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P R O  E X P E R I M E N T I S  and the  con t ro l  series. At  low e n z y m e  c o n c e n t r a t i o n s  dis-  

solut ion is fas te r  in the  con t ro l  series, b u t  for  h i g h e r  

Mechanism of Elastolysis  by Pancreatic Elastase 2 , 0 ~  D 520 mp 2 

Acetate  e x t r a c t s  of p a n c r e a s  p o w d e r  c o n t a i n  an  en- 
zyme sys t em which  d issolves  e las t in  f rom ao r t a  media ,  
tendon and  also h e a t - c o n t r a c t e d  col lagenL In  o rde r  to  
study the  m e c h a n i s m  of e las to ly t i c  ac t iv i ty ,  we worked  
out a s imple m e t h o d  based  on the  s p e c t r o p h o t o m e t r i c  
measurement  of t h e  r a t e  of d i s so lu t ion  of ' a z o e l a s t i n ' ,  
prepared by  the  m e t h o d  used  by  OAKLEY el al. 2 for t he  
preparat ion of azocol lagen.  This  compr i ses  coup l ing  
elastin (from a o r t a  media ,  BAXGA a) wi th  d i azobenz id ine -  
naphto ld i su lphonic  acid (detai ls  of t he  m e t h o d  will be 
given in a n o t h e r  paper ) .  

'Azoelas t in '  as well as e las t in  is on ly  v e r y  s lowly  
digested by  c rys t a l l ine  t ryps ine4 :  a t  p H  9.5-9.7 (glycine- 
NaOH-buffer ,  0,1 M) 5 2 mg  azoe las t in  is d isso lved  in 
24 h by  0.88 mg  t ryps ine .  Crys ta l l ine  c h y m o t r y p s i n e  4 
works s o m e w h a t  b e t t e r :  1.2 mg  of th is  e n z y m e  d isso lved  
17 mg azoe las t in  in 2 h and  74 mg in 7 h a t  35°C, in t h e  
same cond i t ions  as for t ryps ine .  The m i x t u r e  of t hese  
two enzymes  d i sso lved  t h e  s a m e  q u a n t i t y .  Crys ta l l ine  
pepsine 4 d isso lved  azoe las t in  c o m p l e t e l y  in a few hours  
at pH 1-2. The  p r o t e o l y t i c  f ac to r  (now called e las tase  
by BANGA 6) of one of our  e las tase  p r e p a r a t i o n s  (ob ta ined  
by the B a n g a - B a l o  m e t h o d  a) h a d  a p ro t eo ly t i c  a c t i v i t y  
equivalent to  229 y of c rys t a l l ine  t r y p s i n  per  mi l l ig ram 
total pro te in ,  as d e t e r m i n e d  by  NORTHROP'S hemo-  
globine-methodL This  a c t i v i t y  is s o m e w h a t  lower  t h a n  
that found  b y  PARTRIDGE a n d  DAV1S s. 

The same  p r e p a r a t i o n  d i s so lved  18.6 mg azoe las t in  
per mil l igram e n z y m e  p ro t e in  in 30 rain a t  35°C and  
about 10 mg of th i s  e n z y m e  gave  comple t e  d i sso lu t ion  
of 200 mg azoe las t in  in 2 h. 

