
186 Br~ves communications - Kurze Mitteilungen EXPgRIENTIA XlX[4 

Distr ibut ion  of  A m i n o  Acid Act iva t ing  E n z y m e s  
in Rabbi t ' s  Brain  

I n  o rde r  to  u n d e r s t a n d  t h e  b r a i n  func t ion ,  i t  is con-  
s idered  to  be  necessa ry  to  s t u d y  t h e  r eg iona l  p a t t e r n  of 
enzymes  a n d  m a n y  c o m p o u n d s .  Recen t ly ,  t h e  locMiza t ion  
of p r o t e i n  m e t a b o l i s m  in  va r ious  b r a i n  areas  h a s  been  
s t ud i ed  b y  seve ra l  i n v e s t i g a t o r s  l -a ;  however ,  l i t t l e  work  
h a s  b e e n  d o n e  t o  s t u d y  reg iona l  d i s t r i b u t i o n  of i n d i v i d u a l  
e n z ~ r t e s  p a r t i c i p a t i n g  in  p r o t e i n  m e t a b o l i s m  of t h e  b r a i n .  
LAJTI~A 4 r e p o r t e d  t h e  d i s t r i b u t i o n  of  p r o t e i n a s e  a c t i v i t y  
in  va r ious  b r a i n  areas .  The  p r e s e n t  r e p o r t  desc r ibes  some  
resu l t s  o n  t h e  d i s t r i b u t i o n  of a m i n o  ac id  a c t i v a t i n g  en- 
zymes  in  va r ious  b r a i n  areas ,  as one  of our  r epo r t s  on  t h e  
p r o t e i n  m e t a b o l i s m  of b r a i n  t i ssue  s-8. 

R a b b i t s  we igh ing  a b o u t  2.5 kg  were  k i l led  b y  decapi -  
t a t i on .  T h e  b r a i n s  were  r e m o v e d  i m m e d i a t e l y  a n d  cere- 
b r a l  cor tex ,  ce reb ra l  w h i t e  m a t t e r ,  h i p p o c a m p u s ,  h y p o -  
t h a l a m u s ,  m i d b r a i n ,  ce rebe l lum,  m e d u l l a - p o n s  a n d  sp ina l  
cord  were  isola ted.  A p o r t i o n  of  e a c h  t i s sue  was  t r a n s -  
fe r red  to  a glass h o m o g e n i z e r  t u b e  a n d  h o m o g e n i z e d  in  
one  v o l u m e  of m e d i u m  A ~. T h e  h o m o g e n a t e s  were sep- 
a r a t e d  i n to  a soluble  f r ac t i on  a n d  a cen t r i fuga l  res idue  b y  
e e n t r i f u g a t i o n  for  90 ra in  a t  105000 g in  a Sp inco  L 
cen t r i fuge .  A soIuble  f r ac t ion  was  used  for  t h e  a s s a y  of 
a m i n o  ac id  a c t i v a t i n g  enzymes .  T h e  a s say  p rocedure s  for  
a m i n o  ac id  a c t i v a t i n g  e n z y m e s  were  ca r r i ed  o u t  us ing  
P P ~ - A T P  e x c h a n g e  m e t h o d .  1 m t  of i n c u b a t i o n  m i x t u r e  
for  t h e  P P ~ * - A T P  e x c h a n g e  c o n t a i n e d  3 /*moles A T P ,  10 
/ ,moles  MgC1 v 3 / ,moles P P ~  c o n t a i n i n g  a b o u t  100000 
coun t s / r a in ,  100 / ,moles Tris  buffer ,  p H  7.8, a n  a m i n o  
acid  m i x t u r e  c o n t a i n i n g  3 /*moles of e ach  of 20 a m i n o  
ac ids  a n d  t h e  e n z y m e  f rac t ion .  I n c u b a t i o n  was car r ied  
o u t  a t  37 ° for  15 min .  A f t e r  i n c u b a t i o n ,  t h e  r eac t i on  was  
s t o p p e d  w i t h  cold T e A  (f inal  c o n c e n t r a t i o n  5%)  a n d  P P  
a n d  A T P  were  s e p a r a t e d  b y  cha rcoa l  a b s o r p t i o n  acco rd ing  
to  t h e  m e t h o d  of CRANE a n d  LIPMANN ~0. T h e  c o n c e n t r a -  
t i o n  a n d  r ad ioae t iv i t i e s  of A T P  a n d  p p  were e s t i m a t e d  as 
o r t h o p h o s p h a t e  a f t e r  these  c o m p o u n d s  h a d  been  h y d r o -  
lysed in 1 N  H~SO~ for 15 m i n  a t  100°C. T h e  d e t e r m i n a -  
t i o n  of i no rgan i c  p h o s p h a t e  was  t h a t  of FIs 'x~ a n d  
SUBBAROW I1. T h e  r a d i o a c t i v i t y  w as  d e t e r m i n e d  w i t h  a 
R I D L  Model  21 gas  f low coun te r .  T h e  d a t a  were  ex-  
p ressed  as  p e r c e n t  e x c h a n g e  acco rd ing  t o  HOAGLAND e t  
at. x*. p*~ was o b t a i n e d  f rom R a d i o c h e m i c a l  Centre ,  A m e r -  
sham,  E n g l a n d .  pa~ labe l led  ino rgan ic  p y r o p h o s p h a t e  
( P P ~ )  was  p r e p a r e d  b y  t h e  m e t h o d  of KORNBERG a n d  
PRICER ~ a n d  pur i f i ed  acco rd ing  to  t h e  mod i f i ed  pro-  
cedure  of COHN a n d  CARTER 14. R a d i o c h e m i c a l  ana lys i s  of 
t h e  p r o d u c t s  s h o w e d  t h a t  t h e  c o n t a m i n a t i o n  of P ~  
o r t h o p h o s p h a t e  was  less t h a n  1%.  

