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Abstract

Adenosine triphosphate (ATP) sensitive potassium channels (Katp) transduce
changes in cellular metabolism into changes in membrane potential. Activation of
Katp channels causes vascular smooth muscle to hyperpolarize. This leads to a
relaxation of the pre-contracted muscle. Inhibition of Karp channels produces
membrane depolarisation and reduces the ability of the vascular smooth muscle
to hyperpolarize and thereby relax.

Katp channels are inwardly rectifying potassium channels (Kir), which are
inhibited by ATP and stimulated by magnesium bound nucleotides. The Katp
channel is an octomeric combination of two different protein subunits. The pore is
formed by four Kir6.2 subunits, each of which is associated with a regulatory
sulphonylurea receptor (SUR) subunit. Katp channels are found in a diverse
range of tissue and are composed of different Kir and SUR subunits. In smooth
muscle, Kir6.2 is the pore forming subunit and SUR2B is the associated
regulatory subunit.

A structurally diverse group of agents called Katp channel openers (KatpCOs),
have affinity for the SUR of Katp channels, causing a hyperpolarisation of the cell
membrane and a decrease in excitability. Karp channel openers have a host of
potential therapeutic targets, which range from urinary incontinence to obesity.

The KatrCOs used in this study can be placed into two categories. The KarpCOs
typified by pinacidil are sensitive to L-arginine analogues whereas the Ka1pCOs
typified by cromakalim are insensitive to L-arginine analogues. This sensitivity
appears to be independent of nitric oxide synthase (NOS) action as the
vasorelaxant and Rb efflux responses to pinacidil are insensitive to the NOS
inhibitor L-N°-(1-iminoethyl) ornithine (L-NIO).

Pinacidil and cromakalim are believed to have a degree of commonality in how
they interact with the KarpCO binding site on SUR2B. Some parts of pinacidil
though are believed to interact with the area of the KarpCO binding site that
recognises L-arginine analogues. In contrast, cromakalim is not believed to
interact with this particular region of the KarpCO binding site, which explains the
insensitivity of cromakalim to L-NAME.

viii



1 Introduction

Potassium channels are a diverse group of ion channels, which have a crucial
role in the control of cell excitability. Cells in a resting state have an intracellular
potassium ion (K*) concentration that is twenty five times higher than the external
K* concentration. When a potassium channel opens, an efflux of positive charge
and an outward current results. The efflux of K is a mechanism to recover,
maintain or enhance the resting membrane potential. The opening of K* channels
enables the membrane potential of the cell to move towards the equilibrium
potential for potassium. The equilibrium potential for potassium can be defined as
the membrane potential produced when the concentration of potassium ions
across the membrane are in equilibrium. |

1.1 Adenosine Triphosphate Sensitive Potassium Channels

Adenosine triphosphate (ATP) sensitive potassium channels (Karp) are inwardly
rectifying potassium channels (Kir), which are inhibited by ATP and stimulated by
magnesium bound nucleotides, such as MgATP, adenosine diphosphate
(MgADP), guanosine triphosphate (MgGTP), guanosine diphosphate (MgGDP)
and uridine diphosphate (MgUDP). Studies have shown that Katp channels are
octomeric combinations of two distinct types of protein subunit. The pore is
formed of four Kir6.1 or Kir6.2 subunits, each of which is associated with a
regulatory sulphonylurea receptor (SUR) subunit. Kir6.1 and Kir6.2 have two
transmembrane domains connected by a pore loop, and belong to the Kir
superfamily (Figure 1) (Ashcroft and Gribble, 2000b; Clement ef al., 1997; Shyng
and Nichols, 1997; Inagaki et al., 1995). Kir channels were first recognised in
1949. At present, seven subfamilies of Kir exist and are designated as Kir1.0 to
Kir7.0 (Doupnik et al., 1995). Functional expression of the Kir family showed that
members exhibit either strong or weak voltage dependent rectification. Katp
channels are weak rectifiers. Kir channels are essential in the control of resting

membrane potential, coupling cellular metabolism to cellular excitability.



outside
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Figure 1. The structure of a Karp channel. A shows the pore surrounded by
four inwardly rectifying potassium channel (Kir) subunits and four
sulphonylurea receptor (SUR) subunits from a vertical perspective. B shows a
Kir subunit surrounded by a SUR subunit. In addition, two nuclectide binding
domains (NBDs) are also visible.



The second subunit is referred to as the SUR because the purification and the
cloning of the founding member of this family was based on its affinity for the
sulphonylurea, glibenclamide (Aguilar-Bryan et al., 1995). SURs are members of
the ATP-binding cassette (ABC) or transport ATPase superfamily. SURs have
seventeen, highly hydrophobic, transmembrane domains (TMDs) that are
arranged in three groups, two groups of six and one group of five TMDs. The
SUR has two intracellular loops that contain consensus sequences, which are
required for nucleotide binding and hydrolysis. These sequences are called the
nucleotide binding domains (NBDs) (Tusnady et al., 1997; Aguilar-Bryan et al.,
1995). Within each NBD is 'd conserved region of around 200 amino acids
consisting of a Walker A motif, a Walker B motif and a conserved linker
sequence. A conserved lysine residue in the Walker A motif is required for ATP
hydrolysis and an aspartate residue in the Walker B motif is involved in
coordinating the magnesium ion of the magnesium nucleotides. The Walker A
and B motifs are separated by the ABC signature motif. The signature motif
distinguishes ABC transporters from other nucleotide triphosphate binding
proteins, such as kinases, which also contain the Walker sequences
(Theodoulou, 2000).

Endoplasmic reticulum retention signals are masked during the assembly of the
SUR/Kir complex, which results in only fully assembled channels being able to
reach the plasma membrane. An -RKQ- (-Arginine, Lysine, Glutamine-) motif can
function to keep incompletely assembled Karp channels from reaching the cell
‘membrane. Changing the motif to -AAA- (-Alanine, Alanine, Alanine-) allowed the
surface expression of either the SUR or the Kir in the absence of their partner
subunit. This shows that control is maintained over the assembly of Karp

channels (Zerangue et al., 1999).

1.2 Types of SUR and Kare Channel Location

KaTe channels in different tissues have a pre-dominance of certain combinations
of Kir and SUR subunits. Two different genes encoding SUR1 and SUR2 have
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