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vated chloride channel based on the observation that
Microinjecton of Xenopus oocytes with P-glycopro- expression of the protein in both NIH/3T3 fibroblasts

tein-containing membranes from multidrug resistant and lung epithelial cells permanently transfected
cells following a recently published procedure re- with the human multidrug resistance cDNA, con-
sulted in the transplantation of the protein to the ferred on the cells the capability to respond to hypo-plasma membrane of the oocytes and was confirmed by

tonic stress. The association of Pgp with increasedWestern blot analysis. These oocytes showed a reduced
sensitivity to swelling-activated chloride currentsintracellular accumulation of daunomycin, when com-
has also been supported by Altenberg et al. (5) work-pared to uninjected oocytes or to those injected with
ing on multidrug resistant human cancer cells, andmembrane vesicles lacking P-glycoprotein, thus indi-
different investigators further addressed the rela-cating that the protein had been incorporated in a
tionships between the transporter and chloride chan-transport-competent form. On the other hand, trans-
nel activities of Pgp by studying either the pre-plantation of P-glycoprotein to the oocyte membrane
venting effect of transportable drugs on channel acti-did not significantly change either the appearance or

the properties of swelling-elicited membrane conduc- vation (6-8) or the inhibition of drug efflux by cell
tance with respect to those determined in oocytes ei- swelling (9).
ther uninjected or injected with membranes lacking In contrast to the above hypothesis, there is an
P-glycoprotein. These results do not support a role for emerging body of evidence supporting a lack of correla-
P-glycoprotein as a swelling-activated chloride chan- tion between expression of Pgp and swelling-activated
nel. q 1997 Academic Press chloride channel activities. For example, Rasola et al.

(10) conclude that the size of the swelling-induced chlo-
ride current in four epithelial cell lines, is the same
as that obtained in their drug-resistant counterpartsThe plasma membrane P-glycoprotein (Pgp), a
expressing Pgp. Similarly, no relationship between vol-member of the ATP binding cassette (ABC) trans-
ume-activated chloride currents and Pgp expressionporter proteins, is thought to actively extrude a broad
has been found in other cellular systems (11-17), indi-range of hydrophobic drugs (1) and represents the
cating that the association between them, if any, mustmost consistent molecular alteration associated with
be complex. Actually, the controversy focuses on thethe acquisition of the multidrug resistance pheno-
proposed role for Pgp as a regulator of chloride currentstype (reviewed in Refs. 2-3). Valverde et al. (4) have
activated by swelling (7, 18-22), taking into account theproposed that Pgp might also act as a volume-acti-
limited knowledge we currently have concerning the
transduction mechanism by which cell swelling acti-

1 Corresponding author. Fax: international access code /34-6- vates ionic conductances.
5903896. In the present study, we have incorporated a fullyAbbreviations: Pgp, P-glycoprotein; Pgp/-oocytes, oocytes microin-

processed form of the membrane-bound protein Pgpjected with membrane vesicles containing Pgp; control oocytes, oo-
cytes injected with membrane vesicles lacking Pgp; NR and HR-45, into the plasma membrane of Xenopus oocytes using
normal Ringer solution (220 mosm) and hypoosmotic Ringer solution a recently described procedure (23-24), to analyze the
(95 mosm) in which NaCl concentration was 115 and 45 mM, respec- association between its expression and swelling-acti-tively; DNM, daunomycin; MF, microsomal membrane fraction; P1,

vated Pgp-chloride conductances. The Xenopus oocyteinsoluble fraction obtained after treatment of MF with sodium cho-
late. system has been selected because of its well character-
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ized endogenous swelling-induced conductances (25-
27), which allows discrimination between de novo ionic
conductances resulting from transplantation of foreign
proteins and background native currents. Preliminary
results have been reported elsewhere (28).

