c a r b o x y - 3 -  

b e n z y 1 p r o p a n o y 1 ] - L - L e u c i n e , a c o m p e t i t i v e  i n h i b i t o r  w i t h  a 

o f  3 . 4  x I Q " 7 M. Mumf o r d  e t  a l . ( 1 9 8 2 )  s y n t h e s i z e d  

s i m i l a r l y  p o t e n t  N - ( 1 - c a r b o x y - 3 - p h e n y l e t h y l ) - p h e n y l a l a n y l  

d e r i v a t i v e s  o f  g l y c i n e ,  S - a l a n i n e ,  and Y_ami n ° b u t y r i c  a c i d .  

F u t u r e  s t u d i e s  on  t h e  i n  v i v o  p r o p e r t i e s  o f  t h e s e  c ompounds  

a r e  o f  g r e a t  i n t e r e s t .

B.  SERUM METALLOENDOPEPTIDASE

I n c r e a s e d  a c t i v i t i e s  o f  a n g i o t e n s i n  c o n v e r t i n g  enzyme 

h a v e  been  f o u n d  i n  t h e  s e r u m o f  p a t i e n t s  w i t h  a c t i v e  

s a r c o i d o s i s  ( F a n b u r g  e t  a l . ,  1 9 7 6 ;  L i e b e r m a n ,  1 9 7 5 ;  R h o g a t i  

and R y a n ,  1 9 8 0 ;  R o h r b a c h  and DeRemee,  1 9 7 9 ) .  S i n c e  t h i s  

enzyme i s  s i m i l a r  t o  t h e  m e t a l l o e n d o p e p t i d a s e  i n  i t s  mec h ­

a n i s m  o f  a c t i o n  and r e l a t i v e  a b u n d a n c e  i n  l u n g  me mb r a n e s ,  

i t  was o f  i n t e r e s t  t o  d e t e r m i n e  w h e t h e r  t h e  m e t a l l o e n d o p e p ­

t i d a s e  c o u l d  be d e t e c t e d  i n  human s e r um and w h e t h e r  i t ,  

t o o ,  i s  e l e v a t e d  i n  s a r c o i d o s i s .  The s t u d i e s  p r e s e n t e d  

h e r e  show t h a t  t h e  enzyme i s  i n d e e d  p r e s e n t  i n  s e r u m .  The 

d a t a  i n d i c a t e  t h a t  s e r u m m e t a l l o e n d o p e p t i d a s e  a c t i v i t y  can 

be r e l i a b l y  d e t e r m i n e d  w i t h  t h e  s u b s t r a t e  g l u t a r y l - A l a - A l a -  

Phe - 2NA and t h e  c o u p l e d  enzyme a s s a y  used  f o r  d e t e r m i n a t i o n  

o f  t h e  b r a i n  and k i d n e y  e n z y me s .  The b i o c h e m i c a l  p r o p e r t i e s  

o f  t h e  s e r u m enzyme and i t s  a c t i v i t i e s  i n  h e a l t h y  s u b j e c t s  

and s a r c o i d o s i s  p a t i e n t s  we r e  s t u d i e d .
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The p r o p e r t i e s  o f  t h e  s e r um enzyme d e s c r i b e d  h e r e  

i n d i c a t e  t h a t  i t  i s  s i m i l a r  t o  t h e  t h e r m o l y s i n - 1 i k e  n e u t r a l  

m e t a l l o e n d o p e p t i d a s e  f o u n d  i n  k i d n e y ,  p i t u i t a r y ,  b r a i n ,  

and o t h e r  t i s s u e s .  A l l  o f  t h e s e ,  l i k e  t h e  s e r um enz y me ,  

h y d r o l y z e  p e p t i d e  b o n d s  on t h e  a mi n o  s i d e  o f  h y d r o p h o b i c  

a mi no  a c i d s ,  a r e  i n h i b i t e d  by m e t a l  c h e l a t o r s ,  and a c t i v e  

s i t e  d i r e c t e d  i n h i b i t o r s  t h a t  f u l f i l l  t h e  b i n d i n g  r e q u i r e ­

men t  o f  t h e  a c t i v e  s i t e ,  and a r e  c a p a b l e  o f  c o m p l e x i n g  w i t h  

t h e  a c t i v e  s i t e  z i n c  a t o m .  The s t r o n g  c r o s s r e a c t i v i t y  

b e t w e e n  an a n t i s e r u m  a g a i n s t  t h e  p u r i f i e d  k i d n e y  enzyme and 

t h e  enzyme i n  human s e r um shows  t h a t  t h e  t wo  enz y mes  have 

common a n t i g e n i c  d e t e r m i n a n t s .

