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Abstract

In recent years, biomaterials are developed for the purposes of expansion to the medical and
biotechnology fields. Physical-chemical property with wettability, charge, architecture and hardness
of materials surfaces are regulated in biomaterials fields. In addition, these materials are widely
applied for cell culture technique, medical devices, diagnostic products, biological analysis and
implantation techniques. Among such materials, stimuli-responsive polymers have received of
great attention as intelligent materials, those possessing property alterations in response to variety of
stimuli at the molecular level. Such unique materials are responding to the surrounding
environmental changes (e.g. temperature, light, pH, and biomolecules), and these property alterations
and molecular architecture are applied to various biomedical applications such as controlled drug
delivery systems, bioseparation and enzyme conjugation. Nowadays, stimuli-responsive polymers
are applied to regenerative medicine for producing tissue reassembly with cells. Regenerative
medicine is recognized as one of the medical treatments to regenerate tissues and to restore body
function of incompetence to nonfunctioning tissues accompanied by accidents or diseases. A type
of regenerative medicine research, there is a study on the technology of transplantation of cells
cultured on matrices to organs. This technique has been proposed as “tissue engineering”. In this
method, the biodegradable polymers are commonly used as a scaffold of the molded cell culture to
suite the nature and shape of the tissue. However, biodegradable materials have some problems
with regeneration of complex organs and inflammatory reaction of the implantation site due to
decomposition process. Therefore, Okano et al. has suggested a new field in regenerative medicine
using a unique strategy for establishing a tissue reconstruction technology without any scaffold
materials, “cell-sheet engineering”. Cell-sheet engineering using thermoresponsive cell culture
dishes are chemically bound poly(N-isopropylacrylamide) (PNIPAAm) with lower critical solution
temperature (LCST) at 32°C. By using the PNIPAAm-grafted surfaces, confluent cultured cells can
be harvested as an intact tissue-like cellular architecture, “cell sheet” with extracellular matrix (ECM)

at the basal side of cells by solely reducing temperature, and then cell sheets-based human clinical



investigations have already started for treatment of several tissues.

Thermoresponsive cell culture surfaces are generally prepared by electron beam (EB)-irradiated
graft polymerization of monomer, NIPAAm, and it can be producing nanoscale PNIPAAm layers
with a cross-linked structure. However, in this method it is often difficult to precise control of the
chain length, density and chemical structure of grafted PNIPAAm. Therefore, I focused on the
living radical polymerization (LRP), which can be manufactured PNIPAAm brush surfaces with a
defined structure of PNIPAAm. Surface-initiated reversible addition-fragmentation chain transfer
(SI-RAFT) radical polymerization as one of LRP techniques, was utilized in this thesis, since this
polymerization technique has feasible characteristics, such as controlled chain length of formed on
the matrix surfaces, high grafting densities, and the chains possessing terminal functional groups
arising from the chain transfer agent, which will further be used in additional polymer synthesis,
and/or terminal functionality alterations. Thus, in this thesis, PNIPAAm brush surfaces were prepared
using SI-RAFT method to produce well-controlled chain lengths, graft density, the terminal
functional groups and molecular architectures. In addition, PNIPA Am-brush surfaces have been
pursuing the basic assessment of cell adhesion/detachment behavior. SI-RAFT polymerization
exhibits end functional groups derived from the chain transfer agent (CTA)-derived terminal groups.
Therefore, this method is possible to control the chemical structure such as block copolymer brush
structure and/or introduce functional groups at the terminal group on polymer brushes. In this study,
molecular design of the polymer brush surface investigated that it is controlled cell
adhesion/detachment behavior as the situation demands by SI-RAFT polymerization.

