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1. [FCHIC

AR T OWRE A 8 L~V TREMT T 2 — I FIE & L TR ES< DNA v 1 7 1
T UAEDNBRER YR L TWAER, WL ONDORERNARES L NIRY 5o b 5,
Thbb, ()F—7y NOBRNE#RORY A 7 —BHHIR (PCR) (BT X 2 R HEIE %
ITOMERHDLZ L, QA TV v RERLRNSTZH =5y MERBRORUEGEF S LB Th
HZE, QUVAT ARHEEENEMCAKUTHD, RETHD, WBENIREE TN O M
BIVEDS . WFERERPNIC B £ O THRCRERH OB ThbEED 22055 2 &b, B
RS OFRITMEOBETH 5, BUEZ D X 5 R EME o 7 VR 2 KIRIZE W T 224l T
22T N BHSHHEOBENLEEN TV HN, BEMIZZS DT NTH Y, BRSCERE
DBGZBITOEOEWR TOERUITEIL LR LEEZZ DT

HE L ZDRERIRT D720, Ll THAN—2MEPEL BRI FHFIECE S & il
< R ZEE TR IR OB I b > TE /o, ARETIE, ¥—7 v MIBOE#ILE
KO~ =T — DRI EDIEM eI TN AR E 7 (T~ b7 ) — v——7 U —)
HEFEA B A 18 HVE O BRI OW TR T 2, fFE T, Zh b B RO 7o
ZAIZ BT D B OREFHI DWW T HREITT 5,

2. BRILEMFEICEEINIIAL T —EGFRE

2.1 LY REABROEILICKDEEFREEZ(7IO—F1)"Y

RO EM AT LB, BWER LICEESNZT e —7 g T U v NERT 5
&, BMEHOBMNAICEIT D 2FM LT, £o, ATy FHBREOS I N D,
Ny R — AWM R I0_T T NEERE  (peptide nucleic acids, PNA) Z{fH L7z, &%
MEE FIC, VAT A U EEA LT B—7 PNA ZEElL Ter¥ L Lz, BAMTHEE
T pS3BIE T DI A~y FEA 2T H8E 10 X072 —7 PNA 10 5L, ¥—7F
> b DNA ZE7 VR & L CTER L7z, A 7V » RIS EEIR H O BEAL TS
P~ —H—FaA 4 ([Fe(CN)]") OERLIRTTSIGHA K E < Pl 415 2 & 2RI, BT
PR 10°M TRt AlREZR 2 L &2 R Uiz, — 05, —HIEE R (SNPs) 267 5% —% > | DNA
DEGAEITIE, 100 fFLL ERWRETHE IR E LedoTz, S5, BWEHE - Bl L
NAT Y y REEMEEOBIRIZOVWTHRE LIzE 2 A, Fu—78#HEN 15 ik, 20 ik
B RBI2060, TR 10°M, 10°M &L B35 2 L8 0not,

WIZ, ATV RIEEH#% O o REEM OB E S BICHFASELZ LT, RHET



FROM _EASFTRED E D MG Lz, MIEERT CIEEM A AT 2 HEHTF A — L TTORE L
ERiL. ZAUTR DA 7V v RERHT#E CREEMPENHORAICET 2Lz,
— B —IIIBEA A THH[RuNHy) P 2 L7 24, 5.1x10"°M O TR TH —7
RSB ATRETS o 72, A T U v RIBALHT# COREEMOELE L0 R L2 fE R, B
TIRAS 3HTLA B\ B L7z, £72, S A~ v F DNA DA, 10" ML ETHIEEIRITEALE
HEnipnolz, IHIZ, v —7 PNA/Z—75 v s DNA OEEHHEL 10 D 13 1
L, BREAERMEZRELLIZE A, 10°M LU TORSIER 22 B E R G A
R oTc, 2O XD, Z—7 > O T AL ARE 72 @B s TR HEO BRI S LT,

2. 2 SHEMESREMERVVEWLBEFREER (FIO—F2)0

L EEEX D T2, INBEFIAERTH 2 BEXALATEE~ — I — S RE 22 i R
DA RAIE LTz, 207, Tu—7 IG5 AEMM L L TERILAEEE LA S &
FichBin e —7 %23 L, Birr7e—74& LT, ¥—5» NN TH D PNA
DRI 2BV BIOYKIGIIVATA LV EEAN LYol — Ny ra2Hi i
L, RV oZ =0y MOt 2BEAEIRZRICE Z et 2720, N E
(2t LAEMTUHET 2 BB T HCA 2 785k T D 8 22 HiHoD 7' v —7 Fe-PNA 22 AR L,
wEMmEm LICEERL TR e Uiz, FFMAERIEFRIRGHI LD . e —T0ng 7
U v RIERL DRI CTHARZR 1 AREEMEED DRIE R 2 REHE~ L L, T r—7 KD~
=t Ot Y RESOEENEE S, BIGETCRISHRE SBDT 2 2 Enninol,
B =y MREIZRET DI E R RNV 2 £ 7T K285 7 = at U EB{EET
BB OB 2RI L2 2 A, 1.44x10" M 2R FIRE L CE— 27 BIfEA K E L
WALz, —J5. 2 A~ v F DNA DA, uM LUV OREE T HISEIFBIN S e o
oo ZDEIIT, BEVHHBILT ~IALRARETH 5 D72 6T HIERIK T ~D~ — 1 —
DOFME HE L LNz b & o B CEE TR %2 7I8E & 75 7self-report” H C. ¥
BRI o LT, i - RS T RIEEEZRMIT 5 b0 L HIfFE NS,

2.3 VU FILAUEEREFRER(FIO—F3)7

EBIT, N TV y RERBICESENEES 2 ENEREL~DORA v v eBZ, T
0—F 2 CHRE LB a—7 25 LT, #ill signal-on” B 5 7' — 7 #BA% L
oo ZO7a—71%, 7 u—T7WRImICESILFEERES KOEEHEE LT, 7=rtk
VEBLOB-v/uTXA N U EAET D, S a— T PEERI S 2 R0 1 ARERFIC I A T
DTN TEET L2, 7 zrkroBREFEERTIH SN D, —FH. 7 e—7 R 0lE%
G A FF 2 ARBHFHTEBIIME L, 7 o ANTESKILFEEZ Y B4, R, A
7V FIERICEE - TESALAROG TR L, “signal-on” DR 2N A[RE L 72 5,

