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ABSTRACT. P-glycoprotein (P-gp) confers multiple drug resistance on cancer cells by acting as a plasma
membrane localized ATP-dependent drug efflux pump. Currently, there is little information on the nature
of the communication between the energy-providing nucleotide binding domains (NBDs) and the drug
binding sites of P-gp to generate transport of substrate. Many substrates and modulators cause alterations
in ATP hydrolysis, but what effect do the various stages of the catalytic cycle have on drug interaction
with P-gp? Vanadate trapping of MGDP caused a reversible decrease in the binding capacity of the
transported substratéH]-vinblastine and the nontransported modulafbt]KR9576 to P-gp in CIB30

cell membranes. The non-hydrolyzable nucleotide analogue ABRdso caused a reduction in the binding
capacity of H]-vinblastine but not for the modulatoH]XR9576. This indicates that signaling to the
NBDs following binding of a nontransported modulator is different to that transmitted upon interaction
of a transported substrate. Second, it appears that the binding of nucleotide, rather than its hydrolysis,
causes the initial conformational shift in the drug-binding site during a transport cycle.

Altered cellular accumulation of anti-cancer agents is a P-gp uses energy from ATP hydrolysis to drive the
major factor in acquired and intrinsic resistance of tumor transport of cytotoxic compounds against a concentration
cells to chemotherapyl{4). P-glycoprotein (P-gp), a gradient. Consequently, one would expect that in order to
member of the ABC family of transport proteins, is able to instigate a transport cycle, drug binding to the protein must
confer resistance by acting as an ATP-dependent drug effluxelicit an effect on the ATP catalytic pathway. This appears
pump in the plasma membranes of tumor cefisq). P-gp to be the case for P-gp since the basal rate of ATP hydrolysis
is distinguished from many of the ABC proteins by the large is stimulated by the binding of several compounds such as
number of compounds with which it can interact, and several verapamil, vinblastine, and rhodamine 123, some of which
recent manuscripts have demonstrated that this broad subare known substrates of the proteihl( 13, 14. Further
strate specificity is brought about by the presence of more direct evidence of communication between the drug binding
than one drug-binding sit€{-12). The binding sites contain  sites and the catalytic domains is that drug binding causes
defined drug specificities and are not functionally equivalent; an allosteric alteration in the fluorescence spectrum of
in addition, some binding sites interact with transport MIANS, a probe used to label the cysteine residue in the
substrates as well as nontransported modulators. HoweverWalker A motif of the nucleotide binding domaing, 16.

the precise location of these sites is unknown, butitis clear e regpective roles of two functional nucleotide-binding
from previous studies that an extensive network of negative yomains (NBDs) to drive drug transport by P-gp have not
allosteric communication occurs between the drug binding yet peen elucidated. Are the two domains functionally distinct
sites on P-gp. and is there any functionally important interaction between
them? The N- and C-terminal NBDs of P-gp have been
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with replacement of NBD1 by NBD2 displayed one impor-
tant difference, namely, a markedly different pharmacological
profile for stimulation of ATP hydrolysis26). This indicates

Martin et al.

Measurement of P-gp ATPase Aidti. The basal and drug-
stimulated ATPase activity of P-gp was measured using a
colorimetric assay to follow release of inorganic phosphate,

that P-gp has distinct routes of communication between thebased on a modification of the assay first described by

NBDs and the drug binding site7).

Conventional thinking suggests that communication be-
tween functional domains in a protein occurs through
conformational alteration28). Antibody epitope recognition
changes, proteolytic accessibility alteratioft#/H-exchange

Chifflet (35). Membrane vesicles (&g) were incubated in
ATPase buffer (150 mM NECI, 50 mM Tris pH 7.4, 5 mM
MgSQ,, 0.02% NaN) in the presence of-64 mM NaATP
for a 20 min period at 37C. Drug effects on basal activity
were measured in the presence of 2 mMMAEP by adding

kinetics and tryptophan fluorescence alterations have all beendrugs to the assay from concentrated stocks in DMSO or
used to demonstrate that conformational changes occur inethanol (final concentration of solvent not exceeding 1%

P-gp @9—32). In addition, these conformational changes
appear functionally relevant since they are affected by stimuli

such as nucleotide, substrate, and inhibitor compounds.

