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Treatment of intact human erythrocytes with 7-chioro-4-nitrobenzo-2-oxa-l,3-diazole (NBD-CI) leads to 
inhibition of anion transport as measured by [32 Plphosphate exchange for intracellular chloride. Inhibition is 
rapid at 37°C (80% inhibition, 1.7 mM NBD-CI, 3 min, pH 6.9) and not reversed by washing the cells with 
1% bovine serum albumin in isotonic sucrose citrate buffer. Pretreatment of cells with N-ethylmaleimide and 
p-chloromercuribenzenesulfonic acid enhanced transport inhibition by NBD-CI. Transport inhibition caused 
by brief incubations of erythrocytes with NBD-CI could be almost completely reversed with dithiothreitol or 
/~-mercaptoethanol. Prolonged incubation (60 min, 37°C, pH 6.4, sucrose-citrate buffer) following NBD-CI 
treatment leads to partial reversal of transport inhibition. The residual inhibition is then only partially 
reversed by dithiothreitol treatment. Reversal of transport inhibition of dithiothreitol or/~-mercaptoethanol 
may be prevented by incubation of the erythrocytes with sodium dithionite. Phosphate transport was readily 
inhibited by other tyrosine-directed reagents, tetranitromethane (55% inhibition, 1.6 mM, 3 min, 37°C, pH 
8.3 in sucrose-citrate medium) and p-nitrobenzene sulfonyl fluoride (31% inhibition, 1.8 mM, 3 rain, 37°C, 
pH 8.1 in sucrose-citrate medium) but not by N-acetylimidazole (10% inhibition, 37.5 mM, 30 min, 37°C, 
pH 7.5). These results suggest that NBD-CI inhibits anion exchange by two mechanisms; a rapid inhibition 
reversible by sulfhydryl reagents, possibly due to modification of a tyrosine residue(s), and a slower 
irreversible inhibition due to modification of an essential amino group in the transporter. 

Introduction 

The Band 3 polypeptide, a major integral glyco- 
protein of the human erythrocyte membrane, 
mediates the rapid transmembrane exchange of 
anions necessary for efficient respiration [1,2]. 
Treatment of erythrocytes with a wide variety of 
chemical reagents indicates that lysine [3,4], 
arginine [5] and carboxylic acid [6,7] but not cy- 
steine [8] residues are essential for anion trans- 
port. Transport inhibition by carbodiimides [6,7] 
could be caused in part by modification of tyro- 

Abbreviations: NBD-CI. 7-chloro-4-nitrobenz-2-oxa-l,3-di- 
azole; otvr-NBD, O-tyrosyl reaction product of NBD-C1. 

sine residues so the effect of tyrosine-selective 
reagents on anion exchange in intact human 
erythrocytes was studied. Preliminary experiments 
indicated that NBD-C1 was the most potent of the 
reagents examined. 

Materials and Methods 

M a t e r i a l s  

[32p]phosphoric acid, carrier free, from New 
England Nuclear; [U-14C]NBD-C1 (109 mCi/  
mmol) from Research Products International 
Corp., Mount Prospect, IL. Unlabelled NBD-C1 
from Pfaltz & Bauer Inc., Waterbury, CT; 4,4'-di- 
nitrostilbene-3,Y-disulfonic acid (DNDS) and 2- 
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(3-trifluoromethyl)phenylamino-3-pyridine car- 
boxylic acid (niflumic acid) from Aldrich Chem- 
ical Co., Milwaukee, WI. N-(4-Azido-2-nitrophen- 
yl)-2-aminoethyl sulfonate (NAP-taurine), p- 
nitrobenzenesulfonyl fluoride from Pierce Chem- 
ical Co., Rockford, IL. N-Acetylimidazole, tetra- 
nitromethane, p-chloromercuribenzenesulfonic 
acid (PCMBS) and phenylmethylsulfonyl fluoride 
(PMSF) from Sigma Chemical Co., St. Louis. MO. 
Dithiothreitol from Bio-Rad Laboratories, Rich- 
mond, CA. 4-Benzamido-4'-aminostilbene-2,2'- 
disulfonate (BADS) was synthesized as previously 
described [9]. N-Ethylmaleimide from Fisher Sci- 
entific Co., Fair Lawn, NJ. ACS scintillation 
cocktail was from Amersham Corp., Arlington 
Heights, IL and Enhance fluorography cocktail 
from New England Nuclear. Human red blood 
cells were kindly provided by the Canadian Red 
Cross. All other reagents were of pure reagent 
grade from standard suppliers. 

