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High speed introduction of a liposome into the planar lipid bilayer using dielectrophoretic force
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This paper proposed a technique to introduce the membrane protein into the lab-on-chip analysis system having a planar
lipid bilayer. The proposed technique utilized a dielectrophoretic force generated by the asymmetric configuration of
the solid electrodes on the aqueous buffer separator. By applying the alternating current to the separator and the counter
electrode, we manipulated liposomes that could host the membrane proteins on the surface. The key point for the
dielectrophoretic manipulation on this system was to fabricate the liposome making the different complex permittivity.
In this study, we utilized the centrifugal encapsulation technique with the polyethylene beads and the sucrose inside the
liposome. In addition, we analyzed an effective configuration of the droplet separator having the taper-edge on the
contour of the micropore. This configuration made a strong interpenetrating dielectrophoretic force at the lipid bilayer,
and prompted the fusion of liposome into the lipid bilayer. The separator was fabricated by micromachining technique.
Using the separator, we formed the lipid bilayer without evading the solid electrode on the surface. Finally, we
elucidated the introduction of the liposome by monitoring with the optical microscopy.
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Fig. 1 (a) Overview of the membrane protein analysis

and (b) conceptual of the membrane protein
introduction using dielectrophoresis.
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Fig. 2 Overview and results of the liposome formation
using a centrifugal device.
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Fig. 3 Fabrication process of the separator
using micromachining technique.
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Fig. 4 (a) Experimental device configuration, (b) the
composition of the electrode for DEP and (¢) the result
of the liposome introduction into the lipid bilayer.

AR, ERRO—RNIRT T v b7+ — SR
T, HhEKE R AR T oG Ao L — 2 & FHEKE)

NEZTHES R EAOHIRTH D VKR Y — LD,

FERIBH A 22, BADEIEEZIT-7-.

22 FEXBICKZEZVIRVBAFE

FHEKENC & > TRT OB EBIET 72011, #BfExt
LOWIRIL, ¥ ﬁ&ﬁﬁé@%%ﬁﬁ%ﬁﬁéz%#%é Vi
VAT LTIE, L OBA, XTI B RY —ANEMETR
ZEREIIR OIS — EIIZ AR L7IRIE TG T 5729

VARV —LAOBBEFERETEST HLERSHSD. VRV —A
OBFRFHERIL, BEOLEWEHIKEE O, B L 12X
F—DEL 725, 2T, A TIE, HEFERRLEDOD
12, OO YR Y — AR FEICEL ST, URY —LONE

IEREDOA 7 a—AREENAI®DLHEE, FORA 70
— ZBWIRIZEICRY ZAF L B — X 2N S5 FiE2F
T5, 2L, BOTFa—TWCH I ATy T ) 2HEL, &
DF 2 —TFD NI RE WA L, FEERIZ AT Tk
WA HIADTIETHS. LER-T, T AFY T VICE
2 BIVTZIRARD, AR S NTZ ) R Y — L DONKEIC
w5, 212, R L7z Y R Y — AONFRZEEE & 3 E G
oy MARZEEBR TIE, PIKBODO R 7 B — ZADEITRNRE
Wz, VARY — NI EE B9 5. dOtEGR T, e
L7=ERBORRENRS A5 L EHIT, WKBIZREA LY
A UBFRHCRA D, E—= XD A-T-H D TIE, WNKEDY:
I 2T, 100 nm & 500 nm OEEE— X & MH L7272
@,%%E@ﬁé@ﬁﬁﬁﬁ%?%é.ﬁ@?%kUﬁy~A

SECTIZARWR, BEZF 10 um A—F Th-o7-. FRE
ﬁf% EVKENOIEZ T~ 2 A, Wiy IMHz £ TiX
BOFEKE 2R L, 10MHz THEKENIIMNE S nr-. m%
AT 5 IEOFHEIKENTIER OPERER A D, A%
BRTX o7z,

HEKINNERT HE 5 —DOERIE, LMK LT
5.2 DEBMOWEDORR T 5. AHFIETIE, FHxFrisES %
BT 5720, Rz ok L, BE _EEZ KT 52/ L—

HNMERMT & O REBRT D HEERMA L. Zhicky
ﬁ@% EIKENC LT, URY—L0EE EEZm)->T
BlxFELNDEHICLE. BAAL—XOMEHIEL, 7o i,
BOXZERERL L, BICHEPOBBHRES LTS o]
TR TE ML RDOEY T2, FICAY » M &
7= R OB E A A ik, 2ORY v Mo fte L7z,
TR, EBERRAA LTEDLTC, BRARNEENTDH
LAEERELZ. B —XOERTRIIX 3 D@D Th 5.

FRROMEE AW, FHEKEEHAWZY R Y —LADRE
TEBNIMIT I EADOEIEEREIT o7, EEBRIZ u\f;%&ﬁ%
L, %%@W%l4;r# ERENE LD, VRV —LPIEE
EDHFIET AHEEKIC T Tl & HmELNDL OB b 5. iz
£ 3(c- 1)@%%(%]\?5“71) RNV — A%, K ij%éblz
Mz 6.3 WTENTEY, ZIUIiEko 8 itz irsd s
WMAFELY, FEFICEHETHD.

O
ABFFEDO—HBIE, IST - START, JPMIST1811 DHE, 7¢
HONC, ISPS BHBFE, WFFEIEE) A & — b 3fE IP19K23505 0
XEEZFELOTHS.

B& X
[1] K. Funakoshi, H. Suzuki, S Takeuchi, “Lipid Bilayer Formation by

Contacting Monolayers in a Microfluidic Device for Membrane Protein
Analysis,” Analytical Chemistry, 78, 24, 8169-8174, 2006

[2] T. Osaki, S. Takeuchi, “Dielectrophoresis-based liposome delivery to a
planar lipid membrane for efficient membrane protein reconstitution,”
Proc of IEEE MEMS, 11241147, 2010

[3] M. Morita, H. Onoe, M. Yanagisawa, H. Ito, M. Ichikawa, K. Fujiwara. H
Saito, M. Takinoue "Droplet-Shooting and Size-Filtration (DSSF) Method
for Synthesis of Cell-Sized Liposomes with Controlled Lipid
Compositions,” ChemBioChem, 16, 2029-2035, 2015.

No. 20-2 Proceedings of the 2020 JSME Conference on Robotics and Mechatronics, Kanazawa, Japan, May 27-29, 2020
1A1-N04(2)



