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We have used baculovirus (AcNPV) (o express the Na '/ glucose protein in 319 celis. We
constructed a baculovirus transfer vecior cnnlnmng the ¢cDNA for the rabblt lnlestmnl Na*/ glu:ose cotranspoiter
(SGLT?) under the control of the was

by
tion of SF9 cells with wild-type AcNPV DNA ulld ll|e transfer vector. Reconibinant virus was identified by Southern
blotting and then purified. Recombinant infected 315 ceiis expressed a protein which was recognized by anti-peptide
antibodies raised to sequences of the cloned Na*/glucose cotransporter. This protein migrated with a molecular
mass of 55 kD by SDS-PAGE, similar to the in vitro translation produst of SGLT1. An ideatical protein was
metabolically labeled witll [”S]metlmnme. Cells which synlllesmell the trnsport protein showed Na*-dependent

aMeGlc L and wild-type viras infected Sf9 cells did
not have Na*-d dent glucese An protein mi at 45% sucrose (w/w) by density
gradient sedlmenlatiml, suggesting that the exp: is We that we
have fi the rabbit Na "/ glucose cotransporter in Sf9 cells. The transporter is not
heavily glycosylated, and this is i with work ing that gl ion is not for

function. We are poised to purify and characterize this protein from a structure-func:ion perspective.

Introduction d her with the devel of a new ex-
pression system, shows promise for overexpressicn of

The Na*/ glucose cotransporter is an integral mem- integral membrane proteins. This new system is the
brane protein from the brush border of intestinal and insect cell line Spodoptera frugiperda, S9, derived from
kidney epithelia [1]. This protein mediates trans-epi- the pupal ovary cells of the Fall armyworm {5]. These
thelial t by ling conc: ive uptake of cells are avid hosts to insect baculoviruses, which have
glucose across the apical membrane with the energeti- been used to introduce genes for eucaryotic proteins
cally favorable movement of sodium ions down their into Sf9 cells under the control of a highly active viral
concentration gradient. Sugar is then ted from lyhedrin gene [61. Several integral mem:-
the epithelial cell into the blood through the basolat- brane protcins have been expressed in Sf9 cells, such
cral facilitated glucose transporter [2,3), as the Drosophila potassium channel Shaker [7), the
The sodium coupled transporter is thought to be muludrug resnslance transporler [8] and several plasma
less than 0.19% of the protein prescnt in the intestinal [9-11]. However, no
brush border, an abundance so low as to impede bio- transport protein has been expressed functionally. In
chemical studies on the cotransport protein. However, this paper we show that Sf9 cells infected with recom-
Hediger and his colleagues {4] have isolated a cDNA binant baculovirus contzining the cDNA for the rabbit
clone which cncodes this transport protein, and this intestinal Na*/ glucose cotransporter (SGLT1) express

this protein at high levels. We show that expressed

protein transports glucose in a Na*-dependent fashion,
Correspondence: EM. Wright, Department of Physiology, UCLA At transport is phlorizin sensitive and that all of the
School of Medicine, 10833 Le Conte Avenue, Los Angeles. CA .P““e'“. s toa associ-
90241751, USA. ated protein fraction.
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Methods

Preparation of a transfer vector for in vivo homologous
recombination
All molecular biology was carried out by

Gibco (Grand Island, NY). The transfer vector,
pVL17H, was purified using CsCl density gradient cen-
trifugation. The purified plasmid and purified vira!
genomic DNA (AcNPV) (Invitrogen, San Dicgo, CA)
were bined in the of 1 mM calcium

techniques [12,13]. Transfer vector pVLSRC, obtained
from T. Roberts at Harvard University, was digested
with BamHI, and the 5’ overhang converted to a blunt
end with the Klenow fragment of DNA polymerase I.
The linearized, blunt-ended vector was digested with
Ncol. The product was clectrophoresed on a 0.6%
SeaChem (FMC, Rockland, ME) low-melt agarose
minigel in TBE in the presence of ethidium bromide.
The major band of 10 kb was visualized by UV illumi-
nation, excised and stored at —~20°C.