In capture 2, heterogeneous polymer underlayers of block copolymer brush surfaces were intended
to examine influencing for both cell adhesion/detachment behavior and cell sheet harvest, compared
with homo-PNIPAAm brush surfaces. Thermoresponsive block copolymer brush surfaces were
prepared by two-step SI-RAFT polymerization, first-layer hydrophobic poly(benzyl methacrylate)
(PBzMA) and second-layer PNIPAAm. The grafted amounts of PBZMA and PNIPAAm were
determined by ATR/FT-IR analysis, and PBzZMA with monomer concentration 250 mmol and 750

mmol achieved the construction of sBz(S) and sBz(L) with different grafting amount. In addition,



both homo-PNIPAAm brush surfaces (sIP) and block copolymer brush surfaces (sBz(S)-IP and
sBz(L)-IP) were exhibited equivalent grafted PNIPAAm. The surface wettability of various
polymer-grafted surfaces was characterized by static water contact angle measurements, and then sIP
and both sBz-IP suggested temperature dependent changes in contact angles across PNIPAAm’s
LCST of 32°C.  Bovine carotid artery endothelial cells (ECs) were seeded at 1 X 10’ cells/cm? on
various polymer-grafted surfaces at 37°C, and then were cultured confluently. Adherent cells on
both sIP and sBz(S)-IP were proliferously reached to confluent within 5 days. In contrast, sBz(L)-IP
was difficult to proliferate to confluent. In addition, cell sheets detached from sBz(S)-IP and sIP
within approximately 20 min and 60 min, respectively, by reducing temperature to 20 °C.
Compared sBz(S)-IP and sBz(L)-IP, these results indicated that interaction of adhesion cells and
proteins were decreased by the increase in the PBZMA chain length. Therefore, the accelerated cell
sheet harvest of sBz(S)-IP was probably attributed to introducing cell-repellent PBZMA basal layers
in the block copolymer brush structures. In this capture, block copolymer brush surfaces have been
successfully achieved accelerating cell sheet harvest without altering cell adhesion and proliferation
by controlled amount of grafted PBZMA of under layer.

In capture 3, terminal-functional groups of PNIPAAm-brush surfaces were intended to examine the
effect of cell adhesion/detachment behavior. PNIPAAm chains with CTA-derived terminal groups
through SI-RAFT polymerization possessed various functional groups by substitution reaction. In a
previous study, thermal phase transitions of PNIPAAm were shifted to low and/or high temperature
by differing terminal groups with hydrophobic/hydrophilic properties. Therefore, PNIPAAm-brush
surfaces with terminal hydrophobic dodecyl groups (sIP-D) were prepared by SI-RAFT
polymerization. Secondly, hydrophilic maleimide-terminated PNIPAAm-brush surfaces (sIP-M)
were obtained via the terminal reduction and coupling reaction. The grafted amounts of PNIPAAm
on each PNIPAAm-grafted surface were exhibited equivalent value by ATR/FT-IR analysis.
Temperature dependent surface wettability changes of sIP-D and sIP-M were varied 30 °C and 31 °C
by static water contact angle measurements. ECs were seeded at 5 X 10° cells/cm” on each

PNIPA Am-brush surface at range of 25 to 37 °C for the influence of terminal functionality on cell



adhesion temperature. After 24h incubation, cell adhesion on sIP-D and sIP-M were initiated
culture-temperature above 31 °C and 33 °C.  These cellular adhesion behaviors conformed highly to
the surface property of PNIPAAm-brush surfaces with terminal hydrophobic/hydrophilic groups,
from which was ascertained by the surface wettability investigation. In addition, linear-PNIPAAmM
was prepared by equal molecular weights to PNIPAAm-brushs for determinate phase transition
temperature of PNIPAAm. Linear-PNIPAAm was exhibited dodecyl-terminated PNIPAAm at
29.0 °C and maleimide-terminated PNIPAAm at 29.6 °C by heating process of solution turbidity
method.  These results indicated that difference between surface wettability and turbidity
temperature was effect of grafted PNIPAAm density on phase transition temperature. The grafted
PNIPAAm density on surfaces was calculated to be approximately 0.16 chains/nm®. Hydrophobic
dodecyl groups on sIP-D were aggregated as a polymeric micelle by hydrophobic interaction, and
then it was considered that LCST was more shifted to the low temperature. In contrast,
temperature-dependent cell detachment was hardly effected by terminal groups on PNIPA Am-brush.
In this capture, cell adhesion on PNIPAAm brushes at unique temperatures was proficiently
controlled in spite of chemical composition of PNIPAAm brushes and molecular weight were
equality anticipate for terminal groups.

