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Supplementary Figure 1. Iontophoresis consists of the electrophoretic motion of the charged
molecules themselves as well as the electroosmotic flow (EOF) generated by the fixed charges. (a)
Electrophoresis of the positively charged, neutral and negatively charged molecules (green) without
EOF. (b, ¢) The net motion of the molecules with the EOF generated by the preferential movement of
mobile cations, where the smaller (b) and larger (¢) amount of negative charges are fixed (gray).
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Supplementary Figure 3. The measurement of the compression fracture force of a porous needle.

A metal jig was pushed from above onto the tip of a microneedle at a rate of 4 mm/min. The force on

the metal jig and displacement were simultaneously recorded by a force gauge, and fracture force was
defined as the maximum force before the sharp drop of force. A fracture force of 2.5 N £ 0.26 (N=3
independent experiments; mean £+ SD) was obtained.
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Supplementary Figure 4. Biocompatibility of the PAMPS-modified PGMA PMN. (a) Illustration
showing normal human dermal fibroblasts (NHDF) with a density of 4.71 x lO4 cells /cm2 seeded to
a 12-well dish, and cultured for 3 days in two DMEM medias. (b) The Live/Dead staining of the cells
cultured with the DMEM medium without presoaking PMN. (c) The Live/Dead staining of the cells
cultured with the DMEM medium prepared by presoaking PMN for 24 hours. (d) Cell viability derived
using ImagelJ for the cases with (+) and without (-) the presoaking of the PMN (N = 3 independent
experiments; mean + SD).
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Supplementary Figure 5. The accumulated amount of water transported at 1 mA / cm? through the
PAMPS-filled PMN prepared from 1.5 M AMPS (red), the naked PMN (black) and the PAPTAC-
filled PMN prepared from 1.5 M (3-acrylamidopropyl) trimethylammonium chloride (APTAC)
(blue). pH7 Mcllvaine buffer was used. Error bars indicate standard error of mean (N = 3 independent
samples; mean = SD). The preliminary result obtained by the modification of PAPTAC showed the
water flow of opposite direction. The flow rate, which was slower than the case of PAMPS, will be

improved by optimization of the polymerization condition of PAPTAC.
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Supplementary Figure 6. The pictures of a piece of pig abdominal skin used for experiments.
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Supplementary Figure 7. The chemical structure of FITC-dextran molecule with the protonation

/ deprotonation on the FITC moiety at different pH.
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Supplementary Figure 8. (a) The time-course of the accumulated amount of FITC-dextran transported
to the receiver chamber through the naked PMN (black) and the PAMPS-modified PMN at pH 6 (red)
and pH 7 (blue) during application of 3 mA/cm? (N = 3 independent experiments; mean =+ SD). (b) The

calibration curves used for the calculation of the amount of FITC-dextran in the receiver chamber from

the fluorescent intensity at 520 nm.
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Supplementary Figure 9. The catalytic activity of the glucose oxidase (100 mg/mL Gox, 150
kDa, Toyobo) before (black) and after (red) the application of electroosmotic flow at 0.5 mA/cm?
for 42 hours. The catalytic activity was measured by using an absorptiometer (SEC 2020, ALS)
and a GOx activity assay kit (MAKO097, Sigma Aldrich).
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Supplementary Figure 10. The trans-skin resistance measured under varying

insertion pressure (1.0 ~ 2.0 N) applied to the PMN on human arm skin.
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Supplementary Figure 11. The dimensions of the side-by-side Franz cells with a
horizontal capillary, manufactured for evaluation of water flow during DC current

application.
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Supplementary Figure 12. The illustrated structure and a photograph of the Frantz cell used
for evaluation of molecular transport through skins and PMNs. The parts of the cell were
handmade with acrylic plates and silicone sheets. The electrodes for current application were
the carbon fabrics (CFs) covered by the cellulose semipermeable membranes to prevent the

effects of electrolysis.
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Supplementary Figure 13. The calibration curve used for calculation of the extracted
glucose, which was prepared by experiments according to the protocol of the
commercialized enzyme colorimetric assay kit (GAGO20, Sigma Aldrich).
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