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Abstract. Fluorescein isothiocyanate (FITC) fiuores- 
cently labels amino groups and has been useful in de- 
tecting conformational changes in transport proteins 
through quenching or enhancement of the fluorescence 
signal upon exposure of protein to substrates. Solubi- 
lized renal basolateral membrane proteins, enriched in 
Na+/HCO~ cotransporter activity, were reconstituted in- 
to liposomes and treated with FITC or its nonfluorescent 
analogue PITC (phenyl isothiocyanate). In the absence 
of Na + and HCO~, incubation of proteoliposomes with 
PITC or FITC significantly inhibited cotransporter ac- 
tivity. However, in the presence of Na + and HCO 3 dur- 
ing labeling both agents failed to inhibit cotransporter 
activity, indicating that these probes interact specifically 
with the cotransporter. In the presence of the substrates 
Na + and HCO 3, PITC binds covalently to amino groups 
unprotected by substrates leaving the Na+/HCO~ co- 
transporter available for specific labeling with FITC. 
Addition of NaHCO 3 to FITC-labeled proteoliposomes 
resulted in a concentration-dependent enhancement of 
the fluorescence signal which was inhibited by pre- 
treatment with 4,4'-diisothiocyanostilbene 2',2-disul- 
fonic acid (DIDS) prior to FITC labeling. SDS PAGE 
analysis of FITC-treated proteoliposomes showed the 
presence of two distinct fluorescent bands (approxi- 
mate MW of 90 and 56 kD). In the presence of sub- 
strates, the fuorescence intensity of these bands was en- 
hanced as confirmed by direct measurement of gel slice 
fluorescence.  Thus, FITC detects conformational  
changes of the Na+/HCO~ cotransporter and labels 
proteins which may represent the cotransporter or com- 
ponents of this cotransporter. 
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Introduction 

An electrogenic Na+/HCO~ cotransporter across the 
basolateral membrane of proximal convoluted tubules 
has been described in amphibian and mammalian kid- 
ney [1, 2, 4, 5] and functions as the main system for 
HCO~ transport from cell to blood. Na+/HCO~ co- 
transporter activity is demonstrable in basolateral mem- 
brane vesicles isolated from rabbit renal cortex [1, 2] 
and was partially purified from these membranes [3]. 
Partial purification has allowed further characterization 
of the Na+/HCO3 cotransporter and its substrate bind- 
ing sites. 

Fluorescein isothiocyanate (FITC) labeling of trans- 
port proteins has been used to identify protein subunits 
and to study substrate-transport protein interactions [6, 
7, 9, 10-13, 15, 18, 19]. Phenyl isothiocyanate (PITC) 
labeling of transporter in the presence of substrates pri- 
or to FITC labeling enhances the specificity of FITC la- 
beling by occupying potentially reactive amino groups 
with a nonfluorescent compound while leaving amino 
groups at substrate binding sites available for reaction 
with FITC. The isothiocyanates covalently bind to un- 
charged c~-amino groups, and may also bind to the 
e-amino group of the lysine residue under alkaline 
conditions [9, 15]. The presence of FITC at or near 
substrate binding sites can then be used to study sub- 
strate-induced conformational changes in the transport 
protein by monitoring changes in the fluorescent yield 
of bound FITC. The purpose of this study was to label 
subst ra te  b inding  sites of  the renal  baso la te ra l  
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Na+/HCO3 cotransporter with FITC in order to analyze 
substrate-induced conformational changes of the protein 
and to try to identify components of the cotransporter 
through fluorescently labeled protein bands on SDS 
polyacrylamide gel electrophoresis. 

Materials and Methods 

MATERIALS 

22Na was purchased from Amersham. L-~ phosphatidyl choline, 
octylglucoside, Coomassie Brilliant Blue R-250, acrylamide, bis- 
acrylamide, FITC, PITC, and DIDS were bought from Sigma. Gen- 
eral laboratory chemicals of analytical grade were obtained from Sig- 
ma or Fisher. 

PREPARATION OF MEMBRANES AND PROTEOLIPOSOMES 

Renal cortical basolateral membrane vesicles were prepared from 
New Zealand White rabbits by means of differential and gradient cen- 
trifugation with ionic precipitation as described previously [17]. This 
procedure results in highly purified basolateral membranes enriched 
on the average of 12- to 14-fold in Na-K-ATPase activity compared 
with homogenates, and with less than 5% cross contamination with 
brush border membranes. 