Unfortunately, none of these investigations were able to
localize regions of the proteins involved in the conforma-

tional changes nor did they describe the nature of these

changes.

Energy obtained from the hydrolysis of ATP in the NBDs
is used to drive the conformational changes required to
mediate translocation of substrate. Such conformational

wh,

ATPase activity (nmol/min/mg membrane protein) was
plotted as a function of drug concentration and fitted, using
nonlinear regression, by the general desesponse equation
below (36):

_ (Ymax = Yemin)
(1+ (IBVECs9)")

(1)

min

changes may manifest as reorientation of the substrate-Vhere Ymax is the maximal activity,Ymin is the minimum

binding site to opposites sides of the membrane. Therefore,

the NBDs must affect the nature of substrate binding to the
protein during various stages of the catalytic cycle. In the

activity, [B] is drug concentration (M), E&sis the concen-
tration of drug which causes a 50% change in response, and
n is the slope factor.

present manuscript, we have investigated the communication Vanadate-Induced Inhibition of P-gSodium orthovana-

between drug binding and the ATP catalytic cycle of P-gp
using a radioligand binding approach. Equilibrium binding
techniques, unlike photoaffinity labeling, allow precise
quantitation of effects directly on the initial stage of drug
protein interaction. Vanadate trapping of ADP and the non-
hydrolyzable ATP analogue ATP-S were both able to
reduce the binding capacity of the P-gp substrétd]-[
vinblastine. In contrast, vanadate trapping, but not A¥P-
S, was able to reduce the binding #i[XR9576. The results
provide evidence of a transport scheme for P-gp in which
nucleotide binding, prior to hydrolysis, initiates conforma-
tional changes.

MATERIALS AND METHODS

Materials. Disodium adenosine triphosphate gNaP),
sodium orthovanadatdl-ethyl-maleimide (NEM) and 7-chlo-
ro-4-nitrobenz-2-oxa-1,3-diazole (NBOI) were purchased
from Sigma (Poole, U.K.). Maleimidylanilino-naphthalene-
6-sulfonate (MIANS) was obtained from Molecular Probes.
[®H]-Vinblastine sulfate (12.7 Ci/mmol) and Sephadex G-50
(fine) resin were purchased from Amersham Pharmacia
Biotech (Amersham, U.K.)3H]-XR9576, XR9576, XR9051,

and GF120918 were synthesized and provided by Xenova

Ltd.; (Slough,U.K.). Disposable spin columns (1 mL) were
obtained from Bio-Rad Ltd. (Hemel Hempstead U.K.).
Cell Lines and Plasma Membrane Preparatidine P-gp-
expressing drug-resistant Chinese hamster ovary cell line
CHRB30, was cultured as previously describ88)( Briefly,
cells were grown at 37C in o-minimal essential medium
supplemented with 3@g mL™! colchicine. Plasma mem-
brane vesicles were isolated from &880 cells as described
elsewhere34), using nitrogen cavitation and sucrose density
centrifugation. Membrane preparations were stored &@
°C for up to 6 months at a protein concentration of-1%
mg mLL.

date stock solutions (100 mM) were adjusted to pH 10 and
boiled for 2 min to get rid of any polymeric specie37).
Plasma membranes (1 mg) were incubated with 300
vanadate, in a total volume of 1 mL ATPase buffer af@7

for 30 min. The reaction was stopped by either placing the
sample on ice or centrifuging 1QQ. aliquots through spin-
columns containing 1 mL of Sephadex G-50 (fine) preequili-
brated with 50 mM Tris at pH 7.4 at 2C.

