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Multidrug resistance is characterized by the overexpression of P-
glycoprotein (Pgp), a 170-kDa glycoprotein coded by the MDR1 gene in humans.
Pgp actively extrudes chemotherapeutic agents and is related to swelling-
activated chloride currents (I,°). The goal of this research is to understand
the relationship between Pgp structure and function. Pgp topology was studied
in an in vitro system that generated truncated peptides of human MDRI and '
hamster pgpl Pgp, inserted into microsomal membranes. We conclude that the C-.
terminal half topologies of hamster pgpl and human MDRI Pgp are different from
the hydropathy-predicted model and from each other. Functional studies
examined Pgp’s role in I, ®. Using the whole-cell patch-clamp technique, we
have shown that the addition of anti-Pgp monoclonal antibody (Mab) C219 to the |
pipette solution blocks I® in cells expressing Pgp (BC19/3 and KB-V1 cells).,
Other anti-Pgp Mabs and mouse IgG had no effect on I.,°. C219 had no effect on.
cells without Pgp expression (MCF-7 and BALB/c-3T3 cells). We conclude that
Pgp has a regulatory role of I4°, probably by specific association with:
swelling-activated Cl- channels. |
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INTRODUCTION
Background and Significance

Treatment of breast and other cancers by chemotherapy has been
often unsuccessful because cancer cells are intrinsically resistant
or develop resistance to multiple chemotherapeutic agents (termed
multidrug resistance or MDR) (1,2). MDR is characterized by the
overexpression of P-glycoprotein (Pgp), a 170-kDa transmembrane
glycoprotein coded by the MDR1 gene in humans. Pgp has been
demonstrated to be an ATPase that actively extrudes various
unrelated cytotoxic drugs out of cells. A question arises as to how
Pgp can transport such a wide variety of substrates. Furthermore,
it has been recently reported that Pgp may also be associated with
volume-activated chloride channels (3,4). Since Pgp has such a
diversity of functions, gaining insight to the structure of Pgp may
offer insight into its functions. The goal of my research is to
study the structure and function of Pgp in order to gain an
understanding into the mechanism(s) of chemotherapy failure in
breast cancer and other malignancies.

I. Structure of P-glycoprotein

Based on amino acid sequence analysis, P-glycoprotein belongs
to the ATP-binding cassette (ABC) transporter superfamily, which
includes the cystic fibrosis transmembrane conductance regulator
(CFTR) (1,2). Hydropathy analysis of Pgp amino acid sequence
predicts 2 homologous halves with each containing six transmembrane
(TM) segments and a nucleotide-binding domain. However, alternate
topologies for both the N- and C-terminal halves of Pgp have been
reported (5-11).

Studies examining the N-terminal half of human MDR1, Chinese
hamster pgpl, and mouse mdrl Pgps have demonstrated a different
topology for each Pgp species using a Xenopus Oocyte expression
system (6,10), an in vitro translation system (7), and a bacterial
expression system (9), respectively. However, a similar model was
generated for the N-terminal half of Chinese hamster pgpl and mouse
mdrl Pgps when an in vitro system was used to study both Pgp
species (5,7). For the C-terminal half of Pgp, alternate membrane
topologies have been reported only for human MDR1I (6) and mouse
mdrl (5,12) Pgps and not Chinese hamster pgpl Pgp. For human MDR1
Pgp, Skach et al. (6) showed that TM8 and TM9 are not in the
membrane (Fig. 1) using both a Xenopus oocyte expression system and
in vitro translation system. In contrast, Bé&ja and Bibi (12)
redefined the borders for TM7 and TM8 based on studies expressing
the C-terminal half of mouse mdrl Pgp in a bacterial systemn.

