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The membrane-spanning domain of bovine band 3, the anion transport protein of erythrocyte membrane, 
was purified in the presence of nonaethyleneglycol lauryl ether (CIzE9) lind the effect of a covalent 
attachment of 4,4'-diisothiocyanostilbene-2,2'-disulfonate (DIDS), a Imteng ..transport inhibitor, on the state 
of association of the domain isolated (the 58 kDa fragment) was studied via gel filtration, gel electrcphoresis 
and sedimentation velocity experiments, it was indicated that the DIDS-unlabeled fragment in CI2E 9 
solution forms hete~oge/'~mus aggregates which are larger in size than the dimer. This contrasted with the 
behavior that bovine band 3 is present as dimers or tetramers in the same medium (Nakashlma and Makino 
(1980) J. Binchem. 88, 933-947). When DIDS was covalently attached, the fragment wag present as a single 
molecular species which was indicated to be a dimer by moleculm weight determination. The secondary 
structure of the fragment was not affected by DIDS. The change in the state of association caused by the 
DIDS-binding was also found in the presence of sucrose monolaurate (SEI2), which was a more potent 
detergent for extraction of the 58 kDa fragment from membranes than CizE 9. However, the complex with 
SEI2 was extremely unstable. 

Introduction 

Band 3 is a major intrinsic erythrocyte mem- 
brane prote:.n w.h/ch functions as an apion trans- 
porter [1]. This protein exists as a mixture of 
dimers and tetramers in membranes and isol~,ted 

Abbreviations: C12E9, nonaethyleneglycol iauryl ether; SEI2, 
sucrose monolaurate; SDS, sodium dodecy| sulfate; DIDS, 
4,4'-diisothiocyanostiibene-2,2'-disulfonate; BADS, 4-benz- 
amide-4'-aminostilbene.2,2'.disul fonate. 

Correspondence: S. Makino, Department of Food Science and 
Technology, Facully of Agriculture, Nagoya University, 
Nagoya, Aichi 464, Japan. 

states, and consists of two distinct domains; a 
cytoplasmic domain and a membrane-spanning 
domain [1-3]. The former contains the amino- 
terminus o, ¢ band 3 and supplies binding sites for 
several membrane's cytoskeletal and cytophsmic 
proteins [4-7]. The latter, the carboxyl-terminal 
portion of band 3, is involved in anion transport 
[8,9]. These domains can be isolated following 
mild proteinase digestion at the internal mem- 
brane surface. 

Studies with anion transport inhibitory probes, 
including stilbenedisulfonates, have significantly 
contributed to the underst~xtding of the structure 
and function of band 3 [10-17]. For instance, 
Macara et al. [15] suggested a conformational 
alteration in transmembrane segment(s) which 
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causes exposure of an inhibitor, eosin maleimide, 
bound from the extracellular surface to the cyto- 
plasmic side of the membrane. Salhany et al. [17] 
demonstrated that a chyr,'~otryptic 17 kDa subdo- 
main of the membrane-spanning domain is allos- 
terically affected by dinitrostilbenedisulfonate 
bound to a chymotrvptic 35 kDa mbdomain, indi- 
cating the existence of an allosteric interaction 
between two integral subdomains. In addition to 
such conformational changes of transmembrane 
segments in the band 3 monomer, there is some 
indication [18] that the DIDS-binding to band 3 
changes the hemoglobin binding to the cyto- 
plasmic domain from a noncooperative s ' , te to 
negative cooperative state. Moreover, some, though 
not all, stilbenedisulfonate derivatives, bind to 
band 3 in a negative cooperative manner under 
certain conditions [19,20]. These observations sug- 
gest the possibility that conformational changes 
which occur upon binding of stilbenedisulfonates 
are accompanied by a change in subunit-subunit 
interaction of band 3 oligon~ers. 

