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Fig. 2. Cell isolated from 5-day-old 
chick embryo cerebral hemispheres 
after 48 h in culture. Bodian's im- 
pregnation. × 400. 

Fig. 3. Cells isolated from 5-day-old chick 
embryo cerebral hemispheres, photographed 
with phase contrast microscope, x391. 
a) After 3 days in culture, a young neuro- 
blast, b) After 6 days in culture, a pyramidal 
neuron. 

Results. Immediately following isolation, the cells were 
of a round-shaped morphology and identical to each 
other (Figure la) .  After 15 h of cultivation, many cells 
were observed to have formed one, two or more short 
processes. These processes developed rapidly (Figure lb )  
and after 48 h were seen to be quite extended from their  
cell bodies (Figure 1 c). These processes, as well as their  
soma, displayed positive reaction to Bodian's  impregna- 
tion (Figure 2). After  24 h, approximately 45% of the 
cells had formed processes, and by 48 h between 80 and 
90% of cells possessed fibres. 

Nucleoli could sometimes be distinguished in the cell 
body, at  which t ime the cells ressembled young neuro- 
blasts (Figure 3 a). After 3 to 4 days in culture, most of 
the cells maintained a spherical morphology and were 
unipolar or bipolar. Some ceils, however, evolved to the 
multipolar type and after 5 days pyramidal  neurons 
were observed to have differentiated (Figure 3b). 

The results of this study revealed undifferentiated cells, 
isolated from cerebral hemispheres, were able to develop 
processes. They were further able to differentiate into 
bipolar, unipolar and multipolar neuroblasts without  
contact either between each other or with glia cells. 

In a previous s tudy in this laboratory, a s t imulatory 
effect by embryonic brain extract  upon the fibre out- 

growth of chick embryo cerebral hemispheres explants 
was described 9. Investigations as to the influence of this 
extract  upon the differentiation of isolated neuroblasts 
in long-term culture are now in progress. 

Rdsumd. Des cellules, encore ~t un stade indiff6renci6, 
dissoci6es d'h6mispb~res c6r6braux d 'embryon de Poulet 
ont  form6, en culture, des fibres nerveuses. La plupart  
des cellules se diff6rencient en neuroblastes unipolaire et 
bipolaire; certaines 6voluent vers le type multipolaire 
sans contact direct avec des cellules gliales. 

M. SENSENBRENNER 1° and P. MANDEL 
with the technical assistance of 
M. F. KNOETGEN 

Centre de Neurochimie du C.N.R.S.,  
Institut de Chimie Biologique, Facultd de Mddecine, 
11, rue Humann, F-67 Strasbourg (France), 
20 January 1071. 

9 j.  TRESKA, M. SENSENBRENNER, Z. LODII~, M. JACOB and P. MAS- 
DEL, C. r. Acad. Sci., Paris, Ser. D. 267, 2034 (1968). 

l0 Charg6e de Recherche au CNRS. 

Uptake of Alanine, Phenylalanine and Tyrosine by L 1210 Cells at 4 °C: Poss ible  Effect of Lipid Solubility 

The importance of the x-amino group, ~-carboxyl 
group and c~-hydrogen of an amino acid to its t ransport  
by intestine or tumor ceils has been establishedL I t  has 
also been shown that  a net charge on the side chain 
(R of RNH3+ COO-) inhibited its t ransport  by the 
intestine 1. An apolar group enhances its transport.  
OXENDER and CHRISTENSEN2 showed the effect of struc- 
tural  changes of the side chain on the transport  of neutral  

amino acids by Ehrlich cells. This paper presents the 
findings in the effects of the introduction of a phenyl 
group and the hydroxylat ion of the phenyl group on 
the uptake of L-alanine by L1210 cells at 4°C. 

