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MATERIALS and METHODS

Description of the cell line

Cardiac differentiation and subsequent purification of cardioymyocytes derived from hES3
aMyHCneoPGKhygro cells was performed using established protocols (Xu et al., 2008a; Xu et al.,
2008b; Kempf et al., 2014; Schwanke et al., 2014).

PKA treatment

To determine the potential functional effect of phosphorylation of some sarcomeric proteins by protein
kinase A (PKA), part of d-hESC-CMs and hvMFs were incubated for 45 min at 20°C with relaxing-
solution (+PIC, +DTT) containing 285 U/mL PKA (P2645, Sigma-Aldrich, Deisenhofen, Germany).
After incubation, samples were rinsed with relaxing-solution (+PIC, +DTT) without PKA. The other part
of d-hESC-CMs and hvMFs received the same treatment without PKA.

Immunostaining

Double immunostaining with antibodies against aMyHC (anti-a-myosin, rabbit, polyclonal, BioGenes,
Berlin, Germany) and PMyHC (anti-B-myosin, mouse, monoclonal, Sigma-Aldrich, Deisenhofen,
Germany) isoforms of d-hESC-CMs or 5 um-cryosections from human ventricles was performed as in
(Weber et al., 2016). Double immunostaining with antibodies against MLC-2v (rabbit anti-MLC-2v,
polyclonal, 10906-1-AP, Acris, Proteintech, Goéttingen, Germany) and MLC-2a (mouse anti-MLC-2a,
monoclonal, SYSY 311011, Synaptic Systems, Gottingen, Germany) isoforms was performed as in
(Weber et al., 2016). Secondary antibodies were the same as in immunostaining against aMyHC and
BMyHC (Weber et al., 2016): goat anti-rabbit Alexa Fluor 488 (polyclonal, A11008, Thermo-Fisher,
Massachusetts, USA) and goat anti-mouse TRITC (polyclonal, T5393, Sigma-Aldrich, Deisenhofen,
Germany), respectively. Single immunostaining was performed with unfixed d-hESC-CMs by incubation
for 1h (~20°C) in relaxing-solution (+PIC) with the primary antibody, either rabbit anti-aMyHC or
mouse anti-a-actinin (monoclonal, Sigma-Aldrich, Deisenhofen, Germany). Then, d-hESC-CMs were
rinsed twice with relaxing-solution (+PIC) and incubated for 1 h (~20°C) with the rabbit or mouse
TRITC-labeled secondary antibody (Sigma-Aldrich, Deisenhofen, Germany), respectively.

Analysis of sarcomeric proteins

Sarcomeric protein analysis was performed either on plated d-hESC-CMs, which were scraped off from
the glass coverslips, or on the myofibrillar pellet of adult human ventricular, atrial (\Weber et al., 2016) or
skeletal (M. gastrocnemius) muscle samples. Protein analysis required a larger amount of d-hESC-CMs
than for micromechanical experiments. Therefore, the largest batches of hESC-CMs plated for 35, 37 and
42 days were used. All myocyte/muscle samples were demembranated with detergent (0.5% Triton-X-
100).

SDS-page gels for detection of sarcomeric proteins ranging from myosin heavy chains [8% SDS gel, with
5% glycerol (Talmadge and Roy, 1993)] to myosin light chains (10% or 12% SDS Gel) and for detection
of BMyHC and aMyHC isoforms were previously described (Kraft et al., 2013). Identity of the
sarcomeric proteins and their isoforms was either confirmed by western blotting using primary antibodies
against: myosin binding protein C (cMyBP-C; Santa Cruz Clone G7, Texas, USA), troponin T (TnT,;
Abcam Clone TT98, Cambridge, UK), troponin | (Tnl; Meridian Clone B2541M, Memphis, Tennessee,
USA), tropomyosin (Tm; Sigma Clone TM311, Deisenhofen, Germany), and essential light chain
(MLC-1; MA5-15514, Thermo-Fisher, Massachusetts, USA), and/or by the size determined using a
protein ruler (PageRuler, Thermo-Fischer, Massachusetts, USA) and Colormarker (BioRad Precision,
plus Protein Standard for Westernblot, Miinchen, Germany), and/or by direct comparison to the known
protein isoform type found in human ventricle, atrium and gastrocnemius muscles. For immunoblot
analysis, conjugated secondary antibodies and methodological details were previously explained in
(Weber et al., 2016). ProQ Diamond phospho-staining (4-15% gel, Biorad Criterion, Miinchen, Germany)
and Sypro Ruby-staining (S12000, Thermo-Fisher, Massachusetts, USA) were performed as in (Zaremba
et al., 2007). Silver-staining was performed based on a previous description (Heukeshoven and Dernick,
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1985). Intensity of some protein isoform bands was assessed with LAS4000 software (GE Healthcare,
Solingen, Germany) and analyzed with Totallab TL100 software (Nonlinear Dynamics Ltd. Newcastle,
UK).

