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ABSTRACT

Inward rectifier K* (Kir) channels are expressed in multiple neuronal and glial cells.
Recent studies have equated certain properties of exogenously expressed Kir4.1 channels
with those of native K* currents in brain cells, as well as demonstrating the expression
of Kir4.1 subunits in these tissues. There are nagging problems however with assigning
native currents to Kir4.1 channels. One major concern is that in many native tissues, the
putatively correlated currents show much weaker rectification than typically reported for
cloned Kir4.1 channels. We have now examined the polyamine-dependence of Kir4.1
channels expressed at high density in Cosm6 cells, using inside-out membrane patches.
The experiments reveal a complex and variable rectification that can help explain the
variability reported for candidate Kir4.1 currents in native cells. Most importantly,
rectification seems to be incomplete, even at high polyamine concentrations. In excised
membrane patches, with high levels of expression, and high concentrations of spermine,
there is ~15% residual conductance that is insensitive to spermine. From a biophysical
perspective, this is a striking finding, and indicates either that a bound spermine fails to
completely block permeation or that significant spermine permeation (i.e. ‘punchthrough’)
is occurring. To examine this further, we have examined block by philanthotoxin (PhTx,
essentially spermine with a bulky tail). PhTx block, while less potent, is more complete
than spermine block. This leads us to propose that spermine ‘punchthrough’ may be
significant in Kir4 channels, and that this may be a major contributor to the weak
rectification observed under physiological conditions.

INTRODUCTION

Inward rectifier K* (Kir) channels are so called because of their properties of inward
rectification—reduction of conductance with depolarization. This property is striking in
certain family members, especially those encoded by the Kir2.x and Kir3.x sub-family
members.> Others, for example Kirl.x and Kir6.x sub-family members, normally show
very little inward rectification. Channels formed by Kir4.x sub-family members were
initially reported to show essentially strong rectification,? this rectification being conferred
by polyamines, and dependent on the presence of a negative charge in the second
transmembrane helix,? just as in the Kir2.x and Kir3.x sub-family members. Kir4.1
(KCNJ10) is an important component of brain Kir channels, and mutations are associated
with deafness, epilepsy and seizure37 in animals and humans. Recent studies have
demonstrated the expression of Kir4.1 subunits in various brain cells, including cortical
astrocytes, retinal Miiller cells, spinal cord and brainstem,8-14 and have also attempted to
equate certain properties of exogenously expressed Kir4.1 currents with those of native K
currents in these tissues.113

There are nagging problems however with assigning native currents to Kir4.x channels.
One major concern is that in many native tissues, the putatively correlated currents show
much weaker rectification than reported for cloned Kir4.1 channels,® such as variable or
multi-phasic rectification in Mller glial cells'®29 and spinal cord cells,*® and with the
strength and voltage-dependence decreasing as external [K*] (Kout) is reduced. However,
there have been relatively few studies of the effects of Kout on Kir4 channel rectification
under controlled conditions in membrane patches, and both the underlying mechanism,
and implications for the physiology of Kir4-expressing cells has not been studied. A major
caveat to any whole-cell voltage-clamp experiments is the unreliability of controlling
intracellular conditions. To circumvent this problem, we have now examined the
polyamine and divalent ion-dependence of Kir4.1 channels expressed at high density in
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