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ABSTRACT A cAMP-inducible chloride permeability has
been detected in mouse fibroblast (L cell) lines upon stable
integration of a full-length cDNA encoding the human cystic
fibrosis transmembrane conductance regulator (CFTR). As
indicated by a Cl™-indicator dye, the C1~ permeability of the
plasma membrane increases by 10- to 30-fold within 2 min after
treatment of the cells with forskolin, an activator of adenylyl
cyclase. The properties of the conductance are similar to those
described in secretory epithelial cells; the whole-cell current-
voltage relationship is linear and there is no evidence of
voltage-dependent inactivation or activation. In contrast, this
cAMP-dependent C1™ flux is undetectable in the untransfected
cells or cells harboring defective cDNA constructs, including
one with a phenylalanine deletion at amino acid position 508
(AF508), the most common mutation causing cystic fibrosis.
These observations are consistent with the hypothesis that the
CFTR is a cAMP-dependent C1~ channel. The availability of a
heterologous (nonepithelial) cell type expressing the CFTR
offers an excellent system to understand the basic mechanisms
underlying this CFTR-associated ion permeability and to study
the structure and function of the CFTR.

Cystic fibrosis (CF) is the most common autosomal recessive
disease in the Caucasian population (1). The recent identifi-
cation of the gene (2-4) and mutations (4-9) responsible for
CF has provided insight into the basic defect in this disease.
The protein product of this gene has an estimated molecular
mass of 170 kDa with transmembrane and nucleotide-
binding-fold domains. It has structural similarity to proteins
with known transport functions (3, 10).

The development of assay systems to study the function of
the CF transmembrane conductance regulator (CFTR) has
been hampered by the inability to reconstruct a full-length
CFTR cDNA by ligation of cloned fragments. Most of the
resulting constructs appeared to be unstable in Escherichia
coli, probably due to a sequence in the exon 6b region that
resembles a prokaryotic promoter element (11, 12). The use
of a low-copy-number plasmid vector can apparently over-
come this difficulty (11). We have altered the DNA sequence
in exon 6b and also obtained a stable construct (12).

Two studies (12, 13) show that, upon transfection of a
full-length cDNA construct into epithelial cells derived from
CF patients, a deficient cAMP-dependent Cl~ conductance
can be restored. In addition, expression of exogenous CFTR
has been correlated with the appearance of cAMP-regulated
C1~ conductance in nonepithelial cells (14, 15), where such
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activity is normally absent, consistent with the hypothesis
that CFTR can function as a Cl~ channel itself (3).

In this communication, we describe the construction and
use of a mammalian expression vector to produce human
CFTR in a long-term mouse fibroblast culture. We show that
expression of CFTR induces a cAMP-dependent Cl~ con-
ductance, which is normally not observed in these cells. This
expression system may be suitable for study of the Cl™
conductance pathway and its regulation and to understand
the structure and function of CFTR.

MATERIALS AND METHODS

Plasmid Vectors. The mammalian expression vector
pCOF-1 is a derivative of pSGM3X, which is similar to
pSGM1 (16), except that the human metallothionein Ila
promoter (17) was inserted in the opposite orientation and a
Xho 1 site was inserted in the Kpn I site within the Ecogpt
gene. To reconstruct the full-length CFTR cDNA in pCOF-1
(Fig. 1), the bulk of the coding region (exons 2-24) was
obtained from partial cDNA clones (3), except that three
silent nucleotide substitutions (T — C at position 930, A —
G at position 933, and T — C at position 936) were introduced
into the exon 6b region with oligonucleotide-mediated mu-
tagenesis by the polymerase chain reaction (19, 20). The 3’
untranslated region of CFTR in pCOF-1 was derived from the
genomic DNA clone TE27E2.3 (2). The entire coding region
of exon 1 (from the initiation codon to the Pvu II site) was
generated by two complementary synthetic oligonucleotides
and the Klenow fragment of DNA polymerase I, where a
single nucleotide substitution (C — G) was introduced im-
mediately after the initiation codon (underlined in the legend
to Fig. 1) to create a Nco I site for ligation to the human
metallothionein I1a promoter. The latter substitution changed
the encoded amino acid from glutamine to glutamic acid. The
construction of control plasmid pCONZ was similar to that of
pCOF-1, except that a single nucleotide was deleted 35 base
pairs downstream from the initiation codon. A truncated
protein would be predicted from this frameshift construct.
The plasmid pCOFAF508 was generated by replacing se-
quences of exons 9-13 in pCOF-1 with the corresponding
fragment from C1-1/5, a cDNA containing the AF508 muta-
tion. The full-length cDNA clone pBQ6.2 contained a 6.2-kb
Pst 1 fragment in pBluescript (Stratagene) and was con-
structed similarly to pCOF-1 except that the exon 1 region
was derived from clone 10-1. The integrity of the CFTR
cDNA inserts in pBQ6.2 and pCOF-1 and the critical regions
in the other plasmid constructs were verified by DNA se-

