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ABSTRACT. The high-affinity sulfonylurea receptor, a novel member of the ATP-binding cassette
superfamily, is one component of the ATP-sensitivedannel. The protein is critical for regulation of
insulin secretion from pancreatjé-cells, and mutations in the receptor have been linked to familial
hyperinsulinemia, a disorder characterized by unregulated insulin release despite severe hypoglycemia.
The sulfonylurea receptor is present in membranes from a number of endocrine and neuroendocrine cell
lines, including HIT-TI5, RINm5faTC-6, AtT-20, and GHcells. Two forms of the receptor are present

in RINm5f andaTC-6 cells, with apparent SDS gel molecular masses of 140 and 150 kDa. The two
forms have equally high affinityp ~ 3 nM, for an iodinated derivative of glyburide, an anti-diabetic
sulfonylurea. The receptor is a glycoprotein; treatment of RINm5&®€-6 cells with tunicamycin
reduces the 140 and 150 kDa species to a singlg7 kDa protein. The 140 and 150 kDa receptors bind
differentially to concanavalin A and wheat germ agglutinin, and lectin-affinity chromatography is ideal
for the initial stages of receptor purification. After lectin-affinity chromatography, the same methods can
be applied for purifying the 150 kDa form as for the 140 kDa receptor. A transiently expressed receptor
with a histidine-tagged carboxy-terminus was purified by Ni-agarose chromatography, and this variant
was used to demonstrate that the 140 kDa polypeptide is full length. Anti-peptide antibodies directed
against the amino-terminus of the receptor and antibodies against the nucleotide binding folds
immunoprecipitate both receptor forms. The results indicate the 140 and 150 kDa receptors are differentially
glycosylated forms of the same polypeptide chain.

The sulfonylureas, particularly glyburide (glibenclamide) of Ikate, membrane depolarization, and activation of voltage-
and tolbutamide, are drugs used in the treatment of non-gated C&" channels. The resultant increase in cytosolig'Ca
insulin dependent diabetes mellitus because they prompttriggers insulin release.

insulin release from pancreatiecells (Ashcroft & Ashcroft, The high-affinity receptor for sulfonylureas is a member
1992). This action is through inhibition of an ATP-sensitive of the ATP-binding cassette superfamily (Aguilar-Bryetn
potassium conductanckare,* which sets thg-cell resting 3|, 1995) with multiple transmembrane-spanning domains
membrane potentiallxare is normally modulated by changes  and two potential nucleotide binding folds. Cloning and
in the cytosolic ATP/ADP ratio brought about by changes expression studies have demonstrated the sulfonylurea recep-
in plasma glucose levels. Elevated glucose leads to inhibitiontor is an integral component of the-cell ATP-sensitive
potassium channel. Co-expression of an inactive member
* This work was supported by United States Public Health Service of the small inward rectifier family, designatedr&.2, with
Grants DK41898 and DK44311, an Advanced Technology Program the sulfonylurea receptor, designated SUR1, reconstitutes a

Grant from the State of Texas, and by the Foundation for the Carolinas. . . .
* To whom correspondence and reprint requests should be addressedetassmm conductance with the properties expected for the

* University of North Carolina at Charlotte. nativeS-cell ATP-sensitive K channel (Inagakét al., 1995).

ﬁDepartment of Cell Biology, Baylor College of Medicine. Mutations in SUR1 have been linked to familial hyperin-

* Department of Medicine, Baylor College of Medicine. _ sulinemia, a disease characterized by constitutive, unregulated

_ Supported by a Career Development Award from the Juvenile insulin release in the face of severe hypoglycemia (Thomas
Diabetes Foundation. ypogly

® Abstract published idvance ACS Abstractdlovember 1, 1996. et al, 1995). ATP-sensitive K channels have been found
< 1Abbrf]_evri]atiff;ns_i IﬁKATPh Aﬁf-selnSitive K Channglzcondugtancf: predominantly in pancreatic islets (Ashcroft & Ashcroft,