The proteoliposomes were prepared as previously described [3]. 
Briefly, one part purified basolateral membrane vesicles (5 mg/ml) 
was incubated with 1.25 parts 2% n-octyl ~-D-glucopyranoside (octyl- 
glucoside) in 50 mM HEPES and 250 mM mannitol (buffer A), pH 7.2, 
on ice for 15 min. The concentration of the detergent octylglucoside 
was 1.1% and the protein concentration was 2.2 mg/ml. The protein- 
detergent mixture was spun for 30 min at 110,000 • g. The super- 
natant was recovered and concentrated using Centriprep 10 (Amicon). 
The protein (2.5 mg/ml) was reconstituted into liposomes by mixing 
1.6 part of protein (v/v) with one part of L-a-phosphatidylcholine (35 
mg/ml) which was sonicated for 10 min. The combination of proteins 
and lipids was dialyzed for 18 hr in buffer A using a membrane re- 
stricting the passage of 6-8 kD molecules. 

EFFECT OF PITC TREATMENT ON BASOLATERAL 

MEMBRANE VESICLE Na+/HC03 
COTRANSPORTER ACTIVITY 

Basolateral membrane vesicles were treated with 2 mM PITC in 50 mM 
Tris-base, 2 mM EDTA, pH 9.2 for 30 min at room temperature. The 
reaction was stopped by a 10-fold addition of buffer and the prepa- 
ration was centrifuged at 38,000 • g for 30 min, 40C to remove un- 
reacted PITC. The PITC-treated membranes were resuspended in 100 
~tl of  loading medium consisting of 200 mM sucrose, 50 mM HEPES, 
1 mM Mg gluconate, pH 7.5. Control basolateral membranes had been 
incubated in loading medium instead of PITC. Na+/HCO3 cotrans- 
porter activity of  control and PITC-treated basolateral membrane 
vesicles was measured by the rapid filtration 22Na uptake assay as pre- 
viously described [14]. Na+/HCO~ cotransporter activity was defined 
as 22Na uptake (nmol/mg protein/3 sec) in the presence of 25 mM 
HCO 3 minus the uptake in the presence of 25 mM gluconate. Uptakes 
were performed at room temperature using 10 gg of membrane pro- 
teins. 

EFFECT OF P I T C  AND F I T C  TREATMENT ON 

PROTEOLIPOSOME Na+/HCO~ - 
COTRANSPORTER ACTIVITY 

Proteoliposomes were exposed to 2 mM PITC for 40 min at 25~ with 
agitation, either in the presence or absence of 100 mM NaHCO 3. The 
reaction was stopped by addition of a 10-fold volume of cold Solu- 
tion M (50 mM HEPES/Tris base, 250 mM mannitol, pH 7.5). Unre- 
acted PITC and NaHCO 3 were removed by centrifugation at 115,000 
• g for 30 min at 4~ followed by resuspension of the pellet in cold 
Solution M and recentrifugation. Control proteoliposomes were not 
treated with PITC. Aliquots of the proteoliposomes treated with 
PITC in the presence of NaHCO 3 (substrate protected) were further 
exposed to 300 ~I.M FITC in the dark for 40 min at 25~ either in the 
presence or absence of 100 mM NaHCO 3. All further processing oc- 
curred in the dark. The reaction was stopped by the addition of a 10- 
fold volume of cold Solution M and unreacted FITC and NaHCO 3 
were removed as previously described for the PITC step. The final 
pellet was resuspended in 100 gl of  Solution M. Na+/HCO~ co- 
transport activity of  control, PITC-treated, and FITC-treated pro- 
teoliposomes was measured as previously described for membrane 
vesicles, except for the replacement of  loading medium with So- 
lution M. 

