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Chapter 2 

Part I: Funct ional exper iments in rabbit heart 

T h e Langendorff perfused rabbit heart 

Anaesthesia, heart excision and preparation 

New Zealand White rabbits of either sex (2.0-3.0 kg) were sacrificed by intravenous 

administration of an overdose of pentobarbital (> 100 mg/kg), and heparin (750 IU, iv.) 

was infused to prevent blood clotting. After opening of the chest, the heart was rapidlv 

excised and immersed in ice-cold Tyrode's solution (for composition, see below). The 

aorta was prepared free from surrounding tissue, cannulated and attached to a 

thermostated (37-38°C), non-recirculating perfusion system. The aorta and subsequently 

the coronary arteries were retrogradely perfused according to Langendorff with modified 

Tyrode's solution (for composition, see below). Perfusion pressure was maintained at 70 

mmHg. The heart was suspended in a temperature-controlled chamber, which permitted 

the passage of a water saturated gas mixture (95% O2 and 5% CO2) at 37°C. 

Perfusion fluids and drugs 

Hearts were perfused with modified Tyrode's solution with the follwing composition: 

Na + 155.5 111M, K+ 4.7 mM, Ca2+ 1.45 mM, Mg2+ 0.6 mM, Ch 136.5 111M, HCO.y 27.0 

mM, PO43- 0.4 mM, and glucose 11.0 mM; pH was maintained at 7.4 by equilibration 

with a mixture of 95% O2 and 5% CO2. The KATP blocking agent glibenclamide (3u 

mol/1, Sigma) and the KATP opener cromakalim (3umol/l, Smith, Kline and Beecham) 

were both dissolved in dimethyl sulfoxide (DMSO) and added to the perfusate 20 

minutes before onset of ischemia. The final concentration of DMSO was < 0.1 %. After 

50 minutes of equilibration, global ischemia was induced by complete interruption of 

flow. During ischemia, the oxygen-containing gas surrounding the heart was replaced bv 

a continuously flowing mixture of 95% N2 and 5% CO2. Before this gas mixture entered 

the chamber it passed a sodium dithionite solution (37°C) to absorb any residual O2. 

Electrical stimulation and extracellular electrograms 

A bipolar stimulus electrode was inserted in the right ventricular outflow tract and the 

hearts were stimulated with a basic cycle length of 280 ms (210 beats/min). Extracellular 

electrograms were recorded with two bipolar electrodes on the left ventricular free wall. 

The occurrence of ventricular arrhythmias was recorded and QT-intervals were 

measured as an indication of action potential duration (APD) variation (Figure 1). To 

prevent reperfusion arrhythmias, pacing was stopped during the first minutes of 

repcr fusion. 
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Figure 1. Examples of extracellular electrograms obtained during ischemia: 
measurement of QT-interval (A) and onset of ventricular tachycardia (VF) 

degenerating in to ventricular fibrillation (VF) (B) 

Measurement of extracellular potassium concentration 

Extracellular potassium concentration ([K+]o) was measured using potassium selective 

electrodes inserted in the left ventricular free wall. These electrodes were constructed as 

follows (Hill et al. 1978, Wilensky et al. 1986): a 30 cm long silver (Ag) insulated wire 

(diameter 0.13 mm, Goodfellow Cambridge Limited) was glued at one end to an 

atraumatic suture with needle. Next, the polyimide insulation layer of the Ag wire was 

removed over a distance of 0.5 mm and the uncovered area of wire was bleached in 

sodium hypochlorite, covered by a drop of typewriter correction fluid (Typex) forming a 

protective barrier and soaked in a 10 mM KC1 solution. Finally, this area was covered by a 

few drops of potassium selective membrane fluid, composed of 266.4 mg 
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polyvinylchloride powder (PVC, Fluka 81392), 11.7 mg valinomycine (Sigma V-0627) and 

629.1 mg di-octyl sebacinezuur (DOS, Merck 9672) dissolved in 10 ml tetrahydrofuran 

(THF, Merck 8110). The electrodes were connected to a high-input impedance buffer 

amplifiers. Output signals were differentially amplified, filtered (0.1 Hz low pass) and 

recorded on a low-speed chart recorder and/or PC. Electrode calibration was performed 

in vitro by switching between solutions containing 1 mM K G and 10 mM KC1, and in 

situ prior to induction of ischemia by perfusion of the heart with Tyrode's solution 

containing 11.5 mM [K+]. Electrode signals were accepted when calibration produced a 

response of 55 to 61 mV change per electrode per 10-fold change in potassium 

concentration (Figure 2). 