B =7y MEREISEIE L7V R L bl U C, #—7 » MERRE STV R T, K



7 xatr OBLEITCEMIT-62mV ORT Ty Ly 7 MRS vz, FIREZ, 403V T
DEMMBOLEITER T DL, KSFOBREMABR SNz, ZhbDZLid, F—F
Mg L I T —T DA Ty RIBRRICHEN 7 2 u® o OBSALFHIEENEE L, £
DGR, “signal-on” M2 F —7" > FOFENREATEER Z L 2R LT 5,

3. MEBRBETLARRY T4V EMICLDELF LUV OT NI RIEE LU ILFE V0
R LB 2~ LT L 1 DOT A X EICEET 5 Z & T, BREZKI ATEE
MEIDORFDI=, v~ 7 aBBT VAT v THER L, &~ A 7 v BmEmZ LR
KLl r—7Z2EENT 5 TEBE TR T LA F Y 7O E B LT,
—MRIZ, ALFE O ERFER IR, B~ B E TR L OB AR I HL O R BLEE 3 4 B
EINTWD, 2T, BV VY TIT 705 HIMZLY, 8x12~% U v 7 AZFEAT 5 96 ch &
W7 LA F w7 (EFE 280 um, W : 1mm) Z/ER L7z, SERT LA F v 7VERHICE
HLUTEHHAR Y XX, 96ch T LA F v 7 LD~ A 7 aEiIZ 2 FEOBG 72—
7 PNA 20 BLUVPNA 22 ZEHENL L, Bl frer T LA F v T 2ER L, 77 —F
1 OBETRRTIEICE- DX, PNA 22 LfHAHHD DNA BIRIZIRIEL THIE LI 2 A,
PNA 22 #[HE Lo T2 o b OHMB RIS OFEMER INET D Z gz,
FEEIZ, XD ZBOBELETEVYT LA T 7OV THRIMEITV, =R a7 UV REE
Lt EOBRME~SEA LT, BIETFOETLELTIS~22 mer DDNA Z X —%7 v h& LT
L, 72 —7 PNA L DA TV RIERETRICE T 28 o HIREOEb it Lic s Z
A, I AV yF DNA K LT, H8Mf - IR Z 22 BT 5 2 LTl LT,
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V=]

AW BT DBIE TR TIEX, 77V —CTH—57 Y NOBRHNAIEETH D=9,
AR - BRI 2 TR T 5, FFiC, EREFEERZ I 0 e s 7 e —7
DG TN ARETH 2 DR 6 TRIERE P ~DO~ — 0 —OiRINZ b LB L LRV,
i - Bl 7p— KA 7 ) —=2 7 & L COBBTHITOEEIIA B ETETREIARDLD
DL TREND D, AMFTECHI LIBa 7 v — 7D BB T2 Wi, B % -
MEYECHRE A VN7 N G2 B AREMEZO TWVDH EE X TWVD,
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1) Umezawa, Y. et al., Anal. Chem., 76, 320A-326A (2004), 2) Aoki, H. et al., Electroanalysis, 12,
1272-1276 (2000), 3) Aoki, H. et al., Electroanalysis, 14, 1405-1410 (2002), 4) Aoki, H. et al., Analyst,
128, 681-686 (2003), 5) Aoki, H. et al., Analyst, 130, 1478-1482 (2005). 6) Aoki, H. et al., Analyst,
132, 784-790 (2007), 7) Aoki, H. et al., Supramol. Chem., 22, 455-460 (2010), 8) Aoki, H. et al., Anal.
Sci., 24, 929-935 (2008). 9) Aoki, H. et al., Anal. Sci., 26, 367-370 (2010). 10) Aoki, H. et al., Anal.
Sci., 24, 817-825 (2008),
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LEDAFT UEREIED. 2. AFVEREF ) RT TINA R (a)T /31 R &, (b)EFR—
200ATH D ENPMot=, BEIR 774/, (cA\DNAKBHDEFR—BMITOI71IL.
HHMLER—BE IO 7M1 ILOBEHINS . B 2cD & 512, nEIOFY EAEED. 20pAX
(N+NDBRERIZHIEL TS Z LA M o1z,

ST, AAVERES/RT7TIE. DNAKERKEITHRET 5, SIO.OXREIIEIZHFE
LTWLWBDT, SIO,—BFRAAICIEAFAULEFY. AICTHFEL TLSDNADKEIAF
LFFRIZOERZERNEL D, DFY. T/ R7HDODNAZ. EXRikEI &L ERRER
D2O2DFNDOMTHEET S5 IS, —H. DNADBEEZE=S4—LTWEHM1FVE
REOEIZE. T4 VERELILcAFUEDE L] OBEFEARKRYILD, TR, KED
INEWF/RT7RTIE, FYBAHEMNEZ TS DL, DNANF/ R7RHIZEIEENTL %
WFAVEE, AFVEDERIZFETEILICHS, 5IZENTLDHhFAUER. B
H—DNAREITEKET HELLRY . hFA UIEOPHIZKESCEKET S, CDLIIZ, F/
RF7ATIE, SIO,—FRABMEDNA—BRFE (V7 FERE) A, DNAOEF A4 VB
MIZKELCEFEET S, 2O00FREEHET 2EMA., A A VEREF/R7THNAADD
THEMITHY . FAEE, SIOTBHRAALZT— FEBEF DT/ R7TNAREZHAFELT
AV EaN

FORVERBSF/ R7T1HFEHEANTS

F/R7DEE2nm LUT)ERCEBMEEREZRDST/ vy TEBOME. 2FAE
B BHEE, PFENLTEBBEIC O RILERMNRNS(E 3a. 3b), bURIILERIE.
DFOEFREICHRICEET 56, FPURILERDENL. N TFOEBEEZHANT S
ENTED, COREBR. KELFEARMAEDHS$1000 7/ LTOS ) bOE—F
YR THIRREADNA =V T —DRETHD, £ HH. COREE, 2010 £
FTRESINDLEFEL, ZEROBFEEDN TV,
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EX RIS A,

