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Summary 

Transport of L-proline was studied with membrane vesicles prepared from 
the brush borders of the guinea-pig ileum. 

The presence of an Na* gradient from outside to inside of the vesicles stimu- 
lated L-proline uptake. Accumulation of amino acid in the vesicles reached 
a maximum 30 s after incubation, then decreased due to efflux and finally 
equilibrated at a level nearly identical to that  shown in the absence of an Na ÷ 
gradient in 30 min. The peak level of the uptake was 3.5-times greater than the 
final equilibrium level. 

The equilibrium level of L-proline uptake decreased with increasing medium 
osmolarity. Extrapolation to infinite medium osmolarity, that  is, under the 
condition of zero intravesicular space, showed no uptake, indicating transport of 
L-proline into membrane vesicles. 

The initial rate of uptake for 15 s was enhanced with increasing concentra- 
tions of Na ÷ in the external medium. A small part of the L-proline transport 
occurred by simple diffusion in addition to Na*-gradient-dependent transport. 

When L-proline concentrations were varied and transport due to diffusion 
was subtracted, the initial rate of uptake dependent  on Na ÷ gradient (out > in) 
obeyed Michaelis-Menten kinetics with Km and V values of 0.67 mM and 2.73 
nmol/15 s per mg protein, respectively. 

Evidence was obtained which indicates that  L-cysteine is a substrate specific 

* To whom all correspondence should be addressed. 
Abbreviation: ASC, alanine-, serine- and cysteine-preferring. 
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for transport through system ASC (alanine-, serine-, and cysteine-preferring) 
and that transport  in the presence of  an Li* gradient (out > in) also takes place 
by the ASC system. 

The uptake of  L-proline in the presence of  an Na ÷ gradient {out > in) was inhib- 
ited 90% by  a large excess of  ~-(methylamino)-isobutyrate,  the model substrate 
specific for the A system (alanine-preferring). This indicates that 90% of Na ÷- 
gradient<lependent L-proline uptake is supported by the A system. The remain- 
ing 10% of L-proline uptake was found to be catalyzed by the ASC system, 
since L-proline uptake equivalent to this ~-(methylamino)-isobutyrate-uninhib- 
ited part was demonstrated in the presence of an Li ÷ gradient. 

Introduct ion 

Membrane vesicles from the intestinal brush border have been recently used 
to study Na*-gradient-dependent uptake of amino acid [1] as well as D-glucose 
[2--4].  

In Ehrlich ascites tumor  cells, Christensen classified Na÷-dependent carrier 
systems of  amino acid transport  into two systems [5]: systems A and ASC. 
Amino acid transport  mediated by the A system is inhibited by a-(methyl- 
amino)-isobutyrate,  whilst the transport  mediated by the ASC system is not  
inhibited by  a-(methylamino)-isobutyrate.  

Edmondson et al. [6] have recently described in liver cells that  Li ÷ might be 
used to elicit directly the contribution of  the ASC system. Using this approach 
and the inhibition by ~-(methylamino)-isobutyrate,  we will present evidence in 
this paper that L-proline is transported into brush-border membrane vesicles 
from the guinea-pig ileum by two different Na*-gradient-dependent carrier 
systems, which are comparable to the A system and the ASC system of Ehrlich 
ascites tumor  cells. 

Methods and Materials 

Membrane isolation 
Membranes were prepared from guinea-pig ileum by the procedure of  Fujita 