Equilibrium Radioligand Binding to CEB30 Membranes.
Saturation binding isotherms were obtained by incubating
CHRB30 membranes (8g) in 100uL of binding buffer (50
mM Tris, pH 7.4) at 22°C with increasing concentrations
of [®H]-vinblastine (:-100 nM) for 2 h toreach equilibrium.

In the case offH]XR9576 (0.5-50 nM), 2ug of membranes
were incubated over a 3-hour period. Nonspecific binding
was measured in the presence of 100-fold excess of XR9051
or GF120918 for3H]-vinblastine andjH]XR9576 binding,
respectively, and was later subtracted from all values. Bound
radioligand was separated from free ligand by rapid filtration
under vacuum through a GF/F glass fiber filter followed by
washing with 2x 3 mL ice-cold wash buffer (20 mM Tris,
pH 7.4, 20 MM MgSQ@). Filter-entrapped radioactivity was
quantitated using liquid scintillation counting. The specific
radioactivity bound (pmol/mg membrane protein) was plotted
as a function of the free radioligand concentration using eq
2 below from which the maximal binding capacit®q(.y

and the dissociation constafy, a measure of the radioligand

‘affinity, were determined:

B, .[L
By= oy mf;’“ 2)
(Kg +[L])
whereKg is the binding affinity (nM),Bmax is the maximal
binding capacity (pmol md), [L] is the radioligand con-
centration (nM),Bq is the amount bound (pmol my.
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Table 1. Potencies of Various Nucleotide-Binding Domain
Inhibitors to Affect ATPase Activity of P-Glycoprotein

Table 2. Effects of Vanadate Treatment on the ATP Hydrolytic
Activity of P-Glycoproteir#

mnioton inhibition of binding
compound  activity ICso (M) [3H]-vinblastine PH]XR9576
NBD-CI 178+ 3.6 no no
N-ethyl-maleimide 3.23-0.59 no no
MIANS 1.95+0.28 no no
ATP-y-S 31+ 99 yes no
NaVO; 0.74+ 0.13 yes yes

@ The potencies (1) of covalent inhibitors and nucleotide analogue
on the ATP hydrolytic activity of P-glycoprotein were determined using
2 mM ATP at 37°C with 1 ug of membrane protein. Values represent
the meant- SEM obtained from at least three independent determina-
tions. The effects on binding of substratelJ-vinblastine or modulator
[BH]XR9576 were determined as described in Materials and Methods.

Displacement of Equilibrium Drug BindingCH?B30
membranes (&g) were bound to equilibrium with 520
nM [®H]-vinblastine in the presence of increasing concentra-
tions of nucleotide added from XOstock in binding buffer,
or inhibitor added from 200 stock made up in either ethanol
or DMSO, in a total assay volume of 204 for 2 h at 22
°C. Bound radioligand was separated from free by rapid
filtration as described above. The specific binding remaining
was plotted as a function of nucleotide or drug concentration

using eq 2. From this relationship, the degree of displacement

of bound radioligand and the gof displacing agent can
be determined.

RESULTS

Inhibition of P-gp-Mediated ATPase Adity by Nucle-
otide. P-gp in CHB30 membranes displays a high basal
ATPase activity (15 17 nmol mint mg), which has
previously been extensively characterizdd)( This basal
ATPase activity of P-gp may be altered either directly
through interaction with the NBDs or indirectly via the
transmembrane domains following drug binding. The efficacy
and potency of the non-hydrolyzable nucleotide A+
to inhibit P-gp-mediated ATPase activity was examined
(Table 1). The ATPase activity of P-gp was completely
inhibited by ATP«-S with a potency of Ig = 310+ 99
uM. Another direct method of inhibiting NBD activity is
achieved through stable trapping of the M@®P-VO;
species during the catalytic cycle. ATP hydrolysis of P-gp
was inhibited by vanadate with a potency od& 0.74+
0.13uM.