Abbreviations: CF, cystic fibrosis; CFTR, CF transmembrane con-
ductance regulator; SPQ, 6-methoxy-1-(3-sulfonatopropyl)quinolin-
jum.
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pCOF'1 C1-1/5

FiGc. 1. Expression vector pCOF-1. The complete CFTR coding
region (open boxes) is positioned downstream from the human
metallothionein Ila (hMTIIa) promoter (hatched box). The human
metallothionein Ila initiation codon is joined with that of CFTR at an
Nco 1 site introduced by the synthetic oligonucleotides 5'-
CACTGCAGACCATGGAGAGGTCGCCTCTGGAAAAGGC-
CAGCGTT-3' and 5'-GACTGCAGCTGAAAAAAAGTTTG-
GAGACAACGCTGGCCTT-3', as described in the text. The DNA
sequence from exon 2 to 24 and its 3’ flanking region was derived
from clones 10-1 (Pvu I1-Xba 1), T16-1 (Xba 1-Sph 1), C1-1/5 (Sph
I-BstXI), T16E4.5 (BstXI-Nco 1), and TE27E2.3 (Nco I-Xho 1), as
indicated. In pCOFAF508, the 1-kilobase (kb) BamHI-Hpa 1 frag-
ment was replaced with the corresponding fragment from clone
C1-1/5.

quencing. (Detailed construction procedures are available
from J.M.R. on request.) The plasmid vector (pSTK7) con-
taining the herpes simplex virus thymidine kinase gene, used
in the cotransfection experiments, has been described (16).
Bacterial cell cultures and plasmid DNA samples were pre-
pared according to standard procedures (18).

Cell Culture and DNA Transfection. Each of the three test
plasmids (20 ug), pCOF-1, pCONZ, and pCOFAF508, was
cotransfected with pSTK7 (1 ug) into mouse LTK™ cells by
calcium phosphate coprecipitation (16). Biochemical selec-
tion for thymidine kinase-positive cells was achieved in
minimal essential medium supplemented with hypoxanthine/
aminopterin/thymidine (HAT; GIBCO/BRL). In some ex-
periments, the test plasmids were linearized at the unique Sfi
I site (Fig. 1). High molecular weight DNA was isolated from
each clonal cell line (21), digested with restriction enzymes
EcoRI, BamHI, and Nco 1, and analyzed by agarose-gel-blot
hybridization (18) with the full-length ¢cDNA (insert from
pBQ6.2) as probe. Total RNA was extracted (22) and ana-
lyzed by agarose-gel-blot hybridization (18).

Protein Analysis. Cells were homogenized in a hypotonic
buffer containing 10 mM KCl, 1.5 mM MgCl,, and 10 mM
Tris-HCI (pH 7.4). Nuclei and mitochondria were collected
by centrifugation at 4000 X g for 5 min (fraction A). A crude
light membrane fraction was then collected by centrifugation
at 9000 X g for 15 min (fraction B). Membrane pellets were
dissolved in loading buffer and separated on a NaDodSO,/
polyacrylamide (6%) gel (23). Proteins were transferred to
nitrocellulose as described (24) and immunodetected with
monoclonal antibody M3A7 (14).