L1210 cells from ascitic fluid of B D F  I mice were used. 
After removing the contaminating red blood cells by 
hemolysis, the L1210 cells were washed and suspended 
in 41D 3, pH 6.8; the pH of the ascitic fluid. 1 ml of the 
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cell suspens ion  c o n t a i n i n g  1 . 0 - 5 × 1 0 7  cells was  m i x e d  
w i t h  0.01 ml  of 3H-labeled L-alanine (Ala) or  one  of t h e  
fol lowing:  L -pheny la l an ine  (Phe),  L- tyrosine (Tyr) (1 txc, 
0.2 nmoles  4) a n d  i n c u b a t e d  a t  4°C for  up  to  20 min .  A t  
t he  end  of i ncuba t i on ,  5 m l  cold 0 . 1 5 M  NaC1 (NS) was  
a d d e d  to  each  sample ,  cen t r i fuged  in t he  cold a n d  t he  
wash ing  r e p e a t e d  once  more.  T he  cell s e d i m e n t s  were 
r e s u s p e n d e d  in 1 m l  N S  a n d  t he  r a d i o a c t i v i t y  d e t e r m i n e d  
in  a l iqu id  sc in t i l l a t i on  c o u n t e r  a n d  expressed  as  c p m  
p e r  10 ~ cells. A t  3 0 0 0 c p m / 1 0  ~ cells, t h e  r a d i o a c t i v i t y  
of t he  i n t r a c e l l u l a r  w a t e r  equa l s  t h a t  of t h e  m e d i u m  
( D i s t r i b u t i o n  r a t i o  ----- 1). T h e  F i g u r e  shows  t h e  u p t a k e  
of t h e  3 a m i n o  ac ids  for  up  to  20 ra in  of i n c u b a t i o n .  No 
inc reased  u p t a k e  was  d e m o n s t r a t e d  w h e n  i n c u b a t i o n s  
were  c o n t i n u e d  u p  to  1 h,  in  p r e l i m i n a r y  e x p e r i m e n t s .  

As  s h o w n  in t h e  F i g u r e  a l an i ne  is t a k e n  up  b y  L1210 
ceils s luggish ly  a t  4°C. T h e  i n t r ace l l u l a r  c o n c e n t r a t i o n  
reaches  t h a t  of t he  m e d i u m  in  20 rain.  P h e n y l a l a n i n e  is 
t a k e n  up  e x t r e m e l y  r ap id l y  whi le  ty ros ine ,  m u c h  less so. 

Since the  cell m e m b r a n e  is r i ch  in phospho l ip ids ,  one 
poss ib le  e x p l a n a t i o n  of t he se  s t r i k ing  d i f ferences  is t h a t  
t h e  p h e n y l  g roup  e n h a n c e s  t he  l ip id  so lub i l i ty  of a l an i ne  
whi le  h y d r o x y l a t i o n  of t h e  p h e n y l  g roup  reduces  i ts  
l ip id  so lubi l i ty .  T h e  p k  3 of t he  O H  group  is 10.075. I t  is, 
therefore ,  n o t  d i s soc ia ted  a t  p H  6.8 a n d  hence  no  n e t  
cha rge  is i n t r o d u c e d  b y  t he  O H  group.  To e s t i m a t e  t h e  
l ip id  solubi l i t ies  of these  a m i n o  acids,  1 ml  of N S  con-  
t a i n i n g  1.0 txc of labe led  a m i n o  acid was t h o r o u g h l y  
mixed  w i t h  2 m l  of a p h o s p h o l i p i d  m i x t u r e  cons i s t ing  

Lipid solubilities of Ala, Tyr and Phe 

Phospholipid 
solution 
(cpm}0.1 ml) 

Ala Tyr Phe 

Range 46-59 242-278 711-1066 
Average 51 262 920 

of ch lo ro fo rm:  m e t h a n o l :  n - h e p t a n e  (6 : 3 : 1 b y  vo lume)  
c o n t a i n i n g  lec i th in  600 rag/100 ml  a n d  choles te ro l  200 rng/ 
1 0 0 m l .  Af t e r  cen t r i fuga t ion ,  a l i quo t s  f rom t h e  l ip id  
so lven t  layers  were t a k e n  for  m e a s u r e m e n t  of rad io-  
ac t iv i t ies .  The  resu l t s  are  s h o w n  in  t h e  Table .  

The  d i f ferences  of t he  r ad ioac t iv i t i e s  of t h e  3 a m i n o  
ac ids  in  t h e  l ip id  s o l v e n t  f r ac t ions  are  qu i t e  s t r i k i n g  
a n d  do  co r re la t e  w i t h  t he  r a t e s  of u p t a k e  of these  a m i n o  
acids  b y  l ip id  ceils. However ,  even  w i t h  Phe ,  t h e  rad io-  
a c t i v i t y  in  t h e  c h l o r o f o r m  p h a s e  is on ly  a f r ac t i on  of t h e  
aqueous  phase ,  whereas ,  t he  ce l lu lar  c o n c e n t r a t i o n  of  
P h e  is 10 t i m e s  t h a t  of t h e  m e d i u m .  Therefore ,  e n h a n c e d  
l ip id  so lub i l i ty  of a n  a m i n o  acid  is he lp fu l  b u t  n o t  suf-  
f ic ien t  for  o p t i m a l  u p t a k e  b y  L1210  cells. 

