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The human erythrocyte anion exchange protein, Band 3, was reacted with N-ethylmaleimide (NEM) in cells to a
stoichiometry of 5.3 mol NEM per mol Band 3, indicating that all NEM-reactive cysteines in Band 3 were labeled.
Quantitatively NEM-blocked Band 3 was still able to bind to and be eluted by 1educing agents from a mercurial affinity
resin, |p-(chloromercuribenzamido)ethylenejamino-Sepharose. Reaction of NEM-blocked Band 3 with p-chloro-
mercuribenzoate (pCMB) did not prevent binding to the resin due to exchange of pCMB for the immobilized mercurial.
pCMB has been reported to inhibit watzr and urea permeation across the red cell membrane, and this has been
attributed to reaction with a NEM-reactive sulfhydryl in Band 3. The interaction of Band 3 with the immobilized ligand
directly demonstrates the reaction of NEM-blocked Band 3 with a mercurial and indicates that the NEM-unreactive,
pCMB-reactive sulfhydryl residue is accessible to within = 12 A (the distance from the solid support to the Hg) of the

surface of the solubilized Band 3 protein.

The amino acid sequence of human Band 3 as de-
duced from the sequence of cDNA contains five cy-
steine residues [1]. Mouse Band 3 contains six cysteine
residues [2), the first cvsteine residue in the mouse
sequence at position 152 is not found in the correspond-
ing position in the human protein sequence [1-3). Amino
acid analyses of human Band 3 indicate a content of
5-6 cysteine residues [4-6] per molecule, although origi-
nal estimates were higher [7,8]. All but one of the
cysteine residues in human Band 3 can be modified in
cells with either NEM or pCMBS {9]. All these NEM-
reactive cysteine residues are located on t+ ytoplasmic
side of the membrane [9,10}], two being loc ied in the 20
kDa tryptic fragment of the N-terminal cytoplasmic
domain [11] and two within a 9 kDa section in the
C-terminal 35 kDa fragment [9,12]. The two sulfhydryls

Abbreviations: NEM, N-cthylmaleimide, pCMB, p-chloromercuri-
benzoic acid; pCMBS, p-chloromercuribenzenesulfonate; pCMB-Sep-
h { p-(chlc uribenzamido)ethylenelamino-Sepharose  4B;
C,3Eg, n-dodecyl octacthyleneglycol monoether; SDS, sodium dode-
cyl sulfate; DIDS, 4,4-diisothiocyanostilbene-2,2 -disuifonate DTNB,
5,5 -dithiobis(2-nitrobenzoic acid); NTCB, 2-nitro-5-thiocyano-
benzoic acid.

: R.AF. Reithmeier, MRC Group in Membrane Bi-
ology, Rocm 7307, Medic2l Sciences Building, University of Toronto,
Toronto, Ontario, Canada M5S 1A8.

in the C-terminal fragment do not react with NEM in
ghosts unless the ghosts are first reduced with high
concentrations of 2-mercaptoethanol [9]). but can be
labeled with NEM in inside-out vesicles [12).

An additional cysteine, which is unreactive to NEM
both in cells and in ghosts [11,12], and is thus denoted
the ‘cryptic’ sulfhydryl by Solomon {13], has been
located in the 17 kDa membrane-spanning fragment
produced by chymotrypsin treatment of ghosts, as indi-
cated by both the amino acid compositions of the
iragments [4,6,11], and the cleavage with NTCB
[4.10,14]. The deduced human sequence [1] contains a
cysteine residue located in the 17 kDa fragment (Cys-
479). Although unreactive with NEM, this residue ap-
pears to react with organic mercurials since, after
quantitative reaction of erythrocytes with NEM, treat-
ment with either [“C]JpCMB or [**Hg]pCMBS
[13,15-18] resulted in association of radiolabel with
Band 3 in SDS-polyacrylamide gels. However, the site
of attachment of these mercurials within Band 3 has not
been determined.