6-Methoxy-1-(3-sulfonatopropyl)quinolinium (SPQ) Fluo-
rescence Assay. L cells grown on glass coverslips for 1-2 days
were uniformly loaded with the Cl™-indicator dye SPQ (Mo-
lecular Probes) by incubation in hypotonic (1:2 dilution)
medium containing 20 mM SPQ at room temperature for 4
min. The mounted coverslip was perfused continuously at
room temperature with medium containing 138 mM NaCl, 2.4
mM K,HPOj,, 0.8 mM KH,PO,, 10 mM Hepes, 1 mM CaCl,,
10 mM glucose, and 10 uM bumetanide (pH 7.4) on the stage
of an inverted microscope. NO3; medium was identical ex-
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cept that NO;3 replaced all but 10 mM CI~. To minimize CI~
fluxes through nonconductive pathways, we performed the
experiments in the absence of HCO3 and in the presence of
bumetanide, inhibiting the anion exchanger and Cl~/cation
cotransporters, respectively. Fluorescence and differential
interference contrast imaging were performed simultane-
ously (25-27). SPQ fluorescence intensities (F) were normal-
ized to total SPQ fluorescence F, determined as F measured
in the absence of intracellular Cl~, since autofluorescence
was negligible. Calibrations (n = 7 cells) were performed
essentially as described (27). The effective quenching con-
stant K¢ was 15 M~1; the resting intracellular ClI~ concen-
tration was =70 mM. Cell volume changes were obtained by
planimetry of differential interference contrast images (26,
27) and are presented as relative changes in the areas of the
measured optical sections. By exposure of the cells to media
of various osmolarities, we observed that differential inter-
ference contrast imaging of a single optical section can detect
volume changes (not shown).

Whole-Cell Current Recordings. Membrane currents were
measured at room temperature 12-24 hr after plating cells
with whole-cell patch-clamp techniques (28). The patch pipet
contained 110 mM sodium gluconate, 25 mM NaCl, 8 mM
MgCl,, 10 mM Hepes, 4 mM Na,ATP, and 5 mM Na,EGTA
(pH 7.2). The bath contained 135 mM NaCl, 2.4 mM
K,HPO,, 0.8 mM KH,PO,, 3 mM MgCl,, 1 mM CacCl,, 10
mM Hepes, and 10 mM glucose (pH 7.2). To examine the time
course of cAMP-evoked conductance changes, membrane
potentials were alternately clamped at —30 and +20 mV for
600 and 400 ms, respectively. Current-voltage relationships
were determined by measuring the currents at the end of
400-ms voltage steps from 0 mV to +70 mV (10-mV incre-
ments). Cell capacitance was compensated using cancellation
circuitry of the EPC7 patch-clamp amplifier.

RESULTS

DNA Transfection. Stable mouse fibroblast cell lines con-
taining full-length CFTR or mutant cDNA, as well as cell
lines with the pSTK?7 plasmid alone, were established. Four
cell lines with pCOF-1 (4a-2C, 4a-3I, 4a-3K, and 4a-4S)
contained an intact human metallothionein Ila promoter and
the CFTR coding region, as judged by DNA analysis (data not
shown). Similarly, four cell lines (6a-1D, 6a-2F, 6b-I, and
6b-K) for pCONZ (the control cDNA with the frame-shift
mutation), three (5-2C, 5-1A, and 5-2D) for pCOFAFS508 (the
cDNA with the major CF mutation), and two for pSTK7
(2a-4A and 2a-3C) were identified.

RNA Analysis. Abundant levels of RNA transcripts of =10
kb in size were detected in cDNA transfected cells (Fig. 2A).
Although their size was larger than the anticipated 6.2 kb, the
result appeared to be consistent among all cell lines. It
seemed probable that an alternative polyadenylylation site(s)
instead of those contained in the cDNA constructs were
utilized. Thymidine kinase-specific transcripts were detected
in all HAT-resistant cell lines tested (data not shown).

Protein Analysis. Cells expressing CFTR mRNA (as rep-
resented by the cell line 4a-3I) contained an antibody-reacting
protein band that was indistinguishable from mature CFTR
expressed endogenously in membranes of the colonic carci-
noma cell line T-84 (Fig. 2B). The amount of protein was
within the range of that observed for T84 cells, with a
significant portion in the light membrane fraction. Reacting
bands were not detected in untransfected LTK ™ cells or in
cells transfected with a CFTR gene predicted to produce a
truncated product (line 6B-I). The latter result was expected
as the antibody was directed against the C terminus of the
protein. No immunoreactive material was observed for
CFTRAFS508 in the examined fractions (line 5-2D) (29). It was
therefore uncertain if the mutated protein was produced in
these transfected cells.



