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The exothermic thermal denaturation transition of band 3, the anion transporter of the human erythrocyte membranes, has been 
studied by differential scanning calorimetry, in ghost membranes and in nonionie detergent micelles. In detergent micelles the 
transmembrane domain of band 3 gave an irreversible denaturation transition (C transition). However, no thermal transition was 
observed for the N-terminal cytoplasmic domain when band 3 was solubilised in detergent micellcs. A reduction in ¢nthalpy 
(190-300 keal too! ~) with an accompanying decrease in thermal denaturation temperatures (48-60°C) for the C transition was 
observed in detergent solubilised band 3 when compared with ghost membranes. Unlike ghost membranes, two thermal 
transitions for band 3 in detergent mieelles were observed for the C transition when in the presence of excess covalent inhibitor, 
4.4'-diisothiocyanostilbene-2,2'-disulphonate (DIDS), which derive from the thermal unfolding of a single protein with two 
different thermal stabilities; DIDS-stabflised (75°C) and DIDS-insensitive (62~C). A reduction in the denaturation temperature 
for the transmembrane domain of band 3 was observed when compared with intact band 3 although no significant difference was 
observed in the corresponding enthalpy values. This indicates some cooperativity of the two domains of band 3 in maintaining 
th~ ~:r~nsmembrane conformation. The results presented in this study show that detergents of intermediate micellc size (e.g. 
Triton X-100 and CI2E ~) are required for optimal thermal stability of band 3. 

Introduction 

The human erythrocyte band 3 is the major glyco- 
sylated integral membrane protein of erythrocytes [1,2]. 
The 55 kDa transmembrane domain of band 3 protein 
possesses anion-transporting t~apabilities [3,4], whereas 
the 42 kDa cytoplasmic domain of band 3 protein binds 
several constituents of the cytoplasm [5]. The high 
abundance of band 3 and its relative ease of prepara- 
tion makes it an ideal candidate for examining the 

Abbreviations: Triton X-100, l,l,3,4-tetramethylbutylhexanyl poly- 
oxyethylene glycol (with an average of 10 polyoxyethylene chains per 
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oxTethylene glycol n-dodecyl ether (with an average of nine poly- 
c.xyethylene chains per molecule); C14E8, polyoxyethylene n-myristyl 
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CI~E s, p~lyoxyethylene n-cety] ether (with an average ~f eight 
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bene-2,2'-disulphonic acid; PMSF, phenylmcthylsulphonyl fluoride; 
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influence of detergents on the structure and stability of 
a typical hydrophobic membrane protein. 

Detergents can generally be classified into two cate- 
gories, nondcnaturing (e.g. most non-ionic detergents) 
and denaturing (e.g. SDS) detergents, depending on 
their ability to stabilise native membrane protein struc- 
ture after solubilization. In earlier investigations of 
band 3 in detergent micelles, circular dichroism (CD) 
and fluorescence measurements have been used as a 
qualitative measure of the ability of detergents to sta- 
bihse secondary structure as found in the native state 
Changes in the fluorescence properties of band 3 la- 
belled with the anion transport inhibitor, DIDS, in 
Triton X-100 showed that the protein unfolds at 56.5°C 
[6]. Studies of band 3 in octyl glucoside has provided 
evidence for the formation of high oligomeric state 
with alterations ill the inhibitor binding site [7]. Fur- 
ther studies have shown that the Ct2E s solubilized 
transmembrane domain of band 3 was enriched in 
a-helical content relative to the same sample in the 
absence of detergent. Further, it was noted the t no 
change in the CD spectra was detected upon the 
covalent attachment of DIDS to the membrane associ- 
ated domain but an enhanced stability to heat denatu- 
ration was observed [g]. The polyoxTethylene deter- 



gents are a class of non-ionic surfactanls which have 
been extensively studied and used in crystallisation of 
membrane proteins [9]. 

