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Abstract — In the present study, we performed electroporation to deliver protein into microalgae using previously
developed digital electroporation system. Green fluorescence protein was successfully delivered into a live microalgae
cell nucleus without cell wall removal. By investigating the effects of applied voltage on the protein delivery efficiency,
optimal electroporation electric field condition was found (960 V/cm). We also investigated the delivery of Yo-Pro-1 into
cell to examine the size effects of delivered materials and found that there is little size effects on the optimal condition.
Finally, the implications of the present results and future work are discussed.
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Fig. 1. (a) PDMA chip fabrication procedures. (b) Schematic of the
digital microfluidic electroporation system and circuit con-
nections.
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Fig. 2. Confocal microscope images of Yo-Pro-1 delivery into Chlam-
ydomonas reinhardtii (cc-125).The applied voltage was 96 V.
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Fig. 3. Yo-Pro-1 delivery efficiency and cell viability depending on
applied voltages. C-EP represents the natural uptake of Yo-Pro-
1 into cells and C-DNA represents the autofluorescence due
to the damage from electroporation.
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Fig. 4. Confocal microscope images of GFP delivery into Chlam-
ydomonas reinhardtii (cc-125). The applied voltage was 96 V.
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Fig. 5. GFP delivery efficiency and cell viability depending on applied
voltages. C-EP represents the natural uptake of GFP into cells
and C-DNA represents the autofluorescence due to the dam-
age from electroporation.
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