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Epithelial Na+/D.glucose cotransport was incorporated into the plasma membrane of Xenopus ocgytes after micro- 
injection o! poly(A)+-mRNA trom rat intestine tissue and was detected by measurements of uptake of [t4C]AMG 
(methyl a.D-glucopyranoside). In mRNA-injected oucytes, the rate of AMG uptake exceeds the rate of endogenous 
Na+/AMG cotransport by a factor of up to 30. It is demonstrated *.hat )he additionally expressed transport differs 
qualitatively from the endogenous transport with respect to several parameters which is a prerequisite for the 
demonstration o! expression of a foreign transporter:. (1) The expressed system is more sensitive to external glucose or 
AMG and to the specifie inhibitor phhrlzin, (2) it is less sensitive to external Na ÷ and to changes in membrane 
potential, and (3) it is susceptible to inhibition by monodonal antibodies, known to bind speciiically to Na+/glucose 
cotransporters and to modulate the cotransport in kidney and intestine. The use o! the antibodies allows one to 
distinguish between endogenous Na+/AMG cotransport and !oreigu cotranspm~ expressed by injection of foreign 
mRNA. The expression of the foreign transport leads to transport rates that are high enough to detect the electrical 
current generated by the Na+/glucose cotransport. This allows future characterization of the cotranspo~ system under 
voltage-clamp conditions by a, mlyzing membrane current. 

Introduction 

Na+/glu¢ose cotransport has been assumed to be 
present only in certain epithelial cells including those in 
kidney and intestine (see, for example, Ref. 1). But 
cotransport with qualitatively similar characteristics can 
also t~e detected in the oocytes of Xenopus iaevis [2,3]. 
The oocytes have been introduced by Gordon et al. [4] 
as an expression system for foreign mRNA. After injec- 
tion of mRNA encoding for intestine Na+/glucose 
cotransport, increased glucose transport has been dem- 
onstrated by increased Na+-dependent uptake of radio- 
actively labeled glucose [2,5,6] or increased membrane 
conductance [7]. In these investigations, the presence of 
endogenous glucose transport may have been under- 
estimated. Previously, we have demonstrated [3] that the 
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endogenous Na+/ghcose cotransport can exhibit maxi- 
mum uptake rates of about one order of magnitude 
higher (25 pmol/h per oocyte) than estimated by 
Hediger et al. [2] and lkeda et al. [6] for the endogenous 
transport ( < 0.25-4.5 pmol/h per oocyte). Large varia- 
bility in endogenous transport characteristics is typical 
for the Xenopus oocytes and most likely reflects devel- 
• ;pmental and/or seasonal variations. Therefore, if a 
foreign transport protein is to be expressed in the 
oocytes by injection of mRNA one ought to prove that 
the mRNA injection indeed leads to expression of the 
foreign transporter rather than to stimulation of the 
endogenous transporter (see, for example, Ref. 8). 

Here we present data which demonstrate that injec- 
tion of poly(A)+-mRNA obtained from rat intestine 
leads to increased Na+-dependent transport of glucose 
and methyl a-glucopyranoside (AMG). Two types of 
Na+/glucose cotransport have been described, one that 
accepts AMG as substrate, the other one is insensitive 
to AMG [9,10], The AMG transporter expressed after 
injection of the mRNA sh~ws kinetic properties dis- 
tinctly different compared to the endogenous eotrans- 



port. In addition, the expressed cotransport could be 
inhibited by monoclonal antibodies against Na+/D-glu - 
cose cotransport of porcine kidney [11]. Stimulation of 
Na+/g!ucose cotransport results in electrical inward 
current carried by the Na + ions. After injection of 
mRNA, the electrogenic contribution of the elevated 
transport system is large enough to be detected, and the 
glucose-dependent current can be analyzed in voltage- 
clamp experiments. Parts of the results have been re- 
ported previously [121. 

