The charge of the P-loop glutamate controls cation-anion selectivity in CNG channels

W. Qut, A.J. Moorhouset, M. Chandral, K.D. Pierce?, T.M. Lewist and PH. Barry 1, 'Dept of Physiology and
Pharmacology, School of Medical Sciences, The University of New South Wales, NSW 2052, Australia and
2Neurobiology Research Program, The Garvan Institute of Medical Research, 384 Victoria Street, Darlinghurst,
NSW 2010, Australia.

Cyclic-nucleotide-gted (CNG) channels play a critical role in olfactory and visual transdudfiertave
used site-directed mutagenesis and inside-out patch-clamp recordinggedtigate ion permeation and
selectvity in two mutant homomeric rat olfactory CNGA2 channels expressed in HEK 293 védishowed
that a single point mutation of the gaively-chaged pore-loop (P-loop) glutamate to either a pasiti
chaged lysine or ayinine did produce functional channels, which consistently responded to either cGMP or
CAMP, dthough the currents were extremely smallle found that the concentration-response eun¥ the
lysine mutant channel was very similar to that of wild-type (WT) channels, suggesting no major structural
alteration to the mutant channeReversal potential measurements, during cytoplasmic NaCl dilutionsjezho
that both the lysine and the arginine mutations switched the selectivity of the channel from cafiBgs <P
0.07 [WT]) to anions (B/P,,= 15 [Lys] or 10 [Ag]). Inaddition, we sheed that these mutant channels seem
to hare a1 extremely small single-channel conductance, measured using noise analysis to be about 1 pS,
compared to a WT value of about 25 pS. Our results indicated that it is predominantly ¢eeatithe E342
residue in the P-loop, rather than the pore helix dipoles, which controls the cation-anioritget#cthis
channel. Hwever, the outvard rectification displayed by both mutant channels in symmetrical NaCl solutions
suggests that the gaive ends of the pore helix dipoles probably play a role in reducing the outwarehmant
of CI" ions through these anion-selgetichannels. Sucla postulated mechanism is also suppartif the
mutations only causing localfetts within the selectivity filter region of the channel. These results may ha
general implications for the determinants of anion-cation seigctn the large family of P-loop containing
channels.

We dso showed from measurements ofarsal potentials, with different halide ion substitutions, that the
relative permeability of the halide ions increases with ionic radius in these E342K and E342R mutant CNG
channels. Sincmnic radius is imersely related to hydrated ion size, this result indicates that it is dehydration of
these ions, as thigoass through the selectivity region of the mutant channel, that is the mctjar determining
their relatve permeability as is #so observed in anion-selecti GABA , and glycine receptor channelsa{ffna-
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