The rabbit Na*/ giucose cotransporter cDNA,
SGLT1, was excised from pBluescript [4]. The plasmid
was linearized with Xbal, and the 5 ovcr‘la"g i
with the Klenow of DNA p.

phosphate and added to a monolayer of 3-10° 59
cells (Gift of Dr, Christopher Miller, Brandeis Univer-
sity). Cells were incubated for 1 h, the virus was re-
moved and TNM-FH added. Celis were mcubaled at
27°C for 96 h and ded. The cell

was centrifuged for 10 min. at 1000 X g and the viral
supernatant stored at 4°C.

Purification of recombinant baculovirus

The virus supernatant was used to generate virus
plaques in an SF9 cell monolayer. Monolayers of 3-10°
cells were plated in NUNC 50 mm? Contur plates
(volc Scientifi ic, Calabasas, CA) in 4 ml TNM-FH

linearized, blunt ended plasmid was digcsted with Neol
under conditions favoring partial digestion, as SGLT1
also contams an mtemal Neol site. Aliguots were

d and the hed at 10-min inter-
vals. Products were electrophoresed on a 0.6%
SeaChem low-melt agarose minigel ing ethid-

dinS; and Luckow
[14). Cells were auached to plates at room temperature
for 1 h, and washed once with TNM-FH without fetal
c. f serum (SMM), Cells were infected with virus by
aading 1 ml viral dilutions from 10~ to 10~% in SMM.
After 1 h of infection at room virus was

ium bromide. The 2.2 kb band which corresponded to
the Ncol-Xbal fragment of SGLTI from the S initia-
tion codon to the end of the 3’ untranslated region was
excised from the gel.

The linearized transfer vector (pVLSRC) and the
SGLT1 c¢DNA were ligated in low melt agarose at a
1:1 ratio with T4 DNA ligase overnight at room tem-
perature. The resuitant transfer plasmid was called
pVLI17H, and was used to transform DH5a compctent
cells (Invitrogen, San Diego, CA), which were plated
on LB containing ampicillin (50 pg/ml) plates and
incubated overnight at 37°C. Colonies were isolated
and grown in LB + ampicillin (50 pg/ml) Jiquid cul-
tures. Plasmids were isolated by the boiling mini-prep
method, and analyzed by restriction analysis and
Southern blotting for the presence of the SGLT1 cDNA
in the proper orientation in the transfer vector (see
Fig. 1 for schematic presentation). ¥lasmid pVL17TH
was identified as containing the full-length cDNA of
interest in the proper orientation relative to the poly-
hedrin promoter.

Homologous recombinaticn
hni for i virus and
handling Sf- :clls were derived from Si

d and the cells were covered with a layer of
1.5% SeaPlaque low-melt agarose (FMC, Rockland,
ME) in TNM-FH medium. Plates were left to solidify,
then incubated at 27°C for 6-7 days. After day seven,
plaques were scored visually under a light microscope
for recombinant plaque morphology [13,14).

Recombinant plaques were isolated and added to
individual wells of a2 96-well microtiter plate containing
2-10* cells in 100 1 of TNM-FH medium. The viral
isolates were incubated for 72 h, after which time the
viral were d to i mi-
crotiter plates and stored at 4°C. The infected cells
were lysed in 200 ul of 0.5 M NaOH, triturated to
solubilize, and the pH adjusted with 20 ul of 10 M
ammonjum acetate. 150 ul of cell lysate was trans-
ferred to a BA8S nitrocellulose filter using a Schleicher
and Schuell (Keene, NH) vacuum blotter, and the wells
were rinsed with 1 M ammonium acetate, 0.02 M
NaOH. The nitrocellulose sheet was washed once in
4X SSC and allowed to air dry to dampness. DNA was
fixed to the nif {lulose by UV. ing (Strata-
gene Stratalinker, La Jolla, CA.).

Identification of recombinant baculovirus
Nltrocellulose blotted with cell lysates from putative

and

Luckow [14) and Piwnica-Worms [13]. Sf9 cells were
maintained in an insect culture (TNM-FH) medium
composed of Grace’s insect medium containing, per
liter, 3.3 gm Yeastoiate, 3.3 gm lactalbumin, 10% fetal
calf serum (FBS), 12500 units of penicillin, 12500 units
and 5 m! Fungi: all d from

fected cells was probed with SGLTI
gel-purified cDNA labelled with *2P-dCTP using an
oligolabelling kit (Pharmacia). The probe was added
and the filters were hybridized at 65°C for 3-4 h in 6 X
SSC, 5X Denhardts solution, 0.1% SDS, and 0.25
mg/ml salmon sperm DNA. Washes were as follows:
three washes of 10 min each in 2 X SSC, 0.1% SDS at



room temperature, and three washes of 20 n.ia each in
0.2 % SSC, 0.1% SDS at 65°C. Filters were dried and
exposed to Kodak X-O-Mat film overnight at —80°C
for autoradiography.