Distinct thcrmotropic transitions have been resolved 
for many of the major structural domains of the human 
erythrocyte membrane. The A transition (49°C) and B n 
transition (56°C) have been shown to inw five the denat- 
uration of spectrin and bands 2.1, 4.1 and 4.2, respec- 
tively [10]. The C transition (68°C) has been identified 
as the thermal unfolding of the 55 kDa anion trans- 
porting domain of band 3 [11~. The B 2 (62°C at pH 7.4) 
transition has been shown to involve the reversible 
unfolding of the band 3 N-terminal segment of the 
cytoplasmic domain [1 I]. These studies have also shown 
that the C transition was readily removed by the treat- 
ment of membranes with phospholipase A2, phospho- 
lipase C or oleic acid suggesting that lipids at the 
transport surface of the protein may be important for 
maintaining protein stability [10]. The C transition of 
band 3 was also shown to be sensitive to amphiphilic 
agents, at concentrations below those reported to af- 
fect protein structure, and it has been suggested that 
the anomalous partitioning of amphilic agents into 
membranes, which could dislodge annular lipids on the 
band 3 tl'ansmembrane surface, may account for this 
hehaviour [6,12]. 

To date there have been no studies on the ther- 
mostability of detergent solubilised band 3. The major 
difficulty in investigating the denaturation of concen- 
trated protein detergent micelles lies with the phe- 
nomenon of post-denaturation aggregation. Apart from 
the irreversibility of the denaturation process itself, 
there is an exothermic change in the system due to 
protein aggregation [13]. At slow heating rates the 
temperature interval of protein denaturation is long 
and the processes of denaturation and aggregation 
become superimposed. In such cases, the exotherms 
are reduced leading to difficulty in determining en- 
thalpy and the position of the calorimetric baseline. 
Since the breaking of non-covalent bonds during de- 
naturation (heat absorption) and the subsequent aggre- 
gation of molecules (heat release) are aeparated in 
time, it might be expected that in the case of rapid 
heating rates of the solu:ion, the thermal effect of the 
denaturation process may be monitored before the 
appearance of the first aggregation phenomenon. In 
order to avoid the distortions imposed by heat release 
on aggregation, fast heating rates have been used in 
this present study (10-20 C'/min). 

Here we present an investigation of the heat stabili- 
ties of the intact band 3 and its 55 kDa anion trans- 
porting membrane domain (TMD) in different acyl 
chain length polyoxyethylene-type detergent micelles 
using DSC. Evidence for the irreversibility for band 3 
protein thermal unfolding in detergents and in situ is 
presented. 
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Materials and Methods 

Material~ 
DIDS, TPCK-treated trypsin (type XIII), a-chymo- 

~'rypsin (type l-S), C~2E, . C~oEs, CI4E s and Cn~E s 
were obtained from Sigma Chem. Co., CI2E ~ was from 
Nikko Fine Chemicals (Tokyo, Japan), Triton X-lid 
(reduced) was from Aldrich Chem. Co., and DEAE- 
Sepharose 6B was from Pharmacia LKB Biotechnology 
inc.. All other reagents were analytical grade and ob- 
tained from Sigma Chemical Co. or Bochringer 
Mannheim. 

Band 3 purification and preparation for DSC 
Band 3 was purified from ghost membranes, pre- 

pared from indated human blood by a modified proce- 
dure of Schubert et al. 1986 [14]. After the pre-extrac- 
tion of human erythrocyte membranes with 1% Brij 58, 
followed by a second extraction in Triton X-liD (0.5% 
w/v)~ the supernatant was loaded on to ~ DE52 col- 
umn. Detergent exchange was carded out at this stage 
by washing the column (2.5 x column valume) initially 
with I0 mM Tris-HCI (pH 8) containing 0.1% w/v of 
the desired detergent, followed by a second wash in the 
same buffer containing 130 mM NaCi and finally eluted 
in the same buffer containing 250 mM NaCL The 
protein containing fractions from the column were 
pooled and diluted immediately with 4 volumes of  10 
mM Tris-HCI (pH 8) containing 2 mM dithiothreitol. 
Samples for DSC were concentrated 10-20-fold to give 
protein concentrations of approx. 10 mg ml-n. Typi- 
cally 50 ml of pooled extract was initially concentrated 
in an ultra-filtration cell with a XMS0 membrane and 
then finally in a Centricon lid filter (Amicon) Samples 
were stored at 4°C and used within 24 h of preparation 
and degassed before obtaining thermograms. Some 
preparations of protein were incubated with DIDS for 
30 rain at 30°C prior to calorimetric measurements. 
When "Iris buffer was used the solution pH was calcu- 
lated assuming a A p K J C  ° of -0.028. Detergent 
buffers in the absence of protein were also measured 
to ensure a flat baseline. 

