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Figure 32. Quantification PCR for detecting gene expression of HCM markers in both 
sedentary and exercised groups of WT and A57G. In Sedentary group, except for 
SERCA, which was upregulated in A57G, expression of rest genes was similar between 
WT and A57G. However, in the exercised group, gene expression of  HCM markers ANP, 
BNP and fibrosis marker ColVIIIa all significantly increased in A57G, suggesting that 
exercise may result in more severe HCM phenotype in A57G animals. (Data was shown as 
mean ± SEM) (Kazmierczak, Yuan et al. 2014). 
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Figure 33. Steady state force generation and pCa50 measurements in both sedentary 
and exercised groups of WT and A57G. Exercise seems have minimal effects on the 
maximal force generation in both WT and A57G mouse fibers. There is slight increase in 
maximal tension in A57G after exercise, but the amount of force in exercised A57G was 
still significantly lower than exercised WT. On the other hand, The pCa50 of A57G 
significantly decreased after exercises, while the pCa50 was increased in exercised WT. 
The low force and decreased calcium sensitivity in A57G suggest high risk of heart failure 
in A57G animals. The values are: force (kN/m2 ± SEM, n = number of fibers): Sedentary: 
WT: 54.80 ± 1.13 (n = 15) A57G: 42.48 ± 1.46 (n = 11); Exercised: WT: 57.73 ± 1.27 (n 
= 15); A57G: 47.62 ± 1.97 (n = 8) pCa50 (± SEM, n = number of fibers): Sedentary: WT: 
5.63 ± 0.01 (n = 15); A57G: 5.67 ± 0.01 (n = 11); Exercised: WT: 5.66 ± 0.01 (n = 15); 
A57G: 5.59 ± 0.02 (n = 8) (Kazmierczak, Yuan et al. 2014).   
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Figure 34. Actin-activated myosin ATPase activity assay of WT, A57G and M173V 
ELC-exchanged porcine cardiac myosin preparations. The maximal ATPase activity 
(Vmax) and Michaelis-Menten constant (Km) were obtained from the assay. Compared with 
the WT exchanged myosin, A57G mutation did not affect either Vmax or Km, which agreed 
with the experimental results on Tg-A57G myosin. On the other hand, the M173V mutation 
significantly decreased Vmax (p < 0.01 vs.WT) and reduced Km (p < 0.05) compared to WT. 
Data was shown in ± SEM and n = number of experiments. 
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Figure 35. Steady state force measurements in WT, A57G and M173V ELC 
exchanged skinned porcine cardiac papillary muscle fibers. (A) Experimental protocol 
of force measurements in ELC-mutant exchanged porcine β-MHC papillary muscle fibers; 
(B) Representative SDS-PAGE picture of ELC-mutant exchanged fibers; (C-E) Maximal 
force generation, ∆pCa50 and the degree of ELC exchange in A57G, M173V and WT-
porcine fibers; (C) No changes were observed in maximal force generation in either A57G 
or M173V ELC exchanged fibers compared to WT; (D) A57G significantly increases the 
Ca2+ sensitivity of force  (decrease in ∆pCa50), while M173V does not significantly affect 
Ca2+ sensitivity compared to WT exchanged fibers; (E) Degree of ELC exchange in WT- 
and A57G exchanged fibers. Both A57G and M173V ELCs were able to incorporate into 
skinned porcine cardiac papillary muscle fibers with higher efficiency than WT. Part of 
this data were published in (Kazmierczak, Paulino et al. 2013) 
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Figure 36. Scheme of the disease causing mechanism of ELC-A57G linked HCM. As 
shown in the figure, the A57G specific phenotypes (not seen in the RLC mutants) were 
depicted in yellow. Similar to RLC-K104E, the A57G mutation decreased maximal force 
generation in mice, however, unlike RLC mutants, which altered the ATPase activity, the 
maximal ATPase activity of ELC-A57G was not affected.  At the heart level, the A57G’s 
contractility was significantly increased. The SW, SV, and CO were significantly larger in 
A57G than WT. All of these in vivo parameters suggested the A57G hearts need to work 
much harder than WT to produce the same or similar effect to WT. Given the compromised 
force generation and no change in ATPase activity, the hyper systolic function seen in 
A57G hearts strongly indicate inefficiency in energy usage. On the other hand, the A57G 
mutation significantly increased calcium sensitivity of force, which is not seen in RLC 
mutants. The increased pCa50 of force may result in disruption of calcium homeostasis in 
the heart and ultimately cause arrhythmia and SCD in A57G positive patients. The A57G 
mutation also increased passive tension and relaxed stiffness (at the sarcomere level), and 
fibrosis (at the heart tissue level), which also can contribute to arrhythmia and SCD. In 
addition, pCa50 of force was significantly reduced after exercise in A57G animals, and the 
steady state force generation of exercised A57G was still lower than WT, suggesting a 
