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Y I make the wildest theories, Ic(nncct'mg up the test tube reaction with
broadest philosophical ideas, but spend most of my time in the laboratory, playing with
living matter, keeping my ;:‘\yes open, observing and bursuing the smallest detail. The
theories serve to satisfy the mind, prepare it for an "accidénr." and keep one going. I must

admit that most of the new observations I made were based on wrong theories. My

¢ \ / T =
theories collapsed, but something was left afterwards.” ' A
| _ Albert Szent-Gyorgy

A 1893-1986  °

o
»
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~* Tt doesn't matter if you fall down as long as yo!p\ic;‘?p gmething from the floor .

k4

while Jou get up. . : B
Oswald T. Avery :

1887-1955
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‘ ,ABSTRACT
Band 3, the major integral ‘membrane glycoprotcm of human’ cxythrocytes (Mr =—.
+95,000), catalyzes exchange of chlorldc and bxcarbonaxc in vivo. This anion cxchange is
specifically mhlbltc\d by stilbene disulfonates. When added to intact erythrocytes, these
inhibitors bind specifically to Band 3 and bring about complete inhibition of a-nior}
exchange when bound at 1:1 stoichiometry. |
The present investigations were directed towards designing an affinity resin suitable
for Band 3 purification, for studying inhibitor-protein interaction and for identifying Band
3-like proteins ffom non-erythroid tissues. Of the various ligands and spacer molecules
tested, an affinity resm prepared By reacting 4- acetamido-4' -1sothlocyanost11bcnc -2,2-
disulfonate (SITS; Ki = 10uM) ‘) Afﬁ Gel 102 was found to bc most effective. The
solubilized Band 3 bound to the resin and pure Band 3 was subscqucmly recovered with |
mM 4-benzamido-4'aminostilbene-2,2'-disulfonate (BADS; Ki = 2uM). Optimal binding
of Band 3 was achieved at 4 °C with SITS attached to a 6-atom hydrophilic spacer
molecule. At 4 °C, Band 3 was weakly bound to the resin and was eluted by BADS. At
37 °C, it was fapidly converted to‘a strongly bound state not elutable by BADS. The
strongly bouixd state was ﬁsp obtained b3_’ prolonged incubations‘at 4 °C. Thus, for
successful 'pufiﬁcation of Band 3 protein by affinity chromatography, the experiment
should be carried gut quickly at low temperatures. | 3
In order to study ligand-protein interactions, Band 3 was partially labelled with
4,4'-diisoﬂ3iocyanost§bcnc-2.2'-disulfonate (DIDS). Band 3 dimers, covalently labelled
with DIDS in c{nc monomer, bound to SITS-Affi-Gel 102 but did not achieve the strongly
bound state. This suggests that the strongly-hound c_onformation is achieved only when
both monomers ate fiuicﬁonany intact. Band 3, oovaleﬁuy ified with citrate at the
inhibitor binding site, bound poorly to the resin but was converted to the strongly bound
fmm at 37 °C, thereby suggestmg that the residue mvolved in the initial weak binding was
‘not un_portant in achievmg'tbe strong binding. Studies thh Band 3 in situ showed that

vi N
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both the intact erythrocytes and the rightside-out vesicles bound to immobilized SITS and

therefore the inhibitor binding site was accessible to the immobilized ligand. The binding

X was mediated via the Band 3 protein and was inhibited in the prcscncc of excess free ligand

or when the crythrocytcs were covalemly la&llcd with DIDS. Insxdc out vesicles showed
some degree of non-specific bindmg to thc affinity resin.

Proximal tubules of mammalian kidney cxhil.)it stilbene disulfonate-sensitive anion-
exchange systems both on the luminal and contraluminal sides of ihe epithelium. A single
polypeptide (M, = 130,000) from dog renal brush border membranes was shown to
specifically bind to SITS-Affi-Gel 102 and eluted by BADS. 'Ijhis binding was abolished

‘in the presence of free BADS or when the solubilized membrane extract was labelled with

DIDS. This polypeptide bound to a m_xmbcr of lectins and was sensitive to endo-f3-N-
acetylglucosaminidase, suggesting it was a glycoprotein. This glycoprotein was
specifically lgbéllcd with [%I]-HszDS. The data conglusively shows that ghc 130-kDa
glycoprotein is a stilbene disulfonate bindi ‘, protein and therefore makes a strong

o

candidate for the putative anion exchanger from kidncy.

vii
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I INTRODUCTION

A. Biological Membranes

_ Cells, both prokar;otic and cukaryotié. are scp%atcd from the environment by a
barrier composed of lipid and protein molecules. This barrier, the biological r\ﬁcmbranc. is
not just a rigid physical structure that protects the cellular world from the outside, but it also
provides and regulates a viable link of communication between these two wo(rlds_; In
prokaryotes and in unicellular organisms, biological membranes keep toxic material from
entering the cell and allow the specific entry of nutrients. In cukafyotcs and in highly

evolyed organismgy; biological membranes in addition to the above functions, maintain a

flow of inforrflation between various cells.” Within the cukaryotic cells, biological
membranes also establish discrete compartments, intracellular 6rgancllcs, and prevent the
random mixing of the contents of one compartment v w1th those of another, thcreby creating ‘
and maintaining order witﬁin a cell. In. short, biological membranes maintain a healthy
in{accllular environment ena.bling the chemistry of life to procccd without ‘obstructions and
prepare a cell's response t@ the changes in its environment. Without the proper functioning

‘of biological membranes the viability of cells }:an not be supported.

1. Membrane Structure -

How do the membranes carry out these complex and sometimes opposite functions
(e.g. facilitating enn'j of certsin molecules while preventing the others from entering thé :
cell)? The key to answering these questions lies in understanding thc basic stmcﬁm of the
bnologlcal membrarie. One of the earliest insights into the structure of membrancs came
~ from the experiments of Gorter and Grendell (1925) who erroneously came to the correct
conclusxon that the red blood cell mcmbranes contained sufficient lipid to form a bilayer.
The hydmphobxc nature of the lipids prov:ded a pexmeability barrier to water soluble
molecules. 'It was, however. for Danielli-and Davson (1935), from permeqbihty. surface

"
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tension and electrical conductivity measurements, to propose the first model of membrane -
structure that was to have the most %mpact on the understanding 6f the organization of ’
bidlogical membranes. They propo;ed that membranes were made of a phospholipid
bilayer sandwiched between two layers of proteins. Later, Robertson (1959). based on
interpretation of electron microscopic and X-ray diffraction studies of the membranes,
pm&cmcd the unit membrane hypothesis. This model viewed all biological membranes as
having the same ‘unit' structure composed of three laminae (the outer l.aycr of mucoprotein, )
the middle layer of phospholipids and the inner layer of unconjugated proteins). The
protein molecules were thought to be present inﬁn extcndtfii_ (B) conformation covering the
Fncmbranc surface. The currently favoured vi\cw, however, and which is also r;xost
consistent with the present day knowledge, was forwarded by anger and Nicolson (1972)
in their fluid mosaic model of the cell membranes.
2. TRe Fluid Mosaic "Model h

e fluid mosaic model tells us that biological membranes are highly dynamic
- structures. The phospholipid molecules, together with other lipid comp3nents such as
cholesterol and glycolipids, are oriented roughly perpendicular to the plane of the
membrane with their polar head groups facing the exterior of the membrane and\the
hydrophobic tails buried within the bilayer. The phospholipid bilayers ar ﬂu?d.
Membrane fluidity is a rather iuzefined term for 'dcscribi.ng the 'ﬂuid' nature of the lipid
bilayer. The mcasuré of membrane-fluidity is determined by the order parameter and the
lateral and rotational diffusion coefficients of the lipids. The fluid nature of the bilayer
allows rapid 1atéfal diffusion of lipids in the plane of the membranes (McConnell and
Komberg, 1971). The transbilayer movement of lipids, from oné leaflet of the bilayer to
the other leaflet, also occurs although véry slowly (Op d;:h Kamp, 1979). The proteins are
. globular in nature and often, but not always, inserted into and through the phospholipid

bilayer thereby being exposed on both sides of the membrane. The fluid nature of the lipid
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matrix allows rotational as well as lateral motions of the proteins in the plane of the
membranes (Frye and Edidin, 1970; Bretscher, 1980). The proteins that pcn‘etratc the
membranes (integral membrane proteins) are associated with the bilayer via hydrophobic
interactions. They can be usually, but not always, isolated in the native form from the
membranes using nonionic detergents. The Cprotein‘s that are vattachcd to the surface
(pen'pher; membrane proteins) are associafcd with the bilayer via electrostatic, interactions.
They can be easily detached from the membrancs by changing the pH or ionic conditions.
Finally, the distribution of ‘the individual lipid species and the’ proteins in the twc;
monc;laycys of the membrane bilayer is not identic;al. Thus, the biological membranes are

asymmetric with respect to the lipid and the protein distribution across the two halves of the

membranes.

B. The érythrocyte Membrane

The plasma membrane of the human erythrocyte has been cxtcnsiv'elyx studied and is
one of the best characterized and best understood eukaryotic cell membranes. The
erythrocyte possesses the particular advantage that the only membrane present is the plasma
membrane Also, the erythrocytes are readlly gvailable, and the mcmbrancs can be
obtained casﬂy and rapidly by simple hypotonic 1ys1s and subsequent washcs to remove thc
cytoplasmic conténts (especially hcmo,globm) Thls procedure yields a "white fraction of
pure plasma membra.ne termed crythrowte 'ghosts'. Moreover, sealcd vesicles of cither
drientation can ‘easily be prepared from such ghost membranes to study the sidedness of the
* membranes. No other system eukaryotic or prokaryonc, provides all these advan\tlagcs

1. Proteins
a. Structure
Smce the time Weber and Osborn (1968) and later Laemmh (1970) imrodqced the

useofSDSfortheelecmphomncsepmﬂonofpmns,ayﬂmcywmembrmprmﬂsmA
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particular and membrane proteins in general, have been extensively investigated. An

electrophoretic pattern of érythrocytc membrane proteins, shows the presence of 7 major
bands (Fig. [.1). ' Initially they were classified according to their degree of migration.
To\iay we know that Band 1 and Band 2 protciﬁs are the o and J3 ‘subunits of Spcctrin'
which together with actin, form the bulk of the cytoskeletal network. Band 3, an integral
membrane protein, is the anion exchange prdtcin and also a site fo‘t the cytoskeletal
attachment to the membrane. Band 4.1 and 4.2 proteins are the components of the
cytoskeletal network. Proteins migrating in the area of 4.5 are involved in sugar and
nuclcosjdc transport. Band § is .actin, a n?ajf)‘r\componcm of the cytoskeletal neR:vérk.
Band 6 is glyceraldehyde-3-phosphate dehydrogenase whicH ‘a\ssociatcs with the
erythrocyte mémbrane via ionic interactions. Little 1s l;nown aboui Band 7 except that it is
an integral membrane protein (Fairbanks et al, 1971; Stecl.(, 1974; Marc:A&, 1985; Jay andk

Cantley, 1986).

1) Spectrin

The main component of the cytoskeletal ‘nctwork,' spectrin, exists as a hetei‘odimer.
(aP) of about 460,000 daltons. The two subunits associate side-to-side to fyrm a flexible
rod of approximately 1,000 A in length (Branton et al 1981; Spclchér 1984). Both _
subunits consist of 106 ammo acid long repeating subsegments. Each subsegment could
form a closely packed triple helical unit (Speicher and Marchesi, 1984). Spectrin binds to
ankyrin, a component of the cytoskeletal hetwork via Bisul_)unit (cha;ve'r‘ct al,1984), 1o
protein ¢ 4 1 (Tyler et al, 1980) and to actin (Fowler ¢t al, 198‘i) Spectrin is phdsphorylatcd
in B subunit although the precxse role of phosphorylation is unclear (Harris and Lux,
" 1980). Spectrin, isolated fmm patients with hereditary blood disorders, showsa dccreased

capacity to self asscmble into higher oligomeric forms’ and a few other abnormalmes

(Knowles et al, 1983; Zail, 1986; Pothier et al, 1987).



Figure 1.1

SDS-polyacrylamide gel of the human erythrocyte membrane ‘proteins.
Elcctrophoresfs was performed on a 109-6 gel using the Laemmli buffer system. Numbers
on left show the 7 major bands observed when stained with Coomassie-Blue. Numbers on

right refer to molecular weights of the major proteins.
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2) Ankyrin

Ankyrin was the first protein to be shown to mediate spectrin binding to the
cytoplasmic face of the erythrocyte membrane (Bennett and Stenbuck, 1980). A mult-
phosphorylated 210 kDa protein, it binds to f} subunit of spectrin and to the cytoplasmic
domain of Band 3 , the major integral membrane protein of the erythrocyte membrane
(Hargreaves et al, 1980). The association between ankyrin and spectrin 1s sensitive to low
ionic conditions whereas ankyrin-Band 3 complex can be dissociated only at high ionic
strength (Bennett, 1983). Functional implication of its large size and the phosphorylated

state are yet unclear (Marchesi, 1985).

3) Band 3

The major integral membrane protein of the erythrocyte membrane, Band 3 migrates
as a diffused band of 95 kDa on a SDS-gel. It has an amino-terminal cytoplasmic domain
which acts as an anchqr/sitc for binding hemoglobin, ankyrin and other proteins (for
review see Low, 1986). The carboxyl-terminal domain of Band 3 protein crosses the
membrane bilayer several times and mediates the anion—cxchanéc (for a review see Jay and

g

Cantley, 1986). A detailed discﬁssion of this protein follows at the end of this section.
4) Band 4.1

A dimer of tyo almost identical proteins (80 kDa and 78 kDa) Band 4.1 is
increasingly becoming the focus of many investigations. Recently, these two subunits
have been shown to be generated by altemative splicing of mRNA coding for Band 4.1
(Conbody et al., 1987). Besides its‘ association with Band 3, Band 4.1 binds to actin and
spectrin and seems to promote associations tetween these two cytoskclc;al elements
(Ohanian, et al, 1984). It does'not bind to the separated subunits of spw&in, but needs the
presence of both subunits to form a stable complex (Cohen and Langiey, 1984; Coleman et
al, 1987). Thus, it seems to play a pivotal role in. the assembly of the cytoskeletal network. |

LA



It has afso been shown to associate with glycophorin, an integral membrane protein, and
this association is shown to be mediated vid' a polyphosphoinositide (Anderson and
Marchesi, 1985). Functional implications of such associations are exciting since the

~

polyphosphoinositides are known to act as second messengers (Puttney, 1987).

S) Band 4.5

Band 4.5 is comprised of a hetcrogenous population of glycoproteins of the
erythrocyte membrane with a molecular weight of around 55 kDa. They are present in
small amounts and their glycoprotein nature makes them migrate on a gel as a diffuse band.
The two best characterized functional activities associated with Band 4.5 proteins are the
glucose transport and the nucleeside transport (Wheeler and Hinkle, 1985; Plagemann and
Wohlhueter, 1980). Glucose transporter from human hepatoma cells has been cloned and
the amino acid sequence deduced (Mueckler et al, 1985). It is suggested that this protein
has 12 membrane-spanning dohains and is highly homologous or may be identical with the
erythrocyte membrane glucose tra;lsportcr. Due to extremely low amounts of the
nucleoside transporter in the erythrocyte membrane, it has proved a difficult protein to

characterize structurally.

6) Actin

A monomer of 45,000 daltons, actin is predominantly present as sp‘o ( igomers of
15-20 monomers associated -with the inner face of the erythrocyte mcmbﬁﬁe. Less than
10% of the actin is fouﬁgi in monomeric form (Pinder and Gratzer, 1983), while the bulk of
the actin attached to the membranes is in a filamentous form. Actin can bind to spectrin in
the absence of protein Band 4.1, but the addition of Band 4.1 makes spectrin-actin-protein
4.1 complcx far more stable than spectrin-actin complex. Spectrin and actin interact to
form a,two-dimensional network and pmtcm 4.1 stabilizes and links the nctwork to the

inner surface of the crythrocytc membrane (Marchesi, 1985). Besides binding w1t.h spectrin

'



and protein 4.1, actin’s association with the membrane also seems to be stabilized by
erythrocyte tropomyosin (Fowler and Bennett, 1984) and a new, as yet uncharacterized
protein, Band 4.9 (Siegel and Branton, 1985).

Two other major erythrocyte membrane proteins are glyceraldehyde-3-phosphate
dehydrogenase (Band 6) and Band 7 protein. Glyceraldehyde-3-phosphate dehydrogenase
is a glycolytic enzyme and like several other.glycolytic enzymes, it associates with the inner

«¥ side of the membrane via Band 3 protein (Low, 1986).

7) Glycophorins
Glycoproteins generally do not stain well with Coomassie Blue stain, but are easily
visualized by periodic acid-Schiff (PAS) stain or by Stains-All. When the erythrocyte
membrane proteins are separated by SDS-PAGE and stained with PAS stain, one major
and several minor bands are observed. The major band, also known as sialoglycoprotein
or glycophorin A is ‘an integral membrane protein with a molecular weight of 31,000. It
spans the membrang only once with a heavily glycosylated (about 60% carbohydrate by
weight) amin&tcr:jn/al domain on the extra-cellular side and a short carboxyl-terminal
segment on the cytoplasmic side (Marchesi et al, 1976). It .contains l3& amino acids and
carries the blood group-M and -N antigens of the human crythrocyté (Lisowska and
Duk,1975). Recent evidence indicates that it is also. linked with the cytoskeletal network
via protein 4.1 (Anderson and Marchesi, 1985).
| The minor glycoproteins, glycophorin B and glycophorin C, have recently been .
cloned and théir amino acid sequence determined (Colin et al., 1986; Blanchard et al., ’
1987; Siebert and Fukuda, 1987). Glycorhorin B carries the Ss blood group antigens and
shows extensive amino acid homology with that of glycaphorin A (Blanchard et al., 1987)
but these éwoProteins are encoded by separate single copy genes (Siebert amd Fukuda,
198). Glycophorin C is 128 amino acids long and carries the blood group Gerbich
r
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antigens (Siebert and Fukuda, 1987). The glycophorins may also be involved in

maintdihing membrane deformability and mechanical strength (Reid et al, 1987).

b. Function and Distribution ' \

The membrane asymmetry with respect to proteins is absolute. All integral
membrane proteins are oriented in the membrane in only one direction. Band 3 molecules
have both their termini on the cytoplasmic side of the erythrocyte membrane. Glycophorin
A has its amino-terminus to the outside and the carboxyl-terminus on the inside of the
membrane. All the peripheral proteins are associated with the ICytosolic side of the
membrane via the cytosolic portions of integral membrane proteins. Glycoproteins have
their oligosaccharide chains facing towards the outside of the membrane.

Spectrin, actin, ankyrin, protein 4.1 are all components of the cytoskeletal network
and are important in maintaining erythrocyte shape, deformability and mechanical strength
during the erythrocytes' turbulent journey through the blood capillaries. Recently, the
cvtoskeletal network has undergone intense investigation as tb its‘functional role in the
normal erythrocytes as well as in various blood disorders. This and other aspects of the
cytoskeletal network have bcen reviewed recently (Marchesi, 1985; Zail, 1986). The
integral membrane proteins of the erythrocyte membrane, with the exception of glycophorin
A, are mostly involved in transport of various solutes. Glycophorin A is involved in

antigenic identification.

C. Band 3 Protein
1. Introduction

The term Band 3 was assigned in 1971, to a protein of unknown function that
migrated as a diffuse band with a rﬁqlccular weight of 95,000 daltons (Fairbanks et al, '
1971). In 1974-75, it was idgntiﬁcd as the protein involved in the transport of anions

across the erythrocyte membrane (Cabantchick and Rothstein, 1974; Ho and Guidott,

\
£y
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1975). From earlier studies it was inferred that the anion exchange in erythrocytes was a -

protein-mediated process and that it was inhibited by a family of compounds known as
stilbene disulfonates (Knauf and Rothstein, 1971). Using n;n-pcnctrating stilbene
disulfonates, Rothstein's groups demonstrated that in intaci erythrocytes these compounds
selectively labelled the Band 3 protein. Moreover, there existed a linear relationship
between inhibition and binding (Lepke et al,1976; Ship et al, 1977). Finally, purified Band
3 protein was inserted into liposomes and showed to facilitate anion-exchange (Ross and
McConnell, 1977, 1978; Rothstein et al,, 1975, Lukac®wic et al., 1981).

It was soon realized that exchange of anions was not the on}y activity performed by
this protein. The Band 3 protein was shown to bind several glycolytic enzymes (Yu and
Steck, 1975a), hemoglobin (Shaklai et al, 1977) and to the cytoskelefal network
(Hargreaves et al, 1980). It is now believed, based on some recent observations, that Band

;ragin also facilitates water and urea transport aéross the membrane (Solomon et al,

983), may carry the blood group specificity Rho-D (Victoria et al, 1987) but not the
specificity for Kell Blood group (Rcdeman et al, 1986). The Band 3 protein is also thought
to ge the senésccnt antigen that helps in the ;'emoval of aged or abnormal crythrdcytes (Kay
et al, 1986; Winograd et al, 1987). Recent evidence indicates that the dcfcét in cystic
fibrosis involves chloride transport in various epithelial cells. However, the role of Band 3
protein jn cystic fibrosis is not clear. Using ‘immunohistochemical techniques, Hazen-
Martin et al, (1986) found no diffcrenccs in the pattern or intensity of Band 3
immuﬁonwéﬁw in sweat dugt cell membranes of normal and cystic fibrosis samples.
>Also, erythroéytes from cystic fibrosis patients showed normal chloride transport activity
(R. Reithmeier, unpublished observation).

' 'The natural abu.f the protein together with its functional diversity has made’

the Band 3 protein one of the most wxdely studied membrane proteins in the-last decade

Presently, only the anion tmnsport related structural and fnncuonal properties of Band 3

will be discussed in detail. A comprehcnswe review on the interaction of the Band 3

®
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protein with the glycolytic enzymes and the cytoskeletal network has been recend’ written
!
by Low (1986). Some recent reviews on the other aspects of Band 3 are also available

(Jennings, 1984; Jennings, 1985; Passow, 1986; Jay and.Cantley, 1986).
;e .

2. Isolation

There exist many biochemical purification procedures for preparation of large
quantities of Band 3 protein. It is the most abundant prot;in in the erythrocyte membrane.
With 1.2 X 106 molecules per cell, it makes up to 25% of the total mcmbranc protein
(Fairbanks et al, 1971). Band 3 protein is an integral membrane protein and after .sclcctive
removal of the peripheral membrane proteins (mainly spectrin) by low ionic strength or
high pH, the Band 3 pfotein can be enriched up to 70% of the membrane proteins (Jay'and
Cantley, 1986). The peripheral membrane proteins can also bc stripped by incubatien with
acetic acid, KI or KBr (Grinstein_et al, 1979; Bennett, 1983). Further purification is
achieved by solubilizing the Band 3 jprotein in nonionic detergents and separating it from
the rest of the proteins by chroﬁ'ﬁtograghic techniques such as anion exchange; (Yuand
Steck, 1975a; 1975b), p-chloromercuribenzamido eth3'1 agarose (Lukacovic et al, 1981)
affinity chromatography with Concanavalin A-Sepharose (Findlay, 1974). These
procedures generally yield reasonably pure Band 3 protein (at least 95% by SDS-PAGE) in

milligram amounts.

7 v
3. Size and Composition
When analysed on a SDS-gel, Band 3 protein migrates as a broad diffuse band of
. 95,000 daltons (Fig. I.1). The diffuse nature of the baﬁd is4in part due to its glycoprotein
nature (Drickamer, 1978), and due to héterogeneity of the oligosaccharide chains (Jenkins
and Tanner, 1977). | |
In vivo organization of Band 3 has been a focus of many studies (Jennings, 1984).

Early observations that Band 3 in nonionic detergents sediments as a dimer indicated that
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Band 3 might exist as non-covalent dimers (Yu and Steck, 1975a). Reithmeier (1‘979)
suggested that this interaction was probably mediated by the membrane beund domain
since the proteolytic removal of the cytoplasmic domain did not affect the dimeric state.
Using cross-linking reagents such as DTBP (Wang and Richards, 1975) or Cu**ao'-
phenanthroline at 0 °C, it was shown that Band 3 is exclusively cross-linked to dimcfs
(Reithmeier and Rao, 1979). A photoactivable cross-linker with a half life in millisecond
timescale also cross-links Band 3 to dimers suggestiﬂg that the dimcr formation was not
due to random collision (Khiem and Ji, 1977).

More recent expeﬁments by Schubert and coworkers, however, indicate that \\.rhen
solubilized in highly purified nonionic deteégents,-Band 3 exists in reversible equilibria
between .monomers, dimers and tetramers (Pappert and Schubert 1982, 1983; Schu@t et
al, 1983). They attributed earlier results suggestive of dimer association to traces of
contamination present in the commercially obtained Triton X-100. Other techniques such
as fluorescence resonance energy transfer (Macara and Cantley, 1981), freeze fracture
_electron microscopy (Weinstein et al, 1980) have verified the dimeric associatio‘n but also
suggested the presence of tetrameric species in the membrane. Most recent studies, that
mvolve the techmc;ue known as target size analysis on the radiation mduced-macnvano,n
have demonstrated that Band 3 exists in the membranes as a dimer of 220,000 dalténs 4
(Cuppoletti et al, 1985). Thus, although this problem is not totally settled, it seems that in ‘

the membranes Band 3 exists predominantly as dimers and to a small degree as higher

oligomers (Jennings, 1984).

4. Major Proteolytic Fragments
a The Band 3 protem can be cleaved in situ into a number of well-defined prowolync
fragments A recently proposed (Jay and Cantley, 1986) nomenclature for proteolytic
fragments is used in this presentation. It has a three-unit code and the first umt represents

the reagent used to generate the amino terminus. TPe second unit represents tbe reagent

N - s
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used to generate the carboxyl terminus. The third unit represents approximate molecular
weight of the ragment in kilodaltons. If the fragment is generated from either termini of
the protein, the letter N or C appears as the first or the second unit.

A number of well defined fragments (Fig. 1.2) can be obtained by in situ proteolytic
digestion of Band 3 protein (Drickamer, 1976; 1977). Externally added trypsin (Tr) does
not cleave Band 3, whereas on the cytoplasmic.face it cleaves Band 3 to form NTr-40 and
TrC-55 (Yu gnd Steck, 1975b; Grinstein et al, 1978). The NTr-40 is the soluble
cytoplasmic amino-terminal domain and irs released from thé membrane as a result of the
trypsin treatment. The TrC-55 is a hydrophobic membrane bound carboxyl-terminal
domain and it remains associated with the membrane after the protease treatment. The NTr-
" 40hasa trypsin sensitive site that results ‘in formation of two fragments, NTr-23 and TrTr-
20 (Kaul et al, 1983). The amino g¢id sequence of 201 amino-terminal amino acid residues
has been reported (Kaul et al, 1983). All the known cytoskeletal elements, glycolytic
enzymes and hemoglobin attachments sites reside in this fragment (Low, 1986).

The membrane bound TrC-55 still retains the anion translocation activity of the
native Band 3 protein (Grinsteir; et al,, 1978) and can be further cleaved by externally
added chymotrypsin (Ch) to form fragments TrCh-I:l and ChC-35 (Drickamer, 1976;
Jenkins and Tanner, 1977). | These two fragments retain a stable interaction in the
membrane and also retain the anion translocation competence (J enhings and Passow, 1979; «
Reithmeier, 1979; Grinstein et al, 1978). The TrCh-17 can be further reduced in size by
internal chymotrypsin (Ramjéesingh et al, 1980a) or cleaved by treatment with cyanogen
bromide to form TrCn-6 and CnCh-11 (iVl(wb'y and Findlay 1983). The Ch’C-35 can be .
further cleaved by external papain to form f‘ragments ChPa-8 and PaC-28 (Jennings et al,
1984). The papaiT treatmen't results in: the loss of anion translocation activity presumably
from inhibition of the efflux step in the catalytic cycle (Jennings and Adams, 1981). The
proteolytig fragments can be purified and further cleaved by various chemical agents to
form peptides as small as 2 kDa (Stgck et al, 1978; Ramjeesingh et al, 1982).

,
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Fig. 1.2 Proteolytic Fragments of Band 3 '
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The nomenclature for fragments is a three-subunit code described in text. The
first unit represents-the amino terminus and the second unit sents the
carboxy terminus of the fragment; the third unit is the size of the fragment in
kilodaltons. Abbreviations used are: C, carboxy terminus; Ch, chymotryptic
cleavage site; Cn, cyanogen bromide cleavage site; N, amino terminus;

-

Pa, papain cleavage site; Tr, trypsin cleavage site.
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When intact erythrocytes are treated with chymotrypsin, Band 3 protein is cleaved
to form fragments NCh-68 and ChC-35. The NCh-60 can be cleaved by internal trypsin to
form fragments NTr-43 and TrCh-17. The ChC-35 fragment éarrics the total Band 3
carbohydrate linked to a single asparagine residue (Drickamer, 1978). This site has been
further localized PaC-28 (Jennings et al.,1984). Using a novel technique of end-labelling,
Jay (1986) has mapped this site to less than 300 residues from the éarboxyl-terminus of
Band 3. The oligosaccharide chain contributes to the Band 3 molecular weight by approx.
6,000 and binds to wheat germ agglutinin (Tsuji et al., 1980). The structure of the cntirel
oligosaccharide chain for both adult and fetal forms of Band 3 has been elucidated by
Fukuda et al. (1984a, b) by meth.ylation, exoglycosidase digéstion and fast atom
bombardment mass spectrometry. "(/fhe adult form has two or three pc;lylactosaminc side
clains attached to the core protein via an agsparagvinc residue. Mouse Band 3 has two
pc;tcntial résiducs for glycosylation, Asn-611 and Asn-660 (Kopito and Lodish, 1985).
Each polylactosamine chain is composed of (GalB1—~4GIlcNAcB1—3) preating units that
terminate with galactose, fucose or sialic acid (Fukuda et a].b 1984b). |

5. Amino Acid Sequence

Sinc; the membrane proteins contain long hydrophobic stretches, the classical
protein sequencing techniques cannot be applied with great successl However, the amino-
terminal cytoplasmic domain being hydrophilic, the first 201 amino acid residues were
successfully sequenced using the protein s-;,qucncing techniques (Kaul et al, 1983). Small
stretches of membrane domain Such as, the amino-terminal 37 amino acids of the fragment
Cnéh-ll (Mawby and Findlay 1983) and the 72 amino acids of a papain subfragment of
the fragment ChPa-8 (Brock et al, 1983; Brock and Tanner, 1986) have also been
sequénccd. * ” .

Kopito and Lo&ish (1985a) have published complete amiho.acid sequence of
murine Band 3. They isolated murine Band 3 mRNA and constructed a cDNA library in.

