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Mass Spectrometry analysis

Peptides were separated on a High Performance Liquid Chromatography System (Thermo Scientific)
using a 15 cm column (75 pm inner diameter) packed in house with ReporSil-Pur C18-AQ material (Dr.
Maisch, GmbH). The applied reverse phase gradient ran from 5 to 60 % Acetonitrile within 3 h.
Peptides were ionized with an electrospray ionization source (Thermo Scientific) and analyzed on a Q
Exactive mass spectrometer (Thermo Scientific). The mass spectrometer was running in data-
dependent mode to select the 10 most intense ions for fragmentation from the corresponding MS full
scan. Other parameters were: 70,000 ms1 resolution; 3,000,000 ions target value for ms1; maximum
injection time of 20 ms; 17,500 ms2 resolution; 60 ms maximum ion collection time; 1,000,000 ions

target value for ms2.

Microinjection

Morpholinos (MO) were dissolved in RNase/Dnase-free water to make 1mM stock solutions, and
used at the specfied dilutions: akap2 MO 1:1 (e1i1, splice MO) or 1:2 (ATG MO), wnt11 MO 1:6.
Diluted MO solutions were incubated at 65°C for 10 minutes before injection into the yolk of 1-4 cell

stage embryos. As negative controls, we also used standard control MO and mismatch MO, both at

a 1:1 dilution. All MO used were obtained from GeneTools.

Capped akap2 mRNA or akap2APKA mRNA (75 pg/ul each) was injected into 1-cell stage embryos.
sgRNA-Cas9 injection mix was prepared as descibed’®: akap2 sgRNA (200ng/ul) was mixed with
purified Cas9 protein(600ng/ul), and supplemented with 0.2M KCI. All solutions were diluted in

RNAse- and DNAse- free water (Sigma). Injection volume is 1nl per embryo for all experiments.
mRNA construction

Zebrafish akap2 (ENSDARG00000069608) mRNA was constructed by PCR amplification of cDNA
using Danio rerio akap2 infusion primers (see Supplementary Table 2), which were designed with

http://bioinfo.clontech.com/infusion/convertPcrPrimersinit.do. The cDNA fragment was cloned into

pBluescript KS (-) vector with Hindlll at the 5’-end and BamHI restriction enzyme site at the 3’-end
using the In-Fusion® HD Cloning System. /n vitro transcription was performed with mMessage

mMachine T3 Transcription Kit using BamHI-linearized DNA template at 37°C. To increase transcript
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stability and translation efficiency, we performed polyadenylation of the mRNA using Poly(A) Tailing
Kit. Akap2 cDNA lacking the PKA binding site (akap2APKA) was generated by PCR-mediated deletion
of plasmid DNA using the full-length cDNA construct described above as template. The primer pair was
designed corresponding to 30 nucleotides (nt) up and downstream from the PKA binding sequence of
75nt. The construct was amplified by Pfu DNA polymerase according to manufacturer’s instructions in
a 50pl PCR reaction containing 2mM Mg?*. Template plasmid was removed by Dpnl digestion, followed
by PCR clean-up and ligation by T4 ligase. The vector was then cloned into chemically competent
DH5a E.coli. After confirming successful PKA binding site deletion from isolated plasmid DNA by
sequencing, the plasmid was linearized by BamHI before RNA synthesis with T7 MAXIscript® Kit.
akap2APKA mRNA was again polyadenylated using Poly(A) Tailing Kit, and purified with RNeasy Mini

Kit before injection.
CRISPR/Cas9-mediated Mosaic Mutagenesis

For targeted mutagenesis of zebrafish embryos using the CRISPR/Cas9 system, gRNA targeting

exon 2 of Akap2 was designed with chopchop.cbu.uib.no. We synthesized sgRNA by in vitro

transcription with MEGAscript™ T7 Transcription Kit using sgRNA primers (see Table S2). Genomic
DNA was isolated from wild-type, Cas9 or sgRNA-Cas9 injected 54 hpf single embryos and
amplified with flanking primers (see table S2) designed to amplify the sgRNA target site, and
subsequently cloned into pGEM®-T Easy Vector. To analyze specific allele variations, we used

CrispRVariantsLite as described’®.
Zebrafish embryos imaging

54 hpf embryos were either anesthetized using 0.016% tricaine (w/v) (pH~7), or fixed in PEM solution
(100 mM PIPES, 2 mM MgSQ,4, 1mM EGTA, pH 7) with 4% Formaldehyde and 0.1% Triton X-100 for 2
h at RT. Embryos were mounted in 2% methylcellulose for imaging using a Leica M165 Fluorescence
Stereo Microscope equipped with a Leica CCD camera. Images were processed using ImageJ/Fiji and