Noradrenaline measurements 

Noradrenaline concentration was measured in one-minute control samples collected from 

the coronary venous effluent before addition of glibenclamide, in the last minute before 

ischemia in all hearts, and in the first 100 ml of coronary venous effluent after 

reperfusion. Reduced gluthatione (200 ul) was immediately added to the catecholamine 

samples as antioxidant and the samples were put on ice. Noradrenaline content was 

measured using a Radio Immune Assay Technique according to Endert (1979). Total 

release of noradrenaline after reperfusion was corrected for basal release rate to obtain 

net ischemia-induced noradrenaline release. To verify whether reperfusion was sufficient 

15.IH 

Figure 2. Example o f extracellular potassium measurement including potassium 
sensitive electrode calibration before and after ischemia and reperfusion 
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Figure 3. Noradrenaline concentration of 10 ml fractions of the first 
100 ml of reperfusate in three separate control hearts (9, A and ) 

for complete recovery of the noradrenaline accumulated in the extracellular space during 

ischemia, in three control hearts the perfusate upon reperfusion was collected in fractions 

of 10 ml each. Noradrenaline levels of these fractions showed the highest levels in the 

first 30-40 ml of reperfusate and returned to pre-ischemic values in the last samples 

(Figure 3). 

Isolated ventricular myocytes 

Left ventricular myocyte isolation procedure 

Hearts from New Zealand White rabbits were excised and cannulated as described above. 

Left ventricular myocytes were isolated as described previously (Ter Welle et al. 1988). 

Initially, hearts were retrogradely perfused at 37°C with modified Tyrode's solution (for 

composition, see above), which was replaced after 15 minutes by an oxygenated low 

calcium perfusion fluid with the following composition (mmol/1): Na+ 155, K+ 4.7, Mg2+ 

2.0, CI- 140, phosphate 1.4, creatine 10, glucose 11, HCO 3 4.3, HEPES 17 (pH 7.3) and 

10 n.mol/1 Ca2+. Within one minute, contraction ceased and the atria were removed. After 

15 minutes of low calcium perfusion, a mixture of the following enzymes was added: 5 

mg collagenase P, 15 mg collagenase B, 10 mg trypsin inhibitor (all Roche) and 20 mg 

hyaluronidase (Sigma). Perfusion with these enzymes was continued until perfusion 
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pressure had decreased to 0 mmHg (usually within 30 minutes). The heart was removed 

and cur into small pieces which were fractionated by various shaking episodes in a 

Gyrotory waterbath shaker (37°C) at increasing speed. During the last two shaking 

episodes 1% bovine serum albumine (fatty acid free; Sigma) was added for preservation 

purposes. Myocytes were allowed to sediment for 10 minutes after which portions of the 

sedimented cells were resuspended and stored in separate vials containing 5 ml creatine-

free HEPES buffered solution (see above) with 1% albumin and 1.3 mmol/1 Ca2+. 

Action potential measurements 

Action potentials from isolated rabbit myocytes were measured using the amphotericin 

perforated patch-clamp technique at 37°C (Rae et oL 1991). Pipettes were pulled from 

borosilicate glass, heat-polished and filled with pipette solution, which contained 

(mmol/1) HEPES 16.8, K+ 140, Na+ 10, Ca2+ 0.01, Mg2+ 2.0, CI 149.7, HCO.y 4.3, P ( V 

1.4, EGTA 0.1, glucose 11 and 0.2 mg/ml amphotericin B (pH adjusted to 7.1 with 

KOH) . The bath solution was composed of (mmol/1) HEPES 16.8, K+ 4.7, Na+ 155, 

Ca2+ 2.6, Mg2+ 2.0, CI 149, HCO.v 4.3, P04
3" 1.4, and glucose 11. Action potentials were 

elicited at a rate of 2 Hz by 2ms current pulses, applied via the patch pipette (1.5 x 

diastolic threshold). Recordings were filtered on-line (1 kHz), digitised at 2 kHz and 

stored on the hard disk of a personal computer for off-line analysis. Cell capacitance was 

determined as described previously (Verkerk et oL 2000). N o correction for the liquid 

junction potential was made. 