et al. [7]. This will be briefly described. Mucosal scrapings from guinea-pig 
ileum were taken up in 0.25 M sucrose containing 5 mM Tris/Hepes buffer  (pH 
7.5) and 0.5 mM neutralized EDTA (sucrose-EDTA buffer). It was then homog- 
enized in a Dounce-type homogenizer by 50 up-and-down strokes without  
revolving the pestle, followed by centrifugation for 5 min at 270 X g. The pellet 
was taken up in sucrose-EDTA buffer, homogenized by 30 strokes and centri- 
fuged in the same way. The pellet was suspended in sucrose-EDTA buffer,  ho- 
mogenized by 20 strokes, then centrifuged for 5 min at 360 X g and finally sus- 
pended in 5 mM Tris/Hepes buffer (pH 7.5) containing 0.5 mM EDTA. The sus- 
pension was homogenized in a Potter-Elvehjem-type homogenizer and then cen- 
trifuged for 30 min at 200 000 X g. The pellet homogenized in 50% (w/v) sucrose 
solution was placed at the bo t tom of centrifuge tubes, and then was over- 
layered with 40% and 30% sucrose solutions in the order given. All sucrose 
solutions contained 5 mM Tris/Hepes buffer (pH 7.5) and 0.5 mM EDTA. The 
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tube was centrifuged for 90 min at 200 000 × g. The 50% sucrose layer was 
recovered, which was diluted with redistilled water and centrifuged for 30 min 
at 200 000 × g. The final pellet was usually suspended in 1 mM Tris/Hepes 
buffer (pH 7.5) containing 100 mM D-mannitol and 0.1 mM MgSO4. This mem- 
brane vesicle preparation showed an alkaline phosphatase enrichment 14-times 
and a sucrase enrichment 15-times greater than the starting homogenates, 
whilst ouabain-sensitive ATPase was decreased one-fifth in specific activity, 
respectively. These activities were determined according to the method 
described by Fujita et al. [7]. 

Uptake method 
All assays of the transport activity were carried out at 20 #M of substrate 

and at 25°C. The membrane vesicles were incubated in a medium containing 
100 mM D-mannitol, 1 mM Tris/Hepes (pH 7.5), 0.1 mM MgSO4 and labeled 
substrate. Other additions are described in the legends. The uptake of substrate 
was terminated by diluting the aliquot of the sample (approximately 100 t~g of 
membrane protein) with a 40-fold excess of ice-cold buffer composed of 150 
mM NaC1, 50 mM MgC12, 30 mM D-mannitol and 10 mM Tris/Hepes (pH 7.5). 
The diluted aliquot was filtered immediately through a Millipore filter (HA 
025, 0.45 pm) and washed once with 3 ml of the same ice-cold buffer. Radio- 
activity retained on the filter was counted in a liquid scintillation fluid as 
described by Hopfer et al. [3]. Na*-gradient<iependent uptake of a given amino 
acid is expressed by subtracting the control uptake from that in the presence of 
NaC1, when indicated. 

Potassium-loaded vesicles 
Membrane vesicles preloaded with K ÷ were prepared by washing three times 

in 50 mM KC1, 0.1 mM MgSO4 and 100 mM mannitol buffered with 1 mM Tris/ 
Hepes (pH 7.5), followed by prein.cubation in the same medium for 20 min at 
25°C. 

All assays were performed in triplicate with freshly prepared membrane 
vesicles and each assay was repeated at least three times with different mem- 
brane preparations. Protein was determined according to Lowry et al. [8]. 

Chemicals 
All reagents were of highest purity commercially available. L-[U-14C]Proline, 

L- [ U-14C ] cysteine and a- [ 1-14C ] (methylamino)-isobutyric acid were purchased 
from New England Nuclear, Boston, MA, and a-(methylamino)-isobutyric acid 
and valinomycin from Sigma Chemical Co. 

Results 

Time course o f  Na ÷ gradient-dependent uptake of  L-proline 
The uptake of L-proline by the membrane vesicles as a function of incuba- 

tion time is shown in Fig. 1. In the absence of an Na ÷ gradient, a steady-state 
level of the uptake was reached in about 30 min. The presence of the Na ÷ gradient 
toward inside from outside the vesicles stimulated L-proline uptake: the uptake 
reached a maximum level at 30 s after incubation and then decreased with time 
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Fig.  1. E f f e c t  o f  Na  + on  the  t i m e  course  of  L-pro l ine  u p t a k e  by  b r u s h - b o r d e r  m e m b r a n e  vesicles of  the  

gu inea-p ig  i l eum.  M e m b r a n e  vesicles  p r e p a r e d  were  s u s p e n d e d  in a m e d i u m  c o n t a i n i n g  100  m M  D - m a n n i :  

tol ,  0.1 m M  MgSO 4 and  1 m M  T r i s / H e p e s  (pH 7.5) .  L-Prol ine  u p t a k e  was  i n i t i a t e d  by  a d d i n g  50 pl o f  the  
m e m b r a n e  su sp en s i o n  to 50 pl o f  an i n c u b a t i o n  m e d i u m  c o m p o s e d  of  40 ttM L - [ U - 1 4 C ] p r o l i n e ,  100  m M  

