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metabolic sink, but only when the sink exceeds a critical size (r>0.4cm). Phase
singularity analysis indicates that the fibrillatory activity is initiated at
sites close the border zone. The results emphasize the power of integrating cel-
lular electrophysiological, Ca2+ handling, and metabolic subsystems into
a multiscale model to simulate emergent macroscopic phenomena in the heart.
Moreover, the results provide a proof-of-concept of the metabolic sink hypoth-
esis and a new tool to study its role in arrhythmogenesis and sudden cardiac
death.
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Human embryonic stem cell-derived cardiomyocytes (hES-CM) represent
a promising tool for cell therapy and drug screening. Their functional properties
must be assessed.

We characterized hES-CM action potentials (AP) at two developmental stages
with a combination of electrophysiological, RT-PCR and modelling tools. The
AP was simulated on the basis of a model of human adult ventricular cell. The
model was modified to incorporate experimentally assessed stage-dependent
modifications of ionic currents (e.g. f-current, Iy, inward rectifier, Ix;, and
delayed rectifier currents, Ix,). Effects of current blockers were simulated by
selectively reducing the current maximum conductance.

As we previously showed, changes in AP occur during in-vitro maturation (Early
vs. Late): increase in AP duration and amplitude, decrease of slope of diastolic
depolarization and rate of spontaneous beating. AP modelling reproduces: (i)
experimentally observed changes in AP profile and differential effects of Iy,
blockade by E4031 at Early vs. Late stages (Figure A-B); (ii) effects of Ba*"
and zatebradine (Ix; and Iy blockers, respectively) (Figure C-D). These results
suggest that our novel mathematical model can serve as a predictive approach
to interpret and refine in-vitro experiments on hES-CM.
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Although ventricular fibers of the working myocardium in vivo or in vitro do
not feature pacemaker activity in normal conditions, getting depolarized and
contracting only upon receiving current input from the surroundings, in certain
pathological states they become prone to generate sustained oscillations. In or-
der to get an insight into the mechanisms underlying these rhythm disturbances,
we studied the dynamics and bifurcation behavior of a simple mathematical
model of ventricular cardiomyocyte, the Luo-Rudy I model, using numerical
and analytical methods, as described by Kurata et al. For different configura-
tions of parameters and initial conditions, we found equilibrium points (states
where the field of variables vector vanishes). These were further used to com-
pute the eigenvalue vector of the linearized system of differential equations at
various values of stimulus current (/) in the range of —5 to +5 uA/uF. Dou-
bling the time-dependent potassium conductance (gy,) resulted in sustained
self-oscillations in a narrow interval of I;,: (-0.7,40.3) uA/uF for a reversal
potential of the background current e,=0 mV, and (-3.0,-2.1) uA/uF for the de-
fault value e,=-59.87 mV, while for normal g, the system reached stable equi-
librium over the entire /y;,,, range with either of the e, values tested. We also
demonstrated that, for a given set of parameters, the system admits a maximum
of two different equilibrium points, with the same potential but different intra-
cellular calcium concentrations.Acknowledgements to Prof. K. Mubagwa and
A. Gwanyanya, PhD from KULeuven for help in initiating experiments on car-
diomyocytes in Bucharest.

3430-Pos Board B477

Feasibility of Estimating Maximum Ion Conductance Parameters from the
Shape of the Action Potential. A Simulation Study

Alexandru D. Corlan!, Bogdan P. Amuzescu2, Ivan Milicin3,

Gheorghe Nistor#, Marin N. Popescu?, Adelina Georgescu*, Marcel O. Vlad>.
'University Emergency Hospital of Bucharest, Bucharest, Romania, 2Faculty
of Biology, University of Bucharest, Bucharest, Romania, *Scalacalc
Laboratory, Quattro Electronics Design SRL, Bucharest, Romania, 4Faculty
of Mathematics, University of Pitesti, Pitesti, Romania, *Dept. of Chemistry,
Stanford University, Stanford, CA, USA.

