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Chloride-dependence of amino acid transport in rabbit ileum 
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Chloride-dependence of influx across the brush-border membrane of distal rabbit ileum was examined for fl-alanine, 
2-methylaminoisobutyric acid (MeAIB), leucine, lysine, proline and D-glucose. Influx of leucine at 2 mM and of 
D-glucose at 0.5 mM was chloride-independent indicating that substitution of isethionate for chloride has no unspecific 
effect on sodium gradient driven transport processes. In contrast influx of fl-alanine and MeAIB was totally dependent 
on the presence of chloride ions. In the absence of chloride, proline transport was reduced to 20% of its control level. 
This remaining transport can be accounted for by the function of the carrier of a-amino-monocarboxylic acids. 
Transport of leucine at 0.1 mM was reduced by absence of chloride. This is in accordance with the observation of 
leucine transport by the fl-alanine carrier. The kinetics of chloride and sodium activation of transport of MeAIB were 
examined at I mM MeAIB. Chloride activation was characterized by a Hill coefficient of 1 and a KI/2 O[ 23.5 mM, and 
sodium activation by a Hill coefficient of 2 and a KI/2 Of 51 mM. Thus cotransport of chloride with an imino acid 
would be compatible with the known rheogenic nature of this transport. This study adds the imino acid carrier and the 
fl-alanine carrier to the group of chloride-dependent, epithelial amino acid transport systems. 

Introduction 

For some time chloride-dependent transport of amino 
acids has been known for red blood cells [1,2] and 
neuronal tissues [3]. More recently chloride dependence 
has been observed for transport of fl-alanine [4], glycine 
[5] and taurine [6] in brush-border membrane vesicles 
(BBMV) from kidney proximal tubule and for taurine 
in intestinal epithelia [7]. In rat small intestine fl-alanine 
is transported by the imino acid carrier and inhibition 
studies indicate that the imino acid carrier is also a 
transporter of taurine [8]. This coincidence with the 
transport function of the kidney proximal tubule, and 
the observation of a prol ine:sodium stoichlometry of 
1 : 2  in rabbit jejunum [9] suggest that in general the 
imino acid carrier might be characterized by chloride 
dependence. This suggestion is supported by previous 
observations of partial chloride dependence of influx 
across the brush-border membrane, steady-state mucosal 
uptake and transepithelial net transport of proline in rat 
jejunum [10]. 

Correspondence: L.K. Munck, Department of General Physiology 
and Biophysics, The Panum Institute, DK-2200 Copenhagen N, Den- 
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In the present paper we examine the question of 
chloride dependence of the imino carrier in the rabbit 
ileum. In view of the evidence of a separate carrier of 
fl-alanine, which judged from its specificity patterns [11] 
is different from the chloride-dependent carrier of 
taurine [4,7]. The chloride dependence of fl-alanine 
transport is also briefly tested. 

Materials and Methods 

Female albino rabbits with a body weight of 2500- 
3000 g were kept with free access to food and water and 
killed by intravenous injection of pentobarbital sodium. 
The most distal 30 cm were excised, opened along the 
mesenterium, rinsed in chilled buffer solutions, and cut 
in halves A and B. These were then cut lengthwise in 
segments A l, A2, B 1 and B E allowing a total of 16 
measurements on each rabbit. 

All solutions were made from a phosphate buffer 
with a pH of 7.4 and the composition of (mM): Na, 
140; K, 8; Ca, 2.6; Mg, 1; C1, 140; phosphate, 8; SO 4, 1. 
The solutions contained 5 mM D-glucose except when 
otherwise stated. The concentrations of sodium or chlo- 
ride were varied by substitution with N-methyl-D- 
glucamine and isethionate, respectively. 

14C-labeled fl-alanine, 2-methylaminoisobutyric acid 
(MeAIB), leucine, lysine, proline and D-glucose (Glc), 
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and 3H-labeled polyethyleneglycol (mol. wt. 4000) ( 3 H -  

PEG) were purchased from Du Pont, N E N  Research 
Product. 

Using the technique described for rabbit ileum [15] 
influx across the brush-border membrane of a substance 
'A '  (JmAc) was measured at the concentrations of amino 
acids stated and at different concentrations of chloride 
or sodium ( [C1- ]m , [Na+]m) in the mucosa-bathing 
solutions. Chamber  and procedure have previously been 
described in detail. A mucosal surface of 0.62 cm 2 is 
exposed in the bot tom of a well, which allows vigorous 
stirring and aeration by a stream of 02 at 37 °C.  The 
tissues are preincubated for 25 min at the concentra- 
tions of chloride and sodium to be used in the test 
solutions. Before injecting the test solution, which con- 
tains substance 'A '  with its 14C-tracer and 3H-PEG as a 
marker  of extracellular contamination, the well and 
mucosal surface is gently wiped with soft paper  to 
remove adherent preincubation solution. After 0.5 min 
the incubation is terminated by injection of a large 
volume of chilled, isotonic mannitol solution. The tis- 
sues are excised, briefly washed in chilled mannitol 
solution, and extracted overnight in 0.1 M H N O  3. The 
extract is analyzed for 14C and 3H activity. These activi- 
ties are used for calculation of j A .  