1
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the expression vector A-gt 11. The mouse Band 3 is 929 amino acids long and is almost
identical or strongly homologous with known sequences of the human Band 3 protein,
The amino-terminal 50 amino acids, howevér, show very little homology. 'i‘his region of
human Band 3 provides the binding sites for the glycolytic enzymes (Murthy et al, 1981)
and the mouse Band 3 does not sec:h to bind glycolytic enzymes (Kopito»and Lodish,
1985a). The amino-terminal domain qf human Band 3 is highly acidic and is'suggcstcd to
bind to positively charged regions of glycolytic enzymes. The amino-terminal domain of
mouse Band 3 is less acidic than that of the human Band 3. It has recently been shown that
the murine Band 3 gene is present in a single c';(\)py with 19 interyening sequences (Kopito
et al, 1987a). There also exists a good correlation betwéen the sites of the intron/exon
junctiong with the predicted structural features (e.g. the membrane spanning helices, B-turn
index) of Band 3. ~
The hydrophobicity index of_ murine Band 3 indicates that there are 1% pagential
membrane $panning domains. The fact that some of the analogous stretches in l::xmgn
Band 3 do indeed .spah the membrane bila__ycf has been experimentally verified using
various proteolytic and chemical labelling techniques (see Fig. 1.3; Jennings et al., 1986).
‘The known protein sequence for two hydrophobic fragments of human Band 3 are almost
identical with the respective sequences of the murine Band 3 (Kopito and Lodish, 1983;
Brock et al., 1984). Th‘is may indicate that these hydrophobic strctch]xcs are important in
Stransport site structure. Dcspifc the 51m11af'1ty between the membrane | mains of these two
proteins, there are alo some m;table differences. The fragment Tih-ﬂ from hupuan
Ban:I 3 has two histidines (Steck-et al, 1978), the corresponding region of mouse Band 3
" has none. Thus, interpretation of the structural or chemical information obtained for human
-Band 3 in'terms of the murine Band 3 sequence should be made with caution (Jay and

Cantley, 1986).

o



Figure I. 3. A model for the proposed transmembrane orientation of Band 3.
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The medel is based on the experimentally verified sites of chemical labelling and
proteolytic cleavage of human Band 3 and on the hydropathy plot of the murine Band 3
sequence. Arrows show the precise location and numbérs refer to the residue number of a
site. Abbreviations used are: Ab, anti-carboxy terminal antibodies binding site; C,
chymotryptic cleavage site; DIDS, covalent stilbene disulfonate labelling site; I, iodination
site; Me, reductive methylation site; Pa, papain cleavage site; Pe, pepsin cleavage site; T
trypsin cleavage site. ! : -
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6. Chemical Modifications
a. Covalent Modification with Stilbene Disulfonates
The usefulness of chemical modifications in the structural and functional
characterization of Band 3 protein camiot be vveremphasized. It Was this approach-
(covalent modification of Band 3 protein with stilbene disulfonate and p-’sulfophcnyl'
isothiocyanate) that idcntiﬁed'mis, protein as the anion transporter of the human erythrocyte
mcmbrancs/.(Cabantchick and Rothstein, 1974; Ho and Guidotti, 1975)? Ir}dced the
’sg);‘)enc digulfonatcs have proved most useful in Band 3 research (Cabantchilg et al, 1978).
Whtl.n added to iﬁtact ég't'hrocytcs at neutral pH, DIDS reacts exclusively with Band 3 and
completely inhibits anion cxchangé when bound at a 1:1 stoichiometry (Lepke et al, 1976).
Using [3H,]H,-DIDS, synthesized by catalytic reduction of DIDS by‘[3H2] the reactiVe
site on Band 3 is identified as a lysine residue in the fragmcnt TrCh-17 (Grinstein et al,
1978) and has been mappcd to 7,000-9,000 daltons from the carboxyl-tcumnus of thc
fragment (Ram;ef:smgh et al._ (1980). This corresponds to either lysine-558 or 561 in thc.
murine Band 3-sequence (Kopito and Lodish, 1985). At alkaline pH (>9.0), DIDS cross
links TrCh-17 and ChC-35 fragments (Jennings ami Passow, 1979), The site of cross-
linking has been localized to the PaC-28 fragment (ennings et al, 1984). The kinetics of
DIDS créss-linlci_ng has been studied in detail by Passow and. his coworkers (Passow et al,
1982, Passow, 1986). Their results bsugg‘est that at low pH, DIDS reacts much faster with
Lys a (residing in the fragment,TrCh-17 or NCh-60) than with Lys b (in the fragment ChC-
35 or PaC-28). At ntutral pH most of the label is associated with Lys a. At no stage is the
inhibitor selely linked to Lys b. They propose that DIDS first binds non-covalently :t the
stilbene disulfonate binding site then reacts covalently with Lys a, and at a higher pH,

finally cross-links to Lys b.



'

20

b. Reductive Methylation
M Importance of Lys b in the transport activity was shown by reductive methylation

by Jennings (19824). Repeated treatments with formaldehyde and NaBHg reduces chlonde

transport by 75% and results in only partial inactivation of Lys a but total inactivation of

Lys b on the PaC-28 fragment. The methylation is believed to affect the rate of the
conformational changes associated with anion translocation but not anton binding

——

(Jennings,1982a).
g

c. Dmltrophcnylatlon ;

Many amino acids including lysine are sensitive to modification by 1-fluoro-2,4-
'dinitrobcnzcnc. About 80% inhibition of anion transport is observed when two
dinitrophenyl residues are incorporated per Band 3 molecule (Rudloff et al, 1983). In the
presence of a stilbene disulfonate only one dinitrophenyl residue is incorporated in the
protein (Passow et al, 1975). This lbst site has been located to a lysine on the TrCh-17
fragment (Rudloff et al, 1983) and is probably identical to Lys a (Ramjeesingh et al, 1981).
The sccoﬁd lysine has been locdted to the ChC-35 fragment but 1t is not identical tQ L‘;gﬁ

since its modification is not prevented by the presence of DNDS (Rudloft et al, 1983). An

\/

v

1mportam conclusion drawn from the dinitrophenylation experiments, in the presence of
different substrates and different inhibitors, is that Lys a at the stilbene disulfopate binding
site may exist in two different states with different reactivities (Passow, 1986). The rate of
dxmtrophcnﬂatlon which can be used as an indicator of the conformational state of the

protein, was different in the presence of different substrates and dlffcrent inhibitors

(Passow, 1986).
L »

.

d. Lysine- Modxfymg Reagents
Hydréphlhc sulfophcnyhsothxocyanatc is shown to react at the stilbene disulfonate

binding site on the Band 3 protein presumably with Lys a (Ho and Guidott, 1975;
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N\
Reithmeier and Rao, 1979). Pyridoxal 5-phosphate treatment, in the presence of NaBHy,

causes irreversible inhibition of anion transport. The pyrnidoxal 5-phosphate binding site
partially overlaps the H,-DIDS site (Cabantchik et al, 1975). Recently this site has been
located to a small 5,300 dalton peptide derived from the papain sensitive area of the ChC-
35 (Matsuyama, 1983; Kawano and Hamasaki, 1986) and could be Lys b. Pyndoxal 5-
phosphate does not react with Lys a and sulfophenylisothiocyanate does not react with Lys

b (Nann et al, 1983).

e. Arginine-Modifying Reagents

Two arginine specific reagents, 1,2-cyclohexandione (Zaki, 1981) and
phenyglyoxal (Weith etal, 1982a.c; Bjerrum et al, 1983) have been shown to modify two
different arginine residues and inhibit anion equilibrium exchange. These arginine residues
have been located to the ChC-35 fragment (Bjerrum et al, 1983). It is suggested that this
site partially overlaps the stilbene disulfonate binding site or is allosterically linked with the
stilbene disulfonate binding site. Phenylglyoxylation reduces DBDS binding in proportion
to the phenyglyoxal concentration and slows Hz-DIDS binding to erythrocytes (Passow,
1986). Involvement of the arginine residues in anion transport has also been suggested by
the pH profile showing titrable groups with pKas of approximately 11 (Wieth and

Bjerrum, 1982). Increasing the Cl- concentration reduces the rate of glyoxylation,
\

suggesting that the modified arginines could be the part of substrate binding site (Passow, o

1986). This conclusion has also been supported by the recent NMR experiments of Chan
and coworkers (Falke and Chan, 1986a).

f. Carboxyl-Modifying Reagents
Early indication that a carboxylic group may be involved in the structure of the
Band 3 active site came from the titration studies showing inactivation of Cl- self—cxchangc‘ \

with a pK of 5.2-5.4 (Wicth and Bjerrum, 1982). This inference was later experimentally



verified using a nonpenetrating carbodiimide denivative (Craik and Rcithmcicr,l 1984,
1985: Andersen et al,1983). Using tyrosine ethyl ester, the modified carboxyls have been
located to the fragment ChPa-8 (Bjerrum et al, 1983). There are two aspartates 1n the
sequence of the corresponding mouse fragment (Asp 625 and Asp 639).7 Papain digestion
releases the peptide fragment that houses these aspartates (Bjerrum et af, 1983). Since the
papain treatment ‘lcavcs the substrate site intact (Jennings and Adams, 1981), it can be
concluded that [i]c carboxyl residues are most likely the compon;:ms of the modifier sites.
Recently Wemer and Reithmeier (unpublished data) have observed a novel mode of
inhibition with carbodiimide. When Band 3 protein is incubated with carbodiimide in the
presence of citrate, the latter is incorporated in the protein and the most likely site is Lys a.
Jennings has recently shown, using activation of carboxyl groups —on the Band 3 protein by
Woodward's reagent K followed by borohydride reduction, that two glutamate residues
near the stilbene disulfonate site are necessary for the anion translocation (Jennings énd

Anderson, 1987). The glutamates are located to the ChC-35 fragment (Jennings,

unpublished dz}tp).

g. NAP-taurine

The photoactivable reagent NAP-taurine [N-(4-‘azido-2-nitrophchyl)-2-
aminoethylsulfonate] when irradiated forms a nitrene which is capable of forming a
covalent bond with aliphatic or aromatic amino acid residues. It is also a substrate for
transport by Band 3 and can inhibit competitively (Ki = 20 pM) from the cytoplasmic side
of the membrane (Cabantchik et al, 1976). The binding site has been mapped to the TrCh-
17 fragment (Knauf et al, 1978) and is shown to overlap the stilbene disulfonate binding
site by ‘zompctition between stilbene disulfcnate and NAP-taurine for binding to Band 3
(Macara and Cantley, 1981b). Recent experiments by Frohlich and Gunn (1987) also

' 4
suggest that these two sites overlap. Covalently attached Hz-DIDS from the outside
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reduces NAP-taurine’binding to Band 3 at the inner surface (Gninstein et al, 1979). Thus,

allostenc interaction between these two sites 1s also possible.

7. A Structural View of the Transport Site

In the absence of a crystal structure for Band 3 protein, one can only predict the
tertiary structure of the protein. Based on the structural studies on human Band 3
(discussed above) together with the hydropathy plots from the murine Band 3 (Kopito and
Lodish, 1985a), it is possible to construct a model of tertiary structure of Band 3 in
membranes. Kopito and Lodish (1985b) presented a model with 12 membrane spanning
domains arranged as amphipathic helices (a helix with the polar residues on one side of the
helix and the non-polar residues on the other). The hydrophilic face of .thc helices form the
interior of not one but two separate channels, one channel formed by the helices 1-5 and the
other by the helices 6-12. They propose that the two states of Band 3 (the inward-facing
state and the outward-facing state) are obtained by sliding of the hqliccs common to both
channels. Thus, the two channel model may explain the tight cbupling of inward and
outward translocatioﬁ of anions (obligatory 1:1 exchange) and the involvement of both
TrCh-17 (helices1-5) and ChC-35 (helices 6-12). \

Jayf and Cantley (1986) have proposed a model with eight helical membrane
spanning domains and a hairpin loop into the membrane (see Fig. 1.3). The membrane
spanning portion of the Band 3 protcin is mostly a-helical (Oikawa et al, 1985). The polar
faces of the helices make up the inner side of a single channel. Both the amino-tcrxﬁinus
(Low,1986) and the carboxyl-terminus (Lieberman and Reithmeier, in press) have been
experimentally verified to be on the ¢ytoplasmic side of the membrane and therefore the
' protc'in must cross the bilayer an even number of ume§ The presence of at least cight_
helices has the direct experimental support: three in TrCh-17 (Ramjeesingh et al., 1983),
two in ChPa-8 (Jennings et al., 1984) and at least three in PaC-28 (Ramjeesingh et oL,
1983; Jennings et al., 1986; Liebérman and Reithmeier, in press). Kopito and Lodish

»*
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(1985b) presented a model with 12 membrane spanning domains based on hydropathy
plots. The actual number of membrane-spanning domains will only be obtained by
knowing the crystal structure.

One feature of the model proposed by Jay and Cantley is that when viewed from
either side of the membrane the channel appears as a positively charged funnel that narrows
into a small cluster of negative charges. On the extracellular side, the mouth of the funnel’
is surrounded by 4 arginine and 3 lysine residues. These residues may be involved in the
repulsion of cations and the binding of anions. Deeper into the cavity Asp 639 and Glu
554 probably act as part of the gating mechanism. From the inner side of the channel, 3
arginine and 3 lysine residues surround the opening. Towards the middle of the bilayer are
present Glu 527 and Asp 625. Such an arrangement would be suitable for an exchange
mechanism. The positively charged residues present on the surface may be involved in the -
binding of anions. A conformational change in the protein would then internalize the
bound anions. The negatively charged residues within the cavity of the protein may be
involved in forming salt-bridges with the positively charged residues present near the

opening of the channel and thus assist in the movement of anions.

8. A Kinetic View of the Transport Site

The anion transport mediated by the Band 3 protein has two major characteristics.
One, the rate of anion exchange is relatively rapid (for Cl-, 103 sec-! band 3 mole‘c“ule'l at
37 °C). Secondly, the transport is electroneutral, there is no net charge mow'/emcnt. The
rapid movement of the anions argues against a major conformational changc that involves
the peptide backbone. The electroneutrality rcqui;cs an obligatory 1:1 exchange &f the
anions. The kinetic data available st present, overwhelmingly favours a ping-pong
mechanism for a;lion-cxchangc (Gunn and Frohlich, 1979; Passow, 1986; ). An anion
binds the transport site from the outside and is translocated to the inside. The ‘empty’
carrier then binds an anion on the inside and transports it to the outside. /Thus the protein

\



25

exists in two different stable conformations, an 'outward-facing' state and an ‘inward-
facing’ state. NThc change from one state to the other state does not occur in the absence of
the substrate, thereby accounting for one-for-one exchange.

In order to explain kinetics of the anion-exchange, a gating mechanism involving
formation of two alternative salt bonds at the transport site was proposed (Macara and
Cantley, 1981a; 1983). The model proposes that an anion entering the transport site from
outside would break the salt bond between aﬂcafboxylatc and a positive charge. The
carboxylate would reform a salt bond with a second nearby catidnic group. This
conformational change would allow the transport of the anion to the inside. Entry of a
sccond anion from outside to inside is not allowed in this conformation. The original
conformation can only be achieved if an anion from the inside enters the transp;m site,
breaks and reverses the process. Most of the data is consistent with such a model. The
prop?sed distribution of the positive charges at the tip of the channel and that of the
negative charges in the middle (Jay and Cantley, 1986) is also consistent with the salt bond
model. However, assigning the residues that might be involved in the proposed bond
formation, in the absence of a crystal structure or without site-specific mutagenesis of the
residues in question, will be merely spéculativc. |

‘¢ o '
D. Noncovalent Interaction of Band 3 with Stilbenedisulfonate

The stilbene disulfonates and other aromatic Sulfonates have been extensively used
to study mechanism of anion-exchange since, besides their use as covalent labels, they can
also be used as reversible competitive inhibitors (Knauf, 1979). The stilbene disulfonate
binding site on the protein is accessible to the inhibitors only from the outside. The stilbene
disulfonates car also bind non-speciﬁéally when added from the inside of the cell but they
inhibit the amon-cxchange only when bound to the specific stilbene dmﬂfonatc bindmg site
on the protein. Some stilbene disulfonate derivatives are incapable of forminx covalent
" bonds. Even for the stilbene disulfonates that are capable of acting as covalent Iabels,

\
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formation of the covalent bond is not r;cccssary to bring about almost complete reversible
inhibition of anion transport (Shami et al, 1978). Affinity of various stilbene disulfonate
derivatives vary hetween micromolar to nanomolar range (reviewed by Knauf, 1979;
Barzily et al, 1979; also see Table I.1). The affinity of these inhibitors seems to increase
with increasing hydrophobicit'y and is dependent on the substituent group of the benzene
ring (Barzilay et al, 1979).

Evidence fr/om the kinetic studies of stilbene disulfonate inhibition of anion
exchange suggest that the stilbene disulfonates binding site overlaps the substrate binding
site (Shami et al, 1978). Recent NMR studies using 35CI-, provide a direct evidence for the
overlapping sites. The chloride bound to the substrate site is shown to be released by
addition of the stilbc;c disulfonate DNDS (Falke et al, 1984a). The substrate can approach
the binding site from either side of the membrane and addition of stilbene disulfonates from
the outside is capable of displacing C1- bound from the inside of the membrane (Falke et al,
1985). It is also clear, from the effects of papain treatment on apion transport and DNDS
binding, that the stilbene disulfonate binding site extends into areas of the protein not
directly invoivcd in CI- binding (Jennings and Adams, 1981). -

Fluorescent derivatives of stilbene disulfonates such as 4-benzamido-4'-
isotbiocyandstilbcnc-2,2'-disulfonatc (BIDS), 4-benzamido-4'-aminostilbene-2,2'-
disulfonate (BADS), 4-4'-dibenzamidostilbene-2,2'-disulfonate (DBDS) can be
synthesized (Kotaki et al, 1971; Rao et al, 1979). These compounds have been used to
study the kinetics of inhibitor binding (Dix-et al, 1979; Verkman et al, 1983) as well as to
determine the location of the inhibitor binding site (Rao et al, 1979; Macara et al, 1983).
The distance between the stilbene disulfonate site and the cytoplasmic domain was
measured using the technique of resonance energy transfer. The three sulfhydryl groups
on the c;'toplasmic domain of Band 3 were linked with fluorescent maleimides. The
distance between BII’)S a:xd maleimides was, determined to be 3442 A (Rao et al, 1979).

>
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This suggests that, since this distance is less than the width of the bilayer, the stilbene
disulfonate site is probably buried within the membrane.

The first indication that the Band 3 protein undergoes a conformational change
following an inhibitor or substrate binding came from the intrinsic tryptophan flourescence
studies of Macara et al (1983). They studied changes in membrane tryptophan flourescence
upon inhibitor binding to the Band 3 protein. They showed that DBDS caused a 7%
qucnchiﬂg of tryptophan fluorescence. Covalent labelling of red cells by BIDS caused an
increase in the susceptibility of protein fluorescence quenching by CsCl. The tryptophan
residues that were quenched by CsCl were different from those quenched by BIDS and
were probably located on the cytoplasmic domain of Band 3. They also observed that
eosin maleimide could be covalently reacted with the extracellular trgnsport site of the Band
3 protein. Surprisingly, its fluorescence was not quenched by the externally added Cs* but
was quenched by Cs* added to the cytosolic side. Since both the probe and Cs* are
impermeable fo the membrane, these results suggc'stcd that thc maleimide inhibitor first
bound the protein from the outside and then Band 3 ‘brotein had panially translocated the
bulky anion. Such a translocation was accompanicd' by increase in the Cs# induced
quenching of tr;‘ptophan residues of the cytoplasmic domain of Band 3 indicating a
conformational change in the protein. It is believed that sg;h a conforma&onal change in
the protein is accopanied with the translocation of 'thc substrate anions. The conformational
cpange observed following the inhibtor binidng to the Band 3 protein represents
internalization of the inhibitors.

~ Solomon’s group performed detailed studies on the kinetics of inhibitor binding and
easured thermodynamic parameters associated with the conformational change. They
studied DBDS interaction with Band 3 by stopped-flow and temperature-jump exp&imems
(Dix {a] 1979; Verkman et al, 1983) They observed that DBDS uunally binds rapidly to
one monomer of Band 3 dimer. The rapid binding step is followed by a slow (4 s-1)

conformational change that locks the inhibitor in place. 'I'hc initial rapid binding step is
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associated with decrease in enthalpy whereas the conformational change is associated with
increase in entropy. The overall net enthalpy change, however, is large enough (-13.1
kcal/mel) to compensate for the net entropy decrease equivalent to 3.4 kcal/r\nol (Verkman
et al, 1983). Their resul::Lfr)xdicatc that binding of a second DBDS molecule to its site on
the second monomer is, however, different from the binding of the first DBDS molecule to
the ﬁ'rst monomer, The energy for binding of the second molecule is dcrivcd‘ from an
increase in entropy, unlike the binding of the first molecule which is mostly enthalpy
driven. If both the monomers were to bind DBDS indcpcndently, then the thermodynamic
parameters in both cases would have been identical. Solomon and coworkers (Verkman et
al, 1983) interpret these results to suggest that the second DBDS molecule binds‘to its site
only after the first DBDS molecule has been partially internalized by the conformational
change in the protein.

Macara and Cantley (1981a) also reported a negative cooperativity in the inhjbitor
binding to Band 3. They observed-that the affinity of Stilbcnc disulfonates binding to
dimers containing one subunit already oécupicd by BIDS is an. order of magnitude lower
than to unoccupied dimers. The binding of substrate to the unmodified subunit is,
hoivevcr, not affected .by blocking one subunit with inhibitor. They suggest that the
negative interaction is due to steric hindrance between the two bulky inhibitor molecules
rather'than an allosteric effect. An implication of this observation is that the stilbene
di;ulfonate binding site is formed by both monomers. Strong evidence suppdning this
" view is presented by Boodhoo nd Reithmeier (1983). They observed that Band 3 in
monomeric state (obtaine;i b¥ immobilizing Band 3 on a resin via one monomer and
retoving the second monomer with low SDS or urea treatment) does not bind BADS. The
inhibitor binding is, however, regained when th;e monomeg are removed from the matrix
and allowed to dimerize in solution. This observation strongly suggests that the stilbene
disulfonates binding site requires a dimeric structure. The binding site ‘may be present in

{
I
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between two monomers and the site is lost when the dimers are dissociated to form
monomers.

Covalent labelling of Band 3 with DIDS is shown to have g stabilizing effect on the
membrane domain (TrC-55) of the protein. Using a caibﬁ%mc technique, Appell and
Lbw (1982) showed that under normal conditions, thermal dégammdon of the membrane
domain occurs prior to that of the cytoplasmic domain. However, in DIDS-labelled Band
3, the thermal transition of the membrane domain was shifted up ~10 °C and occurred
foilowing that of th.c cytoplasmic domain. Oikawa et al. (1985)%lso showed that covalent
attachment of DIDS had. htdc ﬁﬁcct on circular dichroism spectra of Band'3 or the
membrane domain (T ro-fm resulted in stabilization of Band 3 to heat denaturation.
Binding of the bulky stilbene disulfonates to the stilbene disulfonates binding site also
affects the cytoplasmic domain a;well as the whole Band 3 molecule. Labelling the intact
erythrocytes with Hp-DIDS results in decreased adenosine induced Concanavalin A
agglutination of the cells (Singer and Morrison, 1980). Salhaney et al (1980) reported that
DIDS bound to the é;(tcmal surface of Band 3, altered hemoglobin binding to the
cytoplasmic domain. They observed that the hemoglot;in binding isotherm changed from
being noncwpcm&vc to apparent negatively cooperative as a r&sglt of DIDS treatment.

- Hsu and Morrison (1983) showed that following DIDS binding to the membrane-spanning
domain of Band 3, the latter's association with the E:ytoskcletal network‘was affected. Asa
_ result, ankyrin and spectrin become less susccptiblc'to extraction by NaOH. While some
believe that this demonstrates a stilbene disulfonate-induced transmembrane conformational
change (Salhaney et al, 1980), others believe that such cﬁ'cqts may be nicdiated by another
protein (Hsu and Morrison, 1983) or via an altered dissociation of Band 3 oligomers (Low,
1986). Whatever the mechanism may be, it is clear that binding of these bulky inhibitors to
the stilbene disulfonate binding site on Band 3 results in pr;fouhd_ intramolecular and

intermolecular structural alterations in the protein,
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E. Affinity Chromatography

Affinity chromatography,‘ as the name indicates, is a purification tcchniqﬁc that
separates macromolecules based on their biospecific affinity towards a ligand. Primanily, a
ligand that binds specifically and reversibly to the protein of interest is covalently
immobilized to a sélid support. Then a crude mixture containing the protein of interest and
the contaminating material is passed over the 'affinity-matrix'. The protein binds to the
ligand and is retained while the contaminating substances are removed by washing.
Finally, the protein is eluted from the column with free liémd to obtain purified protein in
solution. | | .

Early ‘studies on isolation of proteins based on the principle of biospecific affinity
were performed by I;,ennan to isolate antibodies and enzyme tyrosinase (Campbell et al,
1951; Lerman, 1953). Howévcr, a widespread al;p_lication of this technique to isolate and
purify proteins and nucleic acid did not begin until Cuatrecasas and others developed
simple ba’sic chemical strategies for attaching various ligands to activated solid supports
(Cuatrecasas anc’l Anﬁnscn, 1971; Parikh et al, 1974). Since then the technique of affinity
chromaiography has been used to isolate and purify a number of enzymes, receptors and
even specialized cell populations (for reviews see Venter; 1982; Strosberg, 1984; Dean et
al, 1985). However, the usefulness of this technique is not limited only to isolatién_and
purification procedures. Immobilization of a ligand has also been explored to study ligand-
protein interdction (Nichol et al, 1981; Winzor, 1985), protein-protéin interactions (Low et
al, 1987) and mecﬁ&nisms of action for various drugs, hormones and néurotransmitters
(Venter, 1982). |

L
»

1. Theory, ) _

Although the tichnique of affinity chromatography has been used widely in the past
and a number of new affinity matrices, spacer molecules and new acdvauon and coupling

+ procedures have been developed, it has received only a marginal thicoretical treatment

@
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(Nichol et al, 1974, 1981; Graves »an\d_ Wu, 1974). Most of the successful attempts at
affinity chromatography are based on a ﬁ‘ial-and-crror basis. The critical fagtor on which
success or failure of affinity chromatography depends is the proper choice of ligand and
spacer molecules and suitable binding and elution conditions.

Graves and Wu (1974) have applied a theoretical treatment to get a better
undcrstanding of the results and to predict degree of success (purity plus yields) in
achieving final pﬁriﬁcation of a protein. Their u'eatrncm is baScd on kinetic and equilibrium
models of the affinity adsorption and desorption bei‘wcen the Rmtem and the ligand. They
examine the binding-phase and the elution-phase of afﬁmty chromatography separatcly and
assume that the chromatography is carried out in a batch expcnment In a batch proccdure
the affinity resin is mcubatcd with the crude mixture m ‘a contame{\ and the unboimd
material (and the washcs) are removed by pouring off the solut\on Thus a: any given time
all the volumes (gel-phase, solution-phase and trapped volume) are known In a column
procedure, the resin is packed in a column and the process of bmdllxg\\washmg and elution
are carried out in a continuous stream of buffer. The mathematics for a coluﬂm process
becomes quite complicated. o A

From the mathematical analysis of the batch process and applying &ose pringiples
to a simulated column pmcédgn:, they draw the following conclusions.

1) In ofdcr to produc;e adequate affinity, the immobilized ligand concentration
should be more than 10 times the ligand-protein dissociation constant (KJ) For exanqale if
the ligand concentration is 10 mM then it can be prchetcd that the crmcal Ki would be 1
mM. Ligands w1th lower afﬁmty (Ki>1 mM) will make poor adsorbent and the lxgands
with higher afﬁmty (Ki < 1 mM) will make good adsorbents. It should be noted, however,
that increasing the ligand ccncenltration to comﬁcnsate for weak affinity 7&43 not always
) produce desiréd effects. At a higher ligand concentration nonspecific interactions (such ;s '
ionic gnd hydrophobic interactions) may become dominant ;)ver biospecific interactions

(Ikeda et al, 1984).
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2) In order to achieve saturation of the immobilized ligands with the p tein, the
mixture to be incubated with the resin should be as concen ted as possible. his way,
more protein can be recovered from the same volume of the Zﬁnity resin than the amount
recovered after loading a dilute rmxture An intcnestihg apd important result is that in most
cases less than 1% of the ligand bound can be saturated with the protein. Such an
observation is usually attributed to factors such as steric hindrance or ionic repulsion.
Besides these factors, equilibrium effects alone can be totally responsible for such a
phenomenon. 1 “

3) The strength of interaction between the Iigancf and the protein can affect the
waship'g and elution procedure For cxaﬁxple, if Ki of the ligand is poor, then specifically
bbdi protein will be lost through washmg For a hgand with Ki value of 1 mM only
. columti procedurcs may ' be effective whlle for values of 1 uM, batch procedures may be a

better choice. With such higher affinity, very little specifically bound protein will be lost

even with a large amount of washing. Interactions w1th very high affinities may make it

difficult to elute the bound protein without reserting to denaturing cohdiu'ons.
4) In order to achieve effective elution of the protein from th7resin.,‘ the.Ki value
should be increased at least two orders of magnitude (e.g. by changing the pH, or the ionic
' strength). Elution by the addition of a free ligand can be achieved effecuvely if affinity of
the free hgand is known. If Ki values of both the the immobilized and the free ligand are
similar, then the conceritration of the free ligand should be at least 10 times hlgher than that
~ of the bound hgand. The concentratlon of the free hgand nwded vanes mversely wuh,ns
affinity towards the prowm ‘

cL 2 Application_

Thexdealmamxsupponxsexpe&edwhavemanyp;opemesmd%anyofthe
supports avmlable today fulfill many of these expectations. Someof the moteamponint

>
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propertics are the tollowing: the matrix should have a porous network: beads should be
rigid, be able to withstand moderate pressures and be uniform i:porosity and size: more
umpdbrtantly, the beads should be chemically and biologically inent but ui the same tme
casily activable for a facile ligand coupling; the activation procedure should be casy to
perform, preferably at 4 °C or room temperatures and in aqueous media and 1s not too
harsh for the support or for the ligand to be coupled; and finally the ligand-matrix complex
Should be stable and reusable. Obviously, no one matrix support available today fulfills all
these requirements.

One of the most widely used matrix supports is agarose. It is a linear polymer ot
galactogé containing aerogel-xeroge} hybrid colloid. Many vanieties of activated agarose.
ready for ligand coupling and derivatized agarose are commercially available from several
sources. Other popular supports are cellulose (mostly linear polymers of B-1,4-linked D-
glucose units), dextran (a-1,6-linked glucose polymer) and polyacrylamide

&

(polyhydrocarbon chains with carboxyarmde group).

b. Activation procedures
Cyanogen bromide activation of Sepharose resin has been one of the most widely
used of all activation procedures (Cuatrecasas and Anfinsen, 1971). Cyanogen bromide
reacts with two neighboring hydroxyl groups of agarose, dextran or cellulose and forms an
active intermediate (Figure 1.4). It can be subsequently derivatized with spacer molecules
-or ligands with npcleophilic groups, especially primary amino groups. This procedure,
however, has two major drawbacks. For one, during the activation and the coupling
stages, charged gfqups are formed which tend to increase nonspecific interactions.
Secondly, bonds formed between the activated support and ligands are not very stable and
consequently significant leakage of coupled ligand occurs during storage. Also, cyanogen
bromide is highly toxic and special care is needed during htndling.
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Figure 1.4. The Reaction Sequences for Matrix Activation and L.igand Coupling.

A) The Cyanogen Bromide Activation of Matrix.

OH ~ OH
+ Br-C=N - /C=NI{ + R-NHp -
) ) O-C-NH-R
Il
Vicinol diol +NH2
on the matnx
t I[sourea function
OH -
+ Br-C=N - + R-NH3
O-C=N
Interthediate

B) Oxirane coupling (epoxy-activated matrix).
I»O-CHz-CH—CHz-()-(CH2)4-O-CH2-CH-CH2
I \/ '+ R-NH; -
OH 0)
l»O-CHz—CH-Cﬂz-O-(CHz)4-O-CHrCH-CHz-NH-R
| |
OH OH

\

(C) Carbodiimide coupling of DADS to Carboxyl group of a Spacer Arm.