D - m a n n i t o l ,  0.1 m M  M g S O 4 ,  1 m M  T r i s / H e p e s  (pH 7.5)  and  200  m M  NaCI.  Bo th  the  m e m b r a n e  suspen-  

s ion and  the  i n c u b a t i o n  m e d i u m  were  p r e i n c u b a t e d  i n d e p e n d e n t l y  a t  25°C b e f o r e  m i x i n g ,  fo l lowed  by  

f u r t h e r  i n c u b a t i o n  a t  25°C .  As con t ro l ,  NaC1 in the  i n c u b a t i o n  m e d i u m  was  r ep laced  by  an i s o s m o t i c  con-  

c e n t r a t i o n  o f  D - m a n n i t o l  (400  m M ) .  NaC1 (e  e ) ;  D - m a n n i t o l  (o o). Each  po in t  r e p r e s e n t s  m e a n  

-* S.D.  

Fig.  2. E f f e c t  o f  v a l i n o m y c i n  on  Na+-g rad i en t -dependen t  L-pro l ine  u p t a k e .  The  vesicles  were  p r e l o a d e d  

wi th  50 m M  KC1 as desc r ibed  in the  t ex t .  L-Prol ine  u p t a k e  was  i n i t i a t ed  by  a d d i n g  20 pl o f  the  m e m b r a n e  
su spens i o n  to 180  ttl o f  an i n c u b a t i o n  m e d i u m  c o m p o s e d  of  22 #M L - [ U - 1 4 C ] p r o l i n e ,  100  m M  D - m a n n i -  

tol ,  0.1 m M  M g S O 4 ,  1 mM T r i s / H e p e s  (pH 7.5)  and  110  m M  NaC1. V a l i n o m y c i n ,  w h e n  p resen t ,  was 
8 t t g /mg  m e m b r a n e  p r o t e i n .  Con t ro l  s u s p e n s i o n s  r ece ived  95% e tha no l  a lone  in the  s a m e  v o l u m e  as val ino-  

m y c i n .  With  v a l i n o m y c i n  (e  e ) ;  con t ro l  (o o). Each  p o i n t  r e p r e se n t s  m e a n  +- S.D. 

to the steady-state level. 
The 'overshoot '  of  the uptake resulted from an electrochemical gradient 

formed by the Na ÷ gradient and subsequent  loss with time of  the gradient due 
to Na÷-substrate cotransport .  This was supported by an experiment using K ÷- 
preloaded (in > out)  membrane vesicles: when valinomycin was added outside 
the preloaded vesicles to enhance the electrochemical potential in the presence 
of the Na ÷ gradient, the 'overshoot '  of  the uptake was further enhanced 
(Fig. 2). 

Effect o f  medium osmolarity on the uptake o f  L-proline 
As shown in Fig. 3, L-proline uptake was inversely proportional to medium 

osmolarity and no uptake could be estimated by extrapolation to infinite medi- 
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Fig.  3. E f f e c t  o f  m e d i u m  o s m o l a r i t y  on  L-prol ine  u p t a k e .  L-Pro l ine  u p t a k e  was  m e a s u r e d  30 rain a f t e r  

i n c u b a t i o n  in a m e d i u m  c o n t a i n i n g  20 ttM L - [ U - 1 4 C ] p r o l i n e ,  0.1 m M  MgSO4,  1 m M  T r i s / H e p e s  (pH 7.5)  
and  25 m M  NaCl in f inal  c o n c e n t r a t i o n s  and  D - m a n n i t o l  was a d d e d  to the  m e d i u m  to give the  i n d i c a t e d  

osmola r i t i e s .  Each  p o i n t  r e p r e s e n t s  m e a n  + S.D. 

Fig.  4. E f f e c t  o f  NaC1 c o n c e n t r a t i o n s  on  the  ra te  of  L-pro l ine  u p t a k e .  The  u p t a k e  for  15 s w a s  d e t e r m i n e d  

u n d e r  the  s a m e  c o n d i t i o n s  as d e s c r i b e d  in the  l egend  o f  Fig.  1 e x c e p t  for  c ha nge s  in f inal  NaCl  c onc e n t r a -  

t ion  ( 0 - - 1 0 0  m M ) .  Osmolax i ty  o f  the  m e d i u m  was  m a i n t a i n e d  c o n s t a n t  by  a d j u s t i n g  the  a d d e d  c onc e n t r a -  

t i on  o f  D - m a n n i t o l .  The  u p t a k e  ra tes  are g iven  as m e a n  + S.D. 

um osmolarity. This indicates that  L-proline was transported into the intravesi- 
cular membrane space, but  not  simply adsorbed by the vesicles. 

