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Abstract
BACKGROUND—Classically, cardiac sarcolemmal KATP channels have been thought to be
composed of Kir6.2 (KCNJ11) and SUR2A (ABCC9) subunits. However, the evidence is strong that
SUR1 (sulfonylurea receptor type 1, ABCC8) subunits are also expressed in the heart and that they
play a significant functional role in the atria.

METHODS—To examine this further, we have assessed the effects of isotype-specific potassium
channel-opening drugs, diazoxide (specific to SUR1>SUR2A) and pinacidil (SUR2A>SUR1), in
intact hearts from wild type mice (WT, n=6), SUR1−/− (n=6), and Kir6.2−/− mice (n=5). Action
potential durations (APDs) in both atria and ventricles were estimated by optical mapping of the
posterior surface of Langendorff-perfused hearts. To confirm the atrial effect of both openers, isolated
atrial preparations were mapped in both WT (n=4) and SUR1−/− (n=3) mice. The glass microelectrode
technique was also used to validate optical action potentials.

RESULTS—In WT hearts, diazoxide (300 µM) decreased APD in atria (from 33.8±1.9 ms to 24.2
±1.1 ms, p<0.001) but was without effect in ventricles (APD 60.0±7.6 ms vs 60.8±7.5 ms,
respectively, NS), consistent with an atrial-specific role for SUR1. The absence of SUR1 resulted in
loss of efficacy of diazoxide in SUR1−/− atria (APD 36.8±1.9 ms vs 36.8±2.8 ms, respectively, NS).
In contrast, pinacidil (300 µM) significantly decreased ventricular APD in both WT and SUR1−/−

hearts (from 60.0±7.6 ms to 29.8±3.5 ms in WT, p<0.001; and from 63.5±2.1 ms to 24.8±3.8 ms in
SUR1−/−, p<0.001), but did not decrease atrial APD in either WT or SUR1−/− hearts. Glibenclamide
(10µM) reversed the effect of pinacidil in ventricles and restored APD to control values. The absence
of Kir6.2 subunits in Kir6.2−/− hearts resulted in loss of efficacy of both openers (APD 47.2±2.2 ms
vs 47.6±2.1 ms and 50.8±2.4 ms, and 90.6±5.7 ms vs 93.2±6.5 ms and 117.3±6.4 ms, for atria and
ventricle in control versus diazoxide and pinacidil, respectively).

CONCLUSION—Collectively, these results indicate that in the same mouse heart, significant
differential KATP pharmacology in atria and ventricles, resulting from SUR1 predominance in
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forming the atrial channel, leads to differential effects of potassium channel openers on APD in the
two chambers.

INTRODUCTION
Sarcolemmal ATP-sensitive potassium (KATP) channels are prominently expressed throughout
the heart [1,2]. In pathophysiological conditions, clear roles for KATP channels have been
identified, including their participation arrhythmogenesis [3,4], and protection from the
contractile impairment following ischemia-reperfusion [5–8]. At the molecular level, KATP
channels are understood to be multisubunit protein complexes, and classically, cardiac
sarcolemmal KATP channels have been thought to be primarily composed of Kir6.2 (inward-
rectifier potassium channel 6.2, KCNJ11) and SUR2A (sulfonylurea receptor type 2A,
ABCC9) subunits [9,10][11], together with other regulatory proteins (creatine kinase, GAPDH,
and others) [12–15]. However, the evidence is strong that SUR1 (sulfonylurea receptor type
1, ABCC8) subunits are also expressed in the heart and that they play a significant functional
role, especially in the atria [16–18]. Recently, we demonstrated that the SUR1 subunit is
strongly expressed in the mouse atrium and that atrial sarcolemmal KATP requires SUR1 for
functional channel expression.[18]