We hypothesize that the generation of a particular topology
depends on the Pgp species and the system used to study the
topology. For the period September 1,1994 - August 31, 1995, we
focused our efforts on determining the topology of the C-terminal
half of Chinese hamster pgpl Pgp using an in vitro expression
system. Furthermore, we compared human and hamster C-terminal half

5




Pgp topology using the same in vitro expression system.
II. Function of P-Glycoprotein

P-Glycoprotein has been suggested to be a bifunctional protein
that can actively transport chemotherapeutic agents out of cells
and may play a role in volume-activated chloride currents (4). The
former has been well established (1,2), but the latter function is
controversial. Valverde et al. (3) and Gill et al. (4) proposed a
novel association between Pgp and swelling-activated Cl° channels
in two cell lines, NIH3T3 mouse fibroblasts and a lung epithelial
cell line, transfected with human MDR1 cDNA. However, other studies
did not confirm these conclusions, showing a lack of correlation
between Pgp expression and swelling-activated Cl1° currents (Ig')
(12-18).

We have demonstrated that Pgp expression is associated with I
in human breast cancer cells transfected with the human MDR1 cDNA
(BC19/3 cells). This association was found when the cells were
detached from the substratum. Interestingly, no difference in I
was found between drug-sensitive human breast cancer cells (MCF-7
cells) and multidrug-resistant BC19/3 cells when the cells were
substratum-attached. Also studies have shown that the degree of
cell swelling required for current activation may differ between
wild-type and Pgp-expressing cells (14,16). These observations
suggest a potential association between Pgp expression and Ig'. To
ascertain the specificity of the relationship between Pgp and I,
we tested the anti-Pgp monoclonal antibody €219 under the whole-
cell patch clamp configuration.




BODY OF ANNUAL REPORT
METHODS

I. Membrane topoloqgyv of human MDR1 Pgp and Chinese hamster pgpl
Pagp in microsomal membranes

I.1 cDNA constructs and in vitro transcription

cDNA fragments encoding the 6 putative transmembrane segments
of the C-terminal half of human MDR1 and hamster pgpl Pgp were
subcloned into pGEM-4z expression vector to generate pGHUPGP-C6 and
pGHaPGP-C6, respectively. Additional potential N-linked
glycosylation sites in pGHuPGP-C6 (amino acids 839 and 842) and
pGHaPGP-C6 (amino acids 836 and 839) were generated by site-
directed mutagenesis PCR technique. The wild type and mutant cDNA
template were then linearized with different restriction enzymes
and transcribed with SP6 polymerase in the presence of a cap analog
m'G(5')ppp(5')G. Following transcription, we removed the DNA
template with RQ1 DNase and purified the RNA transcripts.

I.2 Translation using a cell-free system

Translation of RNA transcripts was performed using the rabbit
reticulocyte translation system in the absence or presence of dog
pancreatic microsomal membranes (RM) as suggested by the supplier
(Promega) . Membrane (pellet) and soluble (supernatant) fractions
were separated by centrifugation at 4°C. To determine whether the
translated peptides were integrally-associated with the membrane,
the RM fraction was treated with Na,CO; (pH 11.7) to remove content
and peripherally-associated peptides. Experiments involving
protease digestion of membrane fractions was performed by
incubation of RM with proteinase K. The reaction was stopped by
addition of 10 mM phenylmethylsulfonyl fluoride (PMSF). The
membrane fraction was then microfuged and washed in STBS (in mM:
250 sucrose, 10 Tris-HCl, pH 7.5, 150 NaCl) containing PMSF. For
endoglycosidase treatment with PNGase F, samples were microfuged
and the pellet resuspended in a reaction buffer containing 50 mM
phosphate buffer (pH 7.6), 1.25% Nonidet P-40, 0.5% 2
mercaptoethanol, 2 mM PMSF, 1 unit PNGase F, and 0.2% SDS. The
reaction was incubated for 1 hr at 37°C and stopped by the addition
of electrophoresis sample buffer. For immunoprecipitation
reactions, samples were incubated with anti-Pgp polyclonal antibody
a-Pgp-L8 overnight at 4°C and then incubated with Protein A beads
for at least 2 hrs at room temperature. Following centrifugation,
the pellet was washed twice in a buffer containing 0.1% Triton X-
100, 0.02% SDS, 150 mM NaCl, 50 mM Tris-HCl, pH 7.4, 5 mM EDTA, and
10 mM PMSF. All samples were analyzed by SDS-PAGE and fluorography.

