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The Na+/L-glutamate (L-aspartate) cotransport system present at the level of rat intestinal brush-border 
membrane vesicles is specifically activated by the ions K + and CI -.  The presence of 100 m M  K + inside the 
vesicles drastically enhances the uptake rate and the transient intravesicular accumulation (overshoot) of the 
two acidic amino acids. It  has been demonstrated that the activation of the transport system depended only in 
the intravesicular K + concentration and that in the absence of any sodium gradient, an outward K + gradient 
was unable to influence the Na+/ac id ic  amino acid transport system. It was also found that C l -  could 
specifically activate the Na+-dependent L-glutamate (L-aspartate) uptake either in the presence or in the 
absence of K ÷. Also the effect of CI -  was observed only in the presence of an inward Na + gradient and it 
was noted to be higher when chloride ion was present on both sides of the membrane vesicles. No influence 
(activation or accumulation) was observed in the absence of the Na + gradient and in the presence of chloride 
gradient. L-Glutamate uptake measured in the presence of an imposed diffusion potential and in the presence 
of K + or C ! -  did not show any transiocation of net charge. 

Introduction 

The fundamental role played by the sodium 
electrochemical gradient for the uptake of sugars, 
amino acids, neurotransmitters, organic and in- 
organic ions into the cells has been widely demon- 
strated with studies using plasma membranes iso- 
lated from different tissues [1-4]. 

On the other hand, by using membrane vesicles 
obtained from rat brain synaptosomes, the im- 
portant  role of potassium and chloride ions has 
been recognized in the uptake of the amino acids 
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L-glutamate, glycine and other neurotransmitters. 
It  has been demonstrated that these neurotrans- 
mitters are translocated by Na+-dependent mecha- 
nisms and that these transport systems are 
activated or fully depend on the presence of potas- 
sium ions inside the vesicles or (and) the presence 
of chloride ions outside the vesicles [3-7]. 

Recently, the importance of potassium and 
chloride ions for the translocation of L-glutamate 
and glycine at the level of kidney proximal tubule 
and intestinal mucosal absorbing cells has been 
described. Burckhardt et al. [8] and Schneider and 
Sacktor [9] have reported that in brush-border 
membrane vesicles isolated, respectively, from rat 
and rabbit, the Na+ /g lu t ama te  cotransport is 
stimulated and energized by the presence of K + 
inside the vesicles. Bog6 and Rigal [10] using 
brush-border membrane vesicles isolated from the 
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mediterranean teleost Boops salpa, have char- 
acterized a Na+-dependent glycine transport, 
which requires chloride ions in the extravesicular 
space. 

Using isolated membrane vesicles, we have re- 
cently demonstrated that a Na+/L-glutamate (or 
L-aspartate) cotransport system is present at the 
level of rat intestinal brush border [2]. 

The results presented in this report indicate that 
also in the intestinal brush-border membrane pre- 
paration both potassium and chloride ions play an 
important role in stimulating the Na÷-dependent 
transport system of the two acidic amino acids. 

Materials and Methods 

Chemicals. L-[2,3-3H]Glutamic acid, L-[2,3- 
3H]aspartic acid were obtained from New England 
Nuclear, Boston, MA, U.S.A.; all chemicals used 
during the study were of analytical grade purity. 

Preparation of membrane vesicles. Brush-border 
membrane vesicles were isolated by the CaC12 
precipitation method, as previously described [2]. 
The membrane vesicles used for the uptake, unless 
stated otherwise, were suspended in a buffered 
solution containing 100 mM mannitol, 20 mM 
Hepes-Tris (pH 7.5). 

The composition of the internal and external 
medium of the membrane vesicles was modified to 
investigate the effect of different ions on the up- 
take of the acidic amino acids. A preincubation of 
the vesicles with salts for 1 h at 0°C was consid- 
ered sufficient to preequilibrate the different salts 
through the membrane vesicles. 

The protein concentration was about 10 mg/ml  
in the final suspension. 

Uptake studies. Uptakes of L-[3H]glutamate, L- 
[3H]aspartate were carried out as previously de- 
scribed [2]. Unless stated otherwise, 10 #1 of mem- 
brane suspension were added to 90 #1 of incuba- 
tion medium kept at 25°C. The composition of the 
incubation media will be indicated in the legends 
of the figures. 