EEEEREN. 8 1nmDF / ¥ v v TEIE % % W85 BT 1% & (Nano-fabricated
Mechanically Controllable Break Junction:Nano-MCBJ) T4 #4 L 7=°, Nano-MCBJZ R \T.
DNALRNAZED ZNEN A DDEED FRKBRODEFR—BHR IO T 7/ ILEAELIZL
A, XA47h®Eﬁy7+»# pht=, FEHESFICOVT. 1 000EDVY
Tw%ﬁﬁbfﬁmbﬁ1 FEREGEE (QVFIV32UR) OER NS LIZIEK, &8
EIZHELI-E—ERNAEBONI(E 3¢, 3d)°', FNEFNADDE—IEBRMARLEDID
T. E—9VE&R#zH T &'C 1IBREDFEHRBANTHIENTEDS, £z, FORILER
ZRAWSE, BEDDNAY—I T UH—TIBRITELG L, AFILED RO OPFXFVY
Tovk EEBENSFLHEMNT LN TESY, S5IC, 3EENSLEHDNAL 7HEE
M5 HRNADIEREFRE S, O 1 SFHIEICLYERREINES,

FUoRIVERES /R TNAXTE, EBHEEHENFOREILNEERETHA=H
SiIO,—ARAEEDNA—EBRE (V7 FRE) N, F/R7AD1HFFAF= 71&
RORILBRICKELEFET S, ZZTH, 19F 54 F 37 RFEEMN,. 7/ K7RA
DRZEEHMATE2Hh¥ LGS,
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[1] Sci. Rep. 2, doi:10.1038/srep00394 (2012). [2] J. Mater. Chem., 22 (2012) 13423. [3]
ACS Nano 6 (2012) 3499. [4] ACS Nano 5 (2011) 8391. [5] Nano Lett. 8 (2008) 345. [6]
Nat. Nanotechnol. 5 (2010) 286. [7] Sci. Rep. 1, doi:10.1038/srep00046 (2011). [8] J. Am.
Chem. Soc. 133 (2011) 9124. [9] Sci. Rep. 2, doi: 10.1038/srep00501 (2012).
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R A S0 ] (R FE A 25 17 2 WM R oy - TR S il L. AR & (& fififE & 00 1785k D%
&L CHERE S B D AN TEAEIRIC B3 D HF R NE RIS TN T D, BRSO I % F24
CINNERIRE B, RE LSBT A0, 1) FEEREAL () - AR+
(D) MOMEERZ TEAETHMESE5, 2) KEWEIZ X 2 IR AE D
WM 72 PERR 23 A D . 3) BRI OREE E M E 2 a5 M TIEZT O L OO/,
R EEITS TV MENH D, RIS TR R ORED =012, N %A+
L1 L . R A~OIERFFRO W EZMHT D0 1ET INA TV » R ZMHEL, 2
NN EESFOBBICRER D TH D 2 & 2 ERIICHER L T 7,

ETNE LTV FrarJi 3 U A (ConA) ZHWT, @BEERHBICSSDLY
ATV NERSEZFEMICHET Lo, 20k, EBRICER~ — I —Eflin 7 & LTHIRFS
NTWAHBLIFoO—FTHDL, H 7 FUHEOERE « Fm@IRR IOV THOREF 21T
57y L L, BERISERWTICL 2 FroBBEITo8BE. "M 7 U > RIEORH. IF
BRI EIHI ORI RIS, WANALTRLTH, FATHARBHREIIRR - # ke
ORIENR &SNS, L L7 F oo AR, B FEEEZEOE 0 I E
% Z L CHEAREBRIFOICEL S TG EIC, WRIhD Z L2 FBliciR Lz, 2o
FEEEL Z D ERIZHOWTESRLT: SPR (Rl 77 A€ gL EEXET oM OKERE
B~ A 7 a7 RAE) 12K VI FUREO SR E LI oW TRE LR 2T 5,

T FERFRWAEMS ST & LCEGEH, AL THW WS, EEO NV =F LY
I—)L—T B F A= NVEHIZ X D EG RN K& 72T OIS 5 5 23/ Sy
T (U E100LL FREE) IHENAZBHEHICBEBR TE2HDTHD Z L a2MER Lz, Z O
AN L CERIEFREEEIEA LR L AbETHET 5,

2. LIFURBENATY v FEOER L BRRERMR

W-L o F o (230 E) OMAFERIL, PUi-SuUROHAEAER 2 & & i35 & K255
Wz (FRBEESKD @ Bi-1 27 F 2 (10 ~10°f ) . PUR-FUEDLGE (107FRE) ), Htk
TORHITHELWIRAENZ N, 2O LI BRBHVHEEHOZR TS, SFRIICIT R TR E
R LSRN CTE DR EMET 5720, I FilEEAL OIEN T ORI 7Bl IZ B L TR
A ARFT L7z,

FT. D RERENL O A ETORN BB OV TRF 21T 72, By L T~
VY R—=RTH o FA—v4F MalCl2SH), Ft~D % X7 B OIERE BN 72 W75 % )
T 2007 E LT, KRR TA—NVERA L, &R EIC~V N R-RT T4
— L3 1- 100% CHESE U 7- By TR & bhie U €, AKBBIERRT A — L 2RA L, "M TV v
N & L725a . KB RET 4 — Vo OEIE NENT 512200 TL 27 F > (Con A) @
R (AR NHEIML TS Z MR TE 7z, HARIZEWT 10%., EHIE 29%
D=V hY RoaFD & &, Con AT OWREREITREHE (1.8 x 107 1/cm’) Z/R LTz,

~ )L bV ROEIGZK 10% (HHAZAL) TREE L., KEERWT A —VoF (AX—H%—
SF) DESEEZ-EREEDE TIToln b 2 A, RBakshhr BESH) D4y & AX—H K
uit OKEREL) ERDENH HRRERESWENRZ X7 (L7 F V) OFEIZELTWD Z
CEMER LT, fERE LTT AT AEHERN (CH,) N6 LLEDEICRD & EIC—FDRD L
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Con A-BEBHMOFEELS 1, . '. Jiihe -  cn
g1iams. 2iibe L W s —
CEDLDTHD Z

EHER LT, MalC125H was diluted MalC125H 100%
#ﬁﬂ &%ﬂ] ﬂ]=[J %% The number of Con A adsorption
3. 5
1. KB IR 4 — v (XNF#— 1) & VI T U (BEEH)
TEG-T NI v F F—N53F &@ﬁéﬁif@v&%y(mmw Dk DT T LA,
DF =727

TEG-7 /v 1 > F A —/VHH (TEGCnSH, Cn=(CH2)n ;
n=2,4,6,8,11) 1%, V¥ v REEHEKT L7200
BT IVH o TF A —INE sy & BT Y DSy
TN AET 2 D& < FME & < HlkiE
DEVES (R =F Lo 7Y a—nik) o, fK i ’