II. Functional analysis of human MDR1 Pgp by whole-cell patch
clamp technique




II.1 Cells

Four different cell types were used in this report: (1) MCF-7
cells, human breast cancer cell line, (2) BC19/3 cells, MCF-7 cells
transfected with the human MDR1 cDNA, (3) BALB/c-3T3 cells, mouse
fibroblast cell line, and (4) KB-V1 cells, a nultidrug-resistant
HeLa cell line. Cells were plated on coverslips 1 day prior to the
experiment in the absence of chemotherapeutic agents.

II.2 Electrophysiology

To achieve whole-cell patch-clamp configuration, pipettes with
resistances of 4-7 MN were used to obtain gigaohm seals, which were
ruptured by additional negative pressure. Steady-state currents
were measured at various voltages (-80 to +80 in 20 mV steps), 40
ms after the start of the voltage pulse. Bath and pipette solution
composition were as follows (in mM): NMDG-Cl pipette (280
mosmol/kg)~ 140 N-methyl-D-glucamine chloride (NMDGCL), 1.2 MgCl,,
1 EGTA, 10 HEPES, 2 ATP, 0.5 GTP; Bath isosmotic (280 mosmol/kg)-
140 NMDGCL, 1.3 cCaCl,, 0.5 MgCl,, 10 HEPES, 8 glucose; Bath
hyposmotic (220 mosmol/kg)- 105 NMDGCL, 1.3 cacCl,, 0.5 MgCl,, 10
HEPES, 8 glucose; All solutions were titrated to pH 7.4 and
filtered.

II.3 Unidirectional efflux of Rhodamine 123

Cells were loaded with 1 or 10 uM rhodamine 123 (R123) in a
HEPES-buffered solution (HBS) at room temperature for 1 hr and then
mounted on a fluorescence microscope. Cells were superfused with
HBS without R123 and a decay in the fluorescence signal was
measured. The efflux rate constant (k) was determined from the best
simple-exponential fit to the data.

I1.4 Immunofluorescence

Cells were fixed and permeabilized in cold acetone at -20°C
followed by air drying. After incubation in a blocking solution
(1:10 mouse serum in PBS/BSA solution), cells were incubated with
1 pug/ml FITC-labeled €219 for 2 hrs at room temperature. After
washing in PBS solution, cells were visualized by confocal
microscopy.

II.5 Western blot analysis

Western blots were done with membranes prepared by
differential centrifugation, as previously described (ref.*).
Membrane proteins were subjected to SDS-PAGE and transferred to a
PVDF membrane. The membranes were blocked with 10% non-fat dry milk
in Tris-buffered saline (TBS) and incubated with 1 ug/ml of one of
the following anti-Pgp monoclonal antibodies (Mabs): C219, C494, or
JSB-1. Incubation for 2 hrs in TBS containing 1% non-fat dry milk
and 0.1% Tween 20. The secondary antibody was a horseradish




peroxidase-sheep anti-mouse IgG (1/2500 dilution for 1 hr). After
incubation with each antibody, membranes were subjected to three
10-min washes with TBS. Detection was by enhanced
chemiluminescence. Membranes were stripped following the protocol
from Amersham. Before reprobing, the membranes were analyzed by ECL
using secondary antibody alone.

RESULTS

I. Topological analysis of Pgp

I.1 The C-terminal half of Chinese hamster pgpl Pgp is
glycosylated in microsomal membranes

A CcDNA construct encoding the 6 putative transmembrane
segments (TMs) of the C-terminal half of hamster pgpl Pgp (pGHaPGP-
c6) was used to synthesize RNA transcripts in vitro (Fig. 1). We
then used the rabbit reticulocyte lysate (RRL) translation system
supplemented with dog pancreatic microsomes (RM) to generate
peptides from the in vitro synthesized RNA transcripts.