}SA-Coo- + R-NH*=C=N-R — I—SA-COO~C-NH-R
. ] Intermediate
*_ Carbodiimide N-R '
|+ (DADS)-NH;

I—SA-CO—NH-(DADS)

D) Amino-cthyl Succinyl Spacer Arm.
|NH-CHa-CH-NHp + CHz-CO
©  CHpCO”

AE-Sepharose Succinic anhydride

0O - \»NH—CHz-CHz-NHz-CO—CHz-CHz-COOH
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Several alternate procedures for activation of solid supports have been developed.
Bis~og('irancs react readily with hydroxyl groups of matrix. Ligands with nucleophilic
groups can then be attached to the long hydrophilic spacers formed by oxiranes. Oxirane
based methods produce extremely stable linkages with a minimum number of hydrophobic
and ioni¢ groups. A procedure based on carbonyldiimidazole activation is also popular
especially since it does not form any charged groups on the matrix (Bethell et al, 1979).
Periodate oxidation involves oxidation of the vicinal diol groups to form aldehydes. The
aldehyde groups are then reacted Wi'Lh ligands containing primary amines to generate

Schiff's bases. These are subsequently reduced with borohydride to form a stable linkage.

c. Spacer Molcculcs.

The presence of a spacer molecule is often needed to overcome steric hindrance of
the protein-ligand interaction. Sometimes spacer molecules are needed because the ligand
can not be coupled directly to the matrix. The length and chemical nature of the spacer
molecules may significantly affect interaction of a protein (binding and elution properties)
with the immobilized ligand. Although there is no \&ay of predicting how a given spacer
molecule will affect the ligand-protein interaction, hydrophobic and charged spacer
molecules tend to increase nonspecific interaction. A very shortﬂspaccr molecule may be
unable to overcome steric hindrance and a very long spacer molecule may increase non-
specific interaction. Thus, a very short or very long spacer may not be desirable.

Lately, a number of affinity resins with spacers of different chemical nature and
length have been available commercially. These resins are convenient to use and have
s_paccrs\wually terminating in an amino- or carboxyl-group (or their activated derivative)

for facile coupling writh a ligand. In this way a number of spacer-ligand can be tested in a

short peri ime. However, one drawback of the commercially available resins is that
they usually have a Tixed number of reactive groups per unit of resin. Thus, it is usually

difficult to vary ligand density on these resins. Also, in some cases better results are
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obtained if activation of matrix and coupling of spacer molecules are performed fresh in the
lab. This is especially true if the activated resin is not stable or when the ligand density on

the ‘support needs to be varied.

d. Ligand ~ o

As discussed earlier, the proper choice of a ligand is crucial to the success of
affinity chromatography. The affinity of the ligand for the protein should be strong enough
to retain the protein specifically and yet it shoﬁld be possible to recover the protein without
denaturation. Weak affinity results in poor yields and nonspcciﬁc retention of the
contaminating material by the immobilized ligand. If a spacer molecule is to be used, it
should be remembered that choice of a spacer can signiﬁéam.ly alter the ligand-protein
interaction. Besides choosing ;hc proper ligand, the chemistry of ligand coupling is also
important. If the ligand is a small molecule, it binds to the protein via certain groups and in
a certain orientation. Following the coupling procedure, these groups need to remain
unmodified and accessible to the binding site on the protein. If the ligand itself is a
macromolecule, say a protein or a peptide, then the coupling conditions should be such that

the ligand is riot denatured-or modified significantly.

¢. . Experimental Variables

_Experimental conditions of pH, ionic strength and temperature may profoundly
affect the strength of binding and therefore the outcome of affinity chromatography. In
fact, the bound protein can be effectively eluted by changing one of these factors. Other
fac;ors' that affect the procedure of affinity chromatography are flow-rate and incubation "
timme, column size, and sample size (Lowe et al, 1974a, b; Harvey et al, 1974a,b). Itis not
possible to accurately predict how these factors will affect a particular HM-M
system. For example, increaiing the sait concentration sti'exizthcns the hydrophobic
interactions between a ligand and a protein but weakens the clectrostatic interactions. Thus,



38
increasing the ionic strength can have op;ositc effects on different systems (reviewed by
Dean et al, 1985). .

Since membrane proteins have a large hydr’ophobic surface, affinity
chromatography of the integral mcrqbranc proteins becomes more complicated than that of
the soluble proteins. The membrane proteins need to be solubilized with a proper
detergent. The solubilized proteins should retain their normal ligand binding properties.
Moreover, associations of the membrane proteins with lipids and also with other proteins
make purification difficult. These problems generally do not arise when dealing with
soluble cytoplasmic proteins.

Ligand density on the matrix significantly affects binding characteristics of a
protein. If the ligand molecule is small and bears a charge, then at higher concentrations of
ligand, nonspecific electrostatic interactions may take predominance over the biospectfic
interactions (Ikeda et al, 1984). If the ligand is a macromolecule, then at higher densities
the amount of protein bound to the resin may actually decrease due to steric hindrance (Low

et al, 1987). Thus as a general rule, opt;:nal density of the ligand should be determined in

preliminary experiments.

F. Renal Anion Exchange -
. aintain the volume and composition of
extracellular fluid. As blood passes through the glomc’rulus, ions due to ‘their small size are
freely filtered. Almost all of the ions are later reabsorbed by the kidney.

The two major anions of the ultrafilterate, bicarbonate ion and chloride ion are
reabsorbed in proximal tubules as well as in thick ascending limb and collecting tubule
segments. Bicarbonate ion is reabsorbed more rapidly in the carly proximal tubule while
chloride ion is reabsorbed in the middle and late proximal tubule. Carbon dioxide from the
lumen éntcrs the cell by rapid diffusion across the apical membrane. It then combines with

water to generate hydrogen and bicarbonate ion. The resulting proton is then secreted into
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\thc lumen in exchange for sodium by a Na*-H* antiponér. Chloride ion enters the cell via

a Cl--formate antiporter located in the apical membrane. The anions exit the cell from the

basolateral side; bicarbonate ion leaves by a rheogenic Na*-HCO3- cotranspOrter whereas

chloride ion leaves via a Cl--base antiporter. In collecting tubule segments, chloride ion
leaves via a Band 3-like Cl--HCOs- exchanger located on the basolateral side of intercalated

cells. ‘
Many studies have dem;nstrfitcd that anion exchange takes place in proximal
tublilcs of mammaiian kidney (for a review see Kokko and Jacobson, 1985). Like
erythrocyte anion-exchange, renal anion-exchange has been shown to be sensitive to
stilbene disulfonates. Renal epithelial cells, unlike the erythrocytes, are polarized and have
two structurally and functionally distinct domains. The membrane facing the lumen is
called luminal or brush border membrane whereas the membrane facing the capillaries is
called antiluminal or contraluminal or basolateral membrane. Strictures called 'tight-
junctions’ keep the contents of these membranes from ‘in_tcrmixing. Anion transport across
the basolateral or contraluminal surface has shown to be inhibited by SITS or DI®S in rat,
rabbit and dog broximal tubules (Grinstein et al., 1980; ‘Ullrich and Murer, 1982; Brazy
and Dennis, 1981). Data on the brush border or luminal anion transport is, however,
conﬂictihg. The luminal anion transport is shown not to be inhibited by stilbene
disulfonates by some workers (Grinstein et al., 1980; Ullrich ef al,, 1980), whereas others
foufid it stilbene disqlfonate inhibitabie {Brazy and Dennis, 1981; Pritchard, 1987). Unlike
erythrocyte anion-exchange, renal anion-exchange is more complicated in terms of
substrate requix"emcnts. dcpendencem; other counter-anions, depe:i;dcncenon Na*, and the
 site of ion-translocation (luminal or contraluminal). These and other characteristics (¢..
inhibitor sens{itivity, distribution within a nephron) nggest that probably more than one

transport system contributes to the renal anion-exchange.

i_mmm«imdMMd@mmwmmmmw)m

to regulate a variety of cellular functions. These involve active NaCl reabsorption,
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intracellular pH regulation, volume reabsorption etc. These transport systems are also
functionally linked with each other since they share some of the substrates e. G\Cl'/HCOy
exchange, Nat/HCOj3 exchange, Nat/H* exchange, etc. Most of the inf@tion on the
renal anion-exchange is obtained by using three approaches.

1) Microperfusion studies in &im ;

2) Transport studies on cell lines derived from kidney;

3) Transport studies on isolated membrane vesicles.

1. Perfusion Studies ‘
Alpern and Chambers (1987) measured effects of varying subscxcqnccmrations
and inhibitors on the intracellular pH in the microperfused proximal tdbule using a pH-
sensitive dye. Their results suggest presence of C1-/HCO3" exchange and Na*/HCO3-
cotransport on the basolateral membrane. The ClI//HCO3- exchange is electroneutral
whereas the Na*/HCO3- cotransport occurs with a stoichiometry of 3 HCO3-: 1 Na*
(Sasaki, et al.,, 1987; Baum, 19§7). Both these processes are inhibitable by SITS added
from the peritubular side (Biagi and Sothell, 1986). Presence of a luminal Na*/H*
exchange and a basolateral Nat/HCO3- cotransport has also been suggested by other
studies (Alpern and Chambers, 1986). Other perfusion studies fxave indicated presehce of

a sodium-independent exchange of bases (Yoshitomi et al., 1985), a chloride/formate

exchange (Schild et al., 1987) and a basolateral Cl-/HCO3- exchange (Brisolla et al., 1985).

2. Studies on Cell Lines

Kurtz and Golchini (1987) have shoWn the presence of Cl-/HCO3- exchange in
M“DCKAcells that plays an important role in intracellular pH regulation following
alkalization. The Na*/H* exchanger seems to regulate the intracellular pH following
acidification. In BSC-1 cells (ménkey kidney epithelial cells) th% presence of Na*/HCO3-
cotransport, Na* independent C1-/HCO3- exchange and Na*/H* exchange has been

3
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demonstrated by Jentsch et al. (1985). They show that in these cells also the intracellular
pH is mainly regulated by the amiloride-sensitive Na*/H* exchange system at acidic pH,
whereas at alkaline pH, the DIDS-sensitive Na*/HCO3- cotransport and the DIDS-sensitive
CI-/HCO3- exchange processes become dominant in pH regulation (Jentsch et al. ,
1986a,b,c). In Vero cells, uptake of chloride was shown to occur via a SITS inhibitable
exchange system (Olsnes and Sandvig, 1986). Recently, DIDS-inhibitable bicarbonate
uptake by Vero cells has been shown to occur both in a Na*-linked and in a Na*-
independent manner (Tonnessen et al., 1987; Olsnes et al., 1987). They found that at acid
pH, the internal pH is regulated by the Na*/HCO5- cotranéport while upon alkalization, the
Na* independent Cl‘/HCO3; becomes predominant. A sodium independent Cl-/HCO3-
exchanger that regulates intracellular pH was ais;o shown to be present in LLC-PKl cells

(Chaillet et al., 1986).

3.* Studies on Membrane Vesicles
Akiba et al. (19865 have shown the presence of an electrogenic Nat/HCO3-
cotransport in basolateral membrane 'vcsiclcs prepared from rabbit renal corte*. This
process occurred with a stoichiometry of at least two HCOj3- for each Nat and was
inhibited by stilbene disulfonates. A similar electrogenic Na*/HCO3- cotransport has
recently been shown to occur in bgsolateral but not in brush border membrane vesicles
prepared from rat renal proximal tubules (Grass et al., 1987). Presence of a DIDS
sensitive and Na* independent sulphate/bicarbonate transport has been demonstrated in rat
proximal tubule basolateral meinbrane vesicles (Haggnbuch et al., 1985). Réce;ltly
Pritchard (1987) demonstrated sulphate uptake by rat renal brush border membrane vesicles
in the presence of an outwardly ‘directed HCO;3- gradient. This exchangc was cis-inhibited ~
by sulbene disulfonates and was not affected by Na*. The prescnce of a sebarate\
Na+/sulphate cotransporter, thatwasnotmhibmdbysrl's wualsodemonsu'atedinthc

samebmshbordermunbnnevesicles Inconmt,howver ButleinnndBurcklwdl
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~41986) have shown that the brush border membrane Na*/sulphate cotransport is inhibited

by higher conccntration; of DIDS (Ki = 350 uM). They have also shown the presence of a

proton driven sulfate transport system in the basolateral membranes from rat renal Moximal

tubules. The presence of stilbene disulfonate-inhibitable anion exchangers from both the

" brush border membranes and the basolateral membranes fromhbovinc kidney proximal

tubules has recently been demonstrated by Talor et al., (1987). They also shqw that the

brush border membrane\sulfate uptake is both Na* dependent and independent while the

basolateral sulfete exchange is Na* independent. All these processes are inhibited by
DIDS.

From the literature reviewed above it becomes clear that stilbene disulfonate-
inhibitable anion transport in renal proximal tubules is carried out by more than one
separate transporter. In the mammalian kidney, anions such as sulfateand chloride are
freely filtered and subsequently reabsorbed in the proximal tubule. The anions enter
epithelial cells across the luminal membrane and this uptake is often but not always coupled
to the movement of sodium ions. The anions exit across the basolateral membrane by a
sodium-independent anion-exchanger. All these processes are inhibited by stilbene
disulfonates. Also, the presence of Band 3-like proteins in mammalian kidney has been
recently shown by both immunologi/cal (Schuster et al., 1986) and molecular biological
techniques (Kopito et al., 1987b).

G. Thesis Problem . i /

Band 3 protein from human erythrocyte membrane has been extensively
characterized with respect to its structural and functional properties. Various protocols for
isolation and purification have been developed am’i improved over the years. The anion
transport characteristics have been examined in detail in order. to understand molecular
mechanism of the ion translocation. In this respect various inhibitors of the anion

transport, especially the stilbene disulfonates, have proved very useful. The nature of
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Band 3-stilbene disulfonate interaction has also been investigated in some detail. The
stilbene disulfonate binding site on the protein has been examined with rqcspcct to its
enviornment and location on the peptide backbone. |

This project was mainly aimed at preparing an affinity resin for Band 3 protein
using stilbene disulfonate derivatives as ligand. Some stilbene disulfonate derivatives that
bind noncovalently to Band 3, when immobilized, could be used as a ligand for affinity
chromatography. Such an affinity matrix was t be used mainly for three purposes:

1) for the purification of Band 3 from erythrocytes;

) 2) for studying protein-ligand interaction and;

3) for identification and i‘solation of Band 3-like proteins from non-erythroid
sources.

Thus, the ongoing presentation is mainly divided into three sections, each dealing
with one of the above aspects. ’

The reasons for trying to design an affinity resin using a stilbene disulfonate as a
ligand were many. For one, although the technique of affinity chromatography had some
spectacular successes in the purification of soluble proteins, its success with membrane
proteins has been somewhat limited. Procedures for purification of membrane

lycoproteins on lectin affinity resins wc.re developed (Findlay, 1974). Many receptor
/1;1"\0@“ were al;o successfully identified and purified using ligand affinity resins
(Cuatr:casas and Anfinsen 1971). Howévcr,: no successful attempts fér affinity
 purification of a transport protein, using either a substrate or an inhibitor as an immobilized
hgandwcrereponedmthehmtme Manylabmatoncshndmedtoachwvethmgoalmm
-no or only a moderate success (Weber et al., 1985). Bexngtheﬁrstonetoaclnevedﬂsgoal
wimmeBand3pmwinwasimpmmntsincedlelesmhmed&omonemspmsym
could assistin designing a stategy for.the purification of other transport proteias.
Deszgmnganafﬁmtymsmsolelyforthepmposeofpmﬁcmonofmndﬂmm
"humanerythrocynemembrane wasachallengmg butnotvayauwtiveldea. Band 3
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purification protocols using oth& types of chromatogm'phic techniques ajready existed and
had a few or no drawbacks. What made the idea of immobilizing a stilbene disulfonate
attractive was the potential use of such a systcm in studying stilbene disulfonate-Band 3
interactions. Also, many nonerythroid tissues exhibit electroneutral exchange of anions

that is inhibited by stilbene disulf . With the help of such an affinity resin it would be

possible to isolate and purify su putative anion transporters.

Chapter I describes ex ts to find a proper combination of a spacer molecule
and a stilbene disulfonate derivative suitable for affinity chromatography. Initially DADS
was used as a ligand in combination with various spacer molecules. However, due to its
low affinity (Ki = 1.3 mM), DADS retained low amounts of Band 3 and bound other
proteins non-specifically. This was followed by a search for a better ligand than DADS.
Of tl:c various ligands and spacer molecules tested, SI'I;S-Afﬁ-Gcl 102 affinity resin was
found to be most suitable. With this affinity resin experimental conditions were
standardized to obtain optimal yields of pure Band 3. Affinity chromatography was
pcrformed at various temperatures and the optimal temperature was found to be 4 °C.
Effects of ionic strength and the nature and the length of the spacer molecule on protein
binding were studied. Finally, it was shown that Band 3 from nonhuman erythrocytes was
also capable of binding to the affinity resin.

Experiments on the interaction of Band 3 with the resin ate summarized in Chapter
III. It was shown that the solubilized Band 3 ‘ tein binds to the immobilized ligand as it
would to a free ligand. The tv/vo stages of Bahd 3 binding to the resin, namely the v&eakly-
bound stage and the su'ongl):bound stage were characterized in more detail and conversion
of Band 3 from one form to the other form was studied. The effect of DIDS labelling on -
the interaction of Band 3 with the resin was studied. These studies revealed some
interesting aspects of the inhibitor-protein interaction. Evidence was provided for the
intersubunit interaction between two monomers of the Band 3 dimer. Interaction of
chemically modified protein with the resin was also studied. Studies on the interaction of

«
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Band 3 in membrane (either intact erythrocytes or sealed vesicles of either orientation) with
the resin are reported in Chapter IV. It was shown that the stilbene disulfonate binding site
of Band 3 in intact erythrocyte was accessible to immobilized ligand. Rightside-out
vesicles also bound to the resin.

The kidney plays a crucial role in maintaining and regulating levels of various
elecrolytes (Wieth and Brahin, 1985). This is done either by excretion or reabsorption of
these electrolytes in differem parts of the kidneys. A number of studies, based on
physiological approaches have suggested that an electroneutral exchange of anions occurs
in the proxxmal tubules of kidney (Warnock and Eveloff, 1982). This transport activity is_
inhibited by SITS and DIDS. Therefore, the affinity resin was used to‘identify and isolate
a polypeptide thai might be involved in the anion transport. These experiments are
summanéed in Chapter V. A 130-kDa glycoprotein from canine renal brush border
membranes specifically boynd to SITS-Affi-Gel 102 resin. This polypeptide was also
specifically labelled with [3H]-HaDIDS. Both, the binding to the affinity resin and
labelling with [3H]-H,DIDS was prevented in the presence of | mM BADS. This suggests
that this polypeptide specifically binds stilbene disulfonates. This integral meinpmne
glycoﬁmtcin is present in brush border membranes and not in basolatcral membranes and
does not cross-react with antibodies raised against dog or human egythrocyte Band 3.

Information obtained ﬁom these experiments shows the usefulness of immobilizing
a ligand for the purpose of purification, characterization and identification of membrane

: prgwﬁnvolved in transport functions. A general strategy for successful application of
this technique to other transport systems is suggested. A potential use of affinity resins in
studying ligand-protein interaction is illustrated. Finally, the observation that a ‘singl;

* polypeptide from kidney membranes can be specifically isolated using the affinity resin

" proves the vast potential of technique affinity chromatography for the purification of -

i
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II. Design and Synthesis of an Affinity Matrix for&vmwmphy of
Band 3!

A. INTRODUCTION

Band 3 protein is a major protein of the erythrocyte membrane and catalyzes the
exchange of ch-ioridc\and bicarbonate ions in vivo (Knauf, 1979). It is an integral
membrane protein (My=95,000) and is composed of t\>o domains (Steck et al., 1976;
Appell and Low, 1982). The amino-terminal domain (l/\'tr-—41,000) is involved in binding
to the cytoskeletal proteins (Bennett and Stenbuck, 1980) and various cnzymcs) (Tsai et al.,
1982) whcfeas the carboxyl-terminal half of Band 3 (M,-—-SS,OOO) spans the membrane
bilayer several times and contains the site for ion translocation (Steck et al., 1976;
Grinstein et al., 1978). Anion cxchangé is inhibited either reversibly or irreversibly by
stilbene disulfonate derivatives (Knauf, 1979; Rampesmgh.ct al, 1981). They presumably -
bind to a single hydrophobig’site on the protein in or near the substrate translocation site
and thereby compete with substrates. The affinities of stilbene disﬁlfonatcs for Band 3
range from 40 nM to ~1 mM (for a review, see Knauf, 1979; Macara and Cantley, 1983).

Generally Band 3 is purified from hemoglobin-free erythrocyte membranes by
"stripping” the membranes by addition of EDTA (Fairbanks et al., 1971), or by exposure
to extremes of pH (G:instcin et al., 1979), followed by selective extraction with nonionic
detergents (Lukacovic et al.,, 1981). Further purification may be achicved by anion- |
exchange chromatography (Lukacovic et al., 1981; Yu and Stéck,’ 1975) followed by
column chromatography using an activated thiol gel (Fukuda et al., 1978) or a
p-(chloromercuri)-benzamido-ethyl agarose gel (Lukacovié et al., 1981). This yields at
least 95% pure Band 3. |
\ Afﬁmty chromatography has been used to purify various enzymes and receptors
(for a review, see Venter, 1982). The advantage of using immobilized ligand to purifya

a

1A version- of this chapter has been published. Pimplikar, S.W. and Reithmeier, R.A.F.
.(1986) J. Blol. Chem. 261, 9770-9778.

!
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protein of interest over the other fmocedurcs is the specificity and rapidity of the procedure.
Often, several-fold purification is achieved in a single step. However, no attempts to
purify Band 3 using an inhibitor-affinity resin have been reported. The difficulty arises
due to the hydrophobic nature of Band 3 and its extensive association with the cytoskeletal
network and other proteins. We describe here the design of—z/m inhibitor-affinity resin and
experimental conditions of chromatography that allow biospecific purificggion of Band 3.
The affinity resin has a high binding capacity and allows the rapid, convenient isolation of
Band 3. We also provide novel evidence for the two-stage binding of stilbene disulfonate
inhibitors to Band 3 protein.
. £

B. MATERIALS and METHODS
Affi Gel-102 was purchascd from Bio-Rad. Shalncl hydrophobic chromatography
kit with 4, 6 and 8-atom spacer arms was from Mﬂcs Sm%nﬁc SITS was obtained from
Pierce Chemical Co. while 4 4'-d1ammosulbene-2,2'-dxsulfonate (DADS) was obtained
from Eastman. BADS was syntheswed accordmg to Kotaki &I (1971) as previously
described (Rao et al., 1972& Ammoethyl-Sepharose 4B was synthesized accordmg to

Shaltiel and Er-El (1973). Lithium dodecyl sulfate was a prpduct of Boehnngcr Mannhexm ‘
while C2Eg was from Nikko Chemxcal Co., Tokyo. All other chemicals wcre reagent

grade or better. )

1. Erythrocyte membrane’ preparation
Erythrocyte ghosts were prepared’ from outdated blood (kindly provxded by the

CanadmnRedCross)byhypowmclymmSmMsodnnnpbosphaw.pHSO(Dodgeet‘ '

al, 1963) Allmpswetccamedoutato-‘t% The cells were washed at least three times

with 10 volumes of 0.9% Naaandmmaedbyeenmfnmusooofpmmm"

SS-34rotor Eachumethewhm layeroflewocy&esandeelldebruwcuefnlly

aspirated off from the top of the pellet. Tbeoellsmlyfedonwebysmuwdim ’

-
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phosphate, pH 8.0, in the presence of I mM PFDTA and 1 mM
phcnylmcthylsulfonylfluondc to minimize pmtculysm ‘and membranes were recovered by

-

centrifugation at 15,000 rpm in an SS-34 rotor in a Sorvall RC-5B centrifuge. The

.- washing procedure wis repeated 3-4 times until crcamy white ghosts were obtained.

2. Soiubilization of Band 3
Ghost membranes were stripped of cytoskeleton by suspending in ag least 10

volumes of 0.2 mM sodium EDTA, pH 7.5, containing 20 ug/ml PMSF and 0.2 mM

dithiothreitol at 37 °C for 30 min. (Bennett, 1983). Membranes were ccntrifugcd at-e

17.000 rpm for 20 min. and washed again with ? same buffer at 4 °C. The smppai

‘membranes were then extracted with 10 volumes 1 M KI, 7.5 mM sod} m\phosphatc 1

mM sodium EDTA, 1 mM dithiothreitol and 20 pg/mhl PMSF at 37 °C for 30 min. to
remove other extrinsic membrane proteins. Membranes were r’pcovcrod by centrifugation
at 19,000 rpm for 25 min. and washed agair’1 with the same buffer at 4 °C. Finally, the
p‘cllct was washed with 5 mM sodium phosphatc,\pH,S.O, centrifuged at 19,000 pm for
25 min. and suspended in minimal volume of § mM sodium phosphate, pH 8.0. (~3-4 mg
protein/ml). Stable heteromers of Band 3 with extrinsic proteins are observed if unstripped |
membranes were dolubilized (Bennett, 1983). The Kl-extracted mc;nbrancs were then
solubilized (at protein concentrations of 1.5-2 mg/ml) in 1% Cj3Eg in 228 mM citrate
buffer pH 8, containing 1 mM dithiothreitol and 20 pg/ml PMSF (final concentration).

~Follow1ng a 20 min. mcubdnon on ice, the solublhzcd mcmbmncs were centrifuged at

19,000 rpm fog 30 min. in ap SS- 34 rotor. The supernatant (Band 3.228C8 extract) was
stored at 4°C. e

Partially purified Band 3 (Band 3 - 5P8 extract) was prepared as described carlier
(Lxeberman and Reithmeier, 1983) wuh a few modifications. Bm.ﬂy, the ghost
membnnes were solublhzed in:5 mM sodmm phosphate pH 8.0, conmmng 1% CoEg.
The extract was applxed to an mnmoemylScphatose column and Band 3 ‘vas cluted with



63

20 mM sodium phosphate, pH 8.0, containing 0.1% Cj2Eg. The elute was then dialyzed

against SP8 buffer contmining 0.1% C)2Eg overnight with at least two changes.

3. Labeling of cells with DIDS

Erythrocytes were washed extegsively with 5 gaM sodium phosphate, pH 8, and
150 mM NaCl (PBS) to remove medium and cell debris. Erythocytes were then
suspended in PBS at a 25% hematocrit and were reacted with SO puM DIDS at 37°C for 1
h. Cells were washed once with the above buffer containing 0.5% bovine serum albumin
(fatty acid free) and twice with buffer alone. Ghosts and Band 3 - 228C8 extract were

prepared as above.

4. Affinity resins

1 ml Affi Gel-102 resin (15 pmole -NHy/ml of settled gel) wa;s washed with water
foll(;wcd by 100 mM sodium bicarbonate buffer, pH 8.5, and suspcngcd in 1 ml
bicarbonate buffer. To this suspension was added 16.56 mg SITS (30 umoles) dissolved
in 2 ml bicarbonate buffer. After adjusting the pH to 8.5 the-suspension was shaken at
37 °C for 1 hr. The resin was then washed with bicarbonate buffer followed by water and,
stored at 4° C with 0.1% sodium azide.

Affinity resins not directlypurchased from commercial sources were prepared by
conjugating various Spacer arms to cyanogeri-bromide activated Sepharose 6B according to
Lukacovic et al. (1981). Using radioactive glycine, the cocentration of spacer mpleculei
' on the resin was determined to be 3.1 ux_nolb/ml resin. The inhil;itor ligand was then
coupled to 1 ml of these resins using 3 mmoles DADS with'8 mmoles EDC (1-ethyl-3-
(dimethylamginopropy!) carbodiimide hydrochloride) (Lukacovic ef al, 1981).

N ‘ Ve.
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5. .. Affinity-Purification

Unless stated otherwise, all steps were carried out at 0-4° C. Protein binding
assays were performed in 1.5 ml microfuge tubes. 25 ul of packed resin was washed
twice with 250 ul of 228 mM sodium citrate- 0.1% Cj2Eg, pH 8.0, (citrate buffer) and
was incubated with 1 ml of solubilized membrane supernatant (1.5-2 mg/ml protein) for 15
min. After removing the supernatant, the gel was washed at least three times with 250 pl
of citrate buffer and the bound material was then eluted by shaking the resin for 10 min.
with 110 pul of 1 mM BADS in 5 mM sodium phosphate-0.1% Cj2Eg. ‘Finally, the resin
was again washed at least twice with 10 volumes of citrate buffer and then extracted with

110 ul of 1% LDS in 5 mM phosphate for 10 min.

6. Protein assay
Protein was determined according to Lowry et al. (1951). Bovine serum albumin
fraction V from‘Sigma Chemicals was used as protein standard. All samples were
solubilized with 1% sodium dodecyl sulfate prior 0 the assay.
17. Sodium dodecyl sulfate gel electrophoresis
Gcl clectrophoresis was performed on 10% polyacrylamide slab gels according to
Laemmli (19705. Electrophoresis was usually performed at a constant current of 20 mA
for gels of .75 mm thickness or 40 mA for 1.5 mm gels. Gels were stained in 0.1% -
Coomassie Blue in 25% isopropanol, 10% acetic acid for 1-3 h and destained in 25%
methanol, 10% acetic acid overnight. Protein bands stained with Coomassie Blue were
scanned in Joyce-Loebl Chromoscan 3 densitometer at 530 nm.