However, ATPy-S may be hydrolyzed by some proteins
at a rate severalfold lower than ATP. P-gp did not mediate
any hydrolysis of either ATB~-S or AMP—PNP at 37°C

Vmax(Nmol min* mg?) Km (M)
control 151+ 17 0.62+0.10
trapped 29+ 4 0.15+0.03
recovered 128 15 0.37+ 0.06

a Plasma membranes from @380 cells were trapped with 3QM
vanadate in the presence of 2 mM ATP. Recovery from vanadate
trapping was done at 3TC as described in Materials and Methods.
ATPase activity was measured at 3C for 25 min with 1ug of
membrane protein and 0-B mM ATP. Activity parameters were
determined from nonlinear regression of the Michaelgenten equa-
tion. All values represent the meaah SEM of five independent
experiments

either the inhibition of ATP binding at the NBD or the
destabilization of the ATP molecule at the active site.
MIANS (ICso = 1.95+ 0.28uM) and NEM (IGo = 3.23+
0.59uM) displayed similar potencies to inhibit P-gp ATPase
activity (Table 1). The derivatizing agent NBD-Cl displayed
a lower potency for this inhibition with an lg= 17.8+
3.6 uM but was also able to completely abolish ATP
hydrolysis.

[®H]-Vinblastine binding to P-gp in CH830 membranes
displayed high affinity Kg = 16.1+ 2.2 nM,n = 5), with
a capacity of 59+ 8 pmol mg?! membrane protein. The
covalent inhibitors MIANS, NEM, and NBD-CI were also
examined for their ability to alter the equilibrium binding
of [®H]-vinblastine to P-gp (Table 1). In the concentration
range 108to 3 x 107* M, none of these covalent inhibitors
were able to displace the binding of either 30 nRH]f
vinblastine or 3 nM JH]XR9576 hinding to P-gp despite
their ability to abrogate ATP hydrolysis. This is in contrast
to the reported ability of substrates (e.g., vinblastine) to alter
the fluorescence of MIANS and NBD-Cl-labeled P-gp,
through conformational interaction$5). The lack of effect
observed here may be due to the poorer efficacy of these
agents to allosterically affect binding events at the trans-
membrane domain.

The Ability of Vanadate To Modulate Basal ATPase/Acti
ity of, and Drug Binding to, P-gpvanadate at a concentra-
tion of 300uM was able to reduce the maximal basal velocity
of ATP hydrolysis by P-gp (Table 2) from 15# 17 (K, =
0.6+ 0.1uM) to 29 nmol mint mg* (K, = 0.15+ 0.03).
This inhibition of ATPase activity was stable and long-lived,
which is in agreement with a previous rep®g). Removal
of unbound nucleotide and vanadate followed by incubation
at 37°C for 1 h was sufficient to reactivate P-gp in &30
cell membranes. This removal of vanadate resulted in almost
complete recovery of the P-gp ATPase activity with a

(data not shown) using an enzyme-linked assay to measuremaximal velocity of 128 15 nmol min! mg?* (K, = 0.4

nucleotide hydrolysis22). In addition, hydrolysis of ATP
was reduced from a W of 151+ 17 nmol min! mg™* at
37°C to 29.1+ 2.1 nmol min* mg™* (n = 3) at 20°C.
Since the hydrolysis of ATR-S is severalfold slower than
ATP, the hydrolysis of the former would be negligible at 20

£ 0.1 uM). There was no significant acceleration of the
recovery with inclusion of either ATP (0.22 mM) or drugs
that stimulate ATP hydrolysis, such as verapamil (data not
shown).

Vanadate inhibition provides a valuable tool to investigate

°C, the temperature used for subsequent drug binding assaysdrug-binding events with P-gp at a late stage of the catalytic

Inhibition of P-gp-Mediated ATPase Agty and Substrate
Binding by Cwalent Inhibitors.MIANS, NEM, and NBD-

cycle. Vanadate trapping of P-gp had significant effects on
the equilibrium binding of both the substratel[-vinblastine

Cl are reactive with the cysteine residues located in eachand the nontransported modulatéH[XR9576 (Table 3).