Materials and Methods 

Preparation of mRNA 
Poly(A)+-mRNA was prepared from small intestine 

of female Wistar rats. 2 g of scraped intestinal mucosa 
was homogenized in 20 ml of 6 M guanidine hydrochlo- 
ride, 100 mM 2-mercaptoethanol and 20 mM sodium 
citrate (pH 7.0), and total RNA was isolated as de- 
scribed by Braell and Lodish [13] with modifications 
described by Oberleithner et ai. [141. The poly(A) +- 
mRNA was purified by oligo(dT)-cellulose chromatog- 
raphy, and analyzed on 1% agarose minigels containing 
2.2 M formaldehyde as described by Maniatis et al. [15]. 
Poly(A)+-mRNA was then precipitated with ethanol, 
solved in water and stored frozen in small fractions. 
About 50 to 90 ng of poly(A)+-mRNA were injected per 
oocyte (see Grygorezyk et al. [16]). 

Monoclonal antibodies 
In this study two monoclonal antibodies (R5A3, 

T4B2) were used which were obtained after immuniza- 
tion of mice with brush-border membrane proteins of 
porcine kidney [11]. R5A3 (IgG3, kappa) and T4B2 
(IgM, kappa) bind to polypeptides of porcine kidney 
with apparent molecular weights of 75 and 47 kDa; 
these polypeptides have been identified previously as 
components of the renal Na+/o-glucose cotransporter 
[17]. In pig kidney, binding of RSA3 and T4B2 to 
proteins of brush-border membranes depends on ti~e 
presence of D-glucose and inhibits Na+-dependent D- 
glucose uptake into vesicles [111. Furthermore, high-af- 
finity binding of phlorizin to brush-border membranes 
of porcine kidney was inhibited by RSA3, and in rat 
kidney specific binding to the luminal side of proximal 
tubules could be demonstrated [18]. R5A3 and T4B2 
crossreaet with a Na+/D-glucose cotransporter from 
intestine since in Western blots of intestinal brush- 
border membranes from pig, rabbit and rat the antibod- 
ies again bind to polypeptides with molecular weights of 
75 kDa and 47 kDa. In brush-border membrane vesicles 
of intestine, R5A3 and T4B2 stimulated Na+-d,ependent 
D-glucose uptake ([19] and unpublished data). These 
data indicate that the antibodies specifically bind to the 
Na+/o-glucose cotransporter of epithelial membranes 
and can specifically modulate the activity of the 

cotransport; depending on the preparation, glucose 
transport can either be inhibited er stimulated [19]. 

The hybridoma cell lines RSA3 and T4B2 were grown 
in mass culture. To obtain antibody or control solu- 
tions, the hybridoma supernatant of RSA3 and T4B2 or 
culture medium that contained fetal calf serum were 
10-fold concentrated over YM-100 filters (Amicon) ~.~nd 
frozen at -80 ° C. Before use, the antibody or control 
medium was dialysed extensively against oocyte Ringer's 
solution (ORi, see below), and the protein concentration 
was adjusted to 20 mg/ml. The concentration of RSA3 
and T4B2 in the antibody media was determined by 
radioimmune assays [1l]. Mouse myeloma IgG 3 and 
lgM was obtained from Sigma. 

Uptake experimenls 
The methods to obtain oocytes of the clawed toad 

Xenopus laevis, to measure glucose uptake, and to per- 
form electrophysiological measurements were identical 
to those described in the previous paper by Weber et al. 
[3]. Oocytes were incubated for 1 to 3 h in solution 
containing the radioactively labeled substrate 0- 
[14C]glueose or D-[14C]AMG at 148 kBq or 370 kBq per 
500 #! incubation solution, respectively (Amersham 
Buohler, Braunschweig, F.R.G.). After the incubation 
period, oocytes were washed and radioactivity taken up 
by single oocytes was determined by liquid szintillation 
counting. Most uptake experiments were performed in 
the standard bath solution (ORi) with the following 
composition (in mM): 110 NaCI, 3 KCI, 2 CaCI 2, and 5 
N-2-hydroxyethylpiperazine-N'-ethanesulfonic acid 
(Hepes, adjusted to pH 7.6). If lower Na + concentra- 
tions were used, the Na + was replaced by tetramethyl- 
ammonium (TMA). All experiments were performed at 
room temperature. 

