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Abstract 

Andersen’s syndrome, which is characterized by periodic paralysis, cardiac 

arrhythmias and dysmorphic features, is a hereditary disease, and missense mutations of 

KCNJ2, which encodes an inward rectifying potassium channel, have been reported 

recently. We performed clinical and molecular analyses of a patient with Andersen’s 

syndrome, and found a novel mutation (G215D) of KCNJ2. Twelve lead 

electrocardiography revealed a long QT interval and frequent premature ventricular 

contractions, and polymorphic ventricular tachycardia was induced by programmed 

electrical stimulation. Use of a conventional whole-cell patch-clamp system with COS7 

cells demonstrated that the G215D mutant was non functional, and that co-expression of 

wild type (WT)- and mutant-KCNJ2 shows a dominant negative effect on both inward 

and outward currents. We performed confocal laser scanning microscopy to assess the 

cellular trafficking of WT- and mutant-KCNJ2 subunits tagged with yellow fluorescent 

protein (YFP) and cyan fluorescent protein (CFP), respectively. Tagging with the YFP 

did not affect the channel function of WT-KCNJ2 and both proteins showed similar 

plasma membrane fluorescence patterns. Furthermore, the result of fluorescence 

resonance energy transfer (FRET) studies at the plasma membrane region suggested that 

both YFP-tagged WT- and CFP-tagged mutant-KCNJ2 combine to construct a 

hetero-multimer of the potassium channel. In conclusion, the G215D mutant of KCNJ2 

is distributed normally in the plasma membrane, but exhibits a dominant negative effect 

and reduces the Kir2.1 current, presumably due to hetero-multimer construction. 
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Introduction 

Clinically, Andersen’s syndrome (AS) is a triad of periodic paralysis, cardiac 

dysrhythmias, and dysmorphic features.1-6 Recently, Plaster et al reported 9 types of 

missense mutations of KCNJ2 in patients with AS.7 KCNJ2 encoding Kir2.1 contributes 

to cell excitability and resting membrane potential in excitable tissues,8 including the 

heart, brain and skeletal muscle.9-11 They demonstrated that two of these nine mutations, 

which are expressed in Xenopus oocytes, have a loss of function or a strong dominant 

negative effect12 on the wild type Kir2.1 channel current. Furthermore, Ai et al recently 

discovered a novel mutation (T192A) of KCNJ2 in a Japanese patient with familial 

periodic paralysis and dysrhythmias. This mutation showed a weak dominant negative 

effect on functional expression analysis.13 However, there are only a few reported cases 

of AS with KCNJ2 mutation, and the mechanism of the functional differences between 

these mutations has not been clarified. 

In the present study, we report a novel missense mutation (G215D) in the intracellular 

C-terminal segment of KCNJ2, in a patient with AS. Functional data using a 

heterologous mammalian cell expression system showed a dominant negative effect on 

the Kir2.1 current. This missense mutation was located within the region essential for 

the assembly of Kir2.1.14 We then examined whether the abnormalities of cellular 

transport and multimerization of Kir2.1 exist using fluorescent protein-tagged 

techniques. 
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Materials and Methods 

A 34-year-old female was referred to our hospital for further treatment of a cardiac 

arrest due to ventricular fibrillation. She exhibited dysmorphic features (short stature, 

scoliosis, broad forehead, low-set ears, mandibular micrognathia and clinodactyly). At 8 

years of age, she had developed generalized periodic attacks of muscular weakness. 