In conclusion, these results succeeded that these methods has become possible to alter the surface
property by molecular design of polymer brush structure with selection of heterogeneous polymer
layer and terminal hydrophobic/hydrophilic groups. Therefore, it is expected as a thermoresponsive
surface which can be situationally prepared the brush structure. By means of the unique system,
construction of PNIPAAm brushes can be applied to corresponding to the various cells and condition,

and then subsequently composed high-functional cell sheets.
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Figure 1.1 Incubated cells are detached from TCPS by different methods. Upside:
Culture-cells on TCPS are detached by enzyme treatment. Downside: Adherent

cells on thermoresponsive culture dish are harvested by low-temperature treatment.
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Figure 1.2 Conformational alterations of PNIPAAm and soluble-insoluble

changes in an aqueous medium by change of temperature.
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Figure 1.3 Schematic illustrations for possible interactions of cell-culture

. 21 . .
surfaces with cells >".  Their proposed reverse process “deadhesion”.
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Figure. 1.4 Schematic illustration of the effect of molecular mobility of grafted
PNIPAAm gels on hydration of the polymer chains, when the PNIPAAms are (A)
thin and (B) thick at 37°C (left side) and 20°C (right side), respectively.
Hydrophobic TCPS interfaces stimulating aggregation and dehydration were
indicated as orange region. Molecular motion of the grafted PNIPAAm gels

becomes larger in accordance to the distance away from TCPS interfaces >°.
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Ve 7 7Y /VEAARP)ICEBW TR F-BE)7 Y /L #H A (atom transfer radical
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ARGETER % RAFT EATX, PF A AT VHL00E M) FA4h—Rx— Mg
& OB EIA(Chain transfer agent, CTA) & SUSARTUIEINT 5 Z & T, o rEfliE s
T B R E S T2 i8S 5 2 & A3 AlRE & 72 D (Figure 1.5),
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ETRY ~—(P, « \DHEICHEITT 5,

@ MEROSHIZEIT S CTA[S=C(Z)SRYIZ. TV NP, Ve fT R ~v—EMET 5T
& TP, -S-C(Z)S-R] L 720 | Z AL L [RIRHIHTIZ 72 T P A NFER ) 2T 2, Z DR,
CTA &S0 L7eAR U ~—[S=C(Z)S-P, I ZE LIzt L 720 . R Y ~—DERISIE—
REAAF IR T2,

@ QTHRY~—NHIFHE L7277 VHNAFER L, BT ) ~— LT 5 Z & TH-2
RS2 BT D P ¢ )o

@ Q~QNIRT LD REARY =—P, « BET P,y + NIBWTT DU NBE DA
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WY ~—ITLE L TERT D, TORE, N ~—DnFENHIESND Z &L Tr1&
SIMOBRNRY ~—gH21F5 Z ERATRE L 72 %,

F72, RAFT A CTHR LIZES T OAERERIMIIX CTA RO FRERSMFET D Z & o
By BT CTA ERNI T~/ 8 CTA E LTHWA Z T, BARDE /) v — S igES
2L TTRYy 7 aR) v —ERGITEMT DI ENTRETH D, EHIT, KRB
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(2) Chain transfer
Pn’ SYS_R Pn—S\T/S—R F’n—S\fS R*
Z Y4 Z

O
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Figure 1. 5 RAFT polymerization mechanism®™",

1.5.3.2 “grafting to” & 7= |3 “grafting from™EIZ X A& 017 T U REDVER

A A= T U T A ORENSIB TR E M 2 OFEITRE < FHIRE IR Y
~—f{& UCEA LIRS AR R & ORI ITHPIEEIC LD on-off A1 v F 1 7Ic X
> THREZ TR T 2, T DR LIS Y ~—8HAE AT 5 LT, BROTEIRZ 77 b
BB 52 5, TORIAED—DIULFRNTEANT 5 51E13H Y . AR ERNZEERL
DiEor L REOEREEE ORI LD “grafling to” L, RIEALFHIZEE S4L7-HE
BBILEHIN D OEASIGC LD “grafting from LG EBIIEG S 7 7 NEM)NH S P, AR
B2 UTRE LA, Ao T ABIRELL ETHRETH 5,

