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Supplemental Figure S1 on the pulse condition optimization for nsEP treatment on CT 26 cells 
and K562 cells. 

Supplemental Figure S2 on comparison of transfection performance of “nsEP+msEP” 
electroporation treatment with various cell number or concentration in a 100 L electroporation 
solution. 

Supplemental Figure S3 on comparison of transfection performance of “nsEP+msEP” 
electroporation treatment with other standard transfection methods. 

Supplemental movies on gas bubble formation and evolution dynamics in microfluidic nsEP 
treatment of a K562 cell solution at various flow rates: (a) 7 ml/hr, (b) 6 ml/hr, (c) 5 ml/hr, (d) 4 
ml/hr, (e) 3 ml/hr, and (e) 0 ml/hr. The scale bars represent 100 µm. (Note: texture shown in the 
channel region of each image comes from winkles of scotch tape sealing the microfluidic 
channel). 
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Supplemental Figure S1. The pulse condition optimization for nsEP treatment on CT 26 
cells (a-c) and K562 cells (d-f) based on a balance of transfection and cells viability. The 
transfection and cell viability for nsEP with pulses of different electric voltages (0.5-1.4kV) 
under a fixed pulse frequency (100 kHz) and duration (600ns) (a, c), different pulse duration 
(400-800 ns) under a fixed pulse voltage (1.0 kV) and frequency (100 kHz) (b, e), and different 
frequencies (1-400 kHz) under a fixed pulse duration (600ns) and voltage (1.0 kV). 
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Supplemental Figure S2. Cell number effect on transfection performance of “nsEP+msEP” 
electroporation treatment in K562 cells. Transgene expression is presented as GFP positive 
cell number percentage in each cell sample. The volume of the electroporation solution is 100 L 
and the GFP plasmid dosage to cell number ratio is fixed as 10 µg pMaxGFP DNA/106 cells.  
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Supplemental Figure S3. Comparison of transfection performance of “nsEP+msEP” 
electroporation treatment with other standard transfection methods in K562 cells. Standard 
electroporation is the same as the case designated as “msEP alone” in this paper; “polyplex 
(N/P=6.7)” represents polyplex transfection cases with samples prepared by vortex mixing 
polyethylenimine (PEI, branched with MW=25K from Sigma-Aldrich) and pmaxGFP plasmid at 
a N/P ratio of 6.7 (the molar ratio of positively charged amine groups on PEI with negatively 
charged phosphate groups on DNA); “lipo2000 (protocol)” represents lipofecamine 2000 (from 
Life Technologies) transfection cases following the vendor’s protocol (1 µg plasmid, 2 µl 
lipofectamine 2000 for 4 × 104 cells); “lipo2000 (scale-up)” represents lipofectamine 2000 
transfection cases having probe dosage scaled up according to the cell numbers that is used in 
our electroporation treatment (25 µg plasmid, 50 µl lipofectamine 2000 for 1 × 106 cells). The 
transfection is shown as mean fluorescence intensity measurement by flow cytometry (columns 
on the right-side group) and the cell viability is quantified via MTS assay (columns on the left-
side group), with three independent experiments.  
 

 