T BMEE PR T Ch 5, GIERERIC, L 5 E‘fflﬁ%g
TFr (brE 16000) ERRHT 5 7D OhikEE
ET HIDDIINVARF VRS T NI TF A — AR T @
& TEGCSHAR & CF / MM Z AR LTs, VY o piipsisr— 0 — ool & mTREIC L
THANERX NI IV T TF U iR 2 EE L oAb E R T > 7
LT R E I R, LT T B HURTE E AR R

I Cilak L7zt%, B (TAD ) 74 A7 7 X —F) CTHEEH Uz kTR E KOG SE 72, K&

B PAPP (p-7 X/ 7 x=VU VW) EINA, BEERGIZE Y PAP (p-7 X/ 7=/ —/) M
BT %, AT TEGCnSH 43 F A Fim L, B{LRIGEZ T HI ENTEHDT, LTF
DEEBEZACFENBYAREL 725, AFIEICED, VLT F o % pg/ml LYULTHRIET S 2
P LT,

4. G FRBEE~DOEIIAEHEEDOEAL Z 7 HEBRERT

KEEIERUGT VT o T A= DUVNE TEG-T IV h o T A — VIR EDO AN~V 1% &
SULFEEREZ G T 50 TICEA T, ST BIIA T U RIEEZBEL, L7 T
Dtk R AT, 72 BERRIIAETDIT NG T A —NEA—F L LTHO, b
B L THRFENA T v FHE%VE% TJxutlrEN=ma— I ARKRETHDLLE L
LT, 7=k BNBRIREBIC/R 5L (+0.5V vs Ag/AgCl) (ZHAMREN 2 rFFT D &
~ )V bV ROBFEPEREN O HBEICmE T, BLAHX 52 & TREENEILL, IEE
BH LT RoTcbDEBEZ DIV, S OITFHEMRE L RET L T 5,
1) K. Yoshioka, Y. Sato, M. Tanaka, T. Murakami, and and O. Niwa, Anal. Sci., 26, 33-37 (2010).

2) K. Yoshioka, Y. Sato, T. Murakami, M. Tanaka, and and O. Niwa, 4nal. Chem., 82, 1175-1178 (2010).

3) T. Nishimura, Y. Sato, M. Tanaka, R. Kurita, K. Nakamoto and O. Niwa, 4nal. Sci., 27, 465-469 (Cover
& Hot article) (2011).

4)Y. Sato, K. Yoshioka, T. Murakami, S. Yoshimoto and O. Niwa, Langmuir, 28, 1846-1851 (2012).



FUNCTIONAL AND NANOSTRUCTURED CONDUCTING POLYMERS
FOR CELL ENGINEERING

Hsiao-hua Yu

Yu Initiative Research Unit, RIKEN Advanced Science Institute
2-1 Hirosawa, Wako, Saitama 351-0198, JAPAN
Email: bruceyu@riken.jp

Interfacing materials with cells through specific ligand/receptor interactions, matching
mechanical properties, and matching nanostructures are very critical in biomedical technologies.
Recently, conducting polymers have emerged for various related applications, ranging from
biosensing to medical bionics. Many features of conducting polymers, including simplicity for
nanostructure fabrication, tailored functional groups for bioconjugation, intrinsic electrical
conductivity, and softer mechanical characteristics than metals, provide advantages as materials
for cell-related diagnostic and therapeutic platforms as well as controlled cell engineering. The
research of Yu Initiative Research Unit focus on the development of independent and
multidisciplinary research program though the triangle of chemistry, electronic materials, and
biomedical/biological investigations based on molecular and nano-assembled building blocks of
conducting polymers. The organic conductive biomaterials we developed, unlike traditional
polymers or inorganic metals/ceramics, provides a unique toolkit which integrates electrical
control with all the known molecular and biomolecular building blocks required for
bioengineering. Ultimately, it would provide a platform which can combine biochemical control,
spatial arrangement, and matching mechanical characteristics with electrical stimulation or
signaling.
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Nanostructures of conjugated materials have become one of the most important research topics in
the research because of the nanostructure’s influence on the materials performance. Up to date, most
research focus on the nanostructures and material properties of unfunctionalized m-conjugated materials
and limited studies on nanostructures of functionalized ones. Because of the molecular advantageous
features of dioxythiophenes, we are particularly interested to develop general approaches for their
polymeric nanostructures with various functional groups. We first enlarged the dioxythiophene-based
monomer library with a variety of molecular building blocks. The monomers can be classified as two
groups. Material modulation monomers are synthesized to manipulate the material properties, ranging
from highly hydrophobic to highly hydrophilic, and create desired assemblies. The side chains included
alkyl groups, perfluorinated groups, oligoethylene glycol groups, and especially zwitterionic
phosphorylcholine and betain groups. Our research represents the first example in linking these
biomimetic zwitterionic side-chains in conjugated materials to create enzyme/cell resistant conductive
surface. The other group of monomers is the ones provide target function. For the biomaterials research,
they provide the site for bioconjugation (-COOH, -NH, -maleimide, -N3). The library now consists of >50
monomers with different linkers and functional groups. Mixing the monomers from two groups, we would
achieve m-conjugated materials with desired functions and material characteristics. For example, we
combined the maleimide- and phophorylcholine-functionalized dioxythiophenes to construct conductive
membranes. Upon bioconjugation with neuron-targeting IKVAV ligand, the membrane selective binds
PC12 cells with zero binding to the control NIH3T3 cells.
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Moreover, we also developed several approaches on the efficient syntheses of m-conjugated
material nanostructures. The main goal is to develop a universal approach to create these
nanostructures from various functionalized monomers. We successfully built nanocapsules,!
nanodots,2 nanowire networks,3 nanotubes,* and nanorod arrays® with a variety of monomers.
These materials allow us to differentiate the origins of the material functions. It is important to
utilize the molecular and nanostructural design principles and synthetic approaches we developed to
investigate the plausible applications of these functional m-conjugated nanomaterials. One specific area we
are working on is efficient capturing of cells, particular the cells with diagnostic and therapeutic
applications. For example, circulating tumor cells is an important index for cancer metathesis. However,
their extremely low concentration has hampered the study and use for diagnostic routinely. Using the
carboxylic acid group functionalized conjugated polymer nanodots previously described in Figure 6, we
have demonstrated enhanced tumor cell capturing by the synergistic effect of nanostructures and
capturing agents as shown in Figure 8. Antibody grafted nanodots displayed 4~5 times capturing
efficiency comparing to smooth films.
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In summary, we synthesized a variety of monomers which provide the target functions and modulate
material properties. We also developed several methodologies to control the nano-assembly process
during polymerization. With the ability to control molecular structure and nanostructures, we
demonstrated the applications of these materials in cell capturing and engineering.
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Strategy and surface design for biotransistors

