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SUPPLEMENTARY FIGURES 

!  

Supplementary Figure S1. Polymerization and Degradation of Fibrin. Fibrinogen is cleaved by 

thrombin to produce fibrin monomers that can be polymerized into protofibrils. The addition of the 

protease plasmin can lead to hydrolysis of the fibrin branching network, yielding degradation products. 

However, the anti-fibrinolytic inhibitor aminocaproic acid (ACA) can be added to prevent plasmin from 

becoming its active form. ACA binds to the lysine binding sites present on both plasmin and its 

activating agent plasminogen, which can be produced by C2C12s. ACA prevents plasmin from being 

activated and binding to (and subsequently degrading) fibrin by competitive and stoichiometric 

inhibition. For more detail, see references1–5. 

!  

Supplementary Figure S2. Timeline of Bio-Bot Development and Analysis. Skeletal muscle bio-bots 

were fabricated and seeded on day 0. On day 3, DM was added to induce differentiation of skeletal 

muscle. Electrical or optical stimulation was applied on days 4-12, as noted. Samples were snap frozen 

for gelatin zymography on days 3, 6, 8, and 12.  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Supplementary Figure S3. Survival Analysis of Bio-Bots with Varying ACA. (a) Kaplan-Meier 

survival curves are shown for each treatment group (0x, 1x, 3x ACA) as a function of time. 95% 

confidence intervals (CI) are also shown (n = 6-13 muscle strips per condition, excluding outliers). (b) 

Long term, muscle strips cultured with 1x (n = 1) or 3x (n = 2) ACA maintained passive tension forces 

that were statistically unchanged on day 140 compared to early values. Plot represents mean ± SEM.  (c) 

Muscle strips treated with 3x ACA continued to contract spontaneously (top) and in response to 

electrical stimulation (at 1 Hz and 2 Hz, bottom). Plots represent displacement of one pillar of the bio-

bot skeleton (see Supplementary Videos). 
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Supplementary Figure S4. Tissue Structure and Mechanical Integrity with ACA. (a) Increasing the 

concentration of ACA from 1 to 3 mg ml-1 did not adversely affect cell viability within the muscle strips, 

as quantified using a MTS colorimetric assay (n = 6-7 muscle strips per condition). The number of living 

cells was assumed to be directly proportional to the absorbance. (b) Average muscle strip tissue diameter 

as a function of time and ACA treatment, expressed as a percentage of original tissue diameter (n = 2-9 
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muscle strips per condition). (c) Muscle strip passive tension for 1x and 3x ACA, with and without 

electrical stimulation, over time. There was no significant difference in measured tension force across 

ACA treatment groups or stimulation regimens (n = 5-10 muscle strips per time point). (d) Gel 

zymography identified the amount of active CatL, CatL+tissue, MMP-2, and MMP-9 on days 1-3 

(before the start of differentiation). All plots represent mean ± SEM. * indicates significance (p < 0.05) 

between conditions at the same time point. 
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Supplementary Figure S5. Western Blotting of CatL in Muscle Strips with ACA. (a) Western 

blotting confirmed the presence of cathepsins and related proteins in muscle strips cultured with 1x and 

3x ACA over time. (b) Western blotting of CatL, with and without electrical stimulation, for day 12 

conditions compared to the initial time point of day 3 (n = 4-7 muscle strips per condition). All plots 

represent mean ± SEM. * indicates significance (p < 0.05) between conditions at the same time point; ^ 

indicates significance compared to initial time point. 
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Supplementary Figure S6. Gelatin Zymography of Cathepsins and MMPs in Muscle Strips with 

Varying Cell Density and Hydrogel Skeleton Stiffness. (a) For day 12 muscle strips cultured with 1x 

ACA and fabricated with varying cell densities (2.5, 5, or 10 x 106 cells ml-1), cathepsin zymography 

identified the amount of active CatL and CatL+tissue, and MMP zymography identified the amount of 

active MMP-2 and MMP-9 (n = 7-10 muscle strips per condition) (b) For day 12 muscle strips cultured 

with 1x ACA and with hydrogel skeleton stiffness values of 319, 411, or 489 kPa, cathepsin zymography 

identified the amount of active CatL and CatL+tissue, and MMP zymography identified the amount of 

active MMP-2 and MMP-9 (n = 9-17 muscle strips per condition). (c) Western blotting confirmed the 

presence of cathepsins in muscle strips with varying hydrogel stiffness, for day 12 conditions compared 

to the initial time point of day 3 (n = 3-4 muscle strips per condition). All plots represent mean ± SEM. * 

indicates significance (p < 0.05) between conditions at the same time point. 
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Supplementary Figure S7. ChR2-C2C12 Optogenetic Bio-Bots. (a) Cathepsin zymography identified 

the amount of active CatL and CatL+tissue and (b) MMP zymography identified the amount of active 

MMP-2, and MMP-9, with and without electrical or optical stimulation. (c) Amount of active CatL, 

CatL+tissue, (d) MMP-2, and MMP-9 on days 6 and 12, for both non-optogenetic bio-bots as well as 

ChR2-C2C12 bio-bots without optogenetic stimulation. (e) Amount of active CatL, CatL+tissue, (f) 

MMP-2, and MMP-9 on day 12, for both non-optogenetic bio-bots subjected to electrical stimulation 

and ChR2-C2C12 bio-bots subjected to optical stimulation. 3 (g) Western blotting confirmed the 

presence of cathepsins in ChR2-C2C12 optogenetic muscle strips on days 6 and 12, with and without 

optical stimulation (n = 3 muscle strips per condition). All plots represent mean ± SEM. ^ indicates 

significance (p < 0.05) compared to initial time point (day 6 for panels c, d, and g). 

SUPPLEMENTARY VIDEOS 

Supplementary Video 1. Spontaneous Contraction after 7 Months. Muscle strips treated with 3x 

ACA contracted spontaneously after 7 months of culture. 

Supplementary Video 2. Electrical Stimulation after 7 Months. Muscle strips treated with 3x ACA 

responded to electrical pulse stimulation (1 Hz and 2 Hz) after 7 months of culture. 
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