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ndrás Váradi,* and Balázs Sarkadi‡,2

Institute of Enzymology, Biological Research Center, Hungarian Academy of Sciences, H-1113 Budapest, Hungary;
Laboratory of Oncology, Herlev University Hospital, Herlev DK-2730, Denmark; ‡National Institute of Haematology
nd Immunology, Membrane Research Group of the Hungarian Academy of Sciences, Daróczi út 24., H-1113 Budapest,
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ABCG2 (also called MXR (3), BCRP (4), or ABCP (5))
s a recently-identified ABC half-transporter, which
auses multidrug resistance in cancer. Here we report
hat the expression of the ABCG2 protein in Sf9 insect
ells resulted in a high-capacity, vanadate-sensitive
TPase activity in isolated membrane preparations.
BCG2 was expressed underglycosylated, and its
TPase activity was stimulated by daunorubicin, doxo-
ubicin, mitoxantrone, prazosin and rhodamine 123,
ompounds known to be transported by this protein.
BCG2-ATPase was inhibited by low concentrations
f Na-orthovanadate, N-ethylmaleimide and cyclo-
porin A. Verapamil had no effect, while Fumitremor-
in C, reversing ABCG2-dependent cancer drug resis-
ance, strongly inhibited this ATPase activity. The
unctional expression of ABCG2 in this heterologous
ystem indicates that no additional partner protein is
equired for the activity of this multidrug transporter,
robably working as a homodimer. We suggest that
he Sf9 cell membrane ATPase system is an efficient
ool for examining the interactions of ABCG2 with
harmacological agents. © 2001 Academic Press

Key Words: multidrug resistance; ABC half-trans-
orter; ABCG2; MXR; BCRP; Sf9 cells; drug-stimulated
TPase activity.

Abbreviations used: MXR, mitoxantrone resistance-associated
rotein; BCRP, breast cancer resistance protein; ABCP, placenta
pecific ABC transporter; ABC, ATP binding cassette; Sf9 cells,
podoptera frugiperda ovarian cells; MDR1, multidrug resistance
rotein; MRP1, multidrug resistance-associated protein; TMD,
ransmembrane domain; TAP, transporter associated with antigen
rocessing; Calcein-AM, calcein acetoxy-methylesther; NEM, N-ethyl-
aleimide; MX, mitoxantrone; FTC, fumitremorgin C; CsA, cyclo-

porin A.
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ells is a major obstacle in the efficient chemotherapy
f patients suffering from cancer. It has been convinc-
ngly documented that several ABC proteins can cause
rug resistance in cancer cells by actively extruding
he clinically applied chemotherapeutic compounds.
wo major groups of cancer multidrug resistance
BC transporters, the homologs of the MDR1/P-
lycoprotein, as well as members of the MRP (multi-
rug resistance protein) family, have already been
haracterized in detail. Their membrane topology and
asic mechanism of action has been explored in a va-
iety of biochemical and cell biology studies (see 1, 2).
An ABC protein, causing cancer multidrug resis-

ance, but having a different molecular architec-
ure, has recently been identified. This protein is the
roduct of the ABCG2 gene, and was named MXR
Mitoxantrone Resistance-associated protein (3)), BCRP
Breast Cancer Resistance Protein (4)) or ABCP (Pla-
enta specific ABC transporter (5)) in the original de-
criptions. In accordance with the current ABC protein
omenclature, we use the term ABCG2 throughout
his report.

The overexpression of ABCG2 has been detected in
arious cell types, showing multiple drug resistance
ithout the expression of MDR1/Pgp or MRPs. These

nclude cells derived from breast cancer (3, 6, 7), ovar-
an carcinoma (8), colon carcinoma (6), leukemia (9),
nd Ehrlich ascites tumor (10). It has also been shown
hat ABCG2 is overexpressed in the placenta (5). Data
n the literature indicate that ABCG2 confers multi-
rug resistance by actively extruding cytotoxic com-
ounds from the cells in which it is overexpressed
4, 11).

Characteristic protein domains in the ABC trans-
orter family include the cytoplasmic ATP Binding
assette (ABC) regions and six-helix transmembrane
0006-291X/01 $35.00
Copyright © 2001 by Academic Press
All rights of reproduction in any form reserved.



domains. In general, the ABC domains are responsible
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or nucleotide binding and hydrolysis, while the trans-
embrane domains (TMD) have been suggested to

lay a key role in the interaction with the transported
ubstrates. In all ABC transporters studied so far, the
nteraction of at least two ABC units were required to
btain a functional transporter. The human MDR- and
RP-type proteins contain a tandem repeat of TMD 1
BC domains within one polypeptide chain, both ABC
nits being C-terminally located from the TMDs (for
eview see 12).

