Volume 163, number 1

FEBS 0928

Qctober 1983

The nature of the stable noncovalent dimers of band 3 protein
from erythrocyte membranes in solutions of Triton X-100

D. Schubert, K. Boss, H.-J. Dorst, J. Flossdorf* and G. Pappert

Moax-Planck-Institut fiir Biophysik, D-6000 Frankfurt-am-Main 71 and *Gesellschaft fiir Biotechnologische
Forschung mbH, D-3300 Braunschweig, FRG

Received 5 September 1983

Stable noncovalent dimers of band 3 protein from human ervthrocyte membranes, in which state the

protein is thought to exist after solubilization by the nonionic detergent Triton X-100, do not oceur when

purified batches of the detergent are used. Instead, the protein is in a monomer/dimer/tetramer

association equilibrium, The stable dimers do appear, however, when the detergent has been ‘aged’. They
thus seem to be artifacts.

Bund 3 protein
Triton X-100

Ervthrocyte membrane

1. INTRODUCTION

Band 3 protein, the anion transport protein of
the human erythrocyte membrane and the mem-
brane’s main integral protein, can be easily
solubilized and purified by the polyether-derived
nonionic detergent Triton X-100 [1,2]. The state of
association of the solubilized protein has been in-
tensely studied and is regarded as being a stable
noncovalent dimer [3—5]} (though other authors
have observed, besides stable dimers, stable
tetramers {6]). On the other hand, our group has
recently shown that the stable noncovalent dimers
of band 3 which we observed after solubilization of
band 3 by another polyether-derived nonionic
detergent, nonaethylene glycol lauryl ether, are
preparation artifacts caused by oxidizing im-
purities in the detergent, and we have suggested
that the stable dimers {(and stable tetramers) of
band 3 in Triton X-100 could be of similar artifac-
tual origin [7}. We have now studied the self-
association of band 3 protein in solutions of Triton
X-100 by analytical ultracentrifugation. We will
show in this paper that, in the Triton solutions,
stable dimers of band 3 do not occur if purified
batches of the detergent are used.
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2. MATERIALS AND METHODS

Triton X-100 (‘peroxide-free’, from which im-
purities were removed) was a gift of Boehringer
Mannheim. For the sources of all other reagents
used see [7].

2.1. Isolation of band 3

The protein was purified according to {7] but us-
ing Triton X-100 (0.5% (w/w) for solubilization
and 0.4% during the column rums) instead of
Ammonyx-LO or nonaethylene glycol lauryl ether.
Before ultracentrifugation, the protein, in 50 mM
NaCl plus 10 mM Tris—HCL (pH 8.0} plus 0.4%
Triton X-100, was brought to 1.55% (w/w)
sucrose and dialysed for 20 h against 19 vol. of
D20 containing the same additives.

2.2. Anaiytical ultracenirifugation

All experiments were of the high speed sedimen-
tation equilibrium type [8]. They used absorption
optics and were performed at 5°C. The basic
techniques were those of [7,9,10]. The difficulties
which arise from the strong UV absorbance of the
detergent, from the sedimentation of the detergent
micelles and from the contribution of protein-
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bound detergent to apparent particle weight were
overcome by: (1) scanning the cells at a wavelength
of 245 nm; (2) using single sector centrepieces of
thickness 3 mm and filling the reference cell with
water; and (3) using as a solvent the above-
mentioned 95% D,0/5% HO/buffer/sucrose
mixture with a density (1.107 g/ml at 5°C) just
equal to that of the detergent [11]. Details and con-
trols on this approach will be described elsewhere.

