Supplement

Methods:

Animals and Cell Isolation

Male WT and Pak1 knockout mice (Pak1™; 3-6 month) were used for this study
and atrial myocytes were isolated as previously described!. The canine model of

ventricular tachypacing-induced atrial fibrillation was created in Dr. Arora’s
laboratory and AMs were isolated as previously described?3. Dogs underwent

right ventricular tachypacing (3-4 weeks, 240 beats/min), which resulted in a
significant decrease in left ventricular function and a significant increase in left
atrial and left ventricular dimensions. While some animals demonstrate evidence
of right heart failure (ascites), the majority of animals do not demonstrate
symptoms of overt left ventricular heart failure (i.e. shortness of breath,
pulmonary edema) 3. Isolated cells from all animals were plated on laminin (1

mg/ml, Sigma Aldrich) coated glass coverslips in standard tyrode solution (in
mmol/L: NaCl 130, KCI 5.4, CaCl; 1, MgCl, 1.5, Glucose 10, HEPES 5; pH 7.4).
Animal procedures were performed with the approval of the IACUC of Rush
University and Northwestern University and in accordance with the National
Institute of Health's Guide for the Care and Use of Laboratory Animals.

ECG Recordings and Burst Pacing-Induced Atrial Arrhythmia

ECG recordings were performed on mice using the ECGenie (Mouse Specifics,
Inc.) recording system. Baseline ECGs were recorded after 10 min adaptation to
the recording platform. Recordings were obtained before and after intraperitoneal
injection of 150 ng/g of carbachol (CCh). Bipolar left atrial electrograms were
recorded from spontaneously beating mouse hearts (WT, Pak1™) in the
Langendorff configuration, during perfusion with Ctrl Krebs-Henseleit solution (in
mmol/L: NaCl 119, NaHCO; 25, KH;PO4 1.2, MgSO4 2, glucose 10, KCI 4.0,
CaCl; 1.8, Na-pyruvate 2, gassed with 95 % O./5 % COy). Sinus rhythm (SR)
was interrupted by 10 episodes of burst pacing (1 s, 50 Hz) applied to the right
atria in 10 s intervals. After burst pacing recovery to SR or occurrence and
duration of arrhythmic activity was quantified.

Subcellular Fractionation of HL-1 cells.
HL-1 cells were maintained for 48 h after infection with adenovirus encoding for
either Pak1-RNAi or LacZ and harvested as previously described*. Cell lysate

samples were separated using pre-cast 4-20 % Novex tris-glycine gels
(Invitrogen) following standard electrophoresis protocols for SDS-PAGE and
immunoblotting with 45 ug of protein loaded per well. Primary antibodies were
directed against Rac1 (Cytoskeleton, #ARC03) and Na'/K'-ATPase (NKA:



ThermoSci, PA5-17251). Densitometric analysis of was performed using ImageJ.
The data are presented as relative density adjusted to the respective loading
control (NKA).

Intracellular Ca®* and ROS Measurements

To visualize changes of the intracellular Ca?* concentration ([Ca®']), AMs were
incubated (15 min) at room temperature with fluo-4 acetoxymethyl ester (10
pmol/L; fluo-4/AM; Invitrogen) for ROS measurements cells were loaded with
DCFH (10 mmol/L for 30 min at 37°C). [Ca*]; and ROS measurements were
performed and analyzed described’4. Ca®-transients are presented as

background-subtracted fluorescence normalized to the diastolic fluorescence (Fo)
at the beginning of the recording (AF/Fy). AMs were field stimulated at 0.5 Hz for
the duration of the experiment.

All averaged data are presented as means + S.E.M., the number of experiments
(n) refers to the number of cells examined and is indicated in the text. For each
experimental group, cells from at least 2 different cell isolations/animals were
used. Significance was evaluated by paired and unpaired t-test.

Quantitative Polymerase Chain Reaction (QPCR)

To rule out that changes in excitation-contraction coupling are based on changes
in protein expression we quantified mRNA levels of the Ca?* handling proteins
NCX, SERCA, phospholamban (PLN), and RYR by gqPCR. Total RNA was
extracted from mouse atrial tissue wusing Trizol (Thermo Fisher
Scientific)/chloroform and a Beadbug homogenizer. Extracted RNA was
dissolved in DEPC-treated water, stored at -80 °C and used as a template for
cDNA synthesis within 24 h. Total RNA (1 ug) was used for cDNA synthesis with
the iScript gDNA Clear, cDNA Synthesis Kit (Bio-Rad). The gRT-PCR was
performed using a Bio-Rad CFX96 qPCR Instrument. Primers were designed
and tested for efficiency prior to quantitation experiments. Primer sequences are
provided in Supplemental Figure 2C.