“graftingto” & “grafting from” LA HEE LT-A . BEiSNAEN DT T 7 NESE
PRE S HERD, “graftingto” IEOY G, FRNZEEMORERE Y DR 2 RETEAT S
ZEMNTE D(Figure 1.6), LnL. PUSHETITHENL THER OB S D &0 FIRE
N EFF L2806 BRCHEE Se @y FROPERATTI RIS SLREFIC LD |
B Iamn FORREERAE TRETERRY BWEETEY F2EMT L 2 &I13E
DOTHEEL 70D, ZOBBIHERTT Dm0 T ON THENR S 20108 T, B L 722
%o ZAUTH LT, “grafting from” {EIZ & %y HEREE TIE, AMEERIIICES BIAAA]
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AR GRNCEES D 2 &b, BRI m 0 T OEGOMR L 725720, HEMIH
(CIBW TR FHEHOSLAEENE Z 53, mEERE S FOBMIRTREL 720 | A
NlemaHEOX Y 77 X VB — a ATEHELRBIER E $ 729,

“grafting to” YEIZ X VAR L7236, mo FHOBHME IR 20720, Mgt T
< v ¥ a2 )b—LJERE(<0.01 chains/nm®) & 725 Z L 3NHIBN TS, — )5, “grafting from” ¥
TR L7358, EBRiSNDESTHD 7 T 7 MEEITEL 2572, B+ 554 764
A £ AN Z e/ NRIZT D7Dl mm O b a B =238 U COBREMHIR S,

TN

oy RIS 2 D IEETIIEM SN E & 5, 2O K9 pEftk L7oEeaR=§

TN

B FEMIFEIL “RY~—7F " (0.1 chains/nm?) & FE 5 39,
(A) mushroom (B) polymer brush
Low-density High-density
Low - High
Graft density

Figure 1.6 Schematic illustration of grafted polymer density and

)

polymer chains 39, Left: <0.1 chains/nm’, right: >0.1 chains/nm’.

1.5.3.3 REBE-ILFBE) 7 PV NVEEZ AV PNIPAAm 7 7 B4R

Idota (X LRP OUN& D Tdbh 5 SI-ATRP IEIZ & - TEHAZITV ), PNIPAAM % 4 7 A FHK
R IR LTz B AR L 0D 2, ARRIE, RIGRIIC L0 Btk bl 77 7 b
Si5 PNIPAAm OFRZHIHT 5 Z LR ARETH Y, #0577 7 MERIKF LT-R
ARAUWEN LT 5 Z & 23 LT\ b,

—J7. Nagase ¥ J. O Watanabe 5137 7 ZA MR ~OEE BIGHIOE AR, HEBHLE
F & FFEABAIGAIZ 100: 0, 25:75 & L TEAT LRI EZZ(LSELH T LT, BRDEAM
B ZA % PNIPAAM 77 S FifiZ ATRP (2L - TIER LTS ¥, &5l2, EAWIK
H10> NIPAAm J2/£ % 0.25 mol/L £721% 0.50 mol/L &5 2 & T, H7p 2 BRIAH| OIS A
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EATHEMUCINT, ZAEI NIPAAmM OJRFEIZ X 5T PNIPAAm O 7 7 M ED 57
DHMAAFILTE D 2 & AR Uiz, MR U705 BTl 2 5528975 &, 0.25 mol/L T
B 7= FM B AR A D IEAE B2 B & FIRE R OMIEA S L7223, 0.50 mol/L
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SAUERS, 37°C TlEcosh: 0.12 £ 0.02 7Zo7=DA, BEEH TlE cosh: 049 £ 0.07 1272
STHEY, £72025 mol/L THEA LI D & il L TESf L TV % PNIPAAm ORI E
K7poTND EBZBNSHT2D, NIPAAm £ 0.50 mol/L 35 & UBHAAAIEIE 100 DREAR T
(TR OB R STz EBEE LT D, ULEDRERN G, PNIPAAmM 77 T RIHIZH L
T, AEROHEEMEIX PNIPAAM D7 T 7 Mk LORELDAWENEERE - Th b & E X
SY IR