Methods 
Preparation of erythrocytes. Human red blood 

cells were washed four times with 10 to 15 vols. 
0.9% (w/v) NaC1 to remove storage medium, con- 
taminating white cells and platelets. If chloride- 
free medium was required, cells were further 
washed three or four times with 10 to 15 vols. 
buffer A (28.5 mM sodium citrate (pH 7.4)/205.3 
mM sucrose). 

Transport measurements. The exchange of ex- 
tracellular phosphate for intracellular chloride was 
measured by following the loss of [32p]phosphate 
from the assay medium at 30°C as described 
previously [7]. 32p was determined by Cerenkov 
counting of 50/~1 samples in 10 ml water in plastic 
scintillation vials using a Beckman LS7800 scintil- 
lation counter. 

Inhibition of transport was estimated from the 
change in half time for the loss of radioactivity 
from the extracellular medium. 

Inhibition % : (1 - (7"1/2 control~T1~ 2 treated)) × 100 

Preparation of red cell membranes. Red cell 
ghosts were prepared by the method of Dodge et 
al. [10] using buffer containing 0.1 mM phenyl- 
methylsulfonyl fluoride (PMSF) and 0.1% (v/v) 
dimethylsulfoxide. Ghosts were washed five times 
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with this medium to remove haemoglobin. Alter- 
natively erythrocytes were lysed and washed in 10 
mM phosphate buffer (pH 4.4) to give pink ghosts. 

Analytical techniques. Protein was determined 
by the method of Lowry et al. [11] except that all 
samples were assayed in the presence of 1% (w/v) 
sodium dodecyl sulfate. SDS-polyacrylamide gel 
electrophoresis was performed according to the 
method of Laemmli [12] or by a modification of 
the method of Weber and Osborn [13]; tube gels 
were prepared by the addition of 8 ml acrylamide 
stock solution (25% w / v  acrylamide, 0.96% bis) to 
32 ml buffer (0.25 M phosphate (pH 7.4)/0.2% 
SDS/5% (w/v) sucrose). Polymerization was ini- 
tiated by the addition of 60 /~1 10% (w/v) am- 
monium persulfate and 30 /~1 TEMED. Protein 
samples were solubilized in sample buffer (2% 
SDS/10% sucrose/0.2% Bromophenol blue/0.2 
M phosphate (pH 7.0)) at room temperature for 5 
min before applying the sample to the tube gel. 
Gels were run at 8 to 10 mA/ t u b e  for 6 h. 
Radioactivity in gels was quantitated by slicing (2 
mm slices or excision of individual bands) un- 
stained gels. Gel slices were solubilized with 0.4 
ml 30% hydrogen peroxide at 55°C for 16 h before 
scintillation counting in ACS scintillation cocktail. 
Quench correction was performed using an exter- 
nal standard method. Alternatively Laemmli slab 
gels were fixed and stained with Coomassie blue 
before treatment with Enhance fluorography 
cocktail for fluorography of the dried gel at - 70°C 
(Kodak X-Omat X-ray film) or the gel dried 
without fixing for autoradiography at -70°C.  

Results and Discussion 

Inhibition of phosphate uptake by NBD-CI 
Treatment in intact erythrocytes with NBD-CI 

(1.6 mM, 37°C, 3 min, pH 6.4 in sucrose citrate 
buffer at 50% haematocrit) gives 78% inhibition of 
phosphate transport (Fig. 1). Rapid washing of the 
cells twice with five volumes of ice-cold 1% bovine 
serum albumin in buffer A did not significantly 
affect transport inhibition. Transport inhibition of 
NBD-C1 was markedly reduced by lowering the 
temperature of the incubation medium. At 2°C, 
the inhibition of phosphate transport (3 mM 
NBD-CI, buffer A, 2 min) was less than 12% while 
a parallel incubation at 37°C gave 87% inhibition. 