The e las t in -e las tase  s y s t e m  is su i tab le  for t he  s t u d y  
of the h e t e r o g e n o n s  e n z y m e  kinet ics .  The  f irs t  s t ep  of 
the enzymat i c  d i s so lu t ion  process  seems to  be the  rap id  
adsorption of e n z y m e  o n t o  the  insoluble  subs t r a t e .  This  
is d e m o n s t r a t e d  b y  the  fol lowing e x p e r i m e n t :  d i f fe ren t  
quantit ies of e las tase  are  a d d e d  to  t he  same q u a n t i t y  
(200 mg) of azoe las t in  in 3 ml a ce t a t e  buf fe r  0.1 M p H  
4.9 with w a t e r  a d d e d  to  5 ml. Af te r  30 min  shak ing  a t  
20°C the  azoe las t in  is c e n t r i f u g e d  d o w n  and  washed  out  
twice wi th  3 ml  a c e t a t e  buffer ,  s i phoned  and  k e p t  over-  
night a t  0°C. A f t e r  h e a t i n g  to  35°C 4 ml g l y c i n e - N a O H  
buffer p H  9.7, 0-1 M is a d d e d  w i t h  2 ml  w a t e r  a n d  e las to-  
lysis is fol lowed s p e e t r o p h o t o m e t r i c a l l y  a t  520 m#.  The 
first figure gives some  typ ica l  curves  of th is  e x p e r i m e n t  
together wi th  con t ro l  curves .  I t  is c lear  t h a t  p re incuba -  
tion wi th  t h e  a d s o r b e d  e n z y m e  resu l t ed  in a modif ica-  
tion of the  s u b s t r a t e ,  t he  lag per iod  of the  d iges t ion  
disappears. The  s econd  f igure gives  t h e  slopes of the  
linear por t ions  of t he  curves  as a f unc t i on  of t o t a l  ini t ial  
enzyme c o n c e n t r a t i o n ,  for t h e  a d s o r p t i o n  e x p e r i m e n t  
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Fig. 1.-- Kinetics of dissolution of azoelastin by prcadsorbed enzyme 
(- - -) and freshly added enzyme ( ~ ) .  Ordinates: optical density 
at 5'20 nv,. The figures ou the curves indicate the quantity of enzyme 
in ml added to 200 mg azoelastin. In the adsorption cxperiulents non 

adsorbed enzyme was removed. 

e n z y m e  c o n c e n t r a t i o n s  adso rbed  e n z y m e  ac ts  m u c h  
more  rapidly .  This  could be i n t e r p r e t e d  as a p r e l i m i n a r y  
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Fig. 2.--Abscissa: mil l i l i tres of enzyme added to 200 mg azoelastin. 
In adsorption-experiments the non-adsorbed enzynm was removed. 
Ordinate: speed of elastolysis in mg azoelastin dissolved per minute 
ataS~'C, pH9,6, o o freshly added enzyme, x x preadsorbed 

enzyme. 

modi f i ca t ion  of azoe las t in  d u r i n g  t h e  i n c u b a t i o n  by  a 
slow e n z y m a t i c  process  of low a c t i v a t i o n  en e rg y  r e n d e r i n g  
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access ible  t h e  s u b s t r a t e  to  t h e  p r o t e o l y t i c  c o m p o n e n t .  I t  
is n o t  i m p o s s i b l e  t h a t  t h i s  p r e l i m i n a r y  r eac t i on ,  t a k i n g  
p lace  d u r i n g  t h e  lag phase ,  c o u l d  b e  t h e  m u c o l y t i c  
p rocess  m e n t i o n e d  b y  BANGA a n d  BALO 6. W e  c o u l d  
ve r i fy  t h a t  t h e  a d s o r p t i o n  m e c h a n i s m  ho lds  for  t h e  
d i s so lu t i on  of n o n - d i a z o t i s e d  a o r t a - e l a s t i n  too.  

L. ROBERT a n d  P. SAMUEL* 

Service o/ biological Chemistry, Faculty o/ Medicine, 
Paris, December d, 1956. 
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Rdsumd 

N o u s  p r 6 s e n t o n s  u n e  6 t u d e  d u  m g c a n i s m e  de  l'6tas- 
t o ly se  p a r  n e e  d l a s t a se  p a r t i e t l e m e n t  pur i f i6e  du  pan- 
cr6as.  L a  m 6 t h o d e  ut i l i s~e  cons i s t e  d a n s  le dosage 
s p e c t r o p h o t o m 6 t r i q u e  de  l ' , a zo e l a s t i n e , r  d i ssoute .  Cette 
p r o t 6 i n e  n ' e s t  q u e  t r+s  l e n t e m e n t  h y d r o l y s 6 e  p a r  la 
t r y p s i n e  e t  c h y m o t r y p s i n e  cr is tal l is6es.  L '61as tase  pos- 
s~de u n e  a c t i v i t 6  p r o t 6 a s i q u e  cons id6 rab le .  L ' e n z y m e  est 
t r+s  r a p i d e m e n t  a d s o r b f e  s u r  l ' 6 las t ine .  Apr~s  u n e  incu- 
b a t i o n  ~ p H  4,5 a v e c  l ' e n z y m e  adso rb6e ,  le t e m p s  de 
l a t e n c e  de  l '~ las to lyse  d i s p a r M t  e t  la  r a p i d i t 6  de  la  r6ac- 
t i o n  d e v i e n t  p r o p o r t i o n n e l l e  A la c o n c e n t r a t i o n  en  61as- 
t ase .  

