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Flufenamate, a non-steroidal anti-inflammatory drug, is a powerful inhibitor of anion transport in the human 
erythrocyte (/so =6 .10  -7 M). The concentration dependence of the binding to ghosts reveals two saturable 
components. [ 14C]Flufenamate binds with high affinity (Kdi = 1.2.10 -7 M) to 8.5. l0 s sites per cell (the same 
value as the number of band 3 protein per cell); it also binds, with lower affinity (Kd2 = 10 -4 M) to a second 
set of sites (4.6.107 per ceil). Pretreatment of cells with 4-acetamido-4'-isothiocyanostilbene-2,2'-disulfonic 
acid (SITS), a specific inhibitor of anion transport, prevents [14C]flufenamate binding only to high affinity 
sites. These results suggest that high affinity sites are located on the band 3 protein involved in anion 
transport. Extracellular chymotrypsin and pronase at low concentration cleave the 95 kDa band 3 into 60 kDa 
and 35 kDa fragments without affecting either anion transport or [14C]flufenamate binding. Splitting by 
trypsin at the inner membrane surface of the 60 kDa chymotryptic fragment into 17 kDa transmembrane 
fragment and 40 kDa water-soluhie fragment does not affect [t4C]flufenamate binding. In contrast degrada- 
tion at the outer membrane surface of the 35 kDa fragment by high concentration of pronase or papain 
decreases beth anion transport capacity and number of high affinity binding sites for [14C]flufenamate. Thus 
it appears that 35 kDa peptide is necessary for both anion transport and binding of the inhihitors and that the 
binding site is located in the membrane-associated domain of the band 3 protein. 

Introduction 

The anion transport across the erythrocyte 
membrane has been shown to be inhibited by 
various chemically unrelated compounds [1-5]. 
However it can be observed that they are all 

Abbreviations: SITS, 4-acetamido-4'-isothiocyanostilbene-2,2'- 
disulfonic acid; DIDS, 4,4'-diisothiocyanostilbene-2,2'-di- 
sulfonic acid; H2DIDS, dihydro analog of DIDS; EDTA, 
ethylenediaminetetraacetic acid. Throughout this paper al- 
bum_in refers to bovine serum albumin, kDa, kilodalton. 
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amphiphihc compounds. Structure-activity studies 
performed with several sets of congeners showed 
that inhibitory potency is mainly correlated with 
hydrophobic character of the molecules and elec- 
tron withdrawing ability of the substituents [6-11]. 
At the same time it appeared that the band 3 
protein which is involved in anion transport [12- 
14] could be the site of action of certain of these 
molecules [15]. In a more detailed study performed 
with a non-steroidal anti-inflammatory drug, 
niflumate, which is a powerful reversible inhibitor, 
we gave convincing evidence that this drug binds 
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Fig. 1. Summary of major proteolytic cleavages in the band 3 
protein. N, NH2-terminal; C, COOH-terminal; Ch, Pa, Pr, 
respectively chymotrypsin, papain, pronase cleavage site out- 
side cell; Tr, trypsin cleavage site inside cell; K, kDa adapted 
from Ref. 45. 

to the band 3 protein [16]. The present work deals 
with an attempt to obtain information about the 
localization of the binding site of amphiphilic 
compounds on band 3 by proteolytic digestion of 
the protein. Indeed this transmembrane protein 
can be cleaved by proteolysis of erythrocytes or 
ghosts at well defined loci (Fig. 1; Refs. 17-23). 
Externally applied chymotrypsin and pronase (at 
low concentration) cleave the band 3 protein into 
60 kDa and 35 kDa integral fragments without 
affecting anion transport [14,20]. Trypsin treat- 
ment, at the cytoplasmic face of the membrane 
obtained from chymotrypsinized cells produces 17 
kDa and 35 kDa membrane-associated fragments 
and removes a 40 kDa water-soluble fragment at 
the cytoplasmic face of the protein [21,24,25]. Re- 
moval of this fragment has little effect on anion 
transport [26-28]. This suggests that anion trans- 
port is carried out by the membrane-associated 
domain of the band 3 protein. Since 17 kDa peptide 
contains most of the binding sites for 1-iso- 
thiocyanobenzene sulfonate [22] and H2DIDS [27] 
which compete with CI- for the transport site [29], 
it appears that this peptide is essential for anion 
transport. But 35 kDa peptide also participates in 
the control of transport since digestion of this 
peptide by papain is accompanied by inhibition of 
anion transport [30]. 

