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SUPPLEMENTAL METHODS

ToR-ORd in silico model
To understand the impact of the Na*/K* ATPase pump (NKA) on the action potential

duration (APD) of cardiomyocytes, we employed the Tomek—Rodriguez—O’Hara—Rudy
human cardiomyocyte in silico model (ToR-ORd)(1). A scaling factor was applied to the
NKA current to simulate different NKA functional states. The levels chosen were 1X
(control), 0.75X, 0.5X, 0.25X, and 0.1X. To pace the model, a stimulus current was applied
at 1Hz for 1000 total paces to allow for dynamic adjustment of the intracellular ion
concentrations. APD was measured as established in the model. Steady state inactivation
of the L-type Ca?* channel was calculated as combination of voltage-dependent and
calcium-dependent mechanisms using a steady state sigmoidal function. We used the

inactivation variable:

F(V,[Cal)= 1/(1+exp((V-V1)/k)))

Where k=3.696 mV, and the half inactivation voltage V1,2 was calculated as
V12=V012- AV* log([Ca?*]i/[Ca?*]ref)

With V0,,=-19.59, AV = 15.

V% and k were obtained from the fss equation in the TOR-ORd model. AV was set
empirically to 15mV per log unit increase in [Ca?*]. Simulations were performed over a
voltage range of -80 to +60mV, with [Ca?']i of each NKA functional states that are

measured after 1000 paces.



Mapping of amino acid positions on crystal structure

Previously published short QTc-associated variants in ATP1A3(2) were mapped on the
human ATP1A3 crystal structure in the potassium occluded state (PDB ID: 8D3X)(3) using

PyMOL software (Shrodinger, Portland, USA).

RNAseq Analysis

Meta-analysis of previously published RNAseq data sets on human myocardium were
acquired to determine relative transcript abundance of ATP1A isoforms. Datasets were
downloaded from the Gene Expression Omnibus (GEO) database. The following human
cardiomyocyte datasets were used: GSE116250, GSE123976, GSE46224, GSE57344,
GSE55296, GSE126573, SE71613, PMID 31155234, and GSE183852. A previously
published murine dataset from our lab was also analyzed(4). The following rat datasets
were used: GSE197999, PMID 29231921. The following sheep dataset was used: PMID
22508961. Percentages were calculated by totaling mean counts of ATP71A71-3 and

dividing each ATP1Ax by the total mean count for each sample.

Human induced pluripotent stem cells

This study received approval from the Institutional Review Boards at Baylor College of
Medicine and Duke University Health System and uses previously established induced
pluripotent stem cell lines (iPSCs)(5). Two lines were derived from patients with the

ATP1A3-D801N missense (iPSCP8N and iPSCP8O™N-2) The iPSCP8N missense was



corrected using CRISPR to generate an isogenic control (iPSC°"T). An additional WT line

from a healthy individual was used (iPSC"T2).

Differentiation of iPSC-CMs

IPSCs seeded on Matrigel coated wells were selected for differentiation to generate iPSC-
derived cardiac myocytes (iPSC-CMs) when 90% colony confluence was achieved.
iPSCs were differentiated into iPSC-CMs utilizing an adapted method(6). On day O of
differentiation, 60ng/ul Activin A (StemCell Technologies, Vancouver, Canada), 12uM
CHIR-99021 (Cayman Chemical, Ann Arbor, USA), 50ug/ml Ascorbic Acid (Tocris
Bioscience, Bristol, United Kingdom) in RPMI 1640 with 2% B27 without insulin (Life
Technologies, Carlsbad, USA) (RPMI/B27-) was added. On days 1 and 2, the media was
replaced daily with 5uM IWR1 (StemCell Technologies, Vancouver, Canada) and 50ug/mi
Ascorbic Acid in RPMI/B27-. On day 4, the media was changed to RPMI/B27- with SuM
IWR1. On day 6 the cells were fed maintenance media, which composed of RPMI 1640
with 2% B27 with insulin (Life Technologies, Carlsbad, USA) and monitored for the onset
of beating. Cells were continually fed with maintenance media every 2 days until day 15,
and 3 times per week thereafter. Cardiomyocytes were used for experimentation between

D40-D60 since differentiation.