While pCMBS treatment of ervthrocytes dces not
alter the rate of sulfate efflux [19], there is a substantial
volume of work suggesting that the binding of pCMBS
and, in some cases, other mercurials or DTNB, to the
NEM-unreactive sulfhydryl group in Band 3 inhibits
the water permeability of the erythrocyte membrane
(for example, Refs. 13, 15, 18, 19-23). Furthermore,

0005-2736/89/$03.50 © 1989 Elsevier Science Publishers B.V. (Biomedical Division)



310

some of this evidence has been used to develop a model
[13] in which Band 3 provides an aqueous channel in
the red cell membrane that allows the permeation of
water and urea, and controls the passage of cations and
anions. The model also proposes that the NEM-unreac-
tive sulfhydryl is located within =10-15 A of the
external face of the membrane, to the external side of
the DIDS site. This aspect of the model is based on
evidence that pCMBS is transported by Band 3 and that
this transport is 98% inhibited by DIDS [24], yet DIDS
does not prevent pCMBS inhibition of urea and water
transport [13].

Despite the bulk of evidence appearing to relate
inhibition of water permeability to a residue on Band 3
protein, there is still considerable uncertainty about
whether the pCMBS interaction site that is involved in
water transport inhibition is equivalent to the pCMBS
site on Band 3 protein, and as to what residue on Band
3 provides the pCMBS site [16,17,25-30]. pCMBS label-
ing of Band 3 in SDS gels was correlated with the
inhibitory effects in some of the studies [16-18], and
these indicated labeling of Band 3, but also of Band 4.5
proteins. The time course of the labeling of Band 4.5
was, however, much slower than that for the inhibition
of urea and water transport [18]. Other studies, which
employ the pCMBS-induced quenching of membrane
protein tryptophan fluorescence [13,30], or use altered
kinetics of 4,4’-dibenzamidostilbene-2,2’-disulfonate [22)
as a measure of pCMBS binding, provide only an
indirect measure of pCMBS binding. The pCMBS label-
ing site of Band 3 and the water inhibitica site share the
qualities of being unreactive to NEM and reactive to
pCMBS, but the existing pharmacologic, kinetic and
radiation inactivation evidence indicate that the water
permeation pathway is distinct from the anion exchange
pathway [28-31]. This, however, does not exclude the
possibility that they are mediated by separate parts of
the same protein, or perhaps by different oligomeric
states of the protein.

In this paper we describe an investigation of the
reactivity of the NEM-unreactive cysteine residue in
Band 3. The reaction with free sulfhydryl reagents and
the interaction with a sulthydryl affinity resin having
pCMB as a ligand with detergent-solubilized, NEM-
blocked Band 3 were studied.

Methods. Production of NEM-blocked Band 3 *.
Treatment of intact erythrocytes with NEM was per-
formed as described by Rao [9], exposing washed
erythrocytes at 25% suspension in 0.15 M NaCl, 10 mM
Tris (pH 7.4) to 12 mM NEM for 1 h at 37°C. In some
preparations cells were treated twice with NEM to

* Throughout this paper the phrase NEM-blockad Band 3 is used to
refer to preparations of Band 3 originating from erythrocytes that
have been treated with NEM.

ensure blocking of all NEM-reactive groups. Treatment
of erythrocytes with [*HJNEM was performed under
the same conditions as for unlabeled NEM. [*HINEM
at a specific radioactivity of 120 mCi/mmol in pentane
(New England Nuclear) was evaporated in the bottom
of a plastic tube, then dissolved in a solution of known
NEM concentration, resulting in a specific radioactivity
of from 4 to 8 mCi/mmol. Calculations of the stoi-
chiometry of labeling were based on the protein con-
centration in ghost suspensions, or of purified Band 3,
as determined by the method of Lowry et al. [32]. The
Band 3 protein determination by the Lowry method
agrees quite well with protein concentrations de-
termined by amino acid analyses [33].