Measurement of cytosolic calcium concentration 

Cytosolic calcium concentrations were measured using the ion-specific fluorescent 

indicator indo-1 (Takahashi et a/. 1999). Isolated myocytes were exposed for 30 minutes 

to the acetoxymethyl ester of indo-1 (5 | imol/ l indo-1-AM, Molecular Probes) before 

each individual experiment. The cells were subsequently washed twice and resuspended in 

fresh HEPES buffer without albumin. Next, myocytes were attached to a coverslip 

treated with poly-D-lysine (0.1 g/1, Sigma) which was subsequently placed on an inverted 

fluorescence microscope (Nikon Diaphot). A temperature controlled (37°C) perfusion 

chamber, with two needles at opposite sides enabling perfusion, was tightly positioned 

over the coverslip. Chamber volume was 30 u.1 and its contents could be replaced by 

perfusion within 100 ms. Field stimulation was applied at 2 Hz using bipolar square 

pulses through two thin platinum electrodes placed 8 mm apart and parallel to the 

chamber pulse width 0.2 ms, amplitude 40 V/cm). After a rod-shaped myocyte was 

selected using top illumination, the measuring area was restricted to the rod-shaped 

surface using a rectangular diaphragm. Cells were excited at 340 nra (xenon-arc lamp, 

100W) and Indo-1 fluorescence was continuously recorded in dual emission mode at 410 
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and 516 nm emission wavelengths at 1 kHz sampling rate and stored on the hard disk of 

a personal computer for off-line analysis. Intracellular calcium concentration was 

calculated from the ratio of fluorescence (F410/F516) after correction for background 

fluorescence (Baartscheer et al. 1996). 

Metabolic inhibition and measurement of rigor 

To induce metabolic inhibition, myocytes were superfused with HEPES solution (37°C) 

containing 3 mmol/1 sodium cyanide (NaCN, Fluka 71431) and no glucose. NaCN 

produces metabolic hypoxia by blocking ATP synthesis from oxidative phosphorylation. 

During hypoxia, myocyte shape was monitored continuously and time of onset of rigor 

was noted. Onset of rigor was visually defined as the transition from rod shaped into 

squared or rounded cells. Once this transformation process had started, the cells usually 

became completely rounded within seconds. 
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Part II: Molecular biology and electrophysiology 

Cloning of rabbit heart Kir6.1 and Kir6.2 

Complementary DNA (cDNA) library construction 

Background. In order to clone specific genes, we constructed a complementary DNA 

(cDNA) library, a comprehensive collection of cloned DNA fragments, which should 

include at least one fragment that contains the gene of interest. Since RNA molecules are 

exceptionally labile and difficult to amplify in their natural form, the messenger RNA 

(mRNA, the part of the RNA population that actually encodes for proteins) is first 

converted into a stable D N A duplex (cDNA) followed by insertion into a self-replicating 

lambda vector. Once the final cDKA library is made, specific parts of interest can be 

isolated from it and examined. 

Total RNA and messenger RNA (polyA+) isolation. We chose to make our cDNA 

library from rabbit heart tissue, since its cardiac electrophysiology is more similar to 

human compared to mouse or rat. For RNA isolation, a rabbit heart (New Zealand White-

rabbits, 2.0-3.0 kg) was rapidly excised and immediately immersed in ice-cold Tyrode's 

solution. The heart was separated in atrial, left and right ventricular tissue, frozen in liquid 

nitrogen and stored at -80" C. About 500 mg of tissue was homogenised in a 

guanidinium-isothiocyanate (GTC) lysis buffer using a ultra turrax homogeniser. RNA 

was isolated through a CsCl-cushion during overnight ultra- centrifugation. After phenol 

extraction and ethanol precipitation, RNA was dissolved in 5 |al H2O per 100 mg tissue. 

OD26O/28O was measured and the RNA concentration was calculated. On average, 21.9 \Xg 

total RNA was isolated from 100 mg of heart tissue. Messenger RNA (mRNA) was 

isolated from 500 |ig total RNA (using equal amounts of right ventricular, left ventricular 

and atrial tissue) using 01igodT25 beads (Dynal #61002). Tn total, 13.5 (ig of mRNA was 

isolated from 500 ng of total RNA (yield of 2.7%). 

cDNA synthesis, size fractionation and insertion into the A ZAP Express vector. A 

methylated cDNA copy of the mRNA molecules was made, catalysed by reverse 

transcriptase, leading to the formation of single-stranded DNA molecules (Figure 4A). 

These were converted into double-stranded DNA by DNA polymerase; the completed 

cDNA strands contain an Xhol restriction enzyme site at one end and an EcoRT 

restriction site at the other. During second strand synthesis a small amount of oc32P-dATP 

was added to monitor the cDNA synthesis reaction by checking the size on gel (Figure 

5A). Next, the fragments were size-fractionated on a drip column containing Sepharose 

gel (Sepracryl S-400). After checking the length of the various fractions on gel (Figure-

SB), the fractions containing fragments of >450 basepairs (bp) were pooled 
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Figure 4. cDNA library construction: synthesis ofcDNA strands from mRNA (A); cDNA fragments are ligated into 
the ZAP Express vector at XhoI/EcoRI restriction sites (top arrows) (B). Inserts can be excised out of the phage in 

the form of pBK-CMV (pictures available online at www.stratagene.com/vectors/cloning/zap_cxprcss.htm) 

and ligated into the XhoI/EcoRI site of the X Zap Express vector (Stratagene) (Figure 

4B). These recombinant DNA vectors were packaged using the Gigapack III Gold 

packaging system, thereby forming the lambda phages. The entire collection of all the 

phages containing cDNA constitutes a cDNA library. Inserts cloned into the XZAP 

Express vector can be excised out of the phage in the form of the kanamycin-resistant 

pBK-CMV phagemid vector using the Ex-Assist helper phage (Figure 4B). 