Wher; clectrophoresis was performed using the Bio-Rad mini apparatus the
following modification was adopted. Electrophoresis was performed at a constant voltage
of 200 volts for 45 min. regardless of the thickness of gels. Gels were stained for 1 h and
destained for 4-5 h,

y -
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C. RESULTS

1. Sclection of Spacer and Ligand for Affinity Chro;natography

For successful affinity chromatography, the choice of the ligand and the spacer
molecule is of critical importance. The presence of a spacer ann sometimes becomes
necessary to climinate the steric Me of the matrix. Table II.1 describes the structures
of various spacer molecules used in the present studies. Table I1.2 sumMus the initial
attempts to find a suitable spacér arm and ligand. For these studies Band 3 - SP8 extract
was used. 1 ml affinity resin was packed in a 10 cmx 1.5 cm glass column equilibrated
with SP8 buffer containing 0.1% C12Eg. 0.5 ml of Band 3 - 5P8 extract was loaded on
the column at 4°C and washed with 5P8-0.1% C;2Eg. Band 3 bound to the column was
then eluted with 0.3 M NaCl in 5P8-0.1% C,Eg and sui:»sequcntly with 1% LDS in S5P8.
Binding and elution of Band 3 was monitored on a chart recorder by ultraviolet absorption
at 280 nm. ‘ '

a. Hydrophobic spacer arms with DADS

Band 3 did not bind either to the Sepharose 6B matrix itself or to matrices with any
of the hydrophobic spacer arms (listedin Table I1.2) alone. Band 3 also did not bind to the .
column when DADS was cither attached directly to the matrix or via a short 2-atom spacer
arm. With longer hydrophobic spacer arms (4-atom and 6-atom in length), Band 3 did
bind to the column. Band 3 bound (39 these columns could be eluted by increasing ionic
strength of the buffer (up 10 0.5 M NaCl) but not by 100 mM DADS or 10 mM DNDS or 1
mM BADS in SPS. Moreover, Band 3 covalently labelled with DIDS also bound to the
column suggesting that the binding was probably not entirely mediated via the inhibisor
binding site. Andlpts to mmixmu the non-specific interaction by increasing C)2Eg
concentration from 0.1% 0 1% in the buffer did not meet with succass. Adding 20%
ethylenc glycol or 10% giycerol 10 the buffer did not improve specific binding. . |



66

'PEY-Olg WOy POUTRIqO S8 Z0] [PD-WVo

Qwa: T8 12 epaY] 01 Sutpsodoe paredaud sem uwre 20eds [Auroons [Ae-ouryp

BloRULIBYJ WO paurelqo sem g9 asoreydag powanoe-Axodg,

"o1qoydoIpAy se pAiS] ST 11 IOUSIUTIAUOD 10§ ‘19AMOH oNTYdoIpAY Jou 51QoydaIpAY I ST JU4[Dq

\ "1'T 91qB.L ul uaAI3 are spuedt] J0NQIYUI 31 JO SAMBINNSy
_ -opruTTpoqIed Supsn suwe z2oeds ap jo dnord
;xoﬁuoossvaaw:maamaam%casaahus:ugmo g:&m 3?585208 %Eghgm

m.Em-EZ~IU~EUEZOU~IUO- S.LIS

9 01 POV
JLIdS-HNTHOTHOHNODIHDO- JLIdS ‘9 o001 POV
SAVA-0ITHI*HOODHNHDHDHN- sava , 8 plAutoons Ageounuy
SAVA- HOHOHIIHOOYCHI)OTHOHOHOTHDO- sava T~ sosoreydog-Axodg
SAVA-0OCHOHNODTHOHNOITHOHN- savda 8 AWRAB-HAMB-AAD
SAVA-0OOTHOHNODHIHN- savda 9 . UAE-A41D
ommydospAH
- SAVA-0DS(CHD)HN- - sava 9
- SAVA-0IETHID)HN- savda 12
SAVA-OOZHIHN- sava 4
'S gﬂ
. epuedy _.
amonag ouquyuy “ipFuory

O, 24 Ciuyy jo samonng EoRTAD 11 AR



~
0

. (861) TEWP gswggﬁaﬁag&igiﬁgs -
gggg@%%&

gﬁo&ﬂu’ﬁiuﬂ?g -

1Ax Bhoo&SvQ«m:naBmea é@géﬁgegﬁmgﬁaﬁaﬂgﬁaé .
. “qeonddie 100 ‘VNp
- g9 ssamydag poreAnse IGND @ Kpodtp patedy sea SAVG -
‘Surpunq sty1sads-vou sa1oudp udts snury Sutpuq oyds $10uIp USTS SNid "SI YL § puey Sumpaquy ApudEAco A
30 puedy 331y $S30X3 JO 20usaxd Ul UWNJEO AP VO 9 ggo&?ﬁaﬂfgﬁggmﬂ.ﬁnoﬁ!g

*IpUOTYS AQ PIIN[S SEM PUB SUIMOO P punoq ey urnoxd jo gigg s
wgﬁgﬁagﬁéggﬁgﬁsggaggvgti ‘Sa1 %I Aq pomones
. 821D 9 1'0-1DBN W £°0 TILM pan}o pue (19nq 7en1d 30 yegdsoud 2o(id) s101y0q sanoodsar syl ¢ PIM POGS2M aM
agssw%o_%eesé ® Je sun}oo 0) pandde sem (RN 8T % 1°0- vend WNPos Wm ¢ 0 I %1086 -
ut

u/3my) 10enxd &3253820%:2&:?.583&&8&2&&; gy

13nq 84¢ Ut

savd Aq pamp ¢ pueg -+ sus 9 © owileouww
: <z - JLdS 9 01 POV
PoAISqO sAempe ’ _— . )
. 1ou 3utpng ¢ pueq -+ -+ sava '8 v gkuoons AqRouuny
PoALISQO sAempe . TP
10u Sutpuiq ¢ pueq -~ -+ sava (4G yosareqdag-Axody
VN - sava 8 PUKS-AA3-HAoAD
VN - sava 9 PuAE-43410
++ . savd 9 p1oe soadioouxry-9
Aenn Aq 10u 1nq : .
apuoryo £q pangd ¢ pueg - + sava 3 pros Jaxkeoouy-g
J1en 4q 1ou Inq :
SpUIOTEAQ paInya € pueg - + sava v pre §§58-=<+
VN - sava T .
%53&5@
pVN . sava - _
suxoje
e3UTpUIq - puedy - . . M
SIUBUILIO)) qAoy1sadg wsalg sonqryuy psuo] , Sgbo&m .

€ PUEE S1K001A1> UBUINY (LM UORIRIAIUL S1OY) PUE SUTSAX KIIULLE J0UGIU] T FMEL



68
'
b. Hydrophilic spacer arms with DADS
Since the use of hydrophobic spacer arms resulted in non-specific interactions,
hydrophilic spacer arms of equal or longer lengths were used in an attempt to minimize
these interactions. Band 3 did ;10( bind to the hydrophilic spacer arms alone. When DADS
‘'was attached to either Gly-Gly or Gly-Gly-Gly spacer arms, Band [did not bind to the
columns. When DADS was attached either to epoxy-Sepharose (oxirane spaccr arm) or to
ammocthyl succmyl spacer arm then Band 3 dld{md to the column. Interactions of Band
with these two affinity columns was more specific, since the binding could be prevented
by covalently reacting Band 3 with DIDS. However, Band 3 binding to these columns
was not always su.cccssful. One of the reasons for the irreproducibility could be a
structural limitation of DADS itself. DADS has two amino groups (Table 11.2) and it is
possible that during the carbodnxmdc coupling yeaction (Lukacovic et al,, 1981), both ends
of the DADS molecule couple to spaccr arms.
c. Spacer arms with different ligands ‘

‘ To avoid the ppssibility of the ligand being coupled to the matrix through two sites,
BADS instead of DADSrwas coupled to a hydrophobic 6-atom spacer arm. BADS has a
benzoyl group that blocks one amino group of DADS. However, this makes BADS more
hydrophobic and a stronger inhibitor than DADS, BaM 3 did bind to this column but the
binding was not prevented by covalently labelled DIDS. Another inhibitor, SPITC, has
only one béﬁzene ring and is a weak inhibitor as compa.rcd to DADS. Affinity resin
pivpared by Hn593 SPITC to thc hydrophilic 6-atom long spacer arm of Affi Gel-102 was
unable to bind Band 3 when Band 3 - 228C8 extract was shaken with the affinity resin at
4°C (see Materials and Methods). Finally, when affinity resin was prepared by linking
SITS to Affi Gel-102, Band 3 did bind to the column and the binding was prevented by
covalently Iabelling Band 3 with DIDS. |
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Figmt 1.1

Purification of hyman erythrocyte Band 3 using SITS-Affi-Gel 102 resin. The
experiment was performed as described in "Materials and Methods". S-polyacrylamide
gel electrophoresis of human erythrocyte membrane proteins was perforsmed on a 16% gel
prepared according to the procedure of Laemmli. Lane 1, erythrocyte ghosts; lane 2, 1
mM EDTA eitractéd gho;sts, pH 7.5; lane 3, stripped ghost membrane (Band 3 - 228C
extract); lane 4, protein fraction eluted from SITS-Affi Gel-102 resin by 1 mM BADS; lane
5, protein fraction subseéucntly eluted by 1% LDS.
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Figure I1.2 ‘
Specificty of Band 3‘binding' to SITS-Affi-Gel 102 resin. In a microfuge tube, 100
ul of SITS-Affi Gel-102 resin was incubated with 100 ul of stripped nicmbranc.’
preparation (prétcin concentra'tioﬁ I mg/ml) in }% CliEg, 114 mM sodium citrate buffer,
pH 8, for 30 min at 4 °C. Supernatant was. then collected and elcctrophorcscd. SDS-
polyacrylamide gel clcctroph'oresi's' was performed on a iO% gf:i prepared according to the
procedure of Laemmli. Lane 1, Band 3 samf)lc; lane 2, incubation in absence of DNDS;
lane 3, incubation in presence of 200 uM DNDS; lane 4, incubation with DIDS-1abelled
sample. B ' ) .
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2. Interaction of Band 3 with SITS-Affi Gel-102 Resin
To cstabhsh,opumal condmons for Band 3 binding to the SITS-Affi Gel-102 -
afﬁmty mamx and its subsequcnt clution in pure form, a small scdle assay was developed
(sge Mat .and Methods). This enabled us to cx:mmc several different condlpons
simultan y. One ml‘of the Band 3 - 228CS8 extract; (Fig. II.1 lane 3) was shaken with
25 ul of SITS-Affi Gcl-‘102 for 15 min. at 4°C and the affinity matrix was washed with
citrate buffer conmnxr;g ON% Cles The bound protcm was then cluted with 1 mM
BADS in 5P8 buffer containing 1 mM DT'I' (lane 4) The afﬁmty matrix was subsequently
washed with 10 vol. citrate buffcr and eluted with 1% LDS in SP8 buffer to elute the rest
of th:i)ounq protein (lane 5). «
a. Purity of‘ BADS clute P

The protein fraction eluted by | mM BADS when resolved on SDS-PAGE showéd

a single éoomassie.blue smi@ band of about 95,000. Occasion;tlly, a minor band-
(Mr=70,000) was also seen, especially if the Band 3 - 228C8 extract was more than a

week old. When the SDS-PAGE gels were stained with Stains-all to detect glycoproteins,
a’small amount of glycophorin was obscfved together with Band 3 in the BADS llute (data
not shown). . o

« . b. Specificity of the affinity matrik -
VA speciﬁcintenqﬁonbetwemitbepmeinaﬁdthéinnnobili@dlighndigdesirablcin

affinity chromatography. The sposificity of Band 3 interaction with inimobilized SITS was f

~ éxamined in two ways. When@nesolublmdmemh(anepmmmmmd3 228C8e}tract)
wmshakcnwi@srrs AffiGel-lOZmpmsenceonOOuMDNDS Band 3 did not bind
 to the mai andremnihedmdnesupemamm(l’ig II.2.lane2vslane3) Also when the
inhibitor bin ;uwond:cBand3molecnlesmblockednmasiblybyrwtmgcells

ththDSatalhhnepH,(DlDSlabeledBand3 228C8exu'act)Band3d1dnotbmdm '

I

themn(lane-t) ; L
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Figure I1.3

Protein binding characteristics of SITS-Affi Gel-102 affinity resin.

a) Increasing amount of stripped mcmbmné protein in 228 mM c:isratc buffcf, pH 8,
with 0. l:% C12Eg was incubated with 50 ul of affinity resin. The amount of protein
removed from the supernatant is defined as the amount of protein bound to the resin.

‘ - b) Experinfental dctaﬂs as‘acscri.bcd a’bovc‘ except that solubilized stripped
~membranes (1 mg protein) were added to the affinity resin in citrate buffer of increasing
" molarity, pH 8 at 4 °C for 30 min. The amount of protein removed from the supcrnatah?i;
defined as the amount of protein bound to the resin. | |

c) Prot.cin binding Was performed as dcscri\bcd under "Materials and Methods".
Incubation was carried out for varied lengths of time. Fraction eluted with 1 mM BADS
was electrophoresed on a 10% Laemmli gel, stained with Coomassie Blue and g; gel was

: - £

scanned on a Joyce Loebl Chromoscan 3 densitomgcr at 530 nm. The area under the

Band 3 peak is defined as amount of Band 3 bound to the resin.



75

‘ g

P>
Sodium citrate,

mM

1

o5

§T 8 8 ¢

B ‘punoq ueloig

SN ‘B ‘Tese yee4







c. Characterization of binding
In order to achieve obt\imal binding, the SITS-Affi Gel- 102 matrix must be shaken
with membrane proteins at an amount equal to or slightly below its maximal binding
capacity (Fxg IL.3A). If low amounts of protein were used for binding, then Band 3
cluted with BADS was not dctcctcd on a Coomassic Blue-shined SDS-PAGE gel.
~ Reducing the amount  of SITS ligated to Affi Gel-102 to 1/5 and 1/10 of the normal amount
(15 umole -NH7/ml resin) resulted in the loss of Bard 3 binding. Figure I1.3B shows the
dc'cndcncc of protein - affinity matrix interaction on the ionic strength of the buffer.
OfStimal bmdmg was achieved only at fairly high ionic strength (228 mM sodium citrate,
- » equivalent to about 0.7 M Na(l). In these studies citrate buffer of increasing molarity was
uscd'ralhcr than using NaCl because chloride ion is a substrate for the anion transport and
1s known to compete with stilbene disulfonates (Knauf, 1979). Under the typical assay
conditions, optimal binding of Band 3 was obtained when the affinity matrix was shaken
with the protein sample for 30 min. at 4°t3ﬁig. 11.3C). Specific and optimal binding was
obtained at pH 8. Excess free DNDS did not inhibit Band 3 binding to the matrix at pH 6
whereas the binding capacity of the matrix was reduced at pH 10 (data not shown). Band-
3 - 228C8 extract, prepared from ghost membranes that were stripped at pH 12 with 2 mM
EDT A rather than at pH 7;5, did not bind to the affinity resin.

S

d. Characterization of e}ntion

Band 3 bmmdtod\eaﬁinitymanixcmﬂdbec}utedbyvaﬁoussdlbenedisulfomw
jves dissolved in SP8 buffer containing 0.1% Ci2Eg and 1 mM DTT, pH 8 (Fig.
BADS (lane 3) was 1 better eluant than 10 mM DNDS (lane 1) or 0.1 mM
2). Band 3 was more effectively eluted by BADS at low ionic strength (S mM
phosphane)thanathigl\aionicsue;mﬂl(ZZSmMc'iuw)(dmnotshown), Band 3 bound
to the affinity resin could pertially be elised by lowering the ionic strength of the buffer and
addition of a stilbene disulfonate to the low ionic buffer improved the yield of Band 3.




Figure 11.4

Elution efficiencies of various stilbene disulfonate derivatives. SDS-
polyacrylamide gel electrophoresis of human erythrocyte membrane proteins on a 10% gel
prepared according to the procedure c;f Laemmli. Protein binding was performcd \as
described under "Materials and Methods”. Following incubation resins were washed with
228 mM citrate buffer, pH 8, and ch.xtcd with 5 mM phosphate-0.1% C2Eg buffer, pH 8,
con(ai-ning either 10 mM DNDS (lane 1) or 50 uM DIDS (lane 2) or 1 mM BADS (lane 3).

G?ls were stained with Coomassie Blue.
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Figure I1.5

Effect of increasing amounts of BADS on Band 3 elution from SITS-Affi-Gel 102
resin. Protein binding was performed as described under 'Materials and Methods".
Followi-ng incubation resins were washed with 228 mM citrate bu_ffcr’, pH 8, and eluted
with 5 mM bhosphate-O.l% C2Eg buffer, pH 8, cortaining increasing amounts BADS.

Other details as given under ﬁgﬁrc 3C.
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Figure I1.6 > . ]
Eff;ct of the spacer length on Band-3 binding to the affinity resin. Panel a: 25 pl of
SI'I“S-afﬁnity'rcsin with spacer arms of various lengths was shaken with 1 ml Band 3-
228C8 cxtract at 4 °C for 15 min and the bound protein was eluted with ] mM BADS.
Other detalls as given under figure 3C. Panel b: Amount of Bangg3 eluted with 1 mM
BADS" from SITS- affimty resin with a 6-atom hydrophoblc spacer molccule (a) or with a
6-atom hydrophilic spacer molecule (b).
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. Effcct of tcmpcrz;turc 'on affmi;y chromatography of Band 3. In a microfuge tube,

Figure I1.7 e

25 ul of SITS-Affi Gel-102 resin was incubated with 1 ml of Band 3 extract (protein
concentration ~1.5 mg/rnl) in 1% C12Eg, 228 mM citrate buffer, pH 8, for 20 minat4 °C _ -
or 22 °C or 37°C. Aftcr washing off the unbound protcfn, bound protein was eluted first
with 1 mlv.i BAI)‘S-5P8 (lanes 1-3) and subsequently with 1% LDS-5P8 (lanes 4-6) at
respective temperatures. Lanes 1,4- 4 °C; lanes 2,5- 22°C and laneé 3,6- 37°C. SDS-
polyacrylamide gel electrophoresis was performed on a 10% gel prcparc;l a;ccording to the

procedure of Laemmli.

-
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For cxami)lc, 0.1 mM BADS in 5P8 buffer cluted 40% of Band 3 while 1 mM BADS in
5P8 buffer cluted 80% of Band 3 that was bound to the affinity resin (Fig. I1.5).
Subsequent washing with 1% LDS eluted the remainder of Band 3 together with other

proteins that may be bound to the resin nonspecifically.

3. Effect of Spacer Length on Band 3 Binding

Affi Gel-102 used iri these smdids is an agarose gel with a 6-atom hydrophilic'
spacer arm. Under the assay conditions, Band 3 dignot bind to Affi Gel-102 alone. The
bindllg capacity of the affinity matrix is dependent on the length of the spager arm used
The amount of Band 3 that is eluted by BADS decreased with reducing spacer length from
8-atom to 4-atom (Fig. II. 6a) Also, the chemical nature of the spacer molcculc is
important since affinity matnx with a hydrophilic 6-atom spacer binds more Band 3 than -
the one with a hydrophobic sphcer of equal length (Fig. IL.6b). Considering that both Affi
G;l\-102(hydrophilic'6-anom spacer) and omega-amino hexyl Agarose (hydrophobic 6-
atom space;fhave equal amodnt; df spacer m?leculcs (15 pmole/ml beads) and that equal |
amounts of ligand (30 mM) were used during the coupling reaction, the data suggests that
an affinity-matrix with hydrophilic spacer arms interacts more favourably with Band 3 and
therefore resulted in increased binding capacity.

4 Optimal 'rempmcm for Protein Binding and Elution is 4°C
In order to estabhsh optimal tempcrature condmons, protein binding and
subsequesit clution was carried out at different temperatures. When the experiment was
can'iedouut4°C.m6RoftheboundBand300uldbeeluwdoffthe.mnby 1 mM BADS
and the rest of Band 3 with 1% LDS (Fig. IL.7). - At room temperature, however, the
amountofBand3mthe l%LQSduwmmmasw. Whentheexpa'imentwascanied
. out at 37°C, 1 mM BADS eluted véry little Band 3, most of which could be eluted only
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with 1% LDS. These data suggest that at highef temperatures Band 3 binds more tightly to .

the resin and therefore cannot be cluted with 1 mM BADS effectively.
5. At 37°C Immobxlxzed SITS-Band 3 complex is Rapxdly Converted to a
Tightly-bound Complex .

The process of affinity chromatography has two components. A bindin g
component wheré'Band 3 binds to the immobilized SITS and an elution component where

frec BADS competes with the immobilized STT for the inhibitor binding site on the Band -

3 molecule and clutes the bound protem from the resin. A change in.temperature may
aﬂ'ect the ethbnum of these two processes in such a way that a\xgher temperatures
Band 3 mayexhxbltasuongeraffimtyfa'tlw mmobxlmedhgmd.rcsultingm the inability
of BADS to elute the protein from the affimty rcsm To rule out this possibility the ’
following experiment was carried out. lmanndS 228C8¢xuactwushnkcnmth25ul

* of SITS-Affi Gel-102 resih for 15 min at 4°.C and the unbound protein was removed by

washing the resin 3 times with 250 l citrate buffer-0.1% C13Eg. The affinity resin (with
the bound protein) was then incubated at 37°C for up to S0 min. At the end of the

incubation the microfuge tubes were retumed to 4°C. During this step Band 3 was not

~released&omtheaffimtyresm(ﬁg 11.8a). AﬁerlOnnn.aM"Ctbeboundpmmnwu

)

ellﬁedthhlmMBADSinSPBbuﬂ'etat”C. Tbemdnwuﬂmllyelutedwith 1% LDS

ipSPthffaaﬁeranbuofmmcimbuffer. Exceptfortheincl_tbadonpuiod.of
137°C, all other steps were carried out at 4°C. As a-result of incubation of 37°C for 20
' min; the BADS-clutable Band 3 was converted to BADS-unelutable form. Preincubstion -

7
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dmws-'mmd&eamididmihuiuﬁmpmpdumwm; o
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Figuell8-A | '

. Effcct éf temperaturc shift on the elution properties of Band 3 bound to the SITS-
Affi Gel 102 afﬁmty resin. Binding assay was performed as described under "Materials
| ~ and Methods" with the following modification. After removing the unbound protein with
| at least three washes, 100 ul of citrate buffer was added to the resin-bound®protein and
incubated at 3;7 °C for up to 60 min. The supernatant (lanes 1 and 4) wagremoved and
the bound protein was then eluted with | mM BADS-5P8 (Tanes 2 and 5) followed by 1%
" LDS-5P8 (lanes 3 and 6). Lanes 1-3 sample§ were incubated-at-4 °C after the initial
binding and lanes 4-6 samples were incubated at 37 °C for 5 min. Gels of samples ,
incubated up to 60 min. showed identical pattern as in lanes 4-6. SDS-polyacrylamide \gel

electrophoresis was performed on a 10% gel prepared according to the procedure of

Laemmli, . -



Figure I1.8 B
Effect of temperature shift on lhc.clution propefties of Band 3 bound to the SITS-
At Gel-102 affinity resin. Details of experiment are given under Fig. 11.8-A cxccpl‘thal
incubation at 37°C was carried out only up to 8 min. 1 mM BADS-5P8 eluates and 1%
-
LDS-5P8 eluates were electrophoresed on SDS-polyacrylamide gel, stained with the

Coomassie Blue stain and scanned in a Joyce Loebl Chromoscan 3 densitometer at 530

nm e - @ - Bamd 3 eluted with 1 mM BADS-5P8; 0 ©o- Band 3 subsequently

/
K

eluted with 1% LDS-5PS.
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Table 11.3 Binding capacity of SITS-Affi-Gel 102 resin

Resin
mg/ml
Protein adsorbed® 5.1
Protein cluted by 1 mM BADSYb 1.5 N
3.6

Protein cluted by 1% LDS

Protein assay was performed according to Lowry et al. (1951). Binding assay was
performed as described under "Mecthods”.

aAmount of protein adsorbed was calculated from the amount of protein
disappeared from the supernatant after 15 min incubation at 4 °C.

bBADS itself reacts with Lowry reagent and gives color. Appropriate BADS
blanks were included in the assay, and the amount of protein in BADS clute Was
recalculated. \
dependent manner as the résin-bound protein is incubated at 37°C. Within 45 sec, 50% of
BADS clutable Band 3 is c':onvcne#to BADS unelutable Band 3 (Fig. I1.8b). Since both

. the binding step and the clution step were performed at 4°C, this observation suggests that

upon exposure to 37°C, ligand-bound Band 3 becomes more tightly bound to the resin. [t
seems likely that the Band 3 eluted by 1 mM BADS is present in the initial weak binding
conformation whereas the Band 3 that is not eluted by 1 mM BADS but by 1% LDS is
present in the tight binding conformation. These data also show that this change is slow at

4°C but very fast at 37°C. L

6. Binding Capacity and Stability of SITS-Affi Gel-102 resin 4
The binding capacity of SITS-Affi Gel- 102 resin was estimated from the amount of
Bm)d 3 protein eluted from thcrwri"aﬂcr it wu‘satnrated with Band 3 - 228C8 citract at
4°C for 15 min. Table [L3 shows that the resin has a binding capacity of 1.5 mg Band 3
per ml resin. When stored in citrate buffer with 0.1% sodium azide at 4°C, STTS-Affi
Gel-102 afﬁnity"’resin retained its full binding capacjty over at least 3 months. When the
same resin samples were repeatedly used, however, the binding caPacity of the resin

L)



Figure 11.9 | v .
/ . ' ~ _
Purification of Band 3 from non-human erythrocytes. SDS-polyacrylamide gel

clectrophoresis of erythrocyte membrane proteins was performed on a 10% gel prepared
according to the procedure of Laemmli. 1 mM BADS elute from SITS-Affi Gel resin

shaken with 1% Cj3Eg extract from chicken ghosts (lane 1), mouse ghosts (lane 2), pig

‘(lanc 3) and horse ghosts (lane 4).
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decreased slightly with each use. This is probably due to a small degree of irreversible -
adsor;nion of proteins to the resin, a phenomenon also observed with other affinity resins

. (Lowe, 1979). @ -
7. uAffimty punficanon of Band 3 from other :ome;

Ghost membranes were prepared from horse, chxcken, pig and mouse crythmcytes
and a crude extract was prepared by solublhzmg the membranes in citrate buffer containing
1% C12Eg. The solubilized membranes were then cemnfuged in a SS-34 rotor at 19,000
rpm for 20 min. The supernatant was shaken with SITS-Affi qu-102 under the same
cxpcnnmtal conditions used for purification of human Band 3. A major polypeptide of
mol. wt. between 90,000 to 100,000 was eluted by | mM BADS from the affinity matrix
shaken with crude extracts from these different sources (Fig. [1.9). Subsequent washing
‘of the matrix with 1% LDS cluted the remainder of Band 3 and othc;' non-‘speciﬁcally
bound proteins (data ngt shown). ‘

D. DISCUSSION

Band 3 is an integral membrane protein amd spans the erythrocyte membrane
several times (Steck et al, 1976; Kop{m and Lodish, 1985). No successful attespts of
purifying this protem employing the affimty chromatography technique have been ‘
reported. One of the chfﬁculnet is undoubtedly the hydrophobic nature of Band 3 that
results in a high degree of non-speciﬁc interactions with the affinity matrix. Stilbene
disulfonates being hydrophobic in nature aunvnw this problem. —Also, stilbene
Mmbwmuaﬁwchmwhchwmmmmmubwm
strength. Therefore the. bmdinx eonditio:_u shodld be such that the non-specific
hydrophobic and ionic interactions be minimized and the biospecific interictions be
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'Rhc ch&cc of liganld is very important since the most critical factor in successful
affinity chromatography is the strength of interaction between the immobilized ligand and
the protein (Tkeda et al., 1984). As a general observation, affinity rcsgns with ligands with
relatively high Ki vﬂucs (>10 mM) do not adsorb proteins whereas with ligands with very
low Ki values (<10 nM) may bind proteins so tightly that their elution in the native state
becomes impossible. The apparent dissdciation constant (Ki) cxhibited by a protein for a
free ﬁgmd may change once 'thc ligand is bound onto a matrix surface. Insertion of a
spacer arm and change of functional group due to immobilization could also change the
‘effective equilibrium constant. There is no empirical way to preﬂict and calculate these
changes and therefore the suitability of a ligand as an affinity adsorbent has to be
determined for individual cases. Our r#ults shew that DADS (Ki=1.3 mM) is not a
suitable ligand for chromatogniphy probably due o its relatively low affinity for Band 3.
It is also possible that during the coupling step, DADS gets ligated to the carboxyl groups
of the spacer arms through both its amino groups. This may rcsult“in a restricted access to
the binding site or in an orientation in which the ligand cannot bind the protein. This may
explain our inability to reprodixce protein binding \’vhcn different batches of DADS-
"hydrophilic spacer affinity matrices were used. BADS (Ki=2pM) has a higﬂcr affinity for
Band 3 but its use as an immobilized ligand also resulted in non-specific binding,
prcsumably due to an additional benzene ring in its structure that increases the
hydrophobicity ¢ of the ligand. Blnd 3 did not bind to immobilized SPI'I‘C (Ki=d mM)
Buedon amplehneuc and equilibrium models of the afﬁmty adsapuon and desorption
events, Graves and Wu (1974) have predicted that in order to produce adequate affinity,
theimmobnhudlignndcommmnonshouldbemethan IOnmesthehundpmtem
disaocianonommnt(l(i) Considering that concentration of immobilized SPITC was not
more than ISmMqulldnothlveadeqmwafﬁmtymbmdBand}. Wed:dnptmempt
to increase the concentration of immobilized SPITC to compensate for weak affinity
because SPITC has a net negative charge and it has been observed that with high ligand
< .
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concentration, ionic intcracu'ons become dominant over biospegifijc interactions (Ikeda et
al., 1984). We observed sxmxlar results upon mcrcasmg concentrations of immobilized

DADS (data not shown)

SITS (Ki = 10 um) immobilized at a concentration of 15 mM has proved to be ,\

satisfactory. Unlike DADS, one amino group of SITS is acetylated and therefore it canno?

form ‘cross-bridges' on the solid support and thus the ligand is probably present in

proper onent;t;on for the binding. In this case the acetylated end of SITS must enter the
protein. When the concentration of unmolnhzed SITS was decreased from 15 mM to 3
mM or 1.5 mM, Band 3 did not bind to the affinity resin (data not shown). The lack of
binding could be due to an increased Ki caused by immobilization of SITS and therefore
the lower ;ligand concentration results in inadequate affinity. It is also possible that at
lower ligand concentration, the excess free charged spacer arms interfere with the protein

binding.

Steric f@gnmce is a commonly held rational for the need of' Spacer arm extension

(Lowe and Dean, 1974). Thus a spacer arm would be needed if the ligand binding site is
recessed deep within the interior of the protein. The present studies indicate that the
stilbene binding site is not present on the surface of Band 3 but is recessed deep inside the
“"““prmeinmolecuxe,simenandsdoesnotbindmuufﬁnnymmxwimouu.mmor_
withshrtspacerarms.Ino;dex:toachiévebinding,a‘pgcerirm'of;xﬁnimur;)&atoﬁ
1engmisneededandmelongaﬁm6fmupmmmummhmém¢dmming
-capmtyoftheafﬁmtymtrix. haunmbindingcwtyuamﬂtofmudngm
'lengthhnsalsobemobwwdwlier(l’mﬁmetd '1984).