The uptake was stopped by directly pipetting, 
at selected time intervals, 20 /~1 of the incubation 
mixture on a membrane filter (0.45 #m pore size, 
Millipore, Bedford, MA, U.S.A.). 

The filters were immediately rinsed with 5 ml of 
ice-cold stop solution containing 100 mM manni- 
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tol, 5 mM Hepes-Tris (pH 7.5), 100 mM NaCI, 
100 mM choline chloride and 0.5 mM HgC1 z. In 
some experiments the composition of the stop 
solution was modified to balance the osmolarity 
on the incubation media. 

Membrane free incubation media were handled 
as blanks in an identical manner. Radioactivity 
retained by the filters was analyzed by standard 
liquid-scintillation procedures. The radioactivity of 
the filters containing membranes was at least 3- 
times higher than that of the blanks. 

All experiments presented in this paper were 
repeated at least three times, and were always 
performed in triplicate; as previously discussed [2] 
only results of typical experiments are shown. 

Data are expressed as pmol /mg  of protein and 
are means + S.D. of the triplicates. 

In the experiments performed to illustrate the 
effect of K ÷ on the Na ÷ dependent acidic amino 
acid uptake, an identical CI-  concentration in the 
intra- and extravesicular spaces was used. 

Enzyme assay. Membrane purification was 
routinely checked as previously described [2]. 

Protein determination. Membrane protein was 
determined by the method of Bradford [11], using 
the Bio-Rad kit (Richmond, CA, USA) and bovine 
gamma globulin as a standard. 

Results 

The effect of intravesicular K + on the uptake of 
L-glutamate and L-aspartate 

Fig. l(a and b) shows that in the presence of an 
inwardly directed Na ÷ gradient, the L-glutamate 
and L-aspartate uptake are strongly stimulated by 
the presence of an outwardly directed potassium 
gradient (100 mM in /10  mM out). 

The stimulating effect of internal K ÷ reaches its 
maximum in the first minutes of incubation, while 
after that time the effect is much smaller and after 
60 min the same equilibrium values are reached in 
all the experimental conditions. 

Fig. l(a and b) also shows that a similar stimu- 
lating effect was obtained when, in the presence of 
the same Na ÷ gradient, 100 mM potassium was 
present on both sides of the membrane vesicles. 

Fig. 2 shows that in the presence of a Na ÷ 
gradient (out > in) the stimulating effect of potas- 
sium depended on the internal concentration of 
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Fig. 1. Effect of K ÷ on the Na + dependent uptake of L-gluta- 
mate (a) and L-aspartate (b). Membranes  were preloaded with 
100 mM KC1 plus 100 m M  choline chloride (membrane type 1) 
or with 200 mM choline chloride (membrane type 2). At zero 
time, in all the experimental conditions the external medium 
contained 100 mM mannitol,  20 mM  Hepes-Tris (pH 7.5), 0.1 
mM L-[3H]glutamate (or L-[3H]aspartate), 100 mM NaC1; in 
addition 100 m M  choline chloride plus 10 mM  KC1 (zx) or I00 
m M  KCI (O) were present with membrane type I; I00 mM  
choline chloride (O)  with membrane type 2. 

the cation. In the experiments shown in this figure, 
the same potassium concentration ratio was main- 
tained but the potassium concentration inside the 
vesicles was lowered. It can be seen that, when 
internal potassium concentration was 10 mM, the 
stimulating effect was almost abolished. The re- 
sults shown in Fig. l(a and b) and Fig. 2 are 
consistent with the notion that the stimulating 
effect of internal K + is related not to its trans- 
membrane (internal/external)  gradient but rather 
to its internal concentration per se. 

To shed light on whether in the absence of the 
Na  ÷ gradient (or in complete absence of Na ÷) the 
outwardly directed K ÷ gradient could energize the 
transport and the accumulation of L-glutamate 
and L-aspartate inside the vesicular space, experi- 
ments were carried out in the absence of sodium 
gradient ([Na+}i, = [Na+]o,~) or in a sodium-free 
medium. 

Fig. 3 shows that in both experimental condi- 
tions the potassium gradient (in > out) is unable to 
affect the uptake rate of the Na+-dependent L- 
glutamate (L-aspartate) transport system. 