MATERIALS AND METHODS

Membrane preparation. Microsomal membrane fractions (MF)
from a murine L1210 cell line lacking Pgp and from a 150-fold
daunomycin (DNM) resistant stable subline overexpressing Pgp
(29), were obtained according to the procedure described by Es-
criba et al. (30). MF were treated with detergent or frozen under
liquid nitrogen until use.

Preparation of Pgp-enriched membranes. To increase the relative
content of Pgp in the membranes from DNM-resistant L1210 cells,
MF containing 10 mg/ml of protein in 10 mM HEPES, pH 7.4, 140
mM KCl, 5 mM MgCl2, 1 mM DTT 3 mM NaN3 were incubated with
the detergent sodium cholate at a protein:detergent ratio of 1:10
(w:w) during 30 min at 47C. Upon centrifugation (200.000 g 1 20
min), Pgp remained mostly associated to the insoluble fraction (P1) FIG. 1. P-glycoprotein in membrane fractions. Proteins resolved
as demonstrated by Western analysis (see below). As control, a simi- on 7.5 % SDS-polyacrylamide gel electrophoresis were analyzed by
lar procedure was carried out to obtain the corresponding P1 fraction immunoblotting with the anti-Pgp monoclonal antibody C219. Lane
from L1210 cells lacking Pgp. Protein concentration was determined 1, MF from DNM-sensitive L1210 cells; lane 2, MF from DNM-resis-
using the method of Bradford (31). tant L1210 cells; lanes 3 and 4, insoluble (P1) and soluble fractions,

respectively, of cholate-treated MF from resistant cells. Lanes 1-4Western analysis of Pgp. The presence of Pgp in MF and fractions
contain 5 mg. The position of Pgp is denoted by an arrow. Molecularderived from sodium cholate treatment, was analyzed by resolving
mass markers (in kDa) are shown to the right.the protein component of the different samples on SDS-containing

7.5 % polyacrylamide gels followed by electroblotting to nitrocellu-
lose. Immunodetection of Pgp was achieved using the monoclonal
antibody C219 (32) (Centocor Diagnostics) and then with goat anti-

recording and 3 M potassium acetate for current injection. Duringmouse antibody conjugated to alkaline phosphatase, which allows
recordings, oocyte membrane potential was held at 0100 mV. Todetection of 10-50 pg of antigen (33).
estimate the current to voltage (I/V) relationships, voltage pulses of

Oocyte preparation and microinjection. Oocyte preparation and 800 ms duration to 060,020, /10, /40 and /80 mV were given
microinjection was carried out as previously described (24). Briefly, while superfusing the cell at a rate of 3-9 ml/min with NR (220 mosm)
oocytes were isolated and kept at 15-167C in sterile modified Barth’s or hypoosmotic Ringer’s solution (HR-45; 95 mosm, in which the
solution (10 mM HEPES pH 7.4, 88 mM NaCl, 1 mM KCl, 0.33 mM NaCl concentration was reduced from 115 mM to 45 mM). Membrane
Ca(NO3)2, 0.41 mM CaCl2, 0.82 mM MgSO4, 2.40 mM NaHCO3), currents were low-pass filtered at 500 Hz and simultaneously re-
supplemented either with gentamicin 0.1 mg/ml or penicillin 100 corded on a chart recorder and PC-computer after sampling at twice
IU/ml and streptomycin 0.1 mg/ml. After harvesting, oocytes were the filter frequency using the VCAN package supplied by J. Dempster
treated with collagenase (0.5 mg/ml, during 50-60 minutes at room (University of Strathclyde, UK). Net swelling activated currents were
temperature) and the next day, healthy oocytes were microinjected calculated by subtracting the records obtained at different potentials
with 100 nl of fresh or thawed MF or P1 samples from cells lacking in HR-45 and NR solutions.
Pgp (control oocytes) or Pgp-expressing cells (Pgp/-oocytes).