Preparation of inside-out cesicles (lOV's) 
Spectrin depleted IOV's were prepared by incubat- 

ing ghosts in 10 volumes of 0.5 mM EDTA (pH 8) at 
37°C for 30 min followed by a wash in 10 volumes of 20 
mM sodium phosphate (pH 8) [ 15]. Limited proteolysis 
was accomplished by stirring the IOV's on ice in 
TPCK-treated trypsin (10 mg/ml) in 20 mM sodium 
phosphate, 150 mM NaCI (pH 8) for i h. Proteolysis 
was inhibited by two washes in equal volumes of I mM 
PMSF in 5 mM sodium phosphate at 23 0iD x g and 
finally in an equal volume of the same buffer without 
PMSF. 
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Isolation of  the transmentbrane domain (TMD) of band 
3 

The integral domain of band 3 was isolated by 
solubilising the proteolysed IOV's in 1% w / v  of CI2E H, 
25 mM 2-mereaptoethanol, 5 mM sodium phosphate 
(pH 8) and stirring on ice for 30 min. After the undis- 
solved membranes were removed by ccntrifugation 
{45000×g;  20 min) the supernatant, 2 column vol- 
umes, was applied to DEAE-Sepharose 6B column 
equilibriated in 0.1% w/v of CI2E 8, 25 mM 2-mer- 
captoethanol, 5 mM sodium phosphate (pH 8). The 
extract was recycled for 2 h at a flow rate of 25 ml h -  ~. 
3"he column was then washed with a linear gradient of 
5-160 mM sodium phosphate buffer (pH 8) containing 
25 mM 2-mercaptoethanol and 0.1% w / v  Ct2E s, the 
total volume amounting to approximately 12 column 
volumes. 

The protein-containing fractions were collected and 
pooled (A2so = 0.190) and concentrated initially in an 
ultra-filtration cell (XM50 membranes, Amicon) and 
finally in a eentricon 30 (Amicon) to give protein 
concentrations of approx. 10-20 mg ml-  i. 

Calorimetry 
Calorimetric measurements were obtained on a 

DSC-7 scanning calorimeter (Perkin Elmer) equipped 
with an intercooler and a PC for data analysis and 
storage. 

Samples for calorimetry were measured accurately 
and sealed in stainless steel pans (50 t~l). Identical 
pans containing buffer were placed in the reference 
pan holder of the calorimeter. 

Slow heating rates (10 C°/min or slower) were used 
for determining temperatures of maxim~.' heat absorp- 
tion 'Tin), but fast heating rates (up to 20 C*/min) 
were used for enthalpy quantitations. A cooling scan 
rate of 50 C°/min was used for all measurements. 
Baselines were obtained by carrying out a second re- 
heat of the samples under identical intrumei'ltal condi- 
tions. 

The apparent cnthalpy of irreversible transition 
(AH~pp) was determined by calculating the area of the 
thermogram after subtractiag the baseline from the 
initial scan. Slope adjustmer, ts on the subtracted curves 
were made when necessarj. Most experiments were 
conducted at least three tintes and reproducibility was 
within 15% in the dH~.,o ~r, easurements. 

Analytical procedures 
SDS-polyacrylamide gel electrophoresis was carried 

~u: on all purified protein:, according to the procedure 
of Laemmli [i6] and st~.ining was performed with 
C~'omassie brilliant bhte or 'Stains-air to detect the 
presence of any contaminating glycophorin [17]. Ery- 
throcyte membrane prote,ns on electcophoresis gels 
were designated according to Fairbanks et al. [1]. Pro- 

tcin determinations were carried out by the modified 
Lowry assay of Markwell et al. [18] using BSA as 
standard. Absorbaoce at 280 nm was also used for 
measuring protein concentration in detergent solutions 
(~ ~ 2 . 5 0  105 c m - '  M -I ,  M r =  97000 for band 3 and 

= 2.63.105 cm-  i I~.4 - l, Mr = 55 000 for TI* "ID). Lipids 
were quantitated by the procedure of Rouser et al. 
[191. 