H o w  L I 2 1 0  cells  c a n  a c c u m u l a t e  P h e  3 t i m e s  t h e  con-  
c e n t r a t i o n  in t h e  m e d i u m  a f t e r  20 sec a n d  10 t i m e s  a f t e r  
20 ra in  a t  4°C is n o t  known.  I t  is d i f f icu l t  t o  reconci le  
w i t h  t he  concep t  t h a t  c o n c e n t r a t i v e  u p t a k e  is ene rgy  
d e p e n d e n t .  T h e r e  is some ev idence  ( u n p u b l i s h e d  da ta )  
t h a t  P h e  t a k e n  up  b y  t h e  cells a re  c o n c e n t r a t e d  on  t h e  
m e m b r a n e  r a t h e r  t h a n  d i s t r i b u t e d  e v e n l y  in  t h e  i n t r a -  
ce l lu lar  water .  Cell m e m b r a n e  cons is t s  of p ro te ins ,  l ip ids  
a n d  c a r b o h y d r a t e s  such  as neu ran f in i c  ac id  de r iva t ives .  
A t  t h e  mo lecu l a r  level,  t h e  m e m b r a n e  p r o b a b l y  is com- 
posed  of m y r i a d s  of h y d r o p h o b i c  a n d  h y d r o p h i l i c  g roups  
a n d  side cha ins  of a m i n o  acids,  sialic acids,  etc., w h i c h  
serve  as r ecep to r s  or ba r r i e r s  to  ou t s ide  subs tances .  
Poss ib ly  t he  h i g h  u p t a k e  of P h e  is due  to  t h e  h y d r o -  
p h o b i c  a f f in i ty  of t h e  p h e n y l  m o i e t y  a n d  a r e m a r k a b l e  
f i t  to  t h e  r ecep to r s  on  t h e  cell  surface.  Conce ivab ly ,  
t h e r e  m a y  be  a p r a c t i c a l  a p p l i c a t i o n  for  t h i s  p r o p e r t y .  
Fo r  ins t ance ,  t he  i n t r o d u c t i o n  of a P h e  g roup  to  a 
c h e m o t h e r a p e u t i c  a g e n t  m a y  e n h a n c e  i ts  ce l lu lar  per -  
m e a b i l i t y  a n d  eff icacy.  

As p o i n t e d  o u t  b y  PARDEE ~, t h e  f i rs t  s t ep  in ce l lu lar  
t r a n s p o r t  is a d s o r p t i o n  (up take)  of t h e  s u b s t a n c e  to  be  
t r a n s p o r t e d  to  t h e  sur face  of t he  cell. W o r k i n g  a t  4°C 
slows d o w n  t h i s  f i r s t  s t ep  so t h a t  some  of t h e  cha r ac -  
t e r i s t i c s  c a n  b e  s tud ied .  T h e  p r e s e n t  work  desc r ibes  for  
t h e  f i rs t  t i m e  t h e  effect  of a p h e n y l  g roup  a n d  t h e  hy-  
d r o x y l a t i o n  the reo f  on  t h e  u p t a k e  of a l an ine  b y  L1210  
cells7: 

Aliquots of each labeled amino acid was extracted with a phospho- 
lipids solution (see text) and the radioaetivities measured. 3 experi- 
ments. 

Rdsumd. L ' i n t r o d u c t i o n  d ' u n  g roupe  p h 6 n y l  faci l i te  
g r a n d e m e n t  le t r a n s f e r t  de L-a lanine  t a n d i s  que  l ' h y d r o x y -  
l a t i on  du  g roupe  p h 6 n y l  d i m i n u e  la  faci l i t~ de t r ans fe r t .  

10 

i g 10 z0min 
Uptake of alanine, tyrosine and phenylalanine at 4°C by L1210 
cells. No further uptake is noted when incubation is continued to 
60 rain. 
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