Statistical analysis. Data shown are mean { S.E.M. Differences
Oocyte membrane isolation. Plasma membranes from either un- between groups were determined by analysis of variance and the

injected or injected oocytes were manually isolated following a proce- group means compared by the Student-Newman-Keuls test. The Stu-
dure by Sadler and Maller (34), which precludes any possible contam- dentś t and Z-tests were used when two group means or proportions,
ination of the oocyte membrane with Pgp arising from the injected respectively, were compared. Differences were considered significant
vesicles. Presence of Pgp in the isolated membranes was detected by when p was less than 0.05.
Western immunoblots 24 h after microinjection.

[3H]DNM accumulation. One day following injection, the intraoo- RESULTS
cyte level of DNM was determined by incubating duplicate groups
of 10 oocytes with 1 mCi [3H]DNM (Dupont, NEN Products) plus Pgp-enrichment of membrane vesicles. MF fromunlabeled DNM to obtain a final drug concentration of 0.6 mM, for

DNM-resistant L1210 cells overexpressing Pgp (Fig. 1,60-90 min (time reported as appropriate to analyze drug accumula-
tion in the oocytes (9)), at 257C in normal Ringer (NR) buffer: 5 mM lane 2, arrow) was the starting material employed as
HEPES pH 7.0, 115 mM NaCl, 2 mM KCl and 1.8 mM CaCl2. Upon the vesicular vehicle used to incorporate Pgp into the
removing the extracellular medium, the cells were solubilized with plasma membrane of Xenopus oocytes. Incubation of
2 % SDS and counted in 5 ml of Beckman scintillant.

Pgp-containing MF with sodium cholate proceeded
Electrophysiological recordings. Oocytes were placed in a small with solubilization of 73 { 2 % (n Å 13) of the total

chamber (150 ml full volume) and membrane currents were recorded protein of the membranes. Western immunoblotsat room temperature (20-257C) for 12 to 36 h after injection by using
showed that Pgp was mostly associated with the re-a high compliance two-electrode voltage-clamp system. Intracellular

electrodes (1-4 MV resistance) were filled with 3 M KCl for voltage maining insoluble fraction (P1; Fig. 1, lane 3) therefore
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FIG. 2. Immunodetection of Pgp in the oocyte membranes. The
protein component of manually excised plasma membrane (34) was
resolved and analyzed for Pgp as in Fig. 1. Lane 1, membranes from
20 uninjected oocytes. Lane 2, membranes from 20 Pgp/-oocytes in-
jected with the P1 fraction. Total protein in each lane was 80 mg.

indicating that Pgp content in P1 was increased about
4-fold with respect to MF.

Functional incorporation of Pgp into the oocyte mem-
branes. One day after microinjection of collagenase-
treated oocytes with Pgp-containing vesicles (Pgp/-oo-

FIG. 3. Native membrane currents elicited by hypotonic mediumcytes), incorporation of Pgp into the oocyte plasma
(HR-45) in collagenase treated oocytes. (A) Lack of response to HR-membrane was confirmed by Western immunoblot.
45 observed in 84 % of the oocytes 48 h after collagenase treatment.While uninjected oocyte membranes showed undetect- Traces represent currents elicited when stepping the membrane po-

able levels of Pgp (Fig. 2, lane 1), presence of the protein tential from 0100 mV to 060, 020, /10, /40, and / 80 mV. (B)
displaying an apparent molecular mass close to 170 Representative swelling response of the remaining cells when chal-

lenged by HR-45, which fully reversed when returned to NR solutionkDa (Fig. 2, lane 2), was clearly detected in membranes
(NR post). Note the current inactivation at positive potentials. Thefrom Pgp/-oocytes. The prominent protein band which
baseline current at 0100 mV has been shifted arbitrarily in HR-45appears between the 116-97 kDa molecular mass mark- recordings. (C) I/V relationship for oocytes shown in A (hollow sym-

ers in both uninjected and Pgp/-oocytes, is likely due bol) and B (filled symbol). The net swelling-activated current was
obtained by averaging the currents in NR and NR-post and sub-to the unspecificity of C219 which has been reported
tracting, at each potential, from HR-45. Note the outward rectifica-as crossreacting with different proteins (18).
tion and the reversal potential close to 050 mV. Upward deflectionsThe transport activity of the transplanted Pgp was
represent outward currents.