ATP1A3 expression constructs

Vectors containing full-length, wild-type, human ATP1A3 sequence corresponding to the

reference sequence were obtained (pRP[Exp]-EGFP-CAG>hATP1A3, [NM_152296.4],



cat# VB180814-1968xpj, Vector Builder). Vectors containing the D801N mutation in
ATP1A3 were created using site-directed mutagenesis (Cat# 200518, Stratagene, San
Diego, USA). A ouabain-resistant ATP1A3 expression construct was created using site
directed mutagenesis (Cat# 200518, Stratagene, San Diego, USA) to insert 2 point
mutations (Q108R, N119D) that haven been shown to maintain pump function in the
presence of ouabain (ATP1A30R)(7). Sanger sequencing was used to validate mutation

insertions as previously described.

HEK293T transfection

To determine the impact of the D801N variant on the function of ATP1A3, WT, D801N,
and ouabain-resistant expression constructs were expressed following transfection in
human embryonic kidney 293T (HEK) cells using the Lipofectamine™ 3000 Reagent
Protocol (Invitrogen Thermofisher Scientific, Waltham, USA). Cells were incubated in the
presence or absence of 10uM ouabain for 48 hours with daily media changes. Cell viability

was quantified after 48hrs.

Immunofluorescence

IPSC-CMs were split onto Matrigel coated 35mm dishes with a 14mm microwell (Cellvis,
Cat# D35-14-1.5-N, Mountain View, USA) using the StemDiff cardiomyocyte dissociation
kit (Cat# 05025, STEMCELL Technologies, Cambridge, USA). Cells were fixed using 4%
PFA, permeabilized with 0.5% Triton X-100, incubated with primary antibodies (Invitrogen,

Carlsbad, CA), and detected using Alexa Fluor-conjugated secondary antibodies



(Jackson ImmunoResearch, West Grove, USA). Primary antibodies (1:400 dilution) used
include mouse anti- human cardiac troponin T (Cat# MA1-20112, Invitrogen, Waltham,
USA), rabbit anti-human ATP1A3 (Cat# 06-172-I, Millipore Sigma, Burlington, USA), and
mouse anti-human NCX1 MA3-926, ThermoFisher, Waltham, USA). Image acquisition
was performed on an Olympus IX50 fluorescence microscope (Olympus Corporation,
Tokyo, Japan) and analyzed with Fiji Imaged v.2.14.0 (National Institutes of Health,

Bethesda, USA).

Wheat germ agglutinin staining
IPSC-CMs were fixed using 4% PFA, and 5ug/mL wheat germ agglutinin in PBS was
applied to cells for 10 min in the dark before permeabilization. Following permeabilization,

cells were stained with primary antibodies for immunofluorescence as described above.

Western blot

IPSC-CMs were homogenized with RIPA (ThermoFisher Scientific, Waltham, USA) in the
presence of protease and phosphatase inhibitors (ThermoFisher Scientific, Waltham,
USA). The supernatant was collected after centrifugation at 16,000 x g for 10 min at 4°C.
Protein concentration was measured by NanoDrop (ThermoFisher Scientific, Waltham,
USA) and 30ug of protein was run on 4-15% acrylamide gels (Bio-rad, Hercules, USA).
Gels were transferred to methanol-activated PVDF membranes (Bio-rad, Hercules, USA)
and blocked in 5% non-fat milk/TBST. Primary antibodies included rabbit anti-human
ATP1A3 (cat# 06-172-l, Millipore Sigma, Burlington, USA) and mouse anti-human

GAPDH (Cat# MA5-15738, ThermoFisher Waltham, USA), mouse anti-human NCX1



(cat¥ MAS3-926, ThermoFisher, Waltham, USA), rabbit anti- human ATP1A2 (cat#
ab166888, Abcam, Waltham, USA), mouse anti-human ATP1A1 (cat# ab7671, Abcam,
Waltham, USA), and mouse anti-human ATP1B1 (cat# MA3930, ThermoFisher, Waltham,
USA). Antibodies were visualized using anti-mouse or anti-rabbit HRP secondary
(1:1000) and chemiluminescence was activated with ECL substrates (Bio-Rad, Hercules,
USA). Images were acquired using the ChemiDoc MP Imaging System (Cat#

12003154,Bio-Rad, Hercules, USA).