604 

1.o 

0 
0.8 

© 

t'- 
~ 0.6 
co 
0 c- 
Q. 

0 
¢- 
o 

0 

~ O.4 

"a, 

\ 
\ 

\ 
\ 

\ 
\ 

\ 

! 

0 10 20 

T i m e ,  min 

Fig. 1. Effect of addition of NBD-CI on phosphate transport in 
human erythrocytes. Incubation for 3 rain at 37°C. The suspen- 
sion was cooled to 30°C for 1 min prior to transport assay at 
50% haematocrit in sucrose-citrate buffer (pH 6.4), NBD-CI 
was not removed before transport assay. O,  control; [2, 0.3 m M  
NBD-CI; ,7, 1.6 mM NBD-CI. 

No correction was made for inhibition by NBD-C1 
which may remain associated with the cells through 
the washing procedures and react while the cells 
were equilibrated to 30°C for the transport assay. 
It is possible, therefore, that inhibition at 2°C has 
been overestimated. Bovine serum albumin was 
included to increase the efficiency of removal of 
NBD-C1 from erythrocytes in the washing proce- 
dure. Control experiments showed it to have only 
a minor effect. It is possible that NBD-CI may 
partition into the membrane lipid bilayer or bind 
noncovalently to intraceilular haemoglobin. Diffi- 
culties in ensuring complete removal of NBD-CI 
by rapid washing methods prevented any accurate 
determination of the pH dependence of transport 
inhibition by this reagent. However, preliminary 
experiments showed inhibition following incuba- 
tion at pH 5.5 was less than that following a 
parallel incubation at pH 6.4. Fig. 2 shows the 
concentration dependence of transport inhibition 
and the effect of pretreatment of the cells with a 
sulfhydryl modifying reagent, N-ethylmaleimide. 
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Fig. 2. Concentration dependence of the inhibition of phos- 
phate  transport by NBD-CI. Incubation was for 3 min at 37°C, 
pH 6.4. 50% haematocrit, sucrose citrate medium. The cell 
suspension was cooled to 30°C for I min prior to transport 
assay. NBD-CI was not removed before transport assay. O, 
control red cells; [2, red cells pretreated for 60 min at 37°C, pH 
7.4, with 10 mM N-ethylmaleimide in 50 mM phosphate, 0.81% 
NaCI. Cells were washed five times with buffer A before 
NBD-CI treatment. 

Transport  inhibition by NBD-CI in intact 
erythrocytes is extensive giving up to 80% inhibi- 
tion in 3 min at 37°C, pH 6.4 and under these 
conditions 50% inhibition of transport is achieved 
with about 600 ~tM NBD-CI. NBD-CI is known to 
react readily with free sulfhydryl groups in poly- 
peptides at neutral pH [14]. Pretreatment of intact 
red cells with N-ethylmaleimide under conditions 
which result in quantitative modification of five of 
the six cysteine residues in band 3 [15] markedly 
enhances the inhibition of transport by NBD-C1 
(half maximal inhibition 200 #M NBD-CI). Since 
treatment of intact human erythrocytes with N- 
ethylmaleimide enhances NBD-CI inhibition of 
transport, the five sulfhydryl groups of band 3 
located on the cytoplasmic side of the membrane 
cannot be the site of NBD-CI inhibition. A sixth 
sulfhydryl located in the membrane spanning por- 
tion of the molecule [16] is unreactive to N-ethyl- 
maleimide but can be modified by p-chloro- 
mercuribenzene sulfonate (PCMBS) [17]. Pretreat- 
ment of cells with 1 mM PCMBS, 1 mM PCMBS 
plus 10 mM N-ethylmaleimide, or 10 mM N-eth- 
ylmaleimide for 60 min at 37°C in phosphate- 