FLUORESCENCE MEASUREMENT OF 

FITC-TREATED PROTEOLIPOSOMES 

Proteoliposomes were treated with 2 mM PITC in the presence of 100 
mM NaHCO 3 as previously described. Subsequently, the PITC-treat- 
ed proteoliposomes were exposed to 300 ~M FITC in the presence or 
absence of 100 mM NaHCO 3 for 40 min at 25~ In some experi- 
ments, Na+/HCO5 cotransporter-enriched solubilized protein was 
treated with 2 mM DIDS for 1 hr at 25~ prior to incorporation into 
liposomes. Excess DIDS was removed by dilution in Solution M fol- 
lowed by centrifugation and resuspension of the pellet. PITC-treat- 
ed proteoliposomes exposed to FITC in the absence of NaHCO 3 were 
washed/resuspended in Solution M, pH 8.5 while those exposed to 
FITC in the presence of NaHCO 3 were washed/resuspended in Solu- 
tion M, pH 7.5. Final pH of both treatments after 40 min was ap- 
proximately 8.5. The FITC reaction was stopped with a 10-fold vol- 
ume of cold Solution M, pH 7.5 and uureacted FITC and NaCO 3 
were removed as previously described. The final pellet was resus- 
pended in 100 I.tl of  Solution M, pH 7.5 and the protein concentra- 
tion was determined. Fifty micrograms of FITC-treated proteolipo- 
somes were suspended in a cuvette with 50 mM HEPES/Tris base, pH 
7.5 and the fluorescence was monitored using a Perkin-Elmer 650-40 
fluorescence spectrophotometer set in the ratio mode with excitation 
wavelength of 495 nm, emission wavelength of 525 nm and slit 
widths of 4 nm. Fluorescence was measured by continuous graph trac- 
ing and, after a stable baseline was established, substrates were added 
with agitation from 1 M stock solutions (NaHCO3, Na gluconate, 
KHCO 3, K gluconate) to bring the total volume to 2 ml. For each sub- 
strate concentration, dilutional effect on fluorescence was determined 
by the addition of corresponding volumes of buffer instead of sub- 
strate, pH was measured using a standard pH electrode after final flu- 
orescence measurement. The change in fluorescence intensity upon 
addition of substrate or buffer was quantitated by dividing the change 
in fluorescence by the initial baseline and multiplying by 100 (_+A F/F 
• 100). A positive value indicates enhancement while a negative val- 
ue indicates quenching. 
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SDS-POLYACRYLAMIDE GEL ELECTROPHORESIS 

t40 
Proteoliposomes exposed to 300 gm FITC in the presence and absence t30 
of 100 mM NaHCO 3 were prepared and dialyzed overnight in Solu- 120 
tion M, pH 7.5. Treated proteoliposomes were centrifuged at 115,000 ~ 110 
x g, 30 min, 4~ and resuspended in 100 ILl Solution M. Aliquots ~ 100 
(30-40 gg) were vortexed with standard sample buffer for at least 2 ~ 90 
min, and electrophoresed on 10% polyacrylamide slab gels using the ~. B0 
method of Laemmli  [8]. Parallel sets of  samples were run for ~ 70 
Coomassie Blue staining. Fluorescent bands were visualized with UV ~ B0 

ta~ 

light. The gel was cut into sequential 4 mm slices and protein was = 50 
eluted by mashing each slice in 1.3-1.5 ml 2,5% SDS, 10 mM Tris ~ 40 
base, pH 9,2 and incubating overnight at room temperature. After cen- ~ 30 
trifugation, the supernatant was measured for fluorescence using ex- 20 
citation wavelength of 495 nm, emission wavelength of 525 nm, and 10 
4 nm slit widths. 0 

ANALYSIS OF DATA 

Results are presented as mean • SEM and the t-test for paired or un- 
paired data was used to analyze the results whenever appropriate. 

Results 

PITC AND FITC INHIBITION OF RENAL BASOLATERAL 
Na+/HCO3 COTRANSPORTER ACTIVITY 

Figure 1 shows the effect  of  PITC and FITC on 
Na+/HCO3 cotransporter in basolateral membranes or 
in proteoliposomes. The results were normalized by ex- 
pressing the values as a percentage of control values. 
The left panel shows that PITC treatment of basolater- 
al membranes decreased HCO3-dependent 22Na uptake, 
a measure of Na+/HCO3 cotransporter activity, by 66% 
from 2.45 _+ 0.66 to 0.84 _+ 0.28 nmol/mg protein/3 sec, 
P < 0.025. PITC treatment did not affect 22Na uptake 
in the presence of gluconate (not shown),  indicating 
that PITC does not have an effect on diffusive 22Na up- 
take but directly affects the cotransporter activity. 

The right panel of Fig. 1 shows the effect of PITC 
or FITC on Na+/HCO3 cotransporter activity in pro- 
t eo l i posomes .  As expec ted ,  the ac t iv i ty  of  the 
Na+/HCO3 cotransporter was enriched in proteolipo- 
somes compared to the original basolateral membranes, 
thus allowing easier detection of the effect of isothio- 
cyana tes  on the co t ranspor te r .  P ITC decreased  
Na+/HCO3 cotransporter activity significantly by 60% 
from 75.1 + 21.5 to 30.5 + 9.6 nmol/mg protein/3 sec, 
P < 0.05. When the proteoliposomes were treated with 
PITC in the presence of 100 mM Na+/HCO3 , PITC 
failed to inhibit the Na+/HCO3 cotransporter activity 
(control 75.1 + 25.8 vs. NaHCO 3 + PITC 79.9 + 17.6 
nmol/mg protein/3 sec, NS). 