The present experiment was undertaken to in- 
vestigate the effect of DIDS-attachment to the 
membrane-spanning domain on the state of as- 
sociation of band 3. Band 3 o/igomers are form:,d 
by interactions within both the membrane-span- 
ning domain and the cytoplasmic domain between 
promoters [3]. The dimeric association between 
the cytoplasmic domains is extremely tight [21,22]. 
In order to evaluate subunit-subunit interaction 
within the membrane-spanning domain alone, we 
examined the state of association of the mem- 
brane-spanning domain of bovine band 3 isolated 
(the 58 kDa fragmen0 in nonaethyleneglycol lauryl 

• . L "  L ether (C12E9) soiutlou, hi w,iiC,, d c ~ e d  ~tudies 
have been carded out on the structure of bovine 
band '3 [23]. In addition, preliminary studies are 
also performed in the presence of sucrose mono- 
laurate (SE12). The present results show that the 
DIDS-binding to the membrane-spanning domain 
changes the state of association of the 58 kDa 
fragment isolated from associated towards dissoci- 
ated forms. 

Materials and Methods 

Materials. a-Chymotrypsin was purchased from 
Miles, and diisopropylfluorophosphate and Sep- 

harose 4B were obtained from Fluka and Phar- 
macia, respectively. Detergents used were as fol- 
lows: Sodium dodecyl sulfate (SDS) from Nakarai 
Chemicals, CtzE9 from Nikko Chemicals and 
SE12 supplied from Mitsubishi Chemicals. DIDS 
and other reagents were purchased from Wako 
Chemicals. Aminobutyl-Sepharose 4B was pre- 
pared according to the previously described proce- 
dure [23]. 

Preparation of membrane.spanning domain of 
bovine band 3. Unsealed ghosts from intact cells 
and DIDS-treated cells were prepared according 
to the procedures described previously [24]. After 
the ghosts were washed with 0,2 M NaCl, 10 mM 
Tris-HC! (pH 8.0), they were hydrolyzed with 50 
lag/ml of chymotrypsin for 15 h at room tempera- 
ture in the buffer. The proteinase was inhibited by 
0.1 mM diisopropylfluorophosphate. Chymotryp- 
sin-treated ghosts were washed several times with 
0.15 M NaCl, 10 mM Tris-HCl (pH 8.0) by 
centrifugation (15 000 rpm for 30 rain). The packed 
membranes (approx. 10 ml) were mixed with 25 
ml of 0..aS~; ClzEg, 0.15 M NaCI, 10 mM Tris-HC! 
(pH 8.0) (final 0.25~g C1~E9). The suspension was 
gently stiffed on ice for 15 min to remove proteins 
loosely bound to membranes and then tightly 
packed by centrifugation. The membrane residues 
recovered were further incubated with 25 ml of 
0.7~ SE12, 0.15 M NaCI, 10 mM Tris-HCl (pH 
8.0) on ice for 30 min (final 0.5~g SE12). After 
centrifugation at 40000 rpm for 30 min, C12E9 
was added to the supernatant (final 15). (See 
Results and Discussion on instability of 58 kDa 
h'agment in 5E12 solution:). The supematant was 
dialyzed against 10 mM Tris-HCl (pH 8.0), and 
f hen applied ~o an aminobuty l -~arose  4B cob 
tram (1.6 X 15 cm). The column was washed suffi- 
ciently with 10 mM Tris-HCl (pH 8.0) containing 
0.1~ CtzEg, and proteins wore eluted with 200 ml 
of a NaCI linear gradient (the final concentration 
of NaCI was 0.2 M) in the above buffer containing 
0.1~g C~zE 9. 

Samples used for experiments in SE12 sdution 
were prepared as follows: The 58 kDa fragment 
purified in CI2E9 solution was again adsorbed to 
an aminobutyl-Sepharose 4B column (0.6 × 7 cm), 
then wa.,;hed with a 10-fold column volume of 10 
mM Tris-HC1 (pH 8.0) containing l~g SE12, to 
change 1he detergent from CI2E~ to sE12. Then 
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the column was further washed with a 30-fold 
column volume of the above buffer containing 
0.1% SE12, and the protein was eluted with 0.1 M 
NaCI, 10 mM Tris-HCl (pH 8.0) containing 0.1~ 
SEI2. This eluate was immediately used for ex- 
periments. 

