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Liposome Physical Sensors Oriented to Label-free Integrated Chip for Early
Diagnosis of Diseases Originated from Amyloid-beta Abnormality

Minoru, Noda
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We have developed a new biosensing system composed of arrayed cell structure for
dielectric dispersion analysis (DDA) of interaction with phospholipid membrane of liposome in order to
enable to use plural different phospholipids as sensing molecule, as similar to cell membrane, and to
measure simultaneously plural different target biomolecules such as proteins with different conditions.
When measuring with normal human serum, we have successfully observed phenomena relating to
fibrillization and/or aggregation of AB (1-40) with interaction of the liposomes by the DDA, also
confirmed by a different sensing of cantilever sensor. Finally, we have detected 1 microM AB 51—40) by
the DDA method, implying that the concentration in Alzheimer disease patient (20-500 nM) could be
measured by an order of improvement.



1. WFZEBHME YD 5
EREEAOOMEFEMEXRICHVER
BERILESR  ERVEBETHEI7ILYN
42— (AD) P R2
W, FIRFICE RO EZEM N R4 mE -
TW5b, T LTS - EREAEZE
AEe L T HWF v T O EEMENH
<M SILTRY , RO/ FILZESH
BiE(ZERGHIBMORMEL NI ICH
BENTWD, KHFEHZEOMSRE TS
ADFRKNBE L EZBND A BEAEOMH
Hicix, BHEEWNSN O KIS T
ELISA(## 52 60 g e R 8 i, A5
R—AT SPR(F[H 77 A& L) N E
ikl lroTREY, BERICmERA
PABBREHKDFTHABAY T —
DEGFNNAAI—Hh—ELTEESHh
TWANEFEMAHTH D, B DAL
RHOCRE RS T2 W TR B IE T A0
RefE], BRIV IEMETH D, RE 1T
7V —ThDOBEENT R EEDOIEER
NPT L) S TR LBID#)
HBZEHICERT LEHEL TLVEL,
FNHETEAFEICKH LT, RBREEN
MRELCEYRY—LNAF oY
[CRIEERIEEVY, FESHEHREY
H) I B EOEXE FHIFEER 3, [FH
oV CTAIMRRELIZCABL (1-42), AB
(1-40) s sk, BfEBESELTLIRRZE
AEL-FR. BENLTESE - BRERIC
XWiET HSMEE (REHRE. FEEE O
FibZEBRHL TBY (p.2,X AB). FX»5
AB DERICHIE L TRILZRGRORE
ARY bIb, KHKEBABARBICELLT
WBZEnnind, cOEEIXZAB BED
I—Hh—¢,RY, F-Kayn, BA—4—
DEBBTHA X2 0n, BREN
DFZEICEND L Z 2515 (Noda et al.,
IEEE Sensors 2009, Micro TAS 2009, #*
WRNEA) (A B LOuNDEEE - Bk
BTN 7/ B CRIFFICHERR) .

2. WHEOHM

ARHIR (AIRE) ETOABEAED
SRR - ME RSS2 . N T
(MREREY R Y —24) ETHELTRAB
BUHE, MEIERETHII AR Y —2k
HOAD BTG R~ H rraEtE %
MEtd 5, WFZEEE I,

1) it HE (BiERERIBE Y.
FEIWMBITELY) 2EEL (BEA
B IR 50-200 nM # ) L. A B HiIE[E]
HH D FEARH) AT VR 2 2R iR RA
35,

2) NAAHN  ABF) I —RERY
RY—LDOBE 2179,

3) Eft1). 2) TREE({ENIZE Y
ZHWT, FEIEEDOT VYA v — R
FMETOTININAI—HABI—Ah

— LGBt HEBSOHEEEIREY . 1tk
DEFE D 5 ERIRE ARG & & i U T
D, D3IODOTHYH., ZhbaEE) L CiE
LORAR

3. WrED ik
1) VARY—2rtH A BBHEBE{D
(1) BEsBREirt

1. By 7R

TR DRI R TH B EEFMELIMNT,
OFEREFE P E D2 % FEAm

QBB KL ARE O (EEFEELEDOE
) mE S ORSESOFESR L T,

o. vr¥xr s ho=7 XM E#
OFo0—JHAEOREKE ) & HEHE
ICEZASME, B8

- To—JRELEIOLXICLIERERE
L DERRE

(2) NAAEH: ABF)ITI—RHA
)Ry — LD
QYA — LM, EE, NWE OB
OISR Td 2 MiFEAE 23 L7z
ISR C DOFFAM

@ FIMEEHEE R TDOA B A U I~ — i
(%)