Adobe Photoshop CS6.
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Whole-mount In situ Hybridization (ISH)

Whole-mount ISH was carried out as described previously’’. Briefly, both akap2 anti-sense and sense
DIG-labeled probes were synthesized from cDNA template by T7 polymerase. Dechorinated and PTU-
treated embryos were fixed in 4%PFA. Permeabilized embryos (10ug/ml Proteinase K, 20min) were
labeled with Alkaline phosphatse anti-DIG antibody diluted in blocking buffer (2mg/ml BSA in PBT) at a
1:5000 dilution overnight at 4°C. Labeling reactions in NBT/BCIP solution occured in the dark for 3-5
hours until the desired intensity of signals was achieved. Embryos mounting and imaging were done as

described.
RT-PCR

Total RNA was isolated from cultured H9c2 cells, and from 54 hpf zebrafish embryos using the TRIzol
reagent according to the manufactur’s instruction. RNA was reverse transcribed using First Strand
cDNA Synthesis Kit and amplified using Phusion polymerase (NEB) with primers for the relevant genes

(see Table S2). The PCR products were visualized on 3% agarose gel stained with Redsafe.
Heart Looping Measurement

Heart angle was defined as the angle enclosed by the midsagittal line and the atrioventricular canal
as described’®. For the measurements, fixed 54 hpf Tg(myl7:EGFP)"** embryos were imaged as

described. Images were analyzed using ImageJ/Fiji.
Confocal [Ca2+]; imaging in isolated NRVM

NRVMs were loaded with Ca®" indicator Fluo-4 AM as previously described™, transferred to the stage
of a confocal microscope (Zeiss LSM800, excitation 488 nm, emission >515 nm) and superfused with
Tyrode’s solution (in mM: NaCl 130, KCI 4, CaCl2 1.8, MgCI2 1, D-glucose 10, HEPES 10; pH 7.4 with
NaOH). NRVMs were stimulated in an electrical field (1 Hz) and cytosolic Ca®" transients were
recorded along a line repetitively scanned at the equatorial plane along the long axis of the cell (pixel
size: 0.07-0.13, 0.8 ms/line, respectively). The global Ca®* transient was calculated from the average
intensity of the line within the cell recorded over time. Local Ca®' release was quantified in 1 pm
intervals along the line. Local Ca”" increase was defined as ,late” if local [Ca®'] reached half-maximum

of the global Ca?* transient (F50) in >6 ms, or ,early” if local time to F50 was <6 ms, indicating close
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t2%. For early sites, i.e. with early Ca®* release in at least

proximity to an active couplon/Ca®" release uni
1 out of 10 consecutive Ca?* transients at steady state, open probability of the couplon (P.) was
calculated by dividing the number of transients with early release by the number of total consecutive

transients recorded.
High-speed Ratriometric Calcium Imaging in Isolated Embryonic Zebrafish Hearts

Recording of the intracellular Ca?" transients in developing zebrafish heart was perofrmed as descirbed
% Hearts were isolated from 54 hpf zebrafish embryos in normal Tyrode’s solution (NTS, see
below) supplemented with 20 mg/ml BSA. For ratiometric calcium transient recordings, hearts were
loaded for 15 min with 50mM of the calcium-sensitive dye Fura-2AM (Thermo Fisher Scientific) and
subsequently washed in dye-free NTS. Hearts were then incubated in NTS at room temperature for
30—45 min to allow complete intracellular hydrolysis of the esterified dye. A high-speed monochromator
(Optoscan, Cairn) was used to switch the excitation wavelength rapidly between 340 nm and 380 nm
with a bandwidth of 20 nm and at a frequency of 500 s™'. The excitation light was reflected by a 400-nm
cut-off dichroic mirror and fluorescence emission was collected by the camera through a 510/80-nm
emission filter. High-speed CCD camera (RedShirtimaging) and equipped with NeuroPlex software
was used for recordings. Images were analyzed with MatLab (MathWork) using customized

software®.
Optical mapping of action potential propagation

Optical mapping and signal processing was performed as previously described®. Hearts were
isolated from 54 hpf zebrafish embryos in normal Tyrode’s solution (NTS contains 136 mM NacCl,
5,4 mM KCI, 1mM MgClI,x6H,0, 5mM D-(+)-Glucose, 10mM HEPES, 0.3 mM Na,HPO4x2 H,0, 1.
mM CaCl,x2 H,0O, pH 7.4) supplemented with 20 mg/ml BSA. To record membrane potential
changes, hearts were stained for 12 minus FluoVolt probe (Thermo Fisher Scientific), and washed
with NTS-BSA. Individual hearts were transferred into perfusion bath (Warner Instruments), which
contained NST supplemented with 100 uM Cytochalasin D to inhibit contraction. For the imaging
high-speed CCD camera (RedShirtimaging) was used equipped with 488 nm LED lamp and

