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In this project, we aimed at establishing the technique for manipulating molecule(s) embedded within
a supported lipid bilayer (SLB) using electric field locally applied to the bilayer. The supported lipid
bilayer at solid-liquid interface maintains the lateral diffusion characteristics, thus can be regarded as a
2-dimensional molecule system for the embedded molecule(s). We reached to the following two
significant achievements. (1) We have successfully formed the gradation of dye-conjugated lipid
molecules within SLB using the solid substrate equipping the buried electrodes. This means that the
force induced by the electric field overcomes the Brownian motion in the bilayer. (2) We have
successfully controlled the self-spreading by switching on and off the voltage supplied to a pair of
electrodes with nanogap distance. This means that the trapping force of molecules by an electric field
at the nanogap position overcomes the energy for driving self-spreading. By using the nanogap as
“molecule gate”, we have achieved the dynamic control of the macroscopic structure of self-spreading
lipid bilayer.

AT ERR
(BHHHAL - 1)
IELPEHE 2 ] & &t
200 84 6, 700, 000 2,010, 000 8,710, 000
200 9FE 2, 300, 000 690, 000 2,990, 000
201 0 2, 300, 000 690, 000 2,990, 000
gl 11, 300, 000 3, 390, 000 14, 690, 000

WHFEoT B« AT IR

BrEOSE - B 7/ c~A 2y w4700 F J)FNRA2R
F—U— R w7 afbFE AT A,

B — /\
BE 5

TR oy EAE



Bz C-19

HEMREMHBEHRRRBREE

1. BFZEBRARY WD 5

NTAREL, JRE S & PRI 2 B
PEGY 23 539 oxtia LI IEE 50 IR
Mg Z b0, KB TiE, NTAEKRES
R HEREREEE b oI (VR Y — A
EHMEND) 23, B OBk Lo TRS
IR S D 2 ERmbi, %< O
ENTW, WRPORY 7 VL3R 5T
REE LT, EARRmEICHRAE L7c N LAREED
HD, TIUE, XU 7 VO & xR
2, FEEEE BTN D, AEREF T,
RRMEIZSFF LI L W ) BT, ZOE%
SRR LRSS, BRI SRR & TRk
THILT, BT A RE@METHI LR
AREL R0 . NA AP E DS
FFEShTnb,

KFEEOERIE 1980 R0 BEEAUIZATHD
No5EH1C, £oFikE LTIX
Langmuir-Blodgett 14 & <o 7 )V GEN T
oz, PRI SCFIBIT, Mk A3
HANITIEE A AR LT REMEDIR T 5 2
EDHERR STV,

1%0@%%# 7o T, AIRENTE L B

HOPRWIIFEE LT, LT O Zfl#HE S h
Tco ONEDIE, NBE D FOIA KT A S
WK 2 AR E ISR E T D & B
JEDE DN B — 8 O D CFFEEA B AR AR AL
WXV SR, BRSNS BRI IR -
TV, BREHEMFEINIBHRORETH
% [J. Rédler et al., Langmuir 11, 4539 (1995)],
O ERREBARE S G E 2 b
PR T, AR TIHERIC SR L NTAR
0D S 7o D DEIHIRRE & RS,

HIOVEDE, RNF—EATHERE TN
DO NVEE AT O L BUKRIE O HISHHE
DI IIND E VI ETH S [J. T. Groves
et al., Science 275, 651 (1997)], ZAUZ LY.
TR éﬂf:i%ﬂ%@ﬁﬂﬂ%ﬁﬁ%ﬁ@d@

ﬁz‘ﬁ‘é ERATREIS 72 o f_ Z OFEHT
(AR %Eﬂbﬂﬁ‘é ks L?‘_éﬂen‘* &
NEE 5 12 TR LT iﬁﬂ%lﬁf(ﬁ@]

52 &”N:EE SN TUVe,
INOOWEESER, AFROREE T

HETS 2 P 7= 2 8 LG 0D F 56 B FE I OB

ZEaBAA LT\ e, $RRRRCIE, B EHC
KR = ER LRI 5%
BEEHSIT, BAKERHOREITTHI L%
B 5 HMZ L7z [K. Furukawa et al., Lab Chip 6,
1001 (2006)], =D & & D/RF — N TEARN T
B HYMEIT/e <, BT K ULEER & o
THEOME LBV ICHBERENET L,
—F5. B—MEr6Rs ) ) EEERT D
FEIZBW T, FmEIZMY, (B 75 100 nm)
N> Th, TOMMNEREIZH > THRET D
Z EEBHBMMZ LTV [K. Furukawa et al.,
Langmuir 23, 367 (2007)], £7=. HREERHS

(X, 10~200nm D F ¢ v FHIEBFEL TH,
REEELZZITDHZ LR FXy v 7%
i L, EAET 5 Z LA 6L T
V72 [Y. Kashimura et al., SSDM 2007, P-11-4
(2007)],