URL1, high-affinity-cell sulfonylurea receptor; K6.2, member o ; : :
inward rectifier K- channel family; Krp, ATP sensitive K channel; 1992) and_ brain (.Bernarda_t al, 1988_) and are relatively
HIT, hamster insulin-secreting tumor; RIN, rat insulinomelC, o abundant in cell lines der|V§d from islets. Two forms_ of
(glucagon-secreting) tissue culture; AtT, anterior pituitary tumor; GH, the receptor have been describediFC-6 cells, a pancreatic

growth hormone secreting; NBF, nucleotide binding fold; PHHI,  gjycagon secreting: cell line (Rajanet al, 1993), and in
persistent hyperinsulinemic hypoglycemia of infancy; cDNA, comple- : l d islet cells (O @éal. 1995) We sh
mentary DNA; DMEM, Dulbecco's modified Eagle's medium; Pgs, insulinoma and islet cells (Ozanee al, ). We show

phosphate-buffered saline; SDS, sodium dodecyl sulfate; PMSF, that these two forms of SUR1 are present in several
pheltr_\yllmetqylsul_fonyl ftl_lécégdea_WGA, t\(vheat getrmta'gﬂg\lll\;ltlmnl; M/?F’, neuroendocrine- and islet-derived cell lines, that both forms
multiple antigenic peptiag\p, dissocliation constant; , molecular H H H : H H H H Hs
weight; MES, 2-N-morpholino)ethanesulfonic acid; PIPES, piperazine- bind an iodinated derivative of glyburide Wl.th hlgh. affinity,
N,N' -bis(2-ethanesulfonic acid); MOPS, B-norpholino)propane- ~ and that the two forms are the result of differential glyco-

sulfonic acid. sylation.
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Ficure 1: High-affinity sulfonylurea receptors inTC-6, HIT-
T15, RINm5f, AtT-20, and Ghkicells photolabeled as a function
of pH. Membranes were prepared in four different buffers: 10 mM
MES (pH 6.0), PIPES (pH 6.5), MOPS (pH 7.1), or Tris (pH 7.7)
plus 0.1 M NaCl, 2 mM EDTA, and were resuspended in the same
buffers at the pH values indicated in the figure. Aliquots were
incubated with 10 nM*¥E3lJiodoglyburide and photolabeled at 312
nm in a UV cross-linker at 1.5 J/énSamples were solubilized in
2x SDS sample buffer at pH 9, heated for 3 min at 2a) and
separated by electrophoresis on an SDS 7.5% acrylamide gel, an
an autoradiogram was prepared.

EXPERIMENTAL PROCEDURES

Chemicals 5-[%I]lodo-2-hydroxyglyburide '¢l-iodo-
glyburide) was synthesized as described previously (Aguilar-
Bryanet al., 1990).

Maintenance and Isolation of CellsHIT-T15 (passage
65—75; CRL1777), RINm5f, GH3 (CCL82.1), and COSm6
cells were provided by the Tissue Culture Core of the
Diabetes Research Center at Baylor College of Medicine.
AtT-20 (CCL89) cells were from the American Type Culture
Collection. aTC-6 cells, from a glucagon-secreting mouse
glucagonoma, were provided by Dr. K. Hamaguchi (Jackson
Laboratory, Bar Harbor, ME). HIT-T15, RINm5f, and
oTC-6 cells were seeded in roller bottles in DMEM10%
fetal bovine serum (Aguilar-Bryagt al., 1992). AtT-20 and
GH3 cells were grown in Ham’s F-10 medium plus 10%
fetal bovine serum and seeded in roller bottles or 150 mm
petri dishes. Cells were maintained in 5% £& 37 °C
and fed three times prior to isolation. Cells were removed
from roller bottles with PBS containing 2 mM EDTA,
pelleted by centrifugation at 9gdor 10 min, and washed
once with PBS prior to preparation of membranes. COSm6
cells were plated at 5060% confluence on 100 mm Petri
dishes 1 day prior to transient transfection.

Preparation of Membranes, Receptor Photolabeling, and
Filtration Binding Assays.Cell membranes were prepared
as described previously (Aguilar-Bryast al., 1990, 1992;
Nelsonet al, 1992). Membranes were photolabeled by
incubating with 210 nM [**3]iodoglyburide for 30 min at
room temperature followed by UV-crosslinking, as optimized
in Nelsonet al. (1992) (see legend to Figure 1). Filtration

binding assays were performed as described in Aguilar-Bryan

et al. (1990).
Whole-Cell Photolabeling Cells were incubated at room
temperature in the dark for 30 min with-1.0 nM [*23]-

Nelson et al.

3 times with phosphate-buffered saline, solubilized in SDS
sample buffer (Laemmli, 1970), separated by gel electro-
phoresis, and visualized by autoradiography.

Gel Electrophoresis and Autoradiographi2roteins were
separated by electrophoresis on SDS polyacrylamide gels
(Laemmli, 1970). The gels were stained with Coomassie
Brilliant Blue R, destained in fO/HOAc/MeOH (5:1:4),
vacuum dried at 80C, and prepared for autoradiography.