: Ituconeeivahlethunpmbindin(bmimobiﬂndﬂpnd.mepmwinwmdw

mmﬁmmmmwnmwmgmnwﬂmu

interior of the.protein. This means tjat the chemical nature of the spacer arm is likely t
mﬂuence pmwin~lipnd interaction in mch acase. It ic generally observed that

-~

hydrwhobu: mmeM&IWMMW |

ot .7('-‘
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arms minimize this problem. The present studies with DADS attached to hydrophobic and
hydrophilic spacerrms support the above view. It is interesting to note, however, that
Band 3 does not bind to the spacer arms alone and therefore binding of Band 3 to DARS-
spacer-Sepharose column cannot be completely non-specific. This is also supported by the
fact that Band 3 bound 1o DADS-affinity columns can be eluted by increasing concentration
of Cl- (a substmte.which presumably binds at or near the inhibitor binding site) but not by
citrate ions which are not transported by Band 3 (see Table I1.2).
Interaction of a protein with a series of ligand derivatives yields information about
the chemical nature of the binding gi;cf Similarly, studying pr('ncin interaction with a
ligand immobilized via different spacer arms can givg information about the
microenvironment that surrounds the ligand binding site. For example, our results show
that keeping the spacer length equal (to 6 atoms), introduction of hydrophilic groups on an
otherwise hydrophobic spacer arm dramatically improves Band 3 binding to the affinity
matrix and its subsequent recovery in the pure form. This indicates that the region that
surrounds the stilbene binding site interacts more favourably with a hydrophilic rather than
with a hydrophobic spacer arm. This suggests that the area surrounding the stilbene
| binding site has a fair degree of hydrophilicity although the binding site i;ﬁelf is probably a
. hydrophobic cavity (Knauf, 119'7,9; Ramjeesingh et al., 1981; Macara and ?antley, 1983).
Our results are particularly interesting since it has very récently been shown §hat although
the haem pocket of myoglobin is lined with non polar amino acid residues, the binding site
is strongly polar (Macgregot;nd Weber, 1986). Or the basis of minor changes in acid
dissociation constants of ionized groups inside,certain prefEins, it has been deduced that -
many protein cavities have a high effective polarity despite the lining of nonpolar amino
acid residues (Warshel et al., 1984). |
_ The temperajure-shift experiment demonstrates that upon bipdfng to the inhibitor
ligand, Band 3 protein becomes tightly bound presumably througl; a conformational
change (Verkman et al., 1983). Macara et al (1983) have sugg'emd that the slow
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conformational change may i'cpl'cscnt a partial translocati’on of the inhibitor and that it
occurs when the protein attempts to transport the inhibitor as it would a subsﬁute and
switches from an outward- 1o an inward-facing state. Thus, prior to thc'.conformational
change the inhibitor binding site of the bound Band 3 is accesiijgie to free ligand and
therefore the protein could be eluted with BADS. -Upon conformational change the site
becomes inaccessible (inward-facing state) to the free ligand and consequently cannot be
eluted with BADS. |

Our results have indi

two important points. Firstly, when using SITS-A o
affinity column for pdri cation of Band 3 it is imperative to carry out the éxi)eriment
quickly at 4°C. Many workers perform affinity chromatography at room temperature
(Pantoliano et alg, 1984) or load the"s?nplc very slowly on the column (Lowe, 1979b). -
Obviously under these conditions, isolation and purification of Band 3 will not be very
successful. Thif is important since it has recently been reported that the red cell glucose
transpofter can be boundgo an inkibitor-affinity column but cannot be eluted in the native
conformation (Weber et al., 1985) when the binding was performed at 4°C for 2 hrs.
Thus, our finding may be of general importance in cases where a transport protein is being
purified on an inhibitor-affinity columa. Secmidly. from the reports published so far
(Verkman et al., 1983; Macara et al., 1983), it has only becn inferred that upon stilbene
disulfonate binding to Band 3 the conformational change locks the inlubltorin place. We
behcvethatmmlupwidedhectcvﬂewedmm:phemmenmdwwcw

' TheSHS—AEiGel—lOZaﬁmtymwdsouuﬁ:linpnﬂfymgBmdSpmwin »
~ ﬁomaydnwyuﬁumdiﬂ‘amm Pmﬂupoeudngoﬁhcandemuof
chnclnen.mome.pizmdhcm anmwwmmnﬁ
'3mmamemm¢muhmemdmm3m We believe that
mmmm.mmmmnwmmw
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A. INTRODUCTION

. Int%ﬁon of Solubilized Band 3 with Immobilized SITS'

»

Band 3 is the major integral membrane protein of the erythrocyte and catalyzes
the rapid exchange :)f anions across' the membrane (Passow, 1986; Steck et al., 1976;
Appel and Low, 1982). The anion-tran‘slocation site is located in the membrane-bound
carboxyl-terminal dotnain (M=55,000) of Band 3. Anion exchange is thought to occur via
a conformational change that translocates the anion binding site between external gnd
cytoplasmic. membrane interfaces (Passow, 1986; Macara and Cantley, 1983). Anion
cxchange.is specifically inhibited by stilbene disulfonates which bind at the external
transport site of Ban& 3 (Passow, 1986; Ramjcésin'gh et al.,1981). This site is buried
~ within the membrane (Grinstein et al., 1978; Macara et al., 1983) and has been located 35-
40 A from sulfhydryl residues on the cytoplasmic domain (Macara ef al., 1983). The
kinetics of 4,4'-dibenﬁthido§tilb¢ne-2,2‘-di§ulfohute-(DBDS) binding studied both by
stopped-flow and temperature-jump expeti\ments,bave suggested that a sapid initial binding
step is followed by a slower conformational change that locks the inhibitor in place
(Verkmm-ct al., 1983). Intnnsxc ﬂuorescence quenching studies also suggest that a
conformauonal changemtheBand3 protein aeoompamesd:e bmdmgofBlDS {(Macara et -
~ al, 1983). There also have been some suggestions that the inhibitor binding sites on two
-adjacent monomers of a Band 3 dimér may interact with each other (Zaki, 1981; Bjerrumet
Cal,1983). ' - - | _

Wehavedeugnedmdsynﬂmizedannﬂimtyrennforpuﬂﬂcaﬂonomed3
m(mnmummmm 1986). msmwwywsrrs- a
Affi-Gel l(nresinviaits inlﬁhmrundjngdmandmebonndpminmbeelnud
* spocifically by froo inkibioe ligands. Wemmmmmm bmdinm_ -

1Amdmmm;onm mplw anmmm R.A.F
Blochim. mmanm) L
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1mr§oblhzcd SITS, Band 3 becomes more tightly bound, presumably through a
confm_&ic;nal change in the protein (Pimplikar and Reithmeier, 1986) as has been
suggc‘st;:d f;t)m the previous kinetic studies (Verkman et al., 1983; Macara et al., 1983).

The SITS-Affi-Gel 102 can be used to probe the binding characteristics of
stilbene disulfonates to Band 3 protein. Immobilization of ligand in a fixed onentation onto
a solid matrix makes scparation aof free protein from protciri—ligand complex very easy, and
the clution profile of the bound protein gives a direct indication of the protein’s affinity for
the immobilized ligand. Thus, effects of chemical modificatién on the affinity of Band 3
towards st'\lbcr{c disulfonate inhibitors can be easily studied. We here show that citrate
modification of the inhibitor binding site on Band 3 affects protein binding to the affinity
resin such that the bound protein is more casily eluted from the resin. Moreover, we
provide evidence for intersubunit interaction between inhibitor binding sites of adjacent
monomers and that citrate modification of the bindiné sites affects the inidal binding of
inhibitor but not the translocation of the inhibitor to the tightly-bound state.
B. MATERIALS and METHODS ﬂ

Affi-Gel 102 was purchased from Bio-Rad. SITS was obtained from Pierce
Chemical Co. and US Biochemical Corporation, Cleveland, Ohio. BAISS was
synthesized according to Kotaki e al. (1971). Lithium dodecyl sulfate was a product of
Boehringer Mannheim while C,Eg was from Nikko Chemical Co., Tokyo. All other
chemicals were reagent gmdc or better. EAC was prepared as previously described (Craik
and Reithmeier, 1985) from the free base of 1-cthyl-3—(dmrthylammopropyl)carbodnm1dc
hydrochloride (purchased from Pierce Chemical Co., Rockford, Ilhnoxs) in anhydrous
diethyl ether solution by the method of Sheehan et al (1961). The white cystalhne product
was caniively washed with anhydrous ether to remove unreacted carbodiimide and

methyl 1odxde. [3H)}-H,DIDS was purchased from Research Dcvelopmcnt Corporanon
H&pml for Sick Children, Toronto, Ontario.

4

.
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Details of erythrocyte ghost membrane preparation, solubilization of Band 3 and
SITS-Affi-Gel 102 affinity resin preparation are given in the previous chapter. Erythrocyte
ghosts were prepared from outdated blood (ldndly provided by the Canadian Red Cross)

by hypotonic lysis in 5 mM sodium phosphate, pH 8.0.

1. Treatment of Intact Erythrocytes with EAC '

Erythrocytes were washed four times with 10-15 volumes of 0.9% w/v Na(Cl at
4 °C to remove storage medium and white cells. In order to obtain chloride-free external
medium, cells were further wz;shed 3 times with 10 volumes of 28.5 mM sodium citrate,
pH 7.4, 205.3 mM sucrose. Cells were then incubated with 8.7 mM EAC in 28.5 mM
sodium citrate, pH 6.7, 205.3 mM sucrose, for 5 min at 37 °C. Cells were washed three
times with 28.5 mM sodium citrate, pH 7.4, 205.3 mM sucrose prior to ghost membrane
preparaton. This procedure produced ~60% inhibition of anion transport (Craik and
Reithmeier, 1985) (data not shown).

2. DIDS Treatment of Efythrocytes
Erythrocytes were washcr% 3 times with 150 mM NaCl and 5§ mM sodium
phosphate, pH 8.0, at 4 °C. Cells were suspended at a 25% hematocrit in the same buffer.
[3H]-H20£DS or DIDS was added at varying concentrations and the suspension was
incubated at 37 °C for 1 b. The cells were washed with the same buffer containing 0.5%
bovine serum albumin (fatty acid-free) at 4 °C, followed by two washes at 4 °C with the

sani: buffer.

3. Binding assay

Unless stated otherwise, all steps were carried omuM‘C.Pxowinbinding
assays were performed in 1.5 ml microfuge tubes. 25 l of packed resin was washed
twice with 250 pl of 228 mM sodium citrate, pH'8.0, 0.1% Cj2Eg, 1 mM DTT (citrate

.
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buffer) and was incubated with 1 ml of Band 3 cxtracf (1.5-2 mg/ml protein) for 15 min.
After removing the supematant, the gel was washed at least three times with 250 pl of
citrate buffer and the bound protein was then eluted by shaking the resin for 10 min with
110 ul of 1 mM BADS in 5 mM sodium phosphate, 0.1% Cj,Eg. Finally, the resin was

washed at least twice with 10 volumes of citrate buffer and then extracted with 110 ul of

1% LDS, 5 mM sodium phosphate for 10 min.

4. Analytical techniques
Protein assay was according to Lowry et al. (1951). Sodium dodecyl sulfate gel
clectrophoresis was performed according to Laemmli (1970). Protein bands were stained
with Coomassie blue. Coomassic blue-stained gels were scanned in "Joycc-Locbl

Chromoscan 3 densitometer at 530 nm.
C. RESULTS

1. Prolonged Incubation of Immobilized SITS-Band 3 éomplcx at 4 °C

Results in a Tightly-bound Complex

As observed earlier (Chapter II; Pimplikar and Reithmeier, 1986), when Band 3
extract was shaken with the affinity resin at 4 °C for 15 min, most of Band 3 was bound in
the weakly-bound form and was eluted by BADS (Fig. [II.1a). When ihcuba@ for 18 h,
the total amount of Band 3 bound to the resin was increased. However, the amount of
Band 3 eluted by 1 mM BADS remained unchanged (Fig. IIl.1a) and the amount of the
strongly-bound form continued to increase and was 3-fold higher than the amount of the
weakly-bound Band 3 at 18 h (Fig. [1I.1b). This observation indicates that Band 3 bound
to ‘the resin in the initial weak binding state (BADS-clutable) slowly converts into the tight
binding state (BADS-unelutable). Not surprisingly, attempts to purify Band 3 by applying
membrane extracts overnight on a SITS-Affi-Gel 102 column gave poor yields of purified

~—~



Figure I11.1-A

Effect of prolonged incubartion on Band 3 binding and elution. The binding
assly was performed as described under "Materials and Methods” either for 15 min (lanes
2 and 4) or for 18 h (lanes 1 and 3) at 4 °C. BADS and LDS eluates were clectrophorcsqd
on a 10% SDS-polyacrylamide gel prepared according to the procedure of Laemmli. Lanes

1,2- 1 mM BADS-5P8 eluate; lanes 3.4- 1% LLDS-5P8 eluate.

i
Figure II1.1-B )

Quantification of gel (Fig. II.1-A) by densitometry. Expc:i{?ncntal details as
given under Fig. III.1-A. 1 mM BADS-5P8 eluates and 1% LDS-5P8 cluates” were
elcctrophoresed on a SDS-polyacrylamide gel, stained with Coomassie Blue stain and
scanned in a Joyce Loebl Chromoscan 3 densitometer at 530 nm. Open colurhns- 1 mM

BADS-5P8 cluate; hatched columns- subsequent eluate with 1% LDS-5P8.

21 : : ' »
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Figure II1.2
Effect of temperature shift on the elution properties of Band 3 bound to the SITS-
Affigel-102 affinity fesin. Details of experiment are given under "Materials and Methods"

' cxccft that following 15 min at 4 °C, incubation was continued at 4 °C - ___oppor

incubated at 37 °C with y____~ v or without ¢ e washing off the
unbound i)rotein. } mM BADS-5P8 eluates (top panel) and 1% LDS-5P8 eluates (bottom
panel) were clccg:ophorcscd on SDS»-polyacr\yrlamidc gel, stained with Coomassie Blue
stain and scanned in a Joyce Loebl Chromoscan 3 densitometer at 530 nm. The arrow

shows the time incubation was shifted to 37 °C.

»



‘ BADS
-?-"'——__———_()__—o
30} 0/0/0 4
o~

unit

N

o

|
;;i§>

[ J
. | "\ o
- \AWASH 37°
“: 0 1 Al A 1 1 1 1
1)
S —
. . LDS
3 : '
80}
Q. 370
{ J
sol $ e
°
| A'A//
40F WASH: [ o
20 " . 4°
. __.o=—0—0 ° °
o
0/ 1 A 1 1 1

10 20 30 40 50 60

Time. min



110

Band 3, although large amounts of protein were bound to the resin (data not shown). Itis

important to note that even after 1‘8 hrs of incubation at 4 °C, a part of the Band 3

population can still be eluted by BADS and therefore remains in L;lc initial conformation..
2. Interaction of Band 3 with SITS-Affi-Gel 102 7

Thc time course of Band 3 binding to immobilized SITS was studied a::'Zand
'37 °C. The amount of Band 3 weakly-bound to the resin at 4:°C irllcreascd ?n a time-
dependent manner and reached a maximal binding after ~30 min (Fig. IIL2 top panel), The
proportion of Band 3 in the tightly-bound form was much lower at 4 °C up to 1 h (Fig.
I11.2 bottom panel).

In a parallel set of experiments, after the initial 15 min at 4 °C, the resin was
cither incubated at 37 °C or washed to remove free protein and then incubated at 37 °C. As
shown previously in Chapter II (Pimplikar and Reithmeier, 1986) removal of unbound
protein and incubation of matrix-bound protein at 37 °C resulted in rapid conversion of
Band 3 tothe tigln\tly-boﬁnd'foﬁn. This is shown by the loss of BADS-elutable protein
after washing av:ay free protein and incubation at ;7 °C, with a concomitant increase in
Band 3 in the LDS eluate (Fig. IIL.2). In the presence of free protein, incubation at 37 °C
resulted in a decrease in BADS-clutable Band 3 with\a concomitant increase in LDS;
clutable Band 3 (Fig. IIL.2). Even after a 40 min incubation at 37 °C, however, a part of
Band 3 was stll present in the BADS-clutable stie,

Figure IIL2 also shows that a maximum amount of BADS elutable Band 3 is
reached within 30 min (saturation state) when Band 3 is shaken with SITS-Affigel-102
resin at 4 °C. To see if all the available ligand sites wers occupied it this stago by Band 3,
the following experiment was performed. 25 ul SITS-Affigel-102 resin was with
1 ml Band 3 extract for 30 min. The free protein was removed and the resin-bound Band 3
was incubated at 37 °C for 10 min 1o ‘lock'’those ligand sites with bound Band 3. No
BADS-clutable Band 3 is present oa the resin afer this procedure (Fig. IL2). However,



\ Figure I11.3-A »

Effect of 'locking' the protein to the affinity resin by temperature shift on the
binding of subsequently added Band 3 to SITS-Affigel-102 affinity resin. Initial binding
was performed as dcscribcd under "Materials and Methods;" for 30 min at 4 °C. The
unbound protein was rempved and the bound protein was locked by incubating the resin-
protein complcx’at 37 °C for 10 rmn One ml! of fresh Band 3 extract was added (Addi.) or
not added (No Addi.) to the resin a’nd the binding was performed as described under
"Methods” for 15 min at 4 °C. Deutails of elution, electrophoresis and densitometry as

given under Fig. I11.1-B.
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Figure I11.3-B

Experimental details are as given under Fig. IT1.3-A with the cxceprion that initial
binding was perform¢d for up to 40 min prior to tcmpcriturc shift at 37 °C for 10 min.
One ml of fresh Band 3 extract was added and incubated for 15 min at 4 °C. Open bars, 1
mM BADS-5P8 cluate; hatched bars, subsequent 1% LDS-5P8 eluate.
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following this, if 1 ml of fresh Band 3 extract was added to the resin and shaken at 4 °C for
15 min, a portion of Band 3 was cluted with 1 mM BADS (Fig. Il1.3a). Only the Band 3
that bound from the fresh batch was cluted by 1 mM BADS since Band 3 bound earlier was
rendered BADS unclutable by exposure to 37 °C. The majority of Band 3 in the
- subsequent LDS cluate was the Band 3 bound during the initial incubation and rendered
BADS-uneclutable by incut;ation at 37 °C. This shows that even at apparent saturation, not
all ligand sites were bound by the protein. "
" The above observation was further confirmed by performing a time-course
binding experiment. Band 3 was incubated with the resin at 4 °C for varying time periods
_and at different time points aliQuots of resin were rcfnovcd, washed (to remove the
unbound protein) and then incubated at 37 °C for 10 min. By doing this, increasing
" amounts of Band 3 werni‘: locked on ~th: resin. Thus, a decreasing number of ligand
‘molecules will remain unoccupied and available for subsequent binding. Fresh Band 3 was
then added to these resin preparations and incubated at 4 °C for 15 min. Following this,
the bound protein was eluted as usual initially with BADS and later with LDS. Figure
TN II.3b shows that as an incrpased number of ligand sites were locked, the amount of Band
3 bound during the subseqi‘xent incubation decreased and then remained constant. This
reflects the decreasing number of' ligand molecules available for the protein binding. Upon
reaching apparent saturation (30 min and beyond) only a constant number of sites will be
available for the freshly added Band 3 for binding. Therefore, these data show that binding _
of Band 3 to the immobilized inhibitor ligand follo’y’rs an equlhbnum relationship of
adsorption and desorption as suggested by Graves and Wu (1974).
3. Interaction of DIDS Labelled Band 3 with Immobilized SITS
Band‘3e:dmmoaﬂya§adimuaatem'inthemcmbnne and in solutions of
- non-ionic detergents such as C12E8 (Jennings, 1984). Thus Band 3 can bind to the
immobilized SITS via one or both monomu's\.Wesmcﬁed this phenomenon by partially



Figure II1.4
. »
Effect of increasing amount of the affinity resin on removal of Band 3 from the

supernatant. [3H]*H,oDIDS labelled Band 3 was incubated with SITS-Affi-Gel 102 resin
for 15 min a; 4 °C. After letting the resin settle for 5 min, radioactivity in the supématant
was counted. Control with equal volumes of’ Sepharose 4B resin was also run.
O o -Band3 labelled with 3 pM [3H]-H2DIDS; ¢__ o - Band 3

—

labelled with 30 pM [3H]-H,DIDS.
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labelling Band 3 with [3H]-HzDIDS or DIDS. Under these conjditions we will have a
mixture of Band 3 populatons with both, one or no monomers covalently labelled with
DIDS. Ghost membranes prepared from control or DIDS-labelled erythrocytes were
stripped with 0.2 mM EDTA, pH 7.5, followed by 1 M KI as described carlier (Pimplikar
and Reithmeier, 1986). The Kl-extracted pellet was solubilized in citrate buffer with 1%
C12Eg (Band 3 extract). The protein binding assay was performed at 4 °C as described
carlier (Pimplikar and Reithmeier, 1986) with the few modifications described under figure
legends.

In order to determine the proportion Qf Band 3 dimers that have both inhibitor
sites occupied by [3H]-H;DIDS, protein binding assays were performed with increasing
amounts of resin. At the resin to sample volume ratio of 4, all of the unlabelled Band 3
was bound to immobilized SITS (data not shown), suggesting that at this ratio of resin to
protein, the amount of ligand available is sufficient to bind all the Band 3 present. Figure
I11.4 shows that when Band 3 was labelled with 3 uM [3H]-H;DIDS, only up to 70% of
the counts were removed from the supernatant with increasing amounts of resin. Thus, the
remaining 30% represents labelled Band 3 with both sites occupied by [3H]-H,DIDS and
unable to bind to the resin. When Band 3 was labelled with 30 uM [3H]-H2;DIDS
(conditions to fully label the protein), 80% of Band 3 did not bind to the resin. The 20-
25% that bound represents protein with ode site free or perhaps non-specifically bound
Band 3. The Band 3 that was bound to the resin and thus removed from the supematant
was labelled by [3H]-H,DIDS only in one monomer and bound to the resin via the
unlabelled monomer. The Band 3 that did not bind to the resin and therefore remained in
the supernatant must have both monomers labelled by [3H]-H,DIDS.

mauawseeif[3m-azomsubeuedsmanbohnd-peciﬁguy.m3bound
was cluted by BADS followed by LDS. Table ITI.1 shows that Band 3 labelled with\3 uM
[3H]-H2DIDS boundtcﬁmnbbiliudSl'!’Smdwelmedby 1 mM BADS. A portion of



Figure II1.5
Effect of DIDS labelling on Band 3 binding to immobilized SITS. Band 3 (

isolated from erythrocytes labelled with 0, 2, 5 or 50 pM DIDS was used in a protein-
binding assay as described under "Materials and Methods". Panel a, total amount (BADS
cluate + LDS eluate) of Band 3 bound to the resin; panel b, open columns, amount of
Band 3 eluted by BADS at 4 °’C; hatched columns, amount of Band 3 eluted by BADS

upon incubation at 37 °C for 10 min prior to elution.
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DIDS-labelled Band 3 was also eluted subsequently by 1% LDS. DIDS-labelled Band 3 did

not bind to Sepharose 4B resin. This shows that Band 3 dimer labelled with \
N Table 1.1 Binding of partially [3H]-H,DIDS-labelled band 3 to SI'?}«Afﬂ-Gcl 102 resin
Fraction Seph. 4B SITS-Affi-Gel 102
dpm dpm
Total added 25,171 25,171
Supematant 26,725 19,716
BADS cluate - 2,877
LDS cluate —-- 1,698

Band 3 was prepared from erythrocytes labelled with 3 uM [3H]-H2DIDS. 50 pl
resin was shaken with 60 ul band 3 extract (1mg protein per ml) for 15 min at 4 °C. Band 3
was cluted with 60 ul | mM BADS-5P8 followed by 60 ul 1% LDS.

(3H]-H2DIDS in one monomer does bind to immobilized SITS and this binding must be
mediated via the stilbene disulfonate binding site on Band 3, since the bound Band 3 can be
cluted by BADS. -

We have carlier shown that Band 3 bound to the SITS-Affi-Gel 102 resin
becomes tightly bound upon incubation at 37 °C and cannot be eluted with 1 mM BADS
(Fig. IILZ). When Band 3 dimers, labelled with 3 uM [3H]-H;DIDS, were bound to
immobilized SITS and tcmpcratux'c shifted to 37 °C prior to elution, up to 40% of the
counts were cluted by 1 mM BADS (data not shown, see below) suggestin“g that not all
DIDS-labelled Band 3 was converted to the tightly-bound form. Under these conditions
uniabelled Band 3 is totlly converted to BADS-unclutable form. '

In order to see if there was any correlation between the level of DIDS labelling
and the inability of Band 3 to acquire tight-binding (BADS-unelutable) form, a binding and
temperature-shift éxperimmt was performed with Band 3 reacted with increasirg amounts
of DIDS. Figure II1.5a ;hows that with increasing DIDS label, the amount of Band 3
bound to the resin decreased. Figure III.5b shows that whereas unlabelled Band 3 was
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completely rendered BADS-uneclutable following incubation at 37 °C, a part of DIDS-
labelled Band 3 was stillipresent in the BADS-¢lutable form. Moreover, the proportion of
Band 3 that remained in BADS-¢lutable form increased with increasing DIDS label. When
labelled with 2 uM DIDS, only 20% of Band 3 remained in the weakly-bound state.
When labelled with 50 uM DIDS, more than 90% of Band 3 that bound to immobﬂiud
SITS failed to acquire the tight-binding (BAD'S-unclutablc) form. Thus, labelling of Band
3 with DIDS and the inability of such a molecule to acquire tight binding are strongly
correlated. Since the tight binding is achieved through a conformational change in the
protein molecule (Verkman et al., 1983), it can be concluded from the present data that
binding of stilbene disulfonates in one monomer results in the inability of such a dimer to

acquire the tight-binding conformation.

4. Interaction of Citrate-modified Band 3 with Immobilized SITS _
Water-soluble carbodiimides which react with carboxyl groups under mild
conditions (Carraway and Koshland, 1972) inhibit anion transport (Wieth et al., 1982;
Craik and Reithmeier, 1984). A Band 3 cxu'act was made from the erythrocytes that had
been reacted with citrate and EAC under conditions that inhibited the anion transport by
50%. EAC seems to activate a carboxyl group of citrate which then covalently reacts with
Lysine 'a'= which is involved .in stilbene disulfonate binding (P.K. Wsmcr. persomal
communication). ' ¥ |
A Band 3 extract was also made from control erythrocytes that were treated
identically except that EAC was missing from the reiction mixture, One m|.of Band 3
extract was shaken with 25 pl SITS-Affigel-102 resin for 1S min at 4 °C and the bound -
protein was eluted with 250 WM BADS-SP8 followed by 1% LDS-SP8. MWP&
3 and citrate-modified Band 3 were eluted by 250 uM BADS (Fig. TIL6, lane 1 and lane 2)
and a portion of Band 3 was also preseat in the subsequeat 1% LDS ciuase (1ans 5 and lane
6). When Band 3 wq\iniﬁanybomdbthevmnitymdnuﬂ'c{’u 15 mia, free Band 3
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Figure II1.6
Effect of citrate modification on Band 3 binding to immobilized SITS. Binding

assay was performed as described under "Materials and Methods". BADS-5P8 and LDS
eluates were electrophoresed on a 10% SDS-polyacrylamide gel prepared according to the
pgoccdurc of Laemmli. Lanes 1 to 4- 250 ptM BADS-5P8 eluates; lanes 5 to 8- subsequent
1% LDS-5P8 cluates. Lanes 1,5- control Band 3 at 4 °C; 2,6- citrate-modified Band 3 at 4
°C; lanes 3,7- control Band 3 tcmpefaturc-shifted to 37 °C followin'g the initial binding;
lanes 4,8- citrate-modified Band 3 temperature-shifted to- 37 °C following the initial

binding.
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Figure I11.7

) Schematic representation of Band 3 binding to SITS-Affi-Gel 102 resin and the
subsequent conformational change. For simplicity gnly one monomer of a Band 3 dimer is
shown in this scheme. The lower panel represents ti'ic thermodynamic potential (Verkman
et al., 1983) for stilbene disulfonate-Band 3 interaction. AG° and AG*/ represent
transition-state free gr'xcrgics for the initial binding and the conformational change steps,

respectively. .
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was removed and the resin-bound protein was later incubated at 37 °C for 8 min, 250 uM
BADS could not elute any Band 3 from both control and c‘itratc—modiﬁcd Band 3
preparations (lane 3 and lane 4) and was present in the 1% LlﬁS eluate (lane 7 an& lane 8).
Figure II1.6 also shows that the amount of Band 3 eluted by 250 uM BADS is not
the same in control and citrate-modified Band 3 samples (with 1 mM BADS both control
and citrate-modified Band 3 were cluted to the.same extent). More of the citrate-modified
Band 3 is eluted by 250 uM B’A{I?"Sqas compar‘ed to that of contro] Band 3 {(Fig. II1.6, lane.
1 vs lane 2; 184 units‘g; «siihge modified Band 3 vs 100 units of control Band 3 by

densitometry; data not shbﬁj \ehcrcas’subsequcnt elution by 1% LDS shows less citrate-
modified Band 3 as compaged to control Band 3 (120 units vs 173 units respectively; data
not shown). The affinity resin bound the same total amount of control and EAC-treated
Band 3 (lanes 7 and 8), only their clution profile was different. In a separate experiment a
similar observation was made when the amount of protein was assayed in BADS aﬁd LDS
clutes by the method of Lowry (data not shown). Since 250 uM BADS eluted more citrate-
modified Band 3 than control Band 3, although the same amount of Band 3 was bound to
the affinity resin, it indicates that modifying the inhibitor bmémg site with citrate results in
weak binding and as a result citrate-modified Band 3 comes off more easily. It is
interesting to note that citrate-modified Band 3, like control Band 3, becomes BADS-
unelutable following temperature-shift to 37 °C for 10 min. This means that although the
citrate-modified Band 3 binds more weakly to the resin, it is still able to acquire the high-
affinity form. . |

D. ., DISCUSSION

In order to use SITS-Affi-Gel 102 as a pmbe for studying stilbene disulfonate
interaction with Band 3, it was important to establish that interaction of immobilized STTS
follows a pattern similar to that of free ligand with Band 3. It has been suggested that frec
inhibitor ligand tindingmBand3wcmsin£woswps(Vakman et al., 1983; Macara et al,
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1983). The initial weak binding is followed by strong binding brought about presumably
through a conformational change in the protefn (?mm et al.,, 1983). This may represent a
u

partial translocation of the inhibitor mimicking substrate movement. The interaction of

A

inhibitor (in this case SITS) with Band 3 can be schematically represented as follows:
, ,

SITS +Band3 = SITS®Band3 — SITSe®Band 3*

g

o

" Our results show that the interaction of Band 3 protein with SITS immobilized
onto a matrix is similar to free ligand-Band 3 interaction. Like free ligand, immobilized
SITS molecules bind t Band 3 in two steps. Band 3 initix;ily binds to immobilized SITS
to give a SITS eBand 3 complex which is slowl); c;mvcned to SITS @Band 3*, Band 3""
being the form of Band 3 that has high affinity for the inhibitor (BADS-unelutable form).
Thus, the SITS @Band 3 complex is present in i quasi-equilibrium state and can follow
cither of-two paths. Band 3 can detach from the resin glvmg free Band 3 and an _
unoccupied ligand as indicated by the availability of free ligand sites at equilibrium
(apparent saturation with Band 3; Fig. II.3). Alternately, the bound Band 3 can undcrgo a
slow conformational change giving SITS @Band 3*. When immobilized SITS is incubated
with Ba::d 3 for a-prolonged period, most of Band 3 is present as SITS OBand 3* (Fig.
II.1). Thus, it appears that SITS-Affi Gel 102 resin provides a simple and elegant system
to study protein-stilbene disulfonate interaction.

From smoppedaﬂow and temperature-jump studies of DBDS intemcnon with
Band 3, Verkman et al. (lQSS)havecalcqhwdmgypmﬁlecfa'dle entlulpies.entmpm '
andﬁ'eeenergyepangesofuchsngeofDBDS binding. Theyconclndethﬂdleiniﬁnl
* binding step occurs with uhghtinc:uaememmpy aminemhlyymdwhhabw
energy acnvaﬂonbamer 'l‘heoonfomnﬁoml channemphuavayhi;h activation
‘mmnwwammmamummumm« ¢
the system) mdu_mnlymthn»lpyfdﬁm Owdua(ﬁ;tmmmdmdnw
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binding step is fast at 4 °C and remains unchanged at 37 °C, suggcstir;g a low activation
cnergy barrier, whereas the c;)nfonnational changc step is very slow at 4 °C but rapid at 37
°C, suggesting a high activation energy bgrricr. Higher tcmpcraturc‘ accelerates protein
dynamics by increasing the available kinetic energy and thus overcoming the large |
transition-state free energies. Thus, takm; these observations in consideration it can be
said that our affinity resin can be used to study pro‘imn stilbene disulfonate interaction and
w0 draw valid conclusions regarding the general natureof such ém \nteraction.