1.5.3.4 REBHAE- AR IN-BZSESBEIRL T O VEAR % F\V 2 PNIPAAm 7' AEH
K

LRP O—>T&h % RAFT AL, HEABMENHECTHY | Fio, SEIERE /) v—X
EAGME A TRE R 72O EH ST 5, RAFT EA TILCTA & LTVF A= 271
Vi BN B Y F AT —Rr— MEAY V0V bIL,. T PO ENEFBEIRGIC L -
TRPHNATIN-PARZ ARV IR Z & B, W FEEAE Y B 78T 5 2 Lo
b, TORER, AREND RO THOS TESHIE SN D Z L1275, T O RAFT H
BOMRE LT, HESNDED T HOAERARmIIL CTA HROFRAPEASND, T
DFER, RAFT HEAIC K > TERILZ-R Y ~—id~ 27 1 CTA & U THfET 5 2 & T, S4B
EAGZITH 2L CRAICT vy 7 aR ) ~—% 425 Z L NARETH S 7, £/ CTA
HRORIHEREES L, 1EuSUSZ 8 U TEGISUNED S W F A — VI E#R TE 5, £
D=, FA—NIE T 5 2 L Thix OHBEMEERERL OB ANTRETH 5 ),

Takahashi 5% LRP ®—>TdH % SI-RAFT EAZHWT, H T A MR LIk LT
PNIPAAm Z[EE(L L2 A ERL L T D ), ATETIEEAZIT OB, SUSHEIET
(DA% CTA % 025, 050, 1.0 mM &2k w 5 Z LT, SpEmlc e S s
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PNIPAAm ® 277 7 b &7)5 CTA IREEDRIIG U TN 5 Z EAVRSdz, £z, Kk
KI5 7 AAPTHRWT, BteAIEE S E LT 2 720ic, 7 7 EE5hH Y
FURNET X BEER STRORERO Y T CHIOEIGAFRET L CRIGT 52 LT TY R
HABAA & o T LREEAROSIRIZ BN CE DR EBEZHIE L-, ZOTFECL-
T, 777 N335 PNIPAAm SHOEEEITEA L2 7 U HIOFIRIC L > TEbT 5
ZEMNRENTEY, ER LUK BT 2/lanis - B O W TR L T
W5, TR EERYT UAIDOEIEE 100%E LT T AR U7 B A IV CRRRAA & [E
AL L7 BTk L, CTA JRE % 025 mM & L CEA L7z b Ol b A OBEE A HIH]
S, HIRROBEMEI TR bEN TV e, 70, #7025 PNIPAAm OV 77 NEFE A H
T2 HM A L LT3 6, 37T CTA IREIZRW T 77 MEER ER- 51224 Tl
RADBEEEDS I S DN S D2, — 7 CHAETEIEE T 2HAMF HivTe, 2Ok
i3, M — REIIZIBWL TS PNIPAAm OER IOV T 7 MEEN ER-4+ 5128
CHIBEREE DMERE S AL, PNIPAAM D7 T 7 R L 7T 7 MBSO 8 L OWIENE
(IR L CHEERRAT-L 72 D,

VL EDRERDNE SI-RAFT EAIZ Lo TYERL L 72 PNIPAAm 7 7 S RHEICIHBW T, Hifas
— FDEAFIEETH D Z &R SNT,

1.6 FFZEEEE

GRS — b T2 1%, WA FRRIERIC S — MROMEE Mt — 7 & LTEI
L2 LINHRETH Y . AAFEOBAEFRSHERINE L TER STV 5, fillds— MI X
D EAERERIY, B OISO 1T Dlifes K — R 72 & Ok R % fE rT6E
IREREE L LTI SOV D, fili s — M OFERUZIW T, IREEISENER S - PNIPAAm
FAEER U7 IR A MRS 2 ML LR P RR R A 2 O CREFEIREIRIC PNIPAAM % 3&ifi Ei2qb
FRHEEST D, LonLnns, BRI X 5 1FRE Tl PNIPAAm 255k B2 797 B
T2 Z LIEETH D, ZEERE T PNIPAAM NEA SIS 2 LD, L EiE 2%
(ZHIES D Z ST CTH D, £ DT, Hbi BT HloEE - BigZEENTx LT
PNIPAAm $HD 53 74§1EDN G- 2 252 TR TlI/en 2 &0 6 HIBRFEI & > CTI3Ama o
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- WO - WAEDREER E ORI RE SR H D, Z DTy AEEDSIaOEE - i
FENZ G2 DB ST 2 2 A TEIUL, Ml — M AW RARERICS L TR
ELHEBTE S B2 BN,