2) ADBEFMEE KLY —7 v b LT
fE A, GET 2 BRI = R HOAE S

(1) B HE R COmE RS
T
(2) &R,
FARBE DR
I. ADHEEZEIMIKE TOHEIE

. FESA Y 3~ —OFEREEE,
WEF) T A—2 & U E

ADBEMEDOANT, A

VI EDT5ikEzdHE L CTHFEZ D T,

4. WrIERLE

1) URY =2t ABBRHEERBE LD
e (1) BBty :

1. o 7

O BB AN I $ DO 2214 % FF-AM

JE B EF B 2 IS HE T D T2 DI A
B EReEDm ERMETH Y | fERD 201 5
/1-6GHz 2305 4%, 8 15D @ /o e E 23 1T
ZTz, ZORER, ERE—FEEMEATL
TW=EBHNARY MLA, 4ERIETHES
DEFMBRHIVAEE S N=20 TERER<H
WTEL(RER), L LIMESEOLEEIC
2B PERRERE R & ORI 72
DEELWZ & £7- ERREEOBERARS b
NORIRE TR D 2 LY, HET
HDHZEND, PEEMN LD R ZHIET
bW H) A T—HEMTHZ LT LT,

OEEH KDL& T \
HEHE LT S MEBEROEHT — ¥



ZRE L, HEAXT NUVTORIROH
EAEFIE L OGN R, B—E—J ]
RERDFERRITFH LT W=D, &
WEERIE CTHR & & 2720, FEEIZITE &
MEF AR ML NSDHT2D, BE D
AR E & i U CH R ORFE T
HDHZENGMoT, Lo THERNL DF
ERAIE FEEMR T 22 & & LT,

0. to¥%=v 7 buo=7 An_LH
O7n—JHOEOERERESRHEH
ICEZ 53R, 8

- REXFLEERY. - AIERETORME
LRESFEMHOZEY

AP0 70— 70 FRBEIIERKFE )G HE
H &b cRial v, BR D BRI
OREXRIEE OBEEFERIL—E EINE
ENTW5S, T 7Ta—7&BHE L~
DR L TR bW T n— T S REE Y
B3 X E RGNS & D & RHI
FHEESNAH DT, BIEOWEEET S Al
REMERE W E B X DDA, JIERREVE D
IR & RETE R ORI EBAMTE D -0 %
DOEBI/NSWATREE L B D, Lo TEmy
TEfiOA AMEE BIFE L2, ARFZED £ H
25, BIERNRERE L L CHOmAEESIC
THREVVGEBEEZEELTOTEHNLEILLE
EENICBETRELOEZ NS, Tu—7
B O i OF oy TEMITEE L2 &I
L7,

@7 VAL AT A

NA FACFEEWRT OB A S IFATIEICLY
JRERE, #—47 >y Ny OEBESMETO
WE 2 DR X <ATWORFHEHALERIZ4T 5 =
EMRL PERONAAL T T EH LI ST
BB, ARFFETHIZT LALRHIE > A
TOERER L (K1),

. =T
3»0777-115—

CAB
OuM | 20uM | 40uM | 60uM

orec || (1) 2) B3) @
osec | | £8) [ (6) (7) | (8)
rorc | | (9) | (10) | (1) (12)
© @ @© @
®e o -
L S S

K TH2/—)L s

7,

7L (s

s/

M1 i

i

SR T VA TN A AR

w
@

Vi 4 2 —

w
s

r | EBoE0s%EH =

T

5 A
[} 1000 2000 3000 4000 5000 6000 7000
Freauencv [MHz]

2 TULALEALTORERRTE M)

e
=
T

Relative Permittivity [-]