NeuroPlex software. Images were analyzed with MatLab (MathWork) using customized software?.
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QUANTIFICATION AND STATISTICAL ANALYSIS

Data analysis and visualization were done using GraphPad Prism 7 and R. For all statistical tests,
significance level (alpha) was set at 0.05. All p-values >0.0001 are rounded to the third decimal.
Specific p-values <0.05 are included in the figures, and p-values>0.05 are in corresponding figure
legends. Equal variance of normally distributed data was checked with an F-test. Differences between
groups were analyzed as indicated in corresponding method sections. Experiment-specific statistical

details can be found within figures and figure legends.

Analysis of mass spectrometry data

Raw files were analyzed with MaxQuant 1.6.0.1%"

. A mouse specific database (Uniprot 2018-02,
canonical and isoforms) was used for the peptide search. Multiplicity was set to 3, Arg6 and Lys4
defined as medium and Arg10 and Lys8 as heavy. Trypsin was set as the protease including the option
to cut after proline. Deamidation at N and Q, N-terminal acetylation and oxidation at methionine were
set as variable modifications. Carbamidomethylation of cysteines was set as a fixed modification.
Peptide and protein FDR were set to 0.01. The proteinGroups.txt file was used for further processing of
the data in R. The table was prefiltered to exclude proteins with a peptide count less than two and also
excluding potential contaminants. The timeseries was extracted from normalized ratios by using the
30h timepoint as a reference. Therefore, the 30h timepoint for every given protein is set to 0 while
changes in other timepoints are expressed as relative values to 0. The timepoints at Oh and 100h were
considered as representative timepoints for myoblasts and myotubes respectively, and log2-fold

changes between both timepoints were plotted. iBAQ values as calculated by MaxQuant'® were used

to approximate overall relative protein abundances.

Data availability
The data that support the findings in this study are available within this article and its Supplementary

Information files, and from the corresponding author upon reasonable request.
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Table 1
Gene name Other names Rat Mouse Zebrafish
(Human) Orthologs Orthologs Orthologs
AKAP121, AKAP149.
SAKAP84, S-AKAP84,
AKAPT | 2 A bea DAKAPY + + AKAP1b
PPP1R43, TDRD17
AKAP2 | AKAP-KL, KIAA0920. . . ]
PALM2- | DKFZp564L0716, ' N N
AKAP2 MISP2, PKRA2
FSP95, SOB1,
AKAP3 | AKAP110, CT82 ¥ * -
p82, hAKAP82, AKAPS2,
AKAP4 | E<c1 HI CT99 ¥ * -
AKAP5 | AKAP75, AKAP79 + " .
KIAA0311, MAKAP,
AKAPS | AKAP100, PRKAS, + + +
ADAP6
AKAP7 | AKAP18, AKAP15 + T "
AKAPO5
AKAP8 | DKFZp586B1222 ¥ ¥ -
AKAPSL + T T
KIAA0803, AKAP350,
AKAP450, CG-NAP,
YOTIAO, HYPERION,
AKAPY | boing + + +
MU-RMS-40.16A.
PPP1R45, LQT11
D-AKAP2, PRKA10,
AKAP10 | \16co414 * * *
KIAA0629, AKAP220,
PRKA11, FLJ11304,
AKAPIT | DKFZp781112161, ¥ * *
PPP1R44
AKAP12a
AKAP12 | AKAP250, SSeCKS + + KAP 120
Ht31, BRX, AKAP-LbC, c-
AKAP13 | Ibc, PROTO-LB, HA-3, + + +
ARHGEF13
AKAP14 | AKAP28 ¥ T "
XE7, XE7Y, DXYS155E,
AKAP17A | MGC39904, 721P, + ] +
CCDC133
AKAP17B | AKAP16B, AKAP16BP + " .



http://dx.doi.org/10.1101/741637
http://creativecommons.org/licenses/by-nc-nd/4.0/

. bigRxiv preprint first posted online Aug. 20, 2019; doi: http://dx.doi.org/10.1101/741637. The copyright holder for this preprint
Figure 1_(35@%@8 5

a

extracellular

intracellular

Normalized int.