Analytical procedures. Concentration of the 58 
kDa fragment was determined according to the 
modified Lowry method [23], using bovine serum 
albumin as a standard. 

Polyacrylamide gel electrophoresis in the pres- 
ence of 0.1~ SDS, C12E 9 or SE12 was performed 
as described previously [23]. For electrophoresis in 
the presence of nonionic detergents, electrophore- 
sis buffer (0.01 M Tris-0.08 M glycine (pH 8.3)) 
was circulated by using a peristatic pump from 
one electrode chamber to the other through a 2-1 
buffer reservoir to avoid a change of pH during 
electrophoresis. 

High perforraance gel chromatography was car- 
ried out at room temperature using a Shodex 
WS-803 column (0,8 × 60 cm), which had been 
equilibrated with 0.1 M Na2HPO, rNaH2PO4 
buffer (pH 7.1) containing 0. i$ C~2E 9 or 0.15 
SE12. The column was calibrated usin~ qtandard 
proteins with known Stokes radii. 

Sedimentation velocity measurements were 
made with a Hitachi UCA-01 analytical ultra- 
centrifuge equipped with schlieren optics. The runs 
were done with a protei' : concentration of approx. 
1 mg/ml at 20 °C in 10 mM Tris-HCl (pH 8.0). 

The molecular weight of protein moiety in a 
protein-detergent complex (M) was determined 
according to the following equation [23]. 

M = (6.,,,.~qR..~°o.,.,)/O. - ~ )  O) 

Here, N is the Avogadro's number, R, is the 
Stokes radius of a protein-detergent complex and 
q,' is the effective specific volume per gram of 
protein. ~ and # are the viscosity and the density 
of water at 20 ° C, respectively. The factor (1 - q/O) 
in Eqn. 1 can be expressed in terms of the contri- 
bution of bound detergent (8 v g/g  of protein) as 
follows: 

1 -  ~,tp ~= (1 -- ~ p p ) +  ~D(I  -- vDP) (2) 

where ~p is the partial specific volume of protein, 

and VD is the partial specific volume of boun~ 
detergent. A value of ~=0 .750  cm3/g was 
calculated on the basis of tee amino acid co__mpc~i- 
tion of 58 kDa fragment ('/,'he compositional data 
are not shown.) The values of ~ o were taken from 
iiteratute as 0.953 for C~2E9 [23] and 0.798 for 
SE12 [25], respectively. The purified fragment was 
concentrated in aminobutyl-Sepharose 4B column 
chromatography by stepwise elution, an~ binding 
number of detergent was calculated from the ex- 
cess amount of detergent which was co-eluted with 
the 58 kDa fragment, as described previously [23]. 
The Stokes radii of 58 kDa fragment-detergent 
complexes were determined by high performance 
gel exclus'~on chromatography. 

Circula~ dichroic spectra were recorded on a 
JASCO J-40 spectropolarimeter. Mean residue el- 
lipticity was calculated using the mean residue 
weight of 58 kDa fragment, 112, based on O~e 
amino acid composition. • cell of 1 mm light path 
was used. 

Binding of 4-benzamide-4'-aminostilbene-2,2'. 
disulfonate (BADS) to the 58 kDa fragment was 
measured :.n 28.5 mM sodium citrate (pH 7.5) 
containing 0,1% C~2t~ 9, as described previously 
[26]. 