Receptor Purification.Membrane isolation was followed
by photolabeling approximately 25 mg of membrane
proteins with PolJliodoglyburide, as above. The labeled
membranes were mixed with approximately 2800 mg
of unlabeled membrane protein and solubilized with digi-
tonin. 20% digitonin was prepared just prior to use by
boiling in deionized water and added to the membranes to
1%. All subsequent steps were performed at room temper-
ature in the presence of a cocktail of protease inhibitors (0.1
mM PMSF, 0.1 mM phenanthroline, and 0.1 mM iodoacet-
amide). Membranes were solubilized for 15 min and then
ultracentrifuged for 1 h at 100 00 The supernatant was
divided into 4 mL aliquots which were cycled twice over a

dl mL concanavalin A-Sepharose (Sigma, St. Louis, MO)

column equilibrated with 25 mM Tris (pH 7.5), 0.1 M NaCl,

2 mM EDTA, 1% digitonin. The column was washed with

8 mL of the equilibrating buffer and eluted with 4 mL of
the equilibrating buffer containing 0.5 M methy-b-
mannopyranoside. The eluted protein was stored at this stage
at—80°C. The eluates from three columns were combined
and cycled twice over a 1 mL column of Reactive Green
19-agarose (Sigma) equilibrated with 50 mM HEPES (pH
8.5), 2 mM EDTA, 0.2% digitonin. After being washed with

8 mL of the equilibrating buffer and 8 mL of the equilibrating
buffer plus 0.4 M NaCl, the protein was eluted with 4 mL
of 1.5 M NacCl in the equilibrating buffer. Two eluates were
pooled, diluted 1:1 with the HEPES equilibrating buffer to
reduce the ionic strength, and then cycled twice over a 1
mL phenylboronate-10 Sepharose (Amicon, Beverly, MA)
column. The phenylboronate column was washed with 8
mL of the HEPES buffer, followed by 2 mL of 0.1 M Tris
(pH 7.5), 2 mM EDTA, 0.1% digitonin. Protein was eluted
with 4 mL of 0.1 M Tris (pH 7.5), 2 mM EDTA, 0.1% SDS.
Pooled samples from two phenylboronate-10 columns were
concentrated to 0.5 mL using Amicon 100 000 MW cutoff
filters pretreated with 5% Tween-20. This material was
loaded onto a single 5 cm wide lane of a 5.5% polyacryl-
amide SDS gel, separated by gel electrophoresis, stained with
Coomassie Blue, and destained. The 140 kDa band was
excised with a razor blade, electroeluted into a 14 000 MW
cutoff dialysis bag, and concentrated by Amicon filtration.
A typical yield was 816 pmol (-2 ug of purified
receptor).

Wheat germ agglutinin (WGA; Sigma)-Sepharose was
used instead of concanavalin A-Sepharose for the purification
of the 150 kDa receptor. The receptor was eluted with 0.3
M N-acetylglucosamine. All other manipulations are as
described for the purification of the 140 kDa protein.

Deglycosylation and V8 Protease DigestioRurified,

iodoglyburide in phosphate-buffered saline supplemented radiolabeled 140 kDa receptor was made 1%ninctyl

with 0.9 mM CacC}, 0.5 mM MgCh, and 10 mM glucose.

glucoside and incubated with endoglycosidase F/N glycosi-

Cells were irradiated as described for membranes, washeddase (Boehringer-Mannheim, Indianapolis, IN;x61073
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unitsitL) at 37 °C for 1 h). Native and deglycosylated S B B B BRI AL BRI
receptors were incubated with V8 protease (Sigma; 0.1 mg/
mL) at 37°C for 30 min. N
Antibodies and ImmunoprecipitatiorMultiple antigenic ug
peptides (MAPs; Posnetdt al., 1988) were synthesized based 100 4 o g i
on residues 29 and 1121 of the sulfonylurea receptor
sequence. Polyclonal antibodies were produced in rabbits 1
by standard methods (Harlow & Lane, 1988). Interdermal
injections of 1 mg of antigen were spaced2weeks apart
and contained complete (first injection) or incomplete
Freund’'s adjuvant. Antibodies against the two nucleotide
binding domains were generated by expression of receptor
cDNA fragments as fusions with the maltose-binding protein.
Residues 696894 and 13581536 from the rat sulfonylurea
receptor were cloned in frame into the pMAL-c2 expression
vector (New England BioLabs, Beverly, MA) and expressed ;
in Escherichia coli The fusion proteins were purified by
electrophoresis and electroelution. Amounts of 20Qvere
used for injection into rabbits as described above. S—