1.0,
0.8
0.6
0.44
0.2

% of active Couplon (E%)

i

p=0.0062

Scramble  (-)WNT71

Untreated

It is made available under a CC-BY-NC-ND 4.0 International license.

proximal-C-terminus

--- aa1631-1645
calpain
cleavage site

distal-C-terminus

P,

=~

Averaged open probability

(-)WNT11

1.07

o
o

0.67

© o
B

Scramble  (-)WNT71

lI-11l-loop: &

Untreated

I1-1ll-loop

(-)WNT11

(-)FZD7

1.0
0.5
0.0

Distance

1.0
0.5
0.0

Normalized int.

Distance

1.0
0.5
200

rmalized int.

Distance

er-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.

b WNT11 FzD7
NRVM H9c2
S
? 27 24 21
o
Q.
55 Opeee 0] PR 0-&- .................
<z( %\. o |p=00078 5] 2] ﬁ"
DEf gs) i_ p=0.002
g -4 -4 p=0.0078 -4
©
?® bl 61— : 61— ,
(-)WNT11 Unt (-)WNTT11 Unt (-)FZD7
d 5 19 (-)WNT11
9]
o
§' 0.5
® O
<L gl R
2 §oo et ——— 11:,—
E —
[0} '0.5‘
2
©
q,_) -10 T T T
CACNAIC CACNAIC  CACNAIC
exon18 exon39 exon45
f
3 2.0, M Untreated 40
M (-WNT711
1.5] 30
2 = Q)
@ 10| 20 2
() >
D ~—
0.5] 10
0.0 0
0 1 2 3 4
Normalized Intensity(a.u)
i
2.0 M Untreated [ 100
3, hxEx M (-)WNT11
1.5 75
24 = @)
21.0 50 2
[ >
1 0 -
1 0.5 25
0.0 ’ H J 0
0 1 2 3 4
. Normalized Intensity(a.u)
J
20 M untreated 40
3y Rke M (-)FzD7
1.5 130
21 =3 o
210 120 2
(O] 35
D ~—
0.5 110
0.0 AN 0
0 1 2 3 4

Normalized Intensity(a.u)


http://dx.doi.org/10.1101/741637
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint first posted online Aug. 20, 2019; doi: http://dx.doi.org/10.1101/741637. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license.

Fig. 1 Wnt11/Fzd7 pathway regulates CT proteolysis

a Schematic of the L-Type Calcium channel. Calpain cleavage site (dotted black line), target
sites for corresponding TagMan probes (black), and antibody epitopes (red) are highlighted
(reference sequence: Ensembl ID: ENSRNOT00000052017.6).

b Quantification of relative mRNA expression of scramble and WNT71 siRNA-treated NRVM
(left), and untreated, scramble, WNT11 and FZD7 siRNA-treated H9c2 cells (right) showing
siRNA efficacy. Data plotted as log of fold change (FC) £ SD of N = 3 experiments. Wilcoxon
rank sum test, WNT711: Pux>0.999, FZD7: Pun=0.563. Unt: untreated, NRVM: neonatal rat

ventricular myocytes.

¢ Calcium release at LTCC-RyR couplons is higher in WNT11 siRNA-transfected NRVM
compared to scramble control. The percentage of line scanned with active couplons (left), and
the average probability of calcium release at the couplons (right). Mean £+ SD of N = 3

experiments, and n = 10 cells. Unpaired t-test.

d Quantification of relative mRNA expression of CACNA1C using Tagman probes targeting
three different exons (as noted), in scramble and WNT171 siRNA-transfected H9c2 cells. Data
plotted as log. of fold change + SD of N = 3 experiments. Two-tailed Wilcoxon rank sum test,
Pexon18=0.13, Pexon3s = 0.79, Pexonsas = 0.233.

e Representative maximum intensity Z-projection of untreated and WNT171 siRNA-transfected

H9c2 cells labeled with anti-ll-Ill-loop (gray) and DAPI for nuclei (blue).

f Quantified mean intensity of Il-lll-loop signals in whole cell. Bar graph (left) shows mean +
SD of N = 3 experiments and n = 110 cells as noted in the columns. Unpaired t-test with Welch’s
correction, P=0.244. Corresponding histograms overlaid with density plots (right) show the

distribution of normalized pixel intensity values within all analyzed images.

g Representative maximum intensity Z-projection of CT signals in untreated, WNT11 or FZD7
siRNA-transfected H9c2 cells (gray scale, upper panel), and merged (magenta, lower panel)

with nucleolin (Nuc) signals (green). Scale bar, 20 um.
h Line-scan analysis of CT and Nucleolin (Nuc) signals in ROIs in (G).