R e s u l t s  

Isolation of membrane-spanning domain of bovine 
band 3 in nonionic detergent solution 

Chymotrypsin attacked only the internal mem- 
brane surface of bovine unsealed ghosts at ionic 
strength higher than 0.1, to produce the mem- 
brane-spanning 58 kDa fragment [24], as shown in 
Fig. 1, lane 2. In a medium of low ionic strength, 
the enzyme had easy acce~ to the exosurface 
region at a distance of 17 kDa from the 
amino-terminal cad of 58 kDa fragment [24], re- 
sulting in the generation of a 17 kDa and a 41 
kDa fragment (Fig. 1, lane 3). When DIDS-labeled 
ghosts were used, the D!DS fluorescence was 
visualized at the 58 kDa and/or the 17 kDa band 
on an SDS gel. The 58 kDa fragment was solubi- 
lized from membranes more selectively and effec- 
tively by 0.5~ SE12 than by 1~ CITE9 (data not 
shown). The 58 kDa fragment was purified from 
the 0.5~ SE12 extract by using an aminobutyl- 
Sepharose 4B column in 0.1~ C12E9. Results of 
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Fig. I. 0.1% SDS-8% polyacrylamide gel electrophoresis of 
aikali-stripped unsealed ghosts (lane 1) and alkafi-stripped 
unsealed ghosts which had been digested with a-chymotrypsin 
in 10 mM Tris-HCI (pH 8.0) containing 0.2 M NaCI (lane 2) or 
50 mM NaCI (lane 3). Ghosts were digested for 15 h at room 
temperature with 50 /zg/ml of chymotrypsin. Intact and 
chymotrypsin-treated ghosts were treated with 0.1 M NaOH 
and then the membrane residues were electrophoresed on slab 
gels (0.2 × 14 × 14 cm) using an electrophoresis buffer ,~f 0.1 M 
Na2HPO4-NaH2PO 4 (pH 7.1) containing 0.t~ SDS. Gc!s 
were stained with Coomassie brilliant blue R. A 67 kDa 
band is a component which was not cleaved at a bond between 
a t7 kDa integral subfragment and a 50 kDa cytoplasmic 

fragment [24]. 

SDS-gel electrophoresis for the intact  and  the 
DIDS-labeled  fragment  isolated are shown in Fig. 
2, lanes 1 and  2. 

Conformation and state of association of DIDS- 
labeled and intact 58-kDa fragment in C;zE 9 solu- 
tion 

Circular dichroic spectra in the far-ultraviolet 
region of  the 58 kDa  fragment  in C12E 9 solution 
showed the presence of  an a-helical structure as 
the p redominan t  secondary structure, whose con- 

tent  was est imated as approx. 50%. The  DIDS-at -  
t achment  d id  not  cause any detectable change in 
the circular dichroic profile (Fig. 3), as in the case 
of  h u m a n  b a n d  3 [27]. On  the contrary,  the hydro-  
dynamic  characteristics of  the membrane-span-  
n ing domain  were strongly affected by the D I D S  

at tachment .  A typical example is seen in gel filtra- 

t ion exper iment  shown in Fig. 4A. The  results 
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Fig. 2. SD~.;-polyacrylamide gel electrophoresis patterns of the 
intact 58 kDa fragment (lane 1) and the DIDS.labeled 58 kDa 
fragment (lane 2). Samples (approx. 50 ;:g) which were purified 
by an aminobutyl-Sepharose 4B column were run on 0.17o 
SDS-8% polyacrylamide slab gels (0.1 x 8 x 8 cm), using 0.1 M 
Na2HPO4-NaH2PO 4 (pH 7.1) containing 0.1~ SDS as a run- 
ning buffer. Gels were stained with Coomassie brilliant blue R. 

show that  the intact  58 k D a  f ragment  exists as a 
mixture  of  several molecular  species, while the  
a t t achment  of  D I D S  on to  the f ragment  eventual ly  

produces  a single molecular  species with a Stokes 

radius of  75 +_ 3 A (Fig. 5). The  same conclus ion 
was drawn f rom the results of  gel e lect rophoret ic  
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Fig. 3. Circular dichtoic spectra in the far-ultraviolet region of 
the 58 kDa fragment in 10 mM Tris-HCI, 50 mM NaC! buffer 
~pH 8.0) containing 0.1q[ C12E 9 or 0.1~ SE12. ~ ,  the 
intact fragment in 0.1~ C12E9; . . . . . .  , the DIDS.labeled 
~ragment in 0.1~ C]2E9; --  --  --,  the DIDS-labeled fragment 