Simultaneous measurement of ion currents and transmembrane potential
(V(t)) is difficult. We verified whether the V(t) of a myocardial action poten-
tial (AP) is sufficient to estimate the cell’s ion currents densities. We built
a database of 45000 simulated APs by running the Luo-Rudy dynamic model
simulator (LRd) on uniform randomly generated parameter sets comprising
the maximum conductances for 12 major ion current components in the
range of 0.5-2.0 times the default. A ‘data’ action potential (V_d(t)) was
generated randomly in the same parameter interval and we tried to estimate
its parameters. Each AP in the database was assigned the same prior prob-
ability at step 0. Then, at each of 50 steps spaced at 5 ms, a posterior prob-
ability was computed that was used as the prior probabily for the next step.
We considered for each step t(j) the difference DV(i,j) between the i’th ac-
tion potential in the database and the ‘data’ action potential. Using a normal
noise model we calculated the non-conditional probability of DV(i,j), then
the post-probability for step j given the prior obtained in step j-1. The high-
est posterior probability finally obtained identified our estimated parameters
in the database.

RESULTS. In 100 such simulated experiments we found a RMSD of
4.14+1.15 mV (mean = SD) between estimate V(t) and data, corresponding
to a very close resemblance. However, the absolute differences in parameters
were large, ranging from 0.30+0.31 for [_Kr to 0.9+0.5 for I_Na.
CONCLUSION. There appears to be insufficient information in the single AP
recording to simultaneously estimate the maximum conductances for 12 ion
currents, as the same AP can be reconstructed from quite different parameters.
Further progress will need taking into account other measurable experimental
data.
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Human embryonic stem cell-derived cardiomyocytes (hRESC-CMs) can pro-
vide insights into the development of human myocardium and provide a pow-
erful cellular system to investigate the electrical properties of human cardio-
myocytes. In this study, we examined the action potentials (APs) of early
developing hESC-CMs studied in spontaneously contracting EB outgrowths
after 12-15 days of differentiation and modeled the channel conductances/ac-
tivities responsible for the APs. Intracellular recordings using sharp KCl mi-
croelectrodes reveal cellular APs that are similar in basic form to those of
early embryonic human cardiomyocytes. Comparison of the AP duration,
AP upstroke slope and mean diastolic potential (MDP) show three distinct
AP classes: nodal, embryonic-ventricular and embryonic-atrial. To gain a bet-
ter understanding of the differences in channel activity underlying each AP
class and to allow comparison to adult human cardiomyocytes, we used a mod-
ified version of a previously developed computational model of the adult car-
diomyocyte. The main modification is the addition of a hyperpolarization-ac-
tivated Na/K channel to represent the observed slow depolarization in diastole.
The channels in this model are represented with a Hodgkin-Huxley formalism
including parameters describing channel conductance, as well as inactivation
and activation gating voltage and time constants. AP time courses are repro-
duced with this model by varying the various channel conductances (fast Na,
rapid delayed rectifier K, etc.) In this manner the three differentiated hESC-
CM classes have been characterized in terms of their relative channel conduc-
tances for the 12-15 day in culture developmental time point. Our results show
that a more active background Na channel is required to adjust for the less po-
larized MDP seen in the recordings and the slow delayed rectifier K channel
activity is greater in the nodal class of APs than is seen in the embryonic-ven-
tricular class.
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We have developed a detailed mathematical model for Ca handling and ionic
currents in the human ventricular myocyte. Our objective was to implement
a model that: 1) accurately reflects Ca-dependent Ca release; 2) uses repolariz-
ing K currents with realistic amplitude; 3) comes to steady state; 4) simulates
basic excitation-contraction coupling phenomena; and 5) runs on a normal
desktop computer. The model relies on the framework of the rabbit myocyte
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model developed by Shannon et al. in our laboratory, and includes a subsarco-
lemmal compartment (in addition to the other two commonly formulated cyto-
solic compartments, junctional and bulk) where the ion channels sense ion con-
centrations that differ from the bulk. Ion channels and transporters have been
modeled on the basis of the most recent experimental data obtained in our
group and from the literature. In particular, novel formulations of the rapidly
and slowly inactivating components of Ito have been implemented and utilized
to differentiate between endocardial and epicardial myocytes. The model has
been validated against a wide set of experimental data including action poten-
tial adaptation and restitution properties, frequency dependent inotropy and in-
tracellular sodium staircase. It also correctly predicts the effect of pharmaco-
logical intervention on K currents (e.g. chromanol 293 B and dofetilide
administration) on ventricular repolarization. We conclude that this model is
more robust than previously existing models and provides a useful framework
to explore excitation-contraction coupling mechanisms and repolarization ab-
normalities at the single cell level. To overcome the substantial limitations to
experimental studies involving human cardiac tissue, due to its low computa-
tional cost this model is suitable to be integrated into multi-scale models of tis-
sue and/or heart.
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For many years the most accepted hypothesis is the mechanism of fibrillation
in turn leads to arrhythmia was that the anatomical and electrophysiological
heterogeneity in cardiac tissue. Regional differences in action potential dura-
tion (APD) and changes in depolarization in the heart favor re-entrant arrhyth-
mia. With the help of mathematical model of ventricle cell, the role of sodium
on 2D grid of cells in establishing arrhythmia is studied. First a homogeneous
tissue of 60x 60 was considered with all the parameters are identical. Next the
heterogeneity in the tissue has been formed with the help of small squares by
varying sodium conductance (gn,) values from its nominal. Also spatial het-
erogeneity in the tissue has been formed by setting gy, values of some of
the squares at deviated values from its nominal. Due to heterogeneity among
the cells in the tissue, the action potential (AP) propagation in the tissue is to-
tally arrhythmic. The regional variation in gy, at the center square showed that
cells in that region where gy, is varied gets disturbed (i.e. not able to depolar-
ize). Next study, the regional differences in gnafjunsupported Character - Codename
&shy;] 18 increased to three squares in diagonal wise. It is observed that the ac-
tivity pattern of AP propagation in the tissue almost gets disturbed and spiral
waves start originating from the center of the squares. Next analysis the num-
ber of squares increased to five. Compared to all previous cases, the variation
in activity pattern of AP is totally gets collapsed in this case. Further, it is ob-
served that multiple spirals are formed in the tissue around the region where
regional differences are made. This multiple spirals further propagated to the
entire tissue and causes re-entrant arrhythmia.
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Background: Subclinical mutations in the genes associated with inherited ar-
rhythmias may cause unexpected pharmacologic responses in antiarrhythmic
therapies.