Arclight Transduction

IPSC-CMs were split onto Matrigel coated 35mm dishes with a 14mm microwell (Cellvis,
Cat# D35-14-1.5-N, Mountain View, USA) using the StemDiff cardiomyocyte dissociation
kit (cat# 05025, STEMCELL Technologies, Cambridge, USA). During this process, 108
TU/mL Arclight Lentivirus (pLV[Exp]-EF1A>(8); Cat #VB220422-1240vdf, Vectorbuilder,
Chicago, USA) was diluted 1:1000 in CM support media. The CM pellets were then
resuspended with the lentivirus loaded CM support media at a final concentration of 10°
cells/mL and plated on the coated 35mm dishes. After 24hrs, media was changed to

RPMI/B27+ and experiments were conducted 48hrs post transduction.

Live-cell imaging

Live-cell imaging was conducted to determine intracellular Ca?* dynamics and membrane
polarity in iPSC-CMs. Cells were split onto Matrigel coated 35mm dishes with a 14mm

microwell (Cat# D35-14-1.5-N, Cellvis, Mountain View, CA) using the StemDiff



cardiomyocyte dissociation kit (Cat# 05025, STEMCELL Technologies, Cambridge,
USA). For Ca?* transient and Ca?* leak measurements, iPSC-CMs were incubated with
10 uM CAL-520 (ab171868, Abcam, Waltham, USA) in Ca?*-free Tyrode for 1 hour. After
washing with Ca?*-free Tyrode, cells were incubated in a 1:1 solution of Tyrode (with
1.8mM CaClz) and RPMI/B27* for 15 mins before experiments. To measure intracellular
Ca?" transients, leak in Cal-520 loaded cells, and fluorescence traces in Arclight-
transduced cells, linescan images were obtained on a Zeiss Laser Scanning Confocal
510 Meta Microscope (Carl Zeiss AG, White Plains, USA) at 0.1um per pixel. Lines were
drawn on the longitudinal axis of iPSC-CMs. Arclight transduced cells were pre-paced at
0.5Hz for using an lonOptix MyoPacer field stimulator (lonoptix LLC, Westwood, USA) for
5 min (17.0V, 10msecs/stimulus), and then recorded at their spontaneous depolarizing
rate for analysis for 30 secs each. CAL-520 loaded cells were paced at 0.5Hz with an
lonOptix MyoPacer field stimulator for 10 secs (17.0V, 10msecs/stimulus) followed by 20
seconds of diastole recording. Fluorescence traces (representing action potential) and
Ca?* transients were analyzed with Fiji Imaged v.2.14.0 (National Institutes of Health,
Bethesda, USA). Ventricular iPSC-CMs were identified by action potential morphology
with clear phase 2, measured as ratio >0.6 of APD50/APD90). Sparkmaster 2 was used
to identify Ca?* sparks and miniwaves(9). Sparks were measured 2 seconds after the last
Ca?* transient, for 4 secs. Spark width, amplitude (Fmax/Fo), duration, and frequency of
sparks was quantified. Ca®* leak was calculated using the following equation: leak =
width* amp* dur* freq. Leak for each line was further normalized to their respective mean
Ca?* SR store. To measure SR Ca?* store, 10mM Caffeine was added to the culture under

real-time imaging to trigger the release of stored Ca?*. Peak fluorescence following