Purification of recombinant baculovirus

Positive rccombinants were identified from auto-

di hy and appropriate viral from
duplicate microtiter plates were used for further rounds
of plaque purification. 100 x] samples of viral super-
natant were added to 900 pl of SSM for a 1 X virus
stock. Serial dilutions were carried out in SMM, and
used to generate viral plaques as Jdescribed. Plaque
isolation and Southern blot analysis with SGLT1 were
repeated until all plaques were of recombinant mor-
phology and virus infected cell lysates showed a posi-
tive Southern blot signal when probed with SGLT1
cDNA. After purification, virus was titered by 10%fold
serial dilution in SMM and plaqued. Titer was counted
as the number of plaques/ml of infecting virus multi-
plied by the dilution factor.

Generation of SGLTI protein product

3-10° cells were pla(ed in monnlayer and mlecltd
with i virus at a of infe
(MOD) of 2. Infected cells were removed from the dish,
centrifuged for 10 min at 1000 X g and thc supernatant
removad, Cell peliets were lysed with 0.5 ml RIPA (1%
NP-40, 1% deoxycholate, 0.1% SDS, 10 mM NaP, (pH
7.2), and 150 mM NaCl) or Laemmli sample buffer (15)
and stored at ~20°C.

Metabolic labeling studies

Cells were plated at a density of 2-10%/plate in
6-well Costar (Cambridge, MA) multiwzll polystyrene
culture dishes and allowed to attach for 1 ll at room
Culture lium was d and cells
infected with 1 ml of virus at an MOI of 2 in SMM.
Cells were incubated for 1 h at room temperature and
the virus removed. 3 mi of TNM-FH were added per
well and the plates returned to 27°C for 48 h. At 48 h
post-mfecnon the cells were washed once with methio-
dium, and ded in 1 ml of methio-
ining 0.25 mCi/ml [*S}
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Gel electrophoresis and Western blot analysis of recombi-
nant proteins

Samples were analyud by sodium dodecyi sulfate-
polyacry 1 horesis SDS-PAGE [15).
Samples were boiled for 3’ nmmednalely before loading.
Gels to be analyzed by autoradiography were fixed in
1% glycerol, 10% methanol, 1% acetic acid and dried
under vacuum. Gels were exposed to Kodak X-O-Mat
film overnight at ~80°C without enhancement. Dupli-
cate gels were stained with Coomassie brilliant blue.

Gels to be used for Western blot analysis were
transferred to Schileicher and Schuell nitrocellulose
uransfer membrane BAS85 [16]. Western blotting was
carried out with an anti-peptide antibody raised to
residues 602 to 613 in the C-terminal portion of the
protein (Ab-Cj as described by Hirayama et al. [17).
Blocking solutiop was 0.5% Carnation instant milk,
0.05% Tween 20 in PBS, heated to 65°C, cooled and
filtered through Whatman No. 1 filter paper. Primary
antibody ditutions were 1:200 or l 500 from serum
and d ibodies were Calbiochem (La Jolla,
CA) anti-IgC Ilnked to horseradish peroxidase, used at
1:200 or 1:500 dilution, with hydrogen peroxide and
diaminobenzidine as

Analysis of glucose transport

Celis were infected at a MOI of 2 for 48 h. Cells
were ded from i and ali d to
10® cells/tube in 1.5 ml Eppendorf centrifuge tubes,
centrifuged for 2 min at 1000 X g. Cells were washed
twice with 1 ml of glucose-free Grace’s insect medium
(Special order, Gibco, Grand Island, NY), unsupple-
rented with yeastolate, lactaibumin or FBS. The celis
were then resuspended in 0.25 ml of uptake solution
(see legend, Fig. 5 for detailed composition) containing
50 uM a-methyl-D-glucose (aMDG), with 2.5 #Ci/ml
“C-aMDG. Cells were incubated in this medium for
15 min, 1 ml of ice-cold stop solution added and the
sample immediately centrifuged for 1 min at 1500 X g.
The cells were washed twice in 1 mi of ice-cold stop
solution. The resulting cell pellet was lysed in 200 ul of
10% SDS and 150 x| were assayed by scintillation
counting. The other 50 ul were frozen immediately at
—20°C and used to measure ceilular protein concen-
tration using a modified Lowry assay [18].