Figure 1. A. Topological models
of Pgp. Model I was proposed
from previous studies on
hydropathy analysis of Pgp
protein sequence (19) Model II

A Hy
QQ@¥F ﬂﬁ was based on studies from mouse
{ 5 mdrl Pgp (5) and this current
A report on hamster pgpl Pgp.
e Model III represents human MDRI1
o
RNA transcripts derived from C-
terminal half hamster pgpl Pgp

i% Pgp as proposed by Skach et al.
- . ' (pGHaPHP-C6) and human MDR1 Pgp
. ¢DNA construct (pGHuPGP-C6).
c Transcripts were named
N 5 <§

—

(6). B. Schematic diagram of
according to the template cDNA
construct followed Dby the

B restriction enzyme wused to

linearize the cDNA. Putative

. ‘s Xbat transmembrane segments are

pGHaPGP-C6/Xbal e ] represented by solid bars, and

TMTTHE MO TR0 TR nonhydrophobic sequences are

‘e avan shown as open bars. Potential

pGHuPGP-C6/Avall T T T glycosylation sequences are
TM?  TM®  TMY TMI0 TMII TMI2

represented by branched

symbols, where as the asterisk
represents point mutations in

which new potential
glycosylation sites were
generated.




The pGHaPGP-C6/Xbal transcript encodes the 6 TM segments of the C-
terminal half hamster pgpl Pgp with a predicted molecular mass of
53 kDa. In the absence of RM, translation of pGHaPGP-C6/Xbal
transcript resulted in a 48-kDa protein product (Fig. 2). The
discrepancy in molecular weight between predicted and experimental
results was due to anomalous mobility on SDS-PAGE and not due to
premature termination or internal initiation of translation (data
not shown). However in the presence of RM, 48- and 53-kDa bands
were generated (Fig. 2).

Figure 2. Glycosylation of the
C-terminal half of hamster pgpl
Pgp in microsomal membranes.

RM - + PS+ + PP Translation of pGHaPGP-C6/Xbal
using rabbit reticulocyte

PNGaseF - - - - - - -+ lysate translation system in
pHIL? - - - - P S - - the absence (lane 1) or
e presence (lane 2) of dog

300 — il pancreatic microsomal membrane
(RM). The 53-kDa band in the

97 — presence of RM represents N-

linked glycosylation of the 48-
kDa product as confirmed by
treatment of RM with the

i endoglycosidase PNGase F
s— g8 § e 3y ;
w g ;

68 —

- (lanes 7 and 8). The 48- and
# N 53-kDa products were associated
: ‘ with the membrane fraction
after centrifugation (lanes 3
and 4) and integrally-
. associated with RM as
1§ — demonstrated by Na,CO;, pH 11.7
treatment (lanes 5 and 6). P
1 23456 7 8 and S denote pellet and
supernatant fractions,

respectively.

[
&
L

[l

Treatment with PNGase F, an endoglycosidase which removes N-linked
oligosaccharides, shifted the 53-kDa protein product to 48 kDa
(Fig. 2), indicating that the 53-kDa peptide was the glycosylated
form of the 48-kDa peptide.

To further characterize the interaction of the nascent
peptides with the microsomal membrane, we did several experiments.
First, centrifugation separated the translation products into a
membrane (pellet) and nonmembrane (supernatant) fraction. Both the
48- and 53-kDa peptides associated with the membrane fraction (Fig.
2). Treatment of the membrane fraction with Na,CO; (pH 11.7), which
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releases content and peripheral proteins from RM vesicles (20),
demonstrated that both proteins were integrally-associated with the
microsomal membranes (Fig. 2). These results demonstrate that the
C-terminal half of hamster pgpl Pgp is a glycosylated, integrally-
associated membrane protein. This implies that an alternate
topology for the C-terminal half must exist because the hydropathy-
generated model does not predict a glycosylated protein product
(see Fig. 1).

I.2 Glycosylation of the C-terminal half of hamster pgpl Pgp
is at the loop linking predicted TM8 and TM9.

Based on studies by Zhang and Ling (5) on mouse mdrl Pgp and
by Skach et al. (6) on human MDR1 Pgp, we predicted that the most
likely site of N-linked glycosylation occurred at the loop linking
predicted TM8 and TM9. We tested this hypothesis by translating
pGHaPGP-C6/Xbal transcript in the presence of RM and then exposing
the microsomal membranes to proteinase K or proteinase K followed
by PNGase F treatment. We would predict the presence of a =15-kDa
protease-protected peptide that represents the amino acids from TM7
to TM9 of Pgp. Fig. 3 shows 14- and 17-kDa bands that are protected
from protease digestion.