The s e r um n e u t r a l  m e t a l l o e n d o p e p t i d a s e  has  a m o l e c u l a r  

w e i g h t  i n  e x c e s s  o f  2 0 0 , 0 0 0 ,  and t h e r e f o r e  d i f f e r s  i n  t h i s  

r e s p e c t  f r o m  t h e  k i d n e y  m e t a l l o e n d o p e p t i d a s e ,  w h i c h ,  when 

s o l u b i l i z e d  by d e o x y c h o l a t e  t r e a t m e n t  and p a p a i n  d i g e s t i o n ,  

has  a m o l e c u l a r  w e i g h t  o f  9 3 , 0 0 0 .  S e v e r a l  e x p l a n a t i o n s  can 

a c c o u n t  f o r  t h i s  d i f f e r e n c e .  The se r um enzyme may have  an 

o l i g o m e r i c  s t r u c t u r e ,  o r  i t  may be r e l e a s e d  f r o m  t i s s u e s  as 

p a r t  o f  a h i g h  m o l e c u l a r  w e i g h t  membrane f r a g m e n t .  A l t e r ­

n a t i v e l y ,  i t  may be a s s o c i a t e d  as a c o m p l e x  w i t h  o t h e r  

se r um p r o t e i n s  i n c l u d i n g  ot Ma c r o g l o b u l  i  n , w h i c h  i s  known 

t o  be c a p a b l e  o f  b i n d i n g  e n d o p e p t i d a s e s  w i t h o u t  i n h i b i t i n g  

t h e i r  a c t i v i t y  t o w a r d  s m a l l  p e p t i d e s .  I t  i s  n o t e w o r t h y  

t h a t  Werb e t  a l .  ( 1 9 7 4 )  hav e  r e p o r t e d  t h e  b i n d i n g  o f  

t h e r m o l y s i n  t o  a ^ - M a c r o g l o b u l i n .  E x p l o r a t i o n  o f  t h e s e
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and o t h e r  p o s s i b i l i t i e s  i s  n ee ded  t o  a c c o u n t  f o r  t h e  

u n u s u a l l y  h i g h  m o l e c u l a r  w e i g h t  o f  t h e  s e r um e nz y me .

The c o u p l e d  enzyme a s s a y  i n t r o d u c e d  f o r  t h e  

d e t e r m i n a t i o n  o f  s e r um m e t a l l o e n d o p e p t i d a s e  a c t i v i t y  

i s  s u f f i c i e n t l y  s e n s i t i v e  f o r  m e a s u r i n g  ev en  l o w  enzyme 

a c t i v i t i e s  and g i v e s  r e p r o d u c i b l e  r e s u l t s .  Some i n t e r ­

f e r e n c e  w i t h  d e t e r m i n a t i o n  o f  2 - n a p h t h y l a m i n e  c o u l d ,  

h o w e v e r ,  be e x p e c t e d  f r o m  s u l f o n a m i d e s  p r e s e n t . i n  s e r um o f  

p a t i e n t s  t r e a t e d  w i t h  t h e s e  a g e n t s .  A h e m o l y s a t e  o f  r e d  

b l o o d  c e l l s  had v e r y  l o w  enzyme a c t i v i t y  ( a v e r a g e  o f  2 . 6  

n m o l e s  p r o d u c t  f o r m e d  p e r  ml  o f  p a c k e d  e r y t h r o c y t e s  p e r  

m i n )  , and t h e r e f o r e  s u g g e s t s  t h a t  h e m o l y s i s  o f  s a m p l e s  

s h o u l d  n o t  i n t e r f e r e  w i t h  d e t e r m i n a t i o n  o f  enzyme a c t i v i t y .  