(Tokyo Medical and Dental Univ.) OMatsumoto, Akira; Goda Tatsuro; Maeda Yasuhiro; Miyahara,
Yuji

Abstract: A field effect transistor (FET) represents a label-free molecular detection platform, in
which intrinsic molecular charges immobilized on the gate surface can directly be transduced into
electrical signals. Molecular events of interest involving charge density changes can be detected
as a mode of modified characteristics of the FET synchronized with electrostatic interactions
between the intrinsic molecular charges and the thin-insulator-segregated silicon electrons. The
principle has been applied to many types of label-free biosensors. We provide an overview of
our recent progress in the field and some aspects of new approaches to broaden the extent of the
application.

Keywords: Field Effect Transistor; Sialic Acid; Bornic Acid; Debye Length; Smart Gel
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Fig3. Force curve between AFM probe and PEG
hydrogel coated substrate.
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Figure 2. AFM images (1x1 um2) of L/L-DPPC bilayer (a) before and (b)-(d) 8, 15, 29 min after PLA, injection.
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Figure 1 Illustration of poly(NIPAAm-co-NTA) (PIN) modified surface

O AR
FIRER MR R T DR & having controlled primary structure. (Ligand position; (a) random: R, (b)
HigE L7, proximal end : P, (¢) distal end: D)

[38] £/ ~—& LT (1)NIPAAm, BEL T QNIPAAm & tert-7F/NT 7 U L— b (1BA)
DIREY (99.5 : 0.5 mol/mol) & Z I ZF4IL NN-V A F LRIV AT 2 K (DMFWZIEME L 7=, il
THRYRQ(NN-VAF LT 2 )T F )7 2 (MeTREN), CuCl Nz, ZEHEH L=,
TS DR A HV, ATRP BRI A G L7 100 um D7 22— A RV Y Xy BT 1 —
WEEFR 2% LT 25°C CRmBARIR 187 O W VES (SI-ATRP)Z i EREfi T~ 72, £ D
B, () EQOWRE W DIEFZZEb S8, B 505 &5 T8 O NIPAAm / BA FHAL % 1l
L7z, EAEIE, 5-7 2 -1-WVRF XU F LA 2 ) g (AB-NTA)E U =F )L
7Y (TEAEER LT=Y A F VALK F T K (DMSO)AEHK % 70°C T24 h @K L., BA O
RIS % NTA ([ZEHT 5 = & T kA%l L 7= poly(NIPAAm-co-NTA) (PIN)Effi v &7
V—%%5, TR HORMIHOWT, FITC XV E#RL LIy v imE 7 v 2 v
(FITC-BSA)% AW T, #ttiasZ i 2. 72~ A 7 v HPLC |2 XV & O 528 % 570 L 7=,



[FER - B8] 9. ATRP FIAAL A SR L7 100 um D7 2 — A R U BX v BT U —
WEEFR 2% LT, PNIPAAm F721% poly(NIPAAm-co-NTA) (PIN)ZZiE4L 6 h HAE L,
PNIPAAm 6 h 38 X O'NTA % 7 > % A28 A L 7= PIN 6 h-random (R)EfifiF v &7 U — % i
Lz, ZENO RS FREICKT D BSA DRAERLY, ~ A 7 17 HPLC % H\\CRF L 7= (Fig. 2
a,b), L DFER, 4°C, 37°C DWTILDOIRE TH BSA TS Lo 72, —J, PIN6 h-RIZ
%t LC Nit' % [ E{k L7 PIN-Ni*" 6 h-R & fifi# i ClrIRME 2 WA EOH R 358H S i, 7ol
FEIZ L &9 BSA 23Weag L7z (Fig. 2¢) EAIWCEBWTHICH LWE / ~— &R EZ Xy ET7 U —
IR LT 722 & C, Z U X0 B EFAMERL 9 5 NTANS BB L, ¥ o7 Bl
BRHERLIZEZEZIOND, —FH, BUKMEOT A N AT 1 (tes)id, 37°C TE DA HIKF A
4°C DA T 2 R, Bi/KFI L7- PNIPAAm 0 & tes DSBUKMEAR A/EH % A
THZEWRENTZ, LTENR-T, ZhoDXF ¥ 7 U —JREISEEEZETHHLOD, K
U~ —8{HIZ NTA N T > Z BITIFE L TS 7212 BSA W5 OIRFERIFIEN R S/ -
B ZBND,

ZZCET PINNI® 3h-RIEMEmZFHL, SOIC3h TEICEARKRERRTHZ LT
PIN-Ni*" 3 h-R - NIPAAm ® ATRP % 3 h & 5\ ME 6 h TV, NTA % HARE w8 A L
7= PIN-Ni** 6 h-proximal end (P)3 X U89 h-P Z 7% L 7=, PIN-Ni*" 3 h-R TiZ, 6 h-R & [AIEKIE
FEIZ X 59 BSA 28035 L 7= (Fig. 2d), —J7 PIN-Ni*" 6 h-P Ti%. 4°C T 30%. 37°C T 85%D

BSA 73 3% L PIN-Ni*" 9 h-P CiE BSA DWW &1L 4°C 188 -

T 3%, 37°C T8%LY, HEICGE L TRERIC  Fgo | 37C°c

ENFRD B (Fig 26, ), ZAUL. NTA Z& %70 £70 ¢

PNIPAAmM W EARIMANCAFAET S = & T, 4°C THAR égg [

U~ — DK R A U 7 BEBR A 4 <40 |

NTA 733t S iz 2 & C BSA @%&%iﬁs‘j@@a:ﬂ;&T ggg i

L b PITE, S50 BAMMONICEET S, 210 |

PNIPAAm #6723 ER L, NTA @ﬁfﬁ;’zyﬁs‘; D AN K BE <o —@ . E L

Lizt&Ez N5, ZOX 91T, KD PNIPAAm $ 10 @ o © @ © O

DFFFE L DFEHRIC Ymrﬁﬁ§ (=ff 5 BSA Figure 2 Adsorbed amount of FITC-BSA
DY H T ’ﬁﬂﬁﬁ)fﬁﬂé s 2075*0 72 for PNIPAAm or PIN modified capillary.