Effect  o f  Na + concentrations on the rate o f  L-proline uptake 
The effect  of  external Na ÷ concentrat ions on the initial rate of L-proline 

uptake was determined (Fig. 4). Concentrat ions of  D-mannitol were adjusted to 
maintain medium isosmolarity. There is a linear relationship between increase 
in the uptake rate and increase in the Na ÷ gradient (out > in). At an extravesicu- 
lar concentra t ion of  100 mM NaC1, the rate of  L-proline uptake was stimulated 
to a level 8-times greater than that  obtained in the absence of  Na ÷, whilst the 
uptake rate shown in the absence of  Na ÷ seemed to be due to diffusion, and the 
same equilibrium level of  the uptake in both the presence and absence of  an Na* 
gradient (Fig. 1) supports this assumption. 

Effect  o f  L-proline concentrations on the initial rate o f  uptake 
Effect  of  different  concentrat ions of  L-proline on the initial rate of uptake in 

the presence and absence of  100 mM NaC1 is illustrated in Fig. 5. In the 
absence of  Na ÷, the rate of  L-proline uptake increased linearly with increasing 
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Fig.  5. E f f e c t  o f  L-pro l ine  c o n c e n t r a t i o n s  on  the  ini t ia l  ra te  of  u p t a k e .  The  u p t a k e  fo r  15 s was  m e a s u r e d  
in the  m e d i u m  c o n t a i n i n g  L - [ U - 1 4 C ] p r o l i n e ,  100  m M  D - m a n n i t o l ,  0.1 m M  MgSO 4 a n d  1 m M  T r i s / H e p e s  

(pH 7.5)  s u p p l e m e n t e d  w i t h  e i the r  100  m M  NaC1 (e  -') o r  200  m M  D - m a n n i t o l  (© ©) in  f inal  
c o n c e n t r a t i o n s .  The  u p t a k e  d e p e n d e n t  on Na  + g r a d i e n t  (A . . . . . .  A) was  o b t a i n e d  by  sub t zac t i ng  the  

u p t a k e  o b t a i n e d  in the  absence  of  Na + f r o m  t h a t  in  its p resence .  Values  of  the  u p t a k e  are g iven as m e a n  +- 

S.D.  

L-proline concentrat ions th roughout  the range 20 /~M to 5 mM. The presence 
of  a Na ÷ gradient (out  > in) gave a non-linear relationship between L-proline 
concentrat ions and the uptake rates. The uptake rate solely dependent  on Na ÷ 
gradient, which was obtained by subtracting the rate in the absence of  Na + 
from that  in the presence of  Na +, showed a saturable hyperbolic  curve that  
obeyed Michaelis-Menten kinetics. Lineweaver-Burk plots corresponding to the 
Na ÷ gradient<lependent uptake rates showed a straight line. The calculated K m 
and V values for the Na ÷ gradient-dependent t ransport  of  L-proline were 0.67 
mM and 2.73 nmol /15 s per mg of  protein,  respectively. 

Effect of  monovalent cations on L-proline transport 
Table I shows the effect  of  monovalent  cations on the initial rate of L-pro- 

line transport .  The membrane vesicles were incubated with L-[U-14C]proline in 
300 mM mannitol  as the control  or in 100 mM NaC1, KC1, LiC1 or choline 
chloride, which was isosmotically replaced for mannitol.  The uptake rate was 
enhanced 9-fold by Na ÷ and slightly but  significantly by Li +, whilst neither K ÷ 
nor choline influenced the uptake rate (Table I). 

Edmondson et al. [6] recently described that  Li ÷ might be used to elicit 
directly the contr ibut ion of  the ASC system in liver cells. In order  to investi- 
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T A B L E  I 

E F F E C T  O F  M O N O V A L E N T  C A T I O N S  O N  L - P R O L I N E  T R A N S P O R T  

Th e  u p t a k e  fo r  15  s was  ca r r i ed  o u t  u n d e r  t h e  s ame  c o n d i t i o n s  as d e s c r i b e d  in  t h e  l e g e n d  o f  F ig .  1, e x c e p t  

f o r  r e p l a c e m e n t  o f  NaC1 w i t h  a n  e q u a l  c o n c e n t r a t i o n  o f  e i t h e r  c h o l i n e  c h l o r i d e ,  KC1 or  LiC1. A m o u n t s  o f  

t h e  u p t a k e  are  r e p r e s e n t e d  as m e a n  _+ S .D.  