in 0.1~ gel2. 
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Fig. 4. Elution profdes of the intact 58-kDa fragment (.. ) 
and the DIDS-labeled 58 kDa fragment ( . . . . .  -) on a Sbodex 
WS-S03F ~!umn in the presence of 0.1~$ Ct2E 9 or 0.1~ SE12. 
(A) The fragments purified in the presence of 0.1% C12E 9 (50 
/~1 each of approx. 1 mg/ml protein solution) were applied to 
the column which had been equilibrated with 0.1 M 
Na2HPOa-NaH2PO 4 buffer (pH 7.1) containing 0.1~$ C12E 9 
and elated with the same medium. (B) Similarly, after the 
detergent CnE e in the sample solution was displaced by SE12 
using aminobutyl-Sepharuse 4B, the fragments (50 VI each of 
approx. 1 mg/ml protein solution) were applied to the column 
equilibrated with the above buffer containing 0.1% SE12, and 
eluted with the same buffer. V o and V i indicate the void and 
internal volume, respectively. Arrows indicate the elution posi- 
tions of standard proteins: 1, thyroglobulin; 2, ferritin; 3, 
catalase; 4, bovine serum albumin; 5, hemoglobin. For their 
molecular weights and Stokes radii, see the figure caption of 

Fig. 5. 

experiments in the presence of C12E9, as shown in 
Fig. 6. In the gels, the DIDS-labeled fragment 
migrated as a single band. On the other hand, the 
unlabeled fragment showed a very diffuse band. 
This is in marked contrast to the result for whole 
band 3 showing distinct bands corresponding to 
the dimer and the tetramer in this gel system [23]. 
Consistent with the above observations, the 
DIDS-labeled fragment sedimented as a single 
component in ultracentrifugefion, with a sedimen- 
tation coefficient of 4.4 + 0.2 S. 

The molecular weight of a protein moiety was 
determined for the DIDS-labeled 58 kDa frag- 

ment-CL, E~complex which was present as a single 
molecular species, according to the procedure de- 
scribed under Materials and Methods. Molecular 
parameters used for the calculation and the molec- 
ular weight obtained are summarized in Table I. 
The result apparently demonstrates that, when the 
membrane-spanning domain covalently bonded 
DIDS, the fragment isolated exists as a dimer in 
CI2E9 solution. 

The dissociation co]tstant for binding of BADS, 
a reversible anion transport inhibitor, to the 58 
kDa fragment was 115 :i: 10 ~M in 0.1% C~2E 9 
solution. This value was ten times as high as that 
observed for whole band 3 under the identical 
conditions [26]. 

Studies in SEI 2 solution 
It has been reported [28] that different results 

may often be obtained when different detergents 
are used to solubilize the same protein. In the 
present, case, we have observed that SEI2 displays 
a potent abifity to extract the membrane-spanning 
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Fig. 5. Determination of the Stokes radii of the DlDS-labeled 
58 kDa fragment-detergent complexes by gel fdtration de- 
scdbed in Fi 8. 5. O, the complex with C12E9; @, the complex 
with SEI2. Each experimental point represents an average of 3 
or 4 determinations. £d is a distribution coefficient. The 
column was calibrated in detergent-free buffer using standard 
proteins. The Stokes radii of standard proteins were taken 
from fiterature [23]. Standard proteins: 1. thyroglobulin 
(669000; 85 ~i,); 2, ferritin (44000; 64 ,/~); 3, catalase (232000; 
52 A); 4. aldolase (158000; 45 A); 5, lactate dehydrogenase 
(140000; 45 ,~); 6, bovine serum albumin (67000; 35 ]g); 7, 
hemoglobin (64000; 33 A); 8, myoglobin (17000; 19 A). Num- 

bers in parentheses are mole~-'-alar weights and Stokes radii. 
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TABLE 1 

MOLECULAR PARAMETERS AND POLYPEFTIDE CHAIN MOLECULAR WEIGHT OF THE 58 kDa FRAGMENT-DE- 
TERGENT COMPLEX 

Values are an average of three or four determinations. 