In this context we have evaluated in parallel the 
effects of proteolytic treatments of the band 3 
protein on anion transport and reversible binding 
of flufenamate. This study was performed with 

flufenamate instead of its very close analog 
niflumate used in precedent paper because we had 
at our disposal the radioactive form of flufena- 
mate. The results show that both drugs have the 
same binding pattern to erythrocyte membrane: 
high affinity binding sites protectable by SITS 
(presumably band 3) and low affinity binding sites. 
The binding is not alterated by proteolytic treat- 
ments which do not inhibit chloride self-exchange. 
Conversely, digestions which inhibit anion per- 
meability affect the number of high affinity sites in 
the same ratio. 

In the accompanying paper [50] we report a 
structure activity study with flufenamate related 
compounds. 

It has been possible to define the role of each 
part of the molecule in the binding to the site and 
to obtain information about the chemical proper- 
ties of the inhibitor recognition site. 

Materials and Methods 

Red blood cells. Human red cells collected into 
citrate dextrose solution was obtained from the 
blood bank and stored at 4°C. Cells were prepared 
by washing three times in phosphate-buffered 
saline (150 mM NaC1/5mM sodium phosphate, 
pH 7.4). SITS treatment was carried out as de- 
scribed previously [16]. Enzymatic digestion of the 
outer membrane surface was carried out in phos- 
phate-buffered saline at 37°C for 1 h at 50% 
hematocrit 1 mg/ml chymotrypsin (a-chymotryp- 
sin from bovine pancreas; Sigma) 0.3 mg/ml 
papain (from Papaya carica; Boehringer) or at 
37°C for 20 min at 30% hematocrit 0.2 or 5 
mg/ml pronase (Calbiochem B grade). Papain was 
dialysed 24h against phosphate-buffered saline 
and was activated by incubating stock solution of 
300 /tg/ml in 5 mM dithiothreitol/1 mM EDTA 
just prior to use. Digestions were terminated with 
diisopropyl phosphofluoridate (for chymotrypsin; 
0.25 mM final) or iodoacetic acid (for papain; 
5 mM final). Cells were washed twice at room 
temperature in 10 vol. bovine serum albumin (three 
times after pronase treatment) and twice in 10 vol. 
phosphate-buffered saline. 

Erythrocyte ghosts. Hemoglobin free erythrocyte 
ghosts were prepared according to Fairbanks et al. 
[31] but using 10 mM sodium phosphate instead of 



5mM. For trypsin treatment of the unsealed 
ghosts, one volume of packed ghosts was resus- 
pended with an equal volume of phosphate 
buffered saline containing 100 #g/ml  trypsin (from 
bovine pancreas; Sigma) for 30 min at 37°C. 
Digestion was terminated with soy bean trypsin 
inhibitor (Worthington biochemical Co; 200 #g/ml  
final). The ghosts were centrifuged and washed in 
150 mM NaC1 and then 'stripped' in 20 vol. 0.1 M 
NaOH at 0°C [32], centrifuged and washed once 
in 20 vol. water at 0°C. 

Analytical techniques. Electrophoresis was per- 
formed on gels containing 5% acrylamide and 
0.2% dodecyl sulfate following the procedure of 
Fairbanks et al. [31] modified by Steck and Yu 
[32]. 

Protein was determined according to the method 
of Lowry et al. [33]. Total phosphorus (Pi) was 
determined by the method of Razzel [34]. 

36Cl flux measurements. Chloride equilibrium 
exchange was measured at 0°C in phosphate- 
buffered saline (pH 7.4) at 0.5% hematocrit using 
the previously described automatic technique [35]. 

