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Development of the electrofusion device for in situ analysis of biogenic vesicles
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Fig. 1 Schematic of the W/O emulsion transfer method. (b) Bright field
image of liposomes. (c-d) Fluorescence image of inner solution and
membrane obtained by a laser scanning confocal microscope.

(Scale: 20 pm)
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Fig. 2 Microscopic images (a) before and (b) after extrusion. (Scale: 20 um)
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Fig. 3 Schematic of the electrofusion process.
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Fig. 4 Schematic of the detection system of the liposome fusion.
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Fig. 5 Schematic of Device concept. (a) Overview, (b) Closeup view of
microchambers connected with trench structures.
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Fig. 6 Numerical simulation results of the electric field. (a) No trench, (b-d)
With trench ((b) W = 3/20D, (c) W = 1/4D, (d) W = 2/5D).
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Fig. 7 Device fabrication process. (a) Cross-sectional view. A Photoresist
patterning. B Si etching. C Pressing to PDMS layer. D Photoresist patterning.
E Si etching. (b) Bird’s-eye view.

Fig. 8 (a) Overview of the fabricated device. (b) SEM image of the Si
electrode and microchambers with connecting trenches.
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Fig. 9 Design parameters of microchambers. (a) Separated chambers.
(b) Chambers connected by trenches.
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Fig. 10 Fusion of GUVs. (a) Inner marker (cascade blue) of GUVs
containing calcein-Co?*. (b) Inner marker (rhodamine) of GUVs containing
EDTA. (c) Calcein fluorescence. Upper and lower images show GUVs
before and after the electrofusion signal, respectively. (Scale: 20 pm) (d)
Fusion yield.
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Fig. 11 (a) Schematic of the microfluidic device for electrofusion of GUV
and LUV. (b) Design of the microchambers connected with a trench. (c)
Microscopic images of microchambers with different trench widths.
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Fig. 12 Fusion of GUVs and LUVSs. (a) Inner marker (TA647) of GUVs
containing calcein-Co?*. (b) Inner marker (rhodamine) of LUV containing
EDTA. (c) Calcein fluorescence. Upper and lower images show GUVs
before and after the electrofusion signal, respectively. (Scale : 20 pm)
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Fig. 13 (a) Fusion yield and (b) burst ratio of GUV-LUV fusion experiment
for various pulse amplitudes and trench width.

7. #®5
AWFETIE, ~A 7 v F v \— L EiRE AT 5/ MaOESREE
T AEBFEL, EOMEREAFHE L. MEIERCIE, /Max~
A7aF ¥ N T TTHILET, mﬂé\%@mgaﬂﬂﬁﬁﬁﬁ
ERDBIEBR LT, ZOLE, Ty i\ —EHET DI EER
z <‘:75>7ﬁ*ﬂf&> D, EIEZ AT 5 Z & TELITE ARG %n
Z L EIRLTL AR, A A — = O ~DISAE BiEL,
GUV LRI Ma L Oilve 23855,

S5 30

(1) Akbarzadeh A., Rezaei-Sadabady R., Davaran S., Joo S. W., Zarghami
N., Hanifehpour Y., Samiei M., Kouhi M., and Nejati-Koshki K
Liposome: classification, preparation, and applications, Nanoscale
Research Letters, 8-102 (2013).

(2) Tsugane M., and Suzuki H., Sizing of giant unilamellar vesicles using
a metal mesh with a high opening ratio, Scientific Reports, 9214-8
(2018).

(3) Shinohara K., Okita T., Tsugane M., Kondo T., and Suzuki H., Sizing
of giant unilamellar vesicles using a metal mesh with a high opening
ratio, Chemistry and Physics of Lipids, 2021.

(4) Pohl H. A, Pollock K., and Crane J. S., Dielectrophoretic force: A
comparison of theory and experiment, Journal of Biological Physics, 6
(1978), pp.133-160.

(5) Sunami T., Shimada K., Tsuji G., and Fujii S., Flow Cytometric
Analysis To Evaluate Morphological Changes in Giant Liposomes As
Observed in Electrofusion Experiments, Langmuir, 34 (2018),
pp.88—96.