I n f o r m a t i o n s  - I n f o r m a t i o n e n  - I n f o r m a z i o n i  - N o t e s  

S T U D I O R U M  P R O G R E S S U S  

T h e  M e t a b o l i s m  of  the  P r o t e i n s  of  the  B r a i n *  

By A. LAJTItA, S. FtmsT**, and H. WA~LSCH 

OI t h e  m a j o r  c o m p o n e n t s  of t h e  b r a i n ,  l eas t  a t t e n t i o n  
h a s  b e e n  p a i d  to  t h e  p r o t e i n  c o n s t i t u e n t s .  T h e  la rge  con-  
c e n t r a t i o n  of l ip ids  a n d  t h e  p rocess  of m y e l i n a t i o n ,  
u n i q u e  for  t h e  n e r v o u s  t i s sue  a n d  so eas i ly  v i sua l i zed  b y  
h i s to log ica l  t e c h n i q u e s ,  h a v e  for  m a n y  yea r s  a t t r a c t e d  
t h e  i n t e r e s t  of b i o c h e m i s t s .  Wqth  t h e  d e v e l o p m e n t  of o u r  
u n d e r s t a n d i n g  of t h e  role of c a r b o h y d r a t e s  in  t h e  e n e r g y  
m e t a b o l i s m  of l iv ing  t i ssue,  t h e  l a s t  25 yea r s  w i t n e s s e d  
a n  eve r  i n c r e a s i n g  c o n c e r n  w i t h  t h i s  a s p e c t  of i n t e r -  
m e d i a r y  m e t a b o l i s m  of t h e  b r a i n .  O n l y  r e c e n t l y  h a v e  
t h e  a m i n o  ac ids  a n d  p r o t e i n s  of t h e  c e n t r a l  n e r v o u s  
s y s t e m  b e e n  s u b j e c t e d  to  m o r e  i n t e n s i v e  s t u d y ,  b u t  t h e s e  
i n v e s t i g a t i o n s  h a v e  b e e n  a n d  are  e s s en t i a l l y  a n a l y t i c a l  in  
n a t u r e .  H a r d l y  a n y  o t h e r  o r g a n  s y s t e m  offers  as  m a n y  
f a s c i n a t i n g  a n d  fa r  r e a c h i n g  i m p l i c a t i o n s  for  t h e  I u n c t i o n  
of i t s  c o m p o n e n t  p r o t e i n s  as does  t h e  n e r v o u s  s y s t e m .  