Figure 3. Glycosylation of the

loop 1linking putative TM8 and

TM9 in C-terminal half of
PNGase F -+ -+ -+ hamster pgpl Pgp. Proteinase K
digestion of RM (lane 1)
resulted in the presence of 14-
and 17-kDa bands. The 17-kDa
protein product represented a
glycosylated form of the 14-kDa
product as demonstrated by a
shift in molecular weight after
PNGase F treatment (lane 1 vs.
2). These protease-protected

18 —

bands could also be
immunoprecipitated by a
1 2 3 4 5 6 polyclonal antibody (a-Pgp-L8)

generated against a peptide
corresponding to the loop
linking putative TM8 and TM9
(lanes 3 and 4), but not by
preimmune serum (lanes 5 and
6).

Proteinase K digestion in the presence of 1% Triton X-100, which
permeabilizes RM, resulted in no protected bands (data not shown).
Exposure of the protease-protected peptides to PNGase F shifted the
17-kDa band to 14 kDa (Fig. 3), suggesting that the 17-kDa band was
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glycosylated. Both the 14-kDa band and the glycosylated 17-kDa band
represent the amino acids from TM7 to TM9, because both bands could
be immunoprecipitated with a polyclonal antibody (a-Pgp-L18)
generated against the loop between TM8 and TM9 of hamster pgpl Pgp
(Fig. 3). The results imply that TM8 is not in the membrane as
predicted and that the loop between TM7 and TM8 and the loop
connecting TM8 and TM9 are extracellular in orientation.

1.3 Hamster pgpl Pgp and human MDR1 Pgp have different
alternate topologies in microsomal membranes

Various topological models have been postulated for Pgp. These
variations may be due to different protein expression systems that
were used to study the topology or the particular species of Pgp
used. We wanted to determine whether the sequence differences
between species confers a particular topology. The C-terminal half
of hamster pgpl and human MDR1 Pgp were directly compared using the
rabbit reticulocyte lysate translation system in the presence of
dog pancreatic microsomal membranes. Assuming that hamster and
human Pgp had similar topologies, proteinase K digestion of RM was
predicted to generate protease-protected peptides of similar
molecular weight for both hamster and human species. Protease
digestion of RM with hamster C-terminal half Pgp resulted in 14-
and 17-kDa bands as noted previously. However, 20- and 23-kDa
protein products were generated after protease digestion of RM with
C-terminal half of human Pgp (Fig. 4).

Figure 4. C-terminal half topology
of hamster pgpl Pgp 1is different

PNGase F - + - + from human MDR1 Pgp. Proteinase K
‘ digestion of hamster C-terminal half
29 — Pgp resulted in 14- and 17-kDa bands

(lanes 1 and 2). The estimated size

- of the 14-kDa band correlated well
with the calculated molecular weight
of a peptide consisting of the amino
acids from putative TM7 to TM9. In
contrast 20- and 23-kDa protein
products ({lanes 3 and 4) were
generated after protease digestion
of human C-terminal half Pgp. The
20-kDa band corresponds closely to
the calculated molecular weight of
a peptide derived from amino acids
from putative TM7 to TM10.

18 —

The 20-kDa band corresponded to the calculated molecular weight of
a peptide derived from amino acids from putative TM7 to TM10. This
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result suggests that hamster and human C-terminal half topology are
different from each other when expressed in the rabbit reticulocyte
lysate translation system.

II. Functional analysis of Pgp

I1.1 Plasma-membrane expression and transport function of Pgp
in human breast cancer and other cell lines.