saline buffer (pH 7.4), followed by incubation 
with 2.49 mM NBD-CI for 3 min in sucrose-citrate 
medium at 37°C gave 83%, 81% and 74% inhibi- 
tion of transport, respectively. Control cells which 
had not been pretreated with sulfhydryl reagents 
showed an inhibition of only 63% under these 
conditions. Inhibition by NBD-CI is therefore not 
due to modification of the PCMBS sensitive sulf- 
hydryl residue in band 3. The enhancement of 
inhibition following treatment with sulfhydryl re- 
agents could be a result of an effective increase in 
the concentration of NBD-CI since nonspecific 
reaction with intracellular sulfhydryl groups will 
be substantially reduced. NBD-C1 inhibition of 
phosphate transport is clearly not a result of a 
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Fig. 3. Time-course of phosphate transport inhibition by NBD- 
C1. (A) Control cells in buffer A at 50% haematocrit, 37°C. 
The cells were washed three times with 1% bovine serum 
albumin in ice-cold buffer A before transport assay at 30°C. 
©, 3 mM NBD-CI; D, 3 mM NBD-CI with 6.8 mM sodium 
dithionite added after 1 min of incubation. (B) Cells were 
pretreated for 60 rain at 37°C, pH 7,4 with 12 mM N-ethyl- 
maleimide. Other experimental conditions were as in (A). O, 
312 p.M NBD-C1, n, 304 #M NBD-CI plus 9 mM sodium 
dithionite. 
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reaction with any sulfhydryl group on the band 3 
polypeptide. 

Fig. 3 shows the time-course of transport in- 
hibition by NBD-C1. Inhibition is rapid but par- 
tially reverses on prolonged incubation. This re- 
versal may be prevented by the addition of sodium 
dithionite (maximal effect at concentrations of 
over 5 mM). Dithionite is a strong reducing agent 
which is readily transported by the band 3 anion 
transport system [18]. This reagent has been used 
to reduce an NBD-tyrosine adduct of F~-ATPase 
to render it less labile during sequence determina- 
tion of NBDCl-labelled peptides [19]. It has been 
suggested that the strongly nucleophilic nature of 
dithionite may promote migration of the NBD 
moiety and that 35S from labelled dithionite can 
be quantitatively incorporated into the peptide 
during dithionite treatment of NBD-labelled pro- 
tein [20]. In this study control experiments showed 
that the dithionite treatment itself does not signifi- 
cantly affect phosphate/chlor ide  exchange trans- 
port but that it can prevent the reversal of NBD-CI 
inhibition of transport resulting from prolonged 
incubation or treatment with dithiothreitol. Pre- 
treatment of erythrocytes with 10 mM N-ethyl- 
maleimide does not prevent these effects of di- 
thionite. 

Reoersal of NBD-CI inhibition of phosphate trans- 
port 

Covalent modification of cysteine or tyrosine 
residues by NBD-CI may be readily reversed by 
treatment with dithiothreitol or/~-mercaptoethanol 
[21,22] while adducts formed with amino groups 
are not readily displaced [23]. Table I shows that 
after a brief treatment with NBD-C1, transport 
inhibition may be almost completely reversed by 
dithiothreitol. Prolonged incubation of red cells 
following NBD-CI treatment leads to a substantial 
recovery of transport activity, as shown in Fig. 3, 
but the remaining inhibition is no longer sensitive 
to dithiothreitol. In all these treatments the cells 
were washed free of unbound NBD-C1 before 
addition of the thiol reagent to prevent anomalous 
reaction between NBD-CI and the low-molecular- 
weight thiols [24]. The results suggest that a rapid 
inhibition of transport following addition of 
NBD-CI to intact erythrocytes at neutral pH is 
probably due to modification of a tyrosine re- 
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TABLE 1 

THE EFFECT OF PROLONGED INCUBATION ON THE 
REVERSAL OF NBD-CI INHIBITION OF TRANSPORT 
BY DITHIOTHREITOL 

Initial treatment a Further treatment b % Inhibition c 

2.5 mM NBD-CI, 2 min Nil 84.7 
2.5 mM NBD-CI, 2 rain DTT ,t 4.2 
2.5 mM NBD-Ck 2 min 60 rain, 37°C 32.8 
2.5 mM NBD-C1, 2 min 60 rain, then DTT d 28.4 