The SUR subunit determines the specificity and selectivity of KATP agonists and antagonists
[19]. Assessment of the functional effects of KATP agonists has been routinely exploited to
infer the physiological outcome of KATP activation. A critical assumption in these experiments
is that diazoxide does not affect sarcolemmal KATP channels. Because channel structure is
regionally distinct, sarcolemmal KATP channels in the intact mouse heart are likely to exhibit
chamber-specific pharmacology. In isolated cells, it has been shown that atrial KATP is more
sensitive to diazoxide (specific to SUR1>SUR2A) than pinacidil (SUR2A>SUR1)[19],
whereas ventricular KATP has the opposite specificity to the potassium channel opening drugs
[18]. How and whether this differential pharmacology in isolated cells is manifest in the intact
heart is unclear, and to examine this, we have simultaneously monitored the effects of diazoxide
and pinacidil on action potential duration (APD) in atria and ventricles of intact hearts from
wild type (WT) mice and mice with deletions of SUR1 (SUR1−/−) and Kir6.2 (Kir6.2−/−).
Diazoxide shortened the action potential in atria, but not in ventricles, of WT hearts, but was
without effect in both atria and ventricles in SUR1−/− hearts. Conversely, pinacidil significantly
decreased ventricular APD in both WT and SUR1−/−, but was without effect on atrial APD in
both lines of mice. Knock-out of Kir6.2 resulted in loss of efficacy of both openers, in both
atria and ventricles.

MATERIALS AND METHODS
Generation and care of genetically modified mice

All procedures complied with the standards for the care and use of animal subjects as stated in
the Guide of the Care and Use of Laboratory Animals (NIH publication No. 85-23, revised
1996) and protocols were approved by the Animal Studies Committee at Washington
University School of Medicine. Data were obtained from adult (aged 11 to 20 weeks) wild type
mice (WT), sulfonylurea receptor type 1 knock-out mice (SUR1−/−) and Kir6.2 knock-out mice
(Kir6.2−/−). The generation of SUR1−/− and Kir6.2−/− mice has been described elsewhere
[20,21]. Separate groups of mice were studied as (1) whole heart preparations (WT, n=6;
SUR1−/−, n=6; and Kir6.2−/−, n=5) and (2) isolated atrial preparations (WT, n=4; and
SUR1−/−, n=3).
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Isolated heart preparations
The isolated heart preparation was performed as described previously [22]. Briefly, a
Langendorff perfusion protocol modified for murine heart was used. Mice were anesthetized
using a mixture of Ketamine and Xalazine, with 100 Units of Heparin. After mid-sternal
incision, the heart was removed and placed in oxygenated (95% O2, 5% CO2) constant-
temperature (37±1°C), modified Tyrode solution of the following composition: 128.2 mM
NaCl, 4.7 mM KCl, 1.19 NaH2PO4, 1.05 mM MgCl2, 1.3 mM CaCl2, 20.0 mM NaHCO3, and
11.1 mM glucose (pH=7.35±0.05). While bathed in the same solution, lung, thymus, and fat
tissue were dissected and removed. A short section of aorta was attached to a custom made 21-
gauge cannula. After cannulation, the heart was superfused and retrogradely perfused with
Tyrode solution passed through the 5-µm filter (Millipore, Billerica, USA) and warmed (37°
C) using a water jacket and circulator (ThermoNESLAB EX7, Newtown, USA). Perfusion was
performed using a peristaltic pump (Peri-Star, WPI, Sarasota, USA) under constant aortic
pressure of 60 to 80 mm Hg measured by pressure-amplifier (TBM4M, WPI, Sarasota, USA).
Cannulation was followed by (1) preparation of the intact heart, or (2) isolated atria for image
analysis.

A photograph of the intact mouse heart preparation is shown on Figure 1A. The isolated heart
was pinned at the apex to the Sylgard bottom of the chamber to prevent stream-induced
movement. The right and left atrial appendages were stretched and pinned to flatten them and
allow optical measurements from maximal surface of the atria. A small silicon tube, fixed by
silk to the nearby connective tissue, was inserted into the left ventricle through the pulmonary
vein, left atria, and tricuspid valve to prevent solution congestion and subsequent ischemia
after suppression of ventricular contractions. This also prevented acidification of the perfusion
solution and development of ischemia in the left ventricle, which otherwise developed without
this precaution.

For the isolated atrial preparation (Fig. 5A), the heart was cannulated as described above,
ventricles were dissected away, and the atria were stretched and then pinned to the bottom of
a Sylgard-coated chamber and superfused with Tyrode solution at a constant rate of ~8 ml/
min. Both left and right atria (LA and RA, correspondingly) as well as the atrioventricular
junction (AVJ) were accessible in this preparation. A rim of ventricular tissue was preserved,
to pin the preparation and prevent damage to the atria. The medial limb of the crista terminalis
was cut to open the RA appendage, and the pacing electrode was located on the edge of the
RA appendage. The interatrial septal tissue was partially removed to reduce the scattering from
out of focus tissue. These procedures did not result in any irregularities in spontaneous rhythm.