Fig. 4 shows that the degree of the stimulating 
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Fig. 2. Dependence of the K ÷ effect on the L-glutamate uptake 
by the internal cation concentration. Membranes were pre- 
loaded with 100 mM KC1 plus 100 mM choline chloride (A), 50 
m M  KCI plus 150 m M  choline chloride (11), 10 mM KCI plus 
190 m M  choline chloride (El), 200 mM choline chloride (O).  In 
all cases at zero time the composition of the external medium 
of the vesicles was 100 m M  mannitol, 20 mM Hepes-Tris (pH 
7.5), 0.1 mM L-[3H]glutamate, 100 mM NaCI, 10 mM choline 
chloride plus different amounts  of KCI as indicated in the 
figure. 

Fig. 3. The effect of the internal K + on the L-glutamate uptake 
in the absence of Na + or in the presence of an equal Na + 
concentration in the extra- and intravesicular media. In the 
group of experiments in which equal concentration of Na + on 
both sides of membranes  were present (O,  A, A), the mem- 
branes were preloaded with 100 mM NaCI plus 100 mM KCI 
(zx, A) or 100 mM NaC1 plus 100 mM choline chloride (O).  At 
the start of uptake the following intravesicular and extravesicu- 
lar ionic media concentration (expressed as mM) were ob- 
tained; in all cases [C1-] in=[C1-]out  =200 ;  [Na+]in = 
[Na+]out=100,  in addition [K] in / [K]ou t=100 /100  (zx) or 
[K]i , / [K]out  = 100/10 (A) or [choline]i,/[choline]oot = 
100/100 (O), A second group of experiments was performed 
using membranes in the absence of Na + so that the following 
intra and extravesicular salts concentration were present at the 
start of incubation. In both cases [Cl-]in = [C1-]out = 200, 
[chol ine] i ,= [choline]out = 100, in addition [K+]in / [K+]out  = 
100/100 (O) or [ K + ] i n / [ K + ] o u t =  100 /10+90  mM external 
choline (11). In the different experimental conditions, the ex- 
travesicular medium contained 0.1 mM L-[3H]glutamate, 100 
m M  mannitol,  20 m M  Hepes-Tris (pH 7.5). 

effect of potassium is related to the extent of  the 
N a  + gradient. At 50 mM Na+-gradient (out > in), 
the stimulating effect of internal 100 mM potas- 
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Fig. 4. Dependence of the K + effect on the extent of the Na + 
gradient. Membranes were preloaded with 100 mM KC1 plus 
100 mM choline chloride. At zero time the following external 
medium composition were obtained: I00 mM mannitol, 20 mM 
Hepes-Tris (pH 7.5), 0.1 mM L-[3H]glutamate, 10 mM KC1; in 
addition 100 mM NaCI (a), 75 mM NaC1 (b), 50 mM NaC1 (c) 
plus different amounts of choline chloride to balance the 
osmolarity. 

sium is low, but still measurable for L-glutamate; 
it is absent for L-aspartate (data not shown). The 
experiments shown in Fig. 3 and Fig. 4 strongly 
suggest that the acidic amino acid transport sys- 
tem has an absolute requirement for the Na + 
electrochemical gradient (out > in) and that the 
K + gradient cannot be used as a driving force to 
accumulate the amino acids inside the vesicles. 

Concerning the specificity of K ÷ in stimulating 
the Na÷-dependent L-glutamate (L-aspartate) up- 
take, the results reported in Fig. 5 indicate that 
only Cs + and Rb + can partially substitute K ÷, 
while in the presence of choline ions, Li ÷ or N H ~  
the measured uptake values were much lower. 

The effect of the chloride ion on the L-glutamate and 
L-aspartate uptake 

The role of the chloride ion was studied measur- 
ing the uptake of L-glutamate and L-aspartate in 
the presence of an inward sodium gradient, using 
sodium salts with different anions. 

