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Supplementary Figures and Figure Captions

Figure S1: Cell electrowriting (CEW) fabrication window. Effect of key hydrogel materials 

properties and CEW processing parameters on the electrified jet formation. Quantitative 

investigation of bioink electrical conductivity and viscosity, as well as dispensing pressure, high 
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voltage and collector velocity on CEW jet formation and fibre morphology and diameter can 

be found in Figures 2 and 3. 

Figure S2: Representative microscopy images of curved CEW fibers of gelNOR (top) and 

silk (bottom). Curved fibers could be produced with an interfiber spacing of A-C) 1000 µm 

and B-D) 200 µm. Scale bar = 1000 µm
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Figure S3: FTIR analysis of hydrogels formed from the (A) gelNOR and (B) Silk-based CEW 

bioinks before and after incubation in PBS for 0, 24 and 72 hours. The amide I band and the 

major ether bond stretching band are highlighted in blue and green, respectively. The ratio 

between the area under the asymmetric C-O-C stretching peak and the amide I band shows (C) 

presence of PEO within the gelNOR mixture, and (D) release of PEO after 1-day of incubation 

in PBS for the silk-based bioinks.  
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Figure S4: Representative fluorescence images of cells on gelNOR based cell-laden scaffolds 

obtained by conventional extrusion bioprinting (left) and CEW (right). 

Figure S5: Comparison of printing accuracy of gelNOR scaffolds produced by extrusion 

bioprinting and cell electrowriting. Accuracy was determined using a relative value, Acc pore, 

obtained by the ratio between the design and fabricated pore area. In the case of no deviation 

between printed and designed pore areas, Acc pore = 1.  
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Figure S6: A) Schematic illustration of the custom-made CEW setup. The system comprises a 

XYZ computer controlled stage (1-4), a grounded aluminium collector plate (4-6), a printhead 

module for photo-crosslinkable inks (7) composed of a localized lighting source (8), a 

temperature controlled chamber (9) and a high precision air-pressure (10).  B)  Physics of CEW 

process. Governing mechanisms of hydrogel jet formation and collection during CEW are 

divided in two main steps, A) jet formation and B) jet collection and solidification. Jet formation 

starts by extruding a volume of a viscous hydrogel (VM) that is then stretched by an applied 

electrical field (E) created between the dispensing nozzle (dn) and collecting plate. VM is 
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dependent on extrusion pressure (p), hydrogel temperature (T), viscosity (µ) and electrical 

conductivity (ρ); while electrical field is a function of the collecting distance (dc) and 

acceleration voltage (U). After jet formation, the hydrogel material solidifies by exposure to 

visible light (Qv) and straight hydrogel fibres are collected when the speed of the jet (vf) equals 

the speed of the collector plate (vtc). 
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Supplementary Tables and Table Captions

Table S1: Summary of electrohydrodynamic techniques using polymer and hydrogel solutions. 

Electrohydrodynamic technique characteristics Material system Cell characteristics Mechanical properties

System Fiber size (µm) Shape control Composition Cell encapsulation Cell type Viability (%) Young modulus (MPa)

Ref

SE 35 - 45 No Polyvinyl alcohol Yes hMSCs 1.3- fold cell increase over 

28d (proliferation only)

NE 1

SE 10 - 30 No poly(dimethylsiloxane) Yes Astrocytes 67.7 NE 2

SE 0.3 – 0.5 No Alginate w/ Polyethylene Oxide Yes HUVECs 90 0.004 3

SE 10 No Alginate w/ Polyethylene Oxide Yes MSCs 60-80 0.07 4

SE NE No Matrigel Yes Cardiomyocytes 80 NE 5

SE NE No Matrigel Yes Mouse 

Neuroblastoma

80 NE 6

SE 0.8-5 No Silkworm NE NE NE 750 7

SE 1.2-2.4 No Silkworm w/ Polyethylene Oxide No iPSC-MSCs NE 24-1864 8

SE 70-100 Limited Alginate w/ Polyethylene Oxide Yes Myoblasts 90 5 9

JW 120 Yes poly(ethylene glycol) and 

poly(acrylic acid)

NE NE NE NE 10

JW 6-50 Yes poly(lactic-co-glycolic acid) No hMSCs NE NE 11

LEP 1-3 Limited Polyethylene Oxide Yes Bacteria NE NE 12

LEP 2-4 Limited Gelatin NE NE NE NE 13
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LEP 1-10 Yes Gelatin No Glioma cells NE 20 14

NES 82.4 Yes Alginate Yes HUVECs 95 NE 15

MEW 45 Yes poly(2-ethyl-2-oxazine) No Fibroblasts 86 0.14 -0.20 16

MEW 73.9 Yes Ureido-pyrimidinone-

poly(ethylene glycol)

No No No No 17

CEW 3-6 Yes Gelatin Yes MSCs 75 0.002 PW

CEW 40-45 Yes Silk fibroin Yes MCSs 70 0.16 PW

Abbreviations: SE, solution electrospinning; JW, 3D jet writing; LEP, ultralow voltage continuous electrospinning patterning; NES, near field 

electrospinning; MEW, melt electrowriting; CEW, cell electrowriting; hMSCs, Human mesenchymal stem cells; iPSCs-MSCs, Human-induced 

pluripotent stem cell - mesenchymal stem cells; HUVECs, Human umbilical vein endothelial cells; NE, not evaluated; PW, present work
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