Cell membranes were incubated with 1 nf4¥Jiodo- 0.01 0.1 ! 10 100 1000
glyburide for 30 min, photolabeled, solubilized with 1% [Todoglyburide] (nM)
digitonin, and centrifuged at 100 0§C(for 1 h at 4°C. FiGure 2: Displacement of PdJiodoglyburide with unlabeled
Soluble protein (0.5 mL) was incubated for 1 h at room iOdOgltybur_ideFélss gfssayecé by ph%tOlab?"ng of thehSltJIflort])yllurdeat
femperaure wih 251 of he immune serum. Proten  ES6P0% L ST perivanes, ecencrs et phoioabae
A-Seph_arose (Sigma) was added, ar.]d aﬁef a further 1_ hgraphs were scanned electronically, and thg relative densities were
incubation the beads were washed 3 times with 25 mM Tris piotted. The dotted lines are for a single-site binding model; the
(pH 7.5), 0.1 M NaCl, 2 mM EDTA, and 0.1% digitonin, calculatedK; values are 3.2 and 3.3 nM for the 140 kD) @nd
and then heated to @ for 5 min in the presence of pH 9 150 kDa () species, respectively.
sample buffer. Following electrophoresis o &% poly- i o
acrylamide SDS gels autoradiograms were prepared. RINmS5f, aTC-6) and anterior pituitary (AtT-20 and GH

Construction and Transient Expression of a C-Terminal cell lines (Figure D' Fil_trgtion binding assays confirmed
Histidine-Tagged Rat Sulfonylurea Receptofhe RIN the presence of high-affinity receptors in these ce_ll_lme;.
receptor was cleaved witcaRIl and then partially cleaved -IF\;\IVI\? f%rllz”ns CI)If the receptor a; 14? and 153;%‘1?2 V'S'”ble n
with Hindlll and ligated with two complementary synthetic MmoF CEellS, as was previously reporte -0 Cells
oligonucleotides, BAGCTTCATCACCATCACCATCACTG- (Rajanet aI.', 1993). The estimated mplecular weights of
3 and 5 AATTC,AGTG ATGGTGATGGTGATGA-3. which these proteins vary somewhat depending on the percentage
specify six histidine residues followed by a St’0p codon. of acrylamide and bisacrylamide in the separating gel. We

Candidate clones were sequenced to verify the presence Opave adopted 140 fand 150 kDa as_est|mated apparent
the insert in the appropriate reading frame. COSm6 cells molecular masses with the understanding that these values

were transfected with this construct in the vector pECE (Ellis range from-140 .tc.)f170 k'Da.. The data in F|gU(e 1 show

et al, 1986) as described previously for the HIT cell cDNA that the pH sensitivity of binding and photolabeling for the
' - two forms are similar.

sequence (Aguilar-Bryart al, 1995). After whole-cell

: . Photolabeling displacement experiments (Nelsoral.,
photolabeling the cells were washed with phosphate-buffered ) X -
saline and then solubilized in 1% Triton X-100, 10 mM 1992, Rajanet al, 1993) indicate both forms have ap-

HEPES, pH 7.4, 0.3 M NaCl, 2 mM dithiothreitol, g of proximately equal dissociation constants. A quantitative
Ieupepti,n mL .1,514.M pepsta’éin A 100 nM benzé\midine comparison of iodoglyburide binding of the two forms from

The lysate was centrifuged in a microfuge for 10 min, and RINmS cells is shown in Figure 2: Autoradmgrap_hs were
the supernatant was chromatographed on 2000f Ni- prepared and scanned to determine the relative intensities

agarose (Qiagen Inc., Chatsworth, CA) equilibrated with the assouateq with each band. The dqta, plotted_ against the
lysis buffer. The sample was incubated with the resin for 4 concentration of competing unlabeleq |odoglybur|de, indicate
h at 4°C, centrifuged for 2 min in a microfuge, and then tha.t displacement forthg two forms is equivalent, wids,
washed 2 times with 10 mL of lysis buffer and a third time tehSt'T%Ed f:jongalljl-Dmaxma_l values, oft_3.3| ande.z nM for f
with 500uL of lysis buffer. The bound receptor was eluted ¢ ~*~ @n a spemeS, respectively. - 'ne range o
with 500 ul of 0.2 M imidazole, pH 6.3, in half-strength dlsso_mathn constant&g) for [ 5|]!odoglybu_r|de.|n aII_ﬁvQ
lysis buffer, diluted with SDS sample buffer, separated on cell lines is 3-10 nM as determined by filtration binding