The excitation-contraction uncoupler blebbistatin (10 µM, Tocris Bioscience, USA) was used
to prevent the effects of motion artifacts on the APD estimation. We showed in our previous
studies in different species (dog, rabbit, rat, and human) that blebbistatin does not change action
potential morphology or conduction properties [23]. In addition, we used microelectrode
recordings to validate the optical signal. In this case, the application of blebbistatin induced a
transient (5–10 min) increase of cycle length of spontaneous rhythm (data not shown).

Imaging system
Coronary perfused hearts were stained by perfusion with voltage-sensitive dye (RH-237, 5 µL
of 1 mg/mL dimethyl sulfoxide, DMSO in Tyrode solution), for 5–7 minutes. Isolated atrial
preparations were stained by direct application of the dye dissolved in the bathing solution.
Staining by RH-237 did not induce a significant change of cycle length, as typically observed
for di-4-ANNEPS.
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Excitation light (530/540 nm) was generated by a 250-W xenon arc lamp with a constant-
current, low-noise, power supply (Oriel Instruments, Stratford, CT). The light was passed
through a heat filter, a shutter, and excitation filter (530/40 nm). A flexible light guide directed
the band-pass-filtered light onto the preparation, and a shutter was used to ensure that the
preparation was exposed to light only during image acquisition. The fluorescent light emitted
from the preparation was long-pass (>650 nm) filtered using an edge pass filter (Thorlabs, NJ)
before reaching the camera. Emitted light was directed towards a MiCAM Ultima-L CMOS
camera (SciMedia, CA) with high spatial (100×100 pixels, 230±20 µm per pixel) and temporal
(1,000–3,000 frames/sec) resolution. The acquired fluorescent signal was digitized, amplified,
and visualized using custom software (SciMedia, CA).

Experimental protocols
After isolation and cannulation, motion suppression, and dye staining, preparations were
equilibrated for 5–10 min before imaging. Then, control measurements during both
spontaneous rhythm and ventricular pacing were made. To estimate the effects of stimulation
of different types of sulfonylurea receptors, we tested two potassium channel-opening drugs:
diazoxide (specificity for SUR1 > SUR2A), and pinacidil (specificity for SUR2A > SUR1)
[19]. Diazoxide or pinacidil (300 µM) was delivered through both perfusion and superfusion
solutions, and was applied for 20–25 min to reach steady-state effect. After optical
measurements, hearts were washed out for 30 min before delivery of a second test compound.
After washout, additional staining as well as additional injection of blebbistatin was performed
if needed based on the quality of the optical signal. Following application of diazoxide and/or
pinacidil, a selective blocker of KATP channels, glibenclamide (10 µM), was added to the
solution to reverse the effect of channel openers. This protocol was applied for both intact heart
and isolated atrial preparations.

Data processing
A customized Matlab-based computer program [24] was used to analyze optical signals. First,
the signals were filtered using a low-pass Butterworth filter at 200 Hz. All optical action
potentials were then averaged and normalized to a range from −85 to 15 mV. Finally, action
potential duration at 90% of repolarization (APD90) and maximum upstroke derivative (dV/
dtmax) were calculated for each action potential using the normalized optical signal and its
derivatives. Activation maps were constructed from activation times, which were determined
from the dV/dtmax calculations.

To estimate the changes of APD over the atria and ventricles, we selected several regions
corresponding to recognized anatomic features (Fig.1D, dotted areas) and computed summary
statistics for the APDs within each selected region. Four regions used were: 1) the RA, the
right atrial tissue anterior to the sulcus terminalis (this area contains the trabeculated part of
the right atrial wall referred to as the “right atrial free wall”); 2) the LA, the trabeculated left
atrial tissue anterior to the narrow junction separating the appendage from the smooth-walled
part of the left atrium receiving the pulmonary veins; 3) the RV, the right ventricular tissue
located from the right of the interventricular septum on the posterior view; and 4) the LV, the
left ventricular tissue located from the left of the interventricular septum on the posterior view.

