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A rybp** (wild type) ES cell line Isolated from the inner cell mass of the blastocyst stage
5,/;;_;2 m N 129Sv/) mouse embryo. The wild type rybp gene

contains five coding exons (1A) [4].

/— I BN

A functional null mutant. The gene product contains
only the first 58 aminoacids of the Rybp protein in

B rybp”- (null mutant) ES cell line
fusion with the fluorescent reporter EYFP (Enhanced

ex 1 ex 2 ex 3

s /— B EYFP —P» J 3 Yellow Fluorescent Protein) and with the neomycin
resistance gene cassette (1B) [1] resulting a functional
+— iR Neo / 8 (18) [1] g

null mutant.

Figure 1: Stem Cell Lines (ex: exon; EYFP: Enhanced Yellow Fluorescent Protein; Neo: neomycin resistance gene; P : loxP site)

METHODS

In vitro cardiac differentiation via hanging drop method: EB generating by HD method —> EB plating —> Cardiac differentiation
For in vitro cardiac differentiation, embryoid bodies (EBs) were generated by — - | —

the hanging drop (HD) method (2) [5]. The EBs were formed from rybp*/* "d’}}}'@

(wild type) (1A) [4] and rybp”- (null mutant) (18) [1] mouse ES cells, using b

1000 cells per drop (4x10% cells/ml). Individual EBs were placed into 35 mm A

dishes containing 0.1 % gelatin coated cover-slips on the second day of | | | | |

differentiation (day2; d2). The differentiation medium was changed every days | | | | |
second day. CMCs were grown for 21 days and observed for beating daily, 0 2 7 14 21
under a phase-contrast microscope. Sampling time points were at day O, 2, 7 stage EScells EBs early embryonic stage — late embryonic stage
and 14 for further gene expression studies (see below) and at day 14 and 21 CMCs CMCs

for immunocytochemistry (see below) (2).

Figure 2: Time line of the cardiac differentiation

Quantitative Real-Time PCR (qRT-PCR):

RNA was isolated from the CMCs using Gene Jet RNA Purification Kit (Thermo Scientific, Cat. KO739) according to the manufacturer’s protocol. RNA was translated
to cDNA with High Capacity cDNA Reverse Transcription Kit (Applied Biosystems, Cat. 4368814). Isolated cDNAs were used in gRT-PCR reactions to determine gene
expression changes of sarcomere structure genes, which are thin filament associated (tnni3, tnnt2, tom1, tom4) and thick filament associated (myh6, myh7,
myom-1, ttn). Reactions were performed in SYBR Green master mix (SYBR® Select Master Mix for CFX ; Applied Biosystems, REF 4472942) using Bioer LineGeneK
Real-time PCR System machine (Bioer, China). Relative gene expression changes were quantified using the AACt method. The threshold (Ct) values for each gene
were normalized to expression level of Hprt, as internal control. To calculate fold change, the values compared to undifferentiated samples (dO, rybp*/*). Statistical
method: T-test type 3. Values and means: £SD p < 0.05 (*p< 0.05; **p< 0.01; ***p< 0.001). See results in Figure 4-9.

Immunocytochemistry (ICC) of CMCs:
CMCs were fixed with 4% (v/v) paraformaldehyde for 20 min at room temperature (RT), permeabillized with 0.2% Triton X-100 for 20 min at RT and blocked with
blocking buffer (5% Bovine Serum Albumin) for 1h at RT, then sequentially incubated with the following primary antibodies at 4°C:

Cardiac Troponin T (anti-cardiac Troponin T, Abcam, Cat. ab8295, 1:2000)
Cardiac Troponin | (anti-cardiac Troponin |, DSHB, Cat. TI-1, 1:200)
Tropomyosin (anti-Tropomyosin, BABRAHAM, Cat. BT-GB-141, 1:400)
Sarcomeric Myosin (anti-Myosin-Sarcomere, DSHB, Cat. MF20, 1:200)
Myomesin (anti-mMac Myomesin, DSHB, Cat. B4, 1:10)