It can be noted (Fig. 6a and 6b) that the 
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Fig. 5. Specificity of the internal cation for the stimulation of 
L-glutamate uptake. Membranes were preloaded with 200 mM 
choline chloride or with 100 mM choline chloride plus 100 mM 
of the other monovalent cations indicated in the figure so that 
when the uptake was started, an outwardly directed gradient of 
the different cations was present. The composition of the final 
incubation medium was 100 mM mannitol, 20 mM Hepes-Tris 
(pH 7.5), 0.1 mM L-[3H]glutamate, 100 mM NaCI, 100 mM 
choline chloride and 10 mM of chloride salts of the different 
cations. 
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Fig. 6. Anion specificity on the stimulation of the Na+ depen- 
dent L-glutamate and L-aspartate uptakes. Membranes were 
isolated in 300 mM mannitol, 20 mM Hepes-Tris (pH 7.5). The 
final external incubation medium contained 100 mM mannitol, 
20 mM Hepes-Tris (pH 7.5), 0.1 mM L-[3H]glutamate (or 
L. 13 H]aspartate), 100 mM NaCI or other sodium salts indicated 
in the figure. The equilibrium values were the same for all the 
time courses; the medium value was 120 pmol /mg  protein. 
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substitution of the external chloride ion drastically 
reduces the uptake rates of the two amino acids. 
The most effective inhibitory anion was SCN-  
while in the presence of the bromide or iodide ion 
the transport system partially restored its activity 
and its concentrative ability. 

The results shown in Fig. 7a give further infor- 
mation on the importance of the external chloride 
concentration. It can be seen that in the presence 
of 200 mM chloride on both sides of the mem- 
brane vesicles the sodium dependent L-glutamate 
uptake is much more efficient if compared with 
the uptake measured when 100 mM external chlo- 
ride were substituted by nitrate or gluconate 

( [C l - l , .  > [Cl - ]o . , ) .  
When the same experiments shown in Fig. 7a 

were carried out in the presence of an outward 
potassium gradient, a significant increase of L- 
glutamate uptake was observed in all the experi- 
mental conditions, but again, a drastic decrease in 
the uptake values was found when the external 
chloride concentration was reduced to half. The 
results of Fig. 7b indicate that both (internal) 
potassium and chloride ions are required to fully 
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Fig. 7. The effect of the substitution of the external C1- on the 
Na + dependent L-glutamate uptake in the absence (a) or in the 
presence of internal K + (b), Membranes were preloaded with 
200 mM choline chloride (a) or 100 mM choline chloride, 100 
mM KC1 (b). In both cases, the composition of external medium 
was 0.1 mM L-[3H]glutamate, 20 mM Hepes-Tris (pH 7.5), 100 
mM mannitol, 100 mM choline chloride. In addition I00 mM 
NaC1 (,x) or NaNO 3 (e) or sodium gluconate (O) were present 
and, when membranes b were used, 10 mM KC1. 

activate the sodium dependent L-glutamate trans- 
port system. Furthermore, the results shown in 
Fig. 7(a and b) do not give any quantitative infor- 
mation on the chloride concentration required by 
the transport system, but give evidence of the 
importance of a high external chloride concentra- 
tion in activating the sodium-dependent L-gluta- 
mate uptake. Finally, the data shown in Figs. 6 
and 7 favour the view that the chloride ion is 
important on the outer side of the membrane but 
also do not exclude a role for this ion inside the 
membrane. 

To answer the question on which side of the 
membrane the chloride ion interacted with the 
transport system and whether a chloride gradient 
could energize the accumulation of the amino acids 
in the intravesicular space, experiments were car- 
ried out measuring the uptake rates in the presence 
of an inward chloride gradient and of an equal 
concentration of sodium on both sides of the 
membranes (Fig. 8a). In the same figure (8a) are 
reported the L-glutamate uptakes measured in the 
presence of the same concentration of chloride on 
both sides of the membrane, in the presence of an 
outward chloride gradient and in the complete 
absence of chloride. Each time chloride was sub- 
stituted, it was substituted for gluconate. It can be 
noted that in the absence of a sodium electrochem- 
ical gradient the L-glutamate uptake was com- 
pletely unaffected by the presence of chloride or 
chloride gradient. 

Interestingly, the substitution of chloride or glu- 
conate for thiocyanate on one or both side of the 
membrane vesicles significantly decreased the g- 
glutamate uptake (data not shown). 

On the other hand, when L-glutamate uptake 
was measured in the simultaneous presence of an 
inward sodium gradient and an outward potas- 
sium gradient (Fig. 8b), the specificity of the 
activating role of chloride could be clearly estab- 
lished. 