determined incubating injected oocytes with DNM, a
Pgp transportable substrate, and subsequent analysis

of the differences in intracellular accumulation of the
drug between control and Pgp/-oocytes (Table I). OurTABLE I
results indicated that while accumulation of DNM inAccumulation of DNM in Oocytes Injected
uninjected (968 { 110 fmol/oocyte; n Å 9) and controlwith Different Membrane Fractions
oocytes (859 { 67 fmol/oocyte; n Å 15) was indistin-
guishable (pú0.05), Pgp/-oocytes accumulated signifi-Difference in DNM
cantly less DNM (põ0.05, Anova) than the previous

Injected sample Accumulationa Exported DNM (%)b
two groups (640 { 64 fmol/oocyte; n Å 13). Interesting,
a more detailed analysis considering two Pgp/-oocytesMF 111 { 12 (n Å 4)* 19 { 3 (n Å 4)
groups, injected with MF or with P1, indicated that theP1 190 { 22 (n Å 9)*,# 23 { 4 (n Å 9)
difference in DNM accumulation between control and

a Difference in DNM accumulation between control oocytes (A) and Pgp/-oocytes significantly increased from 111 to 190
Pgp/-oocytes (B) expressed as fmol of DNM per oocyte { S.E.M. The fmol/oocyte as the amount of injected Pgp increased
number of experiments is given in parentheses. from MF to P1 (Table I). Taking into account that theb Exported DNM measured as [(A-B)/A] 1 100 { S.E.M.

permeability of the oocytes to DNM remains appar-* p õ 0.01 between control and Pgp/-oocyte groups (paired t-test).
# p õ 0.05 between Pgp/-oocyte groups (t-test). ently unaffected by the microinjection (uninjected and
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TABLE II

Relative Occurrence and Properties of the Swelling-Evoked Currents in Uninjected, Control, and Pgp/-Oocytes

Occurrence Amplitudea Reversal potentialb ta

% nA mV ms

Uninjected c 16 (8 out of 50) 1019 { 303 (n Å 8) 052 { 4 (n Å 8) 310 { 34 (n Å 8)
Injected c Control (MF / P1)d 12 (5 out of 40) 865 { 327 (n Å 5) 041 { 4 (n Å 4) 473 { 77 (n Å 5)

Pgp/-cells MF 8 (10 out of 120) 742 { 207 (n Å 10) 051 { 3 (n Å 8) 442 { 79 (n Å 10)
P1 4 (2 out of 57) 788 { 253 (n Å 2) 051 { 0 (n Å 2) 217 { 51 (n Å 2)

a Current amplitude and current time inactivation constant (t) measured at /80 mV.
b The reversal potential was only determined in those cells in which all the voltage pulses were given.
c Values reported in the table show no significant differences (p ú 0.05) between uininjected and injected oocytes.
d Control cells injected with MF or P1 show no significant differences (p ú 0.05) and were pooled.

control cells accumulated indistinguishable amounts dogenous swelling current in oocytes (26), which has
been recently termed IClswell(1) or ICl(osm) (27).of the drug), the previous differences in accumulation

indicate the ocurrence of a drug efflux responsible for Taking advantage of the infrequent and well
characterized endogenous swelling-activated conduc-the export of 19 % and 23 % of DNM in the Pgp/-

oocytes injected with MF and P1, respectively (Table tance in our collagenase-treated oocytes, we studied
under identical conditions, the response of the Pgp/-I). Together with this, the fairly consistent reduced ac-

cumulation of DNM in the Pgp/-oocytes regardless of oocytes to hypotonicity. Our results indicate that the
presence of Pgp in the oocyte membrane did not sig-the microinjection with either MF (67 %; 4 out of 6

experiments) or P1 (60 %; 9 out of 15), strongly supports nificantly affect (p ú 0.05) the appearance of the
swelling-activated ion currents with respect to unin-functional transplantation of Pgp to the oocyte mem-

