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Table S1. Properties of materials used in the finite element simulation. 

Material Electrical conductivity (S/m) Relative permittivity Reference 

Polystyrene 6.7 × 10-14 2.6 [1, 2] 

TPE 1 × 10-15 2.1 [3] 

Culture medium 1.4 80 [4, 5] 

Carbon 2 × 103 1 [6] 

Hydrogel 0.3 40 [7, 8] 

Platinum 9.43 × 106 1 [4] 
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Figure S1. Schematics illustrating calibration and displacement measurement of 

nanocomposite microwires for tissue contraction measurement. (A) A micromechanical tester 

(Microsquisher) is used to bend the nanocomposite microwires at the center in order to generate 

force-displacement calibration curves. (B) Tissue contractile behavior is recorded by a 

fluorescence microscope. As the cardiac tissue contracts, it displaces the fluorescent wires at the 

center.  The displacement is converted into force using calibration curves from A. The analysis of 

force traces can be performed by MATLAB to calculate parameters such as active force, passive 

tension, time to peak, time from peak, and peak duration.  
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Figure S2. 3D view of electric field distribution in culture medium in dish model, 24- and 

96-well models. 
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Figure S3. 2D view of the electric field in A) culture medium and B) the hydrogel in a 96-

well model with the use of POMaC or TPE microwires in the device.  

 
Figure S4. Young’s moduli of POMaC and TPE/QD, n = 3 for POMaC, and n = 4 for TPE/QD.. 
Data are shown as average ± s.d., t-test, *** indicates p ≤ 0.001. Dashed lines indicate the lower 
and upper ranges of elastic modulus for native myocardium[9-12]. POMaC values were published 
previously [13]. 
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Figure S5. Wire diameter of POMaC and TPE/QD wires before and after immersing the wires 
into distilled water (n = 4), PBS (n = 3) and culture media (n = 3) separately. Data are shown as 
average ± s.d., t-test, **** indicates p ≤ 0.0001.  

 

 

Figure S6. Device validation with rat neonatal cardiomyocytes. (A) Representative images of 

cardiac tissue based on rat neonatal cardiomyocytes remodeling during one week after seeding in 

a 96-well plate device. (B) Live (green) and dead (red) cells in tissues formed on POMaC, TPE 

and TPE/QD microwires after two weeks of tissue culture. 
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Figure S7. Electrical conditioning protocols. The tissues were electrically stimulated starting at 

7 days of culture, when cell-gel compaction is largely completed, followed by 1 Hz weekly 

increase in frequency for over 4 weeks. The stimulation was initiated with 1 Hz or 2 Hz, depending 

on the frequency that the tissues can catch at day 7 of culture. 

 

 

 

Figure S8. Tissue cultivation in the 96-well plate device with TPE/QD nanocomposite 

microwires. Representative tissue images. A) captured on days 1, 3 and 7 after cell seeding and 
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B) the tissue compaction observed by the change in tissue width on days 1, 3 and 7 (n = 3, one-

way ANOVA analysis, ****p < 0.0001, data are shown as average ± s.d.). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary movies: 

Movie S1. The fabrication process of a multiwell plate device by 3D printing of nanocomposite 

microwires and hot embossing of polystyrene. 
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Movie S2. An array of soft microwires were 3D printed using TPE/QD nanocomposite inks and 

directly deposited on both sides of each microwell on the base plate in a 24-well format at a 

robot velocity of 2 mm/s and an applied pressure of 0.2 MPa. 

 

Movie S3. The manual fabrication of the standard Biowire II strip from POMAC polymer wires 

molded in PDMS channels and hot embossed polystyrene strips. 

 

Movie S4. A representative cardiac tissue formed in the microwell of the multiwell plate device. 

A spontaneously beating cardiac tissue generated from hiPSC-CMs. The video was captured with 

an Olympus CKX41 inverted microscope at 100 frames/s, 5 ms exposure. 

 

Movie S5. TPE/QD nanocomposite microwire displacement upon tissue contraction. Cardiac 

tissue generated from BJ1D hiPSC-CMs paced at 1Hz, observed with an Olympus IX81 inverted 

microscope, and recorded at 100 frames/s. The recording was performed under the Texas channel 

and was used to calculate the force based on tracking TPE/QD nanocomposite microwire 

movement.  

 

Movie S6. A representative example of Ca2+ imaging of a cardiac tissue at 1 Hz pacing rate treated 

with nifedipine at 100 pM for 10 s and stained with Fluo 4 to monitor Ca2+ transients. The video 

was recorded by an Olympus CKX41 inverted microscope at 100 frames/s, 5ms exposure. 
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