External divalent ions increase anion-cation permeability in glycine receptor channels —
consideration of ion activities, surface charge and conductance measurements
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The ligand-gated glycine receptor ion channels (GlyRs) mediate fast inhibitory synaptic transmission in
the central nervous system and their functional role depends on whetheret@edominantly permeable to
cations or anions. Measurements of relatinion-cation permeability of such channels are often made with
different concentrations of externavaent ions. V& havealready reported (Sugiharé al, 2007) that dilution
potential measurements of AP, in wild-type (WT) homomerical GlyR have keen found to ge larger
values, implying a greater rela#i anion-cation selectity, in the presence ofkéernal divalent ions rather than in
their absence. Whavenow further ealuated the effects of dilent ions: (1) by xamining the use of asities
for liquid junction potential (LJP) corrections, (2) by considering surface charge effects and (3) by directly
measuring the effect ofwdilent ions on single channel conductances.

A recent paper of ours, on the relationship between anion-cation permeability avaleat|iiydrated
counterion size (Sugihartet al, 2008), highlighted the importance of ensuring that ion activities, rather than
concentrations, are used in calculating liquid junction potential (LJP) corrections in all dilution potential
measurements. ised the MS Widows version ofJPCalcfor such calculations (Barrg994). In the case of
our divaent ion experiments, using ion activities for LJP corrections and an offset correction reduced the
magnitude of B/P,,to 15+ 1 (compared to the previous value of 22, using concentrations) in the presence
of 4 mM external [C&], and to 11.% 0.4 (compared to the previoualve of 12.4+ 0.4, using concentrations)
in the absence of external [€h This means that mgnof the previous measurements qQf /Py, that used
concentration for LIP corrections for anion-selecthannels in the presence of external{Qan particular
have oveestimated this permeability ratio.

We havealso &plored the effect of ionic strength andaént ions in the presence of surface charge near
ion channels on relag anion-cation permeabilitWe haveshaved in a theoretical analysis thatyathange in
local concentration of ions due to surface charge (with a resultamtcsupiotential) near the channel is
completely compensated for by the boundary potential from that channel to within the clestibgdey in the
absence of @dlent ions, and almost completely compensated for if thaedit ion concentration is only avie
mM. This point and other considerations suggest that tifectebf external [C#] on Pc/Pya Cannot be
primarily explained by surface charge effects.

The guestion may be asked whether the effect of extewahtioli ions was to increase Glermeability or
to decrease Napermeability or both. Single channel conductance measurements on GlyR channels in NaCl
solutions indicate that while external did increase Clpermeability to some extent, the major effeetsw
to decrease counter-ion Npermeability.

Our results still suggest that the presence of impermeahti@@ in the externalestitule affects anion-
cation permeation by altering the electrostatic energy profile in that region.
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