methionine (Trans-Label, A

Heights, IL). Plates were returned to 27°C for 3 h.
Cells were then removed from the dish and centrifuged
for 2 min at 1000 Xg. Cells were resuspended and
washed in (in mM): 150 NaCl, 2.5 KCl, 10 Na*/K* P,
(pH 7.4) (PBS). The cell pellets were lysed with 0.2 ml
RIPA or 0.5 ml Laemmli sample buffer [15] and frozen
at —20°C. Samples lysed in Lacmmli sample buffer
were sonicated for 10-30 s in a bath sonicator to
reduce viscosity.

I ionation of Sf9 cells expressing recombinait SGLTI
gene product
107 confluent celis at 48 h post-infection were cen-
trifuged at 1000 X g for 10 min, and resuspended in 4
ml icccold phosphate-buffered saline (PBS). . s sus-
pension was homogenized on ice 2 X 10 s on setting 9
of a Poiylmn homngemzer. with a 10 s cooling period
ions. The was loaded
onto two continuous sucrose density gradients from
10% to 65% sucrosc (w/w). The sample was cen-
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trifuged in an SW28 rotor overnight at 100000 X g
Fractions were collected by an autosampler and frozea
immediately. Protein concentrations were determined
by a medified Bradford assay (Bio-Rad, Richmond,
CA) and the presence of the SGLTI1 protein product
was assayed by Western blot analysis as described
above.

Results

Production of SGLTI recombinant baculovirus

We milizcd the recombinam transfer vector pVLI7TH
to di baculovirus in which the
rabbit mtesundl SGLT1 cDNA replaced the polyhedrin
gene in the genome of a wild-type AcNPV (Fig. 1), and
was thus under the control of the polyhedrin gene
promoter. The 12.2 kb transfer plasmid pVL17H con-
tained the SGLT1 ¢DNA including the full-length cod-
ing region from the iniiiaiion ATG, the entirc 3" un-
translated region including the poly A tail and the

sucs
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ISOLATE VEGTOR BACKBONE IBOLATE 2.2 kB S8LY! eDNA
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sucte

VIRAL DNA VIRAL DNA

POLYHEDRIN PROMOTER

Fig. 1. Vector derived from pVLSRC. Black region r= presents plIC8
DNA containing a bacterial origin of 1eplicati~ and ampicillin
resistance gene. Dotted regions represeat baculovirus DNA se-
quences flanking the baculovirus polyhedrin gene and promoter. The
clear region represents excised SRC DNA, SGLTI is derived from
PMICTA424. Large dots represent the SGLTI ¢DNA from the initia-
tion 5° ATG 1o the Xhall restriction site downstream of the SGLT1
3 umiranslated region. pVLI7H is the transfer used in viral recom-
bination, which derived from ||s-llll)ll of pVLSRC and SGLTI

6'.. CC TAT AAA TAT TCC GGA TTA TTC ATA CCQ TCC CAC CAT €GO GCA CaG

o T oL os Lo ey
ATc AEC ATG GAC AGC AGC ACT TTG AGC CCC CTG ACC ACC ¥CC .3 .

wost

Fig. 2. Sequence of the junction between pVLSRC and SGLTI1 §°
end in pVL17H. Double-stranded plasmid (pVLI7H) was sequenced
using a T7-sequencing kit (Pharmacia} asd a SGLT1 sequence-
specific primer. The dashed underlinec egion represents cDNA
sequence derived from pVLSRC. Roxed region is the Ncol site
joining pVLSRC with the SGLT1 5’ end. Solid underlined region is
the ¢cDNA sequence of the 5' end of SGLTI. Asterisk denotes the
SGUT1 translation initiation site. Capitai letters above the cDNA
sequence are single letter amino acid codes.