SHICRHEHFFIINODOIAZ S &2, #r

LWEHECTEMET D~A 7 a7 /31 A
ZIEE L, FOEEZIEE L7 [K. Furukawa
et al., Lab Chip 6, 1001 (2006)], Ziuid, AL
EEMSH%% > FOEEHRIZHN T, BRDS)
F& BIOLGETICEE L, hosy 1 LiREG S

. AN BT D R BRI EES <
FAHEAEM & L TEEIIn T 3L X — B )
(FRET) #0, K F——T7 277 ZHIZi
ff L7z FRET #hE & Em<RE LT K
Furukawa et al., 24, 921 (2008)], Z ® AN LAK
Bz WD ~A 7 afiitlgT A AL, B3R
B & B0 1Ok s, JEHCE 70 DIRAIC
ENENFHLTEY, SO0t E
HIAEN LT T A A Th o1z,

N LA OB 72 ME 2 R H 4 5 fthod
Wpl e LT, J/ MEORS T A B 38 R
THXFENICE EN D AE-EEIRE D T
RS 5 HBl4: [Nabika et al., J. Am. Chem.
Soc. 127,16786 (2005)] 2. iﬁﬁW@*@%
DEFEREEIEE S 1 Z MBS L Y 55
9% J7{% [S.Daniel et al., J. Am. Chem. Soc.
129, 8072 (2007)] R d>o 7= ~ALEIFNFR
B ANTAEKED G D5 >OEFHED 5
b, —FOREFHLET AL ATH- T2,
AT X H R, BFIXESIC L DL
., ThHoD,

T ZCARBEMZE TIL, TREE 2R L
7o R D = iht TN 2 E )
TELHD, ZOET RITITH ST
5] ZEWHEBRLE, ZLTC, w4271 F
JREEFRBICE D A TAEEREORKEME %
HEE L, AN ESIC L0 SRR TOIR# %
%Ufﬁﬂ‘?‘é LI R o T, KFHERNOREE DS
Frco T80, ZOGREBEILT-Y
IO ET oD FERVIELEEY T
5. BB EEN OS2 By & 3 DA
FEDPRIZE - T=,

2. WHEOHD

MREOET VMETHDIESK 5 nm
PPN N AN .ﬁii‘?ﬁi CREBICHE S
TAHZEMTE, ?ﬁgﬂf_j{?ﬁﬂﬁﬁ){m%ﬁﬁ72
HEFFL TV D E W) FER ZRFD, ABFFETIL,
BEREZEICFR LI N TAEKREZ 50—
WItHEGE LCRIA L, M2 EhiiT
AN K o TN THEIZE )
9, B EMERIN OB E BN & LT, ﬁﬁ
TORRIE, ~A 7 v « 7/ ERmEIZ
N LA D AL & % 6l L, %*K'ﬂifa
KU ZFENTOYEZ ST 5, 5S7-o0



FEEFBAETAZLIIHA, ZTHITES T,
KFFEN O R E OSPTIZ 51 DI 2 E-
720 FHENZERNT S0 T AR T A
WEHESETH, ZOHBNOEBOZDITIE,
WEFESHEEEIN TR, (711 - F
J REER MmN T D AN T AERBEO AR
REWETAMEND S, AW EEL T, @
REm Lo NTARBEOBINH S 4. F /i
BwhHHELTETMET S Z & B HREFICA
iz,

3. WD Ik

e Z K& < ZD0 b T, FNFnour
FERtHE] « FIEIZOWTH DB, 7ok, #FgE4e
K& T, NTARBIZITEICINERED
L-a-PC Z V>, Z O ZH Y TERSEE CilER
T 5 B FEFEAIRE S T2 B%ESET 5,
FEEIRIZ1Z 100 mM NaCl, 1 mM Tris+HCI
(pH=17.6) W5, ZhoidwfzefizsE o
TN—TTEBEOHLWE « FMTH DN,
WFZEORMIC L > Tl blicZmb b7
VY, B EO R BEERRERR I B W TR E
WANRE S+ EHAWDEN, Hbt CTHENS
BT DOHRZED S LEEHETHIT Y,