Micromechanical setup

A single d-hESC-CM or a small hvMFs-bundle was mounted between the tips of a piezo-driven
(P-841.20, Physik Instrumente, Waldbronn, Germany) stiff needle (AMS5775, Science Products GmbH,
Hofheim, Germany) and a nN-sensitive force probe. d-hESC-CMs and hvMFs were firmly adherent to the
tips pre-coated with a 50% (v/v) mixture of flowable silicone rubber (3140 RTV, Dow Corning,
Wiesbaden, Germany) with 1% nitrocellulose. As force sensor, we used uncoated cantilevers SD-ZEIL-
10 (stiffness 1.2-1.8 nN/nm; NanoAndMore GmbH, Wetzlar, Germany). Force calibration was done after
each analyzed sample. For force measurements, a single d-hESC-CM (videos 2,3) or hvMFs-bundle
(video 4) was exposed to laminar solution flows of either relaxing-solution or to Ca?*-activating-solution.
Solution change was induced rapidly (10 ms) by the movement of a theta-style micropipette (TGC150-15,
Clark Electromedical Instruments, Reading, UK) driven by a piezo-actuator (P289.40, Physik
Instrumente, Waldbronn, Germany) as previously described (Colomo et al., 1998; Stehle et al., 2002).

Online supplementary material

A single spontaneously contracting-relaxing intact RESC-CM in cell culture medium (37°C) on a laminin-
coated cover-slip is shown in videol (VIDEO 1.AVI). Contracting-relaxing (15°C) single
demembranated d-hESC-CMs are shown in video 2 (immunostained against o-actinin at Z-disks) and in
video 3 (not immunostained), and a contracting-relaxing small hvMFs-bundle (not immunostained) in
video 4: VIDEO 2.AVI (corresponding to Figures 1B1.3), VIDEO 3.AVI (corresponding to Figure 1A1),
and VIDEO 4.AVI (corresponding to Figure 1A>), respectively. Video 5 (VIDEO 5.AVI) is shown as a
proof of principle supporting the estimation of the thickness of myofibrils within d-hESC-CMs (see
“Materials and Methods”). Video 1 was taken in phase contrast (PhC), video 2 in fluorescence (FL),
videos 3 and 4 in bright field (BF), and video 5 in an alternate manner: PhC, FL and PhC + FL.
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RESULTS - Figures and Legends

Figure S1
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Passive force (Fpass) determined before Ca?*-activation (as shown in Figure 1C) for myofibrillar bundles
within d-hESC-CMs (black bars) and for hvMFs-bundles (grey bars), which were treated (open bars) or
not treated (filled bars) with PKA. Note, myofibrils of d-hESC-CMs were more compliant (smaller Fpass)
than ventricular myofibrils and irresponsive to PKA-treatment. Values for d-hESC-CMs:
Fpass=8.9+3.0kPa (-PKA; n=12) and Fpss=9.5+43kPa (+PKA; n=14); for hvMFs:
Fpass= 18.1 + 7.1kPa (-PKA; n = 25) and Fpass= 14.5 + 5.3kPa (+PKA; n = 33); *, p = 0.03; **, p = 0.003;
*** p=0.0002.
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Figure S2

merge/DAPI

Single d-hESC-CMs double immunostained against pMyHC (red fluorescence) and aMyHC (green
fluorescence); blue, DAPI for staining of nuclei. Scale bars = 10 um. Insets represent the digital zoom of
the selected regions. In the aMyHC staining, green fluorescence is very weak compared to red
fluorescence and is essentially not sarcomere specific.
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Figure S3

merge/DAPI

Single d-hESC-CMs double immunostained against MLC-2v (red fluorescence) and MLC-2a (green
fluorescence) showing expression of both MLC-2 isoforms in the sarcomeres; blue, DAPI for staining of
nuclei. Scale bars = 10 pum. Insets represent the digital zoom of the selected regions.
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Figure S4

Western blots
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(A-C) Western Blot analysis showing the presence of the following sarcomeric protein isoforms in d-
hESC-CMs plated for either 42 or 35 days: (A) cMyBP-C (as detected in adult human ventricular and
atrial samples); (B) MLC-1a and MLC-1v isoforms of the essential light chains (MLC-1a predominates);
(C) Slow skeletal Tnl isoform (ssTnl); Note, cardiac Tnl isoform (cTnl) was detected only in the adult
ventricular and atrial samples; (D) Sypro ruby staining gel showing the presence of both MLC-2a and
MLC-2v isoforms of the regulatory light chain in hESC-CMs, while MLC-2a was the predominant
isoform; Note, one atrial sample (lane 2) contained a higher percentage of MLC-2v isoform used to

identify its position in hESC-CMs.
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