Walker A motif of P-gp 25, 39. The result of this interaction
is a complete inhibition of ATP hydrolysis by P-gp, through

The vanadate-trapped P-gp had a significantly reduéed (
< 0.01) binding capacity for’H]-vinblastine (15 2 pmol
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Table 3. Effects of Vanadate Trapping on the Equilibrium Binding
Properties of JH]-Vinblastine and {H]-XR9576

[®H]-vinblastine PH]-XR9576

1.09

Bmax Bmax
(pmol mg?)  Kg(nM)  (pmol mg)  Kq(nM)
membranes 58.Z 8.3 16.1+2.2 211+ 37 4.6+ 0.5

trapped 152 2.1 23.6+5.4 63.9£6.8 1.5+0.1
recovered 71.5%16.1 23.0+£4.7 179+35 72+2.1

@ Plasma membranes from @380 cells were treated with 3QaM . . — ,
vanadate and allowed to recover from this inhibition as described in -6 -5 -4 -3 -2
Materials and Methods. The equilibrium binding properties :
vinblastine (+-100 nM) and fH]qXR9576 (0.1—4ognF|)\/I)pwere dgg?é[r— log [nucleotide] M
mined by a rapid filtration method following a3 hincubation at 22 Figygre 1: Nucleotide displacement ofH]-vinblastine binding.
°C. Binding capacity Bna) and affinity () of the hyperbolic Displacement of the equilibrium binding ofH]-vinblastine was
relationships were obtained from nonlinear regression. Data represemperformed by the nucleotides AMPY and ADP @) and the non-

bound

Fraction [°H]-vinblastine

0.59

mean+ SEM from five independent experiments. hydrolyzable ATP analogues ATRS (@) and AMP-PNP @).
o CH'B30 membranes (gg) were incubated with®H]-vinblastine
mg1) when compared with its nontrapped state 458 pmol (20 nM) in the presence of nucleotides (0. mM). The amount

mgY). There was no effect on the affinity of the interaction, bound was expressed as a fraction of the total specific binding in

and the removal of vanadate resulted in recovery of the the absence of nucleotide and the general dessponse curve was
fitted by nonlinear regression. The degree of displacement and the

L ) 1
binding capaqlty_to 7]:‘: 16 pmol mg™. Th_e complete relative potencies were determined from the curve fitting. Data
recovery of binding mdmaﬁes that a reversible molecular points represent the meaa SEM (standard error of the mean)
change, rather than a detrimental effect on the structure ofobtained from at least 3 to 5 independent observations.

the PH]-vinblastine binding site on P-gp, occurred during

vanadate trapping. Similarly with*fi]XR9576, vanadate = g 5 T Q
trapping of P-gp caused a reduction in the binding capacity 23 1001 =m oy T e}
from 2114 37 to 644 7 pmol mg* with no effect on the b éé ? I f

affinity of binding for the modulator. Reversal of the o@

decreased binding capacity fbl]XR9576 was also observed §2 0757

following removal of vanadate from P-gp. These results 5 § i
indicate that vanadate trapping causes a conformational effect i § 0501

on P-gp that alters the number of drug binding sites with

the high-affinity conformation. Such a change manifests as 0.25 , r . .
an apparent decrease in the binding capacity to the radioli- -6 -5 -4 -3 2
gand. log [ATP-y-S] (M)

Nucleotide-Induced Alteration of Drug Binding to P-gp. FicURe 2: Effect of ATP3-S on the binding capacity ofHi]-

The V_anqdate tra_ppi_ng ‘?'ata shown above indicate e_mvinblastine and3H]XR9576. Complete saturation isotherms were
alteration in drug binding sites at a late stage of the catal_ync performed for fH]-vinblastine (-100 nM) and H]XR9576 (0.2
cycle. Do earlier stages of this cycle modify the drug binding 40 nM) in the presence and absence of various concentrations of
sites of P-gp? This question was examined by comparing ATP-y-S. Binding capacity was determined for each saturation