PCR reactions consisted of first-strand cDNA template, forward and reverse
primers (100 nM final concentration) and iQ SYBR Green Supermix (BIO-RAD) in
a total volume of 10 pl. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH),
hypoxanthine guanine phosphoribosyl transferase 1 (HPRT-1), Ribosomal
Protein L32 (Rpl32) and Peptidylprolyl Isomerase A (PPIA) transcript levels were
used as housekeeping genes. For every mRNA quantitation triplicates were
obtained as well as a technical repeat. Standard control PCR reactions were
carried out to test for contaminations. Data analysis was performed using the
relative expression software tool (REST 2009 ©) for group-wise comparison and
statistical analysis of relative expression levels®.
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Supplemental Fig. 1: Attenuated Pak1 activity increases NOX2-
dependent ROS production. (A) Change of DCF fluorescence during
subsequent superfusion of Pak1~~ AMs with Angll and the NOX2 inhibitor
gp91ds-tat (1uM) and (C) gp91ds-tat followed by Angll. (B,D) Data are
quantified as change of fluorescence over time under the different treatment
conditions. (*: p < 0.05 compared to WT).
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Mouse Primer

Gene

Forward/Reverse

SERCA

ATP2A1

5-GAYGAGTTTGGGGAACAGCT-3/
5-GAGGTGGTGATGACAGCAGG-3’

NCX

SLC8A1

5-CTGGGAAGGCTTGCTTACTT-3/
5-CCTGTACCGCTTGTAGACATAC-3’

RYR2

RYR2

5-CTATCAGCTCAGGAAGTGAAGC-3'/
5’-CTGAAGGGACAGTGAGACATTC-3'

Racl

Rac1

5’-ATGCAGGCCATCAAGTGT-3’/
5-GGGATGTACTCTCCAGGAAATG-3’

gB91phox
CYBB

5-CTGGAAACCCTCCTATGACTTG-3'/
5-CCTTGGTGATGACCACCTTT-3

PLN

PLN

5-CCTTCCTGGCATAATGGAAA-3'/
5-CATGTTGCAGGTCTGGAGTG

ot o focul
SERCA| 074 |1.2]|0.65
NCX 093 | 0.5]0.79
RYR 091 |0.8]|0.88
Rac1 085 | 0.4 |0.76
gp91ehx|  0.56 | 0.5 | 0.59
PLN 1.1 0.8 | 0.83

Supplemental Fig. 2: RYR open probability is unchanged in Pak1--
AMs. (A) The propagation velocity of spontaneous Ca?* waves in WT
(white) and Pak1~"~ (black) atrial myocytes. Beta-adrenergic stimulation
by isoproterenol (Iso: 1 uM) increased Ca2* wave propagation velocity
to a larger degree in Pak1-- (B). (C) Table listing the primer sequences
used for gPCR for the genes indicated. None of the proteins tested
showed significantly different mRNA levels between WT and Pak1-
atria (*: p < 0.05 compared to WT).
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Supplemental Fig. 3: In WT AMs, Angll induced increase in [Ca?]i is
prevented by NADPH-oxidase inhibition. Representative recordings of
field stimulated Ca?* transients WT AMs during subsequent superfusion with
apocynin and Angll (A). Apo prevents the Angll-induced increase in diastolic

[Ca?*]; (B), Ca?* transient amplitude (C), or t¢, (D).
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Supplemental Fig. 4: Angll induced increase in [Ca?*], is prevented by
NCX inhibitor SEA0400 in Pak1’- AMs. (A) Representative recordings of
field stimulated Ca?* transients Pak1”- AMs during subsequent superfusion
with SEA0400 (1uM) and Angll. SEA0400 prevented the Angll-induced
increase in diastolic [Ca?*], (B), Ca?* transient amplitude (C), ., (D), and
spontaneous Ca?* transients (E).
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Supplemental Fig. 5 Inhibition of PP2A in WT AMs does not mimic the
loss of Pak1 activity. Representative recordings of field stimulated Ca?*
transients and caffeine induced transients recorded in WT AMs in the
absence (A) and presence (B) of PP2A inhibitor ocadaic acid (OA, 1uM).
Ca?* transient amplitude (C), t¢, (D), caffeine transient amplitude (E) and
T (F) remained unchanged in the presence of OA. (G) Western blotting
results from whole cell lysate of HL-1 cells treated with OA (100 nM; 30 min)
show no change in p47r"ox phosphorylation.
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