To describe concentration dependencies, the follow- 
ing equation was fitted to the data shown in Figs. 3 and 
4: 

[Xl" O) 
k = krall a (gl/2) n .b [X]n 

where k represents either rate of transport or degree of 
transport inhibition, and iX] is the respective substrate 
or inhibitor concentration. Characteristics of the ex- 
pressed transport were determined from data that have 
been corrected for the endogenous contribution to total 
flux. Since the data in Fig. 2 suggest two types of 
glucose binding sites, the K.~/2 value for high affinity 
was calculated from the uptake rates at low glucose 
concentrations fitting the data by Eqn. 1; with the 
obtained parameters, the Ki/z value for low affinity 
was estimated by fitting the whole set of data by the 
sum of two components using the Kt/z value and n for 
the low-affinity component as fit parameters. 
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To investigate the effects of antibodies on glucose 
transport, oocytes were incubated for 1 h in ORi to 
which control or antibody medium was added. The total 
protein concentration was 2 mg/ml, the concentrations 
of RSA3 and T4B2 were 10 and 25 v.g/ml, respectively. 
in control experiments, nonspecifie lgG 3 or lgM anti- 
bodies were added to the control solution. After incuba- 
tion with the antibodies or control solution, [~4C]AMG 
was added and uptake by the oocytes was measured. 

Electrophyswiogical measurements 
Voltage-clamp ~as performed by conventional two- 

microelectrode techniques. For determination of cur- 
rent-voltage relations, steady-state current was mea- 
sured during the last I00 ms of 500-ms rectangular 
voltage pulses to different potentials. These pulses were 
appfied from the respective resting potential at a 
frequency of 0.25 Hz. 

Results 
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Fig. 1. Rate of uptake ~ u r e d  with t4C-labeled AMG in uninjecttxl 
control oocytes and in oo~tes inj~ed with 50 ng/oocyte poly(A) +,. 

mRNA from ra~ intestim:. Rux measurements were performed 2 (A) 
and 3 (B) days after the mRNA injt~tion. Tbe AMG commntration in 
the bath solution was 40 FM. Phtotizin concentration to inhibit 
Na+/glucose cotransport was l raM. Values are averages (:I:S.E.) of 

10 oocytes. 

In a previous report [3], it was shown that at D-glu- 
cose concentrations below 0.25 mM most of the endoge- 
nous glucose uptake in ORi is mediated by Na*/glu- 
cose cotransport; the fraction of Na*-independent up- 
take is less than 25%. Whether this Na+-independent 
glucose uptake is carrier-mediated has not been clari- 
fied, components have been described that are inhibited 
by [20] or resistant to cytochalasin B [3]. To detect the 
Na+-driven cotransport, in the experiments described in 
this paper substrate uptake was determined as the 
phlorizin-sensitive component, or AMG was used as 
substrate. AMG is accepted by most Na+/glucose 
cotransporters as substrate but not by Na*-independent 
glucose carriers [21] (for the oocytes see Weber et al. 
[31). 

At 40 pM AMG, the rate of substrate uptake by the 
endogenous cotransporter is below 1 pmoi/h. Two days 
after injection of mRNA, the uptake rate may be 
elevated by more than one order of magp~tude (Fig. 
1A). Glucose transport is even further increased three 
days after the injection (Fig. IB). Longer incubation led 
to a slight further increase (about 30~); nevertheless, 
the experiments described below were always performed 
two or three days after mRNA injection. As has been 
shown also for uninjected oocytes [3], Na+-dependent 
glucose uptake is inhibited by more than 98~ in the 
presence 1 mM phlorizin (Fig. IB). 