Methods: The administration of pilsicainide, a class Ic antiarrhythmic agent,
caused marked Brugada-type ST-elevation and frequent PVCs in a 66-year-
old Japanese male who had presented with paroxysmal atrial fibrillation and
type I atrial flutter. The patient has structurally normal heart, with no family
history of Sudden Cardiac Death (SCD) or syncope. Genetic screening using
PCR/direct sequencing identified a novel SCN54 mutation, V1328M. Biophys-
ical characteristics of WT and V1328M-SCN54 were studied using patch-
clamp techniques.

Results: The whole-cell sodium current densities were comparable between
WT and V1328M. While V1328M did not significantly affect the voltage-de-

pendent activation kinetics, V1328M was found to rightward shift the volt-
age-dependency of the peak currents by 10 mV and the steady-state inactivation
by 7 mV (inactivation V;,: WT, —100.2+ 0.8 mV,n = 10; V1328M, —93.1 +
0.7mV,n = 10, p<0.01). The pharmacologic responses of WT and V1328M to
pilsicainide were studied .Pilsicainide (25 pM) caused similar extent of the
tonic block reduction of sodium currents induced by a low frequency pulse pro-
tocol (q15s) in WT and V1328M. On the contrary, V1328M significantly en-
hanced the use-dependent block (2Hz) by pilsicainide (25 pM) compared to
the WT (%block: V1328M, 62.0 = 1.7, n = 6; WT, 42.6 = 1.0, n = 6,
p<0.001). In addition, intracellular pilsicainide (500 pM) did not block both
WT and V1328M currents.