We did the following experiments to assess Pgp expression in
several cell types: immunoblots of membrane preparations,
immunofluorescence studies and Rhodamine 123 (R123) efflux
experiments. Western blot analysis in human breast cancer cells
showed an immunoreactive band of =170 kDa with Mab C219 in BC19/3,
but not in MCF-7 cells (Fig. 5). Similar results were obtained with
two other anti-Pgp antibodies, €494 and JSB-1. Western blots of
membranes of KB-V1 cells with €219 showed Pgp expression, while
membranes of BALB/c-3T3 cells did not. For immunofluorescence
studies, BC19/3 cells showed surface immunoreactivity, whereas MCF-
7 cells were negative (Fig. 5).

A c219
1 2 3 4

Figure 5. Western blot analysis
and immunofluorescence studies.
A. Western blot analysis of
cell membrane proteins of
BC19/3 (lane 1, 25 ug), MCF-7
(lane 2, 200 ug), BALB/c-3T3
(lane 3, 200 ug), and KB-V1
cells (lane 4, 10 pg) with C219
antibody. B. Western Dblot
analysis of cell-membrane
proteins of MCF-7 (lane 1, 100
pg) and BC19/3 cells (lane 2,
100 pg) with C494 or JSB-1
o antibodies. A western blot was
e — 69 first carried out with C494,
the membrane was then stripped
— 46 and reprobed with JsB-1. C.
C Immunofluorescence studies of
MCF-7 BC19/3 Pgp expression with FITC-
. labeled €219 in MCF-7 and
BC19/3 cells. Bars denote 10
pm.

200 .
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To test for functional expression of Pgp in these cell llnes, we
determined the unidirectional efflux of R123. Fig. 6B summarizes
the efflux rate constants. Sizeable R123 efflux rate constants were
found only in BC19/3 and KB-V1 cells.

A

10 MCF -7
Figure 6. Unidirectional
. efflux of rhodamine 123
Yot (R123). A. Typical time
u BC19/3 courses of decay in
intracellular R123
- fluorescence in MCF-7 and
0.0 ) . BC19/3 cells, loaded 1 h
0 s 10 15 with 1 and 10 M R123,
time (min) respectively. single-
R exponential fits are
- - superimposed on the data.
5 SiCS%S_m B. R123-efflux rate
0.08 ¥Zike-vi constants in MCF-7,

BC19/3, BALB/c-3T3 and
KB-V1 cells, calculated
from single exponential
fits.

0.04

k (min_’)

0.00

II.2 Mab C219 prevents I, only in Pgp-expressing cells.

To examine the possible association between Pgp and I, we
tested the anti-Pgp Mab €219 under whole-cell patch clamp
conditions. C219 has a cytoplasmic epitope on Pgp. Addition of 10
or 50 ug/ml C219 (flnal concentration) to the pipette solution
virtually blocked I.* in BC19/3 cells and had no effect on MCF-7
cells (Fig. 7A). This result suggests a specific relationship
between Pgp and Iav To strengthen this conclusion, we tested (1)
the effects of other immunoglobulins on Ig* in BC19/3 cells and (2)
the effects of €219 on I in other cells, with or without Pgp
expre551on.

Fig. 7B shows the other immunoglobulins tested. F,, fragments
of €219 had similar effects as the whole C219 molecule. This rules
out the possibility that the €219 effect is mediated by the F,
portion of the 1mmunoglobu11n. When a peptide analog of the C219
epitope (P15) was added in 100-fold molar excess along with c219,
the €219 effect was abolished. P15 alone had no effect on I (data
not shown). The addition of mouse IgG or other anti-Pgp antibodies
with cytoplasmic epitopes (C494 or JSB-1) also had no effect on I

14




These results show that the effect of €219 is not a result of
nonspecific interactions of immunoglobulins within the cell.

lhypo (NA)

cells,

0.7

0.0

i

" CONTROL

1

=

[ Jm™McF-7
BC19/3

u%—

C219

CTRL €219 C219

F

ab

+P15

IgG C494

Figure 7. A. Effect of
Mab €219 on I’ in BC19/3
cells. Data shown are I/
values at vm -80 and 80
nv, pipette solution:
NMDG-Cl, bath solution:
NMDG-C1 (HYPO). Control
(no Mab): MCF-7, n=s;
BC19/3, n=7; C219 (10 or
S0 ug/ml added to pipette
solution): MCF-7 and
BC19/3 cells, n=5. The

difference between
control and c219 in
BC19/3 cells was

statistically
significant. B. Effects
of antibodies on I’ in
BC19/3 cells. I, was
measured at vm = 80 mV,
in hyposmotic NMDG-C1