Titering and amplification of the cDNA library. The collection of lambda phages was 

introduced into bacteria and plated on N Z Y agar plates. To calculate the cDNA library 

titer, the number of plaque forming units (pfu's) was determined using IPTG and X-gal 

as selection markers (non-recombinants turn blue). In our case, over 99.9 % of the 

phages were found to be recombinant. For our primary cDNA library, the titer was 8.6 x 

10s pfu's which is very near the ideal titer of 1 x 106 pfu's. However, since primary 

libraries can be unstable, we amplified our library by growing it in bacterial host cells. The 

final titer of the amplified cDNA library was 4 x 108 pfu/ml. 
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cDNA library screening 

To identify the lambda phages in the cDNA library that contain the DNA fragment of 

interest, part of the library (1 x 106 plaques, containing all the different cDNA clones) was 

plated out on petri dishes and blotted on a Hybond-N nylon membrane (filter lifted) 

(Figure 6). The nylon membrane was incubated (hybridised) with a radioactively labeled 

D N A probe and subsequently exposed to photographic film (autoradiography). As probe, 

a mix of 32P-labeled partial rat Kiró.1 cDNA fragment (GenBank Accession No . D42145) 

and rabbit Kiró.2 cDNA (GenBank Accession No. AF006262) was used. Three positive 

plaques (A, B and C), which had bound the probe, were plugged out from the agar plate 

and rescreened; the plaques were again plated out, filter lifted and hybridised with the 

same probe mix used in the first screening. Single positive plaques were plugged out, the 

recombinant vector (plasmid) was isolated (rescued) using the Ex-Assist helper phage. 

Miniprep plasmid isolation was performed and the inserted fragment D N A of interest 

was cut out of the vector with the restriction enzymes Xhol and EcoRI. The digested 

DNA was size fractionated on gel, filter lifted and hybridised with the radioactively 

labelled Kiró.1 /Kir6.2 probes and exposed to a phosphor screen (autoradiography; 

Southern blotting). Two of the positive clones (A and B) were identical with respect to 

insert length (about 3 kb) and hybridisation signal intensity (Figure 7). The third positive 

clone C contained an insert with a length of 2.2 kb and a much weaker hybridisation 

signal. Nucleotide composition of the clones was determined using the Big Dye 

Termination procedure (DNA sequencing) and standard primer sites for DNA 

Clone A 

Rabbit Kir6.2 
98% 

b p l 88% bp2701 
i 

Rat/human Kir6.2 

Rat/human Kiró.1 
86% 

C l o n e C i < - ' • i 
bp 1 bp 2245 

Figure 8. Nucleotide sequence length and homology with Kir6.1 and Kir6.2 of other species 
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Figure 7. (A) cDNA library screening and rescteening; (B) Results after digestion with EcoRI and Xhol; (C) 
Hybridisation and autoradiography (Southern blotting) results for clones A, B and C 

sequencing in the vector (Ml3-20, T3 and T7). Both DNA strands were sequenced and 

checked against each other and against human, rabbit or rat sequences of Kiró.1 

andKir6.2 available on GenBank (Figure 8). Clone A (2785 bp=basepairs) showed 98% 

nucleotide homology with rabbit Kir6.2 (AF006262) and was designated rabbit heart 

Kir6.2. Clone C (2252 bp) showed 86% nucleotide homology with rat and human Kiró.1 

and was designated rabbit heart Kiró.1. Clones A and C shared 78% nucleotide homology 
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Structural analysis of rabbit heart Kir6.1 and Kir6.2 

Translation and protein architecture 

After nucleotide sequencing of the isolated clones, the coding sequences encoding the 

amino acids for both clones were determined using the Open Reading Frame (ORF) 

Finder programme from the National Center for Biotechnology Information (NCBI) 

(available at www.ncbi.nih.gov/gorf/orfig.cgi). For each potential open reading frame, 

the initiation codon (ATG) was analysed for the presence of a strong Kozak consensus 

sequence, which predicts the probability of initiation of translation at that particular 

point (Kozak 1999). 