; ; _ isotherm from nonlinear regression and plotted against the ATP-
the influence of the nucleotides ATPS, AMP—PNP, ADP, y-S concentration. The extent and potency of the effects of ATP-

and AMP on radioligand binding. Thezeffects of A'I;'PS_, 7-S on PH]-vinblastine @) and FH]XR9576 ) were determined

AMP—PNP, ADP, and AMP (1—1072 M) on the equi-  from nonlinear regression of the general desesponse equation.
librium binding of 15-20 nM [*H]-vinblastine to P-gp in Data represent the meanSEM obtained from 3 to 5 independent
CH'B30 membranes is shown in Figure 1. AJPS caused  Observations.

a dose-dependent decrease in the bindingHifyinblastine o ) ) o
to P-gp to 40% of the amount bound in the absence of binding, but only at the particular concentration of radioli-
nucleotide, with a potency of kg = 0.14 & 0.05 mM. gand used. However, they do not yield information about
AMP—PNP caused a similar decrease in the bindingtef[ the nature of interaction occurring; therefore, the effects of
vinblastine displaying a potency of §g= 0.37- 0.09 mM.  ATP-y-S on the complete saturation binding curves®sfj{
The binding of fH]-vinblastine was only reduced by 30% Vinblastine and®H]XR9576 was examined to gauge whether
with ADP at a potency of 0.16 0.06 mM, and the effects the displacement results outlined above were due to changes
of AMP were negligible at the concentrations used. In con- in binding site affinity or capacity. There was no significant
trast to the results obtained witBH]-vinblastine, none of  effect of ATP+-S on PH]XR9576 binding at any of the
the nucleotides tested were able to affect the binding of concentrations used (Figure 2). In contrast, the binding of
[3H]XR9576 to P-gp at the concentrations used (data not ATP-y-S to P-gp did have profound effects on the binding
shown). This difference in effect may be due to the different capacity Bmay) of [*H]-vinblastine which was reduced dose-
affinities of the two radioligands at their respective binding dependently to 50% of the value in the absence of nucleotide.
sites or the fact that vinblastine is a transport substrate of The potency of ATP:-S to halve the number ofH]-
P-gp, whereas XR9576 acts purely as a nontransportedvinblastine binding sites on P-gp was 92340 uM (n =
modulator. 3). The decrease in binding capacity féi]-vinblastine on
The drug displacement assays described above provideP-gp reflects a conformational shift in the substrate binding
information concerning the effect of nucleotides on drug site away from the high-affinity configuration.
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These results clearly demonstrate that it is the binding of cal occupation of an NBD, is required to modify the binding
nucleotide, rather than its hydrolysis, which brings about the site occupied by transported substrate. Allosteric interactions
initial conformational change in the vinblastine-binding site between drugs on P-gp have been demonstrated to result in

during transport. abrogation of binding capacityl{, 45. In contrast, the
allosteric effect of ATPy-S only caused a reduction in the
DISCUSSION binding capacity of P-gp for vinblastine to 50% of the

) , original value, and the partiality of this effect may be related
Primary active transporters such as P-gp are able {0 he requirement for two interacting NBDs. It has been
translocate substrates by transmitting energy from the hy- yomonstrated that the NBDs of P-gp operate in an alternating

drolysis of nucleotide to the drug binding domain(s). This cycle £2, 24, and this cooperativity may also extend to

transmissi_on of energy is most '“‘e'Y in the form of & aqylation of drug binding sites during a complete transport
conformational change leading to reorientation of the drug cycle.

binding site or its exposure to the opposite side of the . . .
membrane 8). It is well established that signals can be It is clear that in order to initiate transport of substrate by

transmitted between the transmembrane and NBD domains P-gp, the communication between the drug binding sites and

since many substrates of P-gp cause an increase in ATP‘the NBDs is very specific. There is a precise requirement
hydrolysis following their binding to the proteid{, 13, 1. for the triphosphate nucleotide to alter drug binding, but this