To elucidate possible differences between Na+/~lu - 
cose cotransport in control and in mRNA-injected 
oocytes, several of the following figures, demonstrating 
transport characteristics, will show in addition to the 
data obtained for injected oocytes also the correspond- 
ing data for uninjccted control oocytes some of them we 
already presented previously [3]. 

Dependence of AMG uptake on AMG concentration 
Fig. 2 shows the dependence of rate of AMG uptake 

on AMG concentration. As was found already for the 
endogenous Na+/AMG cotransport, also the AMG 
transport in the injected oocytes seems to be composed 
of two saturating components. To calculate K1/2 val- 
ues, the data were fitted by the sum of two components 
of the type described by Eqn. 1; values of about 0.08 
and 1.11 mM were obtained. These values are lower 
then those obtained in control oocytes (see legend to 
Fig. 2) and demonstrate higher sensitivity for AMG in 
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Fig. 2. [X'pcnden,c ot rate of AMG uptake en AMG concentration. 
Filled symbols represent data (:I: $,P.) from mRNA-injccted oocytcs. 
A fit of Eqn. l to the rwst four data points reprcscnling high-affinity 
uptake yielded El~ 2 -- 0.08+0.02 raM, k ~  = 16.2 pmoi/h, and n = 
1. !! the whole set of data were fitted by the sum of two transport 
components using the above parameters for the high-affinity compo- 
nero, KV2=I.II+0.08 mM, km~=463 pmol/h, and n = 4  ate 

obtained. The open symbols with the dotted line were taken from 
Weber et al. [3] and represent the AMG dependence of endogenous 
Na+/glucosc cotransport. The corresponding fit parameters were for 
the high.affmhy component: K=~=0.19 raM. km~=10 pmol/h, 
n = 1; and for the lower-affinity component: K1/2 = 1.25 raM, knw ~ = 

16 pmol/h, n ~ 4. 
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]'ABLE I 

Characteristics o] Na */,4MG cotransport 

Data obtained from measurements with D*glilcog¢ as substrate were 
presented with brackets. 

Endogenous Expressed transport 

transport rat rabbit 

intestine intestine 

K~/2 (high affinity) 0.2 taM {31 0.035 mM " 
AMG 
Kt2 (low affinity) 1.25 mM[3] 1.09 raM" 

0.11 mM [61 

Maximum rate 25 pmol/h  Pl 100 pmol/h  a 200- 
1500 pmol /h  { 6] 

Kt/2 (Na) 27.9 mM 57.8 mM 32 mM [61 
Hill coefficient 2 2 1.5-1.7 

K t (phlorizin) 

RSA3 

Depolarization 

Polarization for 
e-fold change 

(0.911~M) [31 (O.19/~M)" 
1.0/~M 0.015 ~aM 9/~M 16] 

ineffective [3] inhibition a 

inhibition [3] inhibition [7] a inhibition [29] 

52 .nV 131 t03 mV"  87 mV [291 

" This work. 

injected oocytes. Particularly at higher substrate con- 
centrations the endogenous component can no longer 
be neglected. If the endogenous transport is subtracted 
from the transport measured in injected ooeytes, the 
'two-component' dependency is nevertheless main- 
tained. This correction yields Kt/2 values of 0.035 and 
1.09 mM for the two saturating components of the 
exogenous transporter (see Table I). 

Dependence of AMG uptake on Na + concentration 
The dependence of the rate of AMG uptake on 

external Na + concentration was measured at an AMG 
concentration of 80 gM. At this substrate concentration 
the component with the higher affinity is nearly 
saturated, and more than 60% of the eotransport is 
mediated by the component expressed after mRNA 
injection (see Fig. 2). Fig. 3 suggests that the endoge- 
nous AMG transport is more sensitive to Na + than the 
expressed AMG transport. While in control ooeytes 
about 28 mM Na + gives 50% stimulation of AMG 
uptake, 58 mM is necessary in t~e injected oocytes. In 
control as well as in injected oocytes, the Na + depen- 
dence can be described satisfactorily by a Hill coeffi- 
cient of n = 2 (see Fig. 3). This suggests that, at this 
concentration of external AMG, more than one Na + 
ion is necessary for activation of one transport cycle. 