Results 

A single protein band corresponding to band 3 in 
erythrocyte membranes was observed in all detergent 
micelle preparations when analysed by eleetropberesis 
and thus the protein preparations were judged to be 
> 95% pure. Additionally, no contaminating gly- 
cophorin bands were observed in any of the band 3 
detergent purifications as judged from the 'Stains-all' 
gel. The residual endogenous phospholipids in band 3 
preparations were undeteetable (less than 1 mol of 
phospholipid per mol of band 3) although this does not 
preclude the presence of residual unphosphorylated 
erythrocyte lipids [20]. Similar results were obtained 
with TMD preparations. 

Ghost membranes 
Several endothermic transitions were observed by 

calorimetry for ghost membranes (Fig. 1). When ghost 

!~acal s.,) | ~ 2 / /  ' ~ %  
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Fig. 1. Thermograms showing the th¢lmal denaturation of the C 
transition in e~throcytc ghost membranes suspended in 310 mosmo- 
lar phosphate (pH 7.4), as a function of heating rate. Heating rates 
are 1 C'/min (a), 5 C°/min (b) and 20 C°/min (c). Protein content 
for each sample was ! rag. Traces have been displaced vertically for 

clarity. 
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Fig. 2. The variation of temperature (T m) of the C transition of 
erythrocyte ghost membranes as a function of the heating rate 
(1/V h) of the membranes (l rag) suspended in 310 mosmolar phos- 
phate (pH 7.4). T~ was determined three times at each heating rate. 

membranes were reheated in the calorimeter after the 
first heating scan, no endotherms were observed under 
any of the experimental conditions investigated. The 
thermal unfolding of all proteins appeared to follow 
irreversible denaturation under the conditions of the 
DSC determinations. Some samples containing dithio- 
threitol were also scanned which eliminated any possi- 
ble oxidation of -SH groups during heating; no differ- 
ences arose from this modification and the DSC scans 
never showed reversible transitions on reheating. 

As shown in Fig. la, the T m values for the various 
exothermie transitions of erythrocytes are dependent 
on calorimetric scanning rate; increased scanning rate 
resulted in increased Tm values for the C transition 
from 60°C to 71°C for ghost membranes in phosphate 
buffer, as illustrated in Fig. 2. Other workers have 
reported a similar range of T m values for the C transi- 
tion of erythrocyte ghosts [10] but the dependence of 
T m on the heating rate has not been reported. Similar 
intrumental conditions for T m measurements were used 
in all subsequent experiments in order that direct ct,m- 
parisons of thermal stabilities could be made between 
band 3 in ghosts and band 3 and TMD in various 
detergents. The scanning rate chosen for subsequent 
work was therefore 20 deg min-m. 
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Bond 3 detergent micelles 
When detergent buffers were heated in the absence 

of protein, no thermal transition was observed suggest- 
ing that there were no contributions from detergent 
phase separation under the experimental conditions 
used in the present study. 

The DSC thermograms for band 3-detergent mi- 
ceUes were generally monophasic and showed only one 
well defined irreversible endothermic transition (the C 
transition) under the experimental conditions used. 
However, additional endothermic transitions were ob- 
served in samples pre-incubated with DIDS. Of the 
two transitions, the lower transition occurred at T m 
values which were very close to those observed in the 
absence of DIDS, whilst the higher transition occurred 
at Tm values which were at a temperature 5-15 de- 
grees higher relative to the lower unchanged value for 
the C transition (Fig. 3). Other workers have also 
reported similar findings with band 3 detergent mi- 
celles [8]. 

Similar T m values (50 -52°0  were observed for the 
C transition band 3 in CInEg, CI4E8 and Ci6E . deter- 
gent micelles (Fig. 4). A somewhat higher T m value 
was observed relative to the other detergents studied, 
namely Ct2Eg, Ct2Es and T,-iton X-100, for which a 
single irreversible endothermic transition was seen with 
T m of approximately 61°C for these particular deter- 
gents in the absence (,f DIDS. 