'A schematic model based on these and the dﬂt\a disscussed above, together with
the thermodynamic profiles for the different steps, is iilustrated in Figure IT1.7. «For
simplicity, only one monomer is shown. Band 3 initially binds wcaﬂy to mmobﬂlzcd
SITS to give a SITS ®Band 3 complex. This process is mvcrsxhle and Band 3 can detach
from the resin giving free Band 3 and an occupied llgand.. Convc@gn to SITSeBand 3*
(the tightly-bound form) is a slow process. A hiéh activation bame;\q.nd the stability of
SITS eBand 3* complex renders this step essentially irreversible. -

A practical point emerges from our work. Inhibitors of transpon proccs;cs that
bind to substrate sites may be used to purify the transport proteins. Thése inhit;itofs, ‘
however, are often poor substrates. They bind tightl)" to fhc translocation site but may be
" moved through the protein at 3 slower rate or may be orﬂy partially translocated through the
proteinacious channel. This partial translocation of inhibitor. also occurs in Band 3'with
stilbene disulfonates present cither in solution (Verkman et al., 1983) or when immobilized
on a matrix (Pimplikar and Reithmeier, 1986; Chapter II). The partial translocation buries
the !ransport site in the protein, making it ihaccessiblp to free inhibitor (tightly-boﬁnd.

o confonmuon) The transport protem thereby becomes unelutable by free hgand ‘

SmsftﬂpmﬁcmmofBand3maybepafmmedonlyat4°Cmththebmdmgandthe
elution done rapidly. Prolonged incubation at 4°Cortheuseof1n@‘e;tenpaann'eshmﬂd
be avoided for the successful purification of transport proteins usiﬁg inhibitor affinity
Wy-
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The interaction of DIDS-labelled Band 3 with immobilized SI’I"S provides
interesting clues as to the nature of the interaction between the stilbene disulfonate binding
sites on adjacent monomcré of Band 3 dimers. Our data clearly show that while one
monomer is covalently labelled with DIDS, the other monomer still retains its ability to bind
SITS. However upon binding to immobilized SITS only through one monomer, Band 3
dimer labelled with DIDS in the other monomer fails to acquire tight binding upon
incubation at 37 °C. This indicates that although the inhibitor binding sites on adjacent
monomers act independent of each other in achieving initial binding with ligand, they must
cooperate to achicve the tight binding that follows initial binding. Occupad‘on of one site on -
a monomer with DIDS docs not%mveﬁt the other monomer from binding an inhibitor |

iligan@ but seems prevent it from undcrgoing conformational chm::ges necessary to acquire
tight binding. B | | »

The possibility thatlthetightbindingiﬁduewbommononiasbindingtodlemin ‘
and not due to a. conformational change does exist. The distance between two SITS
molecules and their orientation has to be very precise for both monomers o bind to the\,
resin. Assuming that mmobxhwd ligands are uniformly distributed in space on:the resin
and located at each corner of units in a cubic lattice (Lowe and Dean, 1974), the distance
bezweennexghbamghmwmbeﬁﬁ.a125thgandoomemnon(umnncm'
in SIT S-Affi-Gel 102 resin; data not shown) The distance between snlbene bmdmg sites
on two aG;:cent monomers was found to be only 28-52 A (Macara and Cantley. 1981).
Thus.xtmpossbﬂemnofbodxmombhdnmulmdywt&m Wcmunpwd /
wgetaclearanswerbyteducinxthehgnnddcnsi!yondleresinandthusmahngit ’

‘extremely unhkelythuadimpcouldnmnlnneomlyhndtwoligmds. Undathm .
condmons, MBWmhmﬁﬂwW&hﬁ(wﬂthh&fm §
mmmwmmmm)mmmmmmmmm

notbeperformed. nuummmmmmmqmmdm- .
hndingmuybednemhodlmhhdhgndnm o o
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Verkman ef al. (1983) have suggested that after rapid binding of one DBDS
maojecule to one monomer of Band 3 dimer, a slower conformational change takes place
which then permits the reaction of a second DBDS molecule to the other monomer. Their
studies, however, do not address the question of whether or not the second monomer,
uponi binding a DhDS molecule also, undergoes the conformational change. Our data with
DIDS, a less bulkier inhibitor than DBDS, suggest that the second monomer does not
undergo a conformational change upon binding to immobilized SITS. One explanation
could be that during the sequential binding only the first monomer that binds inhibitor
" undergoes the conformational change. Thus, a conformational change in one monormer
automatically precludes conformational change in the adjacent monomer. Another
possibility is. that binding of DIDS in one monomer slows down the conformational change
in the other monomer significantly so that within the time frame of the present studies (10
min) it fails to acquire tight-binding. We could not test this possibility since \\;ith longer
Jincubations (>60 min) in absence of free Band 3, the bound Band 3 was detected to
dissociatc(fxtﬂ)m the resin. Alternately, following the binding of inhibitor ligand to one
monomer, both monomers undergo the conformational change in concert. Under these
circumstances, the unoccupied monomer can only bind an inhibitor ligand but not lock in
place. As a result it can now bind to immobilized SITS only weakly and can not become
tightly bound upon incubation at 37/ °C. Finally, the DIDS labelled monomer may not hz:vc
undergone the conformational change that must preceed a conformational change inh its
partner. Whatcv'a' the mechanism may be, our data do show that inhibitor binding sites on
adjaccm monomers interact with each other.

EAC, a water-soluble carbodiimide, reacts with carboxyl groups (Carraway and
Koshland, 1972) and inhibits anion transport (Wicth et al., 1982; Craik and Reithmeier,
1984). In presence of citrate, however, it activates citrate carboxyls which then form a
covalent bond with a lysine residue involved in inhibitor binding. Data discussed above
show that cimmodiﬁcaﬁondecrusétheafﬁnityof&ndﬂorimmbﬂiwdsrrs since
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citrate-modified Band 3 is more easily eluted from the resin as compared to control Band 3.
Recent fluorescence enhancement studies from this laboratory have shown that citrate
wiﬁcadon of Band 3 in the presence of EAC fpduécs its affinity for BADS by 2 fold
(Werner and Reithmeier, submitted for publication). Under this condition citrate is thought
to modify a lysine residue involved in stilbene disulfonate binding and thus reduce the
affinity of Band 3 for the inhibitor. Thus SITS-Affi-Gel 102 resin can be used to study
changes associated with chemical modification of the inhibitor binding site of Band 3. Our
data also indicate that the lysine residue involved in inhibitor binding is not important in
tight binding since ciua;c-modiﬁed Band 3 can be rendéred BADS-unelutable. Thus our
studies show that immobilizing a ligand onto a matrix not only provides a useful system for
affinity purification of the desired protein, but also provides a simple and effective tool to

study ligand-protein interaction.
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IV. Interaction of Immpbilized SITS with Band 3 in Erythrocytes and

Vesicles!

A. INTRODUCTION
Anion transpoft inﬁibinors such as stilbene disulfonates bind specifically to the Band
3 protciﬁ of human erythrocytes and inhibit transport of anions across the erythrocyte
membrane (Knauf, 1979; Macara and Cantley, 1983). In the plasma membrane, Band 3 is
predominantly present as dimers (Jennings, 1984) and one mole of stilbene disulfonate
‘binds per Band 3 monomer (Lepke, et al,, 1976; Ship‘ct al., 1977). The stilbene
disulfonate binding site on the protein has been the focus of many studies (reviewed in
Passow, 1986). The stilbene disulfonate binding site is accessible from the exterior of the
red cell and not from the cytoplasmic side (Ship et al, 1977). The binding site is located in
a hydrophobic pocket 35-40 A from sulfhydryl residues on the cytoplasmic domain
(Macara et al., 1983). Aff‘mi{y chromatographic studies using 4-acetamido-4'-
isothiocyanostilbene-2,2'disulfonate (SITS) immobilized on Affi-Gel 102 showed that this
Chapter II; Pimplikar and Reithmeier,1986).

site was accessible to solubilized B}
Since d;c length of SITS is approxi 820 A.and the length of the spacer molecule is
5-8 A, it can be concluded that in thd ilized state, this site is 23-28 A deep from the |
extracellular surface of Band 3. | ’ :

We have shown in Chapter II that solubilized Band 3 binds specifically to SITS
. immobilized on an Affi-Gel 102 matrix (Pimplikar and Reithmeier,1986). This binding is
mediated via the stilbene disulfonate binding site on the protein and the binding is
abolished in the presence of free ligand or when the binding site is occupied by covalently
attached 4.4'-diiso¢imymmﬁlben;22‘diwum (DIDS). The question addressed in
the present studies is whether or not this binding site is accessible to the immobilized ligand

when Band 3 is present # situ in the intact erythrocyte. The solubilized protein is free to

1A version of this chapter has boen submitsed for publication.

135



“a

136
diffuse and thus has an easy access to the immobilized ligand. This is not the case when
the protein is membrane bound (either in erythrocytes or in vesicles). Moreover, the
erythrocyte surface is covered with a thick coating of oligosaccharides. The most
prominent carbohydr-ate structures on the erythrocyte surface are the poly-N- ‘
acetyllactosamine chains which form a sheet of hydration as thick as 160 A (Fukada et al.,
1984). Such structures px;écnt on Bgnd 3 protein (Fukada et al., 1984), Band 4.5 protein
(Mucller et al., 1979) and glycolipids (Koscielak et al., 1976) may affect the accessibility
of the site to the inhibitor. Here we report that intact crythrocyyes do bind to SITS
immobilized on cellulose as do the rightside-out vesicles. The sealed inside-out vesicles,
which normally would not be expected to bind (since they will have their stilbene
disulfonate binding site oriented in the opposite direction), exhibit non-specific binding
towards the affinity matrix, thereby limiting the mﬁnﬁﬂ use of affinity chromatography in
separating the rightside-out vesicles from the inside-out vesicles.

/
B. MATERIALS and METHODS
1. Preparation of SITS-AE-cellulose _
a-cellulosé was oxidized by a modification of a method described earlier (Kondo et

al., 1980). Ethylene diamine was coupled to the oxidized cellulose to préduce a 4-atom
spacer arm with a free terminal dmino group. SITS was coupled to the amino group by
nucleophilic substitution. Briefly, 1 g of a~cellulose (8 to 10 ml of hydrated bed volume)
was soaked in water for 1 b, ‘washed several times and excess water decanted. The
cellulose was incubated with 10 ml of 100 mM sodium periodate in water for 1 h at room
temperature. The oxidized cellulosc was washed with a large excess of water or'a sintered
glass funnel, followed by S mM sodium phosphate, 150 mM N&Cl, pH 8.0 (phosphate-
bufferedsahne).mdsuspendedm lOmlofphosphnw-buffemduline. The above slurry
wasmcubatedthh 135mlofed1ylenediannne(redistilledoverl(01-l)in5mlof
phosphlw-buﬁ'mdulinclnddlepﬂmldjnﬂ_edtoSWitthHCL After incubating
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“For4 h at 4 °C, the cellulose was washed with a large excess of w@nd reated with 20
ml of 100 mM NaBHy in water for 30 min. at 37 °C. The cellulose was washed again with
water followed by 500 ml of 0.1 M sodium bicarbonate, pH 8.0, and suspended in 10 ml
of 6.1 M sodium bicarbonate. The oxidized cellulose was incubated with SITS (55.2 mg
of SITS dissolved in 5 ml of 0.1 M sodium bicarbonate) at 37 °C for 2 h. Following the
incubation, the SITS-AE-cellulose was washed with a large excgss of 0.1 M sodium
bicarbonate followed by water and stored at 4 °C. The Vamount of S:é{ligated to cellulose

was calculated by subtracting amount of SITS in the washes from the amount of SITS

present during incubation. This px:occdurc gave approximately 50' umole of ligand/g
cellulose. |
o
2. Preparation of erythrocytes
Fresh blood was collected from normal donors in EDTA and was washed at least

|

three times with phosphafc-buﬁ'cred saline to remove leucocytes and platelets. Erythrocytes
were then washed with 10 volumes of 28.5 mM sodium citrate, 205 mM sucrose, pH 7.5
(sucrose-citrate buffer), three or four times to remove chloride from the medium? These

intact erythrocytes were used in the binding studies.

3. Prepanation of ghost membranes and sealed vesicles
Ghost membranes were prepared from outdated blood (kindly provided by the
Canadian Red Cross) by hypotonic lysis as described earlier in Chapter II (Pimplikar and '
Reithmeier,1986). Sealed inside-out and rightside-out vesicles were prepared as described’
by Steck and Kant (1974). The ghost membranes were. suspended in 40 volumes of
freshly prepared 0.5 mM sodium phosphate, pH 8.0, at 4 °C for overnight, washed once
with the same buffer and centrifuged at 28,000 x g for 30 #nin. The pellet was then passed
' through a 27 gauge needle five times. This procedure usually yields a mixture of vesicles
containing 30% mw%ofxdedinside-outvedclm
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4. Scanning clectron microscopy ,

The samples (erythrocytes bound to SITS-AE-cellulose) were spread in a flat-
bottomed glass dish and fixed in 28.5 mM sodium citrate, pH 7.5, |containing 205 mM
sucrose aﬁd 2% glutaraldehyde for 4 h at 4 °C. The fixative was removed, and the ccilulosc
was washed three times with 28.5 mM sodium citrate, pH 7.5. After washing, the cellulose
was dehydrated in a graded series of ethanol, critical point dried, mounted on aluminum
stub with silver paint and sputter coated with gold. Samples were examined in a Phillips

SEM 505 scanning electron microscope.

5. Analytical Techniques
Protein assay was performed according to the method of Lowry et al. (1951) with
b?vine serum albumin as a standard. The proportion of sealed inside-out vesicles was
assessed by the inaccessibility of acetylcholinesterase, which is located on the outside of
the intact erythrocyte (Steck and Kant, 1974). In the presence of 0.1% Triton X-100, the
permeability barrier is broken and the total enzyme activity is'exposed. The
acetylcholinesterase assay was performed as described earlier (Ellman et al., 1961). The

rate of reaction was measured at 412 nm in a Varian DMS 1008 spectrophotometer.

C. RESULTS u;d DISCUSSION
1. Intact erythrocytes bind to SITS-AE-cellulose ‘ -

In a 24-well microtiter plate, approximately 100 ! of SITS-AE-cellulose per well
(for structure, see Fig. IV.1) was placed and washed three times with sucrose-citrate
buffer. Excess buffer was removed by a paktein' pipet. Erythrocytes suspended in
sucrose-citrate buffer to a 20% hematocrit were added to SITS-AE-cellulose injequal
volumnndmcubawdumantempmmfotmmThennbomderythrocywswm
mmvedbyaddxngmcimhxffusbwlymmﬁdedmoweumdmengendy
removing the mpemantbyapamplpu. Thewdﬂngplwedmemwpandundldn
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Figure IV. 1. Structures of SITS-Affinity Matrices.

Spacer ar\r ‘ SITS
[ I I y]
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A.  SITS-Affi-Gel 102: Affi-Gel 102 was purchased fron¥Bio-Rad and SITS was
conjugated to the free amino group of the spacer molecule through the

B.  SITS-AE-cellulbse: \g-cellulose was oxidized by periodate, and ethylene
diamine was coupled tq the oxidized cellulose. SITS was conjugated to the
free amino group of cthylene diamine through the isothiocyano group.
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Figge v.2 . \ ,

Light micrographs showing that the intact erythrocytes bind to SITS-AE-cellulose.
In a microtiter plate intact erythrocytes were incubated with cellulose or SITS-AE-cellulose
at room temperature for 20 min. The unbound erythrocytes were removed by washing and
the wells were examined under an inverted light microscope. Panel A- cellulose incubated
with erythrocytes. Panel B- SITS-AE-cellulose incubated with erythrocytes. Panel C-
SITS-AE-cellulose incubated with DIDS-labelled erythrocyics. In each panel the
photograph on the right shows a 4 X magnified view of the photograph on the left.

S






Figure IV.3

Scanning electron micrographs showing that the intact cxythrocytés bind to SITS-
AE-cellulose. The details of the binding experiment were as described for Fig. IV. 2.
Following the removal of the unbound erythrocytes, cellulose fibers were fixed with
glutarak\ichyde. The samples were dehydrated in a graded series of ethanol, critical point
dried and examined under a scanning cléctmn microscope. Panel A; celluiose incubated
. with erythrocytes. Panel B; SITS-AE-cellulose incubated with erythrocytes Panel C; SITS-
AE-cellulose incubated with DIDS-labelled erythrocytes.
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supernatant was free of erythrocytes. At this stag‘e the samples were either processed for
scanning electron microscopy or viewed directly under an inverted light microscope.
Fig. !V.Z shows the binding of the erythrocytes to SI’I‘S~AE-celiulose fibres By
light tmcroscopy i’anel A shows the oxidized-cellulose fibres after incubation with
| erythrocytes. These fibres were not ligated with SITS and erythrocytes did not bind to
these fibres. Intact erythrocytes, however, did bind to SITS-AE-cellulose fibres (Fig. IV.
2, panel B). This binding was mediated via the stilbene disulfonate binding site on Band 3
since erythrocytes covalently labelled with DIDS did not bind to SI’I’S-AE-cellulosc (Fig.
IV. 2, panel C). Also, when the bmdmg expenment was performed in the presence of
excess free 1 mM 44 -dmm'osnlbene-2.2 -dlsulfonate (DNDS), erythrocytes again failed
‘to bind to the denvanzed cellulose (data not shown) Scanning electron mlcmgraphs (Fxg
IV.3) alyb show that erythrocytes did not bind to cellulose alone (panel A), but did bind to
SITS-AE-cellulose (panel B) and that the binding was abolished when the erythrocytes
were labelled with DIDS (panel ©). |
Preliminary attempts.to, get binding of erythrocytes to SITS-Affi-Gel 102 (for
structure, see Figure IV.1) were not successful Although solubilized Band 3 bound to
SITS Affi-Gel 102 resin and was successfully eluted later the intact erythrocytes exther
failed to bind the resin or came off very easﬂy during the subsequent washing steps (see
below). Affi-Gel 102 i isa denvauwd agarose with a large uuernal volume. Most of the
attachedhgandwxllbepxeeentmthlsmmmlspwe. Thcsolubilwedp:mnsmdlffusem
and bind to ligand but erythrocytes are excluded due to théir size. Thus, the number of
ligandsimavaﬁilaﬁlew«B"andSininucteell;islinﬁted.‘O!fﬂlebdlerhand.cdluieleﬁbres
donothavemmtanalvolmm(l(ondoeul. l980)andthusalll£¢mdmoleculam '
‘-pmentonthemﬁcenndmcvﬁhuefaayﬂmcmwbind. R
-~ Thewchniqwofcdlchombyaphymmmyappﬁedmdwudymo{ceﬂ
populationsofmmnnesymm(famiemmﬂdelmmndkudm 19%4;
Bonnafous etal. 1985) mmmywmmhmmm
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plastics, glass and nylon fibers. These supports have no internal volumes and therefore the
attached ligands are present on the surface of the matrix. Agarose and polyacrylamide
supports have also been used,.but not as frequenily. Recovery of the bound cells by
adding excess ligand is possible in a fcw‘ cases but the yields are poor (Brunner et al.,
1977). Since the cells are bound to the affinity surface via multipoint attachments, addition
of excess free ligand does not result in a good recovery of the cells. The recovery can be
improved dramati‘cally by mechanical disruption, which has become the method of choice
for elution of the bdund cells (Bonnafous et 1'5).

Our data also show that the carbohydratcs‘ present on the erythrocyte surface do not
affect erythrocytes binding to SITS-AE-cellulose. The precise functions of the
carbohydrate chains on erythrocyte membrane, besides their role in blood group

‘ spcciﬁcit‘ivﬁ(f in the antigenic convetsion of i-erythrocytes to I-erythrocytes (Watanabe et
al., 1979), is not well understood. The mole of the carbohydrz;tc chain on Band 3 is :vcn
less understood. These data show that the carbohydrates on Band 3 do not interfere with
inhibitor-protein interaction. |

As in the case of other cells bound totaffinity resin (Brunner et al,, 1977; Sharma
and Mahendroo, 1980), the erythrocytes are also weakly bound to SITS-AE-cellulose:
They easily fall off when s‘};akcn or when SITS-AE-cellulose is washed vigorously
following the binding. This also explains why there. were fewer erythrocytes bound to
SITS-AE-cellulose when examined under a scanning electron microscope. The bound
erythrocytes come off during the fixation and dehydration procedure. Our earlier studies
(Chapter II; Pimplikar and Reithmeier,1986) have shown that the presence of a spacer arm,
6-atom long (~6-8 A in length), between the solid matrix and the ligand is necessary to get
optimal binding. Solubilized Band 3, however, did bind to ligand immobilized with a 4-
atom spacer molecule (Chapter II; Pimplikar and Reithmeier,1986). This is because the
stilbene disulfonate binding site is present in the interior of the protein and the spacer arm
helps to overcome the steric hindrance. The spacer arm used in the present studies is 4-

~
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atoms long (4-8 A in lcng . With a shorter spacer arm, the ligand probably just reaches
the binding sitgAvithin the p tc1§. Therefore, this could be one of the factors responsible

for the wcaf( bmdmg of the erythrocytes to SITS-AE-ellulose.

2. Interaction with the scaled vesicles

The following binding experiments were done on a column rather than in plastic
wells to avoid any unnecessary mechanical disturbance generated during the washing
procedure. A 5 ml column was packed with 2 ml of SITS-AE-cellulose or SITS-Affi-Gel
102 resin equilibrated with 28.5 mM sodium citrate buffer, pH 8.0. Sealed rightside-out
vesicles (1 mg protein/ml) in 28.5 mM sodium citrate buffer, pH 8.0, were loaded on the
column (20’ mi/h). When the protein sample had completely enteréd the resin, fresh buffer
was added from the top, the flow was stopped, and the protein was allowed to interact with
the resin for 20 min at room temperature. Following the incubation, the column was
wa;hed with 28.5 mM sodium citrate buffer, pH 8.0, and the absorbance at 280 nm was
monitored. Fig. IV.4 shows the Asg profile when 400 pl of rightside-out vesicles were
loaded either on a SITS-Affi-Gel 102 column or a Sepharose 4B column. The flow-
through of the SITS-Affi-Gel 102 column shows a reduced amount of protein, suggesting
that the affinity ‘resin had bound and retained the rightside-out vesicles. Thus both the intact
erythrocytes and the rightside-out vesicles bind to immobilized SITS. When packed in
columns, both SITS-Affi-Gel 102 and SITS-AE-cellulose retained the intact erythrocytes or
the rightside-out vesicles to the same extent (data not shown). Since column
chromatography was easier to perform with resin rather than cellulose, all the subsequent
experiments were carried out with SITS-Affi-Gel 102.

Smcetbemlbenednulfonmsbmdemd3mﬂyﬁ'omtheoumdewmhlbu!he
anion transport, we attempted to quantianvely isolate the mnde-out vesicles from the
rightside-out vesicles using SITS-Affi-Gel 102 column. The inside-out vesicles will have
their stilbene disulfonate binding site on the inside of the vesicle and therefore will not bind



Figure IV 4

Fracuonation of sealed nghtside-out vesicles on Separose 4B column (Seph.) or
SITS-Aff1-Gel 102 column. Sealed rightside-out vesicles (1 mg/ml) in volume 400 ul of
were loaded on 2 ml of respective resins, incubated for 20 min at room temperature. The
Pcaks show relative amounts of the unbound material. By increasing the amounts of SITS-

Affi1-Gel 102 resin it was possible to retain all of the rightside-out vesicles on the column.
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Figure IV.5

Fractionatdon of crude inside-out vcs\flcs on Separose 4B column (Seph.) or SITS-
Affi-Gel 102 column. Crude inside-out VCSiN‘i(l mg/ml) in a volume of 500 pl were
loaded on 3 ml of respective resins, incubated for 20 min at room temperature. After
elution of the unbound fractions, fresh buffer was added and the resins were stirred gently

(shown by the arrows) to elute the bound fraction.
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Table IV.1 Rightside-out vesicles preferentially bind to SITS-Affi-Gel 10% resin

Fraction Acetylcholinesterase activity?®
-detergent +detergent® %accessible®

Crude inside-out vesicles 1.93 . 319 60
Sepharose 4B

Unretained 2.14 3.51 61

Retainedd - - _
SITS-Affi-Gel 102

Unretained 1.33 3.43 39

Retained 3.08 4.10 75

The crude inside-out vesicles were loaded on a Sepharose 4B or a SITS-Affi-Gel column.
The protein was incubated with the column for 20 min and flow-through (unretained
fraction) and bound material were collected and assayed for acetylcholinesterase activity.
The values for the enzyme actvities represent the means of two separate experiments.

8Acetylcholinesterase activity expressed as micromoles of product per mg of protein.

bTriton X-100 in a final concentration of 0.1% was added as a detergent.

CAccessibility was calculated as (activity without detergent/activity with dcu:rgcm) x 100

dNot determined due to insufficient amount of protein.

to the column. The insidc-olut vesicles were prepared and loaded on a SITS-Affi-Gel 102 or
a Sepharose 4B column as described above. The column was washed with 28.5 mM

sodium citrate , pH 8.0, till Azgp reached zero (Fig. IV.5). The bound material was luted

by gently shaking the resin with the help of a spatula (Brunner et al., 1977). Fig¢ IV.S

shows that the affinity resin had retained more material as compared to Sepharose 4B and

this was subsequently eluted from the column. Table IV.1 shows aoetyl;:holinestcrasc

activities of the various fractions collected. The inside-out vesicle preparation loaded on the

columns had 40% sealed inside-out vesicles initially (since 40% of the enzyme activity was
not accessible). After passing overa S 4B column, the propomon of sealed inside-

out vesicles remained unchan The flow-through of the SITS-Affi-Gel 102 c;alumn,
however, sho enrichment in the proportion of sealed inside-out vesicles (60% as

compered to the {aitial 40% scaled inside-out vesicles). Correspondingly, the fraction that
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Table IV.2 Binding of the rightside-out vesicles to SITS-Affi-Gel 102 resin is blocked by
free inhibitor ligand

Fraction Acetylcholinestérase activity®
~detergent +detergent® %accessibleC

Crude inside-out vesicles

-DNDS 1.17 2.03 S8
+DNDSd 1.18 1.91 62
Sepharose 4B®
-DNDS 1.40 2.49 56
+DNDS4 1.59 2.58 62
/
SITS-Affi-Gel 102¢ ;
-DNDS 1.04 2.89 36
+DNDS 1.38 2.18 63

300 ul of resin was incubated at room temperature for 2 h with equal volumes of crude
inside-out vesicles that were préincubated at 37 °C for 15 min with or without DNDS.
Following the incubation, the resin was allowed to settle under gravity and the supernatant
(unretained fraction) was collected and assayed for the enzyme activity. The values for the

enzyme activities represent the means of two separate experiments.

3A cetylcholinesterase activity expressed as micromoles of product per mg of protein.

bTriton X-100 in a final concentration of 0.1% was added as a detergent.

CAccessibility was calculated as (activity without detergent/activity with detergent) x 100

4DNDS in a final concentration of 1 mM was present during the preincubation.

cThe unretained fraction was assayed for enzyme activity.

_ )
bound the resin showed de-enrichment in the proportion of sealed inside-out vesicles (only
25% as compared to the initial 40%). This shows that the rightside-out vesicles bind
preferentially to the affinity resin and the sealed inside-out vesicles do not bind as well.
Is the binding of the rightside-out vesicles mediated via the stilbene disulfonate
- ‘

binding site of Band 3 protein ? To answer this question, 300 ul SITS-Affi-Gel 102 resin ,.
or Sepharose 4B was incubated with 150 pug of crude inside-out vesicles with or without 1
mM DNDS. After 2 h of intermittent shaking at room temperature, the resin was allowed to
settle and the supernatant was assayed for enzyme activity. Table IV.2 shows that DNDS
by itself did not change the accessibility of the enzyme. As soen earlier, enrichment of the
sealed inside-out vesicles was brought about only by the SITS-Affi-Gel 102 resin and not -

-



153

by the Sepharose 4B. In the presence of 1 mM DNDS, however, the flow-through of
SITS-Affi-Gel 102 column did not show enrichment in the proportion of the sealed inside-
out vesicles. Similar results were obtained when the experiment was carried out in
presence of free BADS. This shows that the binding of the rightside-out vesicles to the
affinity rc.sin was mediated via the stilbene disulfonate binding site of Band 3 protein.
Attempts were made to achieve the purity of scal;:d inside-out vesicles that was
obtained by other methods (Kondo et al., 1980; Steck and Kant, 1974). A density gradient
centrifugation procedure resulted in 80% of sealed inside-out vesicles whcg:as the method
described in the present paper yields about 60% of sealed inside-out vesicles. Prolonged
incubation during the binding, reapplication of the excluded fractions, binding at various
ionic strengths; binding with increased amounts of the resin or incubations at lower or
higher temperatures did not result in improvement above 60%. This was most likely due to
non-specific adsorption of the inside-out vesicles on the affinity resin. Stilbene
disulfonates, such as DIDS, are impermeable to the membrane and when incubated with
the intact erythrocytes bind mostly (>95%) to Band 3. When incubated with the leaky
ghosts (where the internal surface is now accessible to the inhibitor ligand), DIDS was
found to covalently react to other prottins and lipids (Cabantchik and Rothstein, 1974).
Since the sealed i;1side¥out vesicles have their intqmal surface exposed, it seems that
binding of the sealed inside-out vesicles to the immobilized SITS was mostly mediated via
non-specific interactions. Thése interactions preclude a one-step separation of the inside-

out vesicles from the rightside-out vesicles by affinity chromatography.

/

hY
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V. Identification, Isolation and Characterization of a Putative Anion

Transporter from the Canine Renal Brush Border Membranes'

A. INTRODUCTION

Cellular anion transport plays a cﬁﬁcal role in many diverse physiological
processes such as in the u'ansport of bicarbonate , in the regulation’of cell pH and volume
and in several electrolyte transport processes (Wieth and Brahm, 1985; Kokko and
Jacobson, 1985). Although anion‘tmnsport systems are known to be present in a variety
of tissues, the best-studied system is the one that mediates chloride-bicarbonate exchange
across the erythrocyte membrane (Knauf, 1979; Passow, 1986). A 95,000 dalton
glycoprotein in the erythrocyte membrane, known as} Band 3 protein, mediates the
exchange of anions across the erythrocyte membrane. Band 3 is an integral membrane
protein and the carboxyl-terminal half (Mr=55,000) spans the bilayer several times (Kopito
and Lodish, 1985) and contains the site for ion translocation (Steck et al., 1976; Grinstein
et al., 1981). | '

Anion exchange mediated by Band 3 protein is inhibited by snlbenc dlsulfonatc
derivatives either revers'ﬁ (e.g., by BADS ) or irreversibly (Knauf, 1979; Passow,
1986). These inhibitors presumably bind to a single site recessed deep within the interior
of the protein (Pimplikar and Reithmeier, 1986; Macara et al., 1983) and compete with the
anion substrates. Upon binding to this site on Band 3, inhibitors such as DIDS, under the
appropriate conditions, covalently react with one or two lysine residues and cause
imeversible inhibition of anion transport. We have receatly shown that Band 3 alsb binds , |
to SITS-AMi-Gel 102 affinity resin and that it can be eluted by BADS (Pimplikar and
Rcithmeier,\ 1986; Chapter II).