Evaluation of structural features 

Using the Simple Modular Architecture Research Tool (SMART, available at 

http://smart.embl-heidelberg.de/smart), the presence and location of transmembrane 

segments, conserved domains, coiled regions, signal peptides, internal repeats, sequence 

motifs and other structural features were determined (Ponting et cil. 1999, Schultz et cil. 

2000). Furthermore, the amino acid sequences of both rabbit heart Kiró.1 and Kir6.2 

were compared to signature amino acid patterns for biologically significant regions or 

residues, as contained in the PROSITF database (ScanProsite at http://expasy.ch/cgi-

bin/scanprosite) (Hofmann el cil. 1999). 

Homology comparison 

Using the BLAST" (Basic Local Alignment Search Tool) function at NCBI website 

(http://wAvw.ncbi.nlm. nih.gov/BLAST/), similarity of our rabbit heart Kiró.1 and 

Kir6.2 clones to those of other species as well as to other inward rectifier potassium 

channels was evaluated, both on the nucleotide and protein level. The BLAST system 

seeks local regions of alignment and is therefore able to detect relationships among 

sequences which share only isolated regions of similarity (Altschul et cil. 1990). 

Fluorescent fusion protein constructs 

Background 

To study the intracellular distribution and final destination of a certain protein 

transfected in mammalian cells, a fluorophore can be attached to the protein of interest 

and the fluorescence can be detected by microscopy (Yokoe et cil. 1996). Using this 

strategy, no other agents such as antibodies or cofactors are necessary. However, to 

detect intracellular localisation, the fluorophore should be attached to the protein of 
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interest in a way that both are translated simultaneously, under the influence of the same 

promotor. For this purpose, many expression vectors that produce fusion proteins with 

different chromophores such as green fluorescent protein (GFP) are now commercially 

available for subcellular localisation studies in mammalian cell lines. When expressed in 

either eukaryotic or prokaryotic cells and illuminated by blue or UV light, GFP yields a 

bright green fluorescence (Chalfie eta/. 1994, Tsien 1998). GFP chromophore formation 

occurs post-translationally and thus, nascent GFP is not fluorescent (Heim eta/. 1995). 

Furthermore, G F P is not endogenously expressed in cells and growing evidence suggests 

that it does not affect cell function. An enhanced green fluorescent protein (EGFP) is 

now commonly used, since its red-shifted excitation spectrum makes it 4-35 times more 

fluorescent upon excitation compared to GFP. For the construction of our fusion 

proteins (see below), we used the enhanced yellow fluorescent variant, EYFP, which 

contains four amino acid substitutions compared to EGFP, shifting fluorescence from 

green (509 nm) to yellow-green (527 nm). The fluorescence level of EYFP is considered 

roughly equivalent to that of E G F P (living Colours Manual, Clontech). 

Yellow fluorescent fusion protein construction 

To study the intracellular localisation of rabbit heart Kiró.1 and Kir6.2 in the mammalian 

cell line HEK293 (Fluman Embryonic Kidney), we made fusion proteins of each one 

using the expression vector pEYFP-Nl (Clontech) (Figure 9). This vector was designed 

for the generation of proteins fused to the N-terminal of EYFP, i.e. EYFP is fused to 

the C-terminal of the protein of interest. The DNA clone of interest, after mutation of 

its stop codon, can be ligated into the multiple cloning site (MCS) of pEYFP-Nl such 

GCTAGCGCTA CCG GAC TEA GAT CTC GAG CTC AAG CH CGA ATt C?G CAG TCG ACG GTA CCG C3GGCC CGG GA F CCA CCG GTG GCC ACC ATt GT! 
« » / ! ! i . Wwl l l l f c # S I ft* I SWI v. —Y 4» | 

feci A,,7U \ Bifm\ XmA 
fefnett P " foul 

Figure 9. Map of the pEYFP-Nl vector (top) and multiple cloning site sequence (bottom) 
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Kir6.1/N-terminal to pEYFP; 

A l 

EcoRV Aval BgLDt Xhol 

Rabbit Kirf.1 in 
pBK-CMV 

MJ Start codon 

|X| Stop codon 

Degenerate primers were designed: 

Forward primer A: upstream from the Ava I site: 

5' CAA GCT GTG CTT CAT GTT CC 3' 

Reverse primer B: abolishing the stopcodon and introducing 
Kpn I and Xho I sites: 

Xhol Belli 

S' TGG AAA TGT GGG CTC GAG AGA TCT CGG 

TAC CCC TGA TTC TGA GGT GTT CTG ATT 3 ' 

Kpnl 

Result: PCR product of about 750 bp 

Bgm 

_ a w _ 

A 2 PCR product was digested with BstEII+BglTI and a 720 bp 
fragment was isolated 
Rabbit Ki r t . l was digested with BstEII and BglEL and a 5.6 
kb fragment was isolated, thereby deleting the 720 bp BstEII/ 
Bg in fragment from pBK-CMV\Kir6.1 