The kinetics of chloride and sodium activation of 
JmMc eA1B were estimated by non-linear, least square fitting 
to  

jmMceAIB_ Jm~x'[ CI-  o r N a  + ]~ 
g~/2 + [ e l -  o rNa  + 1~ (1) 

where Jm~, is JmMc eAIB at 1 mM under maximum activa- 
tion by chloride or sodium; K1/2 is the concentration of 
chloride, respectively, sodium, at which half-maximum 
activation is obtained. [C1- or Na+]~  is the concentra- 
tion of the variable activator ion and n is the Hill 
coefficient. Jm~ is in #mol  • cm -2-  h -1 and concentra- 
tions are in mM. The errors on the estimates of activa- 
tion kinetics are S.D. The data are evaluated by Stu- 
dent 's  t-test with P-values less than 0.05 as the limit of 
statistical significance. 

Results 

Chloride-dependence of amino acid influx across the 
brush-border membrane 

The chloride-dependence of Jmc of fl-alanine (1 mM), 
MeAIB (1 mM), leucine (2.0 or 0.1 mM), proline (1 
mM), and D-glucose (0.5 mM) was surveyed in paired 
experiments at 140 mM or 0 m M  chloride. In these 
experiments segments A 1 and B 1 were used to measure 
transport in the presence of chloride while segments A 2 
and B z were used with chloride free solutions. 

Jm~ Ala was examined for chloride-dependence be- 
cause in the rat small intestine it is transported by the 

imino acid carrier [8], in dog kidney proximal tubules 
by a chloride-dependent carrier [4] and in the rabbit  
small intestine by a very low-capacity, very high-affinity 
transport mechanism for taurine [7] in addition to a 
medium-capacity, so called fl-alanine carrier [11]. 
MeAIB was chosen because it is an almost ideal sub- 
strate for the imino acid carrier [11]. Leucine was cho- 
sen as a substrate for the carrier of neutral amino acids 
[12], and as a possible test substance for unspecific 
effects of substituting isethionate for chloride. It was 
also tested at 0.1 mM because at this concentration it 
has been possible to demonstrate a contribution by the 
fl-alanine carrier to transport  of leucine [11]. Proline we 
examined as a substrate for the imino acid carrier and 
for the carrier of neutral amino acids [13] and because a 
Hill coefficient of two had been reported for sodium- 
activation of its uptake by rabbit  jejunal brush-border 
membrane vesicles [9]. Similarly a Hill coefficient of 
two had been attributed to sodium activation of rabbit  
jejunal brush-border membrane  transport  of D-glucose 
[14]. Therefore, glucose was included in this series of 
screening experiments and meassured in both jejunum 
and distal ileum. 

The results of this series of experiments are shown in 
Fig. 1. It is seen that under nominally chloride-free 
c o n d i t i o n s  Jmflc Ala and JmMc eAIB a r e  reduced to levels 
which do not differ significantly from the estimates of 
diffusive transport usually associated with the present 
technique [11]. Also jP~o is greatly reduced in the ab- 
sence of chloride. The jP~o seen under chloride-free 
conditions can be accounted for by proline transport by 
the carrier of neutral amino acids [13], which by the 
chloride-independence of jLeu at 2 mM leucine is dem- 
onstrated to be chloride-independent. The partial chlo- 
ride-dependence of jLeu at 0.1 mM leucine agrees with 
the chloride-dependence of the fl-alanine carrier. The 
chloride-independence of j~lu and Jm Leu a t  2 mM 
leucine indicate that substitution of isethionate for chlo- 
ride does not affect sodium-dependent transport of 
sugars or amino acids nonspecifically. 

Kinetics of chloride and sodium activation Of JmM~ eArn mea- 
sured at 1 m M  MeAIB  

The data of Fig. 1 on Jmc of MeAIB and proline 
demonstrate chloride dependence of the imino acid 
carrier of the rabbit  ileum. Having once demonstrated 
the usefulness of MeAIB as a test substance for the 
imino acid carrier [11] we examined the kinetics of 
sodium and chloride activation of the imino acid carrier 
at 1 mM MeAIB. 

Chloride activation of j~eAm was examined in paired 
experiments at 0, 8, 17, 35, 70 and 140 mM chloride. 
The activation is demonstrated by Fig. 2. The best fit of 
Eqn. 1 to these data is described as 

jmMceAiB = (0.93 +0.03) '  [C1- ]m 
(23.5 ++ 2.0) + [CI- ]m (2) 
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Fig. 1. The chloride-dependence of amino acid influx (Jmc) measured in the pressence of 5 mM D-glucose, and of D-glucose in jejunum and ileum. 
Each bar represents the mean + S.E. of eight observations. Open columns: 140 mM chloride; closed columns: 0 mM chloride. 