In an additional series of experiments, we examined 
the interaction of PITC, NaHCO 3 and FITC on the in- 
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Fig. 1. Effect of  PITC and FITC treatment on HCO3-dependent 22Na 
uptake by basolateral membranes or octylglucoside-solubilized pro- 
tein reconstituted in proteoliposomes. The left panel shows the effect 
of PITC treatment on Na+/HCO3 cotransporter activity in basolat- 
eral membranes compared to untreated controls. The right panel 
shows the effect of PITC treatment (filled bars) on Na+/HCO~ co- 
transporter activity in proteoliposomes compared to untreated control 
(open bars). The proteoliposomes were treated with PITC either in the 
presence (squared bars) or absence (filled bars) of NaHCO 3. Subse- 
quent treatment of proteoliposomes that were exposed to PITC in the 
presence (squared bars) of NaHCO 3 with FITC either in the presence 
(cross-latched bars) or absence of NaHCO 3 (bars with horizontal 
lines) was then studied. 

hibition of Na+/HCO3 cotransporter activity by FITC 
(Fig. 1, right panel). The proteoliposomes were treat- 
ed with PITC in the presence of 100 mM NaHCO 3 to 
protect the cotransporter sites. Removal of NaHCO 3 
and PITC followed by treatment with FITC resulted in 
76% inhibition of the Na+/HCO3 cotransporter com- 
pared to control values (control 75.1 _+ 21.5 vs. FITC 
18.1 + 4.6 nmol/mg protein/3 sec, P < 0.05). If the 
proteoliposomes were treated with FITC in the presence 
of 100 mM NaHCO3, then the effect of FITC to inhibit 
the Na+/HCO3 cotransporter was partially blocked 
(control 75.1 _+ 21.5, FITC 18.1 + 4.5, NaHCO 3 + 
FITC 48.2 _+ 12.9 nmol/mg protein/3 sec). These data 
demonstrate that PITC or FITC inhibits Na+/HCO3 co- 
transporter activity, and that the effect of these agents 
to inhibit the activity of this cotransporter is prevented 
or blunted by the presence of NaHCO 3 prior to treatment 
of the membranes or proteoliposomes. 

The above results are compatible with the hypoth- 
esis that PITC and FITC interact with the cotransporter, 
and that the presence of NaHCO 3 protects against inhi- 
bition by occupying sites near the Na + and HCO~ sub- 
strate sites in the cotransporter, thus preventing the 
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Fig. 2. Substa'ate effects on the fluorescence of FITC-treated pro- 
teoliposomes. Representative tracings are depicted showing the effect 
of 50 mM Na gluconate, K gluconate, NaHCO 3 or KHCO 3 on the flu- 
orescence of FITC-treated proteoliposomes enriched in Na+/HCO3 co- 
transporter activity. Substrate was added during the gap in the trac- 
ing. All proteoliposome s had been treated with PITC in the presence 
of NaHCO 3, followed by FITC in the presence of NaHCO 3. The 
right panel shows the effect of pretreating octylglucoside-solubilized 
protein with 2 mM DIDS prior to PITC and FITC treatments on the 
fluorescence enhancement caused by NaHCO 3 and KHCO 3. 

binding of  PITC or F1TC to the cotransporter .  These 
f indings suggested that FITC binds to the cotransporter  
and thus may serve as a fluorescent label to monitor  con- 
format ional  changes as Na + and/or  HCO 3 interact  with 
the cotransporter .  

