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A m i n o  A c i d  A c c u m u l a t i o n  b y  B r a i n  S l i c e s :  I n t e r a c t i o n s  A m o n g  T r y p t o p h a n ,  P h e n y l a l a n i n e  a n d  

H i s t i d i n e  

I n  r e c e n t  years ,  n u m e r o u s  p a p e r s  h a v e  dea l t  w i t h  t h e  
cha rac t e r i s t i c s  of a m i n o  ac id  u p t a k e  b y  b r a i n  t i ssue.  Up-  
t a k e  of t r y p t o p h a n  h a s  specia l  i n t e r e s t  s ince  i t  h a s  been  
r e p o r t e d  t h a t  t h e  i n t r a c e l l u l a r  c o n c c n t r a t i o n  of th i s  a m i n o  
ac id  m i g h t  r egu la t e  p o l y r i b o s o m e  aggrega t ion ,  a n d  in t h i s  
way  exe r t s  a m a j o r  m o d u l a t i n g  effect  on  t he  r a t e  of pro-  
t e i n  synthes isZ,  2. However ,  t h e r e  are  few s tud ies  on  t h e  
e f fec t  of o t h e r  a m i n o  ac ids  on  t h e  ce reb ra l  a c c u m u l a t i o n  
of t r y p t o p h a n .  H i g h  c i r cu l a t i ng  levels  of p h e n y l a l a n i n e  
cause  dep l e t i on  of t r y p t o p h a n  in r a t  b r a i n s  in  v ivo  s a n d  
t he  s a m e  effect  ha s  r e c e n t l y  been  f o u n d  in two  in -v i t ro  
sys tems ,  b r a i n  s y n a p t o s o m a l  f r ac t ions  4, a n d  b r a i n  slices ~. 
Our  r e p o r t  con f i rms  t h e  i n h i b i t o r y  e f fec t  of p h e n y l a t a n i n e  
u p o n  t h e  a c c u m u l a t i o n  of t r y p t o p h a n  b y  b r a i n  slices, 
whe reas  in  p resence  of  h i s t i d ine  we found  a n  increase  in 
t h e  s t e a d y  s t a t e  c o n c e n t r a t i o n  of t r y p t o p h a n  in t h e  t issue.  

Material  and methods. Cort ica l  b r a i n  slices (0.3 m m  
th ick ,  a b o u t  70 m g  weight )  were  p r e p a r e d  f rom a d u l t  m a l e  
a l b i n o  ra t s ,  as  desc r ibed  b y  MCILLWAIN s. E a c h  slice was  
i n c u b a t e d  a t  37 °C, w i t h  ag i t a t ion ,  in  5 m l  of gassed (5% 
CO2-95 % O~) K r e b s - R i n g e r  b i c a r b o n a t e  sal ine,  p H  7.47, 
w h i c h  c o n t a i n e d  glucose (10 raM)  a n d  t h e  a m i n o  acids  
u n d e r  inves t iga t ion ,  w i t h  t r a c e r  a m o u n t s  of t he  app ro -  
p r i a t e  r a d i o a c t i v e  isomer.  Af te r  i n c u b a t i o n ,  t h e  slices were  
q u i c k l y  d r a i n e d  o n  glass, we ighed  w i t h  a t o r s i on  ba -  
lance,  a n d  h o m o g e n i z e d  in  2 m l  of 6 %  cold  t r i ch lo roace-  
t i c  acid (TCA). Samples  of 0.1 ml  of t he  i n c u b a t i o n  m ed ium,  
before  a n d  a f t e r  i ncuba t i on ,  were also m i x e d  w i t h  2 m l  of 
TCA. A l iquo t s  of 0.2 ml ,  f r om t h e  c e n t r i f u g a t e d  c lear  
s u p e r n a t a n t s ,  were  a d d e d  t o  10 m l  p h o s p h o r  s a n d  c o u n t -  
ed  for  r ad ioac t i v i t y .  C o u n t i n g  e r ro r  due  to  q u e n c h  v a r i a -  
t i on  was  ins ign i f i can t ,  a n d  no  co r rec t ion  was  app l i ed  to  
i n d i v i d u a l  s a m p l e  counts .  T issue  w a t e r  c o n t e n t  a t  t h e  
e n d  of i n c u b a t i o n  was  d e t e r m i n e d  b y  d r y i n g  sl ices a t  
105 °C for  10 h,  a n d  t h e  a m i n o  acid  c o n c e n t r a t i o n  was  cal-  
cu l a t ed  as  ~ m o l e / m l  t i ssue  wate r .  U n l a b e l l e d  a m i n o  acids  
were  o b t a i n e d  f rom S i g m a ;  L-phenylalanine-C14(U),  
L-h is t id ine  (ring-2-C x4) a n d  L - t r y p t o p h a n  (methylene-C14), 
f r om t h e  R a d i o c h e m i c a l  Centre ,  A m e r s h a m .  