There was no direct correlation between the deter- 
gent type and AH, pp values for the band 3 detergent 
micelles under the experimental conditions used (Ta- 
ble D. The A H ,  pp values for the endothermic transi- 
tion of band 3 in detergents were a lwa~ less (a de- 
crease of = 120 kcal tool - t )  than those reported for 
native membranes, which gave a value of 360 kcal 

Heat flow 0 1 2 ~  
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~0 ' ~0 ' ,~o 

Temperature ( 'C) 

Fig. 3. The heating thermogram (20 C°/mio) of band 3 (0.6 mg 
protein) in 0.1% CI2E . detergent micclles in the presence (a) and 
absence (b) of 2 mM H2DIDS in .50 mM NaCI. 10 mM Trls-HCI (pH 

7.4). Basclioe subtractions wera performed as described in text. 
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TABLE I i 
The effect of DiD5 on the entnalpy of denaturation (AHam,) of 
~,arioas band 3 preparations in detergent micelles arid in carious 
etythrocyte ghost membrane preparations 

Preparation zlH.,pp without DID.g Ftact/cnal increase 
tkcal reel- m) in ,SH~pp with DIDS a 

Band 3 in CnjE s 228 n.d. 
Band 3 in CIzE s 216 0.08 
Band 3 in Ct4E K 250 n.d. 
Band 3 in CI6E 8 248 n.d. 
TMD in CtzEx 212 0.17 
Band 3 in CI,E 9 241 0.21 
Band 3 in TX-100 295 0.05 

Proteolysed lOWs 191 0.14 
Ghost membranes 360 0.05 

The fractional increase in 'tH, pp of the same prepalations !n lhe 
presence of DIDS was measured by calculating the ratio of the 
difference ,~Hap v (+DIDS)-AH,,nv (no DIDS) relative to the 
value for ,3Ha~p (no DIDS). n.d.. values not determined. 

moi" t. Since two cndothermic ;.ransitions were ob- 
served in the presence Gf D1DS (see Fig. 3), the /t H~op 
was calculated by measuring the area tmder each peak, 
which e~;sentially represents the unfolding of a single 
protein with different enthalpy values for each of the 
two populations of band 3 which unfold. 

Enthalpy measuremen'.s from thermograms of band 
3-detergent micelles have not been previously re- 
ported. The band 3-Triton X-100 detergenl micelles 
gave large values of AHap p (296 kcal mol - I )  which 

/ 
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/ 
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Aeyl chain leglgth 
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Fig. 4. The effect of varying ac'/I chain lengths of polyoxyethylen¢ 
type detergents tC,,E~, n = 10-16) on the C transition of purified 
band 3 (0.60 mg of protein). The T m values for Triton X-100 apd 

CI2E~ lie on the point where n = 12. 

were very close to the value of 360 kcal mol -  t obtained 
for native membran,;s (Table I). In the presence of 
DIDS, the values of AH~pp were increased by approx. 
5% for the same sample. The increase in the length of 
oxyethylene chain of the detergent  by one unit (CI2E ~ 
relative to Ct2Es)  resulted in a 12% increase in AHap p 
value (Table 1). 

TMD in CrzE s micelles 
The TMD CI2Ea micclles showed a single reversible 

endothermic transition with T m values lowered by 20 
C ° relative to the C transition in native membranes 
(the T m value obtained for the TMD in CjzE s micelles 
was 48°C). The denaturat ion temperature obtained for 
detergent  solubilised TMD was reduced when com- 
pared with detergent  solubilised intact band 3. How- 
ever, the AH~p values for TMD Ct2E s micelles (213 
kcal mol - I )  compared well with values obtained for 
intact band 3 (216 kcal r ee l - i )  in the same detergents.  
The fractional increase in AH~pp value for the T M D  
CI2E 8 micelles in the presence of DIDS was approxi- 
mately 2-fold greater  relative to the value of the intact 
band 3 C~2E s micelles under  the same conditions 
(Table I). 

Discussion 

Band 3 in native monbranes  
The irreversibilty of the thermal transitions ob- 

served with erythrocyte ghost membranes confirm the 
denaturat ion of the membrane proteins and are shown 
in Fig. 1. These thermograms are obtained from the 
subtraction of a reheat  scan from the first heating scan. 
Previous studies have identified the reversible unfold- 
ing of the cytoplasmic domain (Bz transition) in native 
membranes and in erythrocyte ghost membranes and in 
solution [11]. However, in the present study it was not 
possible to identify the reversible folding transition of 
the cytoplasmic domain in membranes because all 
thermograms were obtained after  subtraction of a re- 
heat scan from the initial scan. 