Microelectrode study
The glass microelectrode technique was used to validate optical action potentials. The isolated
atrial preparation was used as for optical mapping. Transmembrane potentials were recorded
at 5 kHz by conventional glass microelectrodes filled with 3 M KCl-filled glass microelectrodes
with 15- to 25 MΩ resistance as described before [25].
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Statistical analysis
Values are expressed as means ± SEM. Hypothesis testing was carried out using an unpaired
student t-test and chi-squared analysis with Yates correction. A value of p<0.05 was considered
statistically significant.

RESULTS
Differential potassium channel opener - sensitivity of APD in intact mouse heart

Figure 1 shows a representative example of the activation pattern of an intact Langendorff-
perfused WT heart obtained during simultaneous mapping of both atria and ventricles during
continuous ventricular pacing at a cycle length of 200 msecs. The atrial activation scale begins
after an AV delay with the first breakthrough, detected by the imaging system (Fig. 1B). During
ventricular pacing, activation originated at the RV free wall and spread through the ventricles.
Following 10 ms of ventricular activation and 41 ms AV delay, the excitation emerged in the
right atria near the inferior vena cava and activated both atria within 11 ms. AV-delay was easy
to define using optical action potentials (OAP) recordings. It should be noted that the APD in
left ventricle was significantly longer, as has recently been reported by others [26], although
no such differences were observed between the atria. The small amplitude ventricular OAPs
detectable within the optical traces recorded from RA and LA epicardium are due to light
scattering from ventricles (Fig.1C)[24]. For APD analysis, we selected atrial OAPs without
significant ventricular signals that could affect APD estimation.

Representative examples of superimposed OAPs in control and after application of drugs are
shown in Fig.2A. In WT hearts, diazoxide (300 µM) significantly (p<0.001) decreased APD
in the atria but was without effect in the ventricles. In contrast, pinacidil (300 µM) did not
change APD in the atria but dramatically decreased APD in ventricles (Fig.2), the effect of
pinacidil being statistically greater in left, than in right ventricle (APD decreasing by 56.3
±4.2% vs 49.4±3.4% in LV and RV, respectively, p<0.05). Similar results were obtained in
preliminary experiments (not shown) in free running hearts. In these hearts, the spontaneous
heart rate was decreased slightly by both diazoxide (from control 282 ± 28 beats/min to 272 ±
26 beats/min, n=6) and by pinacidil (from control 295 ± 13 beats/min to 270 ± 31 beats/min,
n=4). Treatment by glibenclamide (10µM) reversed the effect of pinacidil in ventricles and
prolonged APD back to control values (Fig.2B). Taken together, the data demonstrate
heterogeneity of SUR-selective channel opener action in the murine heart further supporting,
and consistent with, the conclusion that the molecular make-up of sarcolemmal KATP channels
in the atrium and ventricle is distinct.

In contrast to WT, diazoxide (300 µM) had no effect on APD in atria or ventricles of
SUR1−/− hearts (Fig. 3), while pinacidil (300 µM) decreased ventricular APD to the same
extent as WT, and did not change atrial APD (Fig.3). As in WT hearts, the left ventricular APD
was significantly longer and the effect of pinacidil was significantly greater in left, than in
SUR1−/− right ventricle (APD decreasing by 62.3±12.0% vs. 50.9±4.1% in left and right
ventricles respectively, p<0.05). Treatment by glibenclamide (10µM) again reversed the effect
of pinacidil in ventricles and prolonged APD to control values. Interestingly, the APD in both
atria and ventricles of SUR1−/− hearts was significantly longer (p<0.05) than in WT hearts.

While the data above support the conclusion that diazoxide and pinacidil exert effects directly
on the cardiac sarcolemmal KATP channel, it is possible that effects of diazoxide and pinacidil
on vascular KATP indirectly influence cardiac APD. To rule this out, we examined the effects
of diazoxide and pinacidil on hearts from Kir6.2−/− animals that lack cardiac, but not vascular,
KATP channels[ 5]. Consistent with a direct effect of the channel openers on cardiac
sarcolemmal channels, the absence of the Kir6.2 subunit resulted in loss of efficacy of both
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diazoxide and pinacidil in all heart chambers (Fig. 4). Moreover, the APD in both atria and
ventricles of Kir6.2−/− hearts was quite dramatically longer (p<0.01) than in WT or SUR1−/−

hearts. It is also notable that pinacidil significantly prolonged APD in Kir6.2−/− hearts. This
effect was statistically significant in ventricles and was not eliminated by glibenclamide, which
may indicate a non-specific inhibitory action of pinacidil on other K+ currents [27].