X X N T allosteric alteration is only targeted to a particular type of
However, little is known about communication in the : : X .
AT . drug, i.e., those that are transported. This requirement is
opposite direction; that is, how do the NBDs alter or change _ AL
L . o evidenced by the lack of effect of ATP-S on binding of
the drug-binding site to initiate transport? In the present . .
. . ) . . the nontransported modulator XR9576. XR9576 is a high-
manuscript, we provide the first evidence that nucleotide .. . . i
- . o .~ affinity modulator of P-gp that is not transported; however,
binding, prior to any hydrolysis, is able to cause a dramatic

. . ..~ it does bind at the same site as Hoechst 33342, which is a
c_hange in the properties of the transported substrate-blndlngtransport substrate of P-gg6). In addition, ATP hydrolysis
site. ) '

) _ . is completely and potently inhibited by XR957d2],

The vanadate-trapped intermediate form of P-gp is analo-ingjcating some communication between this drug and the
gous to the P-gid1g-ADP-P; complex and due to its stability,  ycleotide binding sites. Does this difference in effect of
allows investigation of.P-gp function |mmed|.ately aﬁgr ATP ATP-y-S on substrate versus modulator binding reveal any
hydrolysis €2, 39. This vanadate-trapped intermediate of echanistic details on P-gp? The simplest explanation is that
P-gp has previously been shown to display impaired pho- the NBDs do not transmit to the XR9576 binding site;
tolabeling by iodo-aryl-azido-prazosif)( By using quantita-  powever, this is unlikely sincprior trapping of the protein
tive radioligand binding techniques, we have demonstrated yith vanadate did reduce binding capacity for the modulator.
that the impaired binding of vinblastine and XR9576 is podulators such as XR9576 may prevent binding of nucle-
brought about by an apparent decrease in the number ofptige, or alternatively, occupancy of a binding site by
binding sites. Binding sites on many transport and receptor xrg576 renders it less sensitive to the allosteric actions of
proteins are known to exist in equilibrium between two pycleotide. The latter proposal is supported by the signifi-
conformations, a low- and a high-affinity forrd@, 4. The cantly slower dissociation rate for the XR957B-gp com-

reduced substrate and nontransported modulator bindingp|ex compared with that of the vinblastin®-gp complex
observed in vanadate-trapped P-gp may be due simply to anyescribed previouslylg).

occlusion of the high-affinity binding site, or possibly a
reorientation of this site to a low-affinity form following
nucleotide occupation of an NBD. Both of these switches

will manifest as apparent reductions in the number of drug is a switch in binding site characteristics from high to

b'”‘?'”g S_'te_s' ] . negligible or low affinity, thus enabling dissociation of

~ Dissociation of Pfrom P-gp following ATP hydrolysis  transported substrate. The results of this investigation show
in the catalytic cycle is proposed to provide the energy that the stimulus for altering conformation of the substrate-
required to mediate active transpo@3). Therefore, the  pinding site is the binding of nucleotide prior to its
altered binding characteristics of the vanadate-trapped P-gphydrolysis. Nucleotide binding-mediated initiation of function
intermediate indicate that a major change in the binding site js also characteristic of the,,—ATPase 47) and in the
occurs prior to free-energy release from the protein. Further movement of actin filaments in musclég). Molecular
evidence in favor of a binding site alteration prior t0 getails on the location of regions involved in communication
harnessing energy from hydrolysis is that binding of the non- petween binding sites and NBDs on P-gp are required to

hydrolyzable ATP analogue (ATP-S) causes a decrease completely unravel these complex interactions.

in the binding capacity of P-gp for the transported substrate

vinblastine. Since nucleotides bind to the NBR8,(39 and REFERENCES

transported substrates bind to the membrane spanning

domains 8, 42—44), this alteration in binding capacity is 1. Dalton, W. S, Grogan, T. M., Meltzer, P. S., Scheper, R. J.,
brought about by a noncompetitive or allosteric alteration (Dl%%%)?. (C:;ﬁ'nTao)ﬂgtr)’l CZ' L\{\i'é_'\ﬁ'gir' T. P., and Salmon, S. E.
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