1

~
®

~
=3
T

~
&
T

-
=]

DPPC+CAB

Relative Permittivity [-]
2 ]

@
&

0 1000 2000 3000 4000 5000 6000 7000
Frequency [MHz]

3 [A—#E (DPPCH+CAB) D7 L A kL TD
FHEHART MV (4GHz I FHEERIA D)

FPEERE T N TR LEREIEL-
FER. FoleiekHE S Y E R MR TE
(F2), WITEROERE CAB % DPPC U R
Y — BZHIN U A — e TR L TR IR
HEOFER, FZEAXT a7 (X3),

(2) INAAHH: ABAYIT—KRHA
YRy —LOBE

QUARY— L, BE, WINWE OB
FERHIRE, RIS 2 4 A9 2 EEARE O
—EORFEAT o T2, WO AFTELEN
DPPC # 1T U, BAKHEMN[E L POPC, DSPC,
DMPC, % L CHI/AKMAE72 5 DPPE, DPPG %
BEt LT\ 5, FEARHREICS S FET
BNRIAFHFE L TCalbATa—Liine
Bt Uiz, 23 S8 O IR E RN 2 A28 D
PHES BRSNS, h o TF L=k T &
AWTA B(1-40)DEhREZHIE, 7 L 7=,

06 .
05| ® DPPC i
* [SPC
04}| & POPC E‘ I
0 $ 1
— 03} E
w 02| £ i 1
< =
~ 01k : { ¥
<
Os .
-01 F g
-02 -
5 10 15 20 25
Time [hour]

4 BALHNEEREETO APRHEME - BHEIC L 238
FEFIME AL ORERFREE (AR J2EE © 1uM)

100

In 10-pM AB(1-40) solution
DPPC
80 4

60
DSPC
40 A

20 POPC

0

Resistance change rate, AR/R;; (ppm)

-20

0o 3 6 9 12 15 18 21
Measurement time (h)

5 FABNEERE ETO APRRMEMNE - BRI D v
F LS — Y H T OFRRREREE



ABIEE) =, 42" v—, BRHERTBEIR 2 #8 CTHRAE Rk
EBRIZE > TRAMICE., BEMLEZAEL
BHINZE DRGNS EONRE R T H L5
A, X4 OFESLBEEHT & [RIRRE R O fE 5
NDEEDOH L F L A= HHETHED
Nz, EIMEIERABREOEWASIFERE T
Ny g W

Ot e iiEH A B fRHE - BRI
i
FRROORESER & LT, dEEH e i
P TOA B(1-40)DOFREA HIE, FHM L 7=,
WM AFTEDLE MIUERICFEET 2L E
HOBERAESITA B O X D R RERy 7o # e
BOREIPWNZ E N A LR FIETHE SN
TWD M, AHFZETO T (55 5y T,
B FLAN—F W) THREBRIC, FKER
H TR S RWH D DNFEET 5 6 D DORRE
LI RE o Tz, Lo T FIEPRT
DA BEREAITE » FHELEAARDFETH
RN H S TRERE.

06

T T
B AB 0uM
® AB 1uM
04 A AB8 10uM

Region II

N=5

o
[N

A(Ae)[-]

I
N

-04

0 5 10 15 20 %
Time [hour]

6 b NMiEFTORLDIEER ECTO ARRRMEM

£ - BRI X 2 EERE AL ORRRRRRE

£ 400
— 100 uM AB in serum

wW
(42
o

N W
(S =]
o o

200

—-
(=]
o

(S}
o o

Relative resistance change, AR/R,; (pp!
o
o

n
<)

0 3 6 9 12 15 18 21 24
Time (h)

X7 b hiEFRTORRDLIEERETO ABRRMEMM
F - BEICE D T LA~k ORI

X 4 ORKEE S EFESBEHEE B2 |
M6 DR ARl pM) TILEFER G52 T LA
FED17 h DARE CTHRERAIMEH N3 LT b,
—F. ®T7TDOHTF U A—TIERBAITR S
TRV, il TORIENR LT HHSE
AT = AL OFEIC ST 2 AREERE 2
LD,