potential risk of heart failure. At the same time, the HCM related genes ANP, BNP and Col 
VIIIa were upregulated in exercised A57G, which confirmed that the disease phenotype in 
A57G was exacerbated after exercise. All three aspects described above comprise the ELC 
A57G linked HCM.  
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Figure 37. Determination of endogenous RLC phosphorylation level in Tg-WT and 
Tg-K104E hearts and the time course of RLC phosphorylation of WT and K104E 
RLCs.  (A) Examination of endogenous protein phosphorylation in flash frozen hearts and 
in myofibrillar preparations from Tg-WT and Tg-K104E mouse hearts. The CT-1 antibody 
was used to detect total RLC while +P RLC antibody was used to detect only 
phosphorylated RLC. The ELC bands served as loading controls.  (B)The endogenous RLC 
phosphorylation was calculated as the band intensity ratio between +P RLC and total RLC. 
The quantitative results show a significant decrease in endogenous RLC phosphorylation 
in Tg-K104E hearts. (C) Representative native gel picture of time course phosphorylation 
of WT and K104E RLCs with Ca2+-CaM activated MLCK. No difference was observed 
between WT and K104E mutant. Part of data published in (Huang, Liang et al. 2014)
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Figure 38. Small angle X-ray diffraction measurements in phosphorylated and non-
phosphorylated Tg-WT and Tg-K104E mouse papillary muscle fibers. (A) Equatorial 
reflections’ intensity ratio in WT fibers did not significantly change after phosphorylation 
while it significantly increased in K104E fibers at both short and long sarcomere length. 
(B) The IFS of nonphosphorylated K104E (K104E-p) was significantly higher than 
nonphosphorylated WT (WT-p) at both short and long sarcomere lengths. RLC 
phosphorylation restored the IFS of K104E to the level near WT. (For details in value of 
each points and statistical results please refer to table 10&11.) 
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Figure 39. Maximal force and the force-pCa relationship in non-phosphorylated and 
phosphorylated WT and K104E skinned papillary muscle fibers. (A) Western blot 
results demonstrated that after MLCK treatment, both WT and K104E fibers reached 
similar levels of RLC phosphorylation. (B) Maximal force generation at pCa4 of non-
phosphorylated and phosphorylated WT and K104E fibers. No significant differences were 
seen before and after phosphorylation in WT or K104E fibers. (C) The force-pCa 
relationship and pCa50 values for K104E vs. WT fibers. Noticed no effect of RLC 
phosphorylation on pCa50 (calcium sensitivity) of force generation. 
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Figure 40. Analysis of RLC phosphorylation in LV of Tg-WT and Tg-A13T mice. 
Upper panel: total ventricular RLC (t-RLCventr) detected with CT-1 RLC; lower panel, 
phosphorylated ventricular RLC (+P-RLCventr) detected with +P-RLC antibody. Lane 1, 
NTg extract; lane 2, Tg-A13T L1; lane 3, Tg-WT L2; lane 4-5, phosphorylated (+P) and 
non-phosphorylated  (-P) myosin protein standard. Note no change in endogenous RLC 
phosphorylation level caused by A13T mutation. 
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Figure 41. Time course of RLC phosphorylation with human recombinant WT and 
D94A RLCs. (A) Representative native gel picture of the time course of phosphorylation 
of WT and D94A RLCs. Note a charge based separation of the phosphorylated (P-RLC) 
and non-phosphorylated RLC bands.  (B) Time course of MLCK-dependent 
phosphorylation of WT and D94A RLCs (0 to 5min). Data points were fitted to exponential 
rise to maximal, single, 3 parameters equation to generate the phosphorylation rate kinetics 
(k). Note that compared to WT, the rate of RLC phosphorylation was significantly 
increased in D94A but the maximal level of RLC phosphorylation was only 0.48 of the 
WT.  The values are: Max ratio: WT =1.00 ± 0.02 (n = 6) vs. D94A = 0.48 ± 0.01 (n = 6) 
(p<0.01), k: WT=1.06 ± 0.02 min-1 (n = 6) vs. D94A = 2.26 ± 0.39 min-1 (n=6) (p < 0.05). 
Data was shown in ± SEM and n = number of experiments. 
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Figure 42. Generation and purification of phospho-mimic (S195D) ELC proteins.  (A) 
Generation of single point mutations in ELC proteins. I used human recombinant WT-ELC 
DNA sequence as a template. For A57G mutant, we changed Alanine (GCC) into Glycine 
(GGC) through primer design and PCR. Similar missense mutations, M173V (ATGGTT) 
and S195D (AGCGAT) were also generated. All S195D-ELC cDNAs are available in 
the lab. All six ELC recombinant proteins: WT, A57G, M173V, WT-S195D, A57G-S195D 
and M173V-S195D are expressed and purified.  (B) Representative 15% SDS-PAGE gel 
picture of purified human recombinant ELC. Purification was executed using S-Sepharose 
and then followed by Q-Sepharose columns.  