At slower heating rates, the exothermic transition 
due to protein aggregation is subtracted to a greater  
extent because both aggregation and denaturat ion oc- 
cur at the same time resulting in decreased observed 
AHap p values. From Figs. la  and lb  it can be seen that 
the different heating rates used to obtain thermograms 
cause a change in the protein denaturat ion transition 
temperature,  with a simultaneous change in the shapes 
of the thermograms. Two causes are likely to be re- 
sponsible for these effects; namely isothermal denatu-  
ratiqn of the protein at low-heating rates and over- 
hea t ing  of the protein at high heating rates, both 
resulting in similar changes in the T m (T m decreased 
with decreasing Vh, Fig. 2) and in the shape of the 



curve. Therefore, the temperature and enthalpy of 
protein denaturation is distorted, it is not surprising 
that inembrane proteins in bilayers show thermal de- 
naturation characteristics (T m and AH~pp) remarkably 
similai: to those determined for concentrated solutions 
of globular proteins, since similar secondary structures 
(e.g. a-helices) exist in both types of proteins. Previous 
workers have suggested that the irreversibil~y of these 
denaturations in membrane proteins was due to geo- 
metrical constraints imposed by the planar bilayer and 
not because of aggregation or other secondary events 
due to protein structural chang,:s [13]. The results 
presented here do not support this view as the results 
for band 3 in this study w¢:re obtained in detergent 
micelles and not in bilayers. 

Bond 3 m detergent micelles 
Although no systematic thermal denaturation stud- 

ies are available for other membrane proteins in vari- 
ous detergents for direct comparison with the current 
results, earlier studies have reposed large changes in 
the secondary and quaternary structures for the 38 kDa 
DIDS binding fragment of proteolytically cleaved band 
3 in C,2E 9 upon heating through the C transition [21]. 
A large change in the emission fluorescence at 62°C in 
DtDS-labelled band 3 in Triton X-100 was also identi- 
fied as the thermally induced denaturation of the C 
transition of the band 3 [6]. The DSC thermograms of 
band 3 in detergent micelles (Fig. 3) show that the 
anion transporting domain denatures irreversibly. The 
reversible band 3 N-terminus transitions, which were 
relatively much smaller and occur within the region of 
the main C transition, cannot he identified under the 
experimental conditions of this study. 

The lower T m of band 3 in detergent micelles com- 
pared with the native membrane (T m ~ecreased by 6 
C °) suggests that the native membrane retards the 
band 3 denaturation process. The band 3 detergent 
micelles gave broader denaturation transitions com- 
pared with native membranes (peak widths at half- 
heights of 15 C ° for the detergent micelles compared 
with 8 CO in native membranes) indicating a reduction 
in the cooperativity of the denaturation process (re- 
duced band 3 domain organisation in detergent mi- 
celles). Similarly, previous authors have also found 
marked thermal destabilisation of the Ca2+-ATPase in 
deo~cholate solubilised preparations when compared 
with the native sarcoplasmic reticulum membranes [30]. 

The present results show that the thermostability of 
band 3 in detergent micelles was significantly de- 
creased (as indicated from the lower values of T m, see 
Fig. 4) in the presence of detergent compared with 
native membranes, but that there was no significant 
correlation between the length of the detergent acyl 
chain and the maximal thermal denaturation tempera- 
ture (Tin). Cl2-detergents and Triton X-100 were found 