Reaction of purified Band 3 with sulfhydryl reagents.
Purification of NEM-blocked Band 3 was performed by
aminoethyl-Sepharose chromatography [34]. Reaction of
purified Band 3 with [*HJNEM in solution was carried
out by diluting a freshly prepared stock of 100 mM
[*HINEM (prepared as described above, with a specific
radioactivity of 8.2 mCi/mmol) to final concentrations
of 0.05 to 2 mM into a solution of 1 mg/ml Band 3 in
50 mM sodium phosphate (pH 7.0), 0.1% C,,E;. Reac-
tion was allowed to proceed for 1 h at 37°C,orfor2 h
at room temperature. The unreacted NEM was removed
by gel filtration on a Sephacryl S-200 or S-300 column
in 50 mM sodium phosphate (pH 7.0), 0.1% C;E;.
Separation of the protein-bound and unreacted radioac-
tivity was achieved, and any contribution of free radio-
activity was subtracted from that in the protein peak
before calculation of the stoichiometry of labeling. Mea-
surement of incorporation into proteolytic fragments of
Band 3 was made in some cases, isolating the major
proteolytic fragments NCh-60 and TrC-55 as described
previously [33]. The estimate for TrCH-17 was made
from the radioactivity associated with the frryment
after SDS gel electrophoresis [35].

A stock of about 5 mM ['*C]pCMB was prepared by
dissolving 50 uCi ['*CJpCMB (Research Products Inter-
national) in 0.65 ml 50 mM NaCl, alkalinizing the
soiution with 30 ul 1 M NaOH, and neutralizing with
10 p1 1 M HCI to a pH of about 8. The specific
radioactivity of 36 300 cpm/nmol was determined from
dilutions of this stock into 50 mM sodium phosphate
(pH 7.0) or into 0.5 M sodium acetate (pH 4.0), using
the known absorption coefficients of pCMB [36]. Band
3 in solution at 1 mg/ml in 50 mM sodium phosphate
(pH 7.0), 0.1% C,;E; was treated with 175 pM
{*C]pCMB for 2 h at room temperature. Ojcius and
Solomon [18] used a similar concentration of pCMBS
which resulted in filling of both the water and urea
transport inhibition sites, and in labeling of Band 3 to
about 1.3 mol/mol, during treatment of erythrocytes.
Separation of unreacted pCMB from labeled Band 3
was achieved in three ways: by dialysis, ultrafiltration,
or gel filtration.



Measurement of DTNB reaction with ghost proteins
was performed as described by Toon et al. [26], using a
freshly dissolved stock of DTNB and a concentration
(0.5 mM) they found produced maximal reaction. The
reaction was measured by determining the concentra-
tion of 3-carboxylato-4-nitrothiophenolate produced,
using the absorption coefficient at 412 nm of 13600
M~!.cm™~? [36]. Reaction of DTNB with purified Band
3 in detergent solution was performed similarly, follow-
ing the protocol in Glazer et al. {36), using a 20-fold
molar excess of DTNB over protein, and correcting for
absorbance of the protein solution.

Sulfhydryl affinity chromatography. The interaction of
NEM-blocked erythrocyte ghost proteins, or purified
Band 3, with pCMB-Sepharose was performed both in
columns and in batch. The pCMB-Sepharose had been
prepared by carbodiimide activated coupling of pCMB
onto aminoethyl-Sepharose, as described in Lukacovic
et al. [37). It should be noted that both sets of condi-
tions are designed to apply a sub-saturating level of
protein to the resin, which has a binding capacity of 7
mg of purified, unmodified Band 3 per ml of resin [38).
For initial studies of interaction, detergent extracts of
ghost proteins (rather than purified Band 3) were used.
To prepare detergent extracts, 1 volume of ghosts was
added to 5 volumes of 1% C,E; in 5 mM sodium
phosphate (pH 8), vortexed, and incubated at 4°C for
30 min. The supernatant resulting after centrifugation
at 100000 X g for 30 min was used as the ‘C,,Eg
extract’. Interaction with the pCMB-Sepharose in col-
umns was performed at 0 to 4°C as follows: 2 to 2.5 ml
of the C,,E; extract of ghosts, containing approxi-
mately 1.5 mg total membrane protein, was applied to 1
ml of pCMB-Sepharose at a flow rate of 6 ml/h. After
application of the C,,E; extract, the resin was washed
with 0.1% C,,E; in 50 mM sodium phosphate (pH 8),
until the effluent had a negligible absorbance at 280
nm, and was then eluted with the rinse buffer contain-
ing either 0.1% 2-mercaptoethanol or 1 mM pCMBS.
The protein contents of aliquots from each bulk frac-
tion (the C,,E; extract, the unbound column flow
through, and the 2-mercaptoethanol eluate) were
analyzed by SDS-polyacrylamide gel electrophoresis
[35].

