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Fig. S1: Influence of the gap distance between the cell membrane and the porous substrate on relative
electroporated area for different substrate voltages, Ususs. (a) Results for substrates with 0.4 um pores. (b)
Results for substrates with 1.0 um pores. All calculations are for a cell with dimensions 40 pm x 15 um.
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Fig. S2: Comparison between eGFP expression in CHO (a) and H9C2 (b) cell lines when 500 ug/ml plasmid is
dissolved in LCIS or PBS. Percentage of eGFP positive cells is shown as mean * s.d. of 2—4 experiments. For H9C2
cells the expression is better when plasmid is dissolved in PBS compared to LCIS; possibly the presence of Ca?*
in LCIS is problematic for H9C2 which are myoblasts derived from cardiomyocytes. For CHO the expression when
plasmid is dissolved in LCIS and PBS depends on the number of pulses applied, possibly due to some
overexpression toxicity. Statistical analysis based on Two Way ANOVA (solution type and pulse number as
factors) with Holm-Sidak method for pairwise multiple comparison indicated no significant difference between
LCIS and PBS for CHO cells, whereas this difference was significant for H9C2 cells (unadjusted P = 0.015).
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Fig. S3: Electric pulses with duration of 10 ms applied with the B10 electroporator. Us.: is the voltage that was
preset.
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Fig. S4: Linear relationship between MTS absorbance and the number of CHO cells. Different numbers of cells
were plated into inserts and the MTS assay was performed the next day after the cells have attached and spread
over the surface. (a) Relationship between the measured absorbance of the MTS assay and the number of plated
cells. Data points are from two independent experiments. The data shows that the relationship is linear up to
~80000 plated cells. Note that the number of plated cells in these measurements cannot be compared directly
to the number of plated cells in cell viability experiments presented in the paper, since the cells for viability tests
were grown for 3 days in total in the inserts. Since cell growth rate depends on the number of plated cells, we
allowed the cells to grow for one day only when checking the linearity of the MTS assay. What we can compare
with viability tests is the confluency of the cell monolayer. (b) Cell confluency corresponding to the data points
indicated in the graph. (c) Maximum cell confluency when performing cell viability tests. This confluency was
always well within the linear regime of the MTS assay. Images in (b) and (c) were captured at 10x objective
magnification using inverted microscope EVOS XL Core Imaging System (ThermoFischer Scientific).
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Parameter Substrate pore size

0.4 pm 1.0 um
Conductance of the model without a cell Giodel-cell 8.3 mS 35mS
Conductance of the model with a cell Grnodel+cell 8.7mS 44 mS
Model area Anodel 3200 ym?
Substrate area Agubs 32 mm?
Substrate resistance of without cell R = (Gpodel-celiAsubs/ Amodel) ™! 115Q 230
Substrate resistance of with cell R = (Gnoder+ceirAsubs/Amoder) ™! 121 Q 290

Fig. S5: Numerical results showing how the presence of cells influences the electrical resistance of the porous
substrate. (a) Typical density of cells growing on a substrate, which was used for electroporation. This density
allowed sufficient space for cells to divide and grow before analyzing the samples the next day, keeping the cells
in exponential growth phase. The image shows CHO cells with 10x objective magnification. (b) Geometry of the
model of the substrate with and without a cell on top of it. (c) Calculation of the substrate resistance for a model
with and without a cell. The values in the first three columns are based on numerical calculations, similar to
those in Fig. 2, but at conditions which do not lead to cell membrane electroporation. The difference in
resistance with and without a cell is 6 Q2, which is a minor fraction of the resistance of the entire insert system
(>90 Q).
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Fig. S6: Influence of the top electrode position on the substrate voltage, Ususs. (a) Results for 0.4 um substrate
pores. (b) Results for 1.0 um substrate pores. In each panel the first row shows the electric potential distribution
when the top electrode is positioned at 1 mm, 2 mm, and 3 mm from the substrate. The second row shows the
corresponding distribution of Ususs. Note that the max value on the colorbar is different from Fig. 3. The graphs
show the average, minimum, and maximum Ususs depending on the top electrode distance, expressed at the
fraction of the applied voltage, Uqpp. The y-axis is scaled to 2x Ususs value when the top electrode is positioned
2 mm above the substrate. Note that in relative terms, variations in top electrode positions have considerably
greater influence on Ususs when using 1.0 um substrate pores.
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(b) BLIELLE) Symbol  Value

button

precision timer NA555 IC

relay G5V-2-H1 K

Zener diode D 3V

resistor R1 10 kQ

resistor R2 1.3 MQ

resistor R3 1kQ

capacitor C 10 nF
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Figure S7. Simple electrical circuit powered by 9 V batteries for generating the pulses. (a) Electrical scheme. (b)
List of elements. (c) Picture of the electrical circuit assembled on protoboard. (d) Time course of two
independently generated pulses, overlayed. The pulses are reproducible and resemble those generated with
B10 electroporator (Suppl. Fig. S3). As proof of concept, we transfected CHO and H9C2 cells using 500 pug/ml
concentration with this electrical circuit and obtained 32% and 17% transfected cells, respectively (n = 1), which
is similar to the transfection efficiency obtained with B10 electroporator (Fig. 7).
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