BEE ARBFIED —HBI%, SCEEEE BT R i aEsk (@ PNIPAAm 6 h, (b) PIN 6 h-R, (c)
el s . P PIN-Ni*" 6 h-R, (d) PIN-Ni*" 3 h-R, (e)

BIFETY 7 b A v 5 =T = = ADI3 TR (20106004)  pIN.Ni2* 6 h-P and (f) PIN-Ni®* 9 h-P.

(20 SEhE L7z,

BZCER [1] R. Barbey C C © :Frcesa

et al., Chem. Rev., 109, \)(ﬁ - \) P - NTA-Ni?* complex :

5437-5527 (2009) - | ‘: & ) g~/ : PNIPAAm chain

[2] J. Porath, et al.,

Nature, 258 558-559

Temp. up
) v A
————————

4 . . Temp. down
(1975) PIN 6h-R PIN 6h-P PIN 9h-P
Figure 3 Adsorption behavior between PIN-Ni*" modified surface and
FITC-BSA.
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HREEIE A BB & 3 5 T D ARGy T DM BE% DBERIZ X D BRBE~DOARI BRI
TW5, ZORBEICK L, KOBRZBEHEE LIRESL S5 2 L1k 58247 5 IR
s~ N7 7 4—0T7 LAOMERPITONTE T, 2007 ME, KREFEETOBER
FEET L7200, KFTIREZIC X 0 BUKYE « BKMENZEAL 9 5 B EISEMEE 1R U (V-
A7 ENT 7 YT I R) (PNIPAAm)ERiZR S 0BHAARE L THY SR TWD Y, E72
FrldmESEBERE L, ~A 27Xy 7 U —NEEHIZ PNIPAAm % 2% B GE R 7 8)
5 U VEEHE (SIATRP )2 L Y PNIPAAmM %E/i L7=4 T AOFB A LT3 2,
ZDO LD I~ A T i CONHET, B DCER O BT DIERICBWTh TR
KPE DT IEICEENDIHAKED AT B A RELVEVEDOSHHICERTH LN, 575
EMEELR RO NS, —FH T, REQRLKREMEE KBS WEBLEHETLE U X
U BT HE, EOSBEE AR D, IR E T COEESBEN FRE/ T T A L L THEME
ENTVD ), AFZETIE. F ¥ ETV—MICE/ U AU B Z2FHR L, = DFKEIC PNIPAAm
BEMTHZETIREAL v F U 7AW WSHEN 26T 2% T U —H T LD
AT, S62, I7e@liikikrs a~ v7Z 74— (WHPLO)Z W TR L7
71T LAOFM ATV, APRIEMEYE O 3B fEt LT,

[EB DK FCHiERORY
(ZF Lo F Y a—n)yeF ko
A XU T B KERIKIC
BRRL. YR EZRE LT, R S
i, 7B Y WELEmL g
E10em pTa—Kpoyy
Xy 7V —I Y VIRR & ik
L. 40°C TT/ALIIG 24T~ 7= Fig. 1 PNIPAAm modified monolithic silica surface in capillary
%, mELT-e /2 UAY AT via SI-ATRP.

HXxy 7V —%BERLT,

MV REH, 2-mp-7 O AF LT 2= ) F )L h) sy 7O MV URIRE @
WL, &/ UATU AFEIZ SI-ATRP Bi46KZ EE{L L7z (Fig.d), R KK T CHIERED
NIPAAm, CuCl, kU A-Q-(N,N-¥AFINT I /)=F))T7 I (MeTREN)?D DMF AR %
BEL, £/ VALY BREIZ PNIPAAm ZEfi L7z, €/ VAT hOREETEEMNE
WSE (SEM)THEIZE L, PNIPAAm i€/ VALY AXx v BTV —DiREEICE LD
2T uA ROEHEE) 2 uHPLC TR L7z,

(G- B2 )N 100 pm DF v BTV —PIS Y WV LiEZ W TE 2 U AT ) A FFE L,
SEM IZ XV =W #8452 L7z (Fig. 2-a), ¥ ¥ 7 U —WNIZIX, BRIV I =t x v b
T — 7 WRICHR D 5 um A EOERAE T S EENRD b (Fig 2-b), £72. @O TE
g COE /) VALY DOREELETDH L, £/ U ADERIZKE 2T R LN
S, SHIT, R ~—EMitEDOE /) VAU IF ¥ 7 U —ZuHPLC (ZHt L 72 BROEHK
REDOFHEIL, 10~40°C O F T 0.6 ~1.0 MPa & IEF AR ETOERENBFIRETH o7, DT
D, BARICBWTH RERFEEMETZNTND Z & AURIR X Tz,

Lower critical solution
temperature (LCST): 32 °C

b 1 Poly(N-isopropylacrylamide) (PNIPAAmM)
100 um



W, pHPLC Z W T, s L 7= T 412
BAKMOT T ) v (ade) E BKMETH DT
A NAT BV (tes)D 2 FRIHDEHIEIEME
IR L. £ OB HEE 2R Lz, BKME
® ade ITIEHZEENNIREITIKIE L7aW = dk
EMELE L, BEGRMORLR L7 LK 10
cm PNIPAAm Effit / VAL U % ¥ BT
U —% T, ABENEYE OfEH %) % bt
L7, TR, EAERMOIERIZMEV,
TR T OEERPA T I KX R RN
Bohl, i, BEERREOBEINIEOE
DTOHENEEL, KVEWHEOLOR
EE T CHBUKMEYE & RE M AEERZ4
Ll BEZ DD, &b, EERHEZ
FERT A, EiE T CBUKMEORWHE O
— 713 E 0 RELIEN -T2, Zhid, BkbE
DOFRVEFE, BiKAL L@y 15t & o
TRV EWBUKIEFRBERANE Z 272720,
BEHIZEWRMZZE LB 2 b b,

Fo, HEAKRH 3 T L7 10 cm
PNIPAAm &ffit / VAT U ¥ 2T VU —
(mono-10)& . E / U A U H & FH L TR
V) 100 cm PNIPAAm EffiFZE% v 27 U —

Fig. 2 SEM image of monolithic silica in
fused-silica capillary. (i.d.:100 pum)
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Fig. 3 Temperature-dependent change in
retention factor for testosterone on PNIPAAmM
grafted monolithic silica capillary (10 cm, open
circle plot) and PNIPAAm grafted hollow silica

capillary (100 cm, closed circle plot). Reaction

- HEEISAP 12K S = 5 A .
(hollow-100) & i FEZALITRE D tes PRAFHRELD time: 3h. Monomer concentration: 1 M.