Since  t h e  c o n c e n t r a t i o n  of t h e  a m i n o  acids  was  cal- 
cu l a t ed  f rom t h e  r a d i o a c t i v i t y  in  t h e  slices, i den t i f i c a t i on  
of l abe l led  m a t e r i a l  in  t h e  t i s sue  w as  ca r r i ed  o u t  b y  p a p e r  
c h r o m a t o g r a p h y  °. TCA e x t r a c t s  of slices i n c u b a t e d  w i t h  
h i s t id ine -C  14 or  p h e n y l - a l a n i n e - C  x4, a n d  bo i l ing  w a t e r  ex-  
t r a c t s  of slices i n c u b a t e d  w i t h  t r y p t o p h a n - C  14, were sub-  
j ec t ed  t o  c h r o m a t o g r a p h y  on  ~ V h a t m a n  No 3 p a p e r  s t r i p s  
in  2 so lvents ,  b u t a n o l :  ace t ic  ac id :  w a t e r  (12 :3 :5)  a n d  
w a t e r - s a t u r a t e d  phenol .  Af t e r  10 h runs ,  t h e  s t r i p s  were  
dried,  c u t  in to  1 c m  leng ths ,  a n d  each  piece p l aced  in 10 m l  

p h o s p h o r  for c o u n t i n g  of r ad ioac t i v i t y .  D u p l i c a t e d  s t r ips  
were  r u n  w i t h  u n l a b e l l e d  m a r k e r s  a n d  deve loped  w i t h  
n i n h y d r i n .  F o r  t h e  3 a m i n o  ac ids  s tud ied ,  i t  was  f o u n d  
t h a t  9 0 - 9 8 %  of t h e  t o t a l  r a d i o - a c t i v i t y  in  t h e  s t r i p  was  
loca ted  a t  t he  s ame  R f  va lue  of t he  r e spec t ive  a m i n o  acid 
(Figure) .  
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Distribution of radioactivity in chromatograms of brain extracts after 
60 minincubation with labelled tryptophan, histidine or phenylalani- 
ne, run in butanol:acetic acid:water. Hatched areas represent the 
positions of the ninhydrin stained spots in parallel chromatograms of 
unlabelted amins acids. 
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Table I. Accumulation of L-tryptophan, L-penylalanine and L-histidine by brain slices 

Final tissu/medium concentration ratio 

Amino acid When present In the presence of an equimolar amount of When the 3 
alone L-phe L-his L-try amino acids are 

Present 

L-try 4.52 ± 0.11 (46) 1.85 4- 0.07 (19) 6.78 4- 0.34 (20) - -  3.43 4- 0.22 (10) 
L-phe 1.84 ~ 0.02 (38) -- 3.76 -4- 0.18 (10) 1.63 ± 0.03 (18) 2,84 4- 0,17 (10) 

L-his 14.85 ± 0.80 (27) 7.29 ± 0.79 (10) - -  6.88 ± 1.77 (10) 9.52 ± 0.46 (10) 

Brain slices were incubated for 60 min with the appropriate amino acid(s), and the final tissue/medium concentration ratios were calculated as 
[zmole per ml of tissue water/{zmole per ml of medium. The initial concentration of each amino acid in the medium was 1 mM. Figures are 
means -4- S.E.M. In brackets the number of slices. 
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Table II. Effect of hlstidine in the medium or preineubation with his- 
tidine (his) on the initial uptake of tryptophan by brain slices 

No of slices Tryptophan uptake 
(~tnole/ml of 
tissue water) 

Without preincuhation 
Controls 29 1.39 4- 0.06 
In presence of his 1 mM 18 1.29 -4- 0.05 