Effects of potassium channel openers on action potential in isolated mouse atria
As noted above, scattering of ventricular OAP signal could potentially interfere with
estimations of the atrial APD. Although carefully selected OAPs in which scattering was
minimal were chosen for analysis, we sought to confirm the effect of KATP openers in isolated
atrial preparations, using fluorescent imagining as well as microelectrodes, where spurious
light scattering is not a problem. Fig.5B shows an typical example of atrial activation during
electrical pacing. To characterize APD, we selected two regions (marked by dotted lines) within
the preparation that excluded the pulmonary vein area, because of the low signal-to-noise ratio
in this region. A typical control pattern of APD distribution in the atria preparation is presented
in Fig.5D. Atrial signals were of good quality without motion and scattering artifacts except
at the edges of the preparations, which were excluded from analysis. The APDs were shorter
in the atrial appendages than in the posterior walls. Also, the sinus node area had prolonged
APDs compared to the atrial tissue, which was the apparent basis for significant APD
heterogeneity within each atrium. Furthermore, we observed a non-significant inter-atrial
gradient of APD, such that APDs were slightly longer in the right than the left atria.

Figure 6 and Figure 7 demonstrate the effect of both openers on APD in isolated mouse atria
preparations. Representative examples of APD distribution in WT and SUR1−/− hearts are
shown in Fig.6A and Fig.7A, respectively. The summary data for diazoxide and pinacidil effect
in WT and SUR1−/− hearts are shown in Fig.6B and Fig.7B, respectively. Diazoxide shortened
APDs throughout the WT atria, but again had no effect on APDs in SUR1−/− atria.
Microelectrode results confirmed data obtained optically (Fig.6C and 7C) showing the same
degree of APD shortening for WT group and no effect in SUR1−/− mice. Compared to data
from the whole heart experiment (Fig.2), diazoxide showed the same effect: 28±4% in RA and
27±5% in LA versus 31±4% in RA and 30±6% in LA, in whole heart and isolated atria
preparations respectively.

Also confirming the findings in the intact heart (Fig.2–3), pinacidil did not decrease, but
significantly prolonged APD in both WT and SUR1−/− atria (Fig.6–7). As observed for
Kir6.2−/− hearts, this effect was statistically significant (p<0.05) and also was not eliminated
by glibenclamide, again consistent with a non-specific inhibitory action of pinacidil on other
K+ currents[27]. Microelectrode recordings confirmed this effect and revealed the lengthening
of repolarization phase 3 (Fig.6C and 7C).

DISCUSSION
Chamber specificity of KATP channel structure and pharmacology

Since the original descriptions of the cloning and expressed properties of different SUR
isoforms, it has been commonly accepted that cardiac sarcolemmal KATP channels are formed
by the co-assembly of SUR2A and Kir6.2 subunits, together with other regulatory proteins
(creatine kinase, GAPDH, and others)[12–15]. This dogma has been reinforced by the
demonstration that KATP channel activity is essentially absent in isolated ventricular myocytes
from both Kir6.2−/− and SUR2−/− animals [9]. However, we have recently demonstrated that
the structural basis of sarcolemmal KATP channels in isolated murine atrial and ventricular
myocytes is distinct: biochemical and functional data clearly show that SUR1 is strongly
expressed in the WT atrium and is required for functional channel expression in atria, but is
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not involved in normal ventricular channel expression [18]. On the other hand, SUR2A is
clearly involved in the generation of normal ventricular KATP [11], but its role in the generation
of the atrial channel has not been systematically examined. The regionally distinct KATP
channel structure gives rise to differential potassium channel opener sensitivity in isolated
mouse atrial and ventricular myocytes: in excised membrane patches, atrial KATP is activated
by the SUR1-specific opener diazoxide but not the SUR2-specific pinacidil, whereas
ventricular KATP is activated by pinacidil, but not diazoxide [18].