Potassium levels during these attacks ranged from 4.1 to 5.2 mEq/l. Muscular weakness 

did not resolve with the administration of potassium or glucose. Electromyography of 

limb muscles revealed a myogenic pattern. Muscle biopsy was suggestive of a 

myopathy with tubular aggregates. She was diagnosed with periodic paralysis and oral 

acetazolamide was prescribed. On admission, twelve lead electrocardiography (ECG) 

and 24-hour ambulatory ECG revealed a long QTc and QTU interval (QTc=0.48 

seconds, QTU=0.64 seconds) with a prominent U wave (Fig. 1A), and confirmed the 

presence of frequent ventricular extrasystoles (36620 beats/day, 38 % of daily total beat), 

including a non-sustained ventricular tachycardia. After obtaining written, informed 

consent, an electrophysiological study was performed using the standard technique.15 

Polymorphic ventricular tachycardia was induced by double ventricular extrastimuli 

from the right ventricular outflow tract. A transvenous implantable cardioverter 

defibrillator system (Medtronic, Micro Jewel II 7223Cx, Minneapolis, MN) was 

subsequently implanted. She has a sister and a son, but her parents died in her childhood. 

Her sister and son lacked ECG abnormality. There was no family history of sudden 

cardiac death, periodic paralysis or dysmorphic features. A clinical diagnosis of AS was 

made by the triad of periodic paralysis, cardiac arrhythmias and dysmorphic features, as 

previously reported.2,4,6 
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DNA isolation and mutational analysis 

 

After written, informed consent was obtained for genetic analysis, genomic DNA was 

isolated from peripheral blood leukocytes using Sepa Gene (Sanko, Tokyo, Japan). 

Primers that can determine entire coding region sequences were constructed on the basis 

of intron and exon sequences (Table 1), and the KCNJ2 gene was amplified with each 

primer. PCR products were sequenced with these same primers using a BigDye 

Terminator Ready Reaction Mix kit (Perkin-Elmer/Applied Biosystems, Foster city, 

CA) and an ABI-Prism 310 DNA sequencer (Perkin-Elmer/Applied Biosystems). 

 

Wild- and mutant-KCNJ2 construction for electrophysiological experiments 

 

The entire coding region of Kir2.1 was amplified from the genomic DNA of the 

patient’s leukocytes with KOD Plus DNA polymerase (TOYOBO Co. Ltd., Osaka, 

Japan), and primers (sense primer: 

5’-CGAGAATTCATGGGCAGTGTGCGAACCAACCGC-3’, anti-sense primer: 

5’-GGAAGCGGCCGCTCATATCTCCGACTCTCGCCGTAA-3’). PCR products and 

the pCMS-EGFP vector (green fluorescent protein [GFP], Clontech, Palo Alto, CA) 

were digested with EcoRI/NotI, and then ligated using Ligation high (TOYOBO Co. 

Ltd.) to prepare wild type (WT)- or mutant-KCNJ2/pCMS-EGFP plasmid vectors. The 

codes of these plasmid constructs were confirmed by sequencing.  

 

Wild- and mutant-KCNJ2 construction for confocal microscopy experiments 
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The entire coding region of Kir2.1 was amplified from the genomic DNA of the 

patient’s leukocytes with KOD Plus DNA polymerase (TOYOBO Co. Ltd.), and primers 

(sense primer: 5’-CGAGAATTCATGGGCAGTGTGCGAACCAACCGC-3’, anti-sense 

primer: 5’-TACCGTCGACTGTATCTCCGACTCTCGCCGTAA-3’). PCR products, 

the pEYFP-N1 vector (yellow fluorescent protein [YFP], Clontech), and the pECFP-N1 

vector (cyan fluorescent protein [CFP], Clontech) were digested with EcoRI/SalI, and 

then ligated using the Ligation high (TOYOBO Co. Ltd.) to prepare 

WT-KCNJ2/pEYFP-N1 and mutant-KCNJ2/pECFP-N1 plasmid vectors. The C-termini 

of WT- and mutant-KCNJ2 were tagged with YFP and CFP. The codes of these plasmid 

constructs were confirmed by sequencing. 