ZAb %L L 7= (Fig. 3), 241X Y . mono-10,

hollow-100 & H 12, RE FFICfE->TT A b 2T 1 o ORFFM N ZER L, PNIPAAm @ R
RS AR S L T D 30 ~40°C M Tl b REREMNEONTZ, ZOZ &b, £/ U R
VU BT - HEH T AL HIZ, PNIPAAm HBEf CX =2 LR andz, 22T, £/
ALY AFED B DL, 2O O & L CIHEFICRE RIEFREOB N EsNT, 2
WL, B VAV IDOFEIZES>THR BTV —NOEEEPEZE LR LD Lk,
PNIPAAm ${OERFERES M L7272 dThHhDH EE 2 bN5, I 5IZ, uHPLC IC X527 L
7o H F b T AABEPEE O AT RERIICAE B35 &L PNIPAAm E8fiE / U 22 U 1% %
BTV —8T ATIE HFZEDOLDIZHARTEALE tes 25 @IR T CHEERE T X THEH
Lz, ZD=d, ZbDfEFR LY PNIPAAm $HAERi LT/ VAT U AF vy BT U —0
T AIEWSBERE N AR D, ZOH T AEHAWD I & TR T OAEBE MY E O 4y B
DHIFFT&E %,

(RfHEE] ABFZCI L SCH RN A B2 R 2l B4
[ 3Ck]
1) H. Kanazawa, et al. Anal. Chem, 1996, 68, 100.
2) N. Idota, et al. Langmuir, 2006, 22, 425.
3) A. Cappiello, et al. Anal. Chem. 2001, 73, 29
4) F. Mashige, et al. J. Chromatogr. B, 1994, 658, 63
5) N. Ishizuka, et al. J. High Resol. Chromatogr. 2000, 23, 111,

SEHTREIREFE (20106004)1C K V1T - 7=,



FEEFEEShi-#aN T v IRT4o0/38—2 (2 & SHlifaF BB
aavko—)L
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"BRRZIZRMBEMNAF IO =TIV ER Y/ — A —RE— VU RZREFIFER

B R MBI BIR EICEET D U T OS2 AV CRlIR OBk~ 705
By, FICREEMEOHBIMESE . SIS 2 B AR TSR VTR RS LTV 5,

Fo, MROBEFSBEEZHIET 2 BT, v~ 7 a2 —COERRNIREY | il TIEIE
KOTSRS IE D~ A 7 m 35— L5 AR EMEDO VR ER ST b (1,2],
KWFZE. VA R Hifask~ R v 7 ZAZ LRI ERNTF R) OREEEHE (B
ERLFRES) REEE T ORI A2 LM OBE Fin a2 E o, EOBIAH =
ALEBRTHOE BRI E Lz,

U7y RofEE, BEEREAL 2 S THIRBERE AR Lic & 2 A, WElsE S
U7y REVALFEREG SN T ROFGHBMREEEIZH < . RCD X7*F R4+ (RGD) KLV
74 7axs FU(FN)BN L MiloBEhZ eS¢, X512, FN 2 COOH-SAM (Z{k%:
fEA LIdERIFRZR R~ A 7 m Xy — U R EORLE MR Tk 25 &L ERMIaS —&
FHIANZ @R E DR % — BB OFIG: 82%) THENT 5 H03537) 572, PDMS R %
VT E VT FN ZEEWER S TR~ A 7 a2 — 2V 2Eo 6. Zo@mub i
B S AU(65%)BENE BAK T L7z, MW IPEBEI 2 L TV S ifas SFECRlgE Lz L 2 A,
HLATE LW 22 R AR DT A 0SS Bh 0 J7 [t 2 4R L TV D 2 & b3 o Te, AMF
FEDFEFAIT RO TE 2 B U 7= (LAl % O e W IE B 2 BB HI B o 27 A Th
. Fv 7 EOMifassR T he— LR AF v 7 o — L ROEAUTICHTE . S HITE
WIZAFIET D Bk % 7R R _E o as 8 O AR 3 5 L b 5,

Hx  ARBEN O EIIIEERTE R, OGS, OB, Ha RAEYEREIRIC
RS- TS, EROALFEARI X DM O b2 0D A, BN,
Bkx 2 BRI HS RO T TREEN M BN TND RN, b AR 2 ERFETHWS
Ytk 2 IR NERG NV E C 2556013 & 5 o ABL A A D72 IR 2 55 < M o J5 ik
BEIOMIRIXHAERERZSE~OIGHRT VU v VERFF L, Bix AW NS 2 Bf7 T 5 O

N ATASN

ERFE VI RixZ7 4 72322 F 2 (FN) ERGDATF F45+RGD ; Bil¥IGRGDSP) %
ER L=, ~A 27 a4 = IPDMSAZ 72 AW, K1IRxd~A a2 7 v
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(Ads) & T A B4« FA—FESZ WA OIS FIREZED U H o REbFREE
SR (SAM) 2 1B L7- (K1), Cy3 TT b EINT-4MmiE 7 V7 2 v (BSA) & iRYE
PRH = AR LT, (A) o)

N . .

BSA-Cy3 ® . . X ‘
Polystyrene —» —

(2) Pluronic F-127 (3]

fER L B (B) (1) (2) PEG-SH {3)%@ (4)

1. U FOFESEE BE T O~ oo wf“.ﬁﬁ??'_lugb
Au_ |

ijﬂt%ff%%ﬁ% L/7LC J jj VY Fif@fﬂiﬂ/ﬂ%%ﬁ%%ﬁtg Glass : "Ll 2 S A4 A

%L FN OF 2 RGD & U 1R o B E:'zl‘M“M@SMWE@747D”& -

VERRYE, AfIE FN EMALICHEE Sk 5 73,
X2 Pluronic EZICITHE5 SR80,

70

RiEiinoTe, ALEES L) Hy R T 5 & | PEG

FN & RGD OBIZHERE W S 720> 7208,
WHEDY H 2 RIZBW TR E L0 BEhEE X B -7 (X

60 -
2). LEEkE B THEIL ST U Ho Ko AInEa] 118 %w
£ 0 BEHA A L7 & B, RGD ORI LT3y 4 §“
v RO E - TR RS b - TV 5 LHEI S N, Eﬁ
2. R~ 7 BN B kB D T I St I
FN #. [ 310RTRIE~A 7 A2 — Lo S, M 7 age | sam gs  sau
RGD RGD