A 3 The 720 bp BstEII/BgUI PCR fragment was ligated into the 
BstEU/BglU digested pBB-CMV\Kir6.1 rabbit KirtS.l: 

ECORI sn j j E~RV BMEH BfUl X h o l 

VÏa 

Rabbit Kir6.1 in 
pBK-CMV 

A 4 pBK-CMV\Kir6.1 was digested with Sac I and Kpn I and 
a 1.5 kb fragment was isolated 
pEYFP-Nl was also digested with Sac I and Kpn I and 
the 4.8 kb vector fragment was isolated: 

pEYFP-Nl\ Kpn 1+S.c I 
(4.8 kb) 

A 5 The 1.5 kb Kir6.1\SacI-KpnI fragment was ligated into 
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Figure 10. Cloning strategy for construction of fluorescent fusion protein pEYFP-Nl\ Kiró.1 (A), and final 

sequence result showing in-frame transition from Kir6.1 to E\rFP (B) 
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that the protein sequence remains in frame, ensuring that after translation of the inserted 

protein, EYFP is translated as well. The fusion protein will be expressed under the 

control of a strong CMV promotor after transfection into mammalian cells. The cloning 

steps involved in the construction of the Kiró.1 and Kir6.2 fusion proteins are shown in 

Figures 10A and 11 A, respectively. Briefly, Kiró.1 and Kir6.2 were inserted into the 

multiple cloning site (MCS) that is located 5' to the coding sequence of EYFP in the 

pEYFP-Nl vector, as follows. The stop codon at the end of the Kir6.1 and Kir6.2 

cDNA was mutated and degenerate primers were designed, containing additional 

nucleotides and introducing specific restriction sites, to facilitate the final ligation into 

the pEYFP-Nl vector. To ensure EYFP protein translation after translation of the 

inserted Kiró.1 and Kir6.2, the coding sequence of the inserted cDNA must be in-frame 

with the start codon (methionine=ATG) of EYFP. After the constructs were finished, 

they were sequenced with special attention to this in-frame transition from Kiró.1 /6.2 to 

EYFP and possible mutations introduced during the PCR reactions (Figure 10B/1 IB). 

Con focal imaging 

To visualise the cellular distribution of the Kiró.x-EYFP fusion proteins, 100-300 ng of 

EYFP-Nl\Kir6.1 or EYFP-Nl\Kir6 .2 was transfected into HEK293 cells as described 

in the section on patch-clamp analysis (see below). After 1-2 days in culture, the 

transfected cells were trypsinised and plated on small plastic coverslips. After 2-3 hours 

at 37°C, the majority of cells had attached to the coverslip, which was subsequently 

placed upside down on a glass slide for analysis using a confocal laser scanning 

microscope. In most cases, the mitochondrion-selective dye MitoTracker® Red CM-

FbXros (Molecular Probes M-7513, final concentration 1 |xM) was added to the medium 

at 37°C for 30-45 minutes, prior to removal of the coverslip. The non-fluorescent, ccll-

permeant MitoTracker* Red probe is oxidised upon accumulation within mitochondria 

and has excitation and emission maxima of 579 and 599 nm, respectively (Whitaker et al. 

1991). The excitation and emission maxima for EYFP are 513 nm and 527 nm, 

respectively. Imaging was performed using a confocal laser scanning microscope 

(BioRad MRC1024) equipped with a 15 mV Krypton/Argon laser, using the 568 and 

488 excitation lines and 605DF32 and 522DF35 emission filters for MitoTracker® Red 

and EYFP, respectively. For simultaneous visualisation of MitoTracker* Red and EYFP, 

dual-colour red and green images respectively were recorded. To measure the degree of 

co-localisation between MitoTracker» Red and EYFP, the degree of spatial overlap 

between the two channels of the dual-colour images was analysed and both red and 

green co-localisation coefficients were calculated (Manders et al. 1993). After correction 

for background fluorescence, a 2D fluorogram was constructed indicating the 

distribution of all pixels in the 2D intensity space. The green (red) co-localisation 
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coefficient is the ratio of the sum of the co-localised green (red) pixel intensities to the 

sum of all the green (red) pixel intensities. If no co-localisation is present, this ratio is 0, 

whereas a ratio of 1 indicates complete overlap between all red and green pixels. 