Sodium activation af Jmc was examined in paired mea- 
surements of Jmc at 0, 6, 12, 23, 35, 46, 93 and 140 mM 
sodium after 25 min preincubation at these concentra- 
tions. The results are shown in Fig. 3. The best fit of 
Eqn. 1 to these data is described as 

jmMceAla = (1 .344-0 .08) . [Na + ]2 
(51.44_2.6)2+ [Na + ]2 

(3) 

assuming a diffusive contribution to j~eAIB of 0.05 
/~mol. cm -2-  h -1. The sigmoidal shape of the activa- 
tion curve is consistent with a Hill coefficient of two. 
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Fig. 2. Chloride activation of jMeAIB in rabbit ileum. Each point 
represents the mean+  S.E. of seven observations. The curve is de- 

scribed by Eqn. 2. 

Acceptable fits could not be derived assuming Hill 
coefficients of one or three. 

Discussion 

The survey of chloride dependence (Fig. 1) provides 
four pieces of information. First, the chloride indepen- 
dence of leucine and glucose transport gives the crucial 
information that substitution of isethionate for chloride 
is without unspecific effect on sodium-coupled trans- 
port of sugars and amino acids. Second, the absolute 
chloride dependence of JmMc eAIB and the reduction of 
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Fig. 3. Sodium activation o f  JmMc eAIB in rabbit ileum. Each point 
represents the mean+S.E,  of seven observations. The curve is de- 

scribed by Eqn. 3. 
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j~rro to a value, which can be accounted for by the 
carrier of neutral  amino acids [16] demonst ra te  that the 
presence of  chloride ions is essential for t ransport  by  
the imino acid carrier. Third, the complete chloride 
dependence of  Jm~ ala demonstrates  that t ransport  by  the 
fl-alanine carrier is chloride dependent.  By its inhibition 
profile, low K i for ct-aminoisobutyrate (AIB), leucine 
and alanine [11] the fl-alanine carrier can be dis- 
t inguished f rom the chlor ide-dependent  taurine carrier, 
which is not  inhibited by AIB,  alanine or leucine [7]. 
The present results thus increase the number  of  chlo- 
t ide-dependent  intestinal systems by two to a total of  
three. Finally, a l though the Hill coefficient of  two for 
sodium activation af imino acid carrier uptake of pro- 
line by rabbit  brush-border  vesicles can be seen as 
heralding its chloride dependence,  the chloride indepen- 
dence of  JmG~" demonstra tes  that this will not  always be 
the case. 

The kinetic details of  chloride- and sodium-activa- 
t ion of  the imino acid cartier are impor tant  for consid- 
ering the possibility of  imino ac id / ch lo r ide  cotransport ,  
as this must  be done  in the light of  the demonst ra ted  
rheogenic nature  of  the imino a c i d / s o d i u m  cotranspor t  
[17]. 

The data  of  Fig. 2 as described by Eqn. 2 conf i rm the 
chloride dependence of  JmM~ eArn. The Hill coefficient of  
one agrees with results for fl-alanine t ransport  by  kid- 
ney proximal tubule [4] and for taurine t ransport  by 
rabbit  jejunal brush-border  vesicles [7]. The K1/2 of 
23.5 m M  is similar to the estimate of  32 m M  for 
fl-alanine t ransport  by  dog kidney proximal tubule 
brush-border  vesicles [4]. 

Fig. 3 and Eqn. 3 describe sodium activation of  
JmMc eAIB. The Hill coefficient of  two indicates that more 
than one sodium ion are cot ranspor ted  with each mole- 
cule of  MeAIB and demonstrates  that rheogenic 
s o d i u m / M e A I B  cotranspor t  is compatible  with MeAI-  
B / c h l o r i d e  cotransport .  It is no tewor thy  that the pre- 
sent estimate of  a Kt/2 for sodium is identical with the 
estimate reached for sodium activation of  proline up- 
take by brush-border  membrane  vesicles [9]. 

The present study has demonst ra ted  that the imino 
acid carrier and the fl-alanine carrier of  rabbit  i leum are 
chloride dependent .  The kinetics of activation of  j~eAIa  
by sodium and chloride are consistent with a t ransport  
s toichiometry of  1 MeAIB:  2 Na:  1 C1 and therefore, 
with both  cot ranspor t  of  MeAIB and chloride, and 
rheogenic, sodium-dependent  t ransport  of  this imino 
acid. The chloride independence of  JmGc ~" demonstrates  
that a Hill coefficient of  two for sodium activation 
should not  be equated with chloride dependence of  the 
t ransport  being studied. 
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