Since transport activity is effected by changes in 
membrane potential (see below), the interpretation of 
the results on Na ÷ dependence is only valid if alter- 
ations in external Na + concentration do not effect the 
membrane potential. This, in fact, is not the ease; 

120 

< 
~ 40 

n=2 

S j 
0 20 40 60 80 100 120 

NO (raM) 

Fig. 3. Dependence of rate of AMG uptake on external Na ÷ with 80 
;tM AMG in the bath solution. Symbols represent normalized average 
values (4- S.E.) from 18 mRNA-injected oocytes (filled symbols), and 
30 non-injected control ooeytes (open symbols); for symbols without 
error bar S.E. is smaller than the size of the symbol. The solid and 
broken lines represent fits of Eqn. 1 to data points with n = 2. The 
fitted K1/2 values are for injected cells 57.8 mM and for control cells 
27.9 raM. For comparison, the dotted lines represent fits of Eqn. l to 
the data of mRNA-injected oocytes using n = 1 or n = 3, respectively. 
100~. of the rate of uptake corresponds to 1.4 pmol /h  for non-in- 

jected and 6.4 pmol /h  in injected oocytes. 

reduction of extracellular Na + concentration leads to 
hyperpolarization, primarily through stimulation of the 
Na+/K * pump [22]. The polarizations show large vari- 
abilities among oocytes from different batches ( -  50 to 
-100 mV), but are similar in control and mRNA-in- 

jetted oocytes. Therefore the parameters calculated 
above (see also Table I) are only apparent values but, 
nevertheless, they demonstrate qualitative differences 
between the endogenous and the additionally expressed 
transporter. 

Dependence of AMG uplake on phlorizin concentration 
For further comparison of the endogenous and the 

additionally expressed AMG transport, dependence of 
transport inhibition on phlorizin concentration was 
measured. Fig. 4 shows that the endogenous transport 
has a much lower sensitivity for phlorizin; in 80 laM 

,¢ i 8o 

,~. 
- - 6  - 5  - 4  - 3  

Phlorlzin {Ig(mM)) 

Fig. 4. Degree of inhibition by phlorizin of the Na+-dependent AMG 
uptake. AMG concentration in the bath solution was 80 pM. Data 
r c p r ~ t  ever~ges from 18 mRNA.ir.j~.cd (filled s~mbols) and con- 
ttol oocytes (open symbols), bars indicate S.E., symbols without error 
bar are singlc measurements. The lines represent fits of Eqn. 1 In tim 
data points with n = 1. The fitted K,/z va!u~ are for injected cells 

0.0i5 ~aM and for control cells 1.00 gM. 
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AMG nearly two orders of magnitude lower concentra- 
tions are necessary to give 50% inhibition of the ex- 
pressed uptake of AMG. This further supports that the 
endogenous and the additionally expressed transporter 
are different membrane proteins. 

Inhibition of A MG uptake by antibodies 
Koepseli el al. [11] have raised several monoclonal 

antibodies which interact with Na+/D-glucose cotrans- 
port in kidney and intestine [19]. If non-injected oocytes 
were incubated with 10 #g/ml of RSA3 (IgG3) no 
effect on AMG uptake could be detected (Table It). For 
oocytes injected with mRNA of rat intes:ine, on the 
other hand, significant (57%) inhibition of glucose up- 
take can be demonstrated (Table II). Significant inhibi- 
tion of AMG uptake was also observed with this anti- 
body if oocytes were injected with mRNA from rat 
kidney (not shown). Orientating experiments with 
another monoclonal antibody (T4B2) also showed in- 
hibition (about 30%) in oocytes that were injected with 
mRNA from rat intestine. If AMG-uptake experiments 
were performed in solution containing non-specific IgG 3 
or IgM antibodies, no effect could be detected neither 
in control nor in mRNA-injected oocytes. These data 
suggest structural differences of the endogenous and 
expressed AMG transporter. 