(1) #H/Z— 2k D ERBRAOHIE : ~
A7 aRE =N LD NTAEREED | 3R
BAGIAENT 2 E TOEBNRH V. REEREIFIE
TN ZHAT A% L 5, ABFZETI
ELIET /Xy v IEENBRERICE X
LWBERRD LT D, T/ XY TD
fbE, CEREAIRE D TOaFEOT A X, X
FRIRNIEE IO\ T, ZTRENOEEZH S
MZT D, ZHUTA, "Z—rREIZEBT
BHIEE 5 nm O NTAERED B % B thL ik
e Eh LR & AR e BRE 2 B 5 8T
LoD, Tk hFEE LTCET MEEIT I,
(2) AN ESIC X D IEE O HIGE & BRERT SRy
F-ONEEIE - BHEOEMSFEE LT, K
WFFEAE O TH DL = AT EMmE &
N ) X v v TEMRICHOWTLUTONEIC K
5, 1B, TnEnoESEINGE
W LD RN OBIENS Ry IR ET 5
Z L OfERR, B2 B REIX. RpTERET A
W T BEOHER TH D, IR E m
PNE— KD ARERGIE @A L, R
R 7R B o T B ERAf ~ R IR S 5,

() BERG Yy T OPEK . BRERA A REICH
TOHRERAERL L, Z ISR RS
L0 ERIGSE D, BRI E AT U8
BIEES T2 TEFEICEAL, 22 A~ATEY
VEREGS®ED (—IREAEDOIK) KIS, S
SICHURPUAZ WD (CZIREEGDIEA) X
I8 E EATT D, fEE LIS OB & T
BT D,

4. WFIERCR
AWPZERRE O Wz U T, AN TAKEZ

FIH U= B E T E OR824 T H /Bl
LT, EERMRENE SN, FRIMNBES
\Z & 2 RETHI 72 0 FHAEO RN E, ARAFZER
H—p7FETEHRIZTIMIEDT T v b
T —AZ72D H2BHZ LERLTND,
FNE— U HR ETO B RER OB S
ARCHERIE L v 107 L FERE S H R L7
ANLTAEKFE~A 707 LA OER~DHFZE
JEBRIT. AGREO M SIS D IEIA
WIEMZH LN LA TEERH S,
IR, BFROFIERLIZ=2DHIEEN
ZRUZONT, fEHICHREZ IR D,

(1) B AZ =izl 2EBEROHIE : A
WERICL > TFH /) X v v FTEWBENL % 8
W HHEE o TP OBEESIEE S T
DEFNZHOWT, T/ Xy v TRl ER-FED
SNAREESCHEANME & OMBEEZH 5L
7=,
BREMEIN SR R2 = 2T HREIC
BWT, BRERKE X2 —BEL 25| 1Y
MEERA D D Z L 2ERIICHALGNITL
oo T2, BEERENE—OIRYE /01K
Thd I &x, JRTRDBEMEIIC X 2Bl
BICEH->THEIELTZ, ZNHOEIE. Zh
FTHARIGN TV Ao 7= H I BB &
BB G 2 ERICHS NI L ETE
EThD,

(2) FMEESIC X D ILE O HIE & BrER Sy
T ONLEFIE : ARFIEOFOLHREETH Y |
Ho L BRI ATy CTh D, E
FRRRIT 2 b D, O Z AEMmE i 2
7o BRI 2 v, BERINC &L - TENIZ
b Z AT BREEIRE S 1 O RPN 72 R
BEAREZIERT D2 EClsh Lz, ZidE
FrdES . MIGHERE LT b B IRN D5y
TDT T EBNT b7 2 & RNk
T2, @F /) X+ v 7B EZ = BERER
PRV, BEAENMOAF ATk > THIKEE
BADEEIE - BRGGOHIENC R Lz, F/ v
v TR & B E IR A2 2 b ST
o LR ERIC K Y . BER _EEN T
X v FEME 2T T T H AR
HIE N FTREZR Z & ZFERA L7z, Z O,
T X v v T TOENRESRERICE D
JEE 0 OfICER L, F /Xy v 7'M
57— h] L LTHEEL TV L L
7o BREBAOEIL - BRLEOHIENL, EED
F A TR RG L. AFSERRE O HAE
Thd T8R0T HE) HEiNZR¥ET 252
CITEREI LT,

() BEXGSy - DYEK : Ni F L— RO
BEELIEES T & His # Va2 3
B DOMAE DT EEINL, BRERICL -
Thrtat o2 /N7 '8 GFP Zigik+ 52 &



B LT, AFEIE, < D His # 7 % FF
ST H RV BICEAETH LD, 6
BB~ T VT NVOIFICEERERE b
59, BRI OOESTH D,
EARIICER L2 — L5 ERE
B DAL I 2 R LT, A THlaf~
A7 a7 LA OIEREZIT -7, 10um gD
D F7 D N THIEEEZ Sum DA > % —
JL A BT 9 FIBLA L - iE o ERL R Th L
7o ZOFIEIT PERIEIC AR TERBE N 100
BLUEICTEDZ L 2R LT, SHI—H
A TF o2 Ege N TMEET LA 2B
L. ARV R T ED L OBIRFES %2
T A v T ORGEEIT IR ST, £ D
R, KD~ A 7 a7 LA R, & SN
e CARS O FRPIHICHIHTE S Z
L EEIE LT,

5. BB

CHEasam S0 G 11 1)