[14C]Flufenamate binding to unsealed ghosts. 
Ghost suspension with a known equivalent cell 
concentration was prepared by diluting ghosts pel- 
let (of which we measured Pi content) in ice cold 
155 mM sodium phosphate (pH 7.4). One volume 
of this suspension was added to an equal volume 
of ice-cold sodium phosphate containing various 
concentrations of []4C]flufenamate and stored 20 
min at 0°C. Total []4C]flufenamate concentration 
was determined on an aliquot of the suspension 
which was then centrifuged 20 rain at 0°C (Sorvall 
RC2B, rotor SS 34, 20000 rev./min) and 
[14C]flufenamate concentration measured in the 
supernatant (free drug concentration). Bound drug 
was calculated from total and free concentrations 
and expressed as the number of bound molecules 
per equivalent cell. The data were plotted accord- 
ing to the method of Scatchard [36]. 

Since in proteolysed membranes protein 
determination is unsuited to estimate, as usual, the 
number of equivalent cells, we determined total 
phosphorus in the membrane assuming that it was 
not affected by proteolysis. We used 2.60-109 
cells/#mol Pi as a constant factor relating total 
phosphorus and number of equivalent cells. This 
value was determined as follows: we measured in 
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parallel total phosphorus and membrane protein 
contents in membranes from control cells and 
found 0.750 #mol Pi/mg of membrane protein. 
This can be converted into total phosphorus per 
cell using 1.95.109 cells/mg of membrane protein 
[37] giving 2.60.109 cells/ttmol Pi- 

[14C]Flufenamate was purchased from the 
Centre d'Etudes Nuclraires, Saclay, France. 

Results 

[14C]Flufenamate binding to the erythrocyte mem- 
brane 

The binding of []4C]flufenamate to the human 
erythrocyte membrane was performed over a large 
concentration range. The data were plotted 
according to the method of Scatchard [36]. Fig. 2 
shows two components. Assuming that these rep- 
resent two classes of independent sites, the number 
of flufenamate binding sites (n) and the dissocia- 
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Fig. 2. Scatchard plot of [Idc]flufenamate binding to hemo- 
g, lobin-frec unsealed ghosts (0, X two different experiments) 
and ghosts from cells treated by SITS (~7, [] two different 
experiments). Ordinate: bound flufenamate (10 3 molecules per 
equivalent cell) divided by concentration of free drug (/~M). 
Abscissa: bound flufenamate (10 5 molecules per equivalent 
cell). 
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tion constants (Kd) can be calculated for each 

population [38,39]. 
Strikingly, the number of high affinity sites 

(n I --0.85.106) is close to the number of band 3 
copies per cell i.e. 106 [40] and the apparent dis- 
sociation constant (Kd, = 1.2- 10 -7 M) is close to 
the I50 for the inhibition of anion self-exchange 
(150-~ 5.3-10 -7 M). We also performed binding 
experiments with membranes of ceils pretreated by 
SITS as described in Materials and Methods. SITS 
is one of the stilbene disulfonate derivatives which 
are known to be specific inhibitors of anion trans- 
port and bind specifically to band 3 protein. Un- 
der our conditions SITS was covalently bound to 
such an extent that chloride self-exchange was 
fully inhibited. After this treatment the first popu- 
lation disappears whereas the second class is not 
affected (open signs Fig. 2). These results suggest 
that the population 1 represents the binding sites 
of flufenamate to the band 3 protein involved in 
the control of anion transport. This agrees with 
our previous results with niflumate, a structural 
analog of flufenamate [16]. The flow affinity sites 
are much more numerous: 46.106 per cell with an 
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Fig. 3+ Effects of proteolytic enzymes on the band 3 protein. 
(A) Electrophoretograrns of membranes proteins stained with 
Coomassie blue: Except for control sample (gel 1) all the ghosts 
samples were 'stripped' by alkaline treatments. Gel I, ghosts 
obtained from untreated cells. Gel 2, ghosts obtained from 
untreated cells and than 'stripped'. Gel 3, ghosts obtained from 
chymotrypsin-treated cells. Gel 4, ghosts obtained from cells 
sequentially treated with chymotrypsin and papain. Gel 5, 
ghosts obtained from chymotrypsinized cells subsequently 
trypsinized, K, kDa. (B) Scans (A at 540 nm) of gels 3 (upper 
scan) and 5 (lower scan). 

apparent dissociation constant of 10-4M • This 
suggests that membrane lipids participate in this 

class of binding sites. 