caffeine addition was measured as an indication of stored Ca?*. Intracellular [Ca?*] was
measured using Fura-2AM (Cat# F1221, ThermoFisher, Waltham, USA). In each well,
5uM Fura-2 in 0.1% Pluronic Tyrode solution without Ca?* was added and incubated for
20 mins. Each well was washed with Tyrode and a 2mL 1:1 mixture of RPMI/B27+:Tyrode
was added, and cells were incubated for an additional 15 mins before imaging. Cells were
paced at 0.5Hz using an lonOptix MyoPacer field stimulator (lonoptix LLC, Westwood,
USA) for 10 secs (17.0V, 10msecs/stimulus). Cells were excited at 340nm and 380nm.
Fluorescence was recorded at 510nm with a NiKON Eclipse TE2000-E and measured
using the fluorescence ratio imaging software Metafluor. For rescue experiments, cells
were incubated in 10°M ORM-10103 in RPMI/B27+ media prior to live cell imaging.
Activity of SERCAZ2a was calculated as the difference between the rate of decay (K) of
the spontaneous Ca?* transient, which reflects Ca?* removal from the cytosol by the
combined activities of SERCA2A and NCX, and the K of the caffeine-induced transient

which reflects Ca?* extrusion by NCX only(10, 11). The following equations were used:

If K = 1/tau, Kcaffeine = NCX aCt|V|ty, and Kspontaneous = SERCA2A aCt|V|ty + NCX aCt|V|ty,

then NCX aCt|V|ty = 1/taUcaffeine and SERCA2A aCt|V|ty = 1/taUspontaneous - 1/taUcaﬁ’eine.

Action potential recordings

IPSC-CMs were split onto Matrigel coated cover slips using the StemDiff cardiomyocyte
dissociation kit (Catalog# 05025, STEMCELL Technologies, Cambridge, USA). Action
potentials were recorded in whole cell current-clamp mode using a MultiClamp-700A
amplifier with Digidata 1322A interface and Clampex 8 software (Axon Instruments, Union
City, USA). The cover-glass with mounted CMs was transferred to a chamber mounted
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on an inverted microscope (OLYMPUS I1X50) and continuously perfused (at 35-37°C,
2ml/min) with Tyrode’s solution containing (in mM): 140 NaCl, 5.4 KClI, 2 CaCl2, 1 MgCl2,
10 HEPES, 10 glucose, pH 7.4. The patch pipettes had a resistance of 6~10 MQ when
filled with pipette solution containing (in mM): 130 K-aspartate, 6 NaCl, 3 Mg-ATP,
0.4GTP,10 HEPES, 5 EGTA, and pH 7.2 (with KOH). Action potentials were recorded in
spontaneously beating iPSC-CMs, or elicited by depolarizing current injection (6ms, 1.5
x threshold, 0.5Hz) in non-beating cells. Clear inward sodium and calcium channel current
was confirmed with a pre-test voltage-clamp ramp protocol (-100 to +100mV, 1mV/ms).
Data were acquired at sample rate of 10 kHz (filtered at 1 kHz) and analyzed with
pCLAMP 10 software (Axon Instruments). AP morphology and AP parameters were
analyzed as previously described(12, 13). Cardiomyocyte with ventricular-like AP were
selected based on presence of a distinct plateau phase (phase 2, measured as ratio >1.5
of APD30-40/APD70-80). Pharmacologic treatments included application of 10'M
ouabain (cat# B3436, ApexBio, Houston, USA) and 10-°°M ORM-10103 (cat# SML0972,

Sigma Millipore, Rockville, USA).

Sodium-calcium exchanger current

Incx was recorded using a voltage-clamp protocol as previously described(14). iPSC-CM
cells are perfused by external solution at 35-37°C, in which Na* channel, Ca?* channel,
K* channel and Na*/K* pump currents are blocked. External solution component (in mM):
140 NaCl; 1.0 MgClI2; 5.0 HEPES; 2.5 CaCl2; 1.0 BaCl2; 10 glucose; 0.01 Nitrendipine,
& 0.01 Strophanthidin; pH7.4, w/ NaOH. Pipette solution containing (in mM): 110 CsCl,
20 TEACI; 10 NaCl; 0.4 MgCl2; 10 HEPES; 1.0 CaCl2; 5.0 glucose; 5.0 EGTA; pH7.2, w/

10



CsOH; 1.5~3.5MQ. Incx are induced by ramp protocol of 2 sec from +80mV to -120mV,
HP-80mV, every 10sec. NiCI2 (65mM) was added. Incx is measured as the Ni-sensitive
current. To quantify ion flux from current density, a standard electrophysiological approach
was employed to relate transmembrane current to ionic movement as previously

described(15).