brane. jected or control cells (Table II). Fig. 4A shows the
lack of response exhibited by most of Pgp/-oocytesSwelling membrane conductances of the injected oo- (93 %) to hypotonic conditions. Only 12 out of 177cytes. The functional transplantation of Pgp to the oocytes (considering 10 injected with MF plus 2 in-plasma membrane of the oocytes having been con- jected with P1, Table II), displayed a swelling-evokedfirmed, we attempted to evoke swelling-activated cur- conductance with similar characteristics (Fig. 4B andrents in these cells to test whether Pgp represents an 4C) to those previously observed in uninjected oo-osmo-dependent chloride channel. To discriminate be- cytes (Fig. 3B and 3C). Table II summarizes the prop-tween endogenous swelling-activated chloride chan- erties of osmo-dependent swelling currents in unin-nels in oocytes (25-27) and the putative chloride con- jected and injected oocytes with different membraneductance associated with Pgp (4, 6-7), we first charac- fractions. As stated in Table II, the characteristics ofterized the currents elicited in collagenase-treated the swelling-elicited conductances were similar be-oocytes when challenged by hypotonic stress. Fig. 3A tween uninjected, control and Pgp/-oocytes with noshows that upon exposure to HR-45, most defollicu- significant differences between all the three groupslated oocytes were unresponsive to swelling. Only in 8 (p ú 0.05).out of 50 oocytes (16 %) (Table II), could a swelling

conductance be activated within 2-3 min of hypotonic
DISCUSSIONexposure and was fully reversed upon returning to iso-

tonic conditions (Fig. 3B). The swelling-elicited conduc-
tance was quite variable in amplitude (ranging 120- Xenopus oocyte cells have been extensively used as

an expression system for many exogenous membrane2805 nA at/ 80 mV) and characterized by the following
properties: i) the I/V relationships showed a clear out- proteins including Pgp (15, 35), after injection of the

corresponding cDNA or mRNA (36). Recently, an inno-ward rectification at negative potentials (Fig. 3C), ii) a
current inactivation at a highly positive potential (see vative approach using these cells has demonstrated

that they can constitute a suitable alternative for func-inactivation time constant values in Table II), iii) a
reversal potential of 0 52 { 4 mV (n Å 8) indicating tional studies of foreign membrane proteins delivered

to the oocyte membrane through vesicular carrier sys-as previously reported (15, 25-26), a contribution from
potassium and chloride ions to this current, iv) the am- tems (23-24, 36-38). This latter method provides two

important advantages, i) the transplanted protein isplitude and the percentage of appearance of this cur-
rent declined with time, being essentially negligible by fully processed, thus inappropriate posttranscrip-

tional/posttranslational events are avoided, and ii)day 3-4 after harvesting (data not shown). All these
properties agree with those previously reported for en- functional analysis can be undertaken after a shorter
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ble for pumping the drug out of the oocytes. It should
be noted, however, that in these oocytes, no linearity
between the amount of injected Pgp (P1 contains Ç 4
times more Pgp than MF) and the percentage of ex-
ported DNM was observed. In this regard, the use of
the detergent sodium cholate to prepare P1, could con-
tribute to this lack of linearity by partly denaturing
the membrane proteins. Also, it is conceivable that dif-
ferences in the lipid composition and/or the dynamics
of the vesicles bearing the protein (MF and P1 might
contain a different lipid and protein composition), could
modulate the efficiency of the fusion between the vesi-
cles and the oocyte membrane and thus, the number
of incorporated protein molecules.