2.3. Determination of protein concentration

Band 3 concentration ¢ in the ultracentrifuge cell
{or during isolation} was determined from the ab-
sorbance of the protein—detergent complex at
245 nm, using a value of 41%% (245 nm) = 8.8 +
1.0. This value was calculated from (1} a value
Al% (280 nm) = 10.0 + 0.5 for detergent-free
band 3 protein [10], (2) an absorbance ratio
Al%, (280 nm)/AY% (245 nm) = 132 = 0.09
measured for three preparations each of band 3 in
Ammonyx-LO and nonaethylene glycol lauryl
ether {71, (3) a binding capacityof band 30f0.77 g
Triton X-100/g protein [3], and a value of
A% (245 nm) = 1.65 for Triton X-~100.
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The isolation procedure for band 3 protein used
in this paper vielded band 3 which is at least 95%
pure and is virtually free of lipids, as the pro-
cedures in [7] which applied different detergents or
the original method in [2]. When the protein was
isolated by use of freshly prepared Triton solutions
and then studied by sedimentation equilibrium
runs in the analytical ultracentrifuge, curvilinear In
c(r) plots were obtained, indicating heterogeneity
of particle weight (fig.1a, curves A,B). The values
for the apparent weight average molecular weight
M,, of the protein derived from these plots [10] {us-
ing a value of 0,74 ml/g for the partial specific
volume of the protein [10]) are shown in fig.1b.
They are between about 130000 and 240000 and
thus indicate the presence of monomers of band 3
as well as of particles larger than the dimer, In ad-
dition, the overlap of the curves A and B of fig.1b,
which were derived from cells from the same run
but with different initial protein concentrations,
demonstrates that the different band 3 oligomers
contributing to the AZ, distribution are linked inan
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Fig.1. BEquilibrium sedimentation of band 3 protein in Triton X-100: plots of Inc vs 7 (a} and of M, vs ¢ (b} (A, B}

Samples isolated with freshly prepared Triton solutions. Initial protein concenmtrations co: 0.19 mg/mi (A) and

0.38 mg/ml (B). (C) Sample of ¢¢ = 0.39 mg/ml isolated with aged Triton solutions. The data were collected 72 h after
solubilization of the protein (48 h after starting the ultracentrifuge). Rotor speed was 14000 rpm.
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Fig.2. Mathematical analysis of a c(r} distribution {‘7’ 10} obtained for band 3 isolated by the use of freshly prepared

B T 1 £ T2

Triton solutions, The experimental data are those also analyzed in fig.1B. {a) Experimental o7} curve (X}, and least-

squares fit to the data based on a monomer/dimer/tetramer model of self-association (

1. {b} Relative contributions

of the different oligomers as a function of local protein concentration.

association equilibrium [12]. The () distributions
can be satisfactorily fitted [10] assuming a

o ey fdivnar fiatramar mnd : . -
monomer/dimer/tetramer model of reversible self-

association (fig.2), as in the case of other band 3
preparations for which this model has been con-
firmed by more rigorous analyses {7,9,10].

After sedimentation equilibrium had been
established, the In c{7*) distributions described
above were stable until, 45 days after solubiliza-
tion of band 3. the AL 00} values decreased due to

LIS Ui Uil Jy 2T SFIWIR7 TRAMULO WWWI TSRS ey o

proteolytic degradation of the protein [7]. Dif-
ferent results were, however, obtained when the
Triton solutions used for solubilization and
purification of the protein were not prepared
{freshiy but had been aged, before use, by storing
them for several days at room temperature and in
davlight. which is known to induce the formation
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of strongly oxidizing degradation products of the
detergent [13,14]. In these cases, the In c(*) plots
were curvilinear 2—3 days after solubilization of
the pratein but then became straight iines, in-

un,auug uuuwgcucuy of par ticle w‘clgut \liuw Cof
fig.1). The molecular weight of the particles was

found to be 205000 + 12000 (n = 4), correspond-
ing to that of the band 3 dimer [7,10]. SDS gel elec-
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showed that the dimers were not stabilized by
disulfide bonds.

4. DISCUSSION

As shown above, stable noncovalent dimers of
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of association of the protein after solubilization by
Triton X-100 [3-5], do not occur when purified,
peroxide-free batches of the detergent are used. In-
stead, the protein is in a monomer/dimer/tetramer
association equilibrium, Iis association behavior
thus agrees with that described for band 3

solubilized by acetic acid [10] and by Ammonyx-
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LO [7,9] or freshly prepared by nonaethylene
glycol lauryl ether [7], The stable dimers of band
3 do appear, however, when Triton solutions are
ap;)iie& in which the formation of oxidizjng

uc,gx auauun pr UuuhLb OI lﬂC ucmrgt:m nau Deerx lll"
duced [13,14]. It is therefore clear that these
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dimers have to be regarded as preparation ar-
tifacts, as those observed.for band 3 which had
been stored, for prolonged times, in solutions of
nonaethylene glycol lauryl ether {7]. For a discus-
sion of these problems in relation to the state of
association of band 3 protein in the erythrocyte
membrane see [7,9,10].

Triton X-100 has been found to be a valuable
tool in studies on membrane proteins 11,1517},
Our results demonstrate that, in these studies, care
should be taken to use detergent batches of suffi-
cient purity.
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