ABCG2, a 655-amino acid membrane protein, be-
ongs to the ABCG/white subfamily. Members of this
ubfamily contain only one ABC and one TMD unit
ithin one polypeptide, the ABC domain being
-terminally located from the TMD (see Fig. 1A). Pro-

eins containing only one ABC and TMD domain are
alled ABC half-transporters, as most probably they
an function only as dimers or oligomers. A homolog of
he ABCG2 protein, the product of the Drosophila
hite gene forms a heterodimer with one of its ho-
ologs, brown or scarlet, and the different dimers

ransport different eye pigment precursor molecules
13). Thus it is most likely that these proteins function
s obligate heterodimers. Other ABC half-transpor-
ers, although with a different ABC 1 TMD arrange-
ent, like TAP1 and TAP2, were also demonstrated to

ct as heterodimers, when functioning as peptide
ranslocators (15).

In the case of the ABCG2 protein previous studies
ave suggested the formation of an active homodimer.
xperiments in ABCG2-overexpressing multidrug-

esistant cells showed an exclusive amplification of the
BCG2 gene (16), and a human breast cancer cell line
ecame resistant upon transfection with solely the
BCG2 cDNA (4, 11, 28). However, ABCG2 expression

evel in mammalian cells is relatively low, and these
ells may contain additional ABC half-transporter pro-
eins, forming a functional heterodimer with ABCG2.

In order to characterize the function of ABCG2 and
o examine the question of its homo- or heterodimer-
zation, we used a heterologous expression system.
ere we provide evidence that the human ABCG2,
hen expressed in Sf9 insect cells, shows a membrane
TPase activity with similar substrate stimulation
pecificity and inhibitor sensitivity to those of the
BCG2 protein expressed in mammalian cells. These

esults indicate that ABCG2 can function as a ho-
odimer. Also, we suggest that the Sf9 cell expression

ystem provides an efficient research tool for the func-
ional investigation of ABCG2.

ATERIALS AND METHODS

Materials. Daunorubicin, doxorubicin, prazosin, rhodamine 123,
yclosporin A, calcein-AM, verapamil, Na-orthovanadate and NEM
ere from Sigma; mitoxantrone was obtained from Lederle Labora-
112
Wyeth-Ayerst Research).

Generation of the human ABCG2 containing transfer vector.
AcUW21-L/ABCG2 was constructed by removing the full-length
uman ABCG2 cDNA (G482 variant) (3) from pcDNA3.1(2)/ABCG2
ith SacI digestion, and ligating the resulting fragment to the SacI

ite of the modified baculovirus transfer vector, pAcUW21-L (17).

Generation of recombinant baculoviruses. Recombinant baculovi-
uses, carrying the human ABCG2 cDNA were generated with the
aculoGold Transfection Kit (Pharmingene), according to the man-
facturer’s suggestions. Sf9 cells were infected and cultured as de-
cribed (18). Individual clones expressing high levels of the human
BCG2 were obtained by end-point dilution and subsequent ampli-
cation. The clone producing the highest yield of the ABCG2 protein
as selected by immunoblotting (see below). Sf9 cell membranes
ere isolated as described (19).

Cell culturing and tunicamycin treatment. MCF-7/MX cells (6)
ere cultured in IMEM medium, supplemented with 10% fetal calf

erum, 50 U/ml penicyllin and streptomycin, and 10 nM mitox-
ntrone, at 37°C in 5% CO2. For inhibition of N-glycosylation, MCF-
/MX cells were grown for 60 h in a medium containing 5 mg/ml
unicamycin.

Membrane preparation and immunoblotting. Three days after
irus transfection, the Sf9 cells were harvested, their membranes
ere isolated, and the membrane protein concentrations were deter-
ined by the modified Lowry method. Proteins of isolated Sf9 mem-

ranes were separated on 10% Laemmli-type SDS-gels and the pro-
eins were electroblotted onto PVDF membranes. Immunoblotting
as performed as described earlier (18), by using the anti-MXR 405
olyclonal antibody (11), in 20003 dilution, and an anti-rabbit HRP-
onjugated secondary antibody (10,0003 dilution, Jackson Immu-
oresearch). HRP-dependent luminescence was developed by the
nhanced chemiluminescence technique (ECL, Amersham).

