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Supplementary Figures 

 

 

Figure S1 | M3 system. a, Photograph showing different components of the printing system. b, 

Close-up of different ink syringes (6 in this case) feeding into the single nozzle printhead via 

check valves. c, colloidal bath sitting on a stage where printing happens. and d, Effect of check 

valve on ink mixing when opened (1) or closed (0) for Red (R), Green (G), and Blue (B), 

respectively. Binary codes are sequentially for RGB inks. 
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Figure S2 | Unique printing shapes from M3. a, basket shape, b, insect eye, c, solid donut 

with green core and red shell, d, knot, e, serpentine shapes, respectively. Scale bars=500 µm. 

 

 

 

 

Figure S3 | Y-shaped bioprinted branched vessel in high resolution. 
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Figure S4 | Mechanical and rheological properties of CNF, NIPAM, and GelMA 

composite bioink. a, Stress strain curves of composite inks at different wt% of CNF. b, Storage 

(G’) and loss (G”) moduli of the composite inks. The higher G’ values than the G” values 

correspond to high fidelity prints from the ink. c, Effect on viscosity as a function of temperature. 

The inks flow efficiently at and above the temperatures of 20 °C, the temperature. d, Graph 

shows the effect of increasing CNF on the toughness of the ink. 
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Figure S5 | Bioprinted constructs of liver-like and muscle fiber mimic constructs. a-c) 

Printed liver-like construct in a GCG bath before taking out for culturing, after washing off 

GCG, and in culture media, respectively. d, Several muscle fiber mimic constructs can be 

printed at the same time in a single support bath. e, Individual fibrils in the muscle fiber can be 

seen clearly; f, GCG washed off from the printed muscle fiber before being put in the incubator 

for cell culture in e. 

 

 

 

 

 

 

 

 



  

8 
 

 

Figure S6: CD31 immunostaining of bioprinted muscle fiber mimic scaffold. The figures 

show the areas of possible initiation of neovascularization on account of a stronger CD31 signal 

at different magnifications (a) and (b). 

 

 

 

Figure S7 | Compressive modulus of GCGs. Compressive moduli of GCGs with different 

gelatin: GelMA ratio (gelatin: GelMA = 0:100, 25: 75, and 50:50). 
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Figure S8 | Reconstruction slices of the 3D volumetric rendition of the in vivo explant. 

Numbers on the images depict the slice number of the snapshots reconstructed by SIRT for the 

volume rendition. 

 

 
Supplementary Movies 
 
Movie S1 | Pressure valve gating. Simulation showing controlled dispensation of 7 different 

inks through the printhead. 

 

Movie S2 | Printing in absence of check valves. Ink mixing due to backflow pressure in 

absence of check valves. Scale bar 5 mm. 
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Movie S3 | Printing in presence of check valves and fast switching. Inks can flow 

individually without backflow pressure and hence no intermixing in presence of check valves. 

Check valves in this case were switched at 5Hz. Scale bar 5 mm. 

 

Movie S4 | Choice of bioink mixing. Ink extrusions can be controlled with precision. Shown 

in the video is co-flow of RGB, R, B, G, RB, RG, and BG inks in a sequential manner. (Video 

played at 4X speed) RGB represent inks with red, green, and blue color, respectively. Scale bar 

5 mm. 

 

Movie S5 | Multimaterial bioprinting at high speed. Demonstration of bioprinting with two 

inks where check valves are switched at a frequency of 4Hz. Scale bar 5 mm. 

 

Movie S6 | Simulation of 2 inks mixing and extrusion 

Movie S7 | Simulation of 4 inks mixing and extrusion 

Movie S8 | Simulation of 6 inks mixing and extrusion 

Movie S9 | Simulation of 7 inks mixing for core-shell geometry 

Movie S10 | Simulation of 7 inks mixing for donut shaped geometry 

Movie S11 | Perfusion across a hollow linear vessel 

Movie S12 | Bioprinting of liver construct. (Video played at 8X speed). 

Movie S13 | Bioprinting of a skeletal muscle. (Video played at 8X speed) 

Movie S14 | Volumetric reconstruction of the bioprinted spiral 7 days post implantation 

(Video played at 4X speed) 
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Supplementary Table S1 
 

Comparison of different multimaterial bioprinter speeds from the literature 

Bioprinter 
Feature Mode Maximum 

Speed Authors Reference 

Multimaterial 3D 
bioprinter 

Single nozzle 
multimaterial 10 m/s Kolesky D B 

et al 
1 

Rapid continuous 
multimaterial 

extrusion bioprinting 
  

Multinozzle 
(Co-axial) 

multimaterial 
~ 10mm/s Liu W et al 2 

6 Degree of freedom 
bioprinter with 
pressure pump 

Multinozzle 
(Co-axial) 

multimaterial 
20 mm/s Khan Z et al 3 

3D biofactory Single nozzle 
multimaterial 0.4 mm/s 

Avila-
Ramirez A 

et al 
4 

A hybrid bioprinting 
approach 

for scale-up tissue 
fabrication  

Multi-arm 
hybrid 

bioprinter 
 

14 mm/s Yu Y et al 5 

Intra-volumetric 
multimaterial 

Single nozzle 
multimaterial ~ 25 mm/s 

Hassan S et 
al 

This 
manuscript 
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