(i-)) Quantified mean intensity of CT signals in nucleoli. Bar graphs (left) show mean £ SD of
N = 3 experiments and n = 100 cells. Unpaired t-test with Welch’s correction, ****P<0.0001.
Corresponding histograms overlaid with density plots (right) show the distribution of normalized

pixel intensity values within all analyzed images.


http://dx.doi.org/10.1101/741637
http://creativecommons.org/licenses/by-nc-nd/4.0/

. bioRxiv preprint first posted online Aug. 20, 2019; doi: http://dx.doi.org/10.1101/741637. The copyright holder for this preprint
Figure 2 (bsaps ettater-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
- It is made available under a CC-BY-NC-ND 4.0 International license.

a AKAR4-NES
20
I
154
I c
3
104 3
Q
@
5 =
g
0.
8 20
15 _
104 N

0.8 1.0 1.2 1.4
Normalized FRET ratio(Y/C)

b +1SO +FSK ()WNT11/+PKI  (-)WNT11/+L314E

»

w

bl
L

Cc
i 2.0, M Untreated [40 . 20 = Untreated| %
3 15l W+so | 3 15 HFSKE g0
> >
= Q = O
2 £1.0; 208 2 21.0 40 ¢
1 0.5 10 1 0.5 20
0
0 0.0 0 0 0.0 i 0
0 1 2 3 4 0 1 2 3 4
Normalized Intensity(a.u) Normalized Intensity(a.u)
e f
2.0 =Untreated 80 2.0. =Untreated 40
-) WNT11/+PKI -) WNT11/+L314E
3 p=0.036 ) p=0.002 )
— 1.5 60 [ 1.5 30
2 g S 2 S
21.0 40 2 1.0/ 20 2
[ = [ 3
o =~ a =
1 0.5 20 1 0.5/ ‘ 10
0 0.0 0 0.0 LT 0
0 1 2 3 4 0 1 2 3 4

Normalized Intensity(a.u) Normalized Intensity(a.u)


http://dx.doi.org/10.1101/741637
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint first posted online Aug. 20, 2019; doi: http://dx.doi.org/10.1101/741637. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license.

Fig. 2 Wnt11 signaling regulates the CT formation via AKAP anchored PKA signaling

a Measurements of basal PKA activities using the PKA biosensor AKAR4-NES in untreated
(top) and WNT11 siRNA-treated (bottom) H9c2 cells. Normalized FRET ratios calculated from
>100 frames and N = 3 experiments. Dashed-line indicates means. Unpaired t-test with
Welch’s correction; ****P<0.0001. Scale bar, 50 um.

b Representative maximum intensity Z-projection of CT signals in H9c2 cells treated with
isoprotenerol (ISO, 4uM), Forskolin (FSK, 10uM), WNT11 siRNA together with protein kinase
inhibitor (PKI, 10uM), or L314E peptide (100uM) (gray scale, upper panels) and merged

(magenta, lower panels) with nucleolin (Nuc) signals (green). Scale bar, 20 um.

c-f Quantification of mean intensity of CT signals in nucleoli shown in (b). Bar graphs show
mean + SD of N = 3 experiments and n = 83 cells. Unpaired t-test with Welch’s correction;
****P<0.0001. Corresponding histograms overlaid with density plots show the distribution of

normalized pixel intensity values within all analyzed images.
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Fig. 3 AKAP2-anchored PKA signaling regulates the CT formation downstream of Wnt11

a Schematic of AKAPs candidate mini-screen.

b Expression profile of AKAPs in C2C12 cells during differentiation. The log fold change of
the 100h (log>-FC) and Oh timepoint were used to identify changes in protein abundance
between myotubes (100h) and myoblasts (Oh). Log-FC were plotted against relative protein

abundance estimates (iBAQ).