The aim of this work was to test whether Pgp consti-
tutes a chloride channel involved in cell volume regula-
tion (4, 6-7). The Xenopus follicles express endogenous
chloride osmo-dependent swelling currents (25-27),
which seem to be associated with the follicular cells
(27). In fact, this is in agreement with the wide range
in amplitude of the swelling current determined in our
uninjected oocytes, likely resulting from differences in
defolliculation efficiency of the collagenase treatment.
In the case of the Pgp/-oocytes, the response to hypoto-
nicity seems to be inconsistent with a Pgp-dependent
swelling-activated chloride channel according to the
following observations: i) The number of oocytes havingFIG. 4. Membrane conductance elicited by HR-45 in Pgp/-oo-

cytes. (A) Most Pgp/-oocytes (93 %) showed no swelling-activated a positive response to swelling was extremely low and
conductance when exposed to HR-45. Traces represent the currents indistinguishable from that in control or uninjected
obtained in response to the same voltage protocol of Fig. 3. (B) In cells. If Pgp was a chloride channel, the percentage of12 of 177 oocytes, HR-45 superfusion elicited a swelling-activated

responsive Pgp/-oocytes, would be expected to increaseconductance similar to that found in the responsive uninjected cells
(see Table II and text for details). (C) I/V curves obtained from 12 with respect to the other two groups, ii) the properties
control or uninjected oocytes (hollow symbol) and from 10 Pgp/-oo- of the swelling-evoked currents were no different from
cytes (filled symbol). Note the fairly similar rectification and reversal those determined in control or uninjected oocytes, in-
potential. Current values for different cells were normalized, 100

cluding the proportion of potassium and chloride con-% being the instantaneous current value at / 80 mV (obtained by
ductances to the whole current. In this context, if theexponential fitting of the current decay). Error bars are within the

symbol size. transplanted Pgp molecules represented swelling-acti-
vated chloride channels, a shift to a less negative rever-
sal potential would be expected from the additional
chloride conductance.period of time (one day after microinjection of the pro-

tein) than when injecting RNA (usually after 2-3 days On the other hand, it has been reported that when
present, Pgp-transportable substrates may prevent the(15, 35)). On this basis, Xenopus oocytes were injected

with Pgp-containing membranes and according to the activation of Pgp-dependent swelling currents by lock-
ing the protein into a transport competent configura-sensitivity of the detection system used in Western

analysis (see Methods), at least 2 1 106 Pgp molecules tion (6, 39-40). Under our experimental conditions this
possibility can be ruled out since the experiments re-(on the average) appeared to be incorporated into the

plasma membrane of each oocyte. Accumulation experi- lated to activation of swelling currents were run in
parallel to those used in accumulation assays i.e., withments with DNM, a Pgp-transportable drug, demon-

strated that the protein was transplanted in a func- oocytes never exposed to the drug. Moreover, if both
transporter and chloride channel functions were associ-tional form to the oocyte given, i) the occurrence of an

active drug export in the Pgp/-oocytes, concluded from ated with Pgp, it would be surprising that only the
former could be detected as seen in this study, takingthe consistently lower level of DNM in these cells when

compared to the corresponding control cells lacking into account that the electrophysiological methods used
to measure ion channel activity are much more sensi-Pgp, ii) the difference in the level of exported DNM

between Pgp/-oocytes and control cells, which signifi- tive than those for determining the translocation activ-
ity of transporter proteins.cantly increased with the amount of injected Pgp,

strongly suggesting that Pgp was the protein responsi- In summary, while the question as to whether Pgp
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22. Valverde, M. A., Bond, T. D., Hardy, S. P., Taylor, J. C., Higgins,has been partly supported by grants from the DGICYT (PB93-0934,
C. F., Altamirano, J., and Alvarez-Leefmans, F. J. (1996) EMBOPB94-1506, and PM95-0108).
J. 15, 4460–4468.

23. Marsal, J., Tigyi, G., and Miledi, R. (1995) Proc. Natl. Acad. Sci.REFERENCES USA 92, 5224–5228.
24. Morales, A., Aleu, J., Ivorra, I., Ferragut, J. A., Gonzalez-Ros,

1. Zamora, J. M., Pearce, H. L., and Beck, W. T. (1988) Mol. Phar- J. M., and Miledi, R. (1995) Proc. Natl. Acad. Sci. USA 92, 8468–
macol. 33, 454–462. 8472.