-solution, under control

conditions (n=14) and in
the conditions defined
under the bars (C219 Fab
fragments, C219 plus P15,
mouse IgG, or C494 added

to pipette solution;
number of experiments:
3,6, 4, and 3,

respectively). Currents
in the presence of C219
Fab fragments were
significantly different
from control (P < 0.05
vs. control experiments
carried out the same
days); other results were
not significantly
different from the
respective controls.

Mab C219 was also tested in other cells that display I.*, with
or without Pgp expression. Fig. 8 shows the I.* of BALB/c-3T3 and
KB-V1l cells and the effect of C219.
solution generated similar current characteristics in the two

15

Challenge by hyposmotic bath

and differed from those in MCF-7 and BC19/3 cells in that




there was virtually no inactivation at positive membrane voltages.
However, addition of the Mab €219 to the pipette solution had no
effect on I* in BALB/c-3T3 cells, but prevented activation in KB-V1
cells. These results indicate that the €219 effect occurs in cells
expressing Pgp in the plasma membrane.

Figure 8. Effects of C219

A CONTROL on I, in BALB/c-3T3 and
KB-V1l cells. A. Whole-

BALB/c~-3T3 cell currents and

I (nA) current-voltage

2 relationship in BALB/c-
IS0+ memme—rt— Pl 373 and KB-V1 cells. B.
S Effects of C219 on I
HYPO ﬁﬁﬂﬂﬁﬂy&m%&y(mw were measured at vm = 80
o mV (positive bars) and at

2nA e Vvm = =-80 mV (negative
_2 bars). BALB/c-3T3 cells:
control, n = 5; C219, n =

KB-V1 4. KB-V1l cells: control

I (nA) and C219, n = 3. C219 (10

SO ——————b— e HYPO pg/ml) reduced I
4 significantly in KB-V1

o cells, but had no effect
HYPO ISBO_O‘O_,Q:'W%OOV (mV) on ICls in BALB/C"3T3

o cells.
2nA v

15 ms -4

i

B c219

[ CONTROL
w4 C219

—~

wypo (NA

BALB/c— KB-V1
3713




CONCLUSIONS

This report shows that the C-terminal half of hamster pgpl Pgp
has a topology different from the hydropathy-predicted model.
Interestingly, this topology also differs from human MDR1 Pgp
topology. The difference between human and hamster C- -terminal half
Pgp topology was not due to using different expression systems.
Instead, the different topologies resulted most 1likely from
differences in the amino acid composition between human and hamster
Pgp. It would be interesting to pursue the exact determinants that
regulate Pgp topology. This information would be valuable in terms
of "locking" Pgp into a particular topology and allow1ng functional
analysis of the identified topology (as proposed in Task 2 in
Statement of Work).

The effect of C219 on swelling-activated chloride currents in
Pgp-expressing cells has provided evidence for a specific
association between Pgp and swelling-activated chloride currents.
However, this conclusion does not prove that Pgp is (a) a chloride
channel itself or (b) a regulator of endogenous chloride channels.
With the result of the €219 effect, one can assess the ion
transport function of Pgp with €219 by the whole-cell patch clamp
technique as proposed in task 2 in Statement of Work. For example,
once single conformations of Pgp can be generated, the ion
transport function of Pgp can be analyzed from the effect of C219.
Furthermore, the ability of €219 to affect ion transport function
suggests the possibility of using other site-specific antibodies
(generated to a particular region of Pgp) to understand Pgp
structure/function. For example we showed in this report that an
alternate topology may exist in which the loop between TM8 and TM9
was shown to be extracellular. An antibody generated against the
loop between TM8 and TM9 (see Fig. 1) could be tested for effects
on ion transport function when added to the extracellular solution
(assuming the alternate topology existed).
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