0 : . . : _assays. Th8max values, determined at pH 7.5, range from
an 8% polyacrylamide gel, and visualized by autoradiogra 0.15 (GH) to 3.1 @TC-6) pmol/mg of membrane protein,

phy. with HIT-T15 and AtT-20 cells at-1.0-1.6 pmolimg of
RESULTS membrane protein and RINm5f cells &0.4 pmol/mg of
membrane protein.
Evidence for Two Forms of the Sulfonylurea Receptor That ~ Tunicamycin treatment of RINm5f cells eliminates the 150
Are Differentially Glycosylated High-affinity sulfonylurea kDa band and slightly reduces the apparent molecular mass
receptors were identified by photolabeling in islet (HIT-T15, of the lower, 140 kDa species as shown in Figure 3. The
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FiGURE 3: Tunicamycin blocks glycosylation of the sulfonylurea FIGURE 4: Separation of the 140 and 150 kDa species by
receptor. RINm5f cells were grown for 48 h in tunicamycinug/ concanavalin A- and wheat germ agglutinin-Sepharose chroma-
mL) and then incubated with#]iodoglyburide. The cells were  tography.aTC-6 membranes were prepared and radiolabeled as
photolabeled as described in the Experimental Procedures. Bandglescribed in the Experimental Procedures. Membranes were solu-
were visualized by autoradiography after separation on an 8% bilized with 1% digitonin. A 100 00§, 60 min supernatant was
polyacrylamide gel. Lanes 1 and 3 are control, untreated RINm5f Prepared and chromatographed over concanavalin A-Sepharose. The
cells; lane 2 is tunicamycin-treated cells. unretained protein from this column, containing the 150 kDa
receptor, was loaded onto a WGA-Sepharose column. Each form
was eluted using the appropriate sugar. Elu, protein in eluates; run

estimated mobility shift for the lower band is approximately . unretained protein.

3 kDa; treatment of the purified 140 kDa receptor with

endoglycosidase F/N glycosidase produces a comparable|5q kpa form binds to wheat germ agglutinin (WGA) and
mobility shift (see Figure 5). Similar tunicamycin and  can pe eluted with\-acetylglucosamine (Figure 4). Bernardi
endoglycosidase experiments from all cell I|ne§ yle.Id equiva- gt g|. (1988) have reported partial purification of a 150 kDa
lent results, suggesting that the 140 kDa species is the same),5ipy sulfonylurea receptor using WGA, and the brain

in each cell line, and, where found, that the 150 kDa SpeCiesreceptor is apparently equivalent to the 150 kDa form
are identical in each cell line. We do not know what {escribed in this paper.