The action of chymotrypsin on anion transport and 

the protein in band3 
In Figs. 3 and 4, except sample 1 (control), all 

the membrane samples were treated with 0.l M 
NaOH before electrophoresis. This treatment 
('stripping') elutes most of the weakly associated 
membrane proteins [32] making the integral mem- 
brane proteins or fragments more apparent. 



Sample 3 in Fig. 3 shows that external 
chymotrypsin cleaves the 95 kDa band 3 into 60 
kDa and 35 kDa fragments as previously reported 
by several laboratories [14,19-21]. These bands are 
still present on the gel after stripping indicating 
that they are integral membrane peptides [32]. It 
has been suggested by Grinstein et al. [27] that the 
35 kDa fragment is susceptible to degradation by 
external chymotrypsin. We performed proteolysis 
in various conditions including those used by the 
authors, but we never observed further degrada- 
tion of the 35 kDa fragment; This agrees with the 
results of Jennings and Passow [30]. Since the 
band3 can be regenerated by H2DIDS cross- 
linking of the 60 kDa and 35 kDa fragments even 
after extensive external chymotryptic proteolysis, 
these authors concluded that both fragments are 
present in the membrane in equimolar amounts. 

We also tested the effects of chymotryptic 
cleavage on the chloride self-exchange across the 
membrane, the inhibitory activity of flufenamate 
and the binding of this drug to the high affinity 
sites considered as located on the band 3 protein 
(see above). The results summarized in Table I 
show: (1) Chymotrypsin cleavage of the band3 
does not lead to an inhibition of anion transport 
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as also found by other workers [14,20]. (2) 
Flufenamate still continues to act as an inhibitor 
in the chymotrypsinized erythrocytes with the same 
inhibitory potency (150 unchanged). (3) The num- 
ber of flufenamate high affinity sites per cell n~ 
and the apparent dissociation constant Ka, are not 
affected by chymotrypsin treatment of eryhtro- 
cytes. These observations suggest that the native 
conformation of the protein is not drastically 
altered by chymotryptic cleavage. 

Double digestion of the band 3 protein by 
chymotrypsin and trypsin 

Unsealed ghosts derived from chymotrypsin- 
digested erythrocyte were exposed to trypsin and 
then stripped with NaOH. The electrophoretogram 
(Fig. 3 sample 5) shows two major bands with ap- 
parent molecular weights of 35000 and 17000. The 
35 kDa fragment is identical in appearance with 
that produced by chymotrypsin alone, indicating 
that it is resistant to trypsin. The 17 kDa band 
represents what is left of the 60 kDa chymotryptic 
fragment after removal of a water-soluble 40 kDa 
fragment from the cytoplasmic surface [21]. The 35 
kDa band overlaps a smear extending from 30 to 
70 kDa. This smear contains a large fraction 4.5 

TABLE I 

EFFECTS OF ENZYMATIC TREATMENTS ON CHLORIDE SELF-EXCHANGE IN H U M A N  RED CELLS, INHIBITION BY 
FLUFENAMATE AND FLUFENAMATE BINDING TO UNSEALED GHOSTS 

Cells were exposed to enzymes as described in Materials and Methods. In each case, a portion of cells was used for measurement of 
36C1- self-exchange and the molar concentration of flufenamate producing a 50% reduction of 36C1 self-exchange was determined 
(150). Another portion of the cells was used for the preparation of ghosts. In one case ghosts were treated with trypsin; 
[t4C]flufenamate-binding experiments were then performed with a portion of ghosts. In each case dissociation constant and number 
of binding sites per cell were determined as in Fig. 1. The other portion of ghosts was 'stripped' with 0. I M NaOH. After 
solubilization in sodium dodecyl sulfate, electrophoresis was performed in 5% polyacrylamide gel (0.2% SDS) 