EcoRI-Xbal linker regioa from pBluescript. Fig. 2
shows the DNA sequence of pVLJ7H at the 5’ end of
the SGLT1 insert, demonsn'anng that plasmid con-
struction the 5" unt d from
SGLT]1 while retaining the 5’ Neol restriction site and
the ATG initiation codon. The seq of
the SGLTI initiation codon is identical to that pub-
lished for pVL941 [6], the original vector from which
PVLSRC was derived [19].

pVLI17H plasmid DNA and wild-type AcNPV DNA
were used in a Ca®*-phosphate cotransfection proce-
dure in the Sf9 cell host [14]. The viral sequences in the
transfer vector underwent homologous recombination
with the AcCNPV genomic DNA and gave rise to
recombinants containing SGLT1. These recombinant
viruses were isolated by plaque assays and confirmed
by Southern blot analysis with SGLT1 as a probe. The
initial screen showed 3% recombinant virus, which is
consistent with predicted frequencies for cotransfec-
tion. Five rounds of recombinant screcning were used
t6- purify six individual isolates. These isolates were
designated BV-SGLT1/C1 through BV SGLTX/C6
These il were also Juall, for
the occlusion (-) p! pe, and by [**S)methi
metabolic labeling of infection products for the ab-
sence of the wild-type polyhedrin protein. Isolates Cl1-
C6 were selected for high purity and equivalent levels
of expression. They have been used interchangeably for
expression and transport studies with no discernable
difference in stability or expression levels.

Expression of recombinant SGLTI in BV-SGLT! in-
fected Sf9 cells

Anti-peptide antibodies raised to sequences from
SGLT1 were used to monitor (he appearance of SGLT1
protein i cells. In a
preliminary experiment, Sf9 cells werc infected with
wild-type virus or BV-SGLT1/C2 viral isolate at a
MOI of 2, for 48 h. Cells were metabolically labeled
with [**S]methionine and solubilized. The whole cell
lysales were analysed by SDS-PAGE, transferred to

Arrows represent dirzction of ion from the
promater and SGLT1.

and Western blotted with the antipep-
tide antibody Ab-C. The transfers were also analyzed
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Fig. 3. Expression of the SGLT} protein in SM cells. (A) Western ! ot analysis of SP cell extracs V iepresents wild-type baculovirus infected

cells, U represents uninfected cells and R is BV-SGLT! recombinant baculovirus infected cells. Gi re 10% acrylamide. and protein samples

are 1/200 of tolal cell extract from 3-10° cells solutilized in RIPA. mixed with cqual velume of 2X Laemmli sample buffer and builed for 3.

Westesn blots were probed with Ab-C at 1:200 dilution from serum, either preabsorbed with 5 zg/ml peptide (left) or unabsorbed (right). (B)

Autoradiogram of nitrocellulose transfer from Fig. 3A. Cells were labeled in culture with [*¥Slmethionine for 3 h at 48 h post-infection, scparated
by SDS-PAGE in 10% ide and detected by i as described in Methads.

by autoradiography. Fig. 3A shows tiie major immuno- probed with Ab-C preabsorbed with the peptide anti-
reactive band of 50-60 kDa which wzs not present in gen. Two other bands of 110 kDa and 220-250 kDa
uninfected or wild-type virus infected cells, or in blots were also detected. These may be aggregates of the
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©ig. 3. Time course of SGLTI protein expression. Cells were infected as described in Methods, and harvested at 24, 48 and 77 h post-infection.

6-i6" cells were lysed with Laemmli sample buffer (0.5 mi), boiled for 3 min and 4 ! samples applied to a 1C% SDS-dolyacrylamide gel.

Proteins were transferred 1o nitrocellulose as described and rrobed with Ab-C at 1:500 dilution from serum. U = un ‘nfected W = wild-type

baculovirus infected cells and R = SGL T recombinant infecied vells. Time is hours after viral infection. Samples were processed together from
frozen lysates.
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ic form or Itil of native
transporter, and were observed when cells were
tially solubilized in non-ionic detergents. Cells solubi-
lized by sonication ir Laemmli sample buffer had vastly
decreased levels of these aggregate species (see Fig. 4).
The autoradiogram of this transfer in Fig. 3B shows a
protein migrating at 50-60 kDa which kas been labeled
by [*SImethionine. This band exactly corresponds to
the major immunoreactive band, and was not present
in wild-type or uninfected cells. The bi
SGLT1 gene product synthesized by the Sf9 cells had a
fower molecular mass than the rabbit intestinal Na*/
glucose cotransporter, but was close in size to the in
vitro translation product of SGLT1 in the ahsence of
microsomes, and less than the i in| ullm molecuiar weight
in the of dog p: [26).