AHFZE TUE . 2 BE AR RTa B A5 IN - BR 2 E 85 7% ) 7Y (Surface-initiated  reversible
addition-fragmentation chain transfer, RAFT) 7 ¥ 1 /VEA % FVWVCH 7 25w Lic 77~
~ Lz F 8O AR ARG AT D SR EAI(CTA) HR ORI REAIC L > T m v
7 EAKT T A, Bl - BUKMEOBEREIEDEA &\ o 7 K B REIE 2 FIF L7 IR RS
BRI DR 17 7 AEED S FRFHIOWTHRFTT 2 Z L2 HINE L, Fie.
FENZFR W TYERL L 7o FARI 5 L C— 2 Ol 2 Gl BE - BiaE2$8hEs L O
fid>— hOEMUZ RS T 5 R A 1TV PNIPAAm S50 75 TA%iE 2 G- 2 5 588 Wkl 35 =
& T, PNIPAAm 7' 7 7 FREOREL 2 BFE LT,

52 BN T AR E RIREISENE T vy 7 REART T U REAEIEL
PNIPAAm HE DI & Higed 5 2 LT, BIEDR U ~—J@ 03 R OWEds KU #z
X BAEFNG 2 DRI TORRZ B E Lz, BARMIEES —BEEIHIZR
T FBIZBUKME 5 poly(benzyl methacrylate) (PBzMA)ZEA L, A A T HBIC
TEISAVEE YT PNIPAAM 2 AT 25, Z0L & BT AFMECT T 7 kL= PB2MA
PHOARRMIZIL, CTA HRORIGERENMAEL THBY, BEEAZITO 2L T
PNIPAAm % PBzMA OASGNH VT 7 M52 ENTE D, £9T52 LT, fERIL%
R U TR 2 TV MilaooBEs - iaaEsEk LU S — FoEI AT S 2 &
T, PNIPAAm B DHAR & bl LT I8 L7z PBZMA JE73 52 2 5B DU TR
L7

5 3 #CIL PNIPAAm SHOAIREA S5 CTA HRO RSB REFL DB - Bk 224k
WD LT, RIREREREOBL « BUKMEOE O EROPMER L ORIMORES - 58
ICH 2 DB OWTHRRIT D 2 2 BRIE Lz, BAAICIE, REFERERL OB - BukIE
DIFEVT PNIPAAm @ LCST (T84 52 5 Z &GS TR Y . BUKMEERRETIX
PNIPAAm $40> LCST ZMEIRMNC, BUKMEF SR CIE@ERMIC Y 7 1925 O, £, &
W EZ7 T 7 b &fvle PNIPAAm $HI3 MR EIZ A RIS EE(L ST D Z &b,
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% S CEEIL SN TV D 4UER#EED PNIPAAmM LV b HHEENEW O, FIERBIEE TR
VT 0O PNIPAAm @ LCST (ZXHSE LTV A Z E G SN TN S ¥, 207, A
TILZ ORE RELLDHL « BUKPEDE S EMR R E 0D PNIPAAmM O LCST (252 % 5%
IZOWT, EREE OO AR B REEE OB SR EZKIC & & 72 9 A0S - il
EHEN G 2 DB HOWTCHE - MEt a2 T 7,

LbXo, BATZRMORY ~—FE L O PNIPAAm $HI2351) 5 KB EsE OBl - Bf
IKPEDBIR &N o T @iy 17 7 IAED 31kt 2179 Z L T SR L7oEIc K> T
HIVD FERDOFFE S IBIROEN AN T2 Z LD, R EO S FREHI LT 77 b &
NBR Y ~—HOBERCHE ORI Z TR ikt ofast 2 R Lz,
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21 HE