¢ Relative mRNA expression of the selected AKAPs in FACS-sorted cardiomyocytes from
Tg(myl7:EGFP) normalized to myl7 (top), and in H9c2 cells normalized to GAPDH (bottom)

(N= 3 experiments).

d Representative maximum intensity Z-projection of CT signals in AKAP2 siRNA-transfected
H9c2 cells alone, or in combination with WNT71 siRNA (gray scale, right panels) and merged

(magenta, left panel) with nucleolin (Nuc) signals (green). Scale bar, 20 pm.

e Quantified mean intensity of CT signals in nucleoli of untreated control (red) and AKAP2
siRNA-transfected H9c2 cells alone (blue), or in combination with WNT71 siRNA (green). Bar
graphs show mean £ SD of N = 3 experiments. Differences compared to untreated control
were analyzed by One-way ANOVA with Tukey’s multiple comparison test, P=0.06. Number
in each column indicates cell number (n). Corresponding density plots show the distribution of
normalized pixel intensity values within all analyzed images. Distribution of signals in (-)\WNT11

cells are shown as reference (dotted black line).

f Quantification of CT signals in nucleoli, both in single knockdown of remaining AKAP
candidates and double knockdown experiments with WNT11 siRNA, as described in (B). Bar
graphs show mean * SD of N = 3 experiments. One-way ANOVA with Tukey’s multiple

comparison test, *P<0.05, ****P<0.0001. Number in each column indicates cell number (n).
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Fig. 4 AKAP2 directly binds to LTCC

a Schematic of the FLAG- and mVenus-tagged CT construct (UniProt ID: AOA0G2QC25,

1342aa-2006aa) and the expected CT isoforms after proteolytic processing.

b FLAG (left panel) or GFP (right panel) detection by WB of CT construct of lysates of H9c2
cells, transfected either with the CT construct or with empty vector GFP (EV-GFP) control,
showing input and FLAG- or GFP-IP. N = 10 experiments.

¢ Western blot (WB) detection of AKAP2 in lysates of untreated control (U) and WNT11 (W11)
and AKAP2 (A2) siRNA transfected H9c2 cells by using anti-AKAP2 antibody. Membrane was

stained with B-actin as loading control. (N = =2 5 experiments).

d GFP (upper panel) and AKAP (lower panel) Co-IP detection by WB of lysates of H9c2 cells
transfected either with the CT construct or EV-GFP control, showing input and FLAG-IP. N 2

3 experiments.

e AKAP2 (upper panel) and FLAG (lower panel) Co-IP detection by WB of lysates of H9c2
cells transfected either with the CT construct or EV-GFP control, showing input and

endogenous AKAP2-IP. N = 3 experiments.

f CT detection by WB in lysates of untreated control (U) and CACNA1C siRNA-transfected (C)
H9c2 cells using anti-pCt antibody. Membrane was stained with 3-actin as loading control. (N

= 2 3 experiments).

g AKAP2 (upper panel) and pCT (lower panel) Co-IP detection by WB of lysates of H9c2 cells
transfected either with scramble or AKAPZ2 siRNA, showing input and endogenous AKAP2-IP.

N = 1 experiments.

h AKAP2 (upper panel) and pCT (lower panel) Co-IP detection by WB of lysates of H9c2 cells
transfected either with FLAG-AKAP2 or EV-GFP control, showing input and FLAG-IP. N = 1

experiments.
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Fig. 5 Akap2 is essential for normal heart development in zebrafish.

a In situ hybridization detection of endogenous akap2 mRNA in whole-mount wild-type (WT)
zebrafish embryo at 48 hpf. Frontal view of an embryo shows head- and heart-specific (red

dashed line) expression pattern of the akap2. Scale bar, 200 um.

b Schematic of the zebrafish wild-type (WT) akap2 (palm2-202 ENSDART00000165942.2)
with predicted PKA binding domain (green), as well as of akap2APKA mRNA lacking PKA
binding domain, and akap2°%? morpholino- (MO) induced exclusion of exon 2 (akap2Aex2).

The exons are not depicted to scale. PKA: Protein-kinase-A binding domain.