Relatively few previous studies have examined differential activation of atrial and ventricular
KATP, although Baertschi and colleagues have performed several comparative studies of
KATP activation in neonatal rat atrial and ventricular myocytes [28–30]. These studies reveal
differential diazoxide sensitivity in atria versus ventricle, consistent with our own findings.
One early study of rabbit and guinea pig myocytes also revealed that although the potassium
channel openers pinacidil and lemakalim (BRL38227, structurally similar to cromakalim, also
a SUR2-specific activator [31]) activated KATP in ventricular cells, they reduced atrial Ito,
without activating KATP [32], again consistent with our findings for pinacidil action on the
atrial action potential. Together with good evidence that KATP channels in rat atrial and
ventricular myocytes exhibit similar distinctions in their response to potassium channel openers
[28,30], these rabbit and guinea pig myocyte findings [32] lead us to conclude that differential
molecular make-up – and hence differential pharmacology - of atrial and ventricular myocyte
KATP channels is a common property of rodent hearts. Systematic study of the role of specific
gene products in generating functional channel variants by examination of gene knockouts is
not possible in larger animals, but there is evidence in canine heart for direct effects of diazoxide
on Purkinje fibers [33]. Our own preliminary data on human heart samples also indicate similar
mixed sensitivities to pinacidil and diazoxide in both intact atria and ventricles [34], and in
isolated myocytes (Zhang, H.X., Kurata, H.K. and Nichols, C.G., unpublished.), and so
extrapolation of this conclusion to hearts from other species must be made with caution.

Sub-regional KATP channel structure and pharmacology?
In the present study, we did not systematically examine the effects of diazoxide or pinacidil
on the pacemaker activity of free running hearts, although preliminary studies suggested that
heart rate was not significantly affected by either drug (data not shown). KATP is clearly present
in the mouse sino-atrial node (SAN) [35], although the density may be considerably lower than
in myocytes, since presumably maximal activation with dinitropheno-induced metabolic
inhibition only caused ~2x increase in cycle length [35], potentially explaining our inability to
resolve pinacidil effects in the present study on SAN cycle length. More significantly, these
channels were activated by pinacidil [35], as are KATP channels in rabbit SAN [36], counter
to the suggestion that SUR1 encodes KATP throughout the atrium, and suggesting that
pacemaker KATP make-up may involve SUR2. Patch-clamp studies cannot exhaustively
examine cells from all sub-regions of the cardiac chambers, and important local variations of
subunit expression might be present, and may cause more complex pharmacologic activation
patterns in the intact tissue. Nevertheless, the present studies demonstrate (1) that diazoxide-
induced action potential shortening in atria is uniform (Fig.6–7), (2) the same specific
activation patterns are observed in the intact heart (Fig.2–Fig 4), and (3) that the SUR1 subunit
is responsible for this atrial specific diazoxide sensitivity, giving rise to differential changes in
APD in atria versus ventricles when simultaneously treated in the intact heart.

Physiological and clinical implications
The present studies confirm the relevance of a very specific SUR distribution in mouse atria
versus ventricles, but reveal additional actions of potassium channel openers. Surprisingly,
pinacidil prolonged APD in Kir6.2−/− hearts, significantly so in the left and right ventricles
(Fig. 4). As this effect was not eliminated by glibenclamide, it may indicate a non-specific
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action of pinacidil on the Ito or IK1 currents [27,32,37]. Kir6.2−/− hearts, moreover, reveal
marked action potential prolongation in both atria and ventricles, compared to WT. This might
suggest a basal KATP activation in WT hearts, but since glibenclamide caused only minimal
action potential prolongation in WT hearts [38] (Fig. 2), this seems unlikely and suggests that
action potential prolongation in Kir6.2−/− hearts reflects some additional remodeling [39,40].