EFFECT OF Na + OR HCO 3 ON THE FLUORESCENCE OF 
FITC-TREATED PROTEOLIPOSOMES 

Figure  2 shows the f luorescence of  FITC- t rea ted  pro-  
teol iposomes.  These pro teo l iposomes  were pre t reated 
with N a H C O  3 with PITC, and then with NaHCO 3 and 
FITC. The NaHCO 3 was then removed  along with the 
excess  F1TC. The f luo rescence  r eco rded  in Fig.  2 
should reflect  label ing of  the Na+/HCO~ cotransporter .  
W e  tested the abi l i ty  of  ei ther Na + or HCO~ to inter- 
act with the cotransporter  and to detect  conformat ional  
changes of  the cotransporter  as assessed by  changes in 
FITC fluorescence.  Not shown is the f inding that ad- 
dit ion of  sucrose or water  caused a decrease  in f luores-  
cence, presumably  through a dilut ional  effect. Addi t ion 
of  different  salts, such as 50 mM NaC1, 50 mM Na glu- 
conate,  or 50 mM Na isethionate led to an enhancement  
of  basel ine  f luorescence by  approx imate ly  10%. That  
salts containing Na + or no Na + leads to a comparable  
enhancement  of  f luorescence suggests  that this effect is 
nonspecif ic  and probably  related to ionic strength. 

NaHCO 3, on the other hand, caused a greater  in- 
crease in basel ine  f luorescence than Na gluconate  or 
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Fig. 3. The enhancement of fluorescence in FITC-treated proteoli- 
posomes as a function of NaHCO 3 concentration. Proteoliposomes 
were treated with PITC in the presence of NaHCO 3 and then treated 
subsequently with FITC either in the presence or absence of NaHCO 3. 
After removal of excess reagents, fluorescence was measured before 
and after the addition of various concentrations of NaHCO 3 (left 
panel). The right panel shows the same data but corrected for the ef- 
fect of Na + by subtracting the fluorescence enhancement due to Na 
gluconate. 

other non-HCO 3 salts by approximate ly  10% (Fig. 2). 
KHCO 3 also caused an enhancement  in f luorescence al- 
t hough  of  sma l l e r  m a g n i t u d e  than that  e l i c i t ed  by  
NaHCO 3 (Fig. 2). These results suggested that HCO 3 
causes an enhancement  of  f luorescence  and that the 
presence of  this anion seems to have an effect addit ive 
to Na +. The results  of  the addi t ion o f  20 mM NaHCO 3 
or KHCO 3 on f luorescence of  FITC- t rea ted  proteol ipo-  
somes were normal ized  for the effect  of  the cation by 
subtract ing the results  f rom those obta ined  with the 
same concentrat ion of  Na gluconate  or K gluconate.  
NaHCO 3 caused a greater  net increase in f luorescence 
than KHCO 3 (5.3 + 0.3 vs. 3.6 + 0.3%, P < 0.05). 

It should be noted that the addi t ion of  increasing 
amounts of  HCO 3 increased the pH of  the proteol ipo-  
some-buffer  system in the cuvette, which typica l ly  in- 
creased 0 .25-0 .30  units above the buffer  pH of  7.50 af- 
ter the addi t ion of  30 mM HCOj .  The f luorescence in- 
tensi ty of  FITC in solution was measured  over  a pH 
range o f  6.0 to 8.5 and pla teaued at pH 7.5 (data not 
shown), suggest ing that pH effects on the f luorescence 
of  F ITC- labe led  pro teol iposomes  were min imal  at pH 
7.5 and above. To further exclude the poss ib i l i ty  that 
the effect of  NaHCO 3 to enhance FITC fluorescence was 
secondary  to changes in pH, the pH of  the NaHCO 3 
stock solution was mainta ined constant  at 7.5 by bub- 
bl ing it with 10% CO 2. The maintenance of  the pH at 
this level  was verif ied by  measur ing the pH of  the cu- 
vette contents at the end of  the exper iment ,  which took 
less than 3 min to complete.  Under  these condit ions,  
addi t ion of  NaHCO 3 caused the same degree of  fluo- 
rescence  enhancement ,  suggest ing that the :e f fec t  of  
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Fig. 4. The effect of DIDS on the fluorescence of FITC-treated pro- 
teoliposomes. Octylglucoside-solubilized protein enriched in 
Na+/HCO3 cotransporter activity was treated with 2 mM DIDS for 
1 hr vs, no treatment. Protein was reconstituted into liposomes and 
then treated with PITC in the presence of NaHCO 3 followed by 
FITC in the presence of NaHCO 3. Fluorescence was measured before 
and after addition of 50 mM NaHCO 3 and the percent increase in flu- 
orescence was calculated. 

NaHCO 3 was not secondary to pH. In addition, 20 mM 
NaHCO 3, a concentration which caused only 0.1 pH unit 
change, elicited a significant increase in fluorescence 
(see above) .  