Voltage dependence of the cotransport 
The results described above demonstrate that in;ec- 

tion of the poly(A)*-mRNA leads to expression of a 
glucose transporter that differs in several respects from 
the endogenous Na+/glucose cot"ansporter. The depen- 
dence on external Na + and pldorizin, on the other 
hand, suggests that also a cotransport system is ex- 
pressed. If the Ha + is cotransported, stimulation of 
glucose transport should lead to inward current of posi- 
tive ions. Indeed, if 10 mM glucose or 5 mM AMG is 
added to the bath solution, depolarization of the mem- 
brane potential by more than 10 mV can be detected; 
this polarization is not seen if 1 mM pMorizin is pre- 
sent. The rate of electrogenic transport can be expected 
to depend on membrane potential since membrane 

TABLE 11 

Effect of the monoclonal antibody RSA3 on rate o /AM6 uptake in 
pmd/h  ~ S.E. (n ffi 18) 

The incubation with antibody RSA3 [I1] or control antibody were 
performed as described in Materials and Methods. Uptake was mea- 
sured with 40 ~tM AMG in the bath solution. 

Rate o! AMG uptake 

uninjected mRNA-injected 
oo~:es oocytes 

Control L07:t:0.06 7,4! :1:0.57 
R~A3 0.99:t:0.09 &28 + 0.33 
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Fig. 5 (A) Voltage dependence of the membrane current without 
(open squares) and in the presence of 5 mM AMG (idled squares) in 
the bath solution in mRNA.injected oocytes. To block passive K + 
conductances. 5 mM BaCI z and 20 mM tetraethylaramonium chloride 
were added. (B) Open circles show the inward current component 
mediated by Na*/AMG cotranspon. Filled circles are data obtained 
from measurements of [14C]AMG uptake in oocytes that were kept by 
Iwo-microelectrode voltage clamp at three different membrane poten- 
tials. For the presentation, the flux rates from three batches of oocytes 

were normalized to the current at - 70 mY. 

potential directly acts as driving force on the charge 
translocating steps in the reaction cycle. We have dem- 
onstrated for the endogenous Na+/glucose cotransport 
that depolarization, counteracting the inward movement 
of the Na + ions, reduces the rate of uptake of t4C- 
labeled glucose [3]. In the mRNA-injected oocytes, the 
transport rate is large enough to detect AMG- or glu- 
cose-stimulated inward current under voltage-clamp 
conditions. This cotransport-mediated current is as- 
sumed to be the difference current measured with and 
without substrate in the bath medium (see Fig. 5A). An 
example for the voltage dependence of the difference 
current is presented by the open ~ymbols in Fig. 5B. As 
already demonstrated in the flux measurements for en- 
dogenous cotranspon, the current-voltage curve shows 
that depolarization reduces cotransport also in the in- 
jected oocytes though the slope is less pronounced; 
while 52 mV polarization give an e-fold change of the 
endogenous transport, 103 mV polarizatioz is necessary 
to give the same change for the expressed transport 
from rat intestine (see Table I). A similar voltage depen- 
dence of glucose transport in mRNA-injected oocytes is 
obtained if AMG uptake is determined by tracer flux 
measurements; the data represented by the filled circles 
in Fig. 5B were obtained from oocytes that were kept 
for 30 rain under voltage damp. 