Time course of SG:,TI expmsuon in Sf9 cells

We incd the time-de of ion of
the SGLTI protein in Sf9 cells to determinz optimal
conditions for protein production. BV-SGLT1/C2 in-
fected S cells, AcNPV-infecied and uninfected con-
trol cells were harvested at 24, 48 and 77 h post-infec-
tion. Whole-cell lysates were analyzed by SDS-PAGE,
transferred to mtrocellulnsc and probed wnh amlbody
Ab-C. Fig. 4 shows no i
AcNPV infected or BV-SGLT1/C2 mfecteu cells at 24
h post-infection. However, BV-SGLT1/C2 infected
cells had high levels of immunoreactivity at 48 h post-
infection. At 77 h, the immunoreactivity decreased
slightly relative to the 48 h signal. No degradation
products were observed on thc Western blot at 77 h.
The virus enters the Iytic stage between 60 and 80 h
post-infection, after which time over-all rate of protein
synthesis is decreased, and cell lysis may cause signifi-
cant loss of proicin. This observed maximal protein

ion at day 2 post-inft is unusual for the

AcNPV-mediated gene expression of foreign genes in
Sf9 cells. Several groups have ieported mh,gral mem-
brane protein ac ladion up to 4 days post-infe
7.8

Transport function of SGLTI expressed in Sf9 cells

The SGLTI1 protein synthesis has been clearly
demonstrated. However, we wished to measure trans-
port function in these cells. Sf9 cells normally take up
D-glucose from the growth mcdium, in a saturable
process with a T’ ,, = 15 min, which is not dependent
on external sodinm, is phlorizin insensitive and inhib-
ited by phloretin and cytochalasin B (data not shown).
The equilibrium cell volume for [*Higlucose uptake
was 4.7-10% pl/cell, which is comparable to the
calculated volume of 6.5-10~% ul/celt for a 50 pm
diameter cell. Fig. 5 shows the specific, sodium-depen-
dent wraasport of “C-aMG in uninfected, wild-type
AcNPV-infected and BY-SGLTl-infected Sf9 cells.

S NaCl
3 Chotline C1

oMDG uptake (pmis/15 min)
N
8

UN wT c2

Fig. £. Functional expression of the Na* /glucose cotransporter in
recombinant infected Sf9 cells. Na*-dependent a-methyl-D-gluco-
pyranoside («MDG) uptake into Sf9 cells as described in Methods.
Na* uptake solution is (mM) 122 NaCl, 10 Mes (pH 6.5) with Tris, 3
CaCl,, 5 MgCl,, 5 fructose, 50 uM aMDG, and 2.5 x«Ci/mi
“C.aMDG. Choline uptake solution is identical, with 122 mM
choline chloride substituted tor NaCl. Stop solution is chofine chlo-
ride uptake solution without aMDG at 4°C. Transport is reported as
C-aMDG taken up in 15 min at 22°C. Data zre the mean + S.D.
of triplicate samples.

The unmfected and W|Id -type infected cells showed

only sodi t, while the BV-
SGLTl-mfccted cells shuwed dramatically elevated Iev-
els of sodi After i

for 15 min, the intracellular concentration of aMDG
was calculated to be 1.22 uM, nearly 50-fold lowsr
than the equilibrium value of 50 xM, suggesting that
we were measuring initial rates of transport. Transport
rates in Sf9 cells were = 1300 pmol/mg par h, which
are comparable to initial rates observed in Xenopus
oocyte transport experiments [4}, when normalized to a
literature value of 300 ug protein/oocyte [20].
Phlorizin, a specific, high affinity inhibitor of the
Na*/ glucose cotransporter in kidney and intestine [21],

80

pmols/15 min
' o
S =]

NG- dependent aMDG uptake
~N
o

o

OuM 10uM
Fig. 6, Phlorizin inhibition of expressed Na* /glucos: cotransport.