ATPase activity measurements. Membrane ATPase activity was
easured by colorimetric detection of inorganic phosphate liberation

s described (19), with minor modifications. The reaction mixture
ontained 40 mM Mops–Tris (pH 7.0), 50 mM KCl, 2 mM dithiothre-
tol, 500 mM EGTA–Tris, 5 mM Na-azide, 1 mM oubain and 5–20 mg

embrane protein. The reaction was started with addition of 3.3 mM
gATP. The vanadate sensitive fraction was determined in the

resence of 1 mM Na-orthovanadate.

ESULTS AND DISCUSSION

Expression of ABCG2 in Sf9 cells. We have cloned
he ABCG2 cDNA into a baculovirus vector and in-
ected Sf9 insect cells with the recombinant virus. The
mmunoblot presented in Fig. 1B demonstrates that
he ABCG2 protein was efficiently expressed in the
aculovirus-infected Sf9 cells. The expression level of
BCG2, as recognized by the MXR-specific antibody, in
f9 cells (lane 3) was found to be approximately ten
imes higher than that in the MCF-7/MX mitoxan-
rone-selected, highly multidrug resistant (6, 20)
reast cancer cells (lane 1). The doublet protein bands,
orresponding to the immunoreactive ABCG2 in the
f9 cell membranes, were also visible by Coomassie
lue staining of the gels (not shown).
As shown in Fig. 1B, ABCG2 expressed in Sf9 cells
igrated at a lower apparent molecular mass (as a

oublet around 60 kDa) than the ABCG2 in MCF-7/MX
ells (a wide band at about 70 kDa). Membrane pro-
eins expressed in insect cells are underglycosylated
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see 21, 22), which could explain the lower molecular
ass of the Sf9-expressed ABCG2-protein. In order to

xamine this possibility, we have cultured MCF-7/MX
ells in the presence of 5 mg/ml tunicamycin, a known
nhibitor of N-glycosylation. In samples obtained from
unicamycin treated MCF-7/MX cells (Fig. 1B, lane 2)
wo different faster migrating forms of ABCG2 were
bserved, and the non-glycosylated ABCG2 migrated
ith a similar apparent molecular mass as the Sf9-
xpressed protein. In experiments not shown here, the
solated MCF-7/MX cell membranes were treated with
-glycosydase. In this case a strong reduction in the
pparent molecular mass of the ABCG2 protein was
bserved, and the deglycosylated protein comigrated
ith ABCG2, expressed in Sf9 cells (Litman et al.,
anuscript in preparation).

FIG. 1. (A) Membrane topology model of ABCG2. The num-
ers indicate the predicted transmembrane helices. Predicted
-glycosylation sites are also indicated. (B) Immunoblot detection of

he ABCG2-multidrug transporter expressed in Sf9 insect cells.
hole cell lysates, dissolved in dissagregation buffer, were subjected

o electrophoresis on 10% Laemmli-type gels and blotted to PVFD
embranes, followed by immunodetection with anti-MXR 405 anti-

ody, as described under Materials and Methods. Lane 1, MCF-7/
X, 10 mg; lane 2, MCF-7/MX treated with 5 mg/ml tunicamycin, 15
g; lane 3, ABCG2-expressing Sf9 cells, 1 mg; lane 4, b-galactosi-
ase-expressing Sf9 cells, 10 mg.
113
ee Refs. 3, 5) predicts two possible N-glycosylation
ites. All the above data suggest that both glycosyla-
ion sites are active in the mammalian cells, while only
partial, core glycosylation of the ABCG2 is performed
y the Sf9 cells. The doublet bands on Fig. 1B, lane 3
robably represent the non-glycosylated and the core-
lycosylated forms of ABCG2, respectively, in Sf9 cells.
lycosylation may have a role in the routing or pro-

essing of ABCG2. However, it has been convincingly
emonstrated that the function of the ABC multidrug
ransporters MDR1 and MRP1 are unaffected by gly-
osylation (23, 24). Also, several studies documented
he expression of human ABC-transporters in insect
ells in a biologically active form, in spite of the lack of
heir glycosylation (19, 21, 22).