5 mM 10 0.91 ± 0.05 

With preineubation 
Controls 12 1.04 -V 0.06 
Loaded with his 14 1.35 4- 0.06 

Tryptophan uptake was deternfined after 3 min incubatio~ with 
tryptophan 1 mM in the medium. In the experiments with princuba- 
tion, brain slices were preincubated for 30 rain without amino acids 
(controls) or in presence of histidine 5 mM (loaded); after a three- 
second washing in cold medium, they were incubated with trypto- 
phan. The concentration of histidine in the slices at the end of prein- 
cubation with this amino acid was 22.9 =k 0.8 ~.molc]ml tissue water. 
Figures are means 4- S.E.M. 

Accumula t ion  exper imen t s ,  such as those  shown in  
Table  I, while  s imula t ing  more  closely t he  physiological  
s t e a d y  s t a te  condi t ion,  canno t  expla in  in detai l  t he  dyna -  
mics  of the  uni -d i rec t iona l  f luxes occurr ing a t  the  cell 
m e m b r a n e .  Therefore,  we have  fu r the r  s tudied ,  in shor t  
t e r m  incubat ions ,  t h e  effect  of h i s t id ine  on the  u p t a k e  of 
t r y p t o p h a n .  Table  I I  shows t h a t  t he  in i t ia l  (3 rain) up-  
t ake  of t r y p t o p h a n  by  fresh t i ssue  is decreased  by  the  pre-  
sence of h i s t id ine  in the  med ium,  in pa r t i cu la r  when  the  
concen t r a t ion  of h is t id ine  is grea te r  t h a n  t h a t  of t r y p t o -  
phan .  On t h e  o the r  hand ,  Table  I I  shows, also, t h a t  pre-  
loading of t he  slices w i th  h i s t id ine  enhances  t h e  ini t ia l  
up t ake  of t r y p t o p h a n ;  in para l le l  e x p e r i m e n t s  i t  was  found  
t h a t  t he  incuba t ion  of tile h is t id ine  pre loaded  slices w i th  
t r y p t o p h a n  (1 raM),  roughly  doubles  the  ini t ial  ex i t  ra te  of 
h i s t id ine  f rom the  t issue.  Therefore,  f rom the  d a t a  of 
Table I I ,  it  seems t h a t  b o t h  amino  acids c o m p e t e  for  t h e  
m e m b r a n e  carr ier  w h e n  t h e y  are on the  s ame  side of t h e  
cell m e m b r a n e ,  but ,  when  t h e y  are  on oppos i t e  sides, 
in t race l lu la r  h i s t id ine  exchanges  wi th  ex t race l lu la r  t ryp -  
tophan .  Such a t y p e  of exchange  di f fus ion could expla in  
the  enhanc ing  effect  of h is t id ine  on the  accumula t ion  of 
t r y p t o p h a n  in t he  long t e r m  e x p e r i m e n t s  of Table  I. 

Results and discussion. W h e n  bra in  slices are i ncuba ted  
in the  presence  of an amino  acid for 60 rain, the  accumu-  
la t ion of t he  la t t e r  in t h e  t issue approaches  a s t eady  level, 
which  is d e p e n d e n t  on i ts  ini t ial  concen t r a t ion  on the  sus- 
p e n d i n g  m e d i u m  and  on the  presence  of o t h e r  a m i n o  acids.  
The  d a t a  of Table  I were  ob t a ined  w i t h  these  t y p e s  of ex-  
pe r iments .  I t  is shown t h a t  the  accumula t ion  of t r y p t o -  
p h a n  or h i s t id ine  is decreased  in presence  of equ imolar  
a m o u n t s  of phenyla lan ine .  Similarly,  the  accumula t ion  of 
pheny la l an ine  or h i s t id ine  is decreased  in presence  of 
t r y p t o p h a n .  However ,  t h e  accumula t ion  of t r y p t o p h a n  
or pheny la l an ine  is increased in t he  presence  of equ imola r  
a m o u n t s  of his t id ine .  

The inh ib i ton  of t h e  accumula t ion  of h is t id ine  b y  phe-  
ny la lan ine  and  by  t r y p t o p h a n  is in a g r e e m e n t  w i th  t he  
resul ts  of ~EAME 10. 