The interaction of purified Band 3 with pCMB-Sep-
harose in-batch was performed as follows: 200 ul of a
solution of aminoethyl-purified, NEM-blocked Band 3
at a concentration of approximately 1 mg/ml in 50 mM
sodium phosphate (pH 7.0), 0.1% C,,E; was added to
200 pl of washed, packed pCMB-Sepharose in a 1.5 mi
microfuge tube. The mixture was mixed end-over-end
for 5 min at room temperature, then centrifuged 30 s in
a microfuge. The supernatant was removed and the
resin washed three times with 1.2 ml 50 mM sodium
phosphate (pH 7.0), 0.1% C,E;. Next, 200 pul of 0.1%
2-mercaptoethanol in 50 mM sodium phosphate (pH
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7.0), 0.1% C,;E; was added, mixed for one minute,
centrifuged to remove the resin, and the supernatant
taken as eluate. Aliquots of the samples before addition
to the resin, supernatant, and the eluate were taken for
protein determination and gel -electrophoresis. For
calculations of protein recovery in the supernatant and
eluate, correction for the two-fold dilution into the
resin’s included volume was made. Control experiments
with Sepharose 4B were also performed, and resulted in
no binding of Band 3.

Results. Quantitation of NEM labeling after treatment
of cells. We used Band 3 from cells that had been
treated with NEM such that the sulfhydryls on Band 3
that are known to react with NEM under these condi-
tions would be blocked. We first confirmed the quanti-
tation of [*HJNEM labeling of Band 3. Treatment of
erythrocytes with {*HJNEM as described in Methods
resulted in incorporation of 98 nmol NEM per mg total
membrane protein, comparable to (1.17 X ), the labeling
obtained by Rao [9]. The fraction of the total radioac-
tivity that was associated with Band 3 after SDS-poly-
acrylamide gel electrophoresis was 0.13, as determined
from the reactivity in solubilized gel slices. That is, 12.9
nmol NEM per mg membrane protein was in Band 3.
Using 2.4 nmol Band 3/mg ghost protein [33], the
calculated stoichiometry is 5.37 mol NEM per mol
Band 3, confirming quantitative modification of all four
NEM-reactive sulfhydryls in Band 3. The additional
NEM incorporated into Band 3 must be in residues
other than cysteine. Cysteine-479 has been shown {11,12]
not to be modified under these conditions. Purification
of Band 3 from [*HJNEM-labeled cells, using an affin-
ity resin composed of a Band 3 inhibitor, 4-acetamido-
4’-isothiocyanostilbene-2,2 -disulfonate (SITS), at-
tached to an Affi gel 102 matrix {39}, provided Band 3
labeled with 53 nmol NEM/mg protein. Using M, =
100000, this gives 5.3 mol NEM/mol Band 3. These
data confirm that our treatment of Band 3 with NEM
results in quantitative labeling of all the NEM-reactive
cysteine residues in Band 3 described by Rao [9]. The
confirmation of the stoichiometry of NEM labeling is
clearly important, since the NEM-reactive residues also
react with pCMBS [2]. Since the NEM-reactive sulf-
hydryls are blocked, then our assumption is that the
only sulfhydryl in Band 3 left available to react with
sulfhvdryl reagents free, or on a matrix, is the NEM-un-
reactive sulfhydryl (Cys-479).