2) ADBEMEEZREE—7 v LT

R, BTl 2 BRI SR 7E

I. AWFEEHETIIT b - ESEEKX
FRRETCOMBZERSBTREOHER. = TA
D BEMER R TOHAFEEZEITL., D
HEREENE., FAXREESEEHRE (.
i8E%) CEElT B = Lo o7, BT
VI TR OBIR A Rt L7203, &L TC
DA BRENRHTHDHT2D, FIHIFER L
LC2, SEEANET L LELE, (£
D, BRFETRKOF ) I~ —Hli 21T
5 AIREMEA)

0. ABAHAY I~ —HlED:HEI L
TG IR 2 VD FRE L R, AB A
UV I~ —% AL ERT D HMTRH Y |
AHFFEHART 2 D OfkfE & 72 503, RIKFETH
JOR—BECEEREZRAIELEA
BRzAETHHEZRE L,

728 1) VARV —2AtEHA BB EREl
DOWFgEE LT (3) bRt Y - <
ArvRu A —4% ZFHELTWZR, HEE
EiE% AR A — X ERER A Ny 73
EORFLRRE 2 T E T, MR OB
THIEEERS (LD, EFEEE (1),
(2) ZiEH L=,

5. FleRFiHLE
(WFgef . WIge s K OB 728 1
X THR)

(MEssRm S0 (BF 9 )

1. T. Yoshikawa, Z. Zhang, K. Yamashita, M.
Noda, “Biosensing of interaction between
phospholipid membrane of liposome as
model cell membrane and amyloid-beta
protein in human serum by dielectric
dispersion analysis”, Sensors and Actuators
B: Chemical, (% %¢ A ) (2016) in press
doi:10.1016/j.snb.2016.04.185

2. "Real-time characterization of fibrillization
process of amyloid-beta on phospholipid
membrane using a new label-free detection
technique based on a cantilever-based
liposome biosensor", Z. Zhang, M.
Sohgawa, K. Yamashita, M. Noda, Sensors
and Actuators B: Chemical, (£ #¢4) (2016)
in press. doi:10.1016/j.snb.2016.03.025

3. "A  Micromechanical  Cantilever-Based
Liposome Biosensor for Characterization of
Protein-Membrane Interaction”, Z. Zhang,
M. Sohgawa, K. Yamashita, M.
Noda, Electroanalysis, ( #& #t A )28(3)
(2016) 620-625.

4. "Detection of Amyloid Beta Fibril Growth
by Liposome-immobilized Micro-cantilever
with NiCr Thin Film Strain Gauge", M.
Sohgawa, Z. Zhang, T. Akai, K. Takada, K.
Yamashita, M. Noda: IEEE Sensors
Journal, (£ i) 15(12) (2015) 7135-7141.



http://www.sciencedirect.com/science/article/pii/S0925400516307018
http://www.sciencedirect.com/science/article/pii/S0925400516307018
http://www.sciencedirect.com/science/article/pii/S0925400516307018
http://www.sciencedirect.com/science/article/pii/S0925400516307018
http://www.sciencedirect.com/science/article/pii/S0925400516307018
http://dx.doi.org/10.1016/j.snb.2016.04.185
http://dx.doi.org/10.1016/j.snb.2016.03.025

1.

(%) (Gt 18 )

Z. Zhang, Y. Murakami, T. Taniguchi, M.
Sohgawa, K. Yamashita, M.
Noda: "Enhanced sensitivity of

cantilever-based liposome biosensor for
detection of AP aggregation and fibril
growth by incorporating DPPC liposome
with  cholesterol”, Biosensors 2016,
Gothenburg, Sweden, May 25-27 (2016)

R. Imamura, Z. Zhang, T. Yoshikawa, T.
Shimanouchi, N. Murata, K. Yamashita, M.
Fukuzawa, M. Noda: "Discrimination of
target proteins using arrayed fluorescent
liposomes incorporated with cholesterol by
principal component
analysis", B4L-D2, IEEE  Sensors 2015,
Busan, Korea, Nov. 1-4 (2015) 1231-1234.
Z. Zhang, M. Sohgawa, K. Yamashita, M.
Noda: "Detection of amyloid-beta at
different stages of fibrillization using a
cantilever-based liposome
biosensor,M.460g, The 19th International
Conference on Miniaturized Systems for
Chemistry and Life Science (MicroTAS2015),
Gyeongju, Koera, Oct. 24-29 (2015)
1649-1651.