Proteolytic treatment Choride self-exchange Flufenamate binding 

Flufenamate No. of sites Dissociation 
% control 150 (M) (% of control) constant 

gd,  (M) 

Control I00 5.8- 10 -7  IO0 1.2.10 -7  
Chymotrypsin 95 6.1 • 10 - 7 86 1.2- I0 - 7 
Chymotrypsin + papain 39 4.4. I 0 - 7 42 0.9- 10 - -  7 
Chymotrypsin + trypsin 100 1.2- 10 - 7 
Pronase (0.2 mg/ml)  100 6.3- 10 -7  95 1.4.10 -7  
Pronase (5 mg/ml)  47 7.9.10-7 42 1.4.10-7 
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region of the band remaining after alkaline treat- 
ment and overlaps the non-digested fraction of the 
60 kDa fragment (Note that about twice as much 
protein was put on the gel 5 as on the others). In 
this case it is difficult to appreciate the complete- 
ness of the tryptic digestion, the different fractions 
can be distinguished more easily on densitometric 
scans. Comparison of quantitative integrated peaks 
of gels 3 and 5 reveals that more than 80% of the 
60 kDa fragment was digested by trypsin. 

We also performed external chymotrypsin pro- 
teolysis followed by proteolysis of unsealed ghosts 
by chymotrypsin instead of trypsin. In both cases 
we observed the same electrophoretograms. 

These treatments did not affect either the num- 
ber of binding sites or the affinity of flufenamate 
(Table I). This indicates that the cytoplasmic 40 
kDa fragment does not play an essential role in 
the binding of flufenamate. Likewise removal of 
this fragment does not affect anion transport [27]. 
Thus the binding site, like the transport site is 
located in the membrane-associated domain of the 
band 3 protein. 

Double digestion of the band 3 protein by 
chymotrypsin and papain 

Intact cells were sequentially exposed to 
chymotrypsin and papain. An electrophoretogram 
of stripped membranes shows only one major band 
of approx. 60 kDa (sample 4 in Fig. 3). This frag- 
ment is apparently identical to the 60 kDa frag- 
ment obtained with chymotrypsin alone (see Jen- 
nings and Passow [30]). After papain, the 35 kDa 
chymotryptic band is no longer visible on the gel 
indicating a degradation of this fragment from the 
outer membrane surface by papain. A small 
amount of this fragment could be present on the 
gel but not seen because this glycosylated frag- 
ment is poorly stained with Coomassie blue. Simi- 
larly, we observed only the 60 kDa fragment with 
external papain alone. 

It is unclear why degradation is more extensive 
than the splitting of the 35 kDa fragment into a 30 
kDa fragment reported by Jennings and Passow 
[30]. 

Tab le  I shows that  exposu re  of  the 
chymotrypsinized cell to external papain decreases 
the rate of chloride efflux to 39% of its value in 
control ceils. The number of flufenamate binding 
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Fig. 4. Effect of pronase on the band 3 protein. Except for 
control sample (gel 1) all the ghosts samples were 'stripped' by 
alkaline treatment. Gel I, ghosts obtained from untreated cells. 
Gel 2, ghosts obtained from untreated cells and then 'stripped'. 
Gel 3, ghosts obtained from cells treated with a low pronase 
concentration (0.2 mg/ml). Gel 4, ghosts obtained from cells 
treated with a high pronase concentration (5 mg/ml). K, kDa. 

sites per cell in component 1 is reduced to 42% of 
the original value. The resting sites in component 1 
accomodate flufenamate with an unaffected affin- 
ity (Ka, unchanged) and the drug inhibits the 
residual chloride efflux from the cells with the 
same potency (150 unchanged). This suggests that 
the inhibition of anion transport and the reduction 
of the number of inhibitor binding sites produced 
by papain may be related to the digestion of the 35 
kDa fragment. 