Treatment of NEM-blocked ghosts with 0.5 mM
[PHINEM (for 1 h at 37°C, in 5 mM sodium phosphate
(pH 7.0)) resulted in association- of 3.2 nmol
[HINEM/mg membrane protein. Less than 0.1
mol/mol was, however, associated with Band 3 resolved
by SDS polyacrylamide gel electrophoresis. Thus, no
NEM-reactive groups are available in Band 3 in ghosts
prepared from NEM-treated cells.

Reaction of purified NEM-blocked Band 3 1n deter-
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gent solution with [*’HJNEM resulted in incorporation
of [P’HJNEM into Band 3 reaching a maximum of 2.5-3
moles NEM per mole Band 3. Hydrolysis of the NEM-
labelled proteins and amino acid analysis indicated no
increase in the level of succinyl-cysteine (the hydrolysis
product of NEM-modified cysteines), showing that
NEM treatment of solubilized NEM-blocked Band 3
did not result in further modification of cysteine re-
sidues. The NEM incorporated into Band 3 in solution
is due to modification of other residues, most likely
lysine.

[“C]pCMB treatment of purified, NEM-blocked
Band 3, with 175 uM pCMB for 2 h at room tempera-
ture, resulted in incorporation of 2.2 mol pCMB/mol
Band 3. The pCMB stoichiometry is higher than ex-
pected and may represent labeling of the cryptic sulf-
hydryl plus non-specific labeling or absorption of the
organic mercurial by the detergent-protein complex.
The presence of a second NEM-unreactive sulfhydryl in
Band 3 cannot be excluded but is unlikely given the
high stoichiometry of NEM labeling of Band 3 in cells
(greater than 5 mol NEM per mol Band 3).

We found 3.5 nmol DTNB-reactive sites per mg
ghost protein prepared from NEM-treated cells. This
would correspond to about 1 mol/mol Band 3, assum-
ing that all the reactive sites are in Band 3. Reaction of
purified NEM-blocked Band 3 with DTNB in solution
indicated 1.9 mol of DTNB-reactive residues per mol
Band 3. The reaction of NEM-blocked Band 3 with
sulfhydryl reagents reveals that NEM treatment does
not modify the cryptic sulfhydryl, but that this cysteine
residue may be able to react with PCMB and DTNB.

Interaction of NEM-blocked Band 3 with a mercurial
affinity resin. The Band 3 used to study the interaction
of purified Band 3 in C,,E; with pCMB-Sepharose was
about 90% pure, as can be seen in the gel lanes before
application to the resin. The gel staining patterns of the
fractions resulting from the interaction with pCMB-
Sepharose are shown in Fig. 1. The amount of protein
that did not bind to the resin and remained in the
supernatant was very low for both untreated (Fig. 1,
lane 1b) and NEM-blocked Band 3 (Fig. 1, Lane 2b):
from 8 to 24 pg protein was measured in the super-
natant for 200 to 224 pg protein applied to 200 pl resin.
The amount contained in the eluate with 0.1% 2-mer-
captoethanol (Fig. 1, lanes 1¢,2c) was 144 to 152 pg,
indicating a recovery of 67-75%. These data show that
Band 3 isolated from cells that have been treated with
NEM can still bind to, and be eluted from, pCMB-
Sepharose.

That the binding of Band 3 to the resin is mediated
by covalent attachment of the protein to the immobi-
lized pCMB is shown by the ability of the protein to be
eluted from the extensively washed resin by the simple
addition of sulfhydryl reducing agents to the binding
buffer. Several sulfhydryl reducing agents in addition to
2-mercaptoethanol were effective in eluting the Band 3,
including 1 mM dithiothreitol, 10 mM cysteine, and
0.1% thioglycolic acid. The possibility that Band 3 is
bound noncovalently to the pCMB is unlikely, since the
structurally dissimilar 2-mercaptoethanol would not be
expected to displace Band 3 by binding to a pCMB site
in the protein. In addition, a2 non-suifhydryl analog of
2-mercaptoethanol, ethyleneglycol, at a concentration of