A d d i t i o n  L - P r o l i n e  u p t a k e  ( p m o l / 1 5  s pe r  m g  p r o t e i n )  

M a n n i t o l  ( 3 0 0  m M )  

M a n n i t o l  ( 1 0 0  m M )  + c h o l i n e  c h l o r i d e  ( 1 0 0  raM)  

M a n n i t o l  ( 1 0 0  m M )  + KC1 ( 1 0 0  m M )  

M a n n i t o l  ( 1 0 0  m M )  + LiC1 ( 1 0 0  m M )  

M a n n i t o l  ( 1 0 0  m M )  + NaCI  ( 1 0 0  m M )  

9 .01  _+ 0 . 8 7  

8 . 7 4  _+ 0 . 6 5  

9 . 2 8  _+ 0 . 9 2  

1 5 . 1 7  _+ 0 . 5 7  

8 0 . 1 3  +_ 1 3 . 2 1  

gate whether or not  this might be the case in brush-border membranes of  the 
ileum, the following experiments were carried out. 

Reciprocal inhibitions o f  a-(methylamino)-isobutyrate and L-cysteine uptakes 
and Li ÷ effect on these transports 

To explore the specificity of  amino acid transport  systems in brush-border 
membranes of the guinea-pig ileum, reciprocal inhibitions between a-(methyl- 
amino)-isobutyrate and L-cysteine transports were examined, a-(Methylamino)- 
isobutyrate at 10 mM could not  inhibit Na÷-gradient-(out > in)-dependent up- 
take rate of  20 pM L-cysteine. On the other hand, 10 mM L-cysteine inhibited 
Na÷-gradient-(out > in)-dependent uptake rate of  20 #M a-(methylamino)-iso- 
butyrate  approximately 50% (Table II). These results are similar to those 
described in the rat hepatocytes  [9]. 

When Na ÷ in the medium was replaced by Li ÷, the rate of L-cysteine uptake 
was comparable to that in the presence of an Na* gradient. Furthermore,  the rate 

T A B L E  II 

R E C I P R O C A L  I N H I B I T I O N S  O F  L - C Y S T E I N E  A N D  ~ - ( M E T H Y L A M I N O ) - I S O B U T Y R A T E  U P T A K E S  

A N D  T H E  E F F E C T  O F  Li  ÷ 

Th e  u p t a k e  fo r  15  s was  c a r r i e d  o u t  u n d e r  t h e  s a m e  c o n d i t i o n s  as d e s c r i b e d  in  t h e  l e g e n d  o f  F ig .  1, e x c e p t  
f o r  use  o f  2 0 / ~ M  L - [ U - 1 4 C ] c y s t e i n e  o r  2 0  ~ M  c ~ - [ 1 - 1 4 C ] ( m e t h y l a m i n o ) i s o b u t y r a t e  as t r a n s p o r t  s u b s t r a t e .  

W h e n  t h e  u p t a k e  in  t h e  p r e s e n c e  o f  L i  + was  d e t e r m i n e d ,  1 0 0  m M  N a C l  was  r e p l a c e d  b y  1 0 0  m M  L i C l .  U n -  

l a b e l e d  a m i n o  a c i d s  a d d e d  were  1 0  raM a n d  o s m o l a r i t y  o f  t h e  m e d i u m  was  a d j u s t e d  to  be  c o n s t a n t  b y  

a d d i n g  D - m a n n i t o l .  T h e  Na ÷ o r  L i  + g r a d i e n t - d e p e n d e n t  u p t a k e  o f  e i t h e r  L - c y s t e i n e  o r  c ~ - ( m e t h y l a m i n o ) -  

i s o b u t y r a t e  ( M e A I B )  was  o b t a i n e d  b y  s u b t r a c t i n g  t he  u p t a k e  in  t h e  a b s e n c e  o f  Na  + or  L i  ÷ f r o m  t h a t  in  t h e  

p r e s e n c e  o f  Na  + o r  L i  +. A l l  v a l u e s  o b t a i n e d  fo r  t h e  u p t a k e  are  g i v e n  as m e a n  + S .D.  