¢ RT-PCR of akap2 cDNA from uninjected control, standard morpholino-injected (std MO),
mismatch morpholino-injected (mm MO) and akap2°??MO-injected embryos at 54hpf. The size
of the akap2 fragment is 2434 bp, while in akap2 morphants it is only 300 bp due to exclusion
of the exon 2 (akap2Aex2).

d Phenotypic analyses of the loss of akap2 based on heart defects. N = 3 experiments; n =

300 embryos.

e Bright field image overlayed with fluorescent image, frontal view of uninjected control, akap2
sgRNA/Cas9-injected (akap2®?CR), akap2 morpholino- (akap2°??MO or akap2*"°MO)
injected, akap2°??MO with WT akap2- or akap2APKA- mRNA injected Tg(myl7:EGFP)
zebrafish embryos at 54hpf. Scale bar, 200 um.

f Quantification of the heart-looping angle. Data show mean £ SD of at least 5 embryos per
condition. One-way ANOVA with Dunnett's multiple comparison test, Pcase=0.999; Psiq
M0=0.999; Prmmo0=0.999; Pakap2mrRNa=0.999; Pakapzeziomorakap2 mRNA=0.996; Pakapzarka mrna=0.9993.
**** P<0.0001.
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Fig. 6 AKAP2 regulates the LTCC conductance

a Averaged Ca® transients from uninjected control (red) and akap2®??MO-injected (blue)

zebrafish embryonic hearts at 54 hpf in atrium (upper panel) and ventricle (lower panel).

b Ratiometric map of Ca®" transient amplitudes from uninjected control and akap2°*?MO-

injected zebrafish embryonic hearts at 54 hpf. Scale bar, 40 um.

¢ Bar graphs show mean = SD of Ca?* transient amplitudes in atrium, ventricle, and whole
heart from uninjected control (red) and akap2°*?MO-injected (blue) zebrafish embryos at 54
hpf. Mann-Whitney test, Pventice=0.071; N=3 experiments, n (akap2®?MO-injected) = 9, and n

(uninjected control) = 7.

d Bar graphs show mean + SD of baseline in atrium, ventricle, and whole heart from uninjected
control (red) and akap2°2MO injected (blue) zebrafish embryos at 54 hpf. Mann-Whitney test,
Phtrium=0.837, Pyentrice=0.607, Puear=0.64; N=3 experiments, n (akap2®?MO-injected) = 9 and

n (uninjected control) = 7.

e Line scan images of 5 consecutive calcium transients (Fluo4-AM, field stim, 1 Hz) in a
representative NRVM. Black arrow indicates time of electrical stimuli. The green and red
vertical line in each transient indicates the relative position of the time of half maximal calcium
release at that site. Green is < 6 ms after begin of transient (early release), red is = 6 ms as
late release (same cut-off for all cells/groups). 10 consecutive transients from each cell were

assessed (only 5 are shown for space reasons).

f-g Measurements of calcium release at LTCC-RyR couplons in AKAP2 siRNA-transfected
NRVM compared to scramble control. Data express the percentage of line scanned with active
couplons (f). Data represent the average probability of calcium releases at the couplons (g).

Mean £ SD of N = 3 experiments, and n = 16 cells. Unpaired t-test.
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Fig. 7 Wnt11/Akap2/PKA signalosome is required for the electrical gradient formation in

developing heart

a Bright field image overlayed with fluorescent image, frontal view of uninjected control,
akap2®??MO-injected, wnt11°"®MO-injected and double morpholino-injected Tg(myl7:EGFP)
zebrafish embryos at 54hpf. Scale bar, 200 um. White asterisk labels cyclopic eye, a hallmark

of loss of wnt11 phenotype.

b Quantification of the heart-looping angle. Data show mean + SD of at least 5 embryos per
condition. One-way ANOVA with Dunnett’'s multiple comparison test, P(wnt112"°M0Q)=0.069;
**x* P<0.0001.

¢ Isochronal map of 54 hpf embryonic zebrafish heart from uninjected control, akap2°?*MO- or
wnt11AT°MO- or akap2°??MO/wnt11°"°MO-injected embryos, from wnt11 mutant ((-/-
ywnt11%22%) from akap2 mRNA-injected (akap2) or akap2 mRNA- and akap2°??MO-injected
embryos. Lines represent the positions of the action potential wavefront at 5 ms intervals. Red
dots indicate the start site of the excitation and blue dots represent the end. Scale bar, 40 um.