regulates the relative amounts of the two receptor forms. Purification of the Two Forms of the Sulfonylurea Recep-
Solubilization of Sulfonylurea Receptor§he ability of tor. The strategy used to purify the 140 kDa species from
a variety of detergents to solubilize the sulfonylurea receptors HIT-T15 cell membranes is described in the Experimental
was assessed prior to receptor purification. In initial Procedures and summarized in Table 1. A crude receptor
experiments, the membrane-bound HIT-T15 cell receptor wasfraction is obtained by chromatography of the digitonin
photolabeled with PH]iodoglyburide, and the minimum  extracts on concanavalin A-Sepharose. This step is critical
detergent concentration needed to solubilize at least 50% ofand removes a 140 kDa, non-glycosylated contaminant
the 140 kDa photolabeled protein was established. Tenprotein that co-purifies with the 140 kDa sulfonylurea
detergents were tested;octyl glucoside, CHAPS, Triton  receptor through several chromatographic steps. The con-
X-100, Nonidet P-40, Lubrol PX, sodium cholate, sodium taminant protein has no sequence similarity to the cloned
deoxycholate, Tween 80, digitonin, and SDS. Maximal receptor described in Aguilar-Bryaet al (1995). Two
solubilization was generally reached at-950% detergent  additional chromatographic steps on Reactive-Green-19-
concentrations, with the exception of Tween 80, which did agarose and phenylboronate-10 Sepharose enrich the receptor
not solubilize the receptor, and SDS, which required sufficiently that a 140 kDa band is visible on Coomassie
concentrations of 0-20.2%. Using minimum detergent Blue stained gels and can be retrieved by electroelution.
concentrations which maximally solubilized the sulfonylurea Typical yields from 20 roller bottles, 266300 mg of
receptor, we determined whether we could first solubilize membrane protein, were-R ug of electrophoretically pure
and then photolabel the protein. CHAPS, Triton X-100, protein. The 150 kDa species can be purified using the same
Nonidet P-40, and digitonin were able to solubilize the strategy if WGA is substituted for concanavalin A in the
receptor with the retention of displaceable binding activity. first chromatographic step. Both receptor forms can be
Digitonin was the best at solubilization, with the receptor purified fromaTC-6, or RINm5f membranes by passing the
retaining 30% of binding activity. The rationale for these Concanavalin A-Sepharose flow-through fraction over WGA-
experiments was based on our original, qualitative experienceSepharose.
with receptor purification (Aguilar-Bryaet al., 1990). The The radiochemical purity of the purified 140 kDa receptor
retention of binding activity made the protein less prone to is shown in Figure 5 along with the results of digestion with
loss by irreversible binding to column beds. 1% digitonin Vg8 protease before and after digestion with endoglycosidase
was chosen for receptor solubilization; this detergent con- F/N glycosidase F. Deglycosylation of the 140 kDa receptor
centration was reduced in subsequent purification stepsgecreases the apparent molecular size-BykDa (compare
without receptor loss, as described in the Experimental |gne 2 with 1 and 3). Cleavage with V8 protease yields two
Procedures. In subsequent experiments, we show thatmajor radiolabeled polypeptides of 66 and 49 kDa that also
digitonin is a suitable detergent for the solubilization and show a 3 kDa size shift following endoglycosidase treatment
purification of both the 140 and 150 kDa forms of the (compare lane 5 with lanes 4 and 6).
receptor. The sequences of the N-termini of all of these major
Separation of the Two Forms of the Sulfonylurea Receptor photolabeled fragments were the same, as described previ-
by Lectin ChromatographyThe two species of the receptor ously (Aguilar-Bryaret al,, 1995). The tenth residue in the
can be separated on the basis of their differential glyco- receptor could not be identified in the glycosylated polypep-
sylation. The 140 kDa species binds to concanavalin A and tides but was an aspartate in the deglycosylated form. This
can be eluted with methyl-b-mannopyranoside, while the  observation and the fact that residue 12 is a serine suggests
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Table 1: Purification of the 140 kDa, High-Affinity HIT Cell Sulfonylurea Receptor

total volume total protein receptor receptor purification

step (mL) (mg) (pmol) (pmol/mg) n-fold (n) yield (%)
crude membrane 90 200 320 1.6 1 100
supernatant 90 150 240 1.6 1 75
concanavalin A-Sepharose 48 10.2 80 7.8 4.9 25
Green 19-agarose 16 1.80 56 31.1 19.5 18
phenylboronate-agarose 4 0.56 45 80.4 50.4 14
SDS-page/electroelute 0.2 ~0.002 11 5600 3500 3

aThe table summarizes the yields amdold purification in the scheme developed for receptor purification. The amounts of receptor, yields,
andn-fold purification reported after each step are based on the cpm in the 140 kDa band after electrophoresis (the band was excised and counted
in ay-counter), relative to the amount of protein from that sample loaded on a gel lane (as determined using the Bio-Rad protein assay). The HIT
cell membrane starting material contains approximately 1.6 pmol of receptor per mg of membrane protein (AguilatBtyd992).
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Ficure 6: COSm6 cells transfected with a histidine-tagged RINm5f

140 kDa—> | i 8
137 kDa

cell sulfonylurea receptor cDNA expresses a full-length 140 kDa

“ZS ';Bi polypeptide. Receptors from untreated RINm5f cells (lanes 1 and

4), receptors from tunicamycin treated RINm5f cells (lane 2), and

<49 kDa the HIT cell receptor expressed in COSm6 cells (lane 3) are
46 kDa provided as markers. Lanes—3 show the behavior of the

unmodified RINmM5f receptor on a Ni-agarose column. Lane 5 is
the loaded sample, lane 6 is the flow-through fraction, and lane 7
is the 0.2 M histidine eluate. Lanes-80 show the behavior of the

| histidine-tagged RIN cell receptor using the same elution protocol.

FiIGURE 5: V8 and endoglycosidase cleavage of the hamster 140 The RIN receptor, histidine-tagged at its C-terminus, is adsorbed

kDa sulfonylurea receptor. The radiolabeled 140 kDa receptor (lanesto Ni-agarose, elutes with 0.2 M histidine, and has the same apparent
1 and 3) was cleaved with endoglycosidase F/N glycosidase F, molecular weight as the other native receptors.

increasing the mobility of the protein by approximately 3 kDa (lane . .

