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Inwardly rectifying KJ-" channels (Kir)
exist in various excitable ahd nonexcitable
cells. They are important for maintaining

the resting membrane potential near the K*

equilibrium  potential (Ex) and for
permitting long depolarizing response.
Recent evidence implicates”



phosphatidylinositol 4,5-bisphosphate (PIP,)
as a regulator of Kir channels. This direct

interaction between PIP, and the channel is

important for the constitutive opening of Kir

channels. In this two years project, we focus

our effort on the molecular mechanisms for

regulation of Kir mediate by PIP,. We have

elucidated the structural motif of ROMKI1

channel for interacting with PIP; .

The proximal C-terminal hydrophilic
domain of Kir channels contain a region of
many conserved basic residues. As the
C-terminal domain may from part of the
channel pore, binding of the basic (putative
PIP,-binding) region to membrane PIP, may
be critical for stability of the open pore. We
use frog eggs (Xemopus oocytes) for
expression the wild and mutant ROMK1
channels. The strategies were performed as
below: (1) Mutagenesis. To examine the
role of these positive charged residues in the
binding and activation of the channel by
PIP,. We extensive mutant the amino acids
sequence from 180 to 240 with the neutral
amino acid glutamine by in Vvitro
mutagenesis. (2) Inside-out patch clamp
study. The activity of the channels
expressed in oocytes were measured using
patch-clamp recording in giant excised
inside-out membrane patches. The affinity
of the ROMKI1 mutants for PIP, were
assessed using the ability of monoclonal
PIP; antibody to bind PIP; and thus to
inhibit the activity of the channel. We found

that the binding affinity of PIP; were

significant decreased in KI181A, R188Q,
R216A, and K217A mutant. Mutation of
arginine 188 to glutamine (R188Q) in
ROMKI1 reduces its binding with PIP; to a
negligible level. The differences in the
affinities of inward rectifiers for PIP2
indicate that residues the conserved R188
are certainly important. The large decrease
of PIP; binding induced by a single
mutation, R188Q, suggests that binding of
PIP; to multiple basic residues of the
channel were cooperative, similar to the
binding of PIP; to the pleckstrin homology
(PH) domains. Proteins that are known to
bind PIP; include proteins with the domain.
The binding of PIP; to PH domain involves
ionic interactions between the acidic
headgroups of PIP; and the basic amino
acids in the PH domain. Recently, X-ray and
NMR studies of several PH domains have
revealed that the structure of the PH
domains are quite similar, featuring an
antiparallel B-sheet consisting of seven
strands and a C-terminal o-helix. The
binding of PIP; ta PH domains occurs
between the 4-and 5-phosphates of PIP, and
3 basic residues at a p&sitively charged cleft
formed between p-strands 1-2 and 3-4.
Binding of PIP, to tﬁe§e residues is
cooperative. The putative PIP; binding
region in ROMKI is also rich in basic
amino acids, which are conserved among
inward rectifying K* channels. Our working
model is that binding of PIP; (in the inner.

leaflet of the plasma membrane) to this



region of the inward rectifying K* channels
regulate channel activity by stabilizing the
open-pore structure of the channel. The
electrostatic interaction occurs between the
positively charged amino acid residues and
the negatively charged head groups

(phosphates) within the inositol
1,4,5-trisphosphate (IP3) moiety of PIP;.

We have previously shown that PIP,
directly interacts with the proximal
C-terminus of the Kir channels, including
ROMKI, IRK1, and GIRK1. We also found
the PKA activates ROMK1 channels by
enhancing PIP,-channel interaction. In the
mutagenesis study, we have demonstrated
that mutation of K181A, R188Q, R216A,
and K217A in ROMKI1 reduced the ability
of ROMKI1 to bind PIP,. PIP, as the
essential "gating molecule" for Kir channels.
Our recent reduction of
PIP,-channel
single-channel P, of the channels as well as
ROMK1

subconductance states lends support to this

report that
interaction decreases

favors channels to enter

hypothesis. Many hormones or growth
alter PIP,

activation of PLC, phosphoinositide kinases,

factors metabolism through
and/or phosphatases. The role of these
hormones in regulating the activity of
ROMK channels in the kidney via alteration
of PIP;-channel interaction awaits future

investigation.
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Fig. 1.  Effects of charge neutralization on the sensitivity of ROMKI1 channels to
anti-phosphatidylinositol bisphosphate (PIP.) antibodies. A: amino acid sequence (amino acids
180-227) of the proximal COOH terminus of ROMKI1. Amino acids substituted by site-directed
mutagenesis are shown in bold. The asterisks indicate amino acids that, when substituted by a
neutral amino acid (glutamine or alanine), exhibit an increased sensitivity to inhibition by anti-PIP:
antibody. B: representative tracings of anti-PIP: antibody-mediated inhibition of wild-type (WT)
and leucine-181Q (K181Q), arginine-188Q (R188Q), arginine-217A (R217A), and leucine-218A
(K218A) mutant channels. Inward K currents (£; holding at —30 mV) from oocytes expressing
the individual channel were recorded by giant patch-clamp recording first in cell-attached patches
and subsequently in those in an excised inside-out configuration. Bath solutions contain mixtures of
phosphatase inhibitors (FVPP solution) and no Mg ions (se¢ METHODS). Anti-PIP: antibodies
(anti-PIP: Ab; 40 nM) were applied to the inside-out patches in FVPP solutions as indicated.
Currents measured at all time points were normalized to the currents measured in cell-attached
mode (currents in cell-attached patches are equal to 1). Currents befoge and after anti-PIP:
antibodies for WT and mutant channels were superimposed for presentation. Ct ﬁalf—time (Tin; time
to 50% inhibition by anti-PIP: antibody) for WT and all substitution mutants. Each bar is

mean = SE of at least 5 similar experiments for each channel. *P<0.05 compared with WT
ROMK1 by unpaired ~test.
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