J Korean Med Sci 2000; 15(Suppl): $31-3
ISSN 1011-8934

Copyright @ The Korean Academy
of Medical Sciences

Control of Na™ Channels in Salivary Duct Cells
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The epithelial Na™ channel (ENaC) is essential for
transepithelial Na" transport in many epithelia, including
the renal collecting duct, the descending colon, the sal-
ivaty ducts and the respiratory epithelium (1, 2), and
alterations in the activity of these channels lead to
physiological significant disturbances in fluid and elec-
trolyte homeostasis. Activating mutations in these chan-
nels, such as those that are found in the autosomal
dominant form of heteditary hypertension known as
Liddle’s syndrome, produce hypertension (3, 4), whereas
inactivating mutations lead to salt-sensitive hypotension
and fluid accumulation in the respiratory tract (5-7).

Studies on humans with Liddle’s syndome have indi-
cated that this syndrome is due to mutations that cause
to deletion or mutation of the PY motifs in the carboxyl
termini of the A- or y-subunits of the epithelial Na"
channel (3, 8-11). These PY-motifs bind the WW do-
mains of the ubiquitin-protein ligase, Nedd4 (12, 13),
which then ubiquitinates the Na" channel (14-16) leading
to its endocytosis (17) and degradation (16). As would
be predicted by this model, in both renal epithelia (18)
and in the Xengpus oocyte expression system (15, 19-21),
mutations causing Liddle’s syndrome lead to increased
surface expression of Na' channels. Furthermore, in-
creased expression of wild-type Nedd4 reduces Na” chan-
nel activity in Xenopus oocytes (15, 22), whereas expres-
sion of a dominant negative mutant of Nedd4 increases
Na" channel activity (15, 22).

In both Xengpus oocytes and in mouse salivary duct
cells, the interaction between Nedd4 and the epithelial
Na" channel appears to be regulated by intracellular Na"
in such a manner that increased intracellular Na" triggers
the inactivation of Na" channels by Nedd4 (14, 20, 23,
24). In mouse mandibular duct cells, the evidence sup-
porting a role for Nedd4 in Na'-feedback inhibition of
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Na' channels is as follows: i) antibodies directed against
mutine Nedd4 block Na' feedback inhibition, i) a mu-
tant of mutine Nedd4 containing the WW domains but
no HECT (ubiquitin protein ligase) domain blocks Na”
feedback inhibition, iii) a dominant negative mutant of
ubiquitin blocks Na" feedback (14, 23), and iv) Nedd4
is expressed in mouse mandibular salivary duct cells (14).
In salivary duct cells this control system involves sensing
of cytosolic Na” by an intracellular receptor that can be
blocked by amiloride and its analogs (25). This receptor
in turn activates the G protein, G, (14, 26) which then
activates Nedd4 by an unknown mechanism. In Xengpus
oocytes, the effects of intracellular Na” on Na” channels
and Nedd4 activity can be blocked by amilotide analogs
(27), consistent with a role for an intracellular receptor
for Na". Interestingly, however, a pertussis toxin-sensitive
G protein does not appear to be involved (27). This
postulated role of Nedd4 in Na~ feedback control in
Xenopus oocytes is supported by the failure of increased
intracellular Na’ to down-regulate Na' channels that
contain Liddle’s type mutations (20).

We have previously used whole-cell patch-clamp tech-
niques in mouse mandibular salivary duct cells to show
that WW1 of mutine Nedd4 does not bind any of the
subunits of the epithelial Na’ channel (23) and this
observation has recently been confirmed for WW1 of
human Nedd4 (12). The question of whether the remain-
ing two WW domains in murine Nedd4, WW2 and
WW3, bind to all three subunits of the Na' channel
indisctiminately, ot whether they bind specifically to only
two of them, has, however, not been answered.

In the present study, we have used the whole-cell
patch-clamp technique to show that peptides and fusion
proteins containing the PY motifs of - and y-ENaC
prevent inhibition of the amiloride-sensitive Na' current
by increased intracellular Na". Thus, given the essential
role for Nedd4 in mediating the feedback control of Na"
channels by cytosolic Na', we conclude that Nedd4 must
interact with the 8- and y-subunits of ENaC.

On the other hand we find that the C-terminus of a-
ENaC is unable to block Na" feedback regulation of the
amiloride-sensitive Na~ current. This fusion protein is
thus unable to compete with the endogenous Na~ chan-
nels for binding of Nedd4. Given that the @-subunits
of rat, human and mouse ENaC have all been shown to
bind Nedd4 in vitro (12, 13, 23), this indicates that in
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vivo thetre is some constraint on the interaction of the
PY motif of the @-subunit of the channel with Nedd4.
One possible constraint could be that, unlike the carboxyl
termini of the #- and y-subunits, the @-subunit binds

to

a-spectrin (28).
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