Figure 3 shows the enhancement of FITC fluores- 
cence by different concentrations of NaHCO 3. The 
membranes were labeled with FITC in the absence and 
presence of NaHCO 3 (to protect the substrate sites). In 
the membranes  labeled with FITC in the presence 
of NaHCO 3, the enhancement  of  f luorescence by 
NaHCO 3 was greater than that observed in membranes 
labeled in the absence of NaHCO 3. A concentration-de- 
pendent increase in fluorescence enhancement occurred 
which began to plateau at a NaHCO 3 concentration of 
30 mM and exhibited an apparent K m of 15 m~. These 
results are in agreement with the results of Fig. 1 show- 
ing that the presence of NaHCO 3 prior to labeling with 
FITC protects the binding sites for Na + and HCO 3. 
These results are also in agreement with gel elec- 
trophoresis results (see Fig. 5 below), showing that the 
presence of NaHCO 3 during labeling with FITC en- 
hances the fluorescence intensity of labeled bands. 

Disulfonic stilbenes inhibit the activity of  the 
Na+/HCO3 cotransporter. We chose to examine the ef- 
fect of DIDS on the enhancement of FITC fluorescence 
by NaHCO 3. DIDS was chosen because it does not in- 
terfere with the fluorescence of FITC. The solubilized 
protein was treated either with the vehicle or 2 mM 
DIDS for one hour. This period of time has been shown 
to be sufficient for binding of DIDS to the Na+/HCO3 
cotransporter [16]. The solution containing DIDS was 
then washed and the membranes were labeled with 

PITC followed by FITC. Figure 2 shows that DIDS 
treatment inhibits the enhancement of fluorescence 
elicited by 50 mM NaHCO 3 or by KHCO 3. Figure 4 
summarizes the effects of DIDS on the enhancement of 
FITC fluorescence by NaHCO 3. It is clear that DIDS 
significantly blunts the effect of NaHCO 3 to enhance 
fluorescence. These results strongly suggested that the 
effect of NaHCO 3 or KHCO 3 to enhance FITC fluores- 
cence is the result of a specific interaction with the 
NaHCO 3 cotransporter. 

E F F E C T  O F  NaHCO 3 O N  F L U O R E S C E N C E  L A B E L I N G  O F  

MEMBRANE PROTEINS BY FITC 

Solubilized basolateral membrane proteins were labeled 
with FITC in the presence or absence of 100 mM 
NaHCO 3. The protein was then subjected to SDS- 
PAGE and the fluorescence of gel slices was deter- 
mined. It is clear that in the absence of NaHCO 3, there 
is some protein labeling by FITC (Fig, 5). This label- 
ing is strikingly enhanced in the presence of NaHCO 3 
with the particular enhancement of a 56 kD band. The 
90 and 34 kD bands also showed fluorescence en- 
hancement. The Coomassie Blue staining showed no 
difference qualitatively in staining intensity between 
the two FITC treatments, suggesting that the increased 
fluorescence was due to increased FITC labeling of 
these bands. The right panel shows the SDS-PAGE 
analysis of FITC-solubilized proteins. It is clear that 
several bands are present in SDS gel while three bands 
are prominently labeled with FITC. 

Discussion 

The presence of a fluorescent probe at substrate bind- 
ing sites of a transport protein may serve as a sensitive 
monitor of substrate-induced conformational change of 
the protein through alterations in the fluorescence of the 
probe. Isothiocyanates covalently bind to (~-amino 
groups, and under alkaline conditions, may also bind to 
the e-amino group of lysine residues [9, 15]. Through 
the initial labeling of nonspecific amino groups with a 
nonfluorescent isothiocyanate (PITC) in the presence of 
substrates to protect substrate binding sites, the fluo- 
rescent isothiocyanate (FITC) can then specifically la- 
bel substrate binding sites. This technique has been suc- 
cessfully utilized to study substrate-transporter interac- 
tions in the intestinal and renal brush border Na-glucose 
cotransporters [10, 19], and the intestinal Na-proline co- 
transporter [18]. Other transport proteins including the 
Na-K-ATPase [7], the gastric H-K-ATPase [6], and the 
sarcoplasmic reticulum Ca-ATPase [11-13] have been 
studied by fluorescent labeling with FITC. The Na + and 
HCO 3 binding sites of the renal Na+/HCO3 cotrans- 
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Fig. 5. Fluorescence of protein bands from 
SDS-polyacrylamide gel electrophoresis of 
FITC-treated proteoliposomes. Proteoliposomes 
enriched in Na+/HCO3 cotransporter activity 
were treated with PITC in the presence of 
NaHCO 3, followed by FITC either in the 
presence or absence of NaHCO 3. The upper 
panel shows the fluorescent bands after FITC 
treatment in the presence (lower) or absence 
(upper) of NaHCO 3. The lower panel shows the 
fluorescence eluted from 4 mm gel slices of 
proteoliposomes treated with FITC in the 
presence or absence of NaHCO 3. The right panel 
shows SDS-PAGE analysis of FITC-treated 
solubilized proteins (lane B) with the molecular 
weight markers in lane A. 

