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CFTR, a channel with the structure of a transporter
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The cystic fibrosis transmembrane conductance regulator (CFTR) belongs to a superfamily of active transport molecules.
However, when expressed in a wide variety of heterologous cell systems and when purified to homogeneity and reconstituted in
planar lipid bilayers, it exhibits low conductance chloride channel activity. We postulate that the active transport capability of the
molecule has been adapted to provide very stringent metabolic control of this channel which is responsible for chloride secretion

and hydration of wet epithelial surfaces.

The most consistent phenotypic feature of cystic
fibrosis is an altered electrolyte concentration in exo-
crine secretions [1]. During the 1980’s evidence accu-
mulated suggesting that a defective epithelial chloride
conductance pathway might be responsible [2]. At the
end of the decade the gene which when mutated,
causes cystic fibrosis (CF) was identified by genetic
means and cloned [3-5]. The primary structure of the
gene product, CFTR indicated that it belonged to a
superfamily of membrane transporters responsible for
the active transport of a diverse range of substrates in
both prokaryotes and eukaryotes [4-6). The most
closely related eukaryotic members are the P-glyco-
protein multidrug transporters which export from cells
many hydrophobic compounds including some cancer
drugs [7] and the product of the STE6 gene of yeast
which exports the ‘a’ mating factor peptide [8,9]. The
hallmark of this class of molecules is the juxtaposition
of a membrane associated domain containing six puta-
tive bilayer spanning a-helices (TM6) and a large nu-
cleotide binding domain (NBF). The binding and hy-
drolysis of ATP at the latter is believed to provide the
energy for transport of substrate presumably via a
route constituted by elements of the membrane associ-
ated domain. These transporters contain two of each of
these domains, superficially appearing to represent du-
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plications but there is evidence that the sets are non-
equivalent [10,11].

In the case of CFTR the question is how does a
molecule with this structure contribute to the chloride
conductance pathway which is apparently defective in
CF. Extensive heterologous expression studies have
strongly suggested that CFTR itself is a highly regu-
lated low conductance chloride channel [12-19] and
the recent purification and reconstitution into planar
lipid bilayers has confirmed this beyond reasonable
doubt [20]. The most obvious distinction of CFTR from
other members of this transporter super family is the
presence of an ‘extra’ highly charged domain in the
centre of the molecule separating the two TM6-NBF
motifs [4]. We have postulated that this R domain, so
named because it contains the phosphorylation sites
involved in channel gating, may be a tethered substrate
for the active export function of CFTR. Such a model
is depicted schematically in Fig. 1. The large arrows
are intended to indicate this abortive active export of
the large spherical R domain up against the charged
inner mouth of the putative pore constituted by some
as yet undefined packing of the transmembrane he-
lices. In this position changes in the phosphorylation
state of protein kinase A substrate sites (solid trian-
gles) may control gating. In such a model neither the
action of ATP at the NBFs nor the action of PKA on
the R-domain is energetically coupled to chloride
movement which depends only on the electrochemical
gradient of the ion and occurs at rates compatible with
passage through a channel. Regulation of the activity
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Fig. 1. Schematic representation of CFTR as both a transporter (an exporter) and a chloride channel. Cylinders denote putative transmembrane

helices, omega-like shapes the nucleotide-binding folds and the large sphere, the R domain. Regulation of channel activity depends on both an

active maintenance of R domain in correct configuration at the inner mouth of the pore and phosphorylation and dephosphorylation of the R
domain at sites depicted by solid triangles.

of this channel is extremely tightly regulated by the two
independent catalytic activities described.
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