7502 Cell Biology: Rommens et al.

A1 2 3 4 5 B T84 LTK- 6bI 4a31 52D
AB AB AB AB

‘g” 200 --
. -

116 --
97 ==

66 -

F1G.2. RNA and protein analysis of mouse L cell lines express-
ing human CFTR. (A) Total RNA from Caco2 (5 ug, lane 1), LTK™
(10 ug, lane 2), 6B-I (10 ug, lane 3), 4a-31 (10 ug, lane 4), and 5-2D
(10 ug, lane 5) cell lines was electrophoresed on a 1% formaldehyde/
agarose gel, transferred to Hybond-N (Amersham), and hybridized
with 32P-labeled cDNA probe. The 6.2-kb CFTR mRNA of the Caco2
cell line is indicated with the arrow. The relative positions of the 28S
and 18S rRNAs are indicated by tick marks. (B) Protein fractions
from nuclei and mitochondria (lanes A) and crude light membranes
(lanes B) from the cell lines T84, LTK ™, 6B-1, 4a-31, and 5-2D. Bands
were visualized by 1>°I-labeled rabbit anti-mouse antibody. Molec-
ular masses in kDa are indicated.

SPQ Fluorescence Assay. To investigate if expression of
CFTR affected a Cl~ conductance, a single-cell assay based
on quantitative fluorescence intensity measurements of the
Cl~ indicator dye SPQ was performed. The basic protocol
involved exposing cells to NO3 medium followed by return
to normal Cl- medium. Since NOj is generally permeable
through C1~ channels but, unlike Cl~, does not quench SPQ,
changes in SPQ fluorescence intensities due to these anion
substitutions measure unidirectional C1~ fluxes; the rate of
change measures cell Cl~ permeability. Forskolin (10 uM)
was added subsequently to increase intracellular levels of
cAMP. After a 2-min exposure to forskolin, the medium was
again switched to the NO3 medium, in the continued pres-
ence of forskolin. Thus each cell was used as its own control
to evaluate the C1~ permeability induced by cAMP.

Only slow changes in SPQ fluorescence intensity were
observed in cells with the frame-shift CFTR construct (as
represented by line 6B-I) upon exposure to NO3 medium (Fig.
3A), indicating that these cells maintained a low resting C1~
permeability. Exposure of these transfected control cells to
forskolin did not have any effect (n = 41 cells from four
passages). Similar results were obtained from cells transfected
with the thymidine kinase gene only (line 2a-4A, n = 22 cells)
and from untransfected cells (n = 18 cells) (data not shown).

Exposure of cells expressing CFTR to NO; medium sim-
ilarly elicited little or no change in SPQ fluorescence intensity
(as represented by line 4a-31 in Fig. 3C), indicating that CFTR
expression per se did not enhance Cl~ permeability. In
contrast, a second exposure to NOj3, during forskolin stim-
ulation, caused a rapid loss of intracellular C1~ (Fig. 3C). This
response was highly reproducible: there was a 20- to 30-fold
increase of unidirectional C1~ flux (30) from =~0.03 mM/s to
0.9 mM/s, for each of the 10 cells in the microscopic field
(Fig. 3C). Of 106 cells examined from eight passages, all
responded similarly. Similar results were obtained from
another cell line expressing CFTR (clone 4a-3K, n = 23 cells).
In the continued presence of forskolin (Fig. 3D), C1~ perme-
ability remained enhanced at near maximal levels for as long
as 30 min, the extent of our measurements (n = 12 cells).

There were no volume changes during exposure of forsko-
lin-stimulated CFTR cells to NO; (data not shown), indicat-
ing that the substantial changes in the intracellular concen-
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tration of Cl~ were not associated with changes in cell salt
content. Therefore, the Cl~ fluxes were likely to be associ-
ated with equal fluxes of NOj5 in the opposite direction. The
lack of changes in intracellular Cl~ concentration or cell
volume during forskolin stimulation in C1- medium demon-
strates that neither CFTR expression nor cAMP conferred
enhanced cation conductance. Together with the enhanced
Cl~ permeability, cell shrinkage or swelling would have been
observed if there were a high K* conductance or high Na*
conductance, respectively.

Cl~ permeability was also examined in cells containing a
CFTRAF508 construct. These cells (as represented by clone
5-2D, n = 15 cells) exhibited low Cl~ permeability under
resting conditions, and the permeability could not be en-
hanced by forskolin (Fig. 3B).

