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Fabrication and characterization of plasma-polymerized film/biomolecule interface
and its application for biosensors
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We focus on bionanointerface composed by plasma-polymerized organic thin film and
protein molecule as a target of bionanointerface research. The purpose is the structural analysis of ten
nanometer thick bionanointerface composed by plasma-polymerized film and biomolecule and the
investigation of the relationship between its structure and material/device characteristics, then,
orientate boosting the ability and expressing the new functionalitﬁ. This bionanointerface is importantly
positioned at biomaterials and biosensors supporting medicine. We have achieved the following two
matters. (1% The hi?hly sensitive biosensor with electronically-type sorted single-walled carbon
nanotube, plasma-polymerized film, and biomolecule is presented. (2) Patterning of endothelial cells and
hepatic stellate cells by two step plasma polymerization processes is presented.



1. FFFEBHAAE Y WD &

SN - Bl - B L OERSTR
ZDOMOERES FI1X, RERNIE B EZ R
ez, Y7 hvZ—LtshRanhd, bV
7 M~ Z—NRT 2 SRR S D ORI
WK > THEESHERRELS BT DY 7 Mg
Rtk & FEo, Z ORI &2 A AT R
EEERT D, NA AT REITEESA R
FEPNET D 3WITHINC IR T D & 2 B Sk
Tho>T, TOMWEITHZRD 2RcHE E b
N7 LRI EWRRE DSR2 DR
W7o TWD, L, XA T U T AN
AT PIZBWNTAAL FF 7 o EEER
IR BEENTWHB DD, HRESF. &5
TEME., A AR, KT ENEHEICE
T D0, KA OBENEZ S FET Do

T RAvEAEBRIL, B/ v —F5lsE, &
B BUG & A CAT R IR A B R
ICHEFE S ETb D Th D, 7T A HICiT%HE
HOTEMNERE (F v, A 4272 8) BIFTEL,
HAGBE TR X —RETHEITT 5, 77
A< BABEIL, £/ v —ORRSCEEFMFOK
EILLD, BAEREOHIEIC X - T, #ELR
T AEE DR WRIGED 7O K9 e E
T, Bix R A2 OBERHRE ST 5,

2. WREOHBY

A FF ) SO TR G & LT AR
TIX ST AEEAWENRE 2 T E %
BIRL | WHOEGERID 72 D31 AF 7 Ll
ERZzbThH AR T 77 A~EAREOES
bl b 8T /) A— b MvEaos4 ) /5
[ O RSN & 2 D~T VTV TR, A
e & OBIRZ G~ MRRRM B L OETHERE R B
EHWET D, O AT REL, ERE X
ZANAF=T U TR, T PITBNT
HEREH 2R,

3. WFED Ik

FFEFHENIR O 2 JICHEEAE K-> TEITT %,
M 1. BRI S RIE T —R T
Fa—T, TITATEBE, ARG FN625,
I A A T o fER

M2 . 7T A~ EEMRO =kt / fErE &R
L7cAfa N~y —=2 7

4. WFFERR

2 ROMBITH LTKRD LS R &5,
ARE 1

OFaBEx  W—AKRoF /) Fa—T1F. 7777
A DY — P EIDTRROMETH Y | € DFr
PEZFIH LI ERULF AL A Iz oW Tl
HENTWD, 2L DI—RrF ) F2—T1%,
ARENTELOEZOEEFHASNDLZ NS
<, ZOWEE, BLOELOIRET D REICIT
SRRMEDNTEET D, BIZIE, T X TOARE/R HiE
=R F ) Fa—T(SWNT)D =47 D —h 4
JBHFEZ R UL FR D O =00 O BRI AR
T ENMBENTVWS, Hersem HIZ L - T,
JE NFLERE D BRI X0 | AR AR & B Ry
PEZF5D SWNT O3 #A Sz, 4RO
TR BES NI BIED SWNT & -5k
® SWNT % FIH Liz, ~A A& REQHIME
BICE 0B ORMENELT D 2 L BRI
BaHEL R ONERRER O SWNT L0 5 L7
SWNT ZHWb R Wkt aE6n5
R L TR EIT o (K1),

OEBRITIE 77 AFERL, WERbkFEAK, 7
=T K, KD 1:1:8 DIRAWRF T 20 /MR A
Vo7 S8lob, KTEBEF Lo, 20K
2% R—<A27 % LT, 3nm JED 7 0 LD
%M. 150 nm D@L ANy Z ) 7 TR L
7o, BMRmAEIX, 5X5mm2 ThdH, H—T & b
= hINT T XvEARAY 3nm R LTz, 7
=P UNANT T ADRRMEE, B 200 W, £
771 0.6 Pa, Thd, 7TE=FI LT TAvHEA
i, BUKMEZ R L, REIZIET I A2 ok