Th i s  l a b o r a t o r y  h a s  for  m a n y  yea r s  b e e n  i n t e r e s t e d  in 
t h e  m e t a b o l i s m  of t h e  a m i n o  ac ids  a n d  p r o t e i n s  of t h e  
n e r v o u s  s y s t e m ,  a n d  we s h o u l d  l ike to  s u m m a r i z e  in  t h i s  
r e p o r t  o u r  s t u d i e s  d e a l i n g  w i t h  t h e  t u r n o v e r  of  t h e  
p r o t e i n s  of  t h e  whole  b ra in ,  of  d i f f e r e n t  p a r t s  of  t h e  
b r a i n ,  a n d  of  d i f f e r e n t  cell  f r a c t i o n s L  I n c i d e n t a l  t o  
t he se  i n v e s t i g a t i o n s ,  s t u d i e s  of t h e  p e n e t r a t i o n  of lys ine  
i n to  t h e  b r a i n  of y o u n g  a n d  a d u l t  a n i m a l s  as wel l  as ob-  
s e r v a t i o n s  on  p r o t e i n  m e t a b o l i s m  in t h e  i m m a t u r e  
b r a i n  h a v e  b e e n  m a d e .  
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T h e  s t u d y  of t h e  t u r n o v e r  of b r a i n  p r o t e i n s  b y  the 
d e t e r m i n a t i o n  of t h e  r a t e  of u p t a k e  of a n  isotopical ly 
l abe l l ed  a m i n o  ac id  is m a d e  d i f f i cu l t  b y  t h e  ex is tence  of 
t h e  b l o o d - b r a i n  b a r r i e r  w h i c h  dec rea se s  t h e  r a t e  of trans- 
fer  of m a n y  m e t a b o l i t e s  f rom t h e  c i r c u l a t i n g  b lood  to  the 
b r a i n .  S o m e  c o m p o u n d s  are ,  for  all  p r a c t i c a l  purposes, 
e x c l u d e d  f rom t h e  b r a i n  2. F o r  e x a m p l e ,  no  increase  of 
t h e  g l u t a m i c  ac id  c o n c e n t r a t i o n  in b r a i n  cou ld  be de- 
t e c t e d  a f t e r  a 30 fold i nc rease  of t h i s  a m i n o  ac id  in the 
b lood.  O n  t h e  o t h e r  h a n d ,  a s ign i f i can t ,  a l t h o u g h  small, 
i nc r ea se  of t h e  g l u t a m i n e  c o n c e n t r a t i o n  in  b r a i n  was 
f o u n d  a f t e r  i n t r a v e n o u s  a d m i n i s t r a t i o n  of  t h e  amide  to 
r a t s  or  m ice  ~. I t  is n o t  s u r p r i s i n g  t h a t  i so l a t ed  observa- 
t i o n s  of l ack  of i n c o r p o r a t i o n  of a m i n o  acids ,  pa ren te ra l ly  
a d m i n i s t e r e d ,  led to  t i le  c o n c l u s i o n  t h a t  t h e  b r a i n  pro- 
t e i n s  h a v e  a v e r y  s low t u r n o v e r  4. W h e n ,  o n  t h e  other 
h a n d ,  a m i n o  ac ids  were  i n t r o d u c e d  d i r e c t l y  in to  the 
s u b a r a c h n o i d a l  spaces ,  in  o r d e r  to  a v o i d  t h e  b lood-bra in  
ba r r i e r ,  c o n s i d e r a b l e  i n c o r p o r a t i o n  i n t o  p r o t e i n s  was 
o b s e r v e d  s. 

The design o/ the experiments.--For r e a s o n s  to be 
d i scussed  below,  i t  a p p e a r e d  d e s i r a b l e  to  select  the 
phys io log i ca l  p a t h  of s u p p l y  of a m i n o  ac ids  to  t h e  brain, 
i.e., f r o m  t h e  c i r c u l a t i n g  blood.  L y s i n e  was  c h o s e n  as the 
t e s t  a m i n o  acid,  t h e r e  b e i n g  r e a s o n  to  be l i eve  t h a t  this 
bas ic  a m i n o  acid  wou ld  p e n e t r a t e  t h e  b l o o d - b r a i n  barrier 
a t  a f a s t e r  r a t e  t h a n  a n  ac id ic  or  n e u t r a l  one  s . The 
t e c h n i q u e  fol lowed,  w i t h  m i n o r  v a r i a t i o n s ,  in  t h e  experi- 
m e n t s  t o  be  r e p o r t e d ,  w as  as  fo l lows:  

L y s i n e  C l* was  i n j e c t e d  i n t r a v e n o u s l y  or  intraperi-  
t o n e a l l y  i n t o  mice  a n d  m o n k e y s ,  a n d  t h e  b r a i n s ,  livers 
a n d  o t h e r  o r g a n s  were  r e m o v e d  a f t e r  de f in i t e  t i m e  inter- 
vals .  T h e  p r o t e i n  f r a c t i o n s  o b t a i n e d  b y  prec ip i ta t ion  
w i t h  t r i c h l o r o a c e t i c  ac id  a n d  e x t r a c t i o n  w i t h  organic 
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