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Abstract

There are two kinds of human minK proteins
differing from each other by one amino acid at the 38"
position (glycine for minK-G38 and serine for
minK-S38). However, the functional significance of
the minK polymorphism is not clear and neither is the
allele incidence.

The electrophysiological and pharmacological
properties of both minK proteins were studied by
heterologous expression of minK proteins in Xenopus
oocytes. The allele incidence was determined by
polymerase chain reaction and restriction fragment
analysis. Human minK cDNA was obtained by
polymerase chain reaction using genomic DNA from
leukocytes as the template. MinK mRNA was obtained
by in vitro transcription reaction. The mRNA was
injected into Xenopus oocytes for heterologous
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expression. The two-electrode voltage clamp
technique was performed to investigate the current
induced by minK protein. We found that the two minK
proteins did not differ significantly with regard to their
electrophysiological and pharmacological properties.
Both minK proteins were inhibited by amiodarone and
were not inhibited by quinidine, procainamide and
sotalol. The inhibitory effect of amiodarone on minK
may be related to its clinical lack of reverse
use-dependent effects. The incidences of both minK
proteins were determined in 250 human subjects. We
found that the allele incidences were 69% and 31% for
minK-G38 and minK-S38 respectively.

The two kinds of minK proteins had similar
electrophysiological and pharmacological properties.
The allele incidences were 69% and 31% for
minK-G38 and minK-S38 respectively.  This
polymorphism can be used as a marker in genetic
studies.

Keywords: minK, potassium channel, molecular
biology, voltage clamp study
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The minK protein was first cloned from rat
kidney by Takumi and coworkers in 1987.' When
expressed in Xenopus oocytes, minK induced a
voltage-gated potassium current with very slow
activation kinetics. The human counterpart was later
on cloned by homology screening.2 This protein is
widely distributed in various animal species including
mouse, guinea pig, and dog. The protein is expressed
in numerous mammalian tissues such as kidney,
duodenum, T-lymphocytes, uterus, inner ear and the
heart.” The exact functional role of the minK protein
has been the focus of many recent researches. It is now
known that minK protein is the co-factor subunit of the
slow component of the cardiac delayed rectifier
potassium current (Ix,).>* It plays an important role in
cardiac repolarization. A mutation of the minK gene
has been reported to result in clinical congenital long
QT syndrome.*”’

More recently, a genetic polymorphism was
found in the human minK protein. Lai et al. reported
that there are two kinds of human minK proteins
different from each other by one amino acid.’
MinK-S38 was the one cloned in 1989 by Murai et al.
and has serine as the 38" amino acid. On the other



hand, minK-G38 was reported by Lai et al. and has
glycine as the 38" amino acid. The functional
differences between the two remained unknown. Since
the 38" amino acid is at the extracellular part and
serine has a hydroxy functional group while glycine
does not, it is possible that the potassium current
induced by these two proteins may be different in
electrophysiological and pharmacological properties.
Furthermore, the incidences of the two minK proteins
in general population have not been extensively
studied before. Therefore, we performed the present
study to compare the electrophysiological and
pharmacological properties of the two minK proteins
by heterologous expression in the Xenopus oocytes.
We also used the polymerase chain reaction and
restriction enzyme digestion method to investigate the
incidences of the two minK proteins in a
hospital-based Chinese population.
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Expression of minK protein in Xenopus oocytes

Qutward current was recorded during a
depolarizing voltage command in oocytes injected
with minK mRNA, while no current was recorded in
oocytes injected with distilled water (Figure 2).
Therefore, the current recorded resulted from the
mRNA injected. The shape of the induced current was
characteristic of cardiac Iy, current. We also found
that the currents induced by minK-G38 and minK-S38
were similar.
Electrophysiological properties of the two human
minK proteins

We measured the current-voltage (I-V)
relationship, activation time constant, and deactivation
time constant of the induced current. Figure 3 shows
the relationship between voltage and the relative
magnitude of current at the end of a five-second
voltage command. We found that the two minK
proteins did not differ significantly with regard to the
I-V relationship. The channel was hardly activated
until a voltage more positive than —20 mV. There was
no inactivation for both minK-G38 and minK-S38.
The activation and deactivation time constants are list
in Table 1. There were no significant differences
between the activation and deactivation time constants
of the two minK proteins.
Pharmacological properties of the two human
minK proteins

We tested the sensitivity of the two human minK
proteins to quinidine, procainamide, sotalol, and
amiodarone. Quinidine, procainamide and sotalol at
300uM had no inhibitory effects on the current
induced by minK-G38 or minK-S38. On the other
hand, amiodarone inhibited the current in a
dose-dependent manner. The degree of inhibition was
not significantly different between the two human
minK proteins (Figure 4). With regard to the activation
and deactivation time constants, all the four drugs had
no effect on the time constants of the two minK
proteins (Table 2).
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Incidence of the two minK proteins in study
population

The incidences of the two genetypes were
determined in 250 patients. The incidence of
minK-G38 homozygotes was 50.8% (127/250),
minK-G38 homozygotes was 12.8% (32/250) and
minK-S38/minK-G38  heterozygotes was 36.4%
(91/250). The percentage of minK-G38 allele was
69% and that of the minK-S38 allele was 31%.