BRI DD K
V) Fa—7

=S P

ERIEN—R T ol

F o — T B
e
LS

i§f7%5

/

NeXEARME T — AR T
J F 2 — T R ER

BE CPEER

K1 EREN SRS N EEREE Y
DOYERL T 1 A8 L OV E,

WIS EFEA LTV, 20 BICE& B E 721
EERME SWNT ORI (RE : 0.01 721X
Img/mL) WARKEICH T Lz, WLz, =
FRT T A~ T30 MM EIToTz, ERT T X
~ DEMFIXET 0.6 Pa, BN 30 B TH 5,
WICHER TH D /v a—A4Fx v & —+¥(GOx)
VU CREREENRIZ 100 mg/mL O IR L,
ZDWREE T L, WS Lz, Bfzl, SWNT
LR LICE T E =MV T T XA EHEE
Z3nm KLz, T h=hFI LT T XvD%k
%, #7200 W, J£77 0.6 Pa, TH5H, {FH
L 727 A ZADFFHlilE Bioanalytical System i
# (Model 701A) @ =t v ¥ = — X IR E L
FHELEE Z VT, —EmfllE U T T o 72,
TEREMIIIER U727 A 2 SIGEMICEHR - 5
{LIRBMR, >R ABmE AW, Wik
20mM Y »EEFEER (pHT.4) M L7z, £
=R (200 C) 1T TITH T,

Ot & B2 BRHINEE Z 0Bt L 72\ A REL
» SWNT (ft#ed7z), @@tk SWNT, &

P SWNT 2 Z i L&Dt A 7 U
Y P IRNVBEET T LEFRFER, 7 va—20
TREEIZIS U CEIMED ML Tz, SWNT &
ZRoy 7%y A MECTERTHZDD SNWT
TR DN RA Y SWNT C 1mg/mL & Sy f L 7=
SWNT T 0.0lmg/mL & D% > HIGEITIEIER
CThD, ZHiE, ERAOMEE L HEET 57201
R L7 —7 7 27 %> b SWNT DFEEE(L
ZAEdE L, ¥—72 SWNT @ K S nuligsk & o
BRGNS EH Ll Exond, h—7
77 B NI B RREIC R EBE 5 2T
B INEIZIIA IR THDL Z 2R LTV D,
FRRAFAE T Cik. @M SWNT Z izt o
AR SWNT OZ FUS AR TREWSEE 2R L
7o BEFMMFAE L2 &R SWNT & /-
T UIEEN 5D 1IE T LD,
HEAPE SWNT & V724, ISENIEE A
EE Lol (K1), BRILFA v E—X
VARPENE, CEEEE SWNT % izt
&JEtE SWNT % HW 72 Z U T A v
B —H U R ERT I E RN T, A B
BEOBE T, WiH DO SWNT OFEHE/NL T 4 1
VU—IlTIEREREWVIR N o T, A 7Y
Y P RNZ AR DORIEBITo>Tc, ULEXD,
G e L G ME SWNT OBt o4 Tid, B
VEMERE N B 0 | & JRME T, B bk BRI T
SO, HEAMETIE, EEBE T RERK TH D
EHENT 2,

R 2

OFABE I AEHARMD =Rt F /&%
FIRA LIl % —=> 72O\ fToTe, 77
A~ EAEOERIEIT, B2ET ¥ o\ — D I
MRES METE, ~—% T AL Tz L7z
BICBBEREZMHK LTI A< REBICT D L. %
DFE FHMEICHEPHERET 5, 7T A~ EHEBUT,
F A= bYW A XOFEDOIERINARETH D | 2>
O, RIEHIEHNEL Th 572012, ZOF R A
D UT-H RS —= 0 7 %AT D,