Digestion of the band 3 by pronase 
In our experimental conditions (37°C; pH 7.4; 

30% hematocrit for 20 min) 0.2 m g / m l  pronase, at 
the outer surface of the membrane, splits the band 3 



protein into 60 kDa and 35 kDa peptides (Fig. 4). 
This enzyme concentration does not affect chlo- 
ride transport, the number of flufenamate binding 
sites in component 1, the affinity of the inhibitor 
for the binding sites and its inhibitory activity 
(Table I). This action of low pronase concentration 
is similar to that of chymotrypsin. In contrast to 
chymotrypsin, but like papain after chymotrypsin, 
at high pronase concentration (5 mg/ml), the 35 
kDa fragment is further degradated, anion trans- 
port is reduced to 40% of the control value and the 
number of flufenamate binding sites decreases to 
42% of the original value. This high pronase con- 
centration does not affect the susceptibility of the 
residual flux to flufenamate nor its affinity for the 
resting sites in component I of the Scatchard plot. 
Thus 35 kDa peptide appears essential to the 
control of anion transport. 

Discussion 

The amphiphilic compound flufenamate (a non- 
steroidal anti-inflammatory drug) is. a strong re- 
versible inhibitor of anion transport (50% inhibi- 
tion of chloride self-exchange is achieved with 
5 • 10-7 M of the drug). The Scatchard plot shows 
that the erythrocyte membrane exhibits two classes 
of [14C]flufenamate binding sites. Results pre- 
sented above suggest that the inhibitory activity of 
the drug is related to its binding to high affinity 
sites (component 1) and that these sites are located 
on the band 3 protein involved in anion transport. 
This conclusion is also supported by the observa- 
tion that inhibition of anion transport by proteo- 
lytic fragmentation of band 3 is accompanied by a 
reduction of flufenamate binding sites in compo- 
nent 1 of the Scatchard plot. 

The number of binding sites in component 2 of 
the Scatchard plot suggests that participation of 
the membrane lipids in this class of binding sites. 
This is also supported by the observation that this 
class corresponds to a concentration range in which 
the drug induces strong morphological change and 
protects erythrocytes against hypotonic hemolysis 
(Cousin and Baroin, unpublished data; Ref. 41) 
suggesting an adsorption of the molecules on the 
lipid phase of the membrane [42,43]. 

One implication of our binding parameters is 
that the binding of flufenamate to band 3 has only 
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a single component. Now the band 3 protein is 
present in the membrane as a non-covalent dimer 
[46-48] and there exist data suggesting that bind- 
ing of DBDS (4,4'-dibenzamido-stilbene-2,2'- 
disulfonate an analog of DIDS) to one subunit 
reduces affinity for binding to the other [49]. It is 
possible that such a negative cooperativity in bind- 
ing of flufenamate exists but it is difficult to 
demonstrate because of the presence of the second 
class of sites containing numerous sites. 

Externally-applied pronase at low concentra- 
tion and chymotrypsin cleave the 95 kDa band 3 
protein into peptides of 60 kDa and 35 kDa 
[14,17,19-21] without affecting either anion trans- 
port, the inhibitory activity of flufenamate, its 
binding pattern to the high affinity binding sites 
(presumably band 3) or the inhibitory activity of 
DIDS [27]. This suggests that the digestion does 
not drastically affect the native conformation of 
the protein with respect to anion transport and 
binding of the inhibitors and agrees with the ob- 
servations that this treatment does not affect the 
covalent binding of H2DIDS and the subsequent 
inhibition of anion transport [27,30]. 