  



155 
 

 
 

 

Figure 43. The actin-activated myosin ATPase activity assay of ELC exchanged 
porcine myosin. (A) No differences in Vmax and Km were seen among WT-ELC, A57G 
exchanged myosin, however, A57G-S195D significantly decreased Vmax and Km compared 
to A57G.  (B) M173V-ELC exchanged myosin displayed a large decrease in maximal 
ATPase activity compared to WT-ELC exchanged myosin, and M173V-S195D was able 
to partially rescue the compromised maximal ATPase activity seen in M173V-exchanged 
myosin. Data was shown in ± SEM and n = number of experiments. 
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Figure 44. Relative force and force-pCa relationship of WT, mutated and phospho-
mimic (S195D) ELCs - exchanged skinned porcine papillary muscle fibers.  (A) No 
differences were seen among all ELC exchanged fibers.  (B) The ∆pCa50 of all ELC 
exchanged fibers. The ∆pCa50 was calculated as pCa50 after exchange minus pCa50 before 
exchange, the higher the number is, the higher the calcium sensitivity of force is. Note 
S195D pseudo phosphorylation restored the pCa50 of A57G and M173V to the level similar 
for WT. The values are shown in (± SEM) (n = number of fibers): force: WT = 31.51 ± 
1.24 (n = 16), A57G=31.6 ± 61.53 (n = 12), A57G-SD = 30.02 ± 1.67 (n = 15), M173V = 
31.88 ± 0.87 (n = 17), M173V-SD = 31.25 ± 1.02 (n = 19). ∆pCa50: WT = -0.06 ± 0.01 (n 
= 16), A57G = -0.006 ± 0.012 (n = 12), A57G-SD = -0.082 ± 0.015 (n = 15), M173V = 
0.045 ± 0.008 (n = 17), M173V-SD = 0.087 ± 0.013 (n = 19). 
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TABLES 

Table 1. Echocardiography and hemodynamic parameters in 6 month-old Tg-K104E vs. 
Tg-WT mice 

 
Echo/Doppler 

 
Tg-K104E 
 (n=10 males) 

 
Tg-WT  
 (n=10 males) 

 
P-value 
 

Heart Rate(bpm) 480±16 471±14 >0.05 
Weight  (g) 32±1.3 36±0.8 >0.05 
Ant. wall  (mm) 0.86±0.05 0.870.03 >0.05 
Post. wall  (mm) 0.72±0.04 0.71±0.02 >0.05 
EF (%) 64±1.7 64±2.7 >0.05 
Dec. time  (ms) 25±2.2 21±1.8 >0.05 
E/A 1.5±0.05 1.8±0.16 0.011 
E/e’ 26±2 26±2 >0.05 
e’  (mm/s) -31±2 -30±2 >0.05 
s’ (mm/s) 27±0.9 28±1.3 >0.05 
 