2. Endicott, J. A., and Ling, V. (1989) Annu. Rev. Biochem. 58, 137– 25. Ackerman, M. J., Wickman, K. D., and Clapham, D. E. (1994) J.
171. Gen. Physiol. 103, 153–179.

3. Gottesman, M. M., and Pastan, I. (1993) Annu. Rev. Biochem. 26. Arellano, R. O., and Miledi, R. (1993) J. Gen. Physiol. 102, 833–
62, 385–427. 857.

4. Valverde, M. A., Diaz, M., Sepulveda, F. V., Gill, D. R., Hyde, 27. Arellano, R. O., and Miledi, R. (1995) J. Physiol. 488, 351–357.
S. C., and Higgins, C. F. (1992) Nature 355, 830–833. 28. Aleu, J., Ivorra, I., Lejarreta, M., Gal, B., Gonzalez-Ros, J. M.,

5. Altenberg, G. A., Deitmer, J. W., Glass, D. C., and Reuss, L. Ferragut, J. A., and Morales, A. (1996) J. Physiol. 493.P, 163S.
(1994) Cancer Res. 54, 618–622. 29. Soto, F., Planells-Cases, R., Canaves, J. M., Ferrer-Montiel,

A. V., Aleu, J., Gamarro, F., Castanys, S., Gonzalez-Ros, J. M.,6. Gill, D. R., Hyde, S. C., Higgins, C. F., Valverde, M. A., Mintenig,
and Ferragut, J. A. (1993) Eur. J. Cancer 29A, 2144–2150.G. M., and Sepulveda, F. V. (1992) Cell 71, 23–32.

30. Escriba., P. V., Ferrer-Montiel, A. V., Ferragut, J. A., and Gonza-7. Higgins, C. F. (1995) J. Physiol. 482.P, 31S–36S.
lez-Ros, J. M. (1990) Biochemistry 29, 7275–7282.8. Wu, J., Zhang, J. J., Koppel, H., and Jacob, T. J. C. (1996) J.

31. Bradford, M. (1976) Anal. Biochem 72, 248–254.Physiol. 419, 743–755.
32. Kartner, N., Evernden-Porelle, D., Bradley, G., and Ling, V.9. Sardini, A., Mintenig, G. M., Valverde, M. A., Sepulveda, F. V.,

(1985) Nature 316, 820–823.Gill, D. R., Hyde, S. C., Higgins, C. F., and McNaughton, P. A.
33. Hames, B. D. (1990) in One-Dimensional Polyacrylamide Gel(1994) J. Cell. Sci. 107, 3281–3290.

Electrophoresis (Hames, B. D., and Rickwood, D., Eds.), Gel10. Rasola, A., Galietta, L. J. V., Gruener, D. C., and Romeo, G.
Electrophoresis of Proteins, pp. 1–139, IRL Press, Oxford.(1994) J. Biol. Chem. 269, 1432–1436.

34. Sadler, S. E., and Maller, J. L. (1981) J. Biol. Chem. 256, 6368–11. De Greef, C., Sehrer, J., Viana, F., Acker, K. V., Eggermont, J.,
6373.Mertens, L., Raeymaekers, L., Droogmans, G., and Nilius, B.

35. Castillo, G., Vera, J. C., Yang, C-P. H., Horwitz, S. B., and Rosen,(1995) Biochem. J. 307, 713–718.
O. M. (1990) Proc. Natl. Acad. Sci. USA 87, 4737–4741.

12. De Greef, C., van der Heyden, S., Viana, F., Eggermont, J., De
36. Miledi, R., Parker, I., and Sumikawa, K. (1989) in Fidia ResearchBruijn, E. A., Raeymaekers, L., Droogmans, G., and Nilius, B.

Foundation, Neuroscience Awards Lectures (Smith, J., Ed.), Vol.(1995) Pflügers Arch. 430, 296–298.
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