BEiOHaEEHZE A, FL X —2ThH
WERA 25 L7 FN(65%) XL ¥ . SAM-FN O % [fi
(82%) T\ N EBL I N7 (K3), EHIC

B REBBOMEE mERECEET L L,
X — U BB T D BT - R BRIR R A T LTV D 2
& Do T, AIRD BRI T RUT AR~ D ES| )0/ % —
YOPIIZHBI L THDZ ERMBNTEY[Bl.ZDZ Enb,
SAM D@ JFPEITHIRR O Z 5| SN & 25 BBERAE AL
DOIEMEIZER L TWa b0 &b s,

X2 RGDXFNV 4y RO¥—72 Ads<° SAM
Fif _EOKMIRBENEE, SRR SAM £ Lo
HEN Ads OFE % FR -7,

Ads FN Pattern
35% 5%

SAM FN Pattern
18% 2%

o

M3 FN OFR~A 7 a g —r0J7mtk, ¥

A& U Ty Koy oOfEIC LW SAMOFRE 2 E
RO BEEE L WEREORD LD
40~100%MEE L FN o7, S HIT, FEIR
<A aRE— AT K D EC T R SR o

TEDIT N A TRAL] 2 Al 23 8 B L 72 RIS 23R
REINTWD, Ads IZH~ SAM £E DT 5@
TTAPENBIZE S 4L, Ml OB ENRE b mio T,

B~ DEGINNIER SN D mOWBEIMPER IR TR IR TH D Z L3 ninoT,

2Z ik : [1] Kumar, G., et al. Advanced Materials 2007, 19, 1084-1090.; [2] Mahmud, G.,
et al. Nature Physics 2009, 5, 606-612.; Brock, A. et al. Langmuir 2003, 19, 1611-1617.
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D, AEKFEXRZR HEVEREHAER
2). RRRZFKXRFR AHBRERFEHAERH
3). ME -MEAEHE BERET/7T—FTIFIAMRHS (NIMSMANA)

RY=FLor7Ya— (PEG) i, MEIZxHLTREETHL Z 3o TE Y,
FIIERIEIRIED E S CTh D T D ARG MM B U CHEAIBRR 2 1L U DIEEO S T%
SHOWHRTWD, U4, Bia ¥ VR BRI E L TR ERIEL T D8, Z oo

7 EIRIFEHEDBFICB W TP EGIC L 52 v 0 BOBEMIIIEE A TH Az S
NTWo, Zo"7EDOPEGIIZIZL) Z /X7 HEDOY A XS EBE O 0P %
mzonsd, 2) 2o 7E0MmHc Lo R EE ER YD, 3) XU EOAENR
WIZB T 2FRMEEZIRTIE D LV o Fmnd Y | T TIZEOLDPEGIRE X7 BN
FEHMG E LTI TWD, BIERS HWHATWSD P E GILOHENIX, 1= AT VK
WMPEGHZZ U INIBEOT I LRSS, TYMICL Y PEGILF 37 2T 5%
HETHD, ZOPEGIOFHERTIE, 7/ ERT 2 FEAICE(LT D70, BT
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/A7E®%ﬁ%ﬁﬁbhii%4%@PEGM%HOK xR Va =g
YORENRARTHD, ZHETIZT AT E RREOETLT I /b2 lick v 7 K
B SE DM TONTND N, RUSKEORE L &, SISO E S} OFIAE R o [
2ENnD, EEMLE LTOMENRF IR 6 BBURDO P E GILEIN TIEBHTICE 5 720
ST Z N BEB IS AFET D, & T THRAITHMEMEOR TR IS L,
INFETEIEL BARBARSICTH R EDT R 7 e T AXMUIZ L > TP EGIL
TOEMOHEEZITolz, TROBHUICRT L IICRET DETTE U RIED 1T
VEDRHBFRWNIKIE L, TV EERGFSELIETPEGIHLEBLE WY VX HED
EEAMERF S D H2ENE LTz,

KIS T NVENT AT e REEZFTHHH2—arm PEG (PEG—GALD, com
pound 1) OHFWRERRIC, AR ZK 21277, BALEWOMHTIE, "H—NMR,
MALDI—TOF MS, GPCEZHWTITo7e, A L7ZPEG—GALD: 7 I /K&
DFEGHD

=]
HO
{i@*%iﬂ&: OKGN;EIE H‘H’H GM%?-IB
. ! —= RN
AT o ot ™2 ;IE:Ha R of ;I?Ha
DI, Protein HO
PEG— Figure 1. Novel PEGylation Chemistry for proteins modifications
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Figure 2. Synthetic route of a novel PEG derivative possessing glutaraldehyde moiety
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DHFHIKREEHRIZ BN TEIR L CHEATZ, HPLC, SD
S—PAGEKRUMALDI—TOF MSIZX5MH
DOFEHR., PEGILY Y F— LN TE-Z L 2R L
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IR FANWSLNTWAIEEZ AT LV RIEPEG (PEG—
NHS) IZEYPEGIELZY YV F—LDOJEMH &R L
7o
PEG—GALD (10kDa) *PEG—NHS (5
kDa) ZZNENI YV F—AIZEML, 1HOPEG
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72HPEGIRY Y F—L2DIEME, WEIEIZEZVHEL
7o WIERFEEZX 41274, PEG—NHS (5kDa)
N1 OEAINTZPEGILY YV F—ADIEMITRE K
biv, UV F—AITk L T1 %L TFOIEME L AR S 7220
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Figure 3. SDS-PAGE analysis of
unmodified lysozyme (Lane 2)
and mono-PEG-lysozyme
conjugates (PEG-GALD :
10kDa) (Lane 3) along with
protein markers (Lane 1).
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Figure 4. Enzymatic activities
of PEGylated lysozyme. (a)
mono-PEG-lysozyme conjugates
(PEG-NHS:5kDa), (b)
mono-PEG-lysozyme conjugates
(PEG-GALD : 10kDa).
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Figure 1. DSC thermograms of individual
homopolymers (1a and 2a) and blends
(1a/1¢, 2a/2b and 1a/2b) during 1st heating
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