VAR, JRREIEMEE 4+ poly(V-isopropylacrylamide) (PNIPAAmM) %) 20 nm & U 9 a7
RAECHEAMRE ARG G EE(L U T IR A MR 22 LS BR%E S, FRRER U
IR EE(LCST)32°C i & U TR K o TR OB - B 2§l 2 5l Az L
720, ZoEm ETHlE 2 T vm s MR B £ TR, LCST UL FORIRICHE 5
720 Cifash~ ~ U 7 Z(EBCM) TRy L7 KRB C—mICHE L 7ol 2 B C o %
“Hp S — b7 & L CHEEAICENNT 5 2 ST LT s D, UL, ZOHETIE
FARIL BIC 7 T 7 b Sv-RifiE o FEICH1T 5 PNIPAAm O#HE - HE - (bsisa ks
BTHTET D IREZRIC & b7 O MilaOBSE - HhEds JOWUE 2B L CAUERIE &
W) BEHEEE T/ T 7 R &z PNIPAAM 28 E D L ) IS DR imd 5 2 L1
HThote, & TARETHEKROIERFIEE LT, RiEBRLE AR HIN-BHRE S B Y
(Surface-initiated reversible addition-fragmentation chain transfer: SI-RAFT)Z ¥ H/VEA &£\ 9
FIRICEH L7z P, APECHEBIARZ HMR EICEERT 5 2 & TF P ABIRA L LT
A B BCR Y == A EHINSHE T 0720, R ~v—%27 7 AROMIE TEE
FEICEfid D 2 & TED P, Ee MERLEEROBES 17 7 ¥ R IR B
(CTAHEROKIGEREREEZ AT D Z LD, —DOHMITK L TEEMEOESEZITH Z & T,
PNIPAAm USND @S FEZ AT 57 vy 7 EGERT 7 U E a2 FR 2 Z L3 AR T
bbHEBEZDIND, ZDT, PNIPAAm 7 7 K HE TiIA Y ~—HOHE & & OEREE
DR O - MASEENEL 52 DIKFIEoTon, 7 vy 7 WHAEKRT 7 AEEICT
%5 Z & THESEEOMIZ PNIPAAm JELIAN O BFED &5y @3 iilaoszs - IiEZEhc
S RIETHIEIR T & LTHWA Z Ll s n s,

B2 B TIE, T A HICIREISEME T vy 7 IEAERT T ARG AT 5 2 L T
FHFRORY ~—J@ Moz - #5k L OIS — RMEIUC G- 2 5 528 2DV TR
HZERBME Lz, BRICIE, PF A AT NEET S CTA ZHWT, FELrsH
A—BEER OFEA TEUKME S F poly(benzyl methacrylate) (PBzMA), _EJ& & 73 %55 B
HOEA CIRREISEMES /0T PNIPAAm 28 A L7z, 20L& MllEUKEOREIC
BOWTEEMEME T T 525, BOBUKEORAIIB W THEEMME T2 2 L3 EE S
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TN Y, 207, PB2MA %8 A LT ClEiuoBigsihic iz 52 b b
FZEADND, ZDE X, BZ2MA OF / ~—REZHHHiT 5 Z & T, PBZ2MA O T 7 MED
HVN G2 DB OV TR L, MR L 72 FBHRITHRT LT ATR/FTHIR IE, XPS HIE,
HAREAL A TE 2 AN T 5 2 & T BFERORHERMEZ T 72, Fio, Milaoszss -
BAEZEEN OV TR 5 7212, PBZMA D75 7 BN B2 HIRFEIENE Y v » 7 4L
BT 7 ERE BBV T T S SEERE R A N AIR(BAEC) DB 35 L ONFAEERIC
HW D 72O ORIfa Y — MERLIZAT o7z, RETER U 7- SRS E & 17 7 &R
Mz, PBzMA 2 5 7 &N #Te 5 PBZMA Effi] 7 AFKHE, 2 hr—/L e LTRY <
—MWR7 T 7 FSITURU sDTB (2 BAEC 5 L, AllaoEeg - iR S L OIS 2%
g, F7HE S — R ORI OV CRH L7z,