After incubation with NBD-CI, cells were washed with 1% 
bovine serum albumin (BSA) in sucrose-citrate buffer (ice- 
cold) then with ice-cold sucrose-citrate medium. 

h Incubation in sucrose-citrate (pH 6.6). 
~" Inhibition expressed as a % of parallel controls from which 

NBD-CI was omitted. 
d 20 mM dithiothreitol in sucrose-citrate plus 1% BSA. Incuba- 

tion for 30 rain at 37°C followed by a further incubation 
with 10 mM dithiothreitol in the same medium for 5 min at 
37°C. 

sidue(s) and that after prolonged incubation a 
lysine residue is modified. It is also possible that 
after an initial reaction at a tyrosine residue the 
N B D  moiety migrates to an adjacent amino group. 
The intramolecular migration of  an N B D  group 
from tyrosine to lysine has been examined in 
detail in purified mi tochondr ia l  F~-ATPase 
[23,25,26]. Similarly, Ot~r-NBD-lysozyme has been 
shown to be an obligatory precursor for the mod-  
ification of  an essential amino group of lysozyme 
by NBD-CI  at neutral pH [27]. 

Effect of reversible inhibitors of anion transport on 
transport inhibition by NBD-CI 

4-Benzamido-4 '-amino-st i lbene-2,Y-disulfonate 
(BADS) is a reversible competitive inhibitor of  
anion exchange which binds with high affinity 
( K  a = 1.5/~M) to the band 3 polypeptide [28]. 125 
~M BADS gave no protection from NBD-CI  in- 
hibition of phosphate  transport. Similarly 235/~M 
4,4'-dinitrostilbene-2,2'-disulfonic acid (DNDS)  
which also binds with high affinity to the 
stilbenedisulfonate-inhibitory site (K~ = 2  /~M 
[29]), failed to protect phosphate  transport  from 
NBD-C1 inhibition. 

NAP-taurine,  a reversible noncompeti t ive in- 
hibitor of  anion transport  (K~ 10 to 20/~M at the 
external face of  the membrane)  [30], also failed to 

give protection at a concentrat ion of  114 #M. 
Niflumic acid, a reversible noncompetit ive inhibi- 
tor of anion exchange ( K  i = 0.6 #M)  whose site of 
action appears to interact with the stilbenedi- 
sulfonate-inhibitor site [31], did not give signifi- 
cant protection from NBD-C1 inhibition at a con- 
centration of 45/~M. 

It appears that NBD-CI  inhibits ion transport 
by interaction at a site(s) distinct from those of 
the inhibitors tested. 

Treatment of erythrocytes with [U -14 C]NBD-CI 
Long incubation; red cells were pretreated with 

N-ethylmaleimide (12 mM, 37°C, 60 min, phos- 
phate-saline buffer (pH 7.2)) prior to incubation 
with [U -14 C]NBD-CI in buffer A. Cells were in- 
cubated for 60 min at 37°C with 300 #M NBD-C1 
at 50% haematocri t  while shielded from the light 
to minimize photolabelling. Transport  measure- 
ments showed an inhibition of 40% in phosphate 
transport.  SDS-PAGE (Laemmli methodology) 
showed an incorporat ion of radioactive label of 
0.27 to 0.42 mole N B D  per mole band 3 protein 
corresponding to a stoichiometry of about 0.7 to 
1.0 for transport inhibition. [~4C]NBD-C1, how- 
ever, labelled most  other red cell proteins, includ- 
ing haemoglobin, so its site of action with respect 
to membrane sidedness cannot be determined. 
Treatment  of erythrocyte ghosts with trypsin 
according to the protocol of  Jennings et al. [32] to 
generate the 55 kDa integral membrane domain of 
band 3 showed radioactive labelling of  this region 
of the protein (Fig. 4). Treatment of intact 
erythrocytes with 1 m g / m l  chymotrypsin for 30 
min, 37°C prior to lysing the cells to prepare 
ghost membranes generates 59 kDa and 35 kDa 
fragments of  the band 3 molecule [33]. Radioac- 
tive label was found to be associated with both 
fragments (Fig. 5). Scanning densitometry of the 
autoradiogram indicates that less than 26% of the 
band  3 label remains associated with the 59 kDa 
polypeptide after fragmentation of  band 3. 