porter were specifically labeled with FITC after PITC 
exposure to begin characterization of this cotransport- 
ing protein and to identify its components. 

That the PITC and FITC were indeed bound at sub- 
strate binding sites was strongly suggested by the sig- 
nificant inhibition of the HCO3-dependent 22Na uptake 
by PITC or FITC binding in basolateral membrane vesi- 
cles and solubilized basolateral membranes reconsti- 
tuted into proteoliposomes. Although it could be argued 
that the effect of PITC and FITC on the Na+/HCO~ co- 
transporter in the proteoliposomes could be related to 
the fact that the agents interfered with the efficiency of 
reconstitution, this is unlikely because these agents had 
similar effects on the native membranes as they did on 
the proteoliposomes. The finding that the presence of 
NaHCO 3 prior to the exposure of the membranes to 
PITC or FITC protected against the inhibitory effect of 
PITC or FITC on Na+/HCO~ cotransporter activity is 
strong evidence that these agents interacted specifical- 
ly with the cotransporter. The ability of substrates to 
protect the transport protein from inactivation by iso- 
thiocyanates has been described in other transporting 
systems, including the Na-K-ATPase, Ca-ATPase, and 
Na-glucose cotransporter [7, 10, 11]. 

Since FITC labels substrate binding sites, the 
changes in fluorescence elicited by the substrate should 
reflect changes in the microenvironment of substrate 
binding sites. In transport proteins labeled with FITC, 
the conformational changes elicited by exposure to sub- 
strates have caused either quenching or enhancement of 
fluorescence of the fluorescein label. In the FITC-la- 
beled intestinal Na-glucose cotransporter, a Na-induced 
quenching of fluorescence was observed which was sat- 
urable and concentration dependent, reflecting a Na +- 

induced conformational change in the transporter [10]. 
Interestingly, this was not observed in the FITC-labeled 
renal Na-glucose cotransporter, in which the addition of 
Na + did not cause quenching of fluorescence but did 
cause an increase in the fluorescent labeling of the co- 
transporter as revealed by SDS-PAGE [19]. The FITC- 
labeled Na-K-ATPase showed K+-induced fluorescence 
quenching that was recovered by the addition of Na § 
[15]. The FITC-labeled sarcoplasmic reticulum Ca- 
ATPase responded to Ca 2+ with quenching of the la- 
beled fluorescence, while vanadate exposure resulted in 
fluorescence enhancement [13]. Thus, it becomes clear 
from our study, as well as other studies [6, 7, 10-13, 18, 
19], that specific binding of FITC to a cotransporter pro- 
tein may be associated with a decrease, an increase, or 
no change in fluorescence when the substrate interacts 
with the labeled transporter. Although the explanation 
for this phenomenon is not completely clear it may be 
related to conformational changes of the cotransporter 
protein as it interacts with the substrates which may re- 
sult in exposure of FITC-labeled amino acids (resulting 
in enhancement of fluorescence) or masking of the same 
FITC labeled amino acids (resulting in quenching of flu- 
orescence). 

Our results with the Na+/HCO3 cotransporter 
showed that addition of HCO~-, and to a lesser degree 
Na +, induced an enhancement of fluorescence in FITC- 
labeled proteoliposomes which was maximal when sub- 
strate sites were protected during FITC treatment. Ad- 
dition of Na + also caused an enhancement of fluores- 
cence that was not different from the enhancement 
observed in the presence of K +, suggesting that Na + per 
se did not have a specific effect. However, the com- 
bined effect of Na § and HCO~ was greater than the ef- 



J. Stim et al.: Na+/HCO3 Cotransporter and Fluorescein 45 

fect of HCO 3 alone, suggesting the presence of HCO 3 
is necessary for Na + to elicit its effect. That this effect 
of HCO~ is not due to pH changes was shown by the 
fact that the fluorescence enhancing effect of HCO 3 was 
undiminished when pH was maintained constant at 7.50 
by the bubbling of CO 2 into the stock solution. Addi- 
tionally, the HCO 3 effect was present at low concen- 
trations of HCO 3 (<20  raM) where pH increment was 
minimal. Furthermore, that DIDS prevents the effect of 
HCO 3 to enhance fluorescence without altering its ef- 
fects on pH clearly indicates that the effect of HCO 5 re- 
sults from interaction with the cotransporter rather than 
from a nonspecific effect of pH. 