I t  s h o u l d  be n o t e d  t h a t  H i p - A r g - A r g - L e u - 2 N A , a s u b s t r a t e  

us ed  f o r  d e t e r m i n a t i o n  o f  m e t a l l o e n d o p e p t i d a s e  a c t i v i t y  i n  

p u r i f i e d  p r e p a r a t i o n s ,  i s  n o t  s u i t a b l e  f o r  t h e s e  s t u d i e s  

b e c a u s e  i t  can be h y d r o l y z e d  by t r y p s i n - l i k e  enz y mes  t h a t  

a r e  p r e s e n t  i n  s e r u m .

The m e t a l l o e n d o p e p t i d a s e  and t h e  a n g i o t e n s i n  c o n v e r t i n g  

enzyme have  s i m i l a r  m e c h a n i s m s  o f  a c t i o n  and t h e y  a r e  b o t h  

a b u n d a n t  i n  l u n g  me mb r a n e s .  I t  was t h e r e f o r e  o f  i n t e r e s t  

t o  s t u d y  se r um m e t a l l o e n d o p e p t i d a s e  a c t i v i t y  i n  s a r c o i d o s i s ,  

a d i s e a s e  i n  w h i c h  e l e v a t e d  ser um a n g i o t e n s i n  c o n v e r t i n g  

enzyme a c t i v i t y  has  been  d e s c r i b e d .  The d e s c r i p t i v e  

s t a t i s t i c s  i n  T a b l e  18 i n d i c a t e  t h a t  m e t a l l o e n d o p e p t i d a s e  

a c t i v i t i e s  i n  s a r c o i d o s i s  p a t i e n t s  t e n d  t o  be h i g h e r  t h a n
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a c t i v i t i e s  i n  t h e  c o n t r o l  g r o u p .  The d i f f e r e n c e  b e t w e e n  t h e  

t wo  g r o u p s  i s  s t a t i s t i c a l l y  s i g n i f i c a n t  ( p  < 0 . 0 0 1 ) .  B o t h  

d i s t r i b u t i o n s  hav e  s i m i l a r  s h a p e s  and a r e  s k ewed  t o w a r d  

h i g h e r  v a l u e s  ( T a b l e  1 9 ) .  A l t h o u g h  a p p r o x i m a t e l y  90% o f  t h e  

h e a l t h y  c o n t r o l s  had  l e s s  t h a n  5 u n i t s  o f  enzyme a c t i v i t y ,  5 

o f  t h e  150 i n d i v i d u a l s  s t u d i e d  had 1 0 - 2 0  u n i t s  o f  a c t i v i t y .  

S i n c e  t h e s e  5 s u b j e c t s  had no known m e d i c a l  i l l n e s s e s ,  i t  

a p p e a r s  t h a t  a s m a l l  p e r c e n t a g e  o f  a s y m p t o m a t i c ,  p r e s u m a b l y  

h e a l t h y  i n d i v i d u a l s  h av e  e l e v a t e d  a c t i v i t i e s  o f  t h e  m e t a l l o ­

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

I t  i s  n o t e w o r t h y ,  h o w e v e r ,  t h a t  a s m a l l  p e r c e n t a g e  o f  

h e a l t h y  i n d i v i d u a l s  h av e  e l e v a t e d  s e r um a n g i o t e n s i n  c o n v e r t ­

i n g  enzyme ( F a n b u r g  e t  a l . ,  1 9 7 6 )  and t h a t  e l e v a t e d  s e r um 

a n g i o t e n s i n  c o n v e r t i n g  enzyme has  been  f o u n d  i n  d i s e a s e s  

o t h e r  t h a n  s a r c o i d o s i s  ( f o r  a r e v i e w  see  R h o g a t i ,  1 9 8 2 ) .

The d a t a  i n  T a b l e  20 show t h a t  t h e  h i g h e s t  enzyme 

a c t i v i t i e s  we r e  s e e n  i n  p a t i e n t s  w i t h  s t a g e  I I  x - r a y s  

( h i l a r  l y m p h a d e n o p a t h y  w i t h  p a r e n c h y m a l  i n f i l t r a t e s ) .  