Tes t  a m i n o  ac id  C a t i o n  I n h i b i t o r  

( 2 0  p M )  ( 1 0 0  r aM)  a m i n o  ac id  

( 1 0  m M )  

N a  ÷ o r  L i  + g r a d i e n t - d e p e n d e n t  

t e s t  a m i n o  ac id  u p t a k e  

( p m o l / 1 5  s pe r  m g  p r o t e i n )  

L - C y s t e i n e  Na  + - -  3 9 . 5  _+ 16 .6  

L - C y s t e i n e  Na  + M e A I B  38 .1  + 1 .2  

L - C y s t e i n e  L i  + - -  4 9 . 9  _+ 15 .1  

L - C y s t e i n e  L i  + M e A I B  5 5 . 5  + 3 1 . 4  

( ~ - ( M e t h y l a m i n o ) - i s o b u t y r a t e  Na  + - -  21 .9  + 6 .2  ( 1 0 0 % )  

~ - ( M e t h y l a m i n o ) - i s o b u t y r a t e  N a  + L - c y s t e i n e  1 0 . 7  + 0 .4  (49%)  

~ - ( M e t h y l a m i n o ) - i s o b u t y r a t e  L i  + - -  1 .0  + 0 .4  (4 .6%)  
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T A B L E  I I I  

R E L A T I V E  C O N T R I B U T I O N  O F  S Y S T E M S  A A N D  A S C  T O  T H E  T O T A L  N a ÷ - G R A D I E N T - D E P E N  - 

D E N T  T R A N S P O R T  O F  L - P R O L I N E  

T h e  u p t a k e  f o r  15  s was  c a r r i ed  o u t  u n d e r  t h e  s ame  c o n d i t i o n s  as  d e s c r i b e d  i n  t he  l e g e n d  o f  F ig .  1. W h e n  

t h e  u p t a k e  in  t h e  p r e s e n c e  o f  L i  + was  d e t e r m i n e d ,  1 0 0  m M  NaC1 was  r e p l a c e d  b y  1 0 0  m M  LiCI .  U n -  

l a b e l e d  a m i n o  ac ids  a d d e d  were  1 0  m M  a n d  o s m o l a r i t y  o f  t he  m e d i u m  was  a d j u s t e d  t o  be  c o n s t a n t  b y  

a d d i n g  D - m a n n i t o l .  T h e  Na  + o r  L i  + g r a d i e n t - d e p e n d e n t  u p t a k e  o f  L - p r o l i n e  was  o b t a i n e d  by  s u b t r a c t i n g  

t h e  u p t a k e  in  t h e  a b s e n c e  o f  Na  + or  L i  + f r o m  t h a t  in  t h e  p r e s e n c e  o f  Na  ÷ o r  L i  +. A l l  v a l u e s  o b t a i n e d  f o r  t h e  

u p t a k e  are  g i v e n  as m e a n  + S .D.  M e A I B ,  a - ( m e t h y l a m i n o ) - i s o b u t y r a t e .  

Tes t  a m i n o  ac id  C a t i o n  I n h i b i t o r  

( 2 0  p M )  ( 1 0 0  m M )  a m i n o  ac id  

( 1 0  raM)  

Na  ÷ o r  L i  + g r a d i e n t - d e p e n d e n t  

L - p r o l i n e  u p t a k e  

( p m o l / 1 5  s pe r  m g  p r o t e i n )  

L - P r o l i n e  Na ÷ - -  71 .1  _+ 1 2 . 4  

L - P r o l i n e  Na + M e A I B  7.5  -+ 1 .9  

L-Prokine  L i  + - -  6 . 2  + 0 .3  

L - P r o l i n e  L i  + M e A I B  5.2  _+ 0 . 2  

of Li*-gradient-(out > in)-supported L-cysteine uptake was not  inhibited by 10 
mM a-(methylamino)-isobutyrate (Table II). On the other hand, when Na ÷ in 
the medium was replaced by Li ÷, the rate of  a-(methylamino)-isobutyrate up- 
take was markedly reduced (Table II). 

These observations suggest that  L-cysteine is a substrate specific for transport 
system ASC and that a-(methylamino)-isobutyrate is that  for transport  system 
A in brush-border membranes of  the guinea-pig ileum. Therefore, the inhibition 
by a-(methylamino)-isobutyrate of a given amino acid uptake may be used to 
explain the direct contribution of  the A system and that the Li÷-gradient-sup - 
ported uptake occurs solely through the ASC system. L-Cysteine may not  be 
used to define the transport  system ASC, because its inhibitory action is not  
sharply limited, as shown by the fact that a-(methylamino)-isobutyrate uptake 
was inhibited 50% by L-cysteine (Table II). 