2). Partial V8 protease digestion (lanes 4 and 6) yields radiolabeled  The receptor sizes estimated from SDS gels are ap-
fragments that increase mobility with endoglycosidase treatment proximately 40 kDa lower than expected based on the

(lane 5). receptor cDNA sequences (177 209 daltons for the HIT cell
and 177 102 daltons for the RIN cell receptors). To eliminate
N-linked glycosylation of the receptor at the asparagine the possibility that the 40 kDa difference is accounted for
residue at position 10. It is not clear whether this is the by proteolysis, we constructed an expression vector contain-
only glycosylation site in SUR1. A comparison with the ing the rat receptor-tagged 18 amino acids from its C-terminal
open reading frame determined from the cDNA sequence end with six histidine residues as described in the Experi-
with the N-terminus found by Edman degradation indicates mental Procedures. COSm6 cells were transfected with this
the terminal met has been removed in the mature receptorconstruct, grown overnight, and then photolabeled. The
(Aguilar-Bryanet al., 1995). receptor was solubilized with 1% Triton X-100, applied to
Edman degradation of the 150 kDa receptor from either a Ni-agarose column, and then eluted with histidine as shown
oTC-6 or RINm5f cells did not yield sequence, suggesting in Figure 6. The results show that the histidine-tagged
that the amino terminus is either blocked or protected by receptor can bind drug and photolabel, and that the labeled
the additional glycosylation. V8 digestion of the deglyco- receptor binds to Ni-agarose and is eluted with histidine. The
sylated 150 kDa polypeptide, however, gave fragments of estimated size of the full length, tagged receptor, 140 kDa,
63 and 46 kDa with electrophoretic mobilities indistinguish- is equivalent to the receptor identified in RINm5f cells,
able from those derived from the deglycosylated 140 kDa indicating there is a discrepancy between the actual molecular
protein (data not shown). Thus the 140 and 150 kDa forms mass of the receptor and that estimated by SDS gel
appear closely related, or identical in peptide sequence,electrophoresis. The receptor expressed in COSm6 cells is

possibly differing only in the extent of glycosylation at
residue 10.

retained on concanavalin A-Sepharose but not WGA-
Sepharose (data not shown), consistent with the 140 kDa

Expression of Sulfonylurea Receptor cDNAs Produces theform of glycosylation.

Glycosylated 140 kDa Proteinigure 6 (left side) compares
the mobility of the HIT-T15 cell receptor expressed in
COSm6 cells (Aguilar-Bryart al, 1995) with native RIN

Nucleotide-Binding Fold and Amino Terminal Antibodies
Immunoprecipitate the Receptordolyclonal antibodies
were produced against two peptides, residue8 and 11-

sulfonylurea receptors before and after tunicamycin treat- 21 from the consensus N-terminal sequence described
ment. Expression in COSm6 cells produces only the 140 previously (Aguilar-Bryaret al., 1995). These antibodies
kDa receptor (lane 3), which shows about a 3 kDa decreasewere originally used to immunoprecipitate photolabeled
in size following tunicamycin treatment (results not shown). receptors to verify that the chemical sequence was from the
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Immunoprecipitation in the rat receptor sequence, were expressed as fusions with
I, =1 the maltose-blndlng protein IE coli. The_se a_ntlbodles gave
< L& equivalent results and, as illustrated in Figure 7 (bottom
E e9 s panel) for antibodies against NBF-2, specifically immuno-
43 Em £ precipitate both the 140 and 150 kDa receptors from RINm5f
s EX 5 cells. These results further support the notion that both
receptor forms have similar, if not identical, polypeptide
tao— o, * XTC—6 sequences.

DISCUSSION

Cloning of the high-affinity sulfonylurea receptor has
demonstrated it is a member of the ATP-binding cassette
0. - . T superfamily with multiple transmembrane spanning domains
and two potential nucleotide-binding folds. Expression of
cloned sulfonylurea receptors in COSm6 cells generates
appropriately sized proteins (140 kDa as assayed by SDS
gel electrophoresis) that bind sulfonylureas with nM affinities
(Aguilar-Bryanet al., 1995). Expression of SUR1 does not
generate K channel activity detectable by single-channel
methods or¥®Rb" efflux assays, but co-expression with a
silent member of the small inward rectifier family,6.2,
140— | 5 AtT-20 reconstituteslkate (INagaki et al, 1995). This finding
demonstrates that the receptor is required for channel activity
and implies these two polypeptides form a heteromultimeric
o channel with an unknown stoichiometry. Truncations of the
Imm““.opmg";‘“"" sulfonylurea receptor that result in destruction of the second
Anti- NBF- nucleotide-binding fold have been linked to persistent
hyperinsulinemic hypoglycemia of infancy (PHHI; Thomas