Discussion 

Elevated Na%dependent uptake of D-glucose can be 
detected after injection of poly(A)+-mRNA from rabbit 
and rat intestine into oocytes of Xenopus laevis [2,7]. A 
polypeptide with a molecular weight of 74080 Da has 
been cloned, and injection of the cRNA increases Na +- 
dependent AMG uptake in the oocytes [5,6]. Since 
endogenous Na*/glucose cotransport has been charac- 
terized in the oocytes recently [3], the question arises 
whether endogenous and expressed transporters are dif- 
ferent or not. The situation is further complicated since: 
(a) More than one type of Na+/D-glucose cotrans- 
porters may exist and (b) the functional Na+/D-ghcose 
cotransporter is supposed to be an oiigomeric protein 
which contains low- and high affinity substrate binding 
sites [23]. Furthermore, in jejunum of guinea pig two 
Na*-dependent, phlorizin-inhibitable D-glucose trans- 
port systems have been described which are regulated 
independently [9,10,24]. Only one of these cotransport 
systems accepts AMG as substrate. In outer cortex and 
outer medulla of the kidney, high and low affinity 
substrate activation sites for Na+/D-ghcose cotrans- 
port [25] and high- and low-affinity Na+-tY.ependent 
phlorizin bindirtg sites have been reported [23]. In renal 
outer cortex as well as in renal outer medulla both types 
of D-glucose activation sites and of Na+-dependent 
phlorizin binding sites were observed [23,26], and a 
stoichiometry of one was obtained for the Na*-depen - 
dent phlorizin binding sites [23]. Therefore, it cannot be 
decided whether also in kidney two transporters are 
present and/or whether the functional renal transporter 
contains two substrate binding sites. 

In the present study, the endogenous Na+-dependent 
AMG transport in the oocytes of Xenopus laevis is 
compared with the AMG transport after injection of 
non-fractionated poly(A) ~" mRNA from rat intestine. 
The characteristics of the AM(3 transporter expressed 
from rat intestine are also compared with those of an 
AMG transporter that has recently been cloned from 
rabbit intestine and expressed in the oocytes [5,6]. 

Dependence on A MG concentration 
For the endogenous as well as for the expressed 

AMG transport we observed low- and high-affinity 
subs~r:,te activation sites. Table ! shows that the Km/2 
values for the high-affinity sites differ by nearly one 
order of magnitude. In the injected oocytes, high-affin- 
ity AMG transport is about six times more sensitive 
than in non-injected cells. At variance, the low affinity 
of the expressed transport shows sensitivity similar to 
the endogenous component. Since non-fractionated 
poly(A)+-mRNA was injected into the oocytes and we 
do not know whether the oocytes contain one or two 
endogenous AM(3 transporters, we cannot distinguish 
whether the observed two components reflect two dis- 

tinct transport proteins or two substrate sites with dif- 
ferent affinity on the same transporter as discussed by 
Koepse,tl et a~ [23]. Ikeda et al. [6] investigated the 
substrate dependence of AMG uptake of oocytes after 
injection of cloned cRNA..They only observed one 
saturable component with a K]/2 value of 0.11 mM 
which they assigned to a low-affinity transporter. Com- 
parison of the data in Table I rather suggests that 
primarily the high-affinity component was investigated, 
and that the low-affinity component may not have been 
detected due to limited resolution of the data. 

For a further comparison of endogenous and ex- 
pressed AMG transport, concentration dependencies of 
transport activation by Na + and inhibition by phlorizin 
were investigated. The above described AMG-depen- 
dencies of endogenous and exogenous transport suggest 
differences in the high rather than in the low-affinity 
transport. The measurements were, therefore, per- 
formed under conditions where the high-affinity site 
was nearly saturated and low-affinity AMG transport 
could be neglected. 

Dependence on Na ÷ concentration 
Since changes in extracelhlar Na + concentration 

cause changes in membrane potential (see above), the 
analysis of the transport data is obscured. Therefore, 
the fitted parameters for the Na + dependence and those 
reported by others (see Table I) allow only qualitative 
comparison. Nevertheless, the results demonstrate that 
the endogenous AMG transport has a sensitivity to 
Na + similar to the AMG transport expressed after 
injection of the cRNA from rabbit intestine [6]. For the 
cotransporter expressed after injection of intestinal 
mRNA from rat we obtained a 2-fold lower sensitivity 
for Na÷. 