Titin (anti-Titin, DSHB, Cat. 9 D10, 1:200)

After this the cultures were incubated with fluorescent-labeled secondary antibodies for 1h:

Alexa Fluor 568 D-A-M IgG (H+L) (Invitrogen, Cat. A-10037, 1:2000)
Alexa Fluor 546 G-A-Rat IgG (H+L) (Invitrogen, Cat. A-11081, 1:600)

The cultures were rinsed in 4’,6’-diamidino-2-phenylindole (DAPI; Vector Laboratories, Cat. H-1200) for 20 min and mounted in 50% glycerol. The images were
obtained by using Olympus Confocal LSM. Signals were quantified by Image J softwer analysis with RGB measure method. See results in Figure 4-9.

THE SARCOMERE The CMCs are rod-shaped striated muscle cells with one or
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two nuclei. The red square represents a sarcomere unit

(3A). The sarcomere is the smallest functional unit of the

contractile muscle, which is important for generating

mechanical force during contraction on a Ca%*- ATP-
dependent way. The sarcomere is composed of thick

(myosin)(thick line 3B; pink 3C) and thin filaments

(actin)(thin line 3B; mustard yellow 3C) and associated

proteins. The red square shows a half-sarcomeric unit (3B).

— Thick filament associated proteins (3C):

/ = . Myosin (pink) is a motor protein, it helps to relay energy
and generating force [6]. Myomesin (yellow) is a myosin
anchoring protein in the M-line and it connects with the

: titin [7]. Titin (lilac) is a molecular spring in the plastic
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elasticity of the striated muscle and helps for myosin to
survive strain during contraction [8].

Thin filament associated proteins (3C):

The thin filaments are consisted of two actin (mustard
yellow) strands, which contains actin-myosin binding sites
(orange dots) [9]. Nebulin (vivid green) is a molecular
template for the actin formation and specifies the actin
filament length [10]. Tropomyosin (dark red) whips round

T-tubule
3 )
) :

d
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myomesin _ , : _ : , :

actin "S- the actin, it has essential role in the Ca%*-mediated
A R : , - B contraction [11], because it contains the Ca?* binding
l— T —— | — i1 troponin complex, includi diac T in | (blue), C

T —— —~ = e P plex, including cardiac Troponin ue),
"“‘ \,!!"" Do !".‘ " (green) and T (red) [12]. Alpha-actinin (a-actinin)
| (aguamarine) anchors actin and titin are located in the Z-

myosin ¥/ actin-myosin binding sites a-actinin disc, crosslinks the neighbouring sarcomeres [13].

head

Other important sarcomere components (3C):
Extrasarcomeric desmin (green) stabilizes sarcomere on
the Z-disc [14]. Sarcoplasmic reticulum (SR) (transparent
blue) is essential for the contraction, as stores Ca?* ions. SR
has Ca?* ATPase ion channels (Serca2a) (white).
Sarcalumenin (blue) connects to the Serca2a and helps to
transmit the Ca?* ions through it [15].
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Figure 3. Sarcomere structure and contraction

Ca?* ions bind to the troponin complex, tropomyosin moves away, then myosin can bind to actin-myosin binding sites on ATP-dependent manner. ATP
hydrolyses, ADP and P, get off, myosin heads bind to the actin, then a new ATP bind. While the Ca?* ions are connected the myosin heads bind to the
neighbouring actin globule (3C).
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Figure 4: Cardiac Troponin T (cTnT) ICC and qRT-PCR analysis of CMCs derived from rybp*/* and rybp”-ES cells

Anti-cardiac Troponin T antibody (red; 4A) staining showed that thin filaments were shorter and there were no sarcomeric structure in the rybp”-CMCs whilst it was
clearly visible in the rybp*/* cultures. Nuclei were stained with DAPI (blue; 4A). Intensity analysis revealed that the cTnT signal was half of the wild type level in the rybp”-
mutants (4B). QRT-PCR analysis showed that the tnnt2 gene was significantly downregulated in the rybp”- cells (4C).