L-type Ca?* channel current

L-type Ca?* channel (LTCC) current was recorded with the whole-cell patch-clamp
technique as previously described with some modifications(12, 16, 17). Voltage-clamp
experiments were performed with an Axopatch 700A amplifier interfaced with Digidata
1550b(Molecular Devices, San Jose, USA). pClamp 10 &11 softwares were used for data
acquisition and analysis. Data were filtered at 1 kHz and sampled at 10 kHz. The pipette
resistances were 6-10 MQ when filled with pipette solution containing (in mM):92 K-
aspartate, 48 KCI, 10 HEPES, 0.02 EGTA, 0.1 GTP-Tris, 1 MgATP, 4 Na ATP . (pH 7.2
with KOH). IPSC-CMs on cover-glass were perfused with external solution containing (in
mM): 140 NaCl, 10 Glucose, 10 HEPES, CaClz 2, 1 MgClz2, 4 KCI, 5 Aminopyridine and
0.1 BaCly(pH 7.35 with NaOH) at 35-37°C. After formation of giga-ohm seal and break
through cell membrane, the IcaL peak currents were recorded by holding the iCMs at -
80mV followed by a pre-conditioning pulse at -40mv to inhibit Na* channel current and
possible T-type Ca?* current followed by a 100msec test pulse at Omv. LTCC was elicited
by a testing potential of 10mV for 300ms once every 10 second with a 50ms pre-pulse of
-40mV to OmV. LTCC was measured and normalized by membrane capacitance (pA/pF)
for cell size. Current densities were compared between the WT and mutant iPSC-CMs.

11



The time duration (tau) for the decay phase of Ica,L peak currents were measured using

Levenberg-Marquardt fitting method.

Statistical analysis

For all experiments, a minimum of 3 passages were used for each line per experiment.
To determine statistical significance among groups, a paired Student’s t-test was
performed for data with a normal distribution and two groups, and a one-way ANOVA with
multiple comparisons was used for 3 groups. For statistical tests assuming a normal
distribution, the Shapiro-Wilk test for normality was used. For non-parametric data, a
Mann-Whitney test was used when comparing two groups. Fisher’s exact tests were used
for categorical data. Mann-Whitney tests or Wilcoxon matched-pairs tests were
conducted for non-parametric statistical analysis for whole cell patch clamp experiments.
Live cell imaging experiments were analyzed using a hierarchical statistical approach, as
previously described(18). With non-parametric data, the data was first Log10-transformed
before applying the R code. Data are presented as the mean + SEM. P<0.05 were

considered statistically significant.

SUPPLEMENTAL RESULTS

HEK-293T ATP1A3 constructs overexpression

We transfected HEK293T cells with full-length human ATP1A3 with and without the

D801N missense and compared cell survival. ATP1A3 overexpressing cells had

12



comparable expression to empty vector and ATP1A3-D801N encoding transcripts. To
determine whether the presence of the D801N mutation affects the pharmacologic impact
of ouabain inhibition, we created a ouabain resistance dual mutation construct which is
not able to bind ouabain for both WT and D801N ATP1A3(19) (ATP1A3°R and D801NC°R,
respectively) and quantified survival. As expected, addition of ouabain to the media
caused significant cell death in empty vector transfected HEK293T cells, while ATP1A3°R
cells demonstrated increased survival. Conversely, cells transfected with D801N°R had
significant reduced survival compared to ATP1A3°R which was equivalent to EV. Together,
these findings suggested that the D801N variant created a loss-of-function effect on
ATP1A3 in HEK293T cells. These findings are consistent with previous report which have

linked ATP1A3 overexpression with apoptosis and autosis (20, 21).