Relative contribution o f  systems A and ASC to the total Na+-gradient-depen - 
dent transport o f  L-proline 

The role of  the ASC system in L-proline transport  was determined by inhibi- 
tion due to the presence of  a-(methylamino)-isobutyrate and by measuring Li ÷- 
gradient-dependent uptake (Table III). a-(Methylamino)-isobutyrate at 10 mM 
decreased the rate of  Na*-gradient-dependent uptake of  L-proline from 71.1 ± 
12.4 to 7.5 ± 1.9 pmol /15 s per mg protein. The rate of Li÷-gradient-dependent 
uptake of  L-proline was 6.2 ± 0.3 pmol/15 s per mg of protein (Table III), 
which is nearly identical to the residual rate of  Na*-gradient-dependent uptake 
of L-proline inhibited by a-(methylamino)-isobutyrate.  

These results indicate that  the relative contribution of system A and ASC 
involved in the total L-proline uptake dependent  on Na ÷ gradient is 90% and 
10%, respectively, in brush-border membrane vesicles of  the guinea-pig ileum. 

Discussion 

This paper describes the properties of  L-proline transport  system in brush- 
border membrane vesicles of  the guinea-pig ileum, which has not  been reported 
previously. 
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In the presence of an Na ÷ gradient (out > in) L-proline uptake showed a typical 
'overshoot '  phenomenon (Fig. 1), indicating an active Na ÷ gradient-dependent 
transport of L-proline. Similar evidence has been presented in the transport of 
other amino acids and glucose with brush-border membrane vesicles prepared 
from the intestine and kidney [ 1,10--13].  

Na÷<lependent transport of amino acid in Ehrlich ascites tumor  cells [5] was 
ascribed to the contr ibution of  A and ASC systems. However,  characterization 
of the ASC system is not  yet  complete,  even in the case of Ehrlich ascites tumor  
cells. 

Edmondson et al. [6] recently described that lithium might be used to elicit 
directly the contr ibution of  the ASC system in rat liver cells. Kilberg et al. [9] 
reported that  the hepatocyte  ASC system tolerated Li÷-for-Na ÷ substitution 
better than did system A and added evidence which indicates that L-cysteine is 
a specific substrate for transport  system ASC in rat hepatocytes.  The role of 
the ASC system involved in Na ÷ gradient-dependent transport  of  amino acid in 
the intestinal brush-border membranes has not  yet  been analyzed. With brush- 
border membrane vesicles of  the guinea-pig ileum, the rate of  L-cysteine and 
a-(methylamino)-isobutyrate transports in the presence of an Na ÷ or Li ÷ gradient 
(out > in) was therefore measured together with reciprocal inhibitions by these 
substrates (Tables I--III). 

The results obtained suggest that L-cysteine is a substrate specific for trans- 
port  system ASC and a-(methylamino)-isobutyrate is that for transport 
system A, which are consistent with that of rat hepatocytes  [9]. The results 
further support  the assumption that the Li÷-gradient-supported part of L-cyste- 
ine and L-proline transports are mediated by the ASC system. Although L-cys- 
teine is suggested to be a specific substrate for the ASC system, it may not  be 
used to define the ASC system in the transport of  amino acids, since L-cysteine 
inhibited transport of a-(methylamino)-isobutyrate,  which is the specific sub- 
strate for the A system. The reason why L-cysteine inhibited the a-(methyl- 
amino)-isobutyrate transport  is not  clear. 

The relative contr ibut ion of  the ASC system to the total Na÷-gradient-depen - 
dent  transport of  L-proline was calculated by Li÷-gradient-dependent uptake 
and a-(methylamino)~isobutyrate inhibition (Table III) and the contributions 
of  systems ASC and A were 10% and 90%, respectively. 

In addition to analysis of  contribution of  systems A and ASC in amino acid 
transport in rat hepatocytes  [6,9],  it appears important  to define the transport 
systems for amino acids in order to elucidate the regulatory mechanism of 
amino acid transport  [14,15],  the transport mechanism of melphalan, the 
phenylalanine derivative of  nitrogen mustard [16],  as well as genetic defects in 
the transport [17].  
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