Invasive 
hemodynamics 

 
Tg-K104E 
 (n= 5 males) 

 
Tg-WT 
 (n= 6 males) 

 

dp/dtmax  
(mmHg/s) 

9,319±613 10,840±1,244  >0.05 

 (dp/dtmax)/  
(P@dp/dtmax)  
(1/s) 

162.0±19.7 174.4±11.2 >0.05 

PRSW  (mmHg) 79.8±7.7 94.9±6.4 >0.05 
dp/dtmin  
(mmHg/s) 

-7,911±1,188 -11,024±947 0.068 

Tau  (ms) 7.1±1.3 4.5±0.3 0.059 
 
Data are mean  SEM. Abbreviations: Ant., anterior; Post., posterior; EF, Ejection Fraction; 
Dec., deceleration; E, early mitral inflow; A, late mitral inflow; e', early diastolic velocity; 
s', systolic tissue velocity; dp/dtmax, maximum derivative of LV pressure;  (dp/dtmax)/ 
(P@dp/dtmax), ratio of dp/dtmax to pressure at dp/dtmax; PRSW, Preload Recruitable 
Stroke Work; dp/dtmin, minimum derivative of LV pressure; Tau, time constant  
(isovolumic relaxation time); Red color indicates significant difference between Tg-WT 
and Tg-K104E. (Huang, Liang et al. 2014) 
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Table 2. Echocardiography indices in senescent Tg-K104E vs. Tg-WT mice  

 Tg-K104E            Tg-WT  p-value 
Number of mice 12  (9 males)  15  (11 males)  
Body weight  (g) 36.58±2.64          33.60±1.56 >0.05 
Heart Rate  (bpm) 40652          48319 >0.05 
Ant. wall  (mm) 1.19±0.07          0.70±0.02 <0.01 
Post. wall  (mm) 1.12±0.09          0.72±0.02 <0.01 
LV diameter in diastole 
(mm) 

3.65±0.13          4.22±0.10 <0.01 

LV diameter in systole 
(mm) 

2.12±0.08          2.84±0.10 <0.01 

LVmass  (mg/g weight) 4.9±0.33          3.3±0.12 <0.01 
LVvol-end-diastole  (µl) 57±5          86±4 <0.01 
LVvol-end-systole  (µl) 15±1          33±3 <0.01 
EF (%) 73.02±2.33          62.12±1.99 <0.01 

Data are mean  SEM. Abbreviations: Ant., anterior, Post., posterior; LVmass, mg of LV 
weight divided by body weight; LVvol, LV volume; LVvol-end-systole, LV volume at the 
end of systole; EF, Ejection Fraction. Red color indicates significant difference between 
Tg-WT and Tg-K104E(Huang, Liang et al. 2014). 
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Table 3. Differential expression of important genes in various biological processes (WT 
vs. K104E, number of mice = 2 for each group)  

 Gene symbol 
Fold change  
(K104E vs.WT) 

Structural 
β-myosin myh7 -1.03 
cMLCK Mylk3 -1.22 
atrial ELC Myl4 -1.51 
Collagon VIII Col8a1 1.20 
skeletal alpha actin Acta1 -1.55 
matrix metallopeptidase 2  Mmp2 1.18 
Titin Ttn -1.01 
MyBP-C Mybpc3 -1.11 
Troponin C, cardiac/slow 
skeletal 

Tnnc1 1.04 

Troponin I, cardiac Tnni3 -1.01 
Cytoskeletal 
Four-and-a-half LIM protein 
1 

FHL1 1.08 

Skeletal muscle α 2 actinin ACTN2 -1.09 
Nebulin-related protein NRAP -1.13 
Desmin DES 1.05 
Protein synthesis 
Transcription elongtation 
factor 1α1 