1. Kazuaki Furukawa, Takashi Aiba, “Highly
Integrative Supported Lipid Bilayer Composition
Microarrays Fabricated by Pattern-guided
Self-spreading” Langmuir (accepted). (&7t 1)

2. Yoshiaki Kashimura, Kazuaki Furukawa,
Keiichi Torimitsu, “Electrostatic Control of Lipid
Bilayer Self-Spreading Using a Nanogap Gate on
a Solid Support”, J. Am. Chem. Soc. 2011, 133,
6118-6121. (&FHHY)

3. Hiroshi Nakashima, Kazuaki Furukawa,
Yoshiaki Kashimura, Koji Sumitomo, Youichi
Shinozaki, Keiichi Torimitsu, “Pattern Formation
and Molecular Transport of Histidine-tagged
GFPs Using Supported Lipid Bilayers”,
Langmuir 2010, 26, 12716-12721. (£ #H9)

4. Kazuaki Furukawa, Yoshiaki Kashimura,
“Self-spreading Lipid Bilayer as Nanofluidic
Medium for Micro- and Nanostructured
Biosurface Fabrication”, Mater. Res. Soc. Symp.
Pmc2m012ymsso3o36£mu )

5. Yoshiaki Kashimura, Kazuaki Furukawa,
Keiichi Torimitsu, “Self-Spreading Supported
Lipid Bilayer Passing through Single Nanogap
Structure: Effect of Position of Dyes in Lipid
Molecules”, Jpn. J. Appl. Phys. 2010, 49,
04DL1S. (#:750)

6. Yoshiaki Kashimura, Joana Durao, Kazuaki
Furukawa, Keiichi Torimitsu, “Self-spreading
Behavior of Supported Lipid Bilayer through
Single Sub-100-nm Gap”, Jpn. J. Appl. Phys.
2008, 47, 3248-3252. (& FiHY)

7. Hiroshi Nakashima, Kazuaki Furukawa,
Yoshiaki Kashimura, Keiichi Torimitsu,
“-Assembly of Gold Nanorods Induced by
Intermolecular Interactions of Surface-Anchored
Lipids”, Langmuir, 2008, 24, 5654-5658. (£ 7t
D)

8. I —WE [ AT AEMRBEEZY D%
WhHSAZaimE T A A H qu@fﬁﬁ%rém
2008. 63, 612-620. (EFidH1)

(FaFER) G211

1. Kazuaki Furukawa, Takashi Aiba, “Controlling
self-spreading of lipid bilayer using surface
pattern and its biosensing application”, 6th
International Conference on Molecular and Bio
Electronics.

2. Yoshiaki Kashimura, Kazuaki Furukawa,
Keiichi Torimitsu, “Electrostatic control of lipid
bilayer self-spreading using nanogap gate”, 5th
International Meeting on Molecular Electronics.

3. Yoshiaki Kashimura, Kazuaki Furukawa,
Keiichi Torimitsu, “Control of Supported Lipid
Bilayer Self-Spreading through Nanogap by
Local Electric Field” SSDM 2010.

4. Kazuaki Furukawa, “Supported Lipid Bilayer
Microarray Fabricated by Self-spreading
Technique”, Gordon Research Conference,
Biointerface Science.

5. Kazuaki Furukawa, Yoshiaki Kashimura,
“Self-spreading Lipid Bilayer as Nanofluidic
Medium for Micro- and Nanostructured
Biosurface Fabrication”, MRS 2009 Fall
Meeting.

6. Kazuaki Furukawa, “Supported Lipid Bilayer
Formation at Interface”, 3rd International
Symposium on Nanomedicine (invited).

7. Hiroshi Nakashima, Kazuaki Furukawa,
Keiichi Torimitsu, “Direct Observation of
Self-Spreading Lipid Bilayer by AFM”, The 17th
International Colloquium on Scanning Probe
Microscopy.

8. Yoshiaki Kashimura, Kazuaki Furukawa,
Keiichi Torimitsu, “Effect of Nanogap Structure
on Dynamics of Supported Lipid Bilayer”,
SSDM 2009.

() Gt 3 4)

1. Kazuaki Furukawa




Supported Lipid Bilayer Formation Using
Self-spreading Phenomenon

In “Handbook of Biofunctional Surfaces”, Pan
Stanford Publishing (Singapore).

(Z D)
R—bt—
http://www.brl.ntt.co.jp/J/index.html

6. WFITHLR
(OIFZEfRFRE
)l —MBE (FURUKAWA KAZUAKI)
AAREBEEMRFASIAENT TR
WERFZERT « TAERFSEE
MeE®&S: 40393748

QT
Bkt 5% (KASHIMURA YOSHIAKI)
HABEEMHERXSHENT TYMHERF I
ERFZERT - WFIE AT
g7 :90393751