In the present study, we demonstrated that the
currents induced by the two kinds of minK proteins do
not differ significantly with regard to their
electrophysiological and pharmacological properties.
We also found that the allele incidences for minK-S38
and minK-G38 were 31% and 69% respectively. This
polymorphism can reserve as a marker for genetic
studies.

Functional significance of minK protein

MinK protein is a relatively small protein with
only 130 amino acids and is therefore called minK
(minimal K channel) protein."2 Initial functional
expression in Xenopus oocytes revealed that this
protein induced a slowly activating, non-inactivating
and slowly deactivating potassium current, very
similar to IKS.9 Iks is the slow component of the cardiac
delayed rectifier potassium current. It has been
reported that Ix; can be detected in human ventricular
and atrial myocytes at current'®'' and mRNA levels.>*
Therefore, it contributes to cardiac repolarization in
both atrial and ventricular levels and serves as a target
for anti-arrhythmic drug therapy. However, the amino
acid sequence of minK protein predicts that there is
only one transmembranous segment. This feature is
unique among all known ion channels and it has been
doubtful that this protein is really an ion channel. Later
on, it has been shown that minK is the co-factor
subunit of Ig,. It binds with another protein,
KVLQT1," to form the Ix, channel.

Potential significance of minK polymorphism

There are a lot of polymorphisms in human
genome. Some of the polymorphic sites have
functional significance while others do not. For human
minK protein, we demonstrated that the two kinds of
minK proteins do not differ significantly with regard
to their electrophysiological and pharmacological
properties. Therefore, we cannot find any functional
significance of the polymorphism at the present time.
However, this polymorphism can be used as a marker
in genetic studies and in forensic medicine. The minK
gene has been mapped to chromosome 21 at
21q22.1-21q22.2." There are a lot of known human
genes located at human chromosome 21 such as
amyloid precurser protein (APP),'* carbonyl reductase
(CBR3),"” interleukin-10 receptor,'® interferon type 1
and type 2 receptor,’® human intersectin gene
(ITSN)“" There are also many diseases related to
human chromosome 21 such as Down syndrome
(Trisomy 21),'"® congenital long QT syndrome,*’
Alzhiemer’s disease,'” leukemia,?®?' bipolar affective
disorder™ and so on. The minK gene polymorphism



can be utilized as a tool in studies related to the above
genes and disorders. The polymorphism can be easily
detected by polymerase chain reaction and restriction
enzyme digestion, The allele incidences of 31% and
69% are also suitable for linkage analysis.

There are several limitations in this study. First,
the Ix, was obtained by heterologous expression of
human minK protein in Xenopus oocytes. It is now
known that KvLQT1 and minK protein together form
the Iy, channel.>* The Iy, channel in the present study
was formed by human minK protein and endogenous
KvLQTI1 in the Xenopus oocytes. There might be
interspecies differences in the properties of KvLQT1.
However, the homology between human and Xenopus
KvLQTt1 is high (89-92%) and the induced current is
very similar to Ig; in human cardiac tissue with regard
to its gating and kinetic properties.* Second, the study
population in the present study is a hospital-based
population. The patients included were those who
suffered from cardiac disease and needed cardiac
catheterization. The incidences of the allels may be
different from those of general population because
linkage disequilibrium might exist between the gene
and cardiac diseases or risk factors for cardiac
diseases.

m - EHERREH

This is the first report regarding the functional
study of minK gene polymorphism. In the present
study, we demonstrated that the currents induced by
the two kinds of minK proteins do not differ
significantly with regard to their electrophysiological
and pharmacological properties. Both minK proteins
were inhibited by amiodarone and were not inhibited
by quinidine, procainamide and sotalol. The inhibitory
effect of amiodarone on minK may be related to its
clinical lack of reverse use-dependent effects. This
finding may guide future development of potassium
channel blockers toward Ik, inhibitors.

We also found that the allele incidences for
minK-S38 and minK-G38 were 31% and 69%
respectively. This polymorphism can reserve as a
marker for genetic studies.

Related material of the present study was
published in J Biomed Sci 1999;6:251-259 and Acta
Cardiologica Sinica 2001; in press.
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