Func t iona l analysis of KATP channel subuni ts 

Heterologous expression ofKATP channel subunits 

For electrophysiological analysis, the cDNA of interest is first transfected into a 

mammalian cell line, where it will express functional channels on the cell surface 

membrane. For functional analysis of our KATP channel subunits, HEK293 (Human 

Embryonic Kidney) cells and C H O (Chinese Hamster Ovary) cells were used. HEK293 

cells were cultured in Minimum Essential Medium containing Earle's salts and L-

glutamine (Gibco BRE 11095) supplemented with non-essential amino acid solution, 

10% fetal bovine serum, 100 I E / m l penicillin, and 100 [xg/ml streptomycin in a 5% CO2 

incubator at 37°C. C H O cells were cultured in F-12 Nutrient Mixture (Ham) containing 

L-alanyl-L-glutamine (Gibco BRI. 31765) supplemented with 10% fetal bovine serum, 

100 I E / m l penicillin, and 100 U-g/ml streptomycin. For transfection, 1-2 ug of pBK-

CMY containing full-length cDNAs of rabbit heart Kir6.2 or Kiró.1 (isolated clones A 

and C respectively, Figure 8), with or without an equal amount of human SERI, was 

introduced together with 1 ug pEGFP-Nl (as a marker for successful transfection) into 

HEK293 and CHO cells using EipofectAMINE Reagent (GibcoBRL, Fife Technologies 

18324-012), according to manufacturer's instructions. In part of the experiments, both 

rabbit Kii'6.1 and Kir6.2 were transfected together in equimolar amounts (1-2 u.g), with 

or without human SERI. In addition, a subset of both H E K and CHO cells were either 

not transfected at all or transfected with 1 (ag pEGFP-Nl only, to serve as a negative 

control. The transfected cells were cultured for 1-2 days in culture media as described 

earlier, without fetal bovine serum. Before analysis, cells were treated with trvpsine and 

kept in culture medium at room temperature. Cells exhibiting green fluorescence were 

considered transfected and selected for further electrophysiological experiments. 

Electrophysiological analysis: patch clamp technique 

For electrophysiological analysis of Kiró.1 and Kir6.2, single-channel currents were 

recorded using the conventional patch-clamp technique (Hamill et al. 1981). After a glass 

micropipette is gently pressed against the cell membrane, the electrical behaviour of the 

small membrane patch under the tip of the pipette can be studied. A tight seal between 

the micropipette and the membrane is made through gentle suction and the membrane 
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Figure 12. Patch clamp technique. Schematic representation of cell-attached and inside-nut patch configuration (A); 
Single channel current measurements with each stepwise deviation from the baseline representing one channel 

opening (B); Current-voltage (I/V) relation of single channel current: slope of linear part of graph represents single 
channel conductance (C) 

potential is maintained or "clamped" at a set value. Channel activity can be measured in 

the cell-attached patch configuration, with the integrity of the membrane and therefore 

also the intracellular environment still intact (Figure 12A). Classical KATP channel 

sufficiently low. Therefore, the inside-out patch clamp configuration is measured by 

pulling the pipette free from the cell membrane, thereby exposing the inside of the 

channel in the patch to the bath solution containing a very low ATP-concentration 

(Figure 12A). The resultant channel activity can be analysed for number of channels 

present per patch (Figure 12B), channel conductance, open probability and ATP 

sensitivity. To study voltage dependence of channel activity, currents are measured at 

various membrane holding potentials and plotted as a current-voltage (I/V) relation 

(Figure 12C). The single-channel conductance is defined as the slope of linear part of 

the line fitted to the points on the graph. In our experiments, single-channel currents 

were recorded at room temperature in cell-attached or inside-out configuration of the 

patch-clamp technique, using an Axopatch 200B amplifier (Axon Instruments). Patch 

electrodes were made of borosilicate glass on a home-made one-stage puller. The tips of 

the electrodes were heat-polished and, after filling with pipette solution, has a tip 

resistance of 2-3 MQ. The pipette solution contained 145 mM K G , 1 raM MgCb, 1 mM 

CaCb and 10 mM HEPES (pH adjusted to 7.4 with KOH).The bath solution contained 
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145 mM KC1, 1 mM MgCl2, and 10 mM HEPES (pH adjusted to 7.2 with KOH); 1 uM 

ATP was added to prevent channel run-down. To test channel inhibition by ATP after 

patch excision, the bath was perfused with bath solution containing 1 mM ATP. Single-

channel currents were measured at various holding potentials between -60 mV and +80 

m \ \ and unitary current amplitudes were obtained from amplitude histograms. Single 

channel data were filtered at 500 Hz (low-pass) and digitised at 2 kHz. Voltage control, 

data acquisition and analysis were performed using custom made software. 

m R N A expression analysis 

Background 

RNA expression levels are usually studied using Northern blotting, RNase protection 

assays or semi-quantitative reverse transcriptase-polymerase chain reaction (RT-PCR). 

