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Epithelial cells in the kidney and intestine perform
vectorial transport of Na*, K*, Cl- and water. These
processes are mediated by a number of channels
and pumps, and play a vital role in the maintenance
of normal blood pressure and ionic composition. A
key process is the absorption of Na* and secretion
of K* which takes place in kidney collecting duct and
distal colon surface cells (Fig. 1). It involves the
basolateral Na*/K* ATPase (or the Na* pump) and
two apical channels: the Na* channel ENaC, and
the K* channel ROMK. Regulation of this process is
primarily done by the mineralocorticoid aldosterone,
the principal hormone controlling salt and water
balance in vertebrates.

The apical Na* channel ENaC is a major target
to the action of aldosterone (Garty, 2000; Palmer
and Garty, 2000). The C-termini of ENaC’s three
subunits contain proline-rich (PY) motifs which bind
to WW domains on Nedd4 type ubiquitin ligases and
thereby evoke channel ubiquitination, internalization
and degradation. We have used surface plasmon
resonance to characterize interactions between the
PY motifs of ENaC and the WW domains of Nedd4
and Nedd4-2 (Asher et al., 2001; Asher et al., 2003).
These studies have determined the association and
dissociation constants of these interactions and
demonstrated that phosphorylation of conserved S/
T residues may alter these constants. Subsequent
studies have identified three protein kinases
phosphorylating conserved S/T residues in the
carboxy termini of beta and gamma ENaC (Shi
et al.,, 2002a; Shi et al., 2002b). In particular, it
was shown that beta T613 and gamma T623 are
phosphorylated by ERK, leading to enhanced
association with Nedd4 and down regulation of
channel activity. The upstream signals mediating
this process are under investigation. Other studies
focused on the phosphorylation of Nedd4-2 by the
aldosterone-induced protein kinase SGK, as well as
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by other protein kinases acting on the same target
residues and affect ENaC/Nedd4 interactions.
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Fig. 1 A general scheme of ion transport across epithelial
cells in kidney collecting duct and distal colon.

Another aldosterone-induced gene cloned in our
laboratory codes for a 6.5 kDa transmembrane
protein termed CHIF (Attali et al., 1995). It is strongly
and independently induced by aldosterone and high
K* intake, and is exclusively expressed in kidney
collecting duct and distal colon surface cells. CHIF
knockout mice were generated in our laboratory and
found to exhibit mild defects in water absorption
that are secondary to impaired, collecting duct
specific, electrolyte transport (Aizman et al., 2002;
Goldschimdt et al., 2004). CHIF shares 30%-50%
sequence homology with six other transmembrane
proteins collectively termed the ‘FXYD family’
(Sweadner et al. Genomics 68, 41, 2000). Work
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in collaboration with the group of Steve Karlish
and others has demonstrated that at least four
members of this group interact with the Na* pump
and alters its kinetic properties (Béguin et al., 2001;
Beguin et al., 2002; Crambert et al., 2002; Garty et
al.,, 2002; Lindzen et al., 2003). Each one of these
FXYD proteins has a unique tissue distribution and
different functional effects. Thus, FXYD proteins
act as tissue specific regulators of the pump which
adapt its kinetic properties to specific needs of one
target tissue or physiological state without affecting
the pump elsewhere. In addition, a number of FXYD
proteins were reported to alter channel activity in
expression systems. This raises the possibility of
an additional role for FXYD proteins in maintaining
pump/channel synchronization. Together with Steve
Karlish and his co-workers, we are defining the
functional interactions between four FXYD proteins
(CHIF, phospholemman, RIC and gamma) and the
Na*/K* ATPase.
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