Fig. 1. Interaction of purified Band 3 with pCMB-Sepharose after treatments with sulfhydryl reagents. Aliquots of equal volumes of the fractions
resulting from interaction in-batch with pCMB-Sepharose were run on SDS-polyacrylamide gels (10% acrylamide), and stained with Coomassie
brilliant blue. The three fractions in all except group 3 are: (a) Band 3 in 0.1% C,,E;, 50 mM sodium phosphate (pH 7.0) before application to the
resin; (b) supernatant after incubation with the resin (the unbound fraction); (c) eluate with 0.1% 2-mercaptoethanol added to the rinse buffer of 50
mM sodium phosphate (pH 7.0) and 0.1% C,,Ej,. Six different samples were tested for their interaction with the resin, each having been treated
with a different combination of reagents, as such: (1) untreated Band 3; (2) NEM-blocked Band 3 (erythrocytes were twice treated with 12 mM
NEM at pH 74, for 1 h at 37°C, prior to purification of Band 3); (3) NEM-blocked Band 3 (as in set 2), for which the first fraction (a) is not
shown, and where (p) is the cluate produced by 1 mM pCMB added to the rinse buffer, and (c) is 2-mercaptoethanol elution after the pCMB
elution; (4) {'*ClpCMB-treated Band 3 (NEM-blocked Band 3, in C,,E; solution, treated with 175 gM [*ClpCMB for 2 h at 22°C, and dialyzed
before application to the resin); (5) NEM-blocked Band 3 with 0.1% 2-mercaptoethanol present during the interaction with the resin; (6)
NEM-blocked Band 3, with 12 mM pCMB present during interaction with the resin.



1%, produced no elution of Band 3. Displacement of
Band 3 is likely due to reaction of the free sulfhydryls
with the immobilized PCMB.

After application of NEM-blocked Band 3 to the
resin, washing with 1 mM pCMBS did not release any
protein (Fig. 1, lane 3p). Subsequent treatment with
2-raercaptoethanol-containine buffer eluted Band 3, as
before. Free pCMBS up to a concentration of 10 mM
was not able to elute the bound Band 3 from the
pCMB-Sepharose. 50 mM pCMBS, however, eluted
about 40% of the amount of protein relative to the
amount eluted by 2-mercaptoethanol (data not shown).
The ineffectiveness of pCMBS in eluting Band 3 could
represent an enhanced stability of interaction with the
immobilized ligand compared to the free ligand. Alter-
natively, perhaps once the NEM-unreactive residue has
reacted with the immobilized pCMB its accessibility is
limited, such that the larger organic mercurial pPCMBS
has limited access to the pCMB attachment site on
Band 3. A similar phenomenon has been described, in
which a putative conformational change renders the
pCMBS site less accessible to glutathione than to cys-
teine [27).

To further characterize the interaction between Band
3 and the mercurial resin, the effect of treatment of
Band 3 with free pCMBS prior to interaction with the
resin, on the attachment of Band 3, was investigated.
Ghost membranes containing NEM-blocked Band 3
were treated with pCMBS (1 mM, for 90 min, at 22°C)
and the ghosts were washed before detergent extraction.
When this detergent extract was applied to pCMB-Sep-
harose, Band 3 appears to bind and be eluted as in
untreated ghosts (data not shown). Similarly, purified
Band 3 that had been treated with 175 uM [*C]pCMB
to a stoichiometry of labeling of 2.2 mol/mol Band 3
was bound to and eluted from pCMB-Sepharose (Fig. 1
lanes 4,a—c). In other words, attachment to the resin
was not blocked by pre-treatment with pCMB or
pCMBS. This observation is not fully unexpected, since
the covalent mercaptide bond that a sulfhydryl forms
with pCMBS is subject to competition by sulfhydryl
reducing reagents and to exchange with other mercuri-
als [40].