Resumen. La concen t rae i6n  de t r i p t6 fano  en cortes  de 
cerebro incubados  con este amino~cido d u r a n t e  60 rain, 
es d i sminu ida  p e r  la presencia  de feni la lanina  p e t e  aumen-  
t a d a  pe r  la h is t id ina .  E1 efecto de la h i s t id ina  se puede  ex-  
p l icar  p e r  in t e rcambio  a nivel  de  la m e m b r a n a  en t re  la 
h i s t id ina  in t race lu lar  y el t r i p t6 fano  extracelular .  
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T h e  T h r e s h o l d  for  the  S m e l l  of  A c e t o n e  and  i t s  
c a r b a m a t e  1 

The  odor  of ace tone  in t he  b r ea th  of pa t i en t s  in d iabe t ic  
coma has  long been  t h o u g h t  to be of d iagnost ic  significance.  
Since m a n y  exper ienced  cl inicians are unable  to  de t ec t  
any  d is t inc t ive  odor  in such p a t i e n t s  2, whi le  o thers  can,  
we inves t iga ted  the  smel l  t h r e sho ld  for t he  odor  of ace tone  
a n d  c o m p a r e d  i t  w i t h  t he  ab i l i ty  to  t a s t e  pheny l th ioca r -  
b a m a t e  (PTC) of the  same subjects .  The popu la t ion  stu-  
died, mos t ly  s tuden t s  and  clerks,  inc luded 211 subjects ,  
86 be tween  15 and 19 years  of age, 65 be tween  20 and  39 
and  60 be tween  40 and  69. 

Nine  di lu t ions  of r eagen t  grade  ace tone  in deionized 
wa te r  were  p repa red  in g lass -s toppered  t es t  tubes  1-2 h 
before each  t es t  session. They  ranged in concen t r a t ion  
(vol./vol.) f rom 8.0 to 0.01% (legend, Figure  1). E a c h  
tube  was mixed  by  invers ion before being p re sen ted  to  the  
sub jec t  to  smell .  The  tubes  were offered in order  of in- 
creasing concen t r a t ion  a f te r  famil iar iz ing tile sub jec t  w i th  
t he  smel l  of acetone.  W h e n  the  a p p r o x i m a t e  t h re sho ld  was  
reached,  t he  cor responding  tube  was placed toge the r  w i th  
3 tubes  of deionized wa te r  for iden t i f ica t ion  as suggested 
by  the  m e t h o d  of HARRIS and  KALMUS a for de t e rmin ing  

R e l a t i o n s h i p  t o  t h e  A b i l i t y  to  T a s t e  P h e n y l t h i o -  

t he  th resho ld  for t he  t a s t e  of PTC. The lowest  concen t ra -  
t ion of ace tone  correc t ly  ident i f ied  f rom a m o n g  the  tubes  
of wa te r  was  t aken  to  be the  threshold .  

Abi l i ty  to  t a s t e  PTC was de t e rmined  by  hav ing  the  sub-  
j ec t  t a s t e  a d rop  of an  aqueous  so lu t ion  of 8.125 mg  PTC 
per  100 ml, t h e  a n t i m o d e  in tile d i s t r ibu t ion  of PTC 
th resho lds  3. I f  t he  sub jec t  no ted  any  t a s t e  a t  all he  was 
cons idered  a tas ter .  

W h e n  tile d i s t r ibu t ion  of th resho lds  for t he  smell  of 
ace tone  in young  subjec ts  (aged 15-39) was p lo t t ed  se- 
p a r a t e l y  for males  and  females,  3 def in i te  peaks  were  found 
in each  g raph  (Figure 1). I n  t h e  g raph  of t he  o lder  sub- 
jec ts  (aged 40-69) the re  were 2 peaks  and  a ' shoulder ' ,  
each  cor responding  to  1 of t he  3 peaks  in t he  g raph  of t he  
younger  group (males and  females  combined) ,  b u t  in the  

1 Based on a report accepted by the Israel Ministry of Education in 
partial fulfillment of matriculation requirements of LEA R~ZNIK, 
and constituting an extension of the work of HENRY TABE. 

2 G.P. BAKER, Lancet 2, 373 (1960). 
a H. HARRIS and H. KALMUS, Ann. Eugen. 15, 24 (1949). 