(a) (b)
7T ACEHE iR

© N (d)
77 ANEE Al e A e Ik

Fn -]
—

(®) s

X2 TR XA~EAEFMET DM
Ja B —=2 7, (@) 7T X~EL, (bl
N5 T DIE R, (€)% RU~ A7 &M
THAWNC T 7 A~ EHA, (d)MiaIEEEsEE
DK, @MY —=2 T DT,
OFEBRITIE il Y — = 7 OVERTIE % X 2
(R LT LT O FIECER 2 ERT 5, % 4-1,
F 42 | EROFmMUE 23, HMDS : B
KPEIC LD BSA #:35, AN : 7/ REREED
R, No: 72V HEEDOFA, O BUKMETH D
ANRENVEOEA(T I /7 ELEDHE)TH
%, HMDS, AN, Nz, Oz (IRJE 0.6Pa, &/
50W D ST 10 B L7z, Mifla /7 —=
VI ERMHERBLIZBDIEIAZINVTA AT DT
A OMEEELSFEEL TV, T T AR AR
Ko TrE=TK WBRIEKFEKRDS 8:1:1 D
IRAW T 70°CT 20 LA LE#T 5, F 0k,
TN ETHNT, T AT T T A~ E
BEE W CRIaBaE S Z TR 5, 77 A%k
BIZABNTA R AT D, AXNTA
VA DENSH T AR LIS T A EAM
% IO TR IR A5 SR (BSA 275 180 % TE Ak
TH(TRE 2., 41281 2 M0 Rz fE ik & ik
BRI PR & T 5), AXNTA U~
27 &N, MBOEERIX, KK, =% ) —
BT D, KK, =X —) FKEKOIEE
T, VER L 72 B 2 Vet L a3, BEi L 72 ik

v —LIZBT, UV T2 6h DL EE L, Ik
®W9 %, DMEM, PBS(—)#%/3iEL, MY 7Fv v
L 3TClicimw b, ERT7FA=a/OD
DMEM % W\ VL %, PBS(—) C 3 [EIVEA4 5 (5ml
X3 [\, FY 7 (0.5mDEEAL, A F =
N—ZNIZ 1 ET 5, BAEC 23341 T
WHZ L EMRL, 7T A OMEENNT—7
FTic#E® %, DMEM10mI) % 1 %, SR¥ETE & i
WE BT, =BT 5(800rpm. 5 %)),
BAEC OitEtZ#R L7256, Xy hEHAWT
LELEW NS, DMEM #1%x, K< BNy
T4 TEITH, 7T A2 LEIZOE 5ml, vy
—L 1ic % 2ml 58 7 T 23, HERDOA -
ey — VIR Z RS . A o F a2 X—F A
15 39 %5, 77 A2, v — LA DMEM
ZWNELD, PBS() T2 YRS 5, 77 A
1% 5mlX2 [, ¥ — LT 2mlxX2 [Al, #H-lZ
DMEM %Mz %, 77 A= 1{HIZDX 5ml,
¥— L 1EICO& 2ml, FHFOA o F 2X— b &k
T b, 3. 4HIC1IEZI A3, Yy —LAD
DMEM Z#H LW b D EH W #x 5, T 6.~18.
Z R ZBWTHYIRT Z &I K-> TESMZ
Ml B & N ATHE & 72 B, BAEC X kR 2%
Pc6~Pcl0 Db D &K - 7=, MR EH < Zpo 78
AFT A EIR 2 R L TR 6.8 95, v v —
U (TEREIR I BAEC 8538 7) % 8 o7 AH 2280
W CEET D, N = THERIE T A Vv A
7 (400um, 200pm) TV, /XH —=2 T )R
ki v T id~ R 7 MR & B E LB 21T
Vo N ==V I PHERTER NS DIEA ¥ =
N—Z DEBIZ72 5 D THHFET 2,

OfEREBR A A=V T )TV AR —IC
£V, A7 LU 100um &, 100um EE, B
ZHtnm 07 Yy RRE = EER LT, £ D
Fii bl Z iR L, BEE TR L 72, Hv
7o A NGRS MR X, FBE2F- T, BigT
FFAEST D DT, #5E )) L BRI 3 GG R F —
=V T HEERTDHIENTER (M), Tk



M3 (@)Y oA S & — =
7, (b)7 v MEMaNY—=2 7,
X=X, 100umAHY,

= MINT T AEHEBRER T, ERRFE2%
BRI MRBOBEEEICEAL TN DD T
b5, MENPEMIIL, BADRKE SITITKFL
Ieinolon, BMRIE, BEEA 20nm L ETO
FINB— = TRNTERL S T,

5. ER¥EFKmmLHE
UiEstam 3] (Gt 5 1)
(DH. Muguruma, T. Hoshi, R. Fujita, T. Sumii, S.
Kudo, “Adhesion  and alignment  of
nonparenchymal cells onto a patterned surface
with a two-step plasma polymerization process,”

Plasma Processes and Polymers, 2015, in press.

@ H. Muguruma, T. Hoshino, K. Nowaki,
“Electronically type-sorted carbon

nanotube-based electrochemical biosensors with

glucose oxidase and dehydrogenase,” ACS

Applied Materials and Interfaces, 2015, 7,
584-592.