Direct evidence for exchange was obtained by apply-
ing [“C]pCMB-modified Band 3 from NEM-treated
cells (in which free ['*C]pCMB had been removed by
dialysis) to 1 ml of pCMB-Sepharose in a column (Fig.
2). The Band 3 protein bound to the column, with no
protein detectable in the flow-through, while over half
of the radioactivity eluted with the flow-through. The
evidence that the radiolabel found in the column flow-
through was not simply noncovalently associated comes
with the fact that when the ame Band 3 preparation
was bound to SITS-AffiGel [39], greater than 80% of
the radioactivity also bound. Addition of buffer con-
taining 0.1% 2-mercaptoethanol to the pCMB column
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eluted Band 3 protein, as well as most of the remaining
radioactivity, from the resin. The relative amounts of
radioactivity and protein eluted corresponded to a stoi-
chiometry of 0.96 mol ['*C]JpCMB/mol Band 3. Our
interpretation is that the pCMB on the resin would
provide a ligand to compete with that attached to the
residue on Band 3, and would displace a certain frac-
tion of the pCMB (or pCMBS) on Band 3, thus binding
the Band 3. Considering that the stoichiometry of
[**C]JpCMB labeling of solubilized Band 3 was 2.2
mol/mol Band 3, the eluted Band 3 would be expected
to have label still associated if each Band 3 molecule
interacted with the resin by a single reactive group. The
pCMB remaining associated with the eluted Band 3
may represent non-specifically absorbed reagent to the
Band 3-detergent complex.

Demonstration of competition for Band 3 binding to
pCMB-Sepharose, by inclusion of competing sulfhydryl
reducing agents, would further support that the interac-
tion is due to mercaptide bond formation. When the
Band 3 solution applied to the resin contained 0.1%
2-mercaptoethanol the interaction of Band 3 with the
resin was fully prevented (Fig. 1, lanes 5 a~c). 10 mM
cysteine and 1 mM dithiothreitol were as effective as
0.1% 2-mercaptoethanol in blocking binding. These re-
agents are effective blockers of Band 3 binding, since
they can react covalently with the immobilized
mercurial.

NEM treatment of solubilized NEM-blocked Band 3
did not prevent Band 3 binding to the resin. This
confirms that NEM treatment of solubilized Band 3
does not modify the cryptic sulfhydryl. When 1 mM
pCMBS or 12 mM pCMB were present in the Band 3
solution during its application to the pCMB-Sepharose
the amount of Band 3 not bound to the resin, and
appearing in the supernatant, was slightly increased,
and elution from the resin was correspondingly some-
what diminished, relative to a sample without pCMB or
pCMBS present (Fig. 1, lanes 6a-c). The amount of
protein not binding to the resin represented 17% of that
recovered (Fig. 1, lanes 6a-c), compared to 8% un-
bound in only NEM-blocked (Fig. 1, lanes 2a-c). A
partial interference with binding, but never a complete
prevention of binding, was observed in four such inter-
actions. A concentration of pCMBS as high was 50 mM
could only partially block Band 3 binding to the resin.
A more complete prevention of binding was anticipated,
but it is possible that the immobilized ligand is .:: high
enough concentration: that substantial concentrations
(up to 50 mM) of free ligand do not compete effectively
to completely prevent binding. It is also important o
consider that the expected affinity of the ligand for
Band 3 may be altered by immobilization.

Band 3 from cells that had been treated with 100 pM
DIDS (at 37°C, for 30 min, at pH 7.4, producing
complete reaction) in addition to the NEM treatment of
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P protein/aliquot (a}

(®) dpmy/aliquot x10-3

fraction

Fig. 2. Displacement of [**CjpCMB from Band 3 during chromatog-
raphy on pCMB-Sepharose. Purified, NEM-blocked Band 3 was
labeled with ["*CJpCMB to a stoichiometry of 2.2 mol/mol Band 3,
and the free ['*CJpCMB removed by dialysis (as described in Meth-
ods). A portion of the ['*C]pCMB-modified Band 3 (0.4 ml at 1 mg
protein/ml) was applied to a column containing 1 ml of pCMB-Sep-
harose, which had been washed at 4°C with 50 mM sodium phos-
phate (pH 7.0), containing 0.1% C,;Eg. Application of the sample was
followed by elution with 50 mM sodium phosphate (pH 7.0) contain-
ing 0.1% C,;; Eg, then (as indicated by the arrow) with the same buffer
containing 0.1% 2-mercaptoethanol. Aliquots of 5¢ pul of the fractions
were taken for scintillation counting (@) and protein determination
(a). The extrapolated baseline (------ ) from the first peak was
subtracted from the second before calculation of the stoichiometry.