 

Transfection and cell culture 

 

COS7 cells were seeded at a density of 1.5x104 cells per 35 mm Petri dish, and 

cultured for 12-24 hours prior to transfection in Dulbecco’s modified Eagle’s medium 

(Invitrogen Corp., Carlsbad, CA) supplemented with 10 % fetal bovine serum (ICN 

Biomedicals, Inc., Aurora, OH). The cells were transiently transfected using the 

Lipofectamine method (Invitrogen Corp.). In the electrophysiological experiments, 2 µg 

or 1 µg of WT-KCNJ2/pCMS-EGFP, 1 µg of WT- and 1 µg of 

mutant-KCNJ2/pCMS-EGFP, or 2 µg of mutant-KCNJ2/pCMS-EGFP were used. 

Transfected cells were visualized by fluorescence in the studies of expression. In 

confocal microscopy, 2 µg of WT-KCNJ2/pEYFP-N1, 2 µg of 

mutant-KCNJ2/pECFP-N1, 1 µg of WT-KCNJ2/pEYFP-N1 and 1 µg of 

mutant-KCNJ2/pECFP-N1, 1 µg of mutant-KCNJ2/pECFP-N1 and 1 µg of 
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pEYFP-Mem (YFP expressing at the plasma membrane, Clontech),16 or 2 µg of 

pEYFP-Mem were used. 

 

Electrophysiological experiments 

 

Whole-cell currents were recorded using an Axopatch 200B amplifier (Axon 

Instruments, Foster city, CA) 24-48 hours after transfection.17 The cells used in the 

electrophysiological experiments were identified by GFP fluorescence using 

fluorescence microscopy on the stage of an inverted microscope (OLYMPUS Optical 

Corp., TOKYO, Japan). All experiments were performed at 36 °C. The resistance of the 

pipette ranged from 5 to 10 MOhm when filled with the internal solutions of potassium 

aspartate, 60, KCl, 65, KH2PO4, 1, MgCl2, 2, EDTA, 3, K2ATP, 3, and HEPES, 5 (mM) 

adjusted to pH 7.4 using KOH. The bath solution contained NaCl, 140, KCl, 5.4, MgCl2, 

0.5, CaCl2, 1.8, NaH2PO4, 0.33, glucose, 5.5 and HEPES, 5 (mM) adjusted to pH 7.4 

using NaOH. All data were digitized using a Digidata 1200 (Axon Instruments) at a 

sampling frequency of 2 kHz through a 1 kHz Bessel type filter (24 dB/octave, model 

FV664, NF Circuit, Tokyo, Japan).18 Membrane currents were usually elicited by 150 

msec pulses applied in 10 mV increments, to potentials ranging from –140 to 0 mV, 

from a holding potential of –80 mV. Data analysis was performed using a pClamp 6 

(Axon Instruments) and ORIGIN 6.1 software (Microcal Inc., Northampton, MA). The 

steady-state currents were measured, and current density (pA/pF) was calculated by 

dividing with each membrane capacitance, and is described in the text, unless otherwise 

mentioned. 
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Confocal microscopy experiments 

 

WT-KCNJ2/pEYFP-N1, mutant-KCNJ2/pECFP-N1, or pEYFP-Mem plasmid 

vectors were transfected to COS7 cells in glass bottomed microwell dishes. Forty-eight 

hours after transfection, cells were imaged using confocal microscopy. Confocal 

microscopy was performed with a Fluoview FV500 confocal laser scanning microscope 

(version 4.0, OLYMPUS Optical Corp.). In some experiments, transfected COS7 cells 

were chemically stripped from the glass bottomed microwell dish by treatment with 

0.25 % trypsin for 60 seconds, to minimize the cell surface.19 A multi argon laser 

(excitation wavelength=515 nm) was used to excite the YFP, and a multi argon laser 

(excitation wavelength=458 nm) was used to excite the CFP. YFP fluorescence was 

detected with the BP535/565 filter set and assigned as yellow. CFP fluorescence was 

detected with the BP465/495 filter set and assigned as blue. Two-color images were 

obtained by overlaying images from individual channels using the Fluoview FV500 

confocal laser scanning microscope. To clarify if fluorescence resonance energy transfer 