EEF1A1 1.22 

A+U-rich element RNA 
binding factor 

Hnrpdl 1.03 

Mitochondrial ribosomal  
protein L52 

Mrpl52 1.40 

Ribosomal protein L10 Rpl10 1.28 
Ribosomal protein L13 RPl13 1.44 
Redox system 
NADH ubiquinone 
oxidoreductase 

Ndufb3 1.16 

Ubiquinol-cytochrone c 
reductase hinge protein 

Uqcrh 1.18 

NADH dehydrogenase Fe-S 
protein 6 

Ndufs6 1.03 

Ca2+ handling    
SERCA2a Atp2a2 1.03 
RyR2 Ryr2 -1.10 
NCX Slc8a1 -1.07 
L-type Channel Channel, 
cardiac 

Cacna1c -1 
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Phospholamban Pln 1.01 
Metabolism 
Apoptosis-inducing factor, 
mitochondrion-associated, 1  

Aifm1 1.22 

Porin Vdac1 -1.04 
Medium-chain specific acyl-
CoA dehydrogenase, 
mitochondrial   

Acadm -1.13 

PPARalpha Ppara -1.07 
acetoacetyl-CoA synthetase Aacs 1.00 
cAMP-dependent protein 
kinase catalytic subunit alpha  

Prkaca 1.07 

Glucose transporter 4   slc2a4 -1.16 
L-type pyruvate kinase   Pkm -1.24 
Other biomarkers for hypertrophy/heart failure and unknowns 
atrial natriuretic pepetide   Nppa 1.32 
brain natriuretic peptide  Nppb 1.33 
Serine protease inhibitor A3A Serpina3a  1.24 
Heat Shock 70kD protein 8 Hspa8 1.05 

Red color indicates fold change larger than 1.2 between WT and K104E 

 

 

 

 

 

Table 4. List of important pathways which was significantly affected (enrichment p value 
<0.05) (WT vs.K104E) 

Signaling pathways 
 (K104E vs.WT) 

number of 
genes up 

number of 
genes down 

gene %* 
in the 
pathway 

Histidine metabolism 6 3   51.72 
Glyoxylate and dicarboxylate metabolism 5 5   44 
Toll-like receptor signaling pathway 20 9   31.68 
Protein digestion and absorption 6 9   32.18 
PI3K-Akt signaling pathway 14 20   26.2 
Adrenergic signaling in cardiomyocytes 6 9   33.3 

*gene % in the pathway was calculated as number of larger than 1.2 fold changed genes 
divided by total number of genes in the pathway   
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Table 5. Echocardiography parameters in Tg-A13T vs. Tg-WT mice 

 A13T WT p-value 
Animals n 9 15 
Weight (g) 36 34 
Age (month) 16 16 
 
IVSd (mm) 0.67±0.08 0.7±0.08 >0.05 
LVIDd (mm) 4.28±0.40 4.22±0.38 >0.05 
LVPWd (mm) 0.67±0.09 0.72±0.06 >0.05 
LVIDs (mm) 3.11±0.26 2.84±0.38 0.052 
 
EF (%) 52.96±5.32 61.3±7.58 0.005 
LV Mass (g) 105.87±27.53 111.67±25.47 >0.05 
LV Mass Corrected (g) 84.7±22.03 89.34±20.37 >0.05 
 
E Velocity (mm/s) 807.1±115.31 892.69±179.77 >0.05 

The numbers highlighted in red show significant differences compared to WT (p<0.05). 
IVSd: Inter ventricular septum diameter at the end of diastole; LVIDd: Left ventricle inner 
diameter at the end of diastole; LVPWd: Left ventricle posterior wall diameter at the end 
of diastole; LVIDs: Left ventricle inner diameter at the end of systole; EF: Ejection 
Fraction; E Velocity: E-wave Velocity. 
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Table 6. Clinical information of pedigree with D94A-DCM. 