153 

to g ve the highest values for F m indicating that band 3 
is more thermally stable in these detergents. These 
rest, Its were surprising since detergents have been en- 
visaged as being associated with membrane proteins in 
a si nilar manner to lipids; that is less constrained than 
in tile native membrane but with the acyl chains associ- 
ated with the protein hvdrophobic domain and the 
head groups occupying sites on either side of the 
prqlein hydrophilic surface [22]. Increasing or de~eas- 
ing th~ a~:yi chail~ length would then be expected to 
inh bit the ability of the detergent headgroups to oc- 
cu[iy the~e sites. Additional evidence suggests that a 
lar;i;e difference in ".he putative size of the protein 
hyc~rophobic core ~4.2 um for ba,zd 3 [23]) and the 
hyc[zophobie moiety of the detergent (1.16 nm for CitEs 
[24~]) are not optimally matched but are probably better 
for ~ Ci2-detergents and Triton X-100. An alternative 
mendel of detergent membrane protein interaction 
wh]ich could account for these observations shc~vs that 
the optimal matching between the protein and deter- 
gellt molecules can only be obtained if the detergent 
molecules form a prelate or monolayer ring around the 
protein hydrophobic core; the detergent acyl chains 
wculd be orientated perpendicularly to the hydropho- 
bit: core unlike the lipids in an extended bilayer [25]. 
Although Triton X-100 is structurally different to the 
pclyoxyethylene type detergents it is still classed as an 
in':ermediate size detergent (micelle aggregation size 
similar to the Ci2 polo~ethylene type detergents) 
which probably accounts for its similar effect on band 3 
stibility as the C,2 detergents. Evidence from previous 
studies on the Ca2+-ATPase also shows that detergents 
of intermediate size (C,2 and Triton X-100) are opti- 
mal for retention of activity of the detergent solubilised 
rr embrane proteins [31]. 

Under the conditions of high protein concentrations 
used in the present investigations we propose that the 
protein wiil be oligomeriscd. However, we have not 
cbserved any significant changes in the T m values of 
highly oligomerised band 3 samples. In subsequent 
transport studies, identical band 3 detergent solubilised 
preparations, that were reconstituted into phospholipid 
vesicles, were found to be fully active as shown by 
> 90% DIDS inhibited sulphate transport. 

Two band 3 populatio:ts were observed on DIDS 
~inding: DIDS sensitive a~ s~own by the increased 

Ihermostability of the C transition and DIDS insensi- 
live. A possible reason for the existence of these two 
band 3 populations coul0 be that the existence of 
different oligomers of band 3 in detergent micelles 
have different binding affinities for DIDS. It is po~c, ible 
that higher oligomers of band 3 exist in a conformation 
that restricts the access of DIDS to the binding site. 
We are at present investigating DIDS binding to differ- 
ent oligomers of band 3 using analytical centrifugation 
and non-denaturing gel electrophoreisis. The C transi- 
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tion of  de tergent  solubilised band 3, in the absence of  
DIDS,  does not appear  to be significantly effected by 
the oligomeric state of  the protein. Band 3 is believed 
to exist in a monomer -d imer - t e t e t r amer  equilibrium in 
Tri ton X-100 [14] but only one transition was observed 
in the non-DIDS containing samples  by DSC (Fig. 3b). 
Thus,  band 3 appears  to be behaving like a globular  
protein, where  oligomeric state has been found nat  to 
significantly affect denatura t ion tempera tures  [13]. 

The  finding that sirail~:r values o f  enthalpy were 
observed for the C transition of  intact band 3 and the 
T M D  in CI2E s mieelles suggests that there is little 
significant change in the secondary structure of  the 
t r ansmembrane  region upon the removal  o f  the N- 
terminal  region of  the protein. However ,  the difference 
in the T m values obtained for the two prepara t ions  ( the 
T M D  in CI2E 8 micelles gave a Tra value reduced by 
approximately 12 C ° when compared  with intact band 3 
in the same detergent)  does reflect a cooperat ion be- 
tween the two domains  o f  band 3 in the main tenance  
of  the T M D  conformation.  Given that  little difference 
is observed between the enthalpy values for intact band 
3 and the T M D ,  it would appear  that  this cooperativity 
involves interactions at the tertiary ra ther  than at the 
secondary structural level. 

The  failure to observe any correlation be tween the 
T m values with AHanr, in Table  I suggests that  deter-  
gents  may  al ter  the intrahydrophobic contacts, but  do  
not suppress H-bonding capabilities within the trans- 
m e m b r a n e  region of  band 3 (Tri ton X-100 and CI2E  8 
give similar T m values but different enthalpies,  see Fig. 
2 and Table  I). Similar thermodynamic  results were  
obtained with lysozyme in different alkyl chain length 
alcohol-water mixtures [29]. 

The  studies repor ted  here give an indication of  the 
relative stability of  different de tergent  m e m b r a n e  pro- 
teins. Such information would be important  in isola- 
tiGn, purification and reconstitution methods  for m e m -  
brane  proteins and may thus help in defining optimal 
condition for crystallisation of  m e m b r a n e  proteins. 
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