Dependence on phlorizin concentration 
For the concentration dependence of inhibition by 

phlorizin of the high-affinity AMO transport, we found 
that the K I value for the endogenous transport (1/tM) 
was nine times lower than the K I value obtained for the 
transporter from rabbit intestine [6]. The KI value for 
AM(3 transport expressed after injection of rat intesti- 
nal mRNA (0.015 #M) was nearly two orders of magni- 
tude lower than the K~ value of the endogenous trans- 
porter. 

These data show only small differences between the 
endogenous AMG transport of the oocytes and the 
transport expressed after injection of the cRNA cloned 
by Hediger et al. [5] from rabbit intestine. At variance, 
the AM(3 transport obtained after injection of non- 
fractionated mRNA from rat intestine was distinctly 
different to the endogenous transport. Thus, it is highly 
probable that after injection of mRNA from rat in- 
testine a Na+/AMG cotransporter, distir, ct from the 
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endogenous cotransporter, is expressed in the oocytes 
after injection of poly(A)+-mRNA. 

Effects of monodonal antibodies 
The moao¢lonal antibodies R5A3 and T4B2 against 

epithelial Na +/glucose cotransporter modulate the rate 
of transport. In vesicles of brush-border membranes 
from pig kidney the antibodies inhibit Na+-dependent 
D-glucose uptake [11], and in vesicles from rat intestine 
they stimulate the uptake [19]. After injection of the 
mRNA from rat intestine the expressed AMG transport 
is reduced by RSA3 and T4B2. Since it was found that 
antibodies against the Na+/D-glucose cotransporter 
which alter the cotransport in kidney have also an effect 
on intestinal transport, it can be assumed that the 
antibodies bind to both the renal and the intestine 
transporter. Whether binding leads to inhibition or 
stimulation of glucose uptake may depend on dif- 
ferences of in the transporters of the respective prepara- 
tion [19]. The finding that the transport is differently 
affected depending on whether the uptake is measured 
in intestine membrane resides or in oocytes injected 
with intestine mRNA could suggest differences in the 
assembly of transporter components, in posttrans- 
lational modifications, in proteolytic degradations, or in 
transporter microenvironment. Our finding that the en- 
dogenous transporter of Xenopus oocytes is neither 
inhibited nor stimulated by RSA3 and T4B2 suggests 
that the intestine transporter expressed in the oocytes 
after injection of the mRNA is structurally different 
from the endogenous transporter. 

Dependence on membrane potential 
Potential dependence of glucose cotransport has been 

demonstrated by flux measurements in epithelial pre- 
parations [27,28], for the intestinal cotransport ex- 
pressed in Xenopus oocytes [29], and for the endoge- 
nous cotransport in the oocytes [3]. in all cases, de- 
polarization reduces the rate of transport (see Table 1), 
and is interpreted in terms of a reaction cycle with 
positive charges moving inwardly during Na+/glucose 
translocation and/or  negative charges moving out- 
wardly during the reorientation of the unloaded carrier, 
For injected oocytes, voltage-dependent cotransport 
could be demonstrate by measurements of AMG-in- 
duced current (Fig. 5). The results again show reduction 
of transport by depolarization, but the dependence on 
membrane potential is much less pronounced than for 
the endogenous transport but comparable with the volt- 
age dependence of the transport from rabbit intestine 
expressed in the oocytes (see Table l). This demon- 
strates that the additionally expressed cotransport has 
qualitatively similar electrical properti~ as the endoge- 
nous cotransport but differs queJditatively. 

In conclusion, we have demonstrated that different 
Na+-dependent AMG transport can be detecte~ in the 

oocytes of Xenopus laevis. After injection of non-frac- 
tionated mRNA from rat intestine, AMG transport 
becomes expressed that differs from the endogenous 
AMG cotransporter with respect to substrate dependen- 
cies and inhibition by phlorizin, antibodies and de- 
polarization. 
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