R. Imamura, Z. Zhang, T. Yoshikawa, T.
Shimanouchi, N. Murata, K. Yamashita, M.
Fukuzawa, M. Noda: "A fluorescent arrayed
biosensor using liposome encapsulating
Calcein for discrimination of different target
proteins by principal component analysis",
PS-11-9, The 47th International Conference
on Solid State Devices and Materials
(SSDM2015), Sapporo, Japan, Sep. 27-30
(2015) 390-391.

M. Sohgawa, Z. Zhang, Y. Abe, T. Abe, K.
Yamashita, M. Noda:  "Detection  of
amyloid-beta Proteins during fibrillization
process by liposome-immobilized
microcantilevers in microfluidic channel”,
F-3-3, The 47th International Conference on
Solid State Devices and Materials
(SSDM2015), Sapporo, Japan, Sep. 27-30
(2015) 828-829.

Z. Zhang, M. Sohgawa, K. Yamashita, M.
Noda: "Characterization of Fibrillization
Process of Amyloid-Beta on Lipid
Membrane Utilizing a Cantilever-Based
Liposome Biosensor”, AS02-4, The 29th
European Conference on Sensors and
Transducers (Eurosensors 2015), Freiburg,
Germany, Sep. 6-9 (2015) 41-44 (in
Procedia Engineering, vol. 120).

T. Yoshikawa, Z. Zhang, K. Yamashita, M.
Noda: "Biosensing of Interaction between
Liposome of Model Cell Membrane and
Amyloid-Beta  Protein by  Dielectric
Dispersion  Analysis", MP-A09, The 29th
European Conference on Sensors and
Transducers (Eurosensors 2015), Freiburg,

Germany, Sep. 6-9 (2015) 560-563 (in
Procedia Engineering, vol. 120).

8. R. Imamura, Z. Zhang, T. Yoshikawa, T.
Shimanouchi, N. Murata, K. Yamashita, M.
Fukuzawa, M. Noda: "Target Protein
Discrimination Based on Array Sensor
Using Calcein-Encapsulating  Liposomes
with Cholesterol by Principal Component
Analysis", MP-FO7, The  29th  European
Conference on Sensors and Transducers
(Eurosensors 2015), Freiburg, Germany, Sep.
6-9 (2015) 699-702 (in Procedia Engineering,
vol. 120).

(Z D)
R—BR— A
TURR T2 Ko « KRR TR 2R -
BV AT LT FHEI - B L O
R— b=
http://www. cis. kit. ac. jp/" led/
http://www. es. kit. ac. jp/upload/labs/ele
_device. pdf

6. WA
(DA RFTE
PP 5 (NODA, Minoru

)
SO TRl R - KT L

A
- Bz
eE®ksS: 20294168
(2) WFge oy

BN F#f# (SHIMANOUCHI, Toshinori)

] (LIRS« REFPEsRBEE Bl Pt 9e Rt - HE
=
M7eE%‘ES: 10335383
o B2 (MATSUOKA, Teruyuki)
FAEBFSLER RS - B GR) WFgER (WF%E
Be) - BhE
etdes: 40636544
(I~ (YAMASHITA, Kaoru)

FAD LIRS - BXE T LR - 8=

WgeE®‘E . 40263230
(3) HEHENF I

JEl% KX (UMAKOSHI, Hiroshi)

KR, « FEfE TR ekt - 2d%
WgeE®‘RE . 20311772
A 3 (NARIMOTO Jin)

TR SLIER RS - [B5 GR) WFgER (9%
Be) - GfAH
MoetE®&Zs 30347463