As shown in Fig. 8b, when the effect of the 
presence of equal concentration of chloride or 
gluconate on L-glutamate uptake were compared, a 
faster uptake rate and a larger accumulation abil- 
ity (overshoot) were observed when the chloride 
ion was present on both sides of the membranes. 
In the same figure, it can also be seen that when 
chloride is present only on one side (outside or 
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Fig. 8. The effect of an outward or inward chloride gradient on 
the Na + dependent L-glutamate uptake. Membranes were pre- 
loaded with 100 m M  KCI, potassium gluconate, NaC1 or 
sodium gluconate. The composition of the external medium 
was 100 mM mannitol,  20 m M  Hepes-Tris (pH 7.5), 0.1 mM  
L-[3H]glutamate plus 100 m M  NaCI (O,  e )  or sodium gluco- 
nate (zx, ~,). The effect of an outward (zx) or inward (e) chloride 
gradient or of the presence of an equal chloride concentration 
on both sides of the membrane  (O)  was studied in the presence 
of equal concentration of Na ÷ on both sides of membranes (a) 
or in the presence of an 100 m M  Na ÷ inward gradient (b). The 
membranes  of the experiments shown in (a) were preloaded 
with 100 m M  NaCI (O,  zx) or sodium gluconate (O, ,x); those of 
the experiments shown in (b) were preloaded with 100 m M  KCI 
(O,  zx) or potassium gluconate (O, A). 

inside) of the membrane, the uptake mechanism in 
both cases is faster and more efficient (larger 
overshoot) if compared with that in which chloride 
is substituted for gluconate on both sides; but 
slower and less efficient than when chloride is 
present on both sides of the membrane vesicles. 

These data, together with those reported in Fig. 
8a, strongly suggest that (a) the chloride ion has a 
specific stimulating effect on the sodium depen- 
dent L-glutamate uptake present at the level of the 
intestinal brush-border membrane vesicle, (b) this 
effect can be observed only in the presence of a 
Na + gradient, (c) the effect can be observed in the 
presence or in the absence of internal K +, (d) the 
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system can be stimulated by the presence of chlo- 
ride on the internal or on the external side of the 
membrane, (e) to fully activate the transport sys- 
tem, the chloride ion must be present on both 
sides of the membrane. 

Discussion and Conclusions 

The data reported in this paper clearly demon- 
strate the important role of potassium and chlo- 
ride ions in the translocation of the acidic amino 
acids L-glutamate and L-aspartate through the rat 
intestinal enterocyte brush-border membrane 
vesicles. 

It has been established that the sodium depen- 
dent L-glutamate (L-aspartate) transport system 
located on these membranes can be specifically 
activated by the presence of the potassium ion 
inside (Figs. 1 and 4) or (and) by the presence of 
the chloride ion on one or both sides of the 
membrane vesicles (Fig. 8b). 

The two ions can separately influence the trans- 
port system and their effect can be added (Fig. 7 a 
and b). 

Finally, the activation of the transport system 
by the two ions is strictly dependent on the pres- 
ence of an inward sodium gradient, i.e. in the 
presence of an equal concentration of sodium on 
both sides of the membrane even the simultaneous 
presence of an outward potassium gradient and an 
inward chloride gradient through the membranes 
were not able to affect (energize or stimulate) the 
transport system (Fig. 3 and 8a). 

From the data in the literature available until 
now, it is evident that the ways in which the two 
ions can interact are extremely variable and the 
answers regard mainly the following questions: (i) 
the side interaction; (ii) the question if only one or 
both ions are required; (iii) the role which they 
play in the translocation mechanism. 

As regards the requirement of potassium ion, 
the observation we have reported that it must be 
present on the internal side of the membrane 
vesicles is in agreement with those reported by 
other authros [4,7-9,12]. 

On the other hand, the ability of chloride in 
stimulating sodium transport system was reported 
to be generally on the external side [3,6,10,13]. 

Only the efflux of L-glutamate by the synaptic 
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plasma membrane vesicles was found to be stimu- 
lated either by internal and external chloride [7]. 

The influence (activation, energization) of 
sodium dependent transport system has mainly 
been found to be sustained by one of the two ions 
[3,4,6-10]. Requirements for both potassium and 
chloride ions have been observed by Nelson and 
Rudnick [ 13] on platelets serotonin transport. One 
of the most intriguing but at the same time inter- 
esting points to establish is certainly the role played 
by the two ions in the translocation mechanism. 
Until now two possibilities have been taken into 
account: (a) the possibility that the ions could 
interact with the transport system changing its 
conformation without being translocated; (b) the 
ions could be cotransported or countertransported 
and could provide the energy for accumulating the 
substrate inside the vesicles. 