(FRET) between an excited fluorescent donor (mutant-KCNJ2/pECFP-N1) and an 

acceptor (WT-KCNJ2/pEYFP-N1 or pEYFP-Mem) occurs in the co-expression of 

mutant-KCNJ2/pECFP-N1 and WT-KCNJ2/pEYFP-N1, or mutant-KCNJ2/pECFP-N1 

and pEYFP-Mem, we performed photobleaching of the YFP, using a high intensity 

exposure to the YFP excitation light for 30 seconds. When CFP and YFP exhibit FRET, 

photobleaching of the YFP leads to an increase in CFP emission. To confirm that both 

WT-KCNJ2/pEYFP-N1 and mutant-KCNJ2/pECFP-N1 are located close in the plasma 

membrane, we analyzed the fluorescence signal from only the plasma membrane region. 

The ratio was calculated by dividing the CFP and YFP emission intensity after 
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photobleaching by the emission intensity before photobleaching.20-22 Digitized image 

data obtained from the experiment were prepared for presentation using Photoshop 6.0 

(Adobe systems, Mountain View, CA). 

 

Statistical analysis 

 

All numerical values were expressed as mean±S.E.M. (number of observations). For 

electrophysiological experiments, the statistical analysis was performed using ANOVA 

and Bonferroni test, with p<0.0167 considered significant. For confocal microscopy, the 

statistical analysis was performed using the unpaired Student’s t-test, with p<0.05 

considered significant. 
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Results 

Mutation analysis 

 

DNA sequencing identified a heterozygous single nucleotide substitution in KCNJ2 

at position 644 (G to A), resulting in an amino acid substitution of aspartic acid for 

glycine at codon 215 (G215D) (Fig. 1B). This heterozygous mutation was located in the 

C-terminal domain of KCNJ2. This nucleotide substitution was not observed in 100 

normal individuals (data not shown). We also examined her sister and son, and no 

mutation was identified. Direct sequencing of other primer sets of KCNJ2 from this 

patient revealed no mutation. G215 is a highly conserved amino acid residue in the 

inward rectifying potassium channel family (Fig. 1C).   

Regarding the topology of the Kir2.1 channel, G215D is located in the proximal site 

of the C-terminus, which is the region essential for the assembly of Kir2.1,14 and is near 

R218W that shows a dominant negative effect on the wild type Kir2.1 current.7 

 

Functional expression of WT- and G215D mutant-KCNJ2 in COS7 cells 

 

To investigate the effects of the G215D mutation on channel function, conventional 

whole-cell patch-clamp experiments were conducted on cells transfected with WT- 

and/or G215D mutant-KCNJ2, using a heterologous mammalian cell expression system 

(COS7 cells). The cells transfected with 2 µg of mutant-KCNJ2/pCMS-EGFP alone 

failed to form functional homo-multimeric channels (Fig. 2A, B: G215D 2 µg). The 

inward and outward current densities in the cells transfected with 1 µg of 

WT-KCNJ2/pCMS-EGFP (–140 mV; –115±10 pA/pF, –40 mV; 30±8 pA/pF) (Fig. 2: 
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WT 1 µg) were smaller than those in the cells transfected with 2 µg of 

WT-KCNJ2/pCMS-EGFP (–140 mV; –192±36 pA/pF, –40 mV; 32±10 pA/pF) (Fig. 2: 

WT 2 µg). The inward and outward current densities in the cells co-transfected with 

WT- and mutant-KCNJ2/pCMS-EGFP (–140 mV; –65±6 pA/pF, –40 mV; 3±2 pA/pF) 