P P ~ * - A T P  e x c h a n g e  r e a c t i o n  of  t h e  cel l  s ap  of  r a b b i t  
b r a i n  a reas  was  o b s e r v e d  t o  b e  s l igh t  in  t h e  abs ence  of 
amino  a c i d s .  P P ~ - A T P  e x c h a n g e  r e a c t i o n  of t h e  sp ina l  
cord  in absence  of t h e  a m i n o  acid m i x t u r e  was  r a t h e r  h i g h ;  
a m o n g  va r i ous  b r a i n  areas ,  however ,  l i t t l e  s ign i f i can t  
differences b e t w e e n  va r ious  areas  were  obse rved  (Table) .  

A r ap id  P P a ~ - A T P  e x c h a n g e  r e a c t i o n  of t h e  cell s a p  of  
va r ious  b r a i n  a r ea s  was  o b s e r v e d  in  t h e  p resence  of  t h e  
a m i n o  acid mix tu re .  "~¥2aile P P ~ * - A T P  e x c h a n g e  of ce reb ra l  
c o r t e x  a n d  m e d u l l a - p o n s  was  m o r e  ac t ive ,  t h a t  of  w h i t e  
m a t t e r ,  h i p p o c a m p u s  a n d  ce rebe l lum was  less ac t ive .  

Inc rease  in  P P a a - A T P %  e x c h a n g e  in  t h e  p resence  of a n  
a m i n o  acid m i x t u r e  was  also s h o w n  in  t h e  Tab le .  Th i s  
increase  m a y  he  r e g a r d e d  as t h e  t r u e  a c t i v i t y  of t h e  a m i n o  
ac id  a c t i v a t i n g  enzymes .  T h e  v a l u e  of ce rebra l  co r t ex  
was  h ighes  t ,  whi le  t h a t  of c e r eb ra l  w h i t e  m a t t e r  was  
lowest .  Cerebe l lum,  medu l l a -pons ,  m i d b r a i u  a n d  h i p p o -  
c a m p u s  showed  i n t e r m e d i a t e  va lues ,  a n d  sp ina l  co rd  a 

r a t h e r  low va lue .  T h e  e x p e r i m e n t a l  n u m b e r  of  h y p o -  
t h a l a m u s  was  low. 