A l t h o u g h  t h i s  s u g g e s t s  t h a t  s e r u m enzyme e l e v a t i o n s  may be 

r e l a t e d  t o  t h e  e x t e n t  o f  g r a n u l o m a t o u s  i n v o l v e m e n t  o f  t h e  

l u n g ,  i t  s h o u l d  be e m p h a s i z e d  t h a t  o n l y  6 0 % o f  t h e s e  

p a t i e n t s  h a v e  e l e v a t e d  a c t i v i t i e s .  T h i s  s u g g e s t s  t h a t  

t h e r e  may be o t h e r  f a c t o r s  s u c h  as d i s e a s e  a c t i v i t y ,  

d u r a t i o n ,  and e x t r a t h o r a c i c  i n v o l v e m e n t ,  w h i c h  may be 

r e l a t e d  t o  enzyme e l e v a t i o n .  I t  i s  n o t e w o r t h y  t h a t  

mos t  s t u d i e s  o f  s e r um a n g i o t e n s i n  c o n v e r t i n g  enzyme i n
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s a r c o i d o s i s  have  shown t h a t  h i g h e s t  enzyme a c t i v i t i e s  a r e  

f o u n d  i n  p a t i e n t s  w i t h  p u l m o n a r y  p a r e n c h y m a l  i n v o l v e m e n t  

( s t a g e s  I I  and I I I ) .

The s o u r c e  o f  t h e  m e t a l l o e n d o p e p t i d a s e  i n  s e r um 

r e m a i n s  t o  be d e t e r m i n e d .  S i n c e  t h e  enzyme i s  membrane 

b o u n d ,  i t  i s  p o s s i b l e  t h a t  t h e  s e r um a c t i v i t y  i s  s o l u b i l ­

i z e d  f r o m  t h e  s u r f a c e  o f  t h e  l u n g  and o f  o t h e r  t i s s u e s .  

A l t e r n a t i v e l y ,  t h e  enzyme may be d e r i v e d  f r o m  t h e  s a r c o i d  

g r a n u l o m a s  t h e m s e l v e s .  T h i s  me c h a n i s m has  been  p o s t u l a t e d  

f o r  t h e  p r o d u c t i o n  o f  s e r um a n g i o t e n s i n  c o n v e r t i n g  enzyme 

i n  s a r c o i d o s i s  b a s e d  on t h e  f i n d i n g  o f  i n c r e a s e d  a n g i o ­

t e n s i n  c o n v e r t i n g  enzyme i n  l u n g  and l y m p h  nod e  b i o p s i e s  

o f  p a t i e n t s  w i t h  s a r c o i d o s i s  ( L i e b e r m a n ,  1 9 7 6 )  and o f  

i m m u n o r e a c t i v e  a n g i o t e n s i n  c o n v e r t i n g  enzyme p r e s e n t  i n  t h e  

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

( S i l v e r s t e i n  e t  a l . ,  1 9 7 9 ) .

The a c t i v i t y  m e a s u r e m e n t s  i n  p a t i e n t s  w i t h  s a r c o i d o s i s  

we r e  n o t  c o r r e l a t e d  w i t h  d i s e a s e  a c t i v i t y  o r  d u r a t i o n .

S i n c e  t h e  p o p u l a t i o n  s t u d i e d  c o n s i s t e d  o f  p a t i e n t s  i n  r e m i s ­

s i o n  as w e l l  as t h o s e  w i t h  a c t i v e  d i s e a s e ,  i t  i s  p e r h a p s  

n o t  s u r p r i s i n g  t h a t  a w i d e  r a n g e  o f  enzyme a c t i v i t i e s  was 

f o u n d  i n  t h e  s a r c o i d o s i s  g r o u p .  D e t a i l e d  a n a l y s i s  o f  t h e  

r e l a t i o n s h i p  b e t w e e n  v a r i o u s  c r i t e r i a  o f  d i s e a s e  a c t i v i t y  

and s e r um enzyme a c t i v i t y  s h o u l d  p r o v i d e  i n s i g h t  i n t o  t h e  

c l i n i c a l  s i g n i f i c a n c e  o f  t h e  e nz y me .
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