Although Northern blot analysis is considered a quantitative technique, it can only detect 

large differences in mRNA expression levels. Furthermore, Northern blotting requires 

large quantities of RNA as starting material, which is not always feasible, especially with 

human material. For semi-quantitative analysis, PCR-based methods have also been used 

often; the starting product is converted into cDNA using reverse transcriptase and 

subsequently amplified during a pre-fixed number (i.e. 20 or 30) of PCR amplification 

cycles and the end-product is visualised and quantified using gel electrophoresis. Since 

this method involves end-point analysis, many reaction conditions such as decrease in 

reagent concentration and enzyme instability may prevent an accurate analysis of 

expression levels (Kains 2000). Furthermore, small but possibly biologically relevant 

differences in mRNA levels may not be detected by these methods. A novel method, the 

two-step real-time RT-PCR technique, allows on-line detection of product formation 

during PCR amplification, and collection of data during the log linear phase of the PCR 

reaction, considered to be the period of constant amplification efficiency. This technique 

allows for more accurate, efficient and sensitive measurement of mRNA levels. 

Northern Blot analysis 

With Northern blotting, the RNA isolated from tissue samples is fractionated according 

to size by gel electrophoresis prior to hybridisation with the probe of interest. 10 (ig of 

total RNA isolated from atrial and ventricular rabbit heart tissue was size fractionated by 

agarose gel electrophoresis, transferred ("blotted") onto a nylon membrane (Hybond-N, 

Amersham). Two of such blots were incubated overnight under stringent conditions 

(65°C) with 32P-labelled, full-length rabbit heart Kiró.1 or Kir6.2 cDNA as probes. After 
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washing of the membranes with 2xSSC/0.1%SDS and lxSSC/0.1%SDS (SSC=0.15 M 

NaCl/15 mM NaCHO, SDS=sodium-dodecylsulphate) to remove residues of unbound 

probe, the RNA bands complementary to the probe were visualised by autoradiography. 

Real-Time PCR using the LightCyclcr technique 

For RNA quantification, we used a two-step RT-PCR reaction. PCR is an in vitro method 

for enzymatically synthesising defined sequences of DNA. The reaction uses two 

oligonucleotide primers that anneal to opposite strands and flank the D N A fragment 

that is to be amplified. The synthesis of DNA starting from the primers is catalysed by a 

heat-stable DNA polymerase (such as Taq DNA polymerase). A repetitive series of 

cycles involving template denaturing, primer annealing, and extension of the annealed 

primers by polymerase results in exponential accumulation of the specific DNA 

fragment. RNA is first converted into cDNA using the reverse transcriptase enzyme. 

The two-step RT-PCR reaction using the LightCycler combines the conventional PCR 

method with online detection of the amount of DNA produced using fluorescence 

(Lekanne Deprez eta/, 2001, Gibson eta/. 1996). The dye SYBR Green I that is added to 

Figure 13. After denaturation of the double stranded DNA, the primer can anneal to the DNA strand 
and with the help of DNA polymerase, dsDNA fragments arc formed and the dsDNA binding dye 

SYBR Green I is incorporated, upon which it will emit fluorescence. 9 1 
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Figure 14. (A) Comparison between conventional PCR technique (top panel) and on-line quantification 
using the Lightcycler technique (lowerpanel); (B) A calibration graph is calculated fromthe threshold 

cycle (at the "crossing line") of various concentrations of a cDNA sample 

the PCR reaction binds in the minor groove of double stranded DNA upon which its 

fluorescence increases over hundred-fold. The increase in fluorescence can be analysed 

on-line during the entire PCR cycling process (real-time PCR), enabling detection of the 

log-linear phase of amplification instead of just an end- point analysis (Figures 13 and 

14A). The log-linear phase of PCR reactions is thought to represent the period of 

constant amplification efficiency, whereas various factors may decrease amplification 

efficiency during later stages of the PCR protocol (Technical Note Lightcycler System 

No. LC 10/2000, Kains et al. 2000). By calculating the number of PCR cycles necessary 

to detect a threshold signal, the starting levels of a certain mRNA can be determined. 

For this, a calibration graph is calculated for a set of samples with known template 

concentration by determining at which PCR cycle number the amplification signal enters 

the log linear region. Furthermore, after completion of the amplification cycles, 

characteristics of the formed PCR product can be checked by melting curve analysis. As 

the temperature is raised, the DNA starts to denature and the SYBR Green I dye is 

released from the dsDNA. Since each dsDNA product has its own unique melting 

temperature (Tm), the specificity of the PCR reaction can be checked after completion 

of the amplification reaction. Finally, the size of the amplified fragments can be checked 

by separating the PCR products on a polvacrylamide gel. 
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