ABCG2-dependent ATPase activity and its modula-
ion in isolated Sf9 cell membranes. Multidrug resis-
ance ABC transporters utilize the energy of ATP for
heir drug transport activity. In the case of MDR1 and
RP proteins both their drug transport activity and

he related ATP cleavage are inhibited by Na-
rthovanadate, and by SH-group modifying agents,
ike N-ethylmaleimide (NEM). The function of these
ransporters, when expressed in Sf9 cells, has been
uccessfully studied by measuring their vanadate-
nhibited and substrate-stimulated ATPase activity
19, 26, 27). A membrane ATPase activity, related to
he overexpression of ABCG2 in mammalian cells, has
lready been demonstrated (10).
As shown in Fig. 2A, when ABCG2 was expressed in

f9 cells, in the isolated membranes we observed the
ppearance of a high capacity (about 70 nanomoles/
g protein/min), vanadate-sensitive ATPase activity.
uch an ATPase activity was absent in control,
-galactosidase expressing membranes, while the
anadate-insensitive membrane ATPase had a similar
ow-level as found in the control membranes (not
hown). Vanadate-inhibition of the ATPase activity
ccurred with a K i value of about 20 mM Na-
rthovanadate. NEM also inhibited the ATPase activ-
ty at micromolar concentrations (K i NEM was 10 mM,
ata not shown in detail). The MgATP concentration
roducing half-maximum membrane ATPase activity
as 0.3 mM (see below). All these values for the
BCG2-ATPase are in a similar range as those mea-

ured earlier for the MDR1-ATPase activity (18, 19, 32).
In the following experiments, in order to character-

ze the ATPase activity produced by ABCG2 expres-
ion, we examined the effects of several, previously
escribed ABCG2 substrates and inhibitors. We have
lso compared the ATPase activity of ABCG2-
ontaining Sf9 membranes with those containing the
uman MDR1 protein.
As shown in Fig. 2A, ABCG2-containing membranes

ad a basal ATPase activity of about 3–5 times higher
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han that seen in the MDR1-containing membranes
Fig. 2B). Addition of mitoxantrone (MX), a well estab-
ished substrate drug for ABCG2 (3, 6, 7, 10) stimu-
ated the ABCG2-ATPase activity in a concentration
ependent manner. In cancer cells MDR1 expression
id not evoke significant mitoxantrone resistance (30)
nd, indeed, mitoxantrone had no significant effect on
he MDR1-ATPase activity (Fig. 2B). Prazosin, a vaso-
ilatator agent, has been shown to be actively extruded
rom various multidrug resistant cells (11, 31). As
hown in Fig. 2, prazosin significantly stimulated the
TPase activity of both ABCG2 and MDR1, although

he K act value of prazosin in the case of ABCG2 was

FIG. 2. Comparison of the effects of various compounds on the
anadate sensitive ATPase activity in isolated Sf9 membranes of
BCG2 (A) or MDR1 (B) expressing Sf9 cells. ATPase activity of

solated Sf9 membranes was determined by measuring vanadate
ensitive inorganic phosphate liberation, using 3.3 mM MgATP, as
escribed under Materials and Methods. Data points indicate the
ean 6 SD values of at least four measurements, performed in two

r three different membrane preparations. Control values show the
ctivity measured in the absence of added compounds.
114
n order of magnitude higher (about 15 mM).
Verapamil has been shown to be an excellent sub-

trate of MDR1, and it significantly stimulates the
DR1-ATPase activity (19). In contrast, the multidrug

esistance caused by ABCG2 expression was reported
o be only slightly sensitive to verapamil (10, 28). In
he present experiments we found no verapamil stim-
lation of the ABCG2-ATPase activity (only a slight

nhibition was observed at higher verapamil concen-
rations, see Fig. 2A). In contrast, as also documented
arlier, we observed a 3.3-fold stimulation of the
DR1-ATPase by low concentrations of verapamil