Under these conditions there is no detectable 
change in 60 kDa peptide but the 35 kDa peptide 
is digested. These observations suggest that the 35 
kDa fragment is involved in the control of anion 
transport and binding of flufenamate. Although, 
in our experiments, papain cleaved the 35 kDa 
chymotryptic fragment into much smaller frag- 
ments than the 30 kDa peptide found by Jenning 
and Passow [30], our results are nevertheless com- 
patible with their proposition. These authors 
showed that the bifunctional reagent H2DIDS, 
that binds at the transport site [29] can cross-link 
the 60 kDa and 35 kDa fragments but that no 
cross-linking can be achieved when the 35 kDa 
fragment is digested with papain. They conclude 
'that a portion of this peptide participates, to- 
gether with a portion of the 60 kDa fragment, in 
the control of anion transport'. However this does 
not agree with part of the work of Grinstein et al. 
[27] who reported a degradation, by external 
chymotrypsin, of the 35 kDa fragment without 
inhibition of anion transport. They conclude that 
this fragment does not contribute to the control of 
anion transport. We however, as did Jennings and 
Passow [30], always observed the 35 kDa fragment 
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on the gels after external chymotryptic proteolysis 
even under drastic conditions. Trypsinization of 
unsealed ghosts derived from chymotrypsinized 
cells cleaves the 60 kDa peptide into 17 kDa 
integral fragment and 40 kDa water-soluble frag- 
ment but is without effect on the 35 kDa 
chymotryptic fragment [21]. Removal of the 40 
kDa fragment does not affect anion transport in 
inside-out vesicles [26,27] and flufenamate binding 
(Table I) suggesting that this fragment is not very 
important either for the structure or for the mech- 
anism of the anion transport system. The observa- 
tion that binding of covalent reagent to this frag- 
ment does not affect transport [44] supports this 
view. 

The fact that the 17 kDa fragment contains 
most of the H2DIDS binding sites [27] and that 
H2DIDS competes with C1- for the transport site 
[29] suggests that this fragment participates in the 
structure of the transport site. 

In conclusion, the transport site is located on 
the membrane-associated domain of the band 3 
protein and its functional structure needs both the 
17 kDa and the 35 kDa fragments (but not the 40 
kDa water-soluble fragment). This work shows 
that the same conclusion can be drawn for the 
flufenamate binding site. 

Three possibilities remain however: (1) the 
flufenamate-binding site is located on the 35 kDa 
peptide, (2) this fragment participates with the 17 
kDa peptide in the binding site, (3) the 35 kDa 
fragments is necessary to maintain the structural 
organization of the site located on the 17 kDa 
fragments. Furthermore, we showed that niflumate 
and SITS are mutually exclusive inhibitors. Thus, 
there exists a close correlation between the modifi- 
cation of the transport site by proteolysis or by 
irreversible inhibitors and the modification of the 
binding site of flufenamate and niflumate. The 
sites appear distinct since niflumate does not com- 
pete with C1- [16] but they must be in allosteric 
interaction. 

Some of the treatments performed in the above 
experiments are known to produce a mixture of 
right-side and inside-out vesicles. If flufenamate 
binds only to one face of the membrane, the 
binding determination could be affected by the 
sidedness of the different membrane preparations. 
Another possibility is that the membrane permea- 

bility of flufenamate is very high making the bind- 
ing sites accessible whatever the sidedness of 
flufenamate action and of different membrane 
preparations. 

We therefore attempted to measure the time 
course of the efflux of flufenamate from 
[14C]flufenamate-loaded cells (10-3M of drug; 
hematocrit 50%; 0°C, pH 7.4 for 5h) into a 
flufenamate-free medium. The concentration of 
radioactive isotope in the external medium 
reached a plateau in less than 2 s after mixing and 
was stable for more than 30 min. In fact isotope 
equilibration represents both the release of mole- 
cules bound to the membrane and exit of 
flufenamate through the membrane. Nevertheless 
it is clear that the membrane permeability of this 
drug is considerable, which can be explained by 
the very high lipophilic character of the molecule 
(see Ref. 50). 

This observation shows that the sidedness of 
flufenamate cannot be determined by this method 
but indicates that in our binding experiments 
flufenamate had access to the binding sites 
whatever the sidedness of the membrane prepara- 
tion and the sidedness of the drug action. 
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