Our results show that pretreatment of solubilized 
protein with DIDS prior to PITC/FITC labeling result- 
ed in the inhibition of the NaHCO3-induced fluores- 
cence enhancement. DIDS is an isothiocyanate com- 
pound which covalently binds amino groups, as PITC 
and FITC do. Due to the presence of two reactive moi- 
eties, DIDS may cause protein crosslinking and this 
could inhibit incorporation of proteins into liposomes. 
We feel, however, that the explanation for the DIDS ef- 
fect is not due to crosslinking but to DIDS competing 
with FITC for binding sites. That fluorescein-labeled 
protein is indeed incorporated into liposomes is evi- 
denced by the presence of NaHCO3-induced fluores- 
cence enhancement, albeit significantly lower than in the 
absence of DIDS pretreatment. DIDS exposure after 
PITC/FITC labeling had no effect on NaHCO3-induced 
fluorescence enhancement, suggesting that DIDS and 
FITC do compete for the same binding sites. 

The results from the SDS-PAGE of FITC-labeled 
proteoliposomes reinforce that FITC was bound to spe- 
cific protein bands which may represent the Na+/HCO~ 
cotransporter or subunits of the cotransporter. FITC- 
treated proteoliposomes without substrate protection 
show faint labeling of a 56 kD band which is maximally 
labeled with FITC when substrate sites are protected. 
Although other fluorescent bands are evident in the 
substrate-protected FITC-labeled proteoliposome lane, 
background fluorescence appears to be increased which 
may be due to FITC lysis, and this could contribute to 
the fluorescence of individual bands. However, the 
significance of the 56 kD band lies with its dramatic flu- 
orescence above background for both FITC prepara- 
tions and suggests that this is the Na+/HCO~ cotrans- 
porter. As shown in the preceding paper [3], partial pu- 
rification of the Na+/HCO3 cotransporter shows an 
enhancement of a protein doublet of 56 kD, a protein 
band clearly labeled by FITC in SDS-PAGE. 

It is unlikely that the enhancement of FITC fluo- 
rescence by NaHCO 3 in the experiments represents 
binding to Na-K-ATPase since solubilization of the 
membranes with octylglucoside resulted in loss of Na- 
K-ATPase activity of basolateral membranes (data not 

shown). Furthermore, as indicated earlier, the quench- 
ing of f luorescence by K + in FITC-labeled Na-K- 
ATPase is quite unlike the effects of K + on the fluo- 
rescence of our FITC-labeled Na+/HCO3 cotransporter. 

Taken together, our findings suggest that the bind- 
ing of Na + and HCO~ to their binding sites may induce 
conformational changes in the cotransporter which en- 
hance the exposure of reactive amino groups to FITC 
and facilitate the FITC binding process. It may be spec- 
ulated that these reactive amino groups may be located 
in the vicinity of substrate binding sites and that bind- 
ing of substrates may reversibly alter the aqueous en- 
vironment around these groups to such an extent that the 
fluorescent yield of an attached fluorescein molecule is 
increased, resulting in the fluorescence enhancement 
seen upon the addition of NaHCO 3. Another reason for 
the greater fluorescence enhancement observed in pro- 
teoliposomes labeled with FITC in the presence of 
NaHCO 3 is the unhindered access of Na + and HCO~- to 
their binding sites, which may then cause conforma- 
tional changes that are necessary for full cotransporter 
activity, shown to be relatively unhindered by substrate 
protected FITC labeling. 

In conclusion, isothiocyanates interact specifically 
with the Na+/HCO~ cotransporter and the presence of 
substrates (Na + and HCO~) protect against the inhibi- 
tion caused by FITC or PITC. Interaction of Na-HCO 3 
with the FITC-labeled cotransporter elicits changes in 
fluorescence suggestive of conformational changes in 
the protein. In the presence of NaHCO3, FITC labeling 
shows enhanced fluorescence of certain protein bands, 
especially of a 56 kD band which may represent the co- 
transporter or active component thereof. 
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