Fig. 2B).
Calcein-AM is an excellent MDR1 substrate (32) and

n the present experiments it stimulated the Sf9 mem-
rane MDR1-ATPase 4.5-fold, with a K act of about 1
M. In contrast, as shown in Fig. 2A, Calcein-AM had
o effect on the ABCG2-ATPase activity. This latter
nding is in accordance with results showing no mea-
urable Calcein-AM extrusion from ABCG2 overex-
ressing, drug-resistant cells (11).
Fumitremorgin C, a fungicide, was described as a

owerful inhibitor of the ABCG2-mediated multidrug
esistance (28) or ATPase activity (Robey et al., Bio-
him. Biophys. Acta, in press). As shown in Fig. 2, in
solated Sf9 cell membranes Fumitremorgin C strongly
nhibited the ABCG2-ATPase, while it had no signifi-
ant effect either on the basal or the verapamil (33 mM)
timulated MDR1-ATPase activity. Cyclosporin A
CsA) has been shown to act only as a weak inhibitor of
BCG2-dependent drug resistance (4) but decreased

he ATPase activity measured in an ABCG2-over-
xpressing mammalian cell line (10). In the present
tudy we found that CsA inhibited both the ABCG2-
nd the MDR1-ATPase (see Table I and below). The

TABLE I

Effects of Different Drugs on the Vanadate Sensitive ATPase
Activity in Membranes of ABCG2-Expressing Sf9 Cells

Compound
K act

(mM)
K i

(mM)

Maximum
stimulation

(%)a

Maximum
inhibition

(%)a

itoxantrone 7 — 40 —
razosin 1 — 100 —
oxorubicin 5 — 30 —
aunorubicin 2.5 — 50 —
hodamine 123 4.5 — 20 —
yclosporin A — 0.5 — 80
umitremorgin C — 1.3 — 74

Note. Values in the Table were estimated by the determination of
he vanadate sensitive ABCG2 ATPase activity in two sets of exper-
ment, and by using at least five different concentrations for each
rug.

a Relative to the ATPase activity measured in the absence of com-
ound.
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inetic parameters obtained for the effects of the above
nd some other compounds on the ABCG2-ATPase ac-
ivity are compiled in Table I. It is important to note
hat all these agents had practically no effect on
he low level ATPase activity measured in control,
-galactosidase expressing Sf9 cells.
All the above detailed experiments clearly demon-

trate that the expression of the human ABCG2 in-
uces a high-capacity membrane ATPase activity, with
distinct substrate-stimulation and inhibitor sensitiv-

ty, as compared to those of other human multidrug
ransporters, like the MDR1 protein. Moreover, the
ffects of substrates and inhibitors on ABCG2-
ependent membrane ATPase activity in all cases
howed a close correlation with the effects of these
ompounds in ABCG2-overexpressing mammalian
ells.

In the Sf9 cell membranes the expression levels of
he ABCG2 and MDR1 proteins, based on Coomassie-
tained gel-electrophoretograms, were found to be sim-
lar (not shown), and the maximum, drug-stimulated
TPase activities of the two transporters were also

omparable (in the present experiments 140 vs 70
anomoles/mg membrane protein/min, for the ABCG2
nd the MDR1 protein, respectively). This finding in-
icates that, similarly to MDR1, ABCG2 is a high-
ctivity, ATP-dependent drug transporter, and its
urnover rate greatly exceeds e.g. that of the members
f the MRP family (see 27).
The effects of various substrates may be somewhat

ifferent in different clones of the human ABCG2 pro-
ein, with established sequence variations. Indeed, the
BCG2 proteins containing different amino acids at
osition 482 (Gly, as in the construct used by us, Arg,
r Thr) have slightly different substrate specificities

FIG. 3. (A) Effect of cyclosporin A on the basal and the prazo
oncentration was varied at a constant (10 mM) prazosin concentratio
B) Effect of prazosin on the ABCG2-ATPase activity in the presence

mM) CsA concentrations. The data points show the mean values o
115
S. E. Bates, personal communication). Studying the
TPase activity of these ABCG2 variants, when ex-
ressed in Sf9 cells separately or together, should help
o investigate these questions. Also, possible functional
imerization partners of ABCG2 can be co-expressed
nd studied in this system.
As shown in Fig. 2, in the ABCG2-expressing Sf9 cell
embranes, in contrast to that seen for MDR1, we

ound a relatively high-level basal ATPase activity.
his finding may suggest an endogenous stimulation of
he transporter (e.g., by the presence of certain lipids
r lipid-derivatives in these membranes), or a partial
ncoupling, caused e.g. by the presence of improperly
olded ABCG2 molecules.