Fragment- Stokes radius Amount of Sedimentation Polypeptide chain 
detergent of complex bound detergent coefficient of molecular weight 

complex (,~) (g/g proton) complex s2o,, (S) ( x 10-3) 

Complex with CI2E9 75 :i: 3 1.0 ± 0.1 4.4 4- 0.2 126 4-13 
Complex with SEI2 58 + 3 2.6 + 0.4 8.1 + 0.3 70 + 14 

domain of bovine band 3 from membranes. This 
motivated us to characterize the 58 kDa fragment 
in SE12 solution. However, the fragment precipi- 
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Fig. 6. Polyacrylamide gradient gel electrophoresis in the pres- 
ence of 0.1% CI2E 9 or 0.1~o SEt2. L~ne 1, standard proteins in 
0.]~ C12E9: thyrog]obulin, ferritln, catalase, lactate dehydro- 
genase a~d bovine serum albumin, from top to bottom. For 
their molecular weights and Stokes radii, see the lesend of Fig. 
5. Lane 2, the DIDS-labeled 58 kDa fragment in 0.1~ CI2E 9. 
Lane 3, the intact 58 kDa fragment in 0.1~ Ct2E 9. Lane 4, the 
DIDS-labeled 58 kDa fragment in 0.1~ SE12, Lane 5, the 
intact 58 kDa fragment in 0.1~ SE12. Mobifities of standard 
proteins in 0.1~ SE12 were the same as those in 0.1~ C12E9. 
Hectrophoresis was done in 4-15~ gradien~ slab gels (0.2×8 
×14 cm) for 20 h at 100 volts at 4°C in 10 mM Tris-80 mM 
glycine buffer {.',H 8.3) in the presence of 0.1~ C12E 9 or  0.1% 

SE12. San~,:~.s of 40-50 P8 each were loaded onto the gel. 

tated during storage, usually within 2 days, even 
in a solution of SE12 concentration of more than 
1~. Therefore, experiments in SE12 solution were 
performed immediately after the detergent was 
c h a n g e d  f r o m  C I 2 E  9 to  SE12, 

Under the conditions used here, the DIDS- 
labeled 58 kDa fragment-SE12 complex existed as 
a single molecular species, as seen in gel filtration 
and gel electrophoresis experiments (Figs. 4B and 
6), and sedimented as an 8.1 S component. The 
fragment in SE12 solution exhibited a circular 
dichroic profile similar to that seen in C!2E9 solu- 
tion (Fig. 3). DIDS-attachment also appeared to 
affect the gross conformation of 58 kDa fragment 
(Fig. 4B), as in the vase of C12E9 solution. How- 
ever, the result of gel filtration experiment ap- 
parently indicated that the complex of DIDS- 
labeled fragment with SE12 possesses a smaller 
molecular size than that with C!2E9,  despite the 
fact that the amount of detergent bound to the 
fragment is extrodinary large in the former (2.6 + 
0.4 g/g) as compared to that of the latter (1.0 4- 0.1 
g/g). The result of molecular weight estimation 
suggests that the state of association of the frag- 
ment in SE12 solution differs markedly from that 
in C12E 9 solution (Table 1). 

Discussion 

The membrane-spanning domain of bovine 
band 3 isolated was stable in CI2E 9 solution, but 
not in SE12 solution. Hence, the 58 kDa fragment 
was characterized with greater confidence in the 
former rather than in the latter. We have found in 
C12E 9 solution that (1) the DIDS-unlabeled frag- 
ment exists as heterogeneous aggregates which can 
not be identified as distinct molecular species in 
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gel electrophoresis, and (2) the attachment of 
DIDS affects the state of association of the mem- 
brane-spanning domain isolated. In contrast to 
the present results, Reithmeier showed [29] that 
the membrane-spanning domain of human band 3 
exists in the dimer form in Triton X-100 solution, 
by measurements of R s, S2o.w and the amount of 
bound Triton X-100, where the latter two were 
determined by zone centrifugation in a sucrose 
gradient. Jay [30] reported that the struc*.ure of 
membrane-spanning domain of band 3 may be 
conserved among species, and the detergents, 
CnE9 and Triton X-100, have nearly identical 
characteristics in their physico-chemical properties 
[23]. On the other hand, there is evidence [31,32] 
that the presence of sucrose can disturb the state 
of association and the preferential hydration of a 
protein. Thus, the discrepancy observed between 
the membrane-spanning domain of human and 
bovine origin is probably related to differences in 
experimental conditions. 