Activation of KATP channels will tend to shorten the action potential and reduce the refractory
period, which may induce or exacerbate re-entrant arrhythmias such as atrial fibrillation [41].
There are reports that both rat and mouse atrial KATP activates more readily in the intact cell
than does ventricular KATP [18,30], consistent with SUR1 being more sensitive to metabolic
activation than SUR2A-based channels [42]. Thus it may be expected that atrial KATP channel
will activate more readily than ventricular under the relevant physiological or
pathophysiological conditions. The functional consequence of this is not apparent, although
consistent with the prediction, we consistently observe delayed atrio-ventricular conduction
only in mice that overexpress SUR1, but not SUR2A, in cardiac myocytes [43]. At this juncture,
the physiological relevance of differential make-up of atrial and ventricular KATP channels
remains unclear, and will require further study.
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Figure 1. Optical mapping of isolated mouse heart
Action potential duration in both atria and ventricles were simultaneously estimated by optical
mapping of the posterior surface of Langendorff-perfused mouse hearts. A photograph of the
murine heart during a typical experiment is presented on panel A. Panel B illustrates activation
maps of both atria and ventricles during electrical pacing of the center of the right ventricle
free wall. Two color time scales for atrial and ventricular activation are presented, with 41 ms
atrio-ventricular delay between the end of atrial activation and the beginning of ventricular
activation. In panel C, recordings of optical action potentials from different regions of the heart
(marked by asterisks) as well as corresponding derivatives (dV/dt) of optical signals used for
activation map reconstruction are presented. Panel D illustrates action potential duration
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distribution maps of both atria and ventricles from the same heart. Dotted lines show areas
selected for action potential duration estimation in each heart chamber. RA and LA – the right
and left atrium; RV and LV – the right and left ventricle; PVs – pulmonary veins.
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Figure 2. Effect of KATP channel openers in wild type mouse
(A) Superimposed recordings of optical action potentials measured in atria (top) and ventricles
(bottom) in the presence or absence of KATP channel opening drugs. (B) Summary data from
experiments as in panel A (n = 6). * - p<0.001.
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Figure 3. Effect of KATP channel openers in SUR−/− mouse
(A) Superimposed recordings of optical action potentials measured in atria (top) and ventricles
(bottom) in the presence or absence of KATP channel opening drugs. (B) Summary data from
experiments as in panel A (n = 6). * - p< 0.001.
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Figure 4. Effect of KATP channel openers in Kir6.2−/− mouse
(A) Superimposed recordings of optical action potentials measured in atria (top) and ventricles
(bottom) in the presence or absence of KATP channel opening drugs. (B) Summary data from
experiments as in panel A (n = 5). * - p<0.001.
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Figure 5. Optical mapping of the isolated mouse atria preparation
(A) Photograph of a typical preparation consisting of isolated adult mouse atria is shown. The
preparation is oriented so that the right atrium is on the left side of the image. Dashed line
marks location of crista terminalis. (B) Representative example of atrial activation map
obtained during right atria pacing. (C) Optical recordings from different atrial sites labeled on
maps. (D) Representative example of action potential duration (APD) distribution map
reconstructed for the same preparation as presented on panel A and B. Dotted lines show areas
selected for action potential duration estimation in RA and LA regions. The pulmonary veins
(PVs) region was excluded from APD analysis. RA and LA – right and left atrium; SVC and
IVC – superior and inferior vena cava; LV – left ventricle; AVN – atrioventricular node.
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Figure 6. Effect of KATP channel openers on the APD in WT isolated atria
(A), APD distribution through the atria under control conditions, and after perfusion of
diazoxide (300 µM), and pinacidil (300 µM). APD distribution color time scales are presented
in the same time range for all maps. The atrial activation map is shown in control conditions.
APDs were measured during right atria pacing with cycle length of 200 ms. Dotted lines show
areas selected for APD estimation in RA and LA regions. The pulmonary veins (PVs) region
was excluded from APD analysis. For each APD map, recordings of optical action potentials
are presented from selected areas of right (RA) and left (LA) atria (marked by asterisks). (B)
Summary of the effect of diazoxide (DIA, 300 µM), pinacidil (PIN, 300 µM), and
glibenclamide (GC, 10 µM) on the APD in RA and LA in WT mice (n=4). (C). Microelectrode
recordings of action potentials obtained during control conditions and after perfusion of
diazoxide (left panel) or pinacidil (right panel).
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Figure 7. Effect of KATP channel openers on the APD in SUR1−/− isolated atria
(A) APD distribution through the atria under control conditions, and after perfusion of
diazoxide (300 µM), and pinacidil (300 µM). All abbreviations are the same as on the Figure
6. (B) Summary effect of diazoxide (DIA, 300 µM), pinacidil (PIN, 300 µM), and
glibenclamide (GC, 10 µM) on the APD in RA and LA in SUR1−/− mice (n=3). (C)
Microelectrode recordings of action potentials obtained during control conditions and after
perfusion of diazoxide (left panel) or pinacidil (right panel).
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