Short incubation: Cells were pretreated as de- 
scribed for the long incubation and incubated 
with 300 ~tM NBD-C1 for 5 min at 37°C. Phos- 
phate transport  was assayed on a portion of the 
erythrocytes and the remainder were lysed in 5 
m M  phosphate buffer (pH 4.4). It was anticipated 
that lysis under mildly acidic conditions would 
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Fig. 4. Fluorography of [U-14C]NBD-CI-Iabelled red cell ghost 
membranes. Erythrocytes were pretreated with 12 mM N-ethyl- 
maleimide (60 min, 37°C, pH 7.4) before incubation with 300 
~tM [14C]NBD-CI (60 min, 37°C, buffer A). Ghost membranes 
were prepared and run on SDS-PAGE (10% acrylamide, Laem- 
mli buffer system, 40 /~g protein/lane). (A) Coomassie blue- 
stained gel, (B) fluorogram. (1) Red cell ghost membranes; (2) 
ghost membranes prepared after chymotrypsin treatment (1 
mg/ml, 30 min, 37°C) of intact cells; (3) red cell ghost mem- 
branes treated with trypsin using the protocol of Jennings et al. 
[32]. Some aggregated protein was present in the stacking gel 
(not shown). 

minimize the loss of N B D  label. Approx. 2% of 
the cellular radioactive label was found associated 
with the washed erythrocyte ghost membranes.  
Most  of  the label was found in the cell lysate, 
associated with haemoglobin. The membrane  pro- 
teins were solubilized in SDS sample buffer at 
room temperature for 5 min and separated by 
S D S - P A G E  in phosphate  medium (pH 7.4) as 
described in Materials and Methods. 0.043 ~mole 
N B D  per/~mole band  3 were recovered by count- 
ing the gel while transport  was inhibited 25%, 
corresponding to a stoichiometry of only 0.17 per 
band  3 for t ransport  inhibition. Inclusion of 5 mM 
unlabelled NBD-C1 in the lysis medium did not 
increase the amount  of radioactive label associ- 
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Fig. 5. Concentration dependence of inhibition of phosphate 
transport by tetranitromethane. Incubation for 3 min at 37°C 
in sucrose-citrate medium: C), pH 8.3; II, pH 5.5. Cells were 
washed three times with ice-cold 1% bovine serum albumin in 
buffer A before transport assay at 30°C. Cell lysis following 
incubation at pH 5.5 was estimated as 0.45% from haemoglobin 
release. 

ated with the band 3 polypeptide and treatment of 
erythrocytes with sodium dithionite (14 mM) did 
not increase incorporat ion of  NBD-C1 into 
erythrocyte ghosts. The N B D  adduct  appears un- 
stable and does not survive the solubilization and 
electrophoresis procedures. 

Effect of other tyrosine-selective reagents 
Tetrani t romethane (TNM) has been used to 

nitrate tyrosine residues in polypeptides [34]. In 
some proteins it appears to preferentially modify 
tyrosine residues buried in a hydrophobic  environ- 
ment  [35]. Treatment  of intact red cells with tetra- 
ni t romethane at alkaline pH leads to a marked 
inhibition of  transport  (Fig. 5). Inhibition is sub- 
stantially reduced at acid pH when nitration of 
tyrosine side chains will be largely suppressed. 
Part of the inhibition following incubation at pH  
5.5 may result f rom subsequent reaction during 
equilibration of  the cells to 30°C in sucrose-citrate 
medium (pH 6.9) for the transport  assay. 

p-Nit robenzene sulfonyl fluoride (NBSF) is 
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known to be highly selective for the modification 
of tyrosine residues at neutral and mildly alkaline 
pH [36]. This reagent inhibits phosphate transport 
(31% inhibition, 1.8 mM NBSF, 37°C, pH 8.1, 3 
min) indicating a role for tyrosine residues(s) in 
the anion transporter. 