® T. Hoshino, T. Inoue, H. Muguruma,
“Amperometric biosensor with composites of
carbon nanotube,
hexaamineruthenium(l11)chloride, and

plasma-polymerized film,” IEICE Transaction on
Electronics, 2013, E96-C, 1536-1540.
@T. Hoshino, H. Muguruma, “NADH sensing using

neutral red functionalized carbon

nanotube/plasma-polymerized  film  fomposite
Electrode,” IEICE Transaction on Electronics,
2012, E95-C, 1300-1303.

®T. Hoshino, H. Muguruma, Selective detection of
NADH with neutral red functionalized carbon
nanotube/plasma-polymerized  film
electrode, Electrochemistry, 2012, 80, 85-87.

©A#LE, RIS T AL T4 4
F 7 S OGRS L OANA A oD
JixH. Chemical Sensors, 2012, 28, 62-70.

composite

[FasR] GE13 1)
(DK. Nowaki, Y. Shimizu, T. Hoshino, H. Muguruma,

“Amperometric  biosensor  with  electronic
type-controlled single-walled carbon nanotube,”
8th International Symposium on

Molecular Electronics, 15-16 May, 2014, Tokyo,

Organic

Japan.

@K. Nemoto, T. Naito, K. Nowaki, H. Muguruma,
Amperometric biosensor based on multilayer
containing glucose oxidase, carbon nanotube,
plasma-polymerized film, and electron transfer
mediator,” 8th International Symposium on
Organic Molecular Electronics, 15-16 May, 2014,
Tokyo, Japan.

@H. Muguruma, T. Hoshino, R. Fujita, T. Sumii, S.
Kudo, Patterning of Endothelial Cells and Hepatic
Stellate Cells with Two Step Plasma-polymerized
Processes, 5th International Conference on
Plasma Medicine (ICPMS5), Nara, Japan, 18-23
May 2014.

@Y. Kase, H. Muguruma, Structure observation of
enzyme embedded in plasma-polymerized film
and its biosensor performance,

ISPlasma2014 / IC-PLANTS2014:6th International
Symposium on Advanced Plasma Science and its
Applications for Nitrides and Nanomaterials / 7th

Plasma-Nano

International  Conference on



Technology & Science, Nagoya, Japan 2-6 March
2014

® Y. Kase, H. Muguruma, “An
transfer-mediated amperometric biosensor based

electron

on plasma-polymerized thin film,” Bio4Apps
2013: International Conference on BioSensors,
BioElectronics, BioMedical
BioMEMS/NEMS and Applications 2013 & 5th

Devices,

Sensing Biology Symposium, 29-30 October,
Tokyo, Japan.

®©F i T, BEEN, SNHELE, h—Rrt s
F a2 —7 OEIDENERIL T AL AW
FEMEIC RIFE T2, 2015 FEXRILFEHFEEKR
£ 45 55 [Ebt v AR S, 2015 4F 3 A

D p it -, BEFEEN, NHLGE, BRI Y
sl h—ARrF ) Fa—T7 AR
Y OEIEHEOMEY, 2015 FRFR 62
=i P A B B AR A R 2 . 2015 4F 3 A

@ H A, REFEm, BREES, BT, L
BRLE, TBMET T X~ EAIEE VD M
R L OREMBONY —=2 T
18a-PG5-4, 2014 F4Z4; 61 [nlIS AW E 73
RIS HTHE . 2014 4 3 H

QW Sk Lid, BEEh, SECE B
—RF ) TFa—T L EFREE T E E H
WA Y EEDIRENM L, 17p-B2-12,
2013 FFEAKFER 74 [RS BRI 2
2013 49 H

ADEF M-, RErEt, RNE{E, EXMIHEE O
SEELT =R ) Fa—T e T a—2R

WfbEEZ A DE T oo A MY v B,

17p-B2-13, 2013 ERKFEE 74 Bl AW B F 2
NS, 201349 A

MERE, B, BREh, Sd 8 ER
WERSBES NIz h—R T ) Fa—T LT
v — ZAMiKFERER A DDA Ao
17p-B2(D-14, 2013 FFRKZE 74 IS A ERF
BT, 2013429 H

@B, FAES, S#CE KRET T X

VHEAIC L DA REIROEREEE, 18a-Cl1-2,
2013 4EAKZER 74 RIS B2 FINGR 2
201349 A

@R EN, NEE, ST A~EARE &R
H—RrF ) Fa—TEHNDL T La—AN
A AP, 2012 FEEIEFRBETRS YT
7 1 K&, 201249 A

6. WFZTHLGK
(DF7eERE

AH {2 (MUGURUMA, Hitoshi)
EHTHERY: « L - & LR - Bz
HeE®HFS: 20309719
(B T2y

T 2% (KUDO, Susumu)

JUNKRS: - T GR) WF5EEE - B
eEH: 70306926