T h e  p resence  of  a m i n o  ac id  a c t i v a t i n g  e n z y m e s  in  b r a i n  
cell  s ap  was  f i rs t  o b s e r v e d  us ing  h y d r o x a m a t e  m e t h o d  
b y  LIPMANlg 15 a n d  genera l  cha rac t e r i s t i c s  of these  en-  
zymes  in  b r a i n  were  s tud ied  b y  ou r  g r o u p  1~. W h e n  a 
c o m p a r i s o n  of t h e  d i s t r i b u t i o n  of a m i n o  ac id  a c t i v a t i n g  
e n z y m e s  in va r i ous  b r a i n  a reas  of r a b b i t  was  m a d e  w i t h  
t h e  r e su l t s  of t h e  i n c o r p o r a t i o n  of r a d i o a c t i v e  a m i n o  ac id  

PPS2-ATP exchange in cell sap of different areas off rabbit's brain 

Are as PP3Z-ATP % exchange ~ % Vari- 
Amino Amino z] ~ ation 
acid acid from 
mixture mixture cerebral 
(+)  (--) cortex 

Cerebral cortex 33.2 8,1 25.1 100 
Cerebral white matter 25.5 10.3 15.2 61 
Cerebellum 27.6 8.~ 19.4 77 
Medulla-Pons 33.5 11.3 2~.2 88 
Midbrain 30.7 10.1 ~0.6 82 
Hypothalamus 27.2 7.5 19.7 79 
Hippocampus 26.1 8.4 17.7 71 
Spinal cord 29.9 12.5 17.4 70 

The values are means of 4-5 experiments except for hypothalamus 
(2 experiments), b ppa2.AT P % exchange/rag protein, a Increase 
due to addition of the amino acid mixture. 

i n t o  t h e  p r o t e i n  of va r ious  b r a i n  a reas  b y  va r ious  au tho r s ,  
i n c l u d i n g  o u r  g r o u p  xT, some  pa ra l l e l i sm exis t s  in  t h a t  t h e  
h i g h  i n c o r p o r a t i o n  is ifi t h e  ce reb ra l  c o r t e x  a n d  t h e  a m i n o  
ac id  a c t i v a t i n g  e n z y m e s  are  also more  ac t ive .  I n  ce r eb ra l  
w h i t e  m a t t e r  a n d  sp ina l  cord,  t h e r e  is low i n c o r p o r a t i o n  
a n d  low a m i n o  ac id  a c t i v a t i n g  e n z y m e  act iv i t ies ,  H o w -  
ever ,  h i p p o c a m p u s  s h o w e d  h i g h  i n c o r p o r a t i o n  a n d  in te r -  
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med ia t e  a m i n o  ac id  a c t i v a t i n g  e n z y m e s  act iv i t ies .  T he  
amino  acid  a c t i v a t i n g  e n z y m e s  of cerebe l lum,  medul la ,  
a n d  m i d b r a i n  d id  n o t  show dif ferences  as s ign i f ican t  as 
t he  i n c o r p o r a t i o n  resu l t s  of t h e  p r o t e i n  of these  areas.  I t  
seems poss ib le  t h a t  t h e  resu l t s  w i t h  a m i n o  acid a c t i v a t i n g  
enzymes  r e p r e s e n t  d i f ferences  in  t he  e n z y m e s  c o n t e n t  or  
v a r i a t i o n  in  t h e  s t a b i l i t y  of these  enzymes .  I t  is n o t  sur-  
pr is ing  t h a t  pa ra l l e l i sm does n o t  gene ra l ly  ex i s t  b e t w e e n  
t h e  i n c o r p o r a t i o n  re su l t s  a n d  a m i n o  acid a c t i v a t i n g  en- 
zymes  ac t iv i t i e s  of va r i ous  b r a i n  areas .  A m i n o  acid 
a c t i v a t i n g  e n z y m e s  m a y  n o t  b e  t h e  l im i t i ng  fac to r  in  
p ro t e in  b i o s y n t h e s i s  a n d  m a y  b e  p r e s e n t  in  excess to  
i nco rpo ra t e  a r a d i o a c t i v e  a m i n o  acid i n to  p r o t e i n s  of t h e  
va r ious  b r a i n  areas .  More  de f in i t e  d i f ferences  m a y  be  in 
t h e  a c t i v i t y  a n d  c o n t e n t  of r i b o s o m e  a n d  t r a n s f e r  en-  
z y m e s  in  v a r i o u s  b r a i n  a reas  xs. 