To establish that the cAMP-induced Cl~ permeability in
the CFTR-expressing cells was due to activation of a CI™
conductance, gramicidin was included in the normal Cl™
medium to increase cation conductance of the plasma mem-
brane. Under these conditions, the presence of a C1~ channel
would result in a substantial influx of both Na* and CI-,
causing extensive cell swelling. Exposure to gramicidin had
no effect on SPQ fluorescence or cell volume in cells with the
frame-shift CFTR construct (n = 13 cells) or an intact CFTR
construct (n = 33 cells) (Fig. 3E), supporting our conclusion
(above) that resting C1~ conductance was negligible in both
the control and CFTR cells. After the addition of forskolin,
however, there was a marked rapid cell swelling, after a lag
period of from 30 to 90 s, accompanied by elevated intracel-
lular C1~ concentration in the cells expressing CFTR but not
in control cells (Fig. 3E). These results demonstrated that the
basis of cAMP-induced Cl~ permeability observed in CFTR-
expressing cells was a C1~ channel.

cAMP-Stimulated C1~ Currents in CFTR-Expressing Cells.
Corroborating the results of the fluorescence assay, whole-
cell current was stimulated in cells expressing CFTR (Fig.
4A). After a lag period of =30 s, outward current in 11 of 11
cells increased dramatically to a plateau, which was sustained
for 2-5 min before decreasing toward control values. This
“run down’’ contrasts with findings using the SPQ assay,
possibly reflecting a depletion of cytosolic factors necessary
for sustained activation in the whole-cell patch-clamp con-
figuration. Currents evoked by the activation cocktail did not
display any time-dependent voltage effects (Fig. 4B). In
contrast to the expressing cells, none of the 9 cells containing
the frame-shift CFTR construct exhibited a response to the
activation cocktail (Fig. 4A).

Current—voltage relations were essentially linear in both
cells transfected with the intact CFTR and the frame-shift
CFTR constructs (not shown). Slope conductances of 1.8 +
0.4nS and 1.9 + 0.5 nS (n = 9) were calculated in control cells
before and after treatment with the activation mixture, re-
spectively. The slope conductance in CFTR-expressing cells
was similar (1.6 = 0.1 nS) but treatment with the activation
mixture induced an =13-fold increase to 20.1 = 1.7 nS
(n = 10) (Fig. 4C).

The reversal potential of the cAMP-activated current in
cells expressing CFTR was —17 = 5 mV, approaching the
equilibrium potential for C1~ under standard conditions (Ec)
= —32 mV). From this measurement, the calculated anion
versus cation permeability was =5:1. Anion selectivity was
assessed in cAMP-activated cells by replacing bath NaCl (135
mM) with sodium gluconate (135 mM). This manipulation
resulted in a shift in reversal potential to +33 = 8mV (n = 4),
toward the predicted Ec of +41 mV (Fig. 4C).

DISCUSSION
For this study, a general mammalian expression vector was
constructed that is capable of directing the expression of
CFTR cDNA in heterologous cell types. Three nucleotide
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FiG. 3. Video microscopic detection of Cl~ permeability in single L cells. SPQ fluorescence intensities (F) are expressed relative to SPQ
fluorescence intensity in the absence of Cl~ quenching (Fp); the direction of changes in Fo/F reflect parallel changes in intracellular ClI~
concentration. (A-C) Single cells, each indicated by a different symbol, are shown containing a frameshift construct leading to a predicted
truncated CFTR (A); a mutant construct, CFTRAF508 (B); and an intact construct, CFTR (C). Forskolin (10 uM) and NO3 medium were
perfused over the cells for the periods indicated by solid bars. Time scale in C applies to A-C. (D) A single CFTR cell was repeatedly pulsed
with NO; medium. Rate of fluorescence change as well as peak response during constant pulses (1 min) was unchanged over the time course
of exposure to forskolin, indicating that the cAMP-induced Cl~ permeability is sustained. (E) Simultaneous determinations of Cl~ concentration
(Fo/F) (open and solid squares) and cell volume, expressed as relative area of a constant optical section (open and solid circles), in a single cell
expressing CFTR (solid squares and circles) and a single cell expressing truncated CFTR (open squares and circles). As indicated, the cells were

exposed to 5 uM gramicidin and to 10 uM forskolin.