Bovine band 3 is present as dimers or tetramers 
in Triton X-100 and CI2E 9 solutions [23]. Never- 
theless, the state of association of the DIDS-un- 
labeled 58 kDa fragment in C12E 9 solution was 
apparently distinct from that of whole band 3, 
Appell and Low [33] have indicated that, in the 
cytoplasmic and the membrane-spanning domains 
of band 3, the structural properties of one domain 
depend in no way on the structural integrity of the 
complementary_ domain. In this view, the present 
result suggests that, at least in isolated bovine 
band 3, the cytoplasmic domain acts to prevent 
further association of band 3 dimers and tetra- 
mers, probably by an electrostatic fashion based 
on its highly acidic nature [7]. The reduced affinity 
for BADS-binding of the 58 kDa fragment ob- 
served here can be reasonably interpreted as a 
result of a masking of the binding site by the 
associations between the 58 kDa fragments. 

The location of the DIDS-reactive site is Lys- 
558 or Lys-561 (murine band 3 sequence) which 
might protrude into membrane region inaccessible 
to the nonspecific proteinase, papain [34,35]. As 
shown in the present experiment, the binding of 
DIDS to such a cleft of the band 3 molecule 
causes a disturbance of the oligomer structure of 
the membrane-spanning domain isolated, in ad- 
dition to an increase in thermal stability of the 

a-helical structure as reported by Oikawa et aL 
[27]. It has been indicated that the DIDS-reactive 
site on each protomer of the protein has room 
enough to accomodate BADS, which has a larger 
molecular size than DIDS [3.36]. Ho~vever, in the 
DIDS-binding process, there is a loss of one pro- 
tonated lysine-side chain and a gain of two suifonic 
acids per the monomer of band 3. An elaborate 
model for the arrangement of the transmembrane 
region of routine band 3 described by Jay and 
Cantley shows [37] that 5-7 positively charged 
residues and 1-3 negatively charged residues sur- 
round the location proposed as the DIDS-attach- 
ment site. Thus, it appears that the attachment of 
DIDS induces a significant change in the ionic 
environment around the DIDS-reactive site. The 
accompanying change in electrostatic interaction, 
rather than the structural perturbation by steric 
hindrance, might be of importance in shifting the 
subunit dissociation equilibrium in the membrane- 
spanning domain of band 3 towards dissociated 
forms. In any event, it is probable that a confor- 
mational disturbance as observed here is closely 
related to the appearance of negative cooperativity 
found in interactions of band 3 with some stil- 
benesulfonates ~Jtd hemoglobin as noted in the 
introduction. 

It is relevant to again emphasize that ambigui- 
ties might be inherent in experimental values ob- 
tained here in SE12 solution, because of tl'.e insta- 
bifity of the 58 kDa fragment in this medium. 
However, the results obtained in SE12 solution led 
also to the indication that the DIDS-attachment 
disturbs the intermolecular interactions between 
the 58 kDa fragments. The molecular weight value 
estimated for the protein moiety of the complex of 
DIDS-labeled fragment with SE12 was close to 
that for a monomer rather than a rimer. When 
allowance is made for the monomeric state of the 
DIDS-labeled fragment in complex with SE12, a 
remarkably high binding number of SE12 can be 
accounted for as the binding of SE12 to a hydro- 
phobic surface responsible for the monomer- 
monomer contact in the dlmer. Although the rea- 
son for the instability of the 58 kDa fragment 
observed in SE12 solution is not clear at present, 
one possible explanation is that dimerization be- 
tween the membrane-spanning domains is re- 
quisite for stable conformation of band 3. 
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