N-Acetylimidazole, a tyrosine methylating re- 
agent [37] which inhibits sodium/potassium and 
calcium-stimulated ATPase in red cells [38], failed 
to give substantial irreversible inhibition of phos- 
phate transport (10% inhibition, 37.5 mM N- 
acetylimidazole, 37°C, pH 7.5, 30 min) suggesting 
that this reagent does not have ready access to an 
essential tyrosine residue. 

Conclusions 

The results of this study show that anion ex- 
change is readily inhibited by treatment of intact 
erytbrocytes with some tyrosine-selective reagents. 
The temperature dependence and time-course of 
inhibition are consistent with covalent modifica- 
tion and inhibition is not readily reversed by 
extensive washing of the cells. Pretreatment of 
cells with sulfhydryl reagents clearly shows that 
transport inhibition by NBD-C1 is not caused by 
reaction of this agent with a sulfhydryl group on 
the band 3 polypeptide. Oxidative side reactions 
of tetranitromethane and NBD-CI may also con- 
tribute to transport inhibition as a direct or in- 
direct consequence of nonspecific chemical mod- 
ification of the transport protein. The lack of 
p r o t e c t i o n  by s t i l b e n e d i s u l f o n a t e s  and  
NAP-taurine indicates that the site of action of 
NBD-C1 is distinct from these binding sites, The 
rapidity and efficiency of inhibition by NBD-CI at 
slightly acidic and neutral pH where tyrosine reac- 
tivity is relatively low [27] could indicate that an 
essential tyrosine residue is subject to a special 
local environment or is in close proximity to a 
binding site with high affinity for NBD-C1. The 
sensitivity of anion exchange towards tetra- 
nitromethane suggests that an essential tyrosine 
residue may be present in a hydrophobic environ- 
ment at a site which does not favour stable mod- 
ification by N-acetylimidazole. This study has not 
determined whether or not the different tyrosine 
selective reagents act at a common site. Amino 
acid analysis of the band 3 polypeptide [39] in- 

dicates the presence of 26 tyrosine residues per 
molecule of which 15 are found in the 55 kDa 
membrane-associated domain which mediates an- 
ion exchange [40]. The low amount of radioactive 
label associated with the band 3 protein following 
transport inhibition with radiolabelled NBD-C1 
probably indicates that this reagent reacts with 
only a few of the tyrosine residues of the trans- 
porter under the experimental conditions used. 
The irreversible inhibition found on longer in- 
cubations is consistent both with the direct mod- 
ification of an essential amino group or formation 
of an NBD-O-tyrosine adduct as a precursor and 
with nonspecific chemical modification of the 
transport protein. The lability of the radioactive 
labelling following short incubations with 
[14C]NBD-CI could be a result of changes in the 
band 3 protein during the preparation of ghost 
membranes. For example during membrane pre- 
paration two sulfhydryl groups in band 3 become 
cryptic, probably by forming a disulfide which is 
very resistant to subsequent reduction [15]. It is 
possible that this conformation change promotes 
the rapid displacement of NBD label from band 3. 
Displacement of label may also have occurred 
during membrane solubilisation and electrophore- 
sis even though conditions similar to those used to 
identify an NBD-tyrosine adduct of (Na+ /K+)  - 
ATPase [22], were used. Treatment with sodium 
dithionite prevents rapid reversal of transport in- 
hibition by dithiothreitol but it does not prevent a 
loss of label from band 3 during membrane isola- 
tion and SDS-PAGE. Although other chemical 
effects of the reagents examined may contribute to 
the inhibition of phosphate transport, the results 
in this paper strongly suggest that tyrosine must 
be added to the list [40] of residues considered 
essential for the anion transport function of the 
band 3 polypeptide. 
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