Conclusion: Our findings suggest that a SCN54 mutation V1328M might pre-
dispose certain individuals in the antiarrhythmic pharmacotherapy to drug-in-
duced Brugada ECG changes. Our data,also, suggests that the SCN54 mutation
located in the intracellular side can affect the sodium channel blocking from the
extracellular side.
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Several voltage gated channel families share a common structural motif in the
intracellular side of their S6 segment: a Proline-Valine-Proline sequence
known as a proline hinge. We studied the proline hinge in Kv1.4 channels
which activate and then inactivate via two distinct inactivation mechanisms,
N- and C-type. We made several point mutations to the two prolines in the
P-V-P hinge of Kv1.4 channels, most of which did not result in a functional
channel. Two mutations did result in a functional channel: a glycine or alanine
for the second proline. These mutations were studied in the presence and ab-
sence of the N-terminal to separate the effects on N and D-type inactivation
(Kv1.4[P558A], Kv1.4[P558A]JAN, Kv1.4[P558G], and Kv1.4[P558G]AN
Both of these S6 mutations slowed or removed N- and C-type inactivation,
and altered recovery from inactivation. The P558G mutation, which allowed
more flexibility slowed N-type inactivation by nearly an order of magnitude
and no C-type inactivation was observed in the abasensce of the N-terminal,
consistent with our previous findings of a major structural rearrangement in-
volving S6 in C-type inactivation. The PSS8A mutation was much more dis-
ruptive and slowed activation by more than an order of magnitude. No inac-
tivation was observed in either N intact or deleted constructs, however
activation in the presence of the N-terminal domain was biphasic and paradox-
ically slower for the P558 A mutation. These results are consistent with our hy-
pothesis that the proline hinge plays a significant role in inactivation and re-
covery, and that inactivation involves significant conformational changes of
the intracellular side of Kv1 channels which is modulated by interaction
with the lipophilic N-terminal ball and are closely linked with activation
and deactivation.
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Timothy Syndrome (TS) is the only L-type Ca®>" channel (Cavl.2) defect
linked to arrhythmias and sudden cardiac death (Splawski I et al. Cell 119:
19-31, 2004). Timothy SyTS results from a de novo gain-of-function mutation
on the intracellular side of S6 from the first domain which affects the voltage
dependent component of inactivation in Cavl.2 and results in prolongation
of the QT interval.In addition to arrhythmogenesis, TS is associated with con-
genital heart disease, syndactyly and autism spectrum disorders. We created
a knock-in mutation of TS in mice. Computer modeling suggested that the car-
diac AP should be minimally affected under physiological conditions and in
mice the arrhythmic potential should be observable only under pathophysiolog-
ical conditions. The ECGs of conscious, unrestrained, unanesthetized mice and
were performed double blinded. The QTc (38) in TS mice was prolonged, shift-
ing from 44.3 = 0.5 ms (n=8) for control mice to 47.2 + 0.5 ms (n = 17) for
mice expressing the TS mutation (P<0.01). Viewed qualitatively, many of the
electrocardiograms from the TS mice showed a marked change in T-wave mor-
phology. Other significant changes in conscious mice were also noted, the du-
ration of the QRS complex shifted from 9.2 + 0.4 ms (n=8) to 11.1 + 0.2 ms
(n = 17), heart rate showed a slight but not statistically significant increase and
normalized heart rate variability showed a decrease from 5.1% = 1.1 (n=8) to
2.6% = 0.6 (n=17 P<0.05) indicating an increase in sympathetic tone in the
TS mice. TS patients are particularly susceptible to arrhythmias in response