Burckhardt et al. [8] in rat and Schneider and 
Sacktor [9] in rabbit kidney cortex membrane 
vesicles found that an outward potassium gradient 
was able to accumulate L-glutamate inside the 
vesicles. Similar results were found by Nelson and 
Rudnick [12] studying serotonin uptake in plate- 
lets. 

On the other hand the neuronal transport (re- 
uptake) of some neurotransmitters such as ~,- 
aminobutyric acid [3], glycine [6], the transport of 
glycine into erythrocyte [14], serotonin into plate- 
lets [13] require in all cases chloride and in all 
cases the neutrotransmitters can be accumulated 
by the sole chloride electrochemical gradient. These 
experimental evidences can support the hypothesis 
that the cotransport of sodium and the substrate 
could be directly linked to a cotransport of chlo- 
ride or countertransport of potassium (or both at 
the same time), but do not represent a final dem- 
onstration of this mechanism. 

More direct evidences in favour of such a mech- 
anism come from efflux measurements as reported 
by Kanner and Marva [7] and Nelson and Rudnick 
[131. 

On the basis of L-glutamic acid effiux measure- 
ments in synaptosomal membrane vesicles Kanner 
and Marva [7] conclude that the L-glutamate trans- 
porter catalizes sodium and L-glutamate cotrans- 
port while it simultaneously catalizes ant ipor t  of 
potassium. It should be noticed that this efflux 
was stimulated by the presence of either internal 

and (or) external chloride ion. 
Nelson and Rudnick [13] draw the conclusion 

that the transport of serotonin into platelets mem- 
brane vesicles uses a sodium serotonin-chloride 
symport and a potassium (or hydrogen) ion anti- 
port. 

The only information available on the require- 
ment of an additional ion (chloride) for a sodium 
dependent transport system in the intestine are on 
the glycine and 2-aminoisobutyric acid transport 
system described by Bog6 and Rigal [10] in brush- 
border membrane vesicles isolated from the teleost 
Boops salpa. 

At variance from the rat intestinal acidic amino 
acid transport system the fish intestinal sodium/  
amino acid cotransport system strictly depends on 
the presence of the external chloride ion. In agree- 
ment with our observation, in the presence of an 
inward chloride gradient but in the absence of a 
sodium gradient the transport system is unable to 
act as a driving force (to give rise to any overshoot 
phenomenon). 

As previously pointed out, in rat intestinal 
brushborder membrane vesicles, in the absence of 
an inward sodium gradient, the presence of an 
outward potassium gradient or (and) an inward 
chloride gradient are unable to be used as driving 
forces for the accumulation of L-glutamate (L- 
aspartate). Moreover, no activation (increase of 
uptake rate) of the two ions on the transport 
system could be observed in the absence of a 
sodium gradient. 

Another interesting point to be discussed is if 
the interaction of the sodium/acidic amino acid 
transport system with the potassium or chloride 
ion could change the cotransport mechanism into 
a rheogenic one. This possibility has been reported 
by Burckhardt et al. [8] for L-glutamate transport 
in kidney cortex brush-border membrane vesicles. 

In a previous report we have concluded that the 
cotransport of L-glutamate and L-aspartate was 
carried out without translocation of net charge [2]. 

The following observations support the conclu- 
sion that the sodium/acidic amino acid transport 
system of the rat intestinal brush-border mem- 
brane also in the presence of the two ions remains 
unaffected by changes in membrane potential: (1) 
measurements of L-glutamate uptake in the pres- 
ence of an inward sodium gradient, an outward 



potassium gradient and in the presence of chloride 
on both sides of the vesicles in the absence or in 
the presence of valinomycin are identical [2]; (2) 
experiments of L-glutamate uptake (Fig. 7 a and b) 
in which the effect of the imposition of a gradient 
of anions of different permeability was measured; 
were unaffected by the presence of K÷. 

Our observations favour the view that the role 
played by potassium and chloride ions does not 
imply translocation of any of these ions but rather 
an activation of the sodium/amino  acid cotrans- 
port system at the level of conformational changes. 

This 'double activated' uptake system could 
account for the much larger intravesicular accumu- 
lation (overshoot) observed for the two amino 
acids and could be related to a more efficient 
utilization of the Na + electrochemical gradient. 

Experiment are in progress trying to investigate 
the influence of K + and C1- on the kinetic param- 
eters of the Na÷/ac id ic  amino acid cotransport 
system of the rat intestinal brush-border mem- 
brane vesicles. 
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