Zusammenfassung. l d n t e r s u c h u n g e n  a n  Aminos i iu re -  
a k t i v i e r e n d e n  F e r m e n t e n  in  den  d i v e r s e n  K a n i n c h e n -  
h i rn r eg ionen ,  h a b e n  gezeigt ,  class die A k t i v i t / i t  d e r  Gross-  

h i r n r i n d e  a m  h6chs t en ,  die de r  weissen  S u b s t a n z  des  
Grossh i rns  a m  n ied r igs t en  ist, w~ihrend sie in  d e n  t ib r igen  
H i r n t e i l e n  in der  M i t t e  liegt.  
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5-Hydroxytryptamine Content of Glioma 

I t  is n o t  k n o w n  w h e t h e r  5 - H T  is loca ted  in  exc i t ab le  
n e u r a l  t i s sue  or  in  o t h e r  t y p e s  of cell in  t h e  c e n t r a l  ne r vous  
sys tem.  T h e  r e su l t s  of  e x p e r i m e n t s  in  w h i c h  C x4 labe l led  
5 - h y d r o x y t r y p t o p h a n  (5 -HTP)  was  i n j ec t ed  i n to  an i m a l s  
a n d  i t s  s u b s e q u e n t  d i s t r i b u t i o n  o n  a u t o r a d i o g r a p h s  
e x a m i n e d  x h a v e  sugges ted  t h a t  5 - H T  m a y  be  c o n t a i n e d  
in t h e  gl ial  cells a n d  t h a t  i t s  chief  a c t i o n  is on  t h e  b lood 
vessels  a r o u n d  w h i c h  glial  cells c luster .  

I n f o r m a t i o n  r e l e v a n t  to  t h e  loca t ion  of 5 -HT in  t he  
c e n t r a l  n e r v o u s  s y s t e m  m a y  also be  s o u g h t  in  t he  5 -HT 
c o n t e n t  of ce reb ra l  n e o p l a s m s  of d i f f e ren t  cell  t y p e s  a n d  
t h e  p r e s e n t  s t u d y  c o m p a r e s  e s t i m a t e s  of 5 -HT in h u m a n  
t i ssues  classif ied as ' n o r m a l '  c e reb ra l  cor tex l  ' g l i oma '  a n d  
' m e n i n g i o m a ' .  

Neop las t i c  t i s sues  were  o b t a i n e d  f rom two  female  a n d  
f ive ma le  p a t i e n t s  at t h e  t i m e  of ope ra t ion .  T h e i r  ages 
r a n g e d  f r o m  19 to  71 years .  T h e  neop las t i c  t i ssues  were 
a l l  f r om ce reb ra l  cor t i ca l  a reas  e x c e p t  in  case No. 4 where  
t he  t u r n o u t  i n v o l v e d  t h e  b a s a l  gangl ia .  T h e  t u m o u r s  were 
classif ied b y  h i s to log ica l  e x a m i n a t i o n  of a piece of ab-  
n o r m a l  t i s sue  a d j o i n i n g  t h a t  used  for  t h e . p h a r m a c o l o g i c a l  
e x a m i n a t i o n .  Samples  of n o r m a l  ce reb ra l  cor t ica l  t i ssue  
were  also o b t a i n e d  w h e n  t h e i r  r e m o v a l  was  necessa ry  for 
access to  t h e  t u m o u r .  