In order to explore the nature of this phenomenon,
e measured the MgATP-concentration dependence

or the basal and the drug-stimulated ABCG2-ATPase
not shown here in detail). We used 100 mM prazosin as
n ABCG2-ATPase stimulating agent. The MgATP-
ependence of the ATPase activity under these condi-
ions was similar, although the KM ATP value without
n added substrate was 0.6 mM, while in the presence
f drug-substrate this value decreased to about 0.3
M. The K i value for vanadate inhibition was about 20
M both in the absence and presence of prazosin. All
hese data showed a close similarity in the character-
stics of the basal and drug-stimulated ABCG2-ATPase
ctivities, and argued against the presence of a mis-
olded ABCG2 population in the Sf9 cell membrane
reparations.
In order to further explore the nature of this phe-

omenon, in the following experiments we measured
he ABCG2-ATPase activity in the presence of increas-
ng concentrations of Cyclosporin A (CsA), both in the
bsence and presence of 10 mM prazosin (Fig. 3A). In

stimulated ATPase activity in ABCG2 expressing Sf9 cells. CsA
he data points show the mean values of at least four determinations.
cyclosporin A. Prazosin concentration was varied at constant (0.5 or
least four determinations.
sin
n. T
of

f at
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ration in the presence of constant (0.5 or 2 mM) CsA
oncentrations (Fig. 3B).

We found that CsA inhibited both the basal and the
razosin-stimulated ABCG2-ATPase activity, with Ki

alues of about 0.5 and 1.5 mM, respectively (Fig. 3A).
s shown in Fig. 3B, 0.5 or 2 mM Cyclosporin A reduced

he basal ATPase activity in ABCG2-containing mem-
ranes by about to 45 and 60%, respectively. However,
ncreasing concentrations of prazosin in the presence of
sA still could stimulate the ABCG2-ATPase activity,
p to the levels observed in the absence of CsA. There
as a significant shift (from 1 to about 3 mM) in

he prazosin concentration producing half-maximum
TPase activation by the presence of 0.5 mM CsA. All

hese experiments can be interpreted to mean that CsA
s a competitive inhibitor of the substrate-stimulated
TPase activity of ABCG2, and the baseline ATPase
ctivity of ABCG2 is induced by a relatively low affinity
ubstrate, present in the isolated membranes. This
igher baseline activity may explain the relatively
maller magnitude of additional drug-stimulation of
BCG2-ATPase than that found for MDR1.
Taken together, our current experiments indicate

hat the ABCG2 multidrug transporter can be effi-
iently expressed in Sf9 cells and its transport ATPase
haracteristics studied in isolated membranes. Since
he ABCG2 protein is an ABC half-transporter, requir-
ng the formation of functional dimers, most probably
uch a dimerization occurs when the protein is inserted
nto the Sf9 cell membranes. In this heterologous ex-
ression system the presence of a partner ABC half-
ransporter, with similarly high expression levels can
e convincingly excluded, thus ABCG2 most probably
unctions here as a homodimer (or homooligomer).

Our results presented here suggest that the Sf9 cell
embrane ATPase system is an efficient tool for the

nvestigation of the catalytic mechanism of the ABCG2
ultidrug transporter, as well as for studying its in-

eractions with anticancer drugs or other pharmacolog-
cal agents. The application of this assay system may
ignificantly help the rapid identification of novel sub-
trates and inhibitors of ABCG2, with potential use at
he cancer clinics.
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Zaman, G. J., Flens, M. J., Váradi, A., and Sarkadi, B. (1996)
Membrane topology and glycosylation of the human multidrug
resistance-associated protein. J. Biol. Chem. 271, 12322–12326.

2. Germann, U. A., Willingham, M. C., Pastan, I., and Gottesman,
M. M. (1990) Expression of the human multidrug transporter in
insect cells by a recombinant baculovirus. Biochemistry 29,
2295–2303.

3. Schinkel, A. H., Kemp, S., Dolle, M., Rudenko, G., and Wa-
genaar, E. (1993) N-glycosylation and deletion mutants of the
human MDR1 P-glycoprotein. J. Biol. Chem. 268, 7474–7481.

4. Gao, M., Loe, D. W., Grant, C. E., Cole, S. P., and Deeley, R. G.
117
port by co-expression of both half-molecules of human multidrug
resistance protein in insect cells. J. Biol. Chem. 271, 27782–
27787.

5. Al-Shawi, M. K., Urbatsch, I. L., and Senior, A. E. (1994) Char-
acterization of the ATPase activity of purified Chinese hamster
P-glycoprotein. J. Biol. Chem. 269, 8986–8992.

6. Scarborough, G. A. (1995) Drug-stimulated ATPase activity of
the human P-glycoprotein. J. Bioenerg. Biomembr. 27, 37–41.
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