(1 µg each, Fig. 2: WT 1 µg + G215D 1 µg) were significantly lower than those in the 

cells transfected with 2 µg of WT-KCNJ2/pCMS-EGFP (–140 mV; p=0.0002, –40 mV; 

p=0.0056) (Fig. 2: WT 2 µg), but there was no significant difference of the reversal 

potential between the cells transfected with 2 µg of WT-KCNJ2/pCMS-EGFP (–73±2 

mV) and those co-transfected with WT- and mutant-KCNJ2/pCMS-EGFP (1 µg each, 

–72±3 mV). Current densities of –140 mV and –40 mV were obtained in multiple cells 

under different conditions, and are summarized in Figure 2C as bar graphs. To compare 

the inward rectifying property between WT and co-transfected cells, the ratio was 

calculated by dividing the current density amplitudes of –40 mV by those of –140 mV. 

The ratio (0.044±0.024) of the cells co-transfected with WT- and 

mutant-KCNJ2/pCMS-EGFP (1 µg each) was smaller than that (0.17±0.019) of those 

transfected with 2 µg of WT-KCNJ2/pCMS-EGFP (p=0.0004). These findings 

demonstrated that G215D subunits exhibit a dominant negative effect on the WT Kir2.1 

channel current, and accentuate the inward rectifying property. 

 

Subcellular localization of WT- and G215D mutant-KCNJ2 in COS7 cells 

 

To assess the cellular transport of WT- and G215D mutant-KCNJ2 in COS7 cells, we 

examined the subcellular localization using WT-KCNJ2/pEYFP-N1 and 

mutant-KCNJ2/pECFP-N1 (Fig. 3). The cells transfected with WT-KCNJ2/pEYFP-N1 
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showed a plasma membrane fluorescence pattern (Fig. 3A), with 

mutant-KCNJ2/pECFP-N1 showing a similar fluorescence pattern (Fig. 3B). In this 

procedure, 41 of 50 cells transfected with WT-KCNJ2/pEYFP-N1 exhibited enhanced 

fluorescence signals in the plasma membrane, and 38 of 50 cells transfected with 

mutant-KCNJ2/pECFP-N1 showed similar fluorescence patterns. Trypsinization 

immediately prior to a confocal microscopic analysis clearly demonstrated these 

findings in protein localization (Fig. 3C, 3D). The cells co-transfected with 

WT-KCNJ2/pEYFP-N1 and mutant-KCNJ2/pECFP-N1 were located in nearly the same 

region. Tagging with the fluorescent protein did not affect WT Kir2.1 channel function, 

because a similar conductance was consistently observed in the cells transfected with 

WT-KCNJ2/pEYFP-N1 (data not shown). 

 

FRET between WT- and G215D mutant-KCNJ2 at the plasma membrane region 

of COS7 cells 

 

To confirm if WT- and G215D mutant-KCNJ2 construct hetero-multimers of Kir2.1 

channels in the plasma membrane, we conducted FRET studies between 

WT-KCNJ2/pEYFP-N1 and mutant-KCNJ2/pECFP-N1, and compared the results with 

those between pEYFP-Mem and mutant-KCNJ2/pECFP-N1 (Fig. 4A, B). The ratio of 

the CFP emission intensity (1.081±0.021) of the combination of WT-KCNJ2/pEYFP-N1 

and mutant-KCNJ2/pECFP-N1 was larger than that (0.99±0.011) of the combination of 

pEYFP-Mem and mutant-KCNJ2/pECFP-N1 (p=0.0046) (Fig. 4C). Following 

photobleaching of the YFP, the CFP emission signal of only the combination of 

WT-KCNJ2/pEYFP-N1 and mutant-KCNJ2/pECFP-N1 increased. These findings 
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demonstrate that FRET is detected between WT-KCNJ2/pEYFP-N1 and 

mutant-KCNJ2/pECFP-N1, implying that WT-KCNJ2 and G215D mutant-KCNJ2 exist 

within 10 nm of each other. Thus WT and mutant subunits could combine to construct a 

hetero-multimer. 
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Discussion 

