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Materials and Methods 

Evaluating the time to peak twitch force (TPT) and half relaxation time (HRT) of 

the myotube twitch contraction 

Myotubes were stimulated with electric pulses of 10, 20, 30, 40, and 50 mA current at 1 Hz (20 

ms duration, 980 ms intervals). Time to peak twitch force (TPT) and half relaxation time (HRT) 

were calculated from a graph plotting the total length of wrinkles over time. The TPT and HRT 

were calculated as previously described [1]. 

 

Evaluating the tetanic contractile force of myotubes 

Myotubes were stimulated with the electric pulse of 10, 20, 30, 40, and 50 mA current at 100 Hz 

consisting of 2 ms duration for 3 s per cycle, as previously described [2]. The total length of the 

wrinkles generated by myotube contractions was extracted and the force index was calculated as 

described in materials and methods.  
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Supplementary Figure 1. Properties of twitch contraction and tetanic contractile force in 

myotubes with different electrical pulse condition.  

(a) The length of wrinkles from the myotube twitch contraction. Myotubes were stimulated with 



5 
 

electrical pulses of 10, 20, 30, 40, and 50 mA at 1 Hz (20 ms duration, 980 ms intervals). 

Plotting the total length of wrinkles on the substrate generated by the contraction in response to 

pulses with different currents of electrical pulse. (b) Evaluation of the time to peak twitch force 

(TPT) and (c) the half relaxation time (HRT) with different currents of electrical pulse. N = 7 (N 

represents an independent experiment; each “N” shows the average value from 5 areas on the 

same substrate). (d) The length of wrinkles from the myotube tetanic contraction. Myotubes 

were stimulated with electric pulses of 10, 20, 30, 40, and 50 mA at 100 Hz consisting of 2 ms 

duration for 3 s per cycle. The total length of wrinkles on the substrate generated by the 

contraction in response to pulses with different currents of electrical pulse were plotted. (e) 

Evaluation of the force index as an index of tetanic contractile force with different currents of 

electrical pulse. N = 10 (N represents an independent experiment; each “N” shows the average 

value from 5 areas on the same substrate). Data are shown as mean ± S.E.M. Significance was 

identified using one-way ANOVA, at p < 0.05, followed by a Bonferroni post hoc test.  
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Supplementary Figure 2. Wrinkles formed on the substrate by atrophic/hypertrophic 

myotubes.  

The image shows wrinkles formed on the substrate for the control- and (a) dexamethasone 

(Dex)- treated myotubes, (b) the conditioned medium of Lewis lung carcinoma (LLC)- treated 

myotubes, and (c) insulin-like growth factor I (IGF-1)- treated myotubes. Scale bar is 50 µm. 



7 
 

 

Supplementary Figure 3. Original images of the western blotting in Fig. 5c. The cropped 

images in Fig. 5c were outlined in black. The over-exposed bands (red) were not used in this 

analysis. Since the edge in some of the membranes in the images is unclear under this contrast, 

the edge was outlined in red. 
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Supplementary Figure 4. Original images of the western blotting in Fig. 6c.  

The cropped images in Fig. 6c were outlined in black. Since the edge in some of the membranes 

in the images is unclear under this contrast, the edge was outlined in red. 
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Supplementary Figure 5. Original images of the western blotting in Fig. 7c.  

The cropped images in Fig. 7c were outlined in black. Since the edge in some of the membranes 

in the images is unclear under this contrast, the edge was outlined in red. 
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Supplementary Figure 6. Myotube alignment and the number of myotubes are different among 

the 3 images. Scale bar is 20 µm. 
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Supplementary Movie 

Supplementary Movie 1. Observation of muscle contractile force as wrinkles. 

  

Supplementary Movie 2. Applying force to myotubes generates wrinkles on the substrate. 

  

Supplementary Movie 3. Extracted wrinkles superimposed on the myotubes during 

contraction. Good correspondence is seen between the automatically extracted lines and the 

wrinkles in the image. 

 

Supplementary Movie 4. Myotube tetanic contraction. Myotubes were stimulated with electric 

pulses of 20 mA at 100 Hz consisting of 2 ms duration for 3 s per cycle. The myotubes showed 

sustained tetanic contraction, and the wrinkles were seen to form and be sustained over time. 