‘1Aaer§bnd mmmnmmm 8.W. and Reithmeler, RAF.
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In the present work we have employed affinity chromatography to identify an anion
transporter from canine kidney membrane fractions (BBM and ALM) using a SITS-Affi-
Gel 102 resin. Various anions such as chloride. (Wammock and Eveloff, 1982), bicarbonate
(Wamock and Eveloff, 19\82), phosphate (Schali et 1})1., 1986), sulfate (Pritchard and
l'{cnfro, 1983) are transported across the epithelium in different regions of kidney
(reviewed in Chapter 1, Qnion Renal Exchange, also Kokko and Jacobson, 1985). A
chloride/bicarbonate exchange that is sensitive to SI>T5 or DIDS has been reported in
Necturus proxlmal tubule (Spring and Kimura, 1978; Edelman et al., 1981) and in the
mouse cortical thick ascending limb of Henle's loop (Andreoli et al., 1981; Friedman and
Andreoli, 1981). Band 3-like proteins in kidney have been identified by cross-reaction
with anti-Band 3 antibodies (Drenckhahn et al., 1985; Kay et ;l 1983; Cox et al., 1985;
Schuster et al., 1986). This antigen has been localized to the basolateral membrane of
epithelial cells, We report here the isolation and puriﬁ;:ation of a single polypeptide from
the BBM of do; kidney cortex that is labelled with [3H]-H2DIDS, binds specifically to
SITS-Affi-Gel 102 resin but does not cross-react with affinity-purified’ anti-Band 3
antibodies.
B. MATERIALS AND METHODS

Affi-Gel 102 was purchased from Bio-Rad. SITS was obtained from U.S.
Biochemical Corporation, Cleveland, Ohio. BADS was synthesized as described earlier
(Rao. et al., 1979). Cj2Eg was from Nikko Chemical Co.,Tokyo. [3H]-H,DIDS was
purchased from Research Development Corporation, Hospital fof Sick Children, Toronto,
" Ontario. All other chemicals were reagent grade or better.

1. BBM Vesicle Preparation \ _
* BBM vesicles werc isolated by the Mg** precipitation method as described by

Silverman and Speight (1986) < All steps werec arried out at 0-4 °C and all centrifugation

-+

-
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steps employed an SS-34 rotor and a Sorvall RC-5SB rqfrigcmted centrifuge. Briefly, the
outer cortex was scraped off arid homogenized in 10 volumes of isolation medium (10 mM
triethanolamine hydrochloride, 250 mM sucrose, pH 7:6). The homogenate was filtered
through a double layer of cheese cloth followed by filtration through a single layer of nylon
gauze. It was centrifuged twice at 1250 rpm for 10 min. The supematﬁt was th;:n .
centrifuged at 11,500 rpm for 20 min and the pellet (crude membrane fraction) was
suspended in isolation medium, frozen and stored at -20 ‘°C. Purified BBM vesicles were
prepared within a week. The crude membrane fraction was @;nwed, suspended in Buffer
A (100 mM mannitol, 10 mM HEPES, pH 7.4) and centrifuged at 20,000 rpm for 20 rmn
The p;:uct was resuspended in Buffer A containing 10 mM MgCl , incubated on ice for 10
min and ccntrifuged at 6,000 rpm for 10 min and the m‘sultin.‘&supcmatam was centrifuged
at 20,000 rpm for 20 min. The pellet was suspended in a minimal volume of Buffer A,
divided into aliquots and stored in liquid mtmgen yntil further w These membranes
were enriched over the crude membrane fraction by 15- 1o 20-fold for alkaline phosphatase
(BBM markcr), exhibited #2- to 5- fold reductlon of succinic dehydrogenase
(mitochondrial marker), and a 2-fold decmase in Na,K-ATPasc (ALM maf'ker; Sllverman
and Speight, 1986). ALM were 1solated from homogemzwd kidney on a pcrcoll density

gradient (Pritchard and Renfro, 1983).

2. Purification and Solubilization of BBM
TchBMvmcleswemsﬁppedofpenpbaalmembnneproﬁeinsbymcubmonm
10 vol. of 0.2 mM EDTA, 20 g/l phenylmethylsutfonyl fluoride (PMSF). pHT.S, ot
* 37°°Cfor 30 min. The mixture was centrifuged at 19,000 rpm in an S§-34 rotor for 20
min and the pellct was then extracted with 10°volumes t M KI, 7.5 mM sodium
phosphage, pH 7.5, containing 20 ug/ml phenylmcthylmlfonyl ﬂuodde lnd 1mM
dithiothreitol, at 37 °C for 30 min. Themmmmﬁfu;edm 19,w01pmf0130 p
’m;n,dlepelletwuwashedmthsmMsodinm.phogplme,pH&Olﬂd'supgnd_adina

. - &
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*
minimal volume of 28.5 mM or 228 mM sodium ciutrate, pH 8.0. The Kl-extracted:
membranes were lhcﬁ solubilized ai"a protcin concentration of —1 mg/ml in 1% Ci:Eg n

=y 28 S mM or 228 mM sodium citrate buffer. Following a 20 min incubation on ice. the
L
‘S()lub:lucd membranes were spun at 19,000 rpm for 30 min and the supernatant was

-stoved at 4 °C. This supematen: (Ki-t) was used for the binding studies.

3. Affinity Purification
Protein binding to the SITS-Affi-Gel 102 was cﬁcd out essenially as described
in Chapter II (Pimplikar and Reithmeier, 1986) exgept that all steps were performed at | ’
room temperature unless stated otherwise. The ci\zlatog,mphyn was ¢ out in 228
mM sodium citrate, pH 8.0, containing 0.1% C7Eg. In a typical assay Smnity resin
_ in a microfuge tube was shaken with up to 1+ul KI-E sample (~1 mg protein/ml) for 30
min. The resin was allowed to settle under gravity, the supcmau{nt was removed and the
resin was washed throe times with 500 ul 228 mM sodium citrate, pH 8.0 containing 0.1%

! Ci2Es. The bound material was then eluted by shaking the resin for 10 min with 110 ul of -
1 mM BADS in 51mM sodium phosphate buffer containing 0.1%C2Eg. Finally, the resin
was washed twice with 500 ! 228 mM sodium citrate, pH 8.0, cqntaining 0.1% CEg
and then extracted for 10 min with 110 ul of 1% lithium dodecy! sulfate in. 5 mM sodium
phosphate, pH 8.0. Equal volumes on the BADS cluate and lithium dodecyl sulfate eluate

- were analyzed by SDS gel electrophoresis.

) 4. Labelmg of Protems thh PH] -H2DIDS
\*ﬁs The solublhmd ptotcms (KI E) were incubated with up to 40 uM [3H]- ngIDS at
37 °Cf0tupto20tmn. Some samples were preincubated with 1 mM BADS at 37 °C for
15 min. At the end of the DIDS mcubanon"the protein samples were boiled with 1 volume
of Lacmmli samiple buffer and the proteins. m resolved by SDS gel electrophoresis. The
',./ pplyacryhﬂegel was sained with Coonmssne blue, shaken with Enhgnccrfor?»Ozmn at

-
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room temperatore, {oilowed by water for 30 min, dried and exposed to Kodak XAR-S film
at -70 °C.
5. Electroblotting Procedure
The proteins were separated by SES gel electrophoresis according to Laemmli
(1970) and were transferred clcctrophorcticz;lly to a nitrocellulose membrane using a Bio
Rad Mini Transblot system. Blotting was performed in ice-cold transfer buffer
(20%mc}hanol. 192 mM glycine, 25 mM tris, pH 8.3) at 80-100 volts for 2 h. These

membranes were then used either for lectin binding or antibody binding.

6. Lectin Blots

\ The nitrocellulose membrane waS blocked with 10% ethanolamine, 0.25% gelatin,
100 mM Tris, pH 9.0, (Olmsted, 1981) for 2 h at room temperature and then washed for 2
h with Buffer 1 (0.25% gelatin, S0 mM Tris, pH 7.5, S mM EDTA, 150 mM NaCl,
0.05% Nonidet P-40). Blots were incubated with the biotinylated lectins conca:avalin A
(Sigma Chemical Co.) and wheat germ agglutinin (Vector Laboratories) for 16-2C h at
room temperature, washed with Bpffer 1 for 2 h (3 washes) and then incubated with
avidin-peroxidase conjugate  (diluted 1:800 in Buffer 1) for 2 h. Ricinus communis
aggluﬁnin (Sigma Chemical Co.,.Type II) was conjugated dir;ctly to peroxidase. Blots
were washed with Buffer 1 for 2 h (3 washes) and visualized by reaction with 0.05%
diaminobenzedine, 0.1 % H202, 50\ mM Tris-HCI, pH 7.5. Color development was
" usually allowed to proceed for § min at room temperaure. Blots were rinsed with distilled
water and air-dried. B

7 Antibody Production and Alﬂnity Pnriﬂcation

Dogerythrocngimtmbnnumpepuedandthepmmmnpmwd

malO%LaemnﬂxgeL_mBmdSNg;mwuexmedmdmb)ecwdmelecmmﬁ‘t{

(unkapiller, et al, 1983)%Mnd3thmobd§pdmdillyndexmdvelyam
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150 mM NaCl, 5 mM sodium phosphate, pH 7.4, tc; remove as much SDS as possible.
The protein was emulsified with complete Freund's adjuvant and injected subcutaneously
into a white New Zcaland rabbit in four locatons. Booster injections containing
incomplete Freund's adjuvant were administered 21 and 28 days after the initial injection.
Blood was collected 7 days after the final booster injection. Affinity purification of
antibodies was perforrned using Band 3 protein transferred to a nitrocellulose membrane

(Cox et al., 1985; Olmsted, 1981).

8. Antibody Blots )

The nitrocellulose membrane was incubat;d with 3% Camation Skim Milk Powder
in 137 mM NaCl, 27 mM KCl, 10 mM sodium phosphate, pH 7.4, 0.02% sodium azide
(PBS) for 2 h at room temperature and rinsed briefly with antibody buffer (0.05% NP-40,
0,25% bovine serum albumin, 150 mM NaCl, 5 mM l:(D/TA, 50 mM Tris-HCl, pH 7.4).
The nitrocellulose membrane was then shaken with anti-Band 3 antibodies (1:500 dilution

*in antibody buffer) at room tcmpcraturc for 16-20 h. Following a. 30 min wash (at least 4
changes) w1th PBS containing 0.05% Tweemn 20, the membrane was rinsed with antibody
buffer and incubated with alkaline phosphatase conjugated anti-rabbit IgG (1:1000 dilution
in antibody buffer) for 1 h. The membrane was then washed it times with PBS containing
Tween-20, twice with PBS and brictfy rinsed with 0.1 M Tris-HCI, pH 9.2. Alkaline
phosphatase activity was detected using the substrate 5—bmmo-4—ch_loroindoxyl phosphate
and nitro blue tetrazolium using 0.1 M Tris-HCL, pH 9.2. The reaction was continued at
room temperature for 30 tmn or until the desired intensity was obtained. Blots were rinsed
with distilled water and air-dried.

9. Endo-f-N-acetylglucosaminidase F Treatment of Solubilized Proteins
The solubilized membrane proteins (50-100 ug) or affinity purified 130-kDa
protein (5-20 yg) was incubated-with 0.5 U of endo-B-N-acetylglucosaminidase F for 16-

L4 *
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20 h at room temperature. The incubation buffer contained 28.5 mM sodium citrate, | mM
EDTA, 0.1% 2-mercaptocthanol and the pH was adjusted to ~6.8 before the addition of

the enzyme. The reaction was carried out in 50 pl volumes and at the end of the incubation

50 pul of Laemmli sample buffer was added and the samples werd boiled for 3 min. The
phoresis to determine
their apparent molecular weights. Control incubagitns were carried out with the addition of
water instead of the enzyme solution. .

10. Endo-B-N-acetylglucosaminidase F Treatment of the BBM vesicles
The orientation of the oligos chains of the 130-kDa protein in BBM
vesicles was determined by studying the accessiblity of the glyco:sylation site(s) to the
endo-P-N-acetylglucosaminidase F. The experimental conditions were the same as

described above Except that the reaction was carried out in Buffer A (100 mM mannitol, 10
mM HEPES buffer at pH ~6.8).

11. Endo-B-_N—tcctylglucosuninidue H Treatment of the 130-kDa Protein
The experimental conditions used were identical to those used in endo-f-N-
acetylglucosaminidase F treatment except that endo-B-N-acetylglucosaminidase H was
used at a final concentration of 50 mU/ml.’ . .
o
12. Protease Treatment of the BBM vesicles |
The BBM vesicles were washed at least twice in Buffer A, pH 8.0, and suspended
in the same buffer at a protein conceatration of ~1 mg/ful. Theywmume:ﬁmeima |
chymotrypsin (1 mg/igl) or proteinase K (1 mg/ml) or trypsin (0.5 mg/ml) at 37 °C for 60
min. The reaction was stopped by adding 1 mM phenylmethylsuffflayl fiuoride. Identical -
| immsméuﬁqdmmmofo.m C12Bg in order to break the mémbrane
barrier to make the internal sites accessible w the proteases. Coatrol incubstions were

Y
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carried out with Buffer A without the proteases. Purified 130-kDa glycoprotein in 0.1%
Ci2Eg, was treated with trypsin or chymotr.ypsin under similar conditions. The digested

proteins were then anal‘zcd by SDS gel electrophoresis.

13. Amino Acid Analysis

Protein samples were hydrolyzed in 6 N HCl at 110 °C for 24 h under vacuum and

the released amino acids were quantitated using a Beckman Amino Acid Analyzer.

14. Analytical techniques

Protein assay was according to Lowry et al.(1951). Sodilim dodecy! sulfate gel
electrophoresis was performed according to Laemmli (\1970){ Protein bands were stained
with Coomassie Blue and scanned using a decc-Locbi Chromoscan 3 densitometer at 530
nm. The molecular wcight markers used included B-galactosidase (116 kDa),
phosphorylase-B (97 kDa), bovine serum albumin (66 kDa), ovalbumin (45kDa)
\glyccraldchydc-3-phosphntc dehydrogenase (36 kDa), carbonic anhydrase (29 )s

~

Y,
trypsinogen (24 kDa) and trypsin inhibitor (20 kDa).

1}
C.- RESULTS

1. ’ﬂ‘inity Chromatography of BBM, ALM and Ghost Membrane Extracts
A typical SDS polyacrylamide gel showing the initial fractionation of renal brush

border ghembrane vesicles and the purification of a .130-kDa glycoprotein by afﬁn.ity
cmvmnét ography is shown in Fig. V.1a. Lane H shows the protein profile of kidney cortex
homogenate. BBM vesicles (Fig. V.1a, lane BBM) have a different protein profile,

t during the isolation of BBM Yrom the homogenate certain proteins are lost
other proteins are(enriched. “It is apparent that the BBM contains a complex

- . . e —
mixture §f polypeptides that range in molecular weight from over 100,000 to under

\



Fig. V.1a
Protein profile of kidney membrane proteins and purification of the 130-kDa

protein. SDS gel electrophoresis was performed on a 10% gel prepared according to the

procedure of Laemmli. MW, molecular weight markers; H, kidney cortex homogenate; e

BBM, brush border membranes prepared from the homogenate; KI-E, brush border
membranes following EDTA and KI extraction; BADS-E, protein fraction eluted from
SITS-Affi-Gel 102 resin by 1 mM BADS; LDS-E, protein fraction subsequently elited by

1% LDS. The experiment was performed as described under "Materials afid Methods".

Fig. V.1b

Interaction of kidney anti-luminal membranes (ALM) and dog ghost membranes
(Gh) wit‘h SITS-Affi-Gel 102 resin. SDS gel electrophoresis was performed on a 10% gel
prepared according to the procedure of Lacmmli. Solubilized ALM and Kl-extracted dog
ghost membranes were incubated with the affinity resin, v;qshed and c“lutcd as described -
for Fig. V.la S, samples of solubili;ed ALM or ghost membranes that were incubatcdﬂ
thh thcrcsm B, pmtcm fraction eluted from Sl'I‘S-Afﬁ-Gcl 402 resin by 1 mM BADS; L,
protein fraction subsequently eluted by 1% hthmm dodecyl sulfate Arrow 1nd1cates the ~

posmon of crythmcy;c Band 8:






Fig. V.2

Effect of temperature shift on the elution of 130-kDa protein from the SITS-Affi-
Gel 102 resin. KI-E sample was incubated with the afﬁnit;r resin at 4‘°C for 30 min.
After removing the unbound proteins with at least three washes of 228 mM sodium citrate,
pH 8.0 containing 0.1% C)2Eg, the resin-bound protein was incubated either at 4 °C
(Con) or at 37 °C (Ts) for 30 min. At the end of the incu\)ation both samples were left at 4
°C for 2 min and eluted with 1 mM BADS in 0.1 % Cj2Eg, 5 mM sodium phosphate,
pH8.0 (B) followed by 1% lithium dodecyl sulfate in 5 mM sodium phosphate, pH 8.0
(L). Except for the 30 min incubation at 37 °C, all other steps were pcrformcd at 4 °C.

The arrow indicates thc posmon of the 130-kDa protein.

.

Fig. V.3

Protein fracuons elutcd from SITS-Affi-Gel 102 resin. A) 228C8- Protcm binding
was pérformcd at high ionic strength (228 mM sodium citrate, pH 8.0) as descnbcd undcr
. "Matcnals and Methods" The bound préteins were eluted with 0.01,0.1, 0.5 or 1.0 mM
BADS in 0.1 % C12Eg, 5 mM sodium phosphatc, pH 8 04 ma;,s under BADS) The
affinity rcsm was finally eluted with 1% LDS in 5 mM sodium phosphatc, pH 8.0. The
four lanes under LDS correspond to the subsequent LDS elution of resin followmg BADS
élution. The arrow shows the 130-kDa protein. S, KI-extract of BBM. B) 28.5C8-
- Protein binding was performed at moderate ionic strength (28.5 mM sodium citrate; pH
8.0). Details of lanes (BADS and LDS) are as given for A) 228C8.
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20,000. By extracting BBM vesicles with 0.2 mM EDTA followed by 1 M KI (Bcnncit.
1983), weakly associated and extrinsic proteins can be separated from intrinsic membrane
proteins (Fig. V.1a, lane KI-E). The protein components of the EDTA and Kl-extracted
BBM vesicles could be solubilized by 1% C)2Eg in 228 mM citrate buffer, pH 8.0. The
proteins contained in the detergent cxu’acunay' be classified as intrinsic membrane pmtcihs
since they were not cluted from the mcn.llxnne by low or high ionic strength extractions but
they could be solubilized with the aid of a mild non-ionic detergent (Cj2Eg).
.y When the solubilized proteins were incubated with SITS-Affi-Gel 102 resin, a 130- |
_-kDa protein bound to the tesin and it was the predominent (>90% by densitometry)
polypeptide cluted by 1 mM BADS (Fig. V.1a, lane BADS-E). The 130-kDa protein
binds to the affinity resin only. when the ligand SITS is coupled to Affi-Gel 102. This
protein did not bind to the Affi-Gel 102 resin without the attached ligand SITS (data not B
- shown). _ »
Some minor polypeptides with molécular weights of 160,000, 110,000, 90,000
and 65,000 were also eluted from the affinity resin by BADS. The amount of these
contaminating polypeptides varied, however, in various BADS elutes (for comparison see
Fig. V.1a, Fig. V.2 and Flg V3). The resin that had been eluted with BADS was
subsequently incubated thh 1% hthmm ‘dodecyl sulfatc to elute nons specxﬁcally bound ‘
proteins (Fig. V. 1a, lane LDS- E[) The proteins in ‘this fraction represcnt non-speciﬁcaﬂy
boundprmmnsmpm&cmsthmhaveahghafﬂmtyfor&exmohhzzdhgmdmdmnor .
‘readily eluted by BADS (seeChapterIl) Little of the l30-kDapmtem was left-agsociated
with the affinity resm‘aﬁext the BADS elution (Fig. V.1a, lane LDS-E). The 130-kDa o
.mm&emmmmiymmm@bedmgeﬁmlybpmmnms i
atroom temperatre. . - i 5y
o TheposubleplwenceofamlbmedmlfmhndingpmeminkuhcyALMm
bytfﬁmtycmwmhy(ﬁ& v. lb) Noﬁnllepolmpﬂdefmmlclzﬂs
extnctofALMmm(Bg.V 1b, lane S, ulﬂerALM) vheaincubuedwilhthelmnity
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resin, was purified by the BADS elution (Fig.lb, lane B under ALM). A band migrating
at 130-kDa was present in variable amoenis in the BADS and lithium dodecyl sulfate
cluates of the ALM preparations but the presence of this polypeptide was likely due to-
contamination by BBM. The one or more of the ALM proteins bound to the affinity matrix
and eluted by BADS may represent anion transport proteins present in the ALMt

As a control experiment, solubilized dog erythrocyte ghost membranes (Fig 1b,
lane S, under Gh) were incubated ‘with the affinity resin under identical conliiu'ons. The
Band 3 protein was the p.red:ominant absorbed protein that was eluted from the resin i)y 1
mM BADS (Flg V. lb lane B under Gh). Substantial Band 3 was eluted by a subsequent
incubation of the resin with lithium dodecy! sulfate (lane L under ‘Gh). We have
previously noted that human Band 3 binds tq‘x]:e affinity resin ‘in two states. At low _
temperature (1e 0-4 °C) Band 3, bound to the affinity resin, can be eluted by B;\I‘)
(Pimplikar and Reithmeier, 1986). If the matrix-bound protein is mcubated at roo
temperature or 37 °C, Band 3 is convérted to a form that is not clutable by BAbS but the:
protein can be removed from the resin by deng.mtion with dodecyl sulfate. This property
of human Band 3 was aiso exhibited by canine Band 3 in these-experimems. The tight
binding of canine Band 3 to ﬁhe affinity resin was expected since. the binding and elution

)
were carried out at room temperature,, ) . %

The effect of temperature on the binding and subsequent elution of the130-kDa |

protein was determined. Incubating the KI extract with the affinity resin at 4 °C, 22 °C or
37 °C did not affect biding and the subsequeént clution of the 130-kDa polypeptide by -
", 7 “BADS (data not shown).The 130-kDa protein was allowed 10 bind to the rosin, free protein
wummove&mmebommwummnuc“évc Esythrocyte Band 3
after the tetperature shift tp 37 °C is no longer clutable by BADS (Pimplikar and '
Rexthmexer, 1986). Fig. V.2 shows that when the 130-kDa protein béqud to the SITS-
~ Affi-Gel 102 resin was incubated at 37 °C for 30 min (Lane B, under Ts), 1toou1dstill be n

L]
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o "';luwd by BADS.. Th;s shows that unlike erythrocyte Band 3 protejn the 130-kDa protein
: ‘;* do:s. n:;t aoqunc the ught binding conformanon by incubation at 37 °C.
" o2 Intqnc;tion of thg 130-kDa Protein with the Affinity Resin
In ordeto optithizg the binding and clution of the l30—kDa protein, the effect of i
ionic strength, BADS concentration, ‘time of incubation, and‘the specifieity of the
interaction were examined. _
Wb The binding of the protein was pcrformed cither at moderate i 1omc concentrations (1
% C12Eg, 28.5 mM sodium cmate pH 8.0) or at high ionic conccmratxons (1% Cleg, |
228 mM sodium citrate, pH 8.0). Upon.removmg unbound pro:em by washing with \.
respective -buffers, the bound protein was eluted with increasing tim(;unts of BADS in
0.1% Cy2Eg, 5 mM sodium phosphate, pH 8.0. The amount of 130-kDa protein eluted
- incn:rased with higher concentrations of BADS at both moderate and high ionic su'ct‘lgth
. (Fig. V“.é). It should be noted that at high ionic strength the amount of contalninating
proteins in these fractions remained constant, thus showin‘g that the léo-kDa is cluted ‘
spwlﬁcally by BADS under thcse condmons (see Fxg. V.3 panel A, 228C8, four lancs A
un,dcr BADS). When binding was performed at moderatc ionic strength. the subsequent
 BADS elute contained relativcly hlgher amounts of coneammatmg pmteum and lower
amountsofthe l30kDaprote1n(Fig.V3 MB 28.5C8; fom'lanesunderBADS) “The
fractxon of JBO-kDa protein not elu;ed by low amourts of BADS was present in the
subsequenr tlnum cbdecyl sulfate elunes (Fig. vV 3 four lanes undcr LDS). 1 mM BADS
eluwdthe mkmmﬁecuvdymdww&equmtdodecylnn&teelumtoonmned
little of thi ,polypepnde. Ifﬂumcubwmd‘ﬂ:esolubnhudBBMmunhanewnhﬂiemdn ‘4
- wucamedontinlowxomc mng:b(l% cuza. smedimMmpH w), |
: bmdingome 1wmmmm(mmm) The binding of the 130-
k&pmmummmgmdepmdmtmdmebmémmbeopdmuyemwby i
5. mMBADS. - . |
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Fig. V.4 ; ] o ~
‘ -'.I‘imc course of ‘protcin binding to SITS-Affi-Gel 102 resin.- KI-E sample was

incubated with the resin as described under "Materials and Methods" for varied lengths of
time. Samples cluted with 1 mM BADS in 0.1 % Ci3Es, 5 mM sodium phosphate, pH
8.0 were electrophoresed on a 10% Laemmli gcl: stained with Codmass're Blue and '
scrahncd on aJoyce Loebl Chromoscan 3 dcn§itometcr at 540 nm. Th€area under t%le peak
corrcspondjng to the 130-kDa protein is dgkﬁncd as amount of protein bouﬁd to the resin.

\ ’ .

‘

1
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Fig. V.5

Specificity of 130-kDa protein binding to SITS-Affi-Gel 102 resin. « i’rotcin
binding assay was pcrfonncd as deseribed under "Materials and Mct'hods". Top panel
shows thé effect of ;;fesénce of free ligand on the protein binding. KI-E, KI cxtfﬁgt of
‘BBM 0scdvfoi' bindiné experiments; BADS-E, the three iﬁnes shqw protein fraction Cll:'lt(?d
with 1mM BADS when the binding was performed in the presence of 0, 0:1 or 1.0 mM
BADS respéqtively; LDS-E, subsequent respective 1% lith_ium dodecyl‘ sulfate elutes; MW,
nip‘lcpulﬁr wcfght m&;kcm. Bottomn panel shows the effect of DIDS prelabelling on the
protein binding. BADS-E, the six lanes show protein fraction§ eluted with 1 mM BADS
when the binding was performed with KI-E sample pre-labelled with 0, 2.5, 5; 10, 50 or
100 uM DIDS. DIDS prelabellinig was performed at 37 °C for 15 min. 'slit;sequqm 1%
LDS elute is not shown. KI-E*, KI extract BBM labelled with 100 uM DIDS.
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t Fig. V.4 shows the time course of the binding of the 130-kDa protein to the afﬁr_xity
resin. The solubilized BBM‘ was ihcubatcd \*ith the resin for up to 1 h. Thc resin was
washed with 228 mM citrate buffer, pH 8.0 containing 0.1% C)7Eg to remove unbound
proteins and the 130-kDa protein was cluted with BADS. The amount of the 130-kDa
protein bound to the resin was quaﬁtitatcd by rcsolving' the.BADS eluants by SDS gel -
clectrophoresis and scanning the Coomassie Blue-stained gels. The amount of protein
bound to the afﬁnity matrix at room temperature increased with time and by 1 h was close
to'cachmg maximum. In the subsequent experiments binding was performed for 30 min.

In the previous sections we have clearly shown that the l30-kDa protein found in
recnal BBM bmds to a stilbene disulfonate affinity column and it can be eluted selectively
and quantitatively by BADS. If this protein co;uains a stilbene disulfonate binding site like
erythrocyte Band 3, then the binding of the 130-kDa protein to the affinity matrix shoul:i
be blocked by free BADS. Fig. V.5 shows that this is the case. In the preserice of 0.1
u;M BADS, the amount of 130-kDa protein bound to the resin was reduced whcx'eas\in the
presence of 1 mM BADS the binding was almost complgtely prevented (Fig. V.5, top
pancl). The subsequent ithium dodecyl sulfate eluants also lacked the 130-kDa progein but
other non-spec1fically bound proteins were present. This shows that the 130-kDa protcm
bound the afﬁmty resin specxﬁcally via lts stilbene disulfonate binding site.

DIDS is a stilbene disulfonate derivative that can irreversibly inhibit anion transport
in erythrocytes by binding to the stilbene disulfonate site in Band 3 and then reacting with
cither one or two lysine residues in the protein (Passow, 1986). When the KI extract was
prelabelled with increasing amounts of DIDS, the binding of the 130-kDa protein Wl‘l
mﬂyabolishedgtnDIDSconcenmﬁonofSOuM(ﬁg. V.5, bottom panel). The other
minor contaminating proteins, however, still bound and eluted, showing that the 130-kDa
protein interacted with, resin specifically through the stilbene disulfonate binding site.
Again, the subsequent lithium dodecy! sulfate eluses did not contain the 130-kDa protein
(data not shown).
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Fig. V.6
Labelling of KI-E with [3H]-H,DIDS. The experiment was performed as
dsscn'bcd under "Matenials and Methods” with 40 uM [3H]-H2DIDS in 228 mM sodium
citrate, pH 8.0, containing 1% C|2Eg for 2, 10 or 20 min at 37 °C either in absence (-) or
presence (+) of 1 mM BADS. At the end of incubation the samples were boiled in sample
buffer for 3 min and electrophoresed ;>n a 10% Laemmli gel. A) CB, Coomassie Bl;xc
stained gel; B) Fluoro, fluorogram of the same gel. Thc.an'ows show. the position of the

L3

130-kDa protein. M, molecular weight markers.
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Fig. V.7

Effect of endo-f-N-acetylglucosaminidase treatments on the 130-kDa protein. The
enzyme treatment was carried out as described under "Materials and Methods”. BBM,.
intact brush border membrane vesicles; KI-E, EDTA and KI extracted BBM solubilized in
1?: Ci2Es, Ef\DS-E, affinity purified 130-kDa protein isoiatcd by BADS elution from
SITS-AffisGel 102 column; - and + denotes absence or presence of endo-B-N--
acetylglucosaminidase F during incubation! * denotes sample treated with endo-f3-N-
acctylglucosamxmdasc H; MW, molecular weight markers. The arrow shows thc position

of thc 130-kDa glycoprotein. . i

Fig. V.8

Lectin blots. Affinity purified 130-KDa protein (BADS-E) was‘clcctrophomsed on
a 10% Laémmli «€cl and transferred to a nitrocellulose membrane. WGA- as described
under "Matcnals and Methods" the membranes were intubated wnh biotinylated wheat "

germ aggluumn (WGA) followed by av&dln -peroxidase conjugate. The membranes were

v1suallzcd with diaminobenzedine. C, control untreated affinity purified 130 kDa
glycoprotcin; F, endo-B-N-acetylglucosaminidase F treated affinity purified 130 kDa
glycoprotein; H, endo-B-N-acetylglucosaminidase H treated affinity purified 130 kDa
glycoprotein. Con A- the membranes were incubated with biotinylated Concanavalin A
(Con A) and developed as above. RCA- the membranes were incubated with peroxidase
conjugated Ricinus communis agglutinin (RCA) and binding was visualized with

diaminobenzedine. .. .
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Fig. V.9 ,

Binding‘ of 130-kDa glycoprotein to \"vhcat germ aggludnin-agafose. The binding
‘was performed as described under "Materials and Methods”. Ki-E, EDTA and KI-
extracted BBM solubilized in 1% 312E8, 28.5 mM sodium citrate, pH 8.0 sar\nplc was
used for the binding studies. The binding was performed either in ab’scncg: (-) or presence |
(+) of 0.1 M GlcNAc. S, protein fmcu’onAlcft in supernatant after incubation with WGA-
agarose; E, protein fractiori eluted with 0.1 M GIcNAc. BDADS-E, affinity purified 130-

“kDa glycoprotein was used for the binding studies. Details of laneggre as given for KI-E.
" " . ! x ’ - !
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3. [3H]-H,DIDS labelling -

Since DIDS prevents the binding of the 130-kD{protcin to the affinity-matrix this
reagent may be useful for labeling the protein if a reactive amino agid rcsid:u; is present in
the appropriate p;)sition in the stilbene disulfonatc binding site. The KI extract was
labelled with 40 uM [3H]-H2DIDS at 37 °Cfor2,10 and 20 n;m in 228 mM citrate buffer
PH 8.0,0.1% C}2Eg (Fig. V.6). The fluorogram on the right shows that the 130-kDa
protein, together with some otli/er.polypcptidcw labefed ina timc-ficpcddcnt manner by
- this reagent. The €Loomassie gluc-smnw gel in Fig. V.6 shows that DIDS labelling up to

20'min did not cause any m;ljor ;g'grcgation of the proteins in the KI extract. The
radioactivity at the dyE front is likely due o free reagent, labelled phospholipids or small
pcpndcs The specificity of DIDS labeling of thc 130-kDa protein was chccked by
pcrformmg the experiment in the prescncc of BADS In the presence of 1 mM BADS, .
[3H]- HzDIDS labellmg of the 130-kDa protein but not of the other polypeptides was
prevented. thn the binding was performed at pH 6 the 130 kDa protcln did not label
with [3H]-H;DIDS (data not shown). This shows that the 130 kDa protein has a spKﬁc
binding site for stilbene disulfonates and secondly that an amino acxd (probably lysine) is
prescnt at or near this binding site and can form a covab({ bond with DIDS. Howcvcr
lack ofcovalent bipding a¢ pH 6 suggests that, unlike crythrocyne Band 3 that has amcnve
\lysu_le in or near the stilbene dlsulf?na.tc binding sxt{ in the protein, the 1 /?@-kDa protein

does not have such a reactive residue. .
r - .« .
4. Glycosidase Treatmeat of the 130-kDa Protein .