We discovered a novel KCNJ2 mutation, G215D that causes the phenotype of AS, 

including cardiac arrhythmias, periodic paralysis and dysmorphic features. This 

mutation shows a dominant negative effect12 on the WT Kir2.1 channel current, and 

accentuates the inward rectifying property. Kir2.1 was detected predominantly in the 

heart, forebrain and skeletal muscle.9-11 In this patient, ECG revealed prolonged QT 

interval and frequent ventricular extrasystoles, as previously reported in other patients 

with AS.1-6,13 

The cells transfected with G215D mutant-KCNJ2 alone did not form functional 

channel. In previous studies, functional analyses were performed on three mutant 

subunits, D71V, R218W and T192A.7,13 None of these homo-multimeric channels 

displayed functional channels. In the functional analyses of cells co-expressing WT- and 

mutant-KCNJ2, the reduction in current was approximately 1/16 for D71V, 1/4 for 

R218W, 1/2 for T192A and 1/3 for G215D, compared with WT. The mechanism of the 

functional difference among these mutations has not been clarified. The dysmorphic 

features were lacking in the case of T192A mutant. This might depend on the extent of 

the reduction of Kir2.1 channel function. In several inherited diseases, deficient protein 

trafficking of the mutation to the plasma membrane has been reported.23-26 Furthermore, 

the proximal C-terminus, which is where G215D is located, is responsible for the 

assembly of Kir2.1.14 To assess these possibilities in regard to G215D, we investigated 

the subcellular localization and assembly of the G215D mutant-KCNJ2 using confocal 

microscopic images. Our study revealed that WT-KCNJ2/pEYFP-N1 and 

mutant-KCNJ2/pECFP-N1 show similar fluorescence patterns along the plasma 

membrane, and that the reduction of Kir2.1 function is not related to abnormal protein 
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trafficking. Furthermore, we confirmed that FRET between WT-KCNJ2/pEYFP-N1 and 

mutant-KCNJ2/pECFP-N1 occurs in the plasma membrane region. If excited 

fluorescent donor and acceptor proteins are less than 10 nm apart and are orientated 

appropriately, FRET may occur.20-22,27 To confirm that these results were not artifacts 

caused by the change of cell size and direct excitation of YFP by the CFP excitation 

laser, FRET studies between pEYFP-Mem and mutant-KCNJ2/pECFP-N1 were 

performed. We demonstrated that nonspecific overcrowding of proteins did not induce 

FRET. The data revealed that WT- and mutant-KCNJ2 exist within 10 nm in the plasma 

membrane region, and should be present as a hetero-multimer in the plasma membrane. 

The reduction of Kir2.1 function should be not related to abnormal assembly. Soom et al 

reported that inwardly rectifying potassium channels require the binding of 

phosphatidylinositol-4, 5-bisphosphate (PIP2) for channel activity, and that three 

independent sites (aa 175-206, aa 207-246, aa 324-365) are located in the C-terminal 

domain of the Kir2.1 channels.28 As G215D mutation exists in the PIP2 binding domain 

(residues 207-246), it is possible that G215D mutant exhibits abnormal PIP2 binding, 

and hetero-multimerization of WT and G215D mutant causes a dominant negative effect. 

Moreover, this mutation showed the accentuated inward rectifying property. Kubo et al 

reported that the negative charges of E224 and E299 contribute to inward rectifying 

property.29 They also suggested the possibility that these two sites contribute to the inner 

vestibule of the Kir2.1 channel pore. The changes of blocking and unblocking processes 

by mutation of these sites weaken the entry of spermine to the blocking site. In this 

study, the negative charge of D215 might contribute to accentuate the inward rectifying 

property. 
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In conclusions, the G215D mutation, a result of G644A transition, in KCNJ2 exhibits 

a dominant negative effect on Kir2.1 channel function, and accentuates the inward 

rectifying property. Cells co-transfected with WT-KCNJ2/pEYFP-N1 and 

mutant-KCNJ2/pECFP-N1, were identified at the same location including in the plasma 

membrane region, and demonstrated that WT- and G215D mutant-KCNJ2 could 

construct a hetero-multimer in the plasma membrane. Assembly between WT- and 

G215D mutant-KCNJ2 must be the cause of the dominant negative effect. Moreover, 

the negative charge of D215 might accentuate the inward rectifying property. 
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Figure Legends 

Figure 1. 