Pedigre
e 

position 

Age of 
diagnosis, 

years 

ECG / 
Arrhythmia 

LVEDD
, mm  
(Z-

score) 

LVEDD 
Framingha

m percentile 
EF, % 

PWd  
(mm) 

SWd  
(mm) 

Comment 

I-1 NA none  NA NA NA NA NA normal ECG at age 56 

I-2 21 1 AVB 56  (3) > 99th 33 11 10 PPCM 

II-1 29 
NSSTT, ectopic 

atrial rhythm, 
PVCs, PACs 

47.2  
(0.44) 

< 95th  40 7.9 5.9 

DCM assignment by 
systolic dysfunction 

only. Medical therapy 
initiated at earliest 

evidence of decreased 
ejection fraction with 

ongoing periodic clinical 
screening of at-risk 

relatives. 

II-2 24 PACs 55  (1.3) < 95th  49 NA 7 

III-3 NA NSR 
49  (-
0.9) 

< 95th  58 9 9 
normal echo and ECG at 

age 31 

LVEDD = left ventricular end diastolic dimension; EF = ejection fraction; PWd = posterior wall 
diastole; SWd = septal wall diastole, 1AVB = first degree atrioventricular block; PPCM = 
peripartum cardiomyopathy; NSSTT = non-specific ST-T wave abnormality; PVCs = 
premature ventricular contractions; PACs = premature atrial contractions; NSR = normal sinus 
rhythm. 
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Table 7. IFS and I1,1/I1,0 intensity ratio measured on Tg-WT and Tg-A57G fibers under 
rigor state 

 

 

 

Published in (Muthu, Wang et al. 2011) 

 

 

 

 

 

Table 8. Echo analysis of Tg-A57G vs. Tg-WT mice 

Parameter Tg-A57G Tg-WT p-value 
n  (number of mice) 8 9  
BW/HW 5.4 ± 0.2 4.8 ± 0.2 <0.05 
LVPWd  (mm) 0.84 ± 0.04 0.83 ± 0.04 0.753 
LVPWs  (mm) 1.24 ± 0.07 1.20 ± 0.04 0.629 
LVAWd  (mm) 0.95 ± 0.05 1.02 ± 0.05 0.396 
LVAWs  (mm) 1.52 ± 0.09 1.58 ± 0.04 0.526 
LVVd  (μl) 74.6 ± 3.3 57.1 ± 3.6 0.003 
LVVs  (μl) 31.4 ± 3.0 20.9 ± 2.9 0.023 

Abbreviations:  LV, left ventricle; PW, posterior wall; AW, anterior wall; LVV, LV end-
diastolic (d) and end-systolic (s) endocardial volumes. Red color indicates significant 
difference between WT and A57G. (Kazmierczak, Paulino et al. 2013) 

  

Transgenic mice IFS (nm) I1,1/I1,0 intensity ratio 
WT 49.18±0.42  (n=17) 3.53±0.14 (n=15) 
A57G 47.70±0.20  (n=10) 3.96±0.24 (n=10) 
p value  0.017 0.109  (NS) 
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Table 9. Hemodynamic parameters derived from PV relations in Tg-A57G and Tg-WT 
mice 

Parameter Tg-A57G Tg-WT P 

n  (number of mice) 6 9  
HR  (bpm) 463  ± 20 478 ± 22 0.648 
Integrated performance
EF (%) 57.9 ± 3.2 64.6 ± 3.0 0.147 
SW  (mmHg x μl) 3,435 ± 294 2,233 ± 214 0.005 
SV  (μl) 43.3 ± 2.4 33.4 ± 1.4 0.002 
CO  (ml/min) 20.2 ± 1.7  15.9 ± 0.9 0.033 
Cardiac efficiency 0.286 ± 0.062 0.428 ± 0.068 0.170 
Afterload    
LVESV (μl) 34.0 ± 3.6 27.3 ± 3.1 0.183 
LVESP  (mmHg) 104.7 ± 2.9 91.4 ± 4.0 0.032 
Ea  (mmHg/μl) 2.45 ± 0.12  2.78 ± 0.18 0.186 
Preload    
LVEDV (μl) 69.4 ± 3.2 52.6 ± 2.9 0.002 
LVEDP  (mmHg) 11.5 ± 2.1 12.6 ± 1.9 0.720 
Contractility    
dP/dtmax  (mmHg/s) 8073 ± 793 6951 ± 589 0.267 
Ees  (slope) 66.1 ± 7.4 44.9 ± 3.4 0.020 
Relaxation    
-dP/dtmin  (mmHg/s) 8576 ± 934 6873 ± 582 0.125 
Tau  (ms) 8.5  ± 0.9 17.1 ± 4.8 0.175 