the cells, also bound to and was eluted from the resin
(data not shown). Labeling Band 3 with both NEM and
DIDS therefore does not prevent the attachment of
Band 3 to immobilized pCMB. This is consistent with
the findings by Solomon et al. [13] of lack of effect of
DIDS on pCMBS inhibition of water transport, and
with a location of the pCMBS-reactive residue outside
the DIDS binding region.

Discussion. This study was designed to address the
reactivity and accessibility of the NEM-unreactive cy-
steine residue in Band 3. The interactions with immobi-
lized pCMB that we have shown are direct measure-
ments of covalent attachment of sulfhydryl reagents to
Band 3, as distinct from noncovalent binding, or bind-
ing measured indirectly. The first important point is
that this confirms that there is a residue in NEM-blocked
Band 3 that reacts covalently with pCMB, and which is
likely a sulfhydryl. Our finding of reaction between
Band 3 and immobilized pCMB at 4°C, as well as at
room temperature, agrees with the finding by Solomon
et al. of [**HgjpCMBS labeling by treatment at 4°C
[13]. Benga and co-workers [17], however, reported an
absence of any labeling when reaction was at 0°C;
some of their data actually show about 2 nmol pCMBS
per mg ghost protein for reaction at 0° for 15 min. It is
possible that the low level of labeling that occurs at
4°C may be significant in terms of the reactivity of a

residue in Band 3, even though it is not correlated with
the inhibition of water transport [17,18].

The quantitative interaction of Band 3 with matrix-
bound pCMB also indicated that essentially all the
Band 3 molecules contained a pCMB-reactive residue.
However, the number of reactive residues per Band 3
molecule could not be determined from the studies of
interaction with matrix-bound reagent. The measure-
ment of reaction of free [*C]JpCMB with Band 3 indi-
cated reaction of 2 mole pCMB per mole Band 3. We
suggest that the simplest interpretation of these results
is that the cysteine-479 can mediate the interaction with
pCMB-Sepharose, and that it is not reactive with NEM
in cells, ghosts or after solubilization of Band 3. Sha’afi
and Feinstein [15] observing the inability of even hydro-
phobic maleimides to cause the inhibition of water
transport that the mercurials produce, suggested that
the sulfhydryl groups involved are accessible, but not
reactive. Our data demonstrate this prediction of the
accessibility of the NEM-unreactive residue in Band 3.
We suggest that there may be a microenvironment
within the protein that, although relatively accessible,
makes this residue unreactive to NEM, but quickly
reactive to even matrix-bound pCMB.

The initial reaction of pCMB with Band 3 may not
be the step that results in inhibition of water permea-
bility. The possibility has been suggested that the slow
development of inhibition could be related to subunit
rearrangement of Band 3 (i.e., dissociation of tetramers),
based on evidence from: the sublimation of water from
beneath intramembrane particles (IMPs) in freeze-frac-
tured membranes [41]; the changes in both IMP distri-
bution and water permeability noted in pathophysio-
logical conditions (summarized by Benga [17]); and the
single-channel conductances measured after incorpora-
tion of Band 3 into planar bilayers, which were attri-
buted to Band 3 tetramers [42]. In the same vein, it has
been suggested [43] that the NEM-unreactive cysteines
might be located in the contact regions between
oligomers. Until a complete understanding of the nature
and reactivity of the NEM-unreactive cysteine in Band
3 is known, the interpretation of investigations address-
ing any functional roles of the cysteine residue will be
vague.
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