150—
140— - = RIN

é o o etal, 1995). This autosomal recessive disorder of newborns,
E £ 2 B also referred to as familial hyperinsulinemia or nesidioblas-
E & E E _Et tosis, is characterized by continuous, unregulated secretion
of insulin despite severe hypoglycemia. r&€2 has no
150 kDa obvious nucleotide-binding motif, while SUR1 has two

140 kDa P> - potential NBFs, indicating the receptor is the ATP sensor
for lkate. This is further supported by the following
Ficure 7: (Top panel) Immunoprecipitation of the sulfonylurea findings: (1) Channels reconstituted using SUR2 ap@é R
R;I?CGDI;OF with antibodies girfeggz(l: %gﬂfll_ls_t_l_tlhg Smnosfte'fm(;nus- have altered nucleotide sensitivity relative to those recon-
embranes were prepared fr -6, -T15, m5f, an ; ; . . ; ;
AtT-20 cells, photc?lat?eled with!$3l]iodoglyburide, and protein §t|tuted with SUR.l (Inagalet a.ll" 1996)’.(2) a p°"f“ mutation
solubilized as described in the Experimental Procedures. Aliquots IN the Walker A site of NBF1 in SUR1 is causative for PHHI
were mixed with rabbit serum and antibodies collected with protein (Thomaset al, 1996); and (3) a PHHI point mutation in
A-Sepharose. Samples were separated by electrophoresis on an SDNBF2 of SUR1 allows inhibition by ATP, but not activation
polyacrylamide gel, and autoradiograms were prepared. Solubleby MgADP (Nicholset al, 1996). The linkage between

protein (control; CTL) was incubated with preimmune serum, . .
immune serum, immune serum MAP 11-21 (I + Blocking PHHI and a component diare suggests this potassium

peptide), and immune serutnan irrelevant peptide ¢ Irrel Pept). channel is a crucial regulator of insulin secretion.
from RIS cbllswih palycional antbodies drected against NBF- oo omoiccular masses of the HIT-T1S and RSt
rom -
2. CTL: radiolabeled 1810yand 150 kDa receptors fror?w solubilized recepto_rs are calculated to be 177 209 and 177 1.02 daltons,
RINm5f cell membranes. Immunoprecipitation was with Preimmune respectively, based on the CDNA Seq,uence (Aguilar-Bryan
serum, Immune serum, Immune sertnNBF-2 fusion protein (I €t al, 1995). The 140 kDa size estimate from SDS gel
+ Block), and Immune serunt irrelevant peptide (# Irrel Pept). electrophoresis of the high-mobility (140 kDa) form is an
SDS gel anomaly and is not due to proteolytic cleavage since
receptor and not a co-purifying polypeptide. Antibodies insertion of a histidine tag at the C-terminus allows purifica-
against residues 1121 (Figure 7, top panel) efficiently tion of the full-length receptor with an apparent mobility of
precipitate the 140 kDa receptor from all cell lines and appear 140 kDa. The conclusion that the receptor is actually 177
to be somewhat selective for this form, although longer kDa agrees with a recent study using Triton X-100-
exposures show precipitation of the 150 kDa species. Thissolubilized sulfonylurea receptor from the MING cell line
difference may result from the more extensive glycosylation (Skeeret al., 1994) which reports molecular masses of 166
of the 150 kDa receptor at Agf but we cannot rule out  (41) and 182 £5) kDa by gel filtration of the photolabeled
N-terminal sequence differences. Results using antibodiesand unlabeled receptor, respectively, and a calculated target
against residues-29 were identical to those against residues size of 250 ¢30) kDa using radiation inactivation of the
11-21 (data not shown). membrane-bound protein.

Polyclonal antibodies generated against the nucleotide Two forms of SUR1, the functional significance of which
binding folds, specifically residues 69894 and 13581536 is not yet clear, can be identified in a number of cell lines.
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Preliminary results with membranes isolated from adult only one of the glycosylated receptors forms functionally
human pancreati@-cells indicate the 140 and 150 kDa active K" channels, and may provide insight into the
species are present in about the ratio seen in RINm5f cells.existence and function of multiple isoforms.

The present results suggest that the 140 and 150 kDa
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