Abbreviations:   HR, heart rate; EF, ejection fraction; SW, stroke work; SV, stroke volume; 
CO, cardiac output; LVESV and LVESP, left ventricular  (LV)-end systolic volume and 
pressure, respectively;  Ea, arterial elastance: ratio of LV-end systolic pressure to stroke 
volume  (ESP/SV); LVEDV and LVEDP, LV-end diastolic volume and pressure; dP/dtmax, 
the peak rate of rise in LV pressure; Ees, measure of myocardial contractility defined by the 
slope of the end-systolic pressure–volume relationship  (ESPVR); Tau, isovolumic 
relaxation constant. Red color indicates significant difference between WT and 
A57G.(Kazmierczak, Paulino et al. 2013) 
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Table 10. IFS (in nm) and Intensity ratio (I1,1/I1,0) for short and long SL (average ±SE) of 
WT and K104E phosphorylated and non-phosphorylated fibers 

Protein 
IFS  
short 

IFS  
long 

p value  
(short 
vs.long) 

I1,1/I1,0  
short 

I1,1/I1,0  
long 

p value  
(short 
vs.long) 

WT 
45.60±0.32 
50 shots 
12 fibers 

43.19±0.46 
41 shots 
10 fibers 

p<0.01 
0.35±0.02 
46 shots 
10 fibers 

0.46±0.04 
40 shots 
10 fibers 

p<0.05 

WT+p 
45.72±0.51 
26 shots 
9 fibers 

44.39±1.10 
8 shots 
3 fibers 

p>0.05 
0.43±0.06 
16 shots 
5 fibers 

0.54±0.14 
7 shots 
2 fibers 

p>0.05 

K104E 
46.99±0.33 
40 shots 
11 fibers 

44.90±0.41 
32 shots 
10 fibers 

p<0.01 
0.40±0.03 
33 shots 
9 fibers 

0.44±0.04 
27 shots 
8 fibers 

p>0.05 

K104E+p 
46.28±0.23 
22 shots 
7 fibers 

43.01±0.60 
16 shots 
5 fibers 

p<0.01 
0.58±0.06 
23 shots 
8 fibers 

0.65±0.07 
12 shots 
6 fibers 

p>0.05 

   Significant difference (p<0.05) was depicted in red color. 

 

 

 

 

Table 11. Statistical analysis of IFS and Intensity ratios for short and long SL (average 
±SE) of WT and K104E phosphorylated and non-phosphorylated fibers  

Significant difference (p<0.05) was depicted in red color. 

  

System 
IFS  
Short SL 

IFS  
Long SL 

I1,1/I1,0  

Short SL 
I1,1/I1,0  

Long SL 

WT vs WT+p p>0.05 p>0.05 p>0.05 p>0.05 

K104E vs.K104E+p p>0.05 p<0.05 p<0.01 p<0.01 

K104E vs.WT p<0.01 p<0.01 p>0.05 p>0.05 

K104E+p vs.WT+p p>0.05 p>0.05 p<0.01 p>0.05 
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Table 12. Summary of structural and functional effects and disease-causing mechanisms 
for RLC and ELC mutations studied in this thesis proposal 

 

RLC ELC 

A13T K104E D94A A57G M173V 

Sarcomere 
level 

Light 
chains 

α-helical content ↑ 
endogenous RLC 
phosphorylation 
level (NC) 

α-helical content ↓ 
 
Endogenous RLC 
phosphorylation level↓ 
 
Time dependent RLC 
phosphorylation (NC) 

α-helical content↓ 
 
Time dependent 
phosphorylation: 
maximal level ↓; 
rate ↑ 

Effect through the N-
ELC and actin 
interaction; 
S195D ELC able to 
restore the abnormal 
calcium sensitivity in 
A57G 