100 uM

Phlorizin transport ition experiments are carried out in NaCl or
choline-Cl uptake solution with the appropriate concentration of
phlorizin dissolved directly into the aqueous uptake sulation. Trans-
port is described as the differenze between aMDG uptake in NaCl
and choline-Cl uptake solution after 15 min at 22°C, Data are the
mean + S.D. of triplicate samples, A K; of 10 uM is estimated.




i | |

3 300

3 200

&

3

g 100

i ‘ )
000t + .
0 4 8 12 6

Fraction

Fig. 7. Fractionation of Sf9 cells expressing SGLT1. Cells were
harvested at 48 h post-infection and washed once with PBS. Cells
were resuspended in 4 mi of PBS (approx. 2-10® cells/mi). homoge-
nized by polytron on ice for two times 10 s, and fractionated by
sucrose gradicnt density centrifugation from 15 to 65% as described,
The figure shows the distribution of protein as determined from a
modified Bradford protein assay of sucrose density gradient frac-
tions. Fraction 3 corresponds to 15% and fraction 17 to 65% sucrose.

was observed to inhibit sodium-dependent aMDG
transport in cells infected with BV-SGLT1/C7. Fig. 6
shows the inhibition at 10 uM phlorizin to be 50% of
control values. This concentration approximates the
published K; of 8-11 uM for aMDG transport inhibi-
tion in i inal brush border vesicles [21].

-PEPTIDE +PEPTIDE
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‘ o
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Fig. 8. Western blot analysis of fractionated Sf9 cells expressing
SGLT1. Western blot of equal volume samples (10 1) from gradient
fractions in Fig. 7. Samples 7, 8, and 9 were i by SD5-
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Phlorizin had no effect on «aMDG transport in unin-
fected or wild-type infected cells (data not shown).

Fractionation of SGLTI gene product expressed in Sf9
cells
Sf9 cells infected for 48 h were harvested, homoge-
nized and fractionated by sucrosc density gradient cen-
trifugation, on a 10-65% gradient (w/w). Fig. 7 shows
a bimodal protein distribution through the sucrose
density gradient. A broad peak containing 53% of the
totat protein was present in the low density region of
the gradient. This peak contains the Sf9 cell cytosolic
proteins. The peak fraction, at = 43% sucrose, con-
tained 25% of the total protein. This peak, Fraction 8,
J all of the i ivity in the BV-
SGLT!-infected cells (Fig. 8). The fractions flanking
this sharp pcak contained the remaining 22% of the
ceiluiar protein and showed no immunoreactivity. The
high density, i fraction was pell in
the ultracentrifuge at 100000 X g, and 1mmunmcmiv-
ity pelleted with the protein. This fractionation repre-
sented a 4-fold enrichment of immunoreactive protein
over whole-cell homogenate.

Discussion

‘We wished to establish a high level expression sys-
tem for the rabbit intestinai Na*/glucose cotrams-
porter suitable for protein purification and transport
studies. This protein has been cloned and functionally
expressed in Xenopus oocytes and COS cells, but has
not been purified to homogereity, nor has it been
expressed in a system from which it can be readily
pln'if ied. This report describes the functionai expres-
slon nf the SGLT1 protein in Sf9 celis usnng the bm-

ion system, and provid
of the d protem. To our
knowledge. this is thc first report of a funcllomng
eucaryotic ion-c protein
in Sf9 celis.

pVLI17H represents a new baculovirus transfer vec-
tor suitcble for introducing foreign genes into the
AcNPV genome. It contams an Ncol cloning site adja-
cent to the polyh region, i ical 10
pVLSRC. However, pVLSRC contains a limited num-
ber of cloning sites 3' of the gene sequence. pVL17H
contains a portion of the polylinker region of pBlue-
script (Stratagene) with restriction sites for Pstl, Smal,
BamHI and Spel, increasing the number of available
unique cloning sites significantly.

The SGLTI1 protein was expresscd at maximum
levels at 48 h post-infection. The protein does not

PAGE on a 0% gel and to
‘Western blots were vrobed ith Ab-C at 1:200 dilution from serum.
All specific immunoreact as present in Fraction 8, which corre-

sponds to a density of 45% sucrose (w/w).

to k t 48 h, bui remained at a
roughly constant level lhmugh 77 h. We see no evi-
dence of i ducts at later
time points. This result suggests that the protein is
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stable in these cclls, but does not continue to accumu-
late. The limitation in the expression level of SGLTI
may be overcome with changes in the growth medium
to climinate substrates for the glucose transporter,
which may bc causing the cellular osmotic load to
become unbalanced duc to accumulation of sodium
and glucose. In preliminary experiments using light and
clectron microscopy, cells infected with BV-SGLT!
appeared swollen. We estimate from intensity of West-
ern blots compared to brush border membrane vesicles
that the protein is now expressed at = 0.5% of the Sf9
cell protein. This level of expression is 100-fold higher
than the protein level in rabbit intestinal mucosal cells.