The stable CFTR-expression system described in this
study offers an attractive assay system to study the function
of CFTR and complements the methods based on retrovirus
(12), vaccinia virus (13), and baculovirus (14). (i) Similar

substitutions were introduced in the coding region to disrupt
the DNA sequence that appeared to cause instability of the
full-length cDNA in bacterial hosts. The encoded amino acids
were not altered with these changes.
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F1G. 4. Whole-cell ClI~ currents in transfected L cells. (A) Time course of whole-cell currents measured from cells transfected with the
frame-shift CFTR (control) construct (solid diamonds) and the intact CFTR construct (open squares) after the addition of a solution containing
10 uM forskolin, 1 mM isobutylmethylxanthine, and 100 uM N%,0?-dibutyryladenosine 3’,5’-cyclic monophosphate. The arrow indicates the
time of solution addition. Outward currents were measured at E,, = +20 mV. (B) Whole cell current-voltage relationships for a CFTR-expressing
cell before (Left) and 3 min after (Right) induced activation. The current scale for the nonstimulated cells is shown enlarged as indicated. The
dashed line indicates the zero-current level. (C) Mean current-voltage relationships for CFTR cells (n = 10) before and after activation (solid
circles and open squares, respectively). Replacement of bath NaCl with sodium gluconate resulted in a shift in reversal potential of

cAMP-activated currents (open triangles) (n = 4).
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optical and electrophysiological results have been obtained
for a large number of transfected cells from various passages,
indicating that expression of CFTR from the integrated
cDNA is stable and cell cycle independent. In contrast, the
conductance response seems to be rather heterogenous for
virus-infected cells (13, 15).

(i) The basal level of Cl~ conductance in the CFTR-
expressing mouse L cells appears to be relatively low in
comparison to that observed in the transiently transfected Sf9
insect cells (14), airway epithelial cells (13), CHO cells, HeLa
cells, or mouse 3T3 fibroblasts (15). The remarkable Cl~
conductance increase observed upon cAMP stimulation (up
to 30-fold) may present a unique opportunity to determine
relative degrees of function to understand the varied pheno-
types observed for CF patients with various genotypes.

(iii) Although L cells are of fibroblast origin, the cAMP-
inducible CI- conductance in the CFTR-expressing cells
appears to be the same as that detected in epithelial cells. The
current—voltage relationship of the activated current is linear
(31); there is no evidence of voltage-dependent current in-
activation or activation; the magnitude of the cAMP-
mediated Cl~ permeability is large. Further, there is a lag of
30-60 s preceding the enhancement of Cl~ conductance by
forskolin, typical of whole-cell current measured in epithelial
cells (31). A 5- to 10-pS Cl~ channel with linear current-
voltage relationship is activated by cAMP in several types of
epithelial cells, including the colonic cell lines T-84 (32) and
Caco2 (C.E.B. and E. F. Reyes, unpublished observations)
as well as pancreatic duct cells (33). It is likely that the same
channel is responsible for the activated currents observed in
the CFTR-transfected L cells, as a similar channel has been
observed in Sf9 insect cells after CFTR infection (14). Fur-
ther studies are required to determine the single-channel
basis of the currents in L cells.

(iv) The stably transfected mouse L cells do not require
special medium to maintain their C1- conductance pheno-
type, nor do they have a transient life span. They may provide
large amounts of CFTR for biochemical or physiological
studies.

CFTR expression did not significantly enhance K* or Na*
conductances, indicating that it enhances Cl~ permeability
specifically. It has been argued that CFTR may serve to
regulate Cl~ channel activity by conferring sensitivity to
cAMP or by transporting regulatory factors required for
cAMP sensitivity (10, 34). The presence of an endogenous
Cl~ conductance in the untransfected L cells appears to
support this possibility, but it would require a similar (i.e.,
highly conserved) pathway in the various CFTR-transfected
cells of nonepithelial origin and of different species (refs. 14
and 15 and this study). That a similar cAMP-inducible Cl1~
permeability can be detected in the distinct cell types is,
therefore, more consistent with an alternate hypothesis that
CFTR is itself a C1~ channel.

A further understanding of the function of CFTR will
require more detailed biochemical and physical analyses of
the protein. The reproducibility of the CFTR-transfected L
cells thus provides the basis of an excellent assay system to
dissect the cAMP-inducible Cl~ conductance specific to CF
by in vitro mutagenesis. These cells could also be useful in
screening for other physiological effectors or pharmaceutical
agents that may interact with or modify the cAMP-regulated
ClI~ conductance associated with CFTR.
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