. Treaunent of intact BBM vesicles, the KI extract and afﬁmty-punﬁed 130-kDa
protein with cndo-ﬂ-N-aeetylglwosannmdasc F restlted in the removal of carbohydme as
md:cawdbyﬂaechmgeintheelecmphorencmblhtyofthepromn(ﬁg.vn Inboth
. the BBM veuclesmdﬂxeKIexmnothqpmtemswmnotaffecwdbytheenzyme
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 treatment. Following cndo—ﬁ—N—acctylgluCi;saminidasc F treatment, the protein had ah
appa'ren¥ molecular weight of 120,000. The -1 BO-kDa glycoprotein was resistant to endo-
' B—N—acctylglucogamix;idasc H treatment (Fig. V.7). These experiments show that the 130
kl?a protein is a glycoprotein and suggest that sugars ama not high-manndsc type but rather
. complcx-typci The fact that the 3u§ohy¢ate 'compo-ncnt of the 130-kDa protein is
aqcessible to cndo-ﬂ-N—acetylglugdsanﬁni&aSc F in intact BBM vesicles indicates that the
carbohydrate is’l on the outside of the vesicles.' .

5. Lectin Blots > o, '
" In onder to confirm the glycoprotein nature of the 130-kDa protein, the ability of the
protein to bing various lectins was determined. Affinity-purified 130-kDa glycoproein
was transferred to nnmcellulose paper and mcubated with various blounylawd lectins. This
glycoprotein bound wheat germ aggluumn, concamvalm A as well as Ricinus communis
agglutinin (Fig. V.8). The 130-kDa glyooprotem still bound wheat germ agglutinin after
endo-B-N-acetylglucosaminidase F or H treatments (Fig. V.8). Thig may be due to
* incomplete cleavage of the carbohydrate since not all of the carbohydrate chains are N-
linked but some could be attached to the promn through O-linkages. Treatment of the
punﬁed 130-kDa glyoopmmn with nemannmdasc also resulted in slightly faster mxgration
of the protein on SDS polyau'ylanndegels. Themaloglyeoprotanalsommnedmabxhty
o bind wheat germ agglutinin, concanavalin A and Ricinus communis lectins .

6 Interaction of the 13(.)_-kDa Glyc(;plm'e'in with wheat germ agglutinin-
' \ _ LY

~

- agarose ¢

In oder to study the,functional Yole of the 130-kDa prosein sad 1 360 i it could be
, guﬁﬁedwimmnuﬁnghBAbdemmﬁdhdmelSo-thm&i&whenm
"Laleunnmlmumsmdi& mmmammwxmm
mmhudwﬂwbﬂmuﬂmﬂmumwtcmm After,



e ' 182

washing away the unbound protc'in, the bound protein was eluted with 0.1 M GlcNAc.
Fig. V.9 shows when the KI-extract was incubated with wheat germ agglutinin-agarose
resin and subsequently eluted with Glc.NAc, the 130-kDa glycoprotein was the
predomi{wm eluted protein (lane é- under KI-E). thp the' binding was done in thé
presence of 0.1 M GlcNAc, much less of the 130-kDa glycoprotein bound and was
subsequently ch}lé from the resin (lane E+ under KI-E). When a limiting amount 6f
affinity-purified 130-kDa glycoprotein was incubated with the resin, 0.1 M GIcNAc
completly prevented the protein ‘lgir.xding to the resin (lanes S- vs S+ under BADS-E). In |
ml absence of excess free ligand, however, the 130-kDa glycoprotein bonnd to the wheat
germ agglutinin-agarose resin and was eluted with 0.1 M GIcNAc (lane E- under BADS~

I

E).

7. Protease Tn_nunenti ,

In order to determine the accessibility of the protein dognains within the 130-kDa

| glyco{:rotqm in the BBM, vesicles were tre%ted with chymotrypsin, trypsm or proteinase
K. Treatment of the i mtact BBM vesicles with chymotrypsin resulted in a total breakdown
of proteins other than the 130-kDa polypeptide (Fig. V. 10). Thc\l30-kDa protciq,
however, now migrated with an apparent molecular weight of ~122,000, indicating that
 chymotrypsin cleaved ~8,000 daltons of peptide sequence §rom the protein. This
chymotrypsin cleavage site must be on the exterior of the BBM, showing that a Mon of
the l30-kDapmmnxsexposedon the luminal side of the BBM membrane. ~This protein -
was n-y;fanresxsmntundathecondmonsusedbutwascompletelydegndedbythenon-‘

: specxﬁc protease proteinase K. Surpmmgly, after permeabilizing the membrane with-

X l% CuEg (Fig. V 10 +det), the proteolytic cleavage pattern did not change. Tlus

| suggm& that the nasnnee of the 130-kDa protein to trypsin and the limited cleavage by
_chymotrypsmwunotduemthepermcablhtybamcrbutmustbeapmpertyofthe°
_solubilized promn itself. »Tlns concluuon was cmfirmed by truting pmﬁed 130-kDa

.,'_‘ P ) . 4 4
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protein (Fig. V.10, BADS-E) with trypsin or chymotrypsin for 5>1‘5 and 60 min. Trypsin -
at 0.5 mg/ml at 37 °C (Fig. V.10, Trypsin) failed to digest the urified protein althoug}n
removal of a small peptide can not be excluded. Chymoptrypsin treatment (1'mg/ml) of the
130-kDa protein again produced a 122-kDa fragmcnt after 60 rmn of dxgcsnon at 37 °C

(Fig. V.10, Chymo) ' -

8. Cross-Resbtion With Anti-Band 3 Antibodies -

BBM, ALM and dog ghost proteins ere separated ona SDS polyacrylamxdc gel-
and then transferred to a 'nitrocellulose membrane. This membmne was probed either with
antibodies raised against dog erythrocyte Band 3 protein, with af"finity-ppﬁﬁed_ anti-dog
Band 3 antibodies, or with non-immune serum (Fig. V.11). 'I"he 130-kDa protein from the
BBM vesicles did not cross react with the unpmficd dntibody whereas a 95 ;000 dalton
pmmnﬁnmdleALMprepmuonsmmdsmngly(Fig Y.11). Withtheaffimty-
purified monospecific antibodies, the 130-kDa protein of the BBM agam f ed to cross-

' rcactwhcreuthe%-kDaALMpmtemmllcrossreacted. Othermlnorbandsfmmboth
. BBM and ALM preparations that cross reacted with unpnmﬁed-annbodies. did not cross
' react with the affinity Punﬁed antibodies. Dog crythrocyte Band 3 reacted strongly with
both annbody preparations. Western blots using more dilute agtibody of{ess ghost
mkmmmpmmmommaomyaymnmsmmmmemﬁbody The
blotMlustrated in, Fig. V.11 wuovmmnopedmmmmmeaymcmnmm o
" order to detect-any cross reacting protein in the BBM preparations. When probed with ’
‘ mﬁbodmmsedagunnhummetythyocygnandldw”pwddmm.mwt o
ot the 130-kDa BBM pmeincm!;\ reacted (data not shown). -

k%

° ’ -

9. AminoAcidAnlyﬂs | | | |
. ‘The 130-kDa glycopmﬁem wu pnrlﬂed by aﬂinity chromuognphy and ¥ |
.dmodm«mmmsnswmmm mmmmw
4 . i Q . o - . A » ) ~ .

-



‘ Fig. V.10

Effect of protease treatment on the 130-kDa glycoprotein in sealed BBM :/csicles,
(A) BBM; or after purification by affinity chromatography, (B) BADS-E. BBM vesicles
without :ictcrgcnt (-det) or with 0.1% Cj2Eg (+det) were incubated without any protease
(C),or with chymotrypsin (Ch, 1 mg/mi), trypsin (Tr, 0.5 mg/ml) or proteinase K (PK, 1 - -
mg/ml) for 1 h at 37 °C. Afﬁnity-puriﬁcti 130-kDa glyc?protcin was tréétcd with trypsin
or chymotrypsin under similar conditions for 0, 5, 15, and 60 min. Digestions were
stoppc& by addition of 0.2 mM phenylmethylsulfonyl fluoride and the proteins were A
rcsolvc& by clcctmphoreéis on a 10% acrylamide gel. The arrow shows the position of the

130-kDa glycoprotein. MW, melecular weight nmarkers as defined in Fig. V.1.
\
__Fig. V.11 | |
Andbc;dy blots. B, BBM; A, ALM and G, dog gh;st membrane proteins w\&e
electrophoresed on a 2.5 % Laemmli gel and transferred to a nitrocellulose membrane. The
_ cross-reacting proteins were detected as described under "Ma,‘teﬁals and Methods". M,
molecular weight markers.1) CB, Coomassie Blug ‘staineq gel; 2) Ab, blot incubated ;/ith
anti-dog Band 3 antibodies; 3) MS-Ab, blot incubated with affinity purified monospecific

anti-dog Bgn\d 3 antibodies; 4) NIS, blot incubated with n{)nimmunc serum. The arrow

shows the p&sition of the 130-kDa glycoprotein from BBM.
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Table V.1 Amino Acid Compositon of the 130-kDa Glycoprotein and Erythrocyte Band 3

Amno acid

Asp
Thr
Ser
Glu
Pro
Gly
Ala
Val
Met
e
Leu
Tyr
Phe
His
Lys
Arg
Cys
Trp

.

»

ZZAANAWORO0ONX A

—_— <o

—

130-kDa Glycoprotéin

DO OO WACROSUCS —~NAENDS X

Mol %

-
—OULVWNULLWANNNINAN LD
NYd N WA — A UdNO BAYdSx oW

 Band %

aTaken from Steck, T.L. et al. Biochem. 17, 1216-1222 (1978)

bN.D., not determined.

!
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the 130-kDa protein is listed in Table I. This protein contains a moderate content (28 %) of
hydrophobic aminoacids (Val, Met, Ile, Leu, Tyr, Phe). Of particular note however is the
high content (24 %) of acidic amino acid residues. The overall amino acid composition is

similar to the composition of erythrocyte Band 3.

D. DISCUSSION

The renal transport systems that mediate excretion and rcabsorption\of various
anions seem complex. Unlike the erythrocyte Band 3 protein which can utilize a number of
anions as substrate, the renal tr;mspon systems seem specific for different anions. The
transporters are less abundant, localized in various parts of a nephron and are functionally
intertwined with each other. Due to these difficulties, the proteins mediating various
transport functions have not been identified, isolated and biochemically characterized.
Most of the information on these systems has been derived from studies involving a
micropuncture technique, microperfusion of isblated nephrons or from transport studies
using BBM and ALM vesicles and kidney epithelial cells grown in culture (for review see
Kokko and Jacobson, 1985; Warnock and Eveloff, 1982).

These transport systems have been well characterized by physiological techniques,
however, regarding their localization, substrate specificity, transport kinetics and various
inhibitors that impair a given transport process. A number of studies have shown that
stilbene disulfonates’ such as SITS and DIDS inhibit chloride/base exchanger systems
(Spring and Kimura, 1978, Andreoli et al., 1981). Studies have reported the presence of
chioride/bicarbonate (Warnock and Eveloff, 1982), chloride/hydroxide (Wamock and Yee,
1981), and chloride/formate (Alpem, 1987) exchangers on the luminal side of tubules.
Such findings are, however, not without contradictory reports (Seifter et al., 1984;
Schwartz, 1983). Recent studies have suggested the presence of DIDS-inhibitable
chloride/bicarbonate exchangers in cell lines derived from kidney such as the MDCK cell
line (Kurtz and Golchini, 1987) and Vero cell line (Madshus and Olsnes, 1967). The
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presence of such exchange systems, inhibited by SITS or DIDS, in the ALLM has also been
implied (Pritchard and Renfro, 1983, Edelman et al., 1981). Despite these conflicting
reports, an overwhelming body of evidence (see Chapter 1, Renal Anion Exchange)
supports the presence of a chloride/base exchanger in the brush border membranes of
kidney tubules (Wargock and Eveloff, 1982).

The anion transport protein of erythrocytes contain a stilbene disulfonate binding
site and this protein can be purified by affinity chromatography using SITS-Affi-Gel 102
resin (see Chapter 2). It is clear that there are a number of anion transport processes in
kidney and that they are inhibited by stilbene disulfonates. These anion exchange proteins
in luminal membranes contain a stilbene disulfonate binding site Eastlcin and Burckhardt,
1986) and they shoéld bind specifically to the affinity resin. The present studies
unambiguously show that a lBO—Wa glycoprotein from the brush border membranes
specifically binds stilbene disulfonates and that it can be purified .using inhibaer affinity
chromatography. We feel that this protein is an excellent candidate for the Cl-/anion
transporter present in renal luminal membranes.

Recent evidence has shown that specific DIDS binding sites are-present in
membranes isolated from the luminal (Kd = 19.3 uM, 2\31.7 nmol/mg protein) and the
basolateral side (Kd = 5.5 uM, 10.9 nmol/mg protein) of epithelial cells from renal
proximal tubules (Talor et al.,, 1987). In the same stu&y DIDS was found to inhibit
electroncutral sulfate uptake into luminal vesicles (Ki = 20 uM). Pritchard (1987) also
found that BBM vesicles take up sulfate (Km = 0.4 mM) in exchange for bicarbonate or
chloride in-the absence of Na* and that this process was inhibited by DIDS. Our studies
have shown that 50 uM DIDS completely prevents binding of the 130-kDa protein to the
affinity resin while 10 uM.QDS had no effect (Fig. V.5). This is consistent with the
presence of a DIDS binding site in BBM with an affinity of 19.3 uM (Talor ef al., 1987).
The number of sites (31.7 nmol/mg protein) in BBM vesicles as determined by Talm‘?tal.
is.boweva.wohilhwmpluentbindingwuipglcsiwinatnnsportprotein. DIDS is



189

apparently binding to multiple sites in these membranes even at 4 °C for shc;n time
periods. Our radiolabelling cxpcrimcnt.v: (Fig. V.6) show that at 37 °C, DIDS labels many-
proteins in the BBM and only the .13()-kDa protein is protected from labelling by free
stilbene disulfonate. |

The 130-kDa glycoprotein from the brush bofdcr membranes of canihc kidney has
some similarities with the human erythrocyte chloride/bicarbonate exchanger. Both
proteins are major intrinsic glycoproteins of relatively high molecular wcight. They both
bind to SITS-Affi-Gel 102 affinity resin and can be labelled specifically with [3H]-
H,DIDS. In addition, the amino acid composition of the 130-kDa protein is similar to the

- composition of erythrocyte Band 3. ,
/2') The kidney 130-kDa glycoprotein and erythrocyte Band 3 are not similar in other

*

w(ays. The kidney glycoprotein does not acquire a tight bindiﬁg conformation to the
affinity resin at higher temperatures and these two proteins are immunologically distinct.
Since antibodies raised against Band 3 protein are generally directed towards the

wunodomimmt amino-terminal domain which is not involved in the transport function,

of\antibody Teactivity is not very surprising. Earlier studies using anti-Band 3
antibodies (Drenckhahn et al., 1985, 'Cox et al., 198S) indicated the présence of a cross
reacting protein in ALM but not in BBM. A monoclonal antibody that recognizes the
membrane.domainofhumanerythrocwamd3 bound to the basolateral membrane in a
subpopulation of cells in the cortical and outer medullary collecting tubules (Schuster et al,
1986). No immunoreactivity was found with the antibody in proximal tubules.
AnnbodtesmsedamnnmmBandSwthecymphsmcdomnbindwﬂwbnﬂlmgim
of cells of cortical collecting ducts (Hazen-Martin et al., 1987) O\n-pmemdmmo
supports this view (Fig. V.11). 7

The 130-kDa glycoprotein is clearly distinguishable from these Band 3-like
proteins. It does not cross react with antibodies raised against human or dog Band 3.
These antibodies do react with a 95,000 protein present in the ALM. We can not, at
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present, rule out the possibility that the cross-reacting ALM prot'cin is contaminating
erythrocyte Band 3 protein although that secms.unlikcly due to the extensive washes and
the density gradient centrifugation involved in preparing ALM. The 95,000 daltbn antigen
is not pncscnt‘in the BBM. Conversely, the 130-kDa protein is present in the BBM but not
the ALM. '

The 130-kDa glycoprotein in BBM vesicles is resistant to trypsin digestion and
chymotfypsin removes only a small portion of the protein. It seems to be heavily -
glycosylated with a complex carbohydrate structure, since it binds to all three lectins used
in these studies and is sensitive to cndo-B-N-ac:tylglucosaminidasc F but not to endo-P-N-
acetylglucosaminidase H.- The carbohydrate is exposed on the exterior of the BBM
vesicles. Since the lectins still bound to cndo—ﬂ-‘N-acctylgluCosaminidasc F-treated
protein, some of the oligosaccharide chains may be O-linked. We are currently using
wheat germ agglutinin-agarose resin to purify this protein so that it can be reconstituted
into membrane vesicles and then igs trimspogt function studied. We believe the 130-Da
glycoprotein that we have isolated from dog kidney BBM represents a likely candidate for
a SITS- or DIDS-inhibitable anion exchanger.
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V1. SUMMARY AND DISCUSSION

)
The studies reported in this thesis were directed towards dcs1gmng and symhcsmng

" an affinity resin for studying Band 3, the anion exchange protein from human crythrocytc
membrane. A ‘stilbene disulfonate derivative which specifically bmds to Band 3 in intact
erythrocytes and .inh'ibits the anion transport-was to be used asa ligand. A spacer molecule
of appropriate length and nature was to be used to overcome possif)le steric hindrance.
This afﬁnity métrix was, then to be used for three main purposes; 1) ff)r purification of
erythrocyte Band 3, 2) for studying Band 3-stilbene disulfonate interactions and’3) for
purifying Band 3-like proteins from cells other than erythrocytes. |

A. Purification of Erythrocyte Band 3 Protein 4 o

Using the SITS-Affi-Gel 102 resin, Band 3 from human erythrocytes could be
purified to homogeneity (>97% purity by SDS-PAGE). Band 3 is extensively assoc;'i’a'tc'd
with the cytoskeletal network, and it was necessary to remove these peripherally associated
proteins by a low-salt and a high-salt extraction. If not removed prior to solubilization,
these proteins remained associatcgi with Band 3 and were co-eluted with Be_md 3 from the
affinity resin. After the low- and the high-salt extraction, Ba?d3 constitutes to about 60-
70% of the total membrane pr_otéiﬁ. -Thus, the purity of the Band 3 protein achieved after
the affinity chromatography ma); not seem spectacular but is nevertheless significant (i’-’ig.
I1.1). .

The SITS-Affi-Gel 102 resin can also be used to pﬁfy thc Band 3 protein from
nonhumian erythrocytes. To our knowledge this is probably the first report of a successful
purification of a miembrane transport protein using inhibitor-affinity chromatography. In
the present studies a number of afﬁnity' matrices were synthesized and tested for thgxr
usefulness in p'urifyh;g Band 3. Since SITS-Affi-Gel 102 gave the best results in the
prehmmary experiment, this resin was used in the subsequent experiments. An extensive

194
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_ characterization of the binding and the elution conditions whas done in order to optimize
purification of the Band 3 protein. We also characterized a number of chemical compounds

to study their properties and to determine their utility as spacer molecules.

‘B. Ligand-Protein Interaction
These studies have revealed some interesting aspects of the stilbene disulfonates-
, Band 3 interaction that were not known until now and provide experimental evidence for
some phenomenon that were inferred to occur ffom earlier work. These studies have
proQidcd evidence that Band 3 binds to stilbene disulfonates in two states. By exploiting
" the differential elution scnsitivit@cs ‘of these two forms by BADS, it was shown that one
form is wcakly-boun(i while the other is strongly-bound to immobilized SITS. The
weakly-bound form cai1 e 'raﬁidly converted to the Astrongly-bound florm at elcva{ed
tcmecraturcs. l:}arlicr w\trk by Solomon and coworl;crs (Verkman et al., 1983) and by.
Macara c\tal., (1983) had suggcsxéd that such a pbenouicnon occurs presumably through a
conformational change it’thc protein following inhibitor binding. The present work
provides evidence that the stilbene dishlfonatcs inhibitors do beco‘fne tightly-bound to Band
3 following the initia;l weak binding. This process is slow at 4 °C but rapid at 37 °C and
therefore this observation strongly supports btit.does—not prove t.lxat such a change is
brought about by a conformational change in the protein. -
Band 3 exists primarily s a dimer in membranes and in nonionic detergent. Earlier
work from this and other laboratories had indicated that the stilbéne disulfonates-binding
site is present in b::twéen‘two monomers of a dimer and that the two monomminmct
- —with each other._ Bxpemnentdescnbed in Chapter III show that when one monomeri3
 covalently,labelled with DlPS,\thb other monomer still binds to the immobilized ligand.
Such a dimer, however, displays  reduced capacity % acquiré the tightly bound form.
This shows that when a stlbene disulfonates binds 10 coe mongener, the behsvior of the

-. : //-'
‘ ; -
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stilbene disulfonates binding site. When Band 3 is covalently labelled with citrate, the

protein binds to the resin with a lower affinity but the protein still retains its capacity to

acquim\thc n‘gr;J binding. This shows that the residue modified by citrate is involved in the

initial binding but does not affect the process of confonnatiohal change.

Since the stilbene disulfonates binding‘t site on the protein is accessible only from the
_outside, intact erythrocytes and rightside-out vesicles but not inside-out vesicles should

bind to the resin. Data presented in Chapter IV sﬁows that both the intact erythrocytes and
the rightside-out vesicles do bind to the resin via the stilbene disulfonates binding site of the

Band 3 protein. An important observation was made that for cell chmmatograph&, a matrix
with internal space (such as agarose) is no't suitable. With cellulose, all the immobilizcid
ligand is pi‘cscnt on the surface and is accessible for binding. Significant proportion of
inside-out vesicles also bound to the affinity resin. This binding was midiatcd via
nonspecific hydrophobic and electrostatic interactions. It has been observed that in lcakyo
ghosts, stilbene disulfonates t;ind nonspecifically f° lipids and p‘rotcins from thc>
éytéplasmic side of cells. This nonspecific interaction precluded use of the affinity resin as

/

a novel one step procedure for the separation of rightside-out vesicles from inside-out
N i ,

vesicles. -
C. Identification of Analogous Proteins

_ Band 3 mediates electroneutral exchange of anions across the erythrocyte
membrane. This exchange is inhibited by stilbene disulfonates. The lndney membranes
also exhibit a similar elgctmneutral exchange of anions that is inhibited by stilbene
disulfonates. 'I"hus, in ﬁﬁnciple it is possible that ﬁle pmtein(s) that mediate anion-
exchange in the kidneys would bind specifically to the afﬁmty nesm and thus can be
identified and nsolated. Results summarized in Chapter V show that a single polypcptlde of
molecular weight 130,0(X) binds specifically to the xesm._ ‘Tlns protein was also specifically
labelled with [3H]-HoDIDS. It is a glycoprotein and is present on'the luminal side of

-— - . -
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kidney epithelial cells. The stilbene disulfonate-inhibitable anion exchange also takes place
on the fuminal :v,idc. ) '
‘ The purification of the 130-kDa glycoprotein achieved by affinity chromatography
looks vary impressive (Fig V.1a). Pnor to chromat6graphy, the 130-l;Da glycoprotein was
only about 10% of the total brush border membrane protcins and by one step purification
with the affinity resin, purity of &hc protein was improved to >9,0% This obscrs;ation
proves the potential of affinity chrc;matography in purifying a protein. It seems likely that
the 130-kDa glycoprotein is not extensively associated with othpr kidney membrane .
proteins. This is also su.ggcstcd by the observation that anti-Band 3 éntibbdies do not cross
react with the 130-kDa glycopmt;inl The N-terminal gytoplasmic domain of Band 3 which
is involv?i' in binding with other proteins also happeﬁ be the immihodominant area of
the Band 3 protein. Ainajority of polyclonal antibodies raised against Band 3 are usually
directed against this regioh of the protein. The lack of antibody cross-reactivity suggests
that the 130-kDa glycoprotein does not have‘a .domain similar to to the Band 3 cytoplasmic
domain involved in binding with cytosk:letal elements. This makes purification of the 130- -
kDa glycoprotein much easier than that of Band 3. Thus it can be said that if Band 3
protein was not associated so extensively with other protelps, one step purification of the
Band 3 protein t;y affinity chromatogmphy%wouid also be possible. ) -
An interesting observation was made with both the eryffirocyte rembrane proteins
" and the hdney brush border membrane prote(ns Besides Band 3 and the. 130‘l’tDa
glycoprotein, SITS- Afﬁ-Gel 102 msm retained many other proteins as well These
proteins, howeva,couldnotbcelutedbyaddingexm&eeBADs suwuﬁngtlmthue

proteing boundnonspedﬁcallytotheinlnohmndlipnd(oruinafewmd\ey '

th aﬂ'imtyresmwualsoqha'vedwheuBADS whichismhydmpboﬁcmsrrs-
wasnseduaninmobdiudlipnd. mmmmsummamum
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suggest that even if the ligand retains some contaminating proteins, the eluting conditions
can be made to selectively desorb the desired protein.

Although, this glycoprotein binds to stilbene disulfonates, it does not cross react ’
with anti-Band 3 antibodies. Reasons for the lack of cross-reactivity have already been
discussed. A number of studics have indicated presence of anti-Bant%i 3 antibodies cross-
reacting protein(s) on the basolateral side but not on the luminal s1dc of the kidney epithelial
cells (Drenckhahn et al., 1985, Cox\ct al., 1985). Recent data shows that this protciq is
not present in proximal tubules but is present in medullary collecting tubulcs_(Schustcr et
al., 1986). Moreover, only the basolateral membrane showed immunoreactivity. Data
presented in Fig. V. also shows the presence of an anti-Batid 3 antibodies cross-reacting
protein from the basolateral mgmbrancs but not from thé brush border membranes. The
cross-reacting protein from the basola}cml side is shown to be colocalized with
cytoskeletal-like proteins (Drenckhahn et al., 1985). Thus it may be possiblc that the two
functions of the erythrocyte Band 3 protein (the anion-transport and the cytoskélctal
attachment site) are performed by two different proteins in kidneys.

Although a likely candidate for anion transporter of the kldne/y membranes, the
funcuon of the 130-kDa glycoprotein remains unknown. A direct evidence that the 130-

ngq glycoprotein me@iatqs anion-exchange has yet to be presented. Secondly, the kidney
membranes seem to house a number of distinct anion transporters each with a different
substrate specificity, dlffmm scnsitivify to stilbche disulfonates and some exhibiting cation
. dépendence (Madshus and—OIsnes, 1987; Alpern and Chambers, 1§87). The situation is
further complicated by the fact that these transport systems are fxmcnbnally linked thh each
other since they share some of the substratcs Moreover some other transport systems _
which do not use inorganic anions as substrates are also shown to be mhlbxwd by stilbene:
disulfonates. 'l‘hus, assigning a precise transport function to the 130-kDa glycopmtem

<

must await cxnensxve funcuoml characterization.
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Identifjcation of the 130-kDa glycoprotein as a stilbene disulfonates binding protein

. from kidneys is probably the most exciting outcome of the present'work. The next logical

step would be to functionally characterize this polypcptidc.v This should primarily involve -
7 ‘ ‘ :

 reconstitution of the purified protein ir‘o vesicles and studying its transpdrt characteristics.
These studies can be supported by dctctf/fﬁning its tissue distribution using ultrastructural
immunological approaches. Sin;c va:ious parts of a ncphron‘havc‘ been identified with
particular transport functions, such stndiescould be used to support in vivo function of the
130-kDa glycoprotein. Finally the amino acid sequence can be determined either by a
biochemical approach or preferably aeduced by cloning cDNA that codes for the lBO-szl
glycoprotcin: The molecular biological appaach will be more rewarding since it can be
used to mutate the 130-kDa glycoprotein in precise locations along the polypeptide chain.
This information should be useful to delineat: regions of the protein responsible for its
t:unction. ~.

The technique of affinity chromatography is, however, not without limitations in all

the three areas discussed above and apphed in the present work The biggest drawback of

* this technique is that it is still an ‘inexact science’. Although tlus technique has been

N

succcssfully exploited in the basic research as well as in industries, it has not received a -

. sound theoretlcal treatment. As a result, as in the area of crystallography, success of
affinity chropatogfaphyéannot be ensured and almost always depends on the earlier failed
attempts and on a trial and error approach. A big obstacle inr pui'ilication -by a;fﬁxlity

* chiromatography is the nonspecifi¢ association of the 1mmobthzed ligand or the spacer

“molecule with contaminating piotcins Elution of the bound protein in nmve tion-

denatured state’ can-sometimes become a problem (Weba et d., 1985). ' Studying the -

hgand-protem interaction genmlly yxelds only qualmnve mt'ormaﬁon not quanﬂuuve.
Finally, the nonspecific interactions observed with affinity resins also interfm }wish

identification and isolation of a related protein from s different system. Despite these -

- !
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At

dmwé{iqks. the present work has made significant contnibutions to the application of
-
;111mnngmamgmphy for studying integral membrane proteins.