(Objective: 60x, zoom: 3.8x; Scale bar: 20um) Deviation: £SD; Statistical method (t-test type 3): p<0,05 (*p< 0.05; **p< 0.01; ***p< 0.001)
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Figure 5: Cardiac Troponin | (cTnl) ICC and qRT-PCR analysis of CMCs derived from rybp*/* and rybp”- ES cells

CMCs were stained with anti-cardiac Troponin | antibody (red; 5A). Nuclei were stained with DAPI (blue; 5A). Dense, filamentous, striated structures were visible in the
rybp** CMCs whilst the appearance was sparsely diffused in the cytoplasm of the rybp”- CMCs (5A). The cTnl signal was one-third of the wild type level in the mutants
(5B). The tnni3 gene was downregulated in the lack of Rybp (5C).

(Objective: 60x, zoom: 1.5x; Scale bar: 100um) Deviation: £SD; Statistical method (t-test type 3): p<0,05 (*p< 0.05; **p< 0.01; ***p< 0.001)
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Figure 6: Tropomyosin (Tm) ICC and gRT-PCR analysis of CMCs derived from rybp*/* and rybp”- ES cells S
CMCs were stained with anti-Tropomyosin antibody (red; 64). Nuclei were stained with DAPI (blue; 6A). The g 10
sarcomeres were missing in the rybp” cells (6A). There was higher Tm signal in the rybp”- CMCs because of % 8
the diffusely distribution of Tm proteins (68). Cardiac tom1 and tpm4 were downregulated in the rybp” 2 6
cells in the terminal phase of cardiac differentiation (day 14) (6C,D). Eﬂ 4
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Figure 7: Myosin ICC and qRT-PCR analysis of CMCs derived from rybp** and rybp”- ES cells 4500
CMCs were stained with anti-Myosin-Sarcomere antibody (red; 7A). Nuclei were stained with DAPI (blue; g 1000 K
7A). The rybp”~ CMCs did not have any sarcomeres, the filaments were less branching and dense $ 3500
compared to the rybp** CMCs (7A). The Myosin signal was lower in the rybp7- CMCs (7B). Myosin heavy %’“ 3000
chain 6 (myh6) and myosin heavy chain 7 (myh7) genes were downregulated in the rybp” cells (7C,D). g 2500
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Figure 8: Myomesin (Myom) ICC and gRT-PCR analysis of CMCs derived from rybp*/* and rybp”- ES cells

CMCs were stained with anti-Myomesin antibody (84). Nuclei were stained with DAPI (blue; 8A). The sarcomeres were missing in the rybp”- CMCs (8A). The intensity of
Myom signals was three times higher in the rybp** CMCs (8B). The cardiac isoform myom-1 gene expression level was two times higher in the rybp** cells (8C).
(Objective: 60x, zoom: 3x; Scale bar: 50um) Deviation: +SD; Statistical method (t-test type 3): p<0,05 (*p< 0.05; **p< 0.01; ***p< 0.001)
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Figure 9: Titin (Ttn) ICC and gqRT-PCR analysis of CMCs derived from rybp** and rybp”- ES cells

CMCs were stained with anti-Titin antibody (9A). Nuclei were stained with DAPI (blue; 9A). The rybp”CMCs did not have any sarcomeres (S8A). The intensity of Ttn
signals was double in the rybp** CMCs (9B). The ttn gene expression level was fifty times higher in the rybp** cells (9C).

(Objective: 60x, zoom: 2.3x; Scale bar: 100um) Deviation: £SD; Statistical method (t-test type 3): p<0,05 (*p< 0.05; **p< 0.01; ***p< 0.001)

SUMMARY: The thick filament associated proteins (Myosin, Myom, Ttn) and the thin filament associated proteins (cTnT, cTnl, Tm) had altered
distribution in the rybp null mutant and their gene expression levels (myh6, myh7, myom-1, ttn, tnnt2, tnni3, toml1, tom4) were lower compared to
the wild type.