ATP1A1-3 expression levels across species

We used a comparative genomic analysis of human and Caenorhabditis elegans known
as OrthoList 2 to determine the orthologs as well as the cardiac specific transcription of
ATP1A1-3(22). We found that eat-6 encodes for the catalytic peptide of a P-type Na*/K*
exchanging transporter, and is an ortholog of ATP1A1, ATP1A2, and ATP1A3, such that
it is not a specific one-to-one orthologue. It is transcribed in several structures, including
the pharynx, which is analogous to vertebrate cardiac tissue. Similarly, in Drosophila
melanogaster, Atpa encodes for a P-type Na'/K* exchanging transporter but does not
have a one-to-one ortholog to human ATPA1-3 isoforms. It translates a protein with 76.3%
homology to ATP1A3 and is expressed in cardiomyocytes(23). In Zebrafish, atp1a3a and
atp1a3b are the ATP1A3 orthologs but they are not transcribed in the cardiovascular

13



system, according to the Zebrafish Information Network (ZFIN) database. In the heart,

only atp7a1 is transcribed and is an ortholog of ATP1A1.
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SUPPLEMENTAL FIGURES
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Supplemental Figure 1: Transfection of HEK-293T cells and survival analysis. Cells
were transfected with EV (empty vector), ATP1A3 (WT), or ATP1A3-D801N (D801N)
constructs, and cell survival was measured and normalized to EV. In the presence of
ouabain, cells were transfected with EV, ATP1A3, ATP1A3-D801N, ouabain resistant
(Q108R, N119D) ATP1A3 (WTCR), or ouabain resistant ATP1A3-D801N (D801NCR). A

Kruskal-Wallis test was employed, * indicates p<0.05.
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Supplemental Figure 2: ATP1A1-3 relative transcription levels in human

myocardium. Pie charts illustrating relative transcription levels of ATP1A71-3 isoforms in

9 studies using human myocardium. N indicates number of samples per study.
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Supplemental Figure 3: Relative abundance of human ATP1A1-3 isoforms per
sample in published databases. Violin plot illustrating ATP1A71-3 transcription in each
human cardiomyocyte sample analyzed from published RNA sequencing data in relative
abundance by percentages. Total number of samples in this analysis, N=102. Average
relative transcription levels of ATP1A1-3 are 26.97%, 46.65%, and 26.34%, respectively.
Repeated measure one-way ANOVA with the Geisser-Greenhouse correction and

Tukey’s multiple comparison tests were conducted. ** indicates p<0.01.
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Supplemental Figure 4: Relative transcription of Atp7a7-3 in C57/Black6J WT mice.
Pie charts illustrating relative abundance of transcripts in samples collected at P3 and 3

months. N=4 samples.
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Supplemental Figure 5: Atp1a71-3 relative transcription levels in rats. Pie charts
illustrating relative transcription levels of Afp71a7-3 isoforms in 2 studies using rats. N

indicates number of samples per study.
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Supplemental Figure 6: relative transcription of Atp7a7-3 in sheep. Pie chart
illustrating relative abundance of transcripts in samples collected in sheep hearts. N

indicates number of samples in study.
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Supplemental Figure 7: Simulated resting membrane potential. Graph illustrating
resting membrane potential (RMP) as a function of myocyte pace number in a set of

simulations with different Na*/K* ATPase (NKA) functional states in the ToR-ORd model.
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Supplemental Figure 8: membrane localization of ATP1A3 in iPSC-CMs"T.
Representative immunofluorescence images of two independent WT iPSC-CM lines,
iPSC-CMWT  (Panel A) and iPSC-CMW™2 (Panel B). For each panel, ATP1A3
immunostaining is shown in red (top left), wheat germ agglutinin (WGA) staining to
delineate the cell membrane is shown in green (top right), nuclear staining with DAPI is
shown in blue (bottom left), and merged images are shown in the bottom right. ATP1A3
signal demonstrates prominent membrane localization and colocalization with WGA in