IC, inner curvature, OC, outer curvature.

d Quantification of the voltage propagation at 54 hpf of uninjected control, akap2°*?MO- or
wnt11AT°MO- or akap2°??MO/wnt11A"®MO-injected embryos, from wnt11 mutant ((-/-
ywnt11%22%) from akap2 mRNA-injected (akap2) or akap2 mRNA- and akap2°??MO-injected
embryos. Data express the ratio of the OC/IC conduction velocity and are plotted as mean *
SD of N=3 experiments. One-way ANOVA with Dunnett's multiple comparison test,
P(akap2)=0.999; P(akap2°??MO/akap2)=0.145, P(akap2®?*MO/wnt114T"°M0)=0.985,
****P<0.0001.
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Supplementary Figure 3

a-h Quantification of relative mRNA expression of untreated, scramble, AKAP siRNA-treated H9c2
cells showing siRNA efficacy. Data plotted as log. of fold change (FC) + SD of N = 3 experiments.
Wilcoxon rank sum test; AKAP2: Pun=0.426, AKAPS5: Pu=0.074, AKAP6: Pu=0.36, AKAPTY:
Punt=0.301, AKAP10: Pun=0.159, AKAP11: Pun=0.219, AKAP12: Pyy=0.945, AKAP13: Pyn=0.426.

i-o Representative maximum intensity z-projection of CT signals (gray scale) in AKAP, or

AKAP/WNT11 siRNA-transfected H9c2 cells. Scale bar, 20 um.
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Supplementary Figure 4

a FLAG or GFP detection by WB of the FLAG- and mVenus-tagged CT construct from lysate of H9¢c2

cells either transfected with the construct or with empty vector GFP (EV-GFP) control, before and after
FLAG or GFP IP. (N = =2 10 experiments). b GFP or AKAP2 Co-IP detection by WB of CT construct in
of lysates of H9¢c2 cells, transfected either with the CT construct or with empty vector GFP (EV-GFP)
control, showing input and FLAG-IP. ¢ Endogenous AKAP2 (left) or GFP (right) Co-IP detection by WB
lysates of H9c2 cells, transfected either with the CT construct or with empty vector GFP (EV-GFP)
control. d Endogenous AKAP2 and CT Co-IP detection is lysates from Scramble or AKAP2 siRNA
transfected H9c2 cells, using anti-AKAP2 or anti-pCT antibody as noted. e AKAP2 and CT Co-IP
detection in lysates from H9¢c2 cells transfected with FLAG/HA-tagged AKAP2 construct or EV-FLAG,

showing input and FLAG-IP.
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Supplementary Figure 5

a Bright field images (lateral view) of in situ hybridization detection of endogenous akap2 mRNA using
antisense (upper panel) and sense (lower panel) akap2 probe in wild-type (WT) zebrafish embryos at
48 hpf. b Bright field images (lateral view) of wild-type (WT), akap2 splicing site targeting morpholino
(akap2°¥MO), akap2 mRNA (akap2), and akap2 morpoholino/mRNA (akap2®??MO/akap2) double-
injected zebrafish embryos at 54 hpf. ¢ Bright field images (lateral view) of wild-type (WT) and akap2
start site targeting morpholino (akap2*™°MO) injected zebrafish embryos at 54 hpf. d Bright field
images (lateral view) of wild-type (WT) and akap2 sgRNA/Cas9 (akap2®°CR) injected zebrafish
embryos at 54 hpf . e Panel plot showing allele variations in CRISPR/Cas9 (akap2®**CR) injected
embryos compared to WT akapZ2 allele (ENSDARG00000069608). f Bright field images (lateral view) of
wild-type (WT), standard (std MO), and mismatch (mm MO) control morpholino injected zebrafish
embryos at 54hpf. g Bright field images (lateral view) of wild-type (WT), akap2APKA mRNA,
akap2APKA mRNA and akap2 double (akap2°¥?MO/akap2APKA) injected zebrafish embryos at 54 hpf.
h Bright field images overlayed with fluorescent images (frontal view) of Cas9, standard (std MO),
mismatch (mm MO), akap2 mRNA, akap2APKA mRNA injected myl7:EGFP transgenic zebrafish
embryos at 54hpf. Scale bar=200 um.
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Supplementary Figure 6

a Bright field images (lateral view) of wild-type (WT), akap2 splicing site targeting morpholino
(akap2°?°MO), wnt11 morpholino (wnt11*"™®MO), and double-injected (akap2*?°MO/ wnt11°T°MO)
zebrafish embryos at 54 hpf. b Quantification of single- and double-injected (akap2***MO/
wnt112T°MO) phenotypes based on heart looping abnormalities and cyclopic eye. (N = 3 experiments;
n > 300). ¢ RT-PCR of uninjected and double-injected (akap2°?°MO/ wnt11*"°MO) zebrafish embryos
at 54hpf. The size of the akap2 fragment is 2434 bp, while in wnt11/ akap2 morphants it is only 300 bp

due to exclusion of the exon 2 (akap2Aex2).