T h e  t i s sues  on  w h i c h  5 - H T  e s t i m a t i o n s  were  to  be  
ca r r i ed  o u t  were  col lec ted  d i r ec t ly  f rom t h e  o p e r a t i n g  
t h e a t r e  in  c o n t a i n e r s  a t  0 ° C. Pieces  of a p p r o x i m a t e l y  1 g 
in  w e i g h t  were  e x t r a c t e d  w i t h  four  v o l u m e s  of ace tone  
acco rd ing  to  CORREALE z a n d  w i t h i n  30 ra in  of r e m o v a l  
f r o m  t h e  body .  T h e  b r a i n  e x t r a c t s  were  t a k e n  u p  in dis- 
t i l l ed  w a t e r  a n d  a s s a y e d  b io logica l ly  on  t h e  r a t  s t o m a c h  
b y  t h e  m e t h o d  of VAN~ 3. T h e  p o t e n c y  of e ach  i n d i v i d u a l  
e x t r a c t  was  e s t i m a t e d  a t  l eas t  four  t imes .  Hyose ine  10 -7 
was  p r e s e n t  in  t h e  b a t h i n g  so lu t ion  a n d  t h e  ac t ive  sub-  
s t ance  a s sayed  was  iden t i f i ed  as  5 - H T  -by t h e  ac t ion  of 
B O L  10 -7 a t  t h e  e n d  of e ach  e x p e r i m e n t .  T h e  m e t h o d s  
u sed  h a v e  a l r e a d y  b e e n  fu l ly  desc r ibed  4. 

I t  was  n e c e s s a r y  t o  con f i r m  t h a t  5 - H T  loss a f t e r  surgical  
r e m o v a l  occurs  a t  t h e  s a m e  r a t e  in  n o r m a l  a n d  neop las t i c  
t issues.  N o r m a l  t i ssue  l e f t  a t  r o o m  t e m p e r a t u r e  (20°C) 
los t  19% of i t s  5 - h y d r o x y t r y p t a m i n e  c o n t e n t  in  24 h 
whe rea s  t h e  g l i o m a t o s t  27%.  These  va lues  a re  of t h e  same  

o rde r  as those  p rev ious ly  r e p o r t e d  for  c e r eb ra l  co r t i ca l  
t issues 4. 

The  resul t s  in  t he  Tab le  show t h e  m e a n  5 - H T  concen -  
t r a t i o n  of e x t r a c t s  f rom severa l  t i ssue  samples  f rom t h e  
s ame  pa t i en t .  W i t h  one e x c e p t i o n  (case No. 4) a n d  r ega rd -  
less of the  n a t u r e  of the  t u m o u r ,  5 - H T  c o n c e n t r a t i o n s  were  
found  to  be  lower in t h e  n e o p l a s m  t h a n  in  t h e  a d j a c e n t  
cerebra l  cortex.  The  one  n e o p l a s m  w h i c h  showed  a h i g h e r  
c o n c e n t r a t i o n  of 5 -HT differed f rom the  o the r s  in  t h a t  t h e  
t u m o u r  invo lved  t he  basa l  gangl ia .  Th i s  p a t i e n t  h a d  also 
prev ious ly  received h igh  doses of a n t i b i o t i c  (penici l l in  a n d  
s t r ep tomyc in )  a n d  a l t h o u g h  t he  ora l  a d m i n i s t r a t i o n  of 
an t ib io t i cs  has  been  found  to  cause  a n  increase  in  p l a t e l e t  
5-HT s but not of brain 5-HT, the possibility must be 
considered that ~f a rise in platelet 5-HT does occur, the 
concentration of 5-HT may consequently increase in an 
area such as a neoplasm where the blood brain barrier has 
suffered a local breakdown. The most pronounced be- 
havioural disturbance was also seen in this patient (No. 4) 

5-Hydroxytryptamine (5-HT) concentrations in normal and patho- 
logical tissues 

Pa-  
tient 
No. 

Age Sex Tumour 5-HT mean ng/g wet weight 4- SE (n) 
Normal Temporal Tumour 
frontal lobe lobe 

1 67 F Meningioma 36.54-3.5 (2) 18.5-4-3.5 (2) 
2 59 M Mcningioma 38.0 (1) 23 .5 t l . 7  (4) 
3 23 F Glioma 54.5+7,5 {2) 20.5+3.5 (2) 
4 71 M Glioma 30.0 (1) 84.3-t-5.5 (3) 
5 27 M Glioma 59.34-8.1 (4) 31.1+2.8 (5) 
6 39 M Glioma 47.5+3.5 (2) 29.74-0.5 (3) 
7 19 M Otigodendro- 16.04-1.9 (2) 

glioma 
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