both WT lines. Scale bar=100 microns
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Supplemental Figure 9: Interval rate of spontaneously fluorescing iPSC-CMs. Bar
graphs illustrate peak to peak interval fluctuation in WT and D801N myocytes. Panels A-
D correspond to iPSC-CMWT iPSC-CMPIN " iPSC-CMWT2  jPSC-CMP8OIN-2
respectively, Points that deviate from a x=y relationship indicate irregular fluorescence
amplitudes associated with delayed after depolarizations. Inset in panel C depicts a

zoomed-in view of Panel C to facilitate visualization of individual data points.
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Supplemental Figure 10: Ouabain effect on action potential parameters in iPSC-
CMWT-2, Patch clamp recording of iPSC-CMW™2 with application of vehicle or 10'M
ouabain. A) Representative action potential traces. B) Action potential duration at 50%

and C) 90% repolarization. D) Maximum diastolic potential. A Wilcoxon matched-pairs

test was conducted. ** p<0.01.
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Supplemental Figure 11: Tau of Ca?* transient amplitude. Graph shows fluorescence
decay constant of Ca?* transients for each cell. n= 21, 20, 23, and 19, respectively. Black
dots represent experimental means. A hierarchical statistical test was conducted, and no

difference was found between D801N lines and respective controls
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Supplemental Figure 12: Linescan images of Ca?* transients. Representative
linescan images of Cal-520 loaded iPSC-CMP81N and iPSC-CM"T cells paced at 0.5 Hz.

Black arrow indicates miniwaves.
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Supplemental Figure 13: Simulated intracellular Ca?* in the ToR-ORd model of
human ventricular cardiomyocyte. Graph illustrates [Ca?*]i vs time on the 1000"" pace

in a set of simulations that use different NKA functional states.
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Supplemental Figure 14: Ca?* sparks. A) Representative linescan images of Ca?*
sparks for iPSC-CMs"T and iPSC-CMsP&1N_B) Frequency of sparks per cell among spark
positive cells. (A-C) Spark amplitude, full width at half max, and full duration at half max,
respectively. C) Calculated Ca?* leak per cell (A.U= arbitrary unit). D) Calculated Ca?*
leak normalized to mean Ca?* SR store amplitude. Sparks n=212, 313, 517, 343,
respectively. Black dots represent experimental means. A hierarchical statistical test was

conducted. ** p<0.01.
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Supplemental Figure 15: Simulated Incx in the TOR-ORd model of human ventricular
cardiomyocyte. Graph illustrates NCX current vs time on the 1000" pace in a set of

simulations with different NKA functional states.
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Supplemental Figure 16: Tau of SR store amplitude. Graph shows fluorescence decay
constant of each cell after application of caffeine. n= 43, 27, 31, and 29, respectively.
Black dots represent experimental means. A hierarchical statistical test was conducted.

* p<0.05.
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Supplemental Figure 17: Calculated NCX1 activity. Graph illustrates calculated NCX
Ca?* efflux for each cell. n= 43, 27, 31, and 29, respectively. Black dots represent

experimental means. A hierarchical statistical test was conducted. ** p<0.01.
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Supplemental Figure 18: Calculated SERCA activity. Graph shows SERCA activity for
each cell in iPSC-CM®WT and iPSC-CMP8N n= 43, 27, respectively. Black dots indicate

experimental means. A hierarchical statistical test was conducted, ** p<0.01.
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Supplemental Figure 19: Western blot comparing NCX1 expression.

Representatives of western blot obtained from whole protein lysates from iPSC-CMs

blotting for NCX1 and GAPDH as loading control.
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Supplemental Figure 20: Simulated Ik in the ToOR-ORd model of human ventricular

cardiomyocyte. Graph illustrates Ikr current vs time on the 1000" pace in a set of

simulations with different NKA functional states.
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