 

Heterozygous mutation of KCNJ2 in an Andersen’s syndrome patient. A, ECG of the 

patient. B, Electropherogram of the sequence around the heterozygous mutation 

(G215D) of KCNJ2. C, Amino acid alignment of the Kir family around the mutation 

(G215D). 

 

Figure 2. 

 

Functional expression of WT- and G215D mutant-KCNJ2. A, Representative current 

traces of WT- and G215D mutant-KCNJ2 in COS7 cells. Cells of each panel were 

transfected as follows: WT 2 µg; 2 µg of WT-KCNJ2/pCMS-EGFP, WT 1 µg; 1 µg of 

WT-KCNJ2/pCMS-EGFP, WT 1 µg + G215D 1 µg; 1 µg of WT- and 1 µg of 

mutant-KCNJ2/pCMS-EGFP, G215D 2 µg; 2 µg of mutant-KCNJ2/pCMS-EGFP. B, 

Current-voltage relationship measured from cells transfected with WT- or G215D 

mutant-KCNJ2. C, Summary bar graphs of inward and outward current densities at 

–140 mV and –40 mV, respectively, for WT 1 µg + G215D 1 µg, 1 µg or 2 µg of WT. 

 

Figure 3.  

 

Subcellular localization of WT- and G215D mutant-KCNJ2 in COS7 cells. Confocal 

microscopic images of COS7 cells transfected with WT-KCNJ2/pEYFP-N1 (A) and 
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mutant-KCNJ2/pECFP-N1 (B). The cells, transfected with WT-KCNJ2/pEYFP-N1 (C) 

and mutant-KCNJ2/pECFP-N1 (D), were treated with trypsin. 

 

Figure 4.  

 

FRET using photobleaching. Cells were co-transfected with 

mutant-KCNJ2/pECFP-N1 and WT-KCNJ2/pEYFP-N1 (A), and 

mutant-KCNJ2/pECFP-N1 and pEYFP-Mem (B). Images were obtained before and 

after photobleaching of YFP, with bar graphs of the ratio (C: upper; CFP, lower; YFP, 

left; mutant-KCNJ2/pECFP-N1 and WT-KCNJ2/pEYFP-N1, right; 

mutant-KCNJ2/pECFP-N1 and pEYFP-Mem). 

 

 



Table 1. Primers Used to Amplify KCNJ2 

Primer  Forward  Reverse 

 1 5’ GAACATTCAAAACTGTTTCTCCAA 3’  5’ AGAGCTATCAACCAAAACACACAG 3’ 

 2 5’ GTGGATGCTGGTTATCTTCTGC 3’  5’ GCATTGTGACTGAAGACAAGAGTC 3’ 

 3 5’ CATCATCGATGCTTTCATCATT 3’  5’ ATTTCAAAGTCTGCGTTGTCAAT 3’ 

 4 5’ CCATGAAATAGATGAAGACAGTCC 3’  5’ CTAGTGCTTTCTGGAACTCCATTT 3’ 

 5 5’ CTATGAAAATGAAGTTGCCCTCAC 3’  5’ TGGAGACATGGTTAGTGCTTTATG 3’ 

The KCNJ2 gene was amplified with each primer according to the following amplification profile: 35 cycles at 

94 °C for 60 seconds, 60 °C for 90 seconds, with a 120 second extension at 73 °C. 