Preliminary experiments show that, while a
monomeric form of the transporter is expressed, higher
molecular forms are also observed upon Wcstern blot
analysis. Two predominant forms are scen. Once band
is approximatcly twice the molecular mass of the
monomer, and the other is a higher molecular mass of

measurcd for in vitro translation product of the SGLTI
cRNA (45--50 kDa). The unomalous enhanced migra-
tion of integral membrane proteins on SDS-PAGE
compared to soluble protuins has been well docu-
mented, particularly in the eel clectroplax sodium
channel [27). Therefore, we conclude that the molecu-
lar weight of the protein in Sf9 cells is consistent with
the intestinal brush barder traasporter and the SGLT1
gene product afier limited or no glycosylation,

These data suggest that the extensive giycusylation
of the transporter in rabbit intestine is not critical for
function, since the expressed protein is functional with
minimal, if any glycosylation. Other experimental evi-
dence corroborates this conelusion. Enzymatic deglyco-
sylation of native brush border membrane vesicles does
not inhibit transport activity [26] and altering the cDNA
sequence of SGLT1 to climinate the arginine employed
in N-linked glycosylation docs not climinate the Na*-
dcpendcnt glucose transport actlvny {28]. This raises

= 240 kDa. These polymeric forms may represent ag-
gregation products due to the non-denaturing solubi-
lization conditions uscd to lyse the cells. They may also

p! stable h ic forms of the trans-
porter. Radiation inactivation studies have suggested
that the functional protein is a homwtetramer [22).
Danblot ¢t al. [23] observe a similar phenomenon,
where solubilization in non-ionic detergents produced
monomeri¢, dimeric and tetrameric forms of a Na*-
glutamate cotransporter from rat brain plasma mem-
brancs. These multime:s were not reduced to
monomers when proteins were boiled with 2% SDS in
Laecmmli sample buffer. We pian to pursuc crosslinking
experiments on this protein to verify the existence of a
homiotetrameric functional unit in the plasma mem-
brans.

The molecular mass of the transporter is = 70 kDa
in the brush border plasma membrane. Substrate pro-
tected FITC labeling [24] and i ivity with

g questions about the role of such extensive
glycosyldllon in the intestinal brush border membrane.

The transporter is functionally expressed in cells
infected with BV-SGLTI by two criteria. First, the cells
carry out Na*-dependent transport of aMDG, a spe-
cific substrate, only when infected with rccombinant
virus. Second, the transport is inhibited by phlorizin, a
specific inhibitor of the Na*/ glucose cotransporter, in
the micromolar range. The Na*-dependent transport
rate was = 1300 pmol/mg per h, which is comparable
to expression of SGLT1 ¢RNA in Xenopus oocytes.
This expression level suggests to us that we have devel-
oped an excellent system for further characterization
of the functional transport protein.

To this end we have begun fractionation experi-
ments, in which we have achieved a 4-fold purification
of the transporter from whole-ccll homogenates, Knops
et al. [29] have reported the functional purification of

anti-peptide antibodics raised to the amino acid se-
quence of the clone [17] both detected a single broad
band of molecular mass 70 kDa. A functionally related
protein purified from pig kidney cells also shares this
molecular mass [25]. The protein expressed in S99 ceils
migrated as a broad band with an apparent molecular
mass in SDS-PAGE of 55 kDa. This discrepancy in
molecular mass between the intestinal protein and the
SGLTI gene product was initially surprising, consider-
ing that the primary sequence of the gene codes for a
protein of 73 kDa. However, Hirayama and Wright {26]
have shown that the native rabbit intestinal protein is
heavily glycosylated with N-linked carbohydrates, and
that these carbohydrates can be removed chcmuc.llly

B-amyloid precursor protein expressed in the Sf9 cell
system using standard membrane fractionation tech-
nigues. Our goal is to purify large amounts of func-
tional Na*/glucose cotransporter protein to homo-
geneity for structural studies, and to use the purified
protein to produce polyclonal antibodies for immuno-
histochemistry and structure-function studies on this
prototypic ion-coupled soiute transport protein.
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