Effect through the 
N-ELC and actin 
interaction; 
S195D ELC able 
to partially 
restore decreased 
ATPase activity in 
M173V 

Myosin 
Cross bridge 
cycling rate 
(ATPase) ↓ 

Cross bridge cycling 
rate (ATPase) ↑ 
 
Load dependent 
mechanochemistry↓ 

Cross bridge 
cycling rate 
(ATPase) ↑ 

Myosin head (lever arm) 
stiffness↑ 
Unitary force 
generation↑ 
Cross bridge cycling rate 
(ATPase) (NC) 

Cross bridge 
cycling rate 
(ATPase) ↓ 

Fibers 
Force ↑ 
pCa50 (NC) 

Force ↓ 
pCa50 (NC) 
Passive tension ↑ 
Relaxation rate↓ 

Force ↓ (NS) 
pCa50 (NC) 

Force ↓  pCa50↑ 
Passive tension↑ 
Relaxation rate (NC) 
pCa50 ↓ with low force 
after exercise, suggesting 
high risk for heart 
failure. 

Force (NC) 
pCa50↑ 

Heart Level 

Histopathol
ogy 

Severe IVS 
hypertrophy and 
fibrosis seen in 6 
month-old mice 

Fibrosis exacerbates 
with age; no 
myofilament disarray. 
High mitochondrial 
content seen in 6 
month-old LV 

N/A 
Severe fibrosis seen in 6 
month-old mice, no 
myofilament disarray  

N/A 

In vivo 
measureme
nts 

Normal cardiac 
morphology and 
function 

LV and septum 
hypertrophy not seen 
in 6 month-old K104E 
but clearly manifested 
in >13 month-old; 
Diastolic dysfunction: 
Tau and E/A ratio ↑ as 
early as at 6 months of 
age. 

N/A 

LV volume ↑ no change 
in LV and septum wall 
thickness. SV, SW, CO 
and Ees (slope of ESPVR 
↑ indicating increased 
contractilityin 7 month-
old mice  

N/A 

HCM 
related gene 
expression 

N/A 

NCX and L-type 
calcium channel ↑, but 
do not significant effect 
on calcium homeostasis 

N/A 

SERCA ↑ in sedentary 
group.  ANP, BNP and 
Col VIIIa ↑ after intense 
exercise 

N/A 
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Disease 
level 

Morphology 

Severe septum 
hypertrophy with 
decease in LVV 
seen in the hearts 
of mice 

Late onset of 
hypertrophy 
phenotype: LV 
hypertrophy and LVV 
↑ seen in >13 month-
old animals 

Increase in 
LVEDD seen in 
patients carrying 
D94A mutation 

Eccentric hypertrophy N/A 

Function 

Diastolic 
dysfunction 
reported in 
patients 

Diastolic dysfunction 
and potential 
inefficiency in energy 
usage 

Decrease in EF 
was seen in DCM 
patients  

Systolic dysfunction with 
high risk of sudden 
cardiac death after 
intense exercise in mice 

N/A 

Possible 
disease 
causing 
mechanisms 

Alteration in cross 
bridge cycling 
rate, particularly 
dissociation rate 
(g) may be due to 
change in A13T 
RLC structure.  
Disease phenotype 
manifested with 
only 10% protein 
expression, 
suggesting a 
possible poison 
peptide 
mechanism. 

Diastolic disturbance 
and inefficiency in 
energy usage, both of 
which could be caused 
by alterations in 
structure of RLC; 
changes in endogenous 
RLC phosphorylation 
in the heart working as 
potential mechanism of 
action 

Mainly through 
alterations in RLC 
structure and 
phosphorylation; 
inefficiency in 
energy usage may 
be another 
contributor to the 
disease 
mechanism 

Mainly through 
disrupting N-ELC and 
actin interaction; 
disturbance of calcium 
homeostasis.  
Exercise exacerbated 
HCM through 
upregulating HCM-
linked gene expression 

Decreased 
ATPase activity 
and increased 
calcium sensitivity 
of force may 
underlie disease 
mechanism; 
possible 
alterations in N-
ELC-actin 
interaction 

 

 

 

  