22 FEBHEE
DIMORTREE WG T 235IE. K77 FMNTIT- 7,

221 REK

ARECHEA L7382 LU IR T,

(1) N-A V7 nNT 7 YT 2 R(N-isopropylacrylamide, NIPAAm)

BRI L W IREES 72 D% 40 °C THAFH T 10 wiveDIREE CHsfiftz . SIRICTH
fEdh L, WERE L7202 ZOEEMH L,

() A&7 U VR~ (benzyl methacrylate, BZMA)

FYATER T3P DA LT2 b OZJITEARB L, 4.0 X 107" kPa, bp: 75 °C D4y
ZAY L CREH Lz,

(3) 3-7 3/ Fu /L kYT kF T 2 (3-aminopropyltriethoxysilane)

HWRALR CEE RO OEA LT b2 ZOEFMHEH LI,

@) 44-T/ EA@E-VT J EER) (4,4 -azobis(4-cyanovaleric acid))

FYEATEE TP DIEA LT b D& Z DO E EEH Lz,

(B) I-= FHFTHNVR=L2-= hF-12-Vk Rax )/ J v
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(1- Ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline)

FRYER TG DOBA L bOEZOE MM LT,

(6) # % /—/(methanol)

FOCHEBE TRECKIR) MOA LT b DEZDOE EMEH L,

(7) n-~F 2 (n-hexane)

PO TZECRIR) 22DIEA LT b D ZOEEMEH LT,

(8) 7 > (acetone)

FOCAIEE T2ECRIR) 22DIEA LT b D ZOE LM LT,

(9) NN-VAF VRN LT I F(Hi7K) (V,N-dimethylformamide, Dehydrated)
PR TECRKIR) 22BIEA LT D ZOEEMLH LT,

(10) 1,4-2 A% (1,4-dioxane)

AR TECRIR) 7OIEA LT bDOZZDOE EMH LT,

(11) kb= (Bi/K) (Toluene, Dehydrated)

PGB TRECKIR) MOEA LT b DEZDOEEMEH L,

(12)2-7"©2 /X 7 —)(2-propanol)

PO TZECKIR) 22DIEA LT b D ZOE LM LT,

(13) 7 ==L~ 7 37 A7 v 2 K(2M in THF) (phenylmagnesium bromide 2M in THF)
FRUER TR POMALZbOEZOFEEHEM LT,

(14) ~FH 7/ 81 # U 7 A(potassium hexacyanoferrate)

PR TECRIR) 22BIEA LTS D ZDOEEMLH LT,

(15) —fitf bR (carbon disulfide)

FIYEHIBE TEECRIR) M OIEA LT b D& Z O E EMEH Uiz, SR G < FEERTRV 20D,
KEEEE L2 R 7 RNTRRR L, BRIZIS U FIETHER L.,
(16) Hif#(hydrochloric acid)

PR T2ECRIR) 22DIEA LT b DR ZDOE ELH LT,

(17) /KE{kF b U 7 2 (sodium hydroxide)

PGB TEECKIR) MOA LT b DEZOE EMH LT,
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(18) = F/L=—7 /(diethyl ether)

PR TZECKIR) 22DIEA LT b DR ZOEELH LT,

(19) FEfi% T F /L (ethyl acetate)

PGB TRECKIR) MOEA LT b DEZDOE EMH L,

(20) /K fifils~ 7" % 37 I (magnesium sulfate anhydrous)

PO T2ECRIR) 22DIEA LT b DR ZDOE LM LT,

(1) #i4k. U F 7 (lithium chloride)

FOCAIEE T2ECRIR) 22DIEA LT b D ZOE LM LT,

(22) T2 v 11 7~ /L 2 (chloroform-d, CDCl3)

FOYEHBE T3ECRIN) DA LT b DO ZOE EHEM LI,

(23) X vy 3 U U PEERERR T (Dulbecco’s phosphate buffered saline, PBS)

Sigma-Aldrich (St. Louis, MO, USA) 2>BHEA L7 PBS(IA) ZJE /K T 10 f5I2 AR L7z b

DEAEH LT,

(24) F VU 7T —EDTA ¥ifé(trypsin-EDTA solution: 0.1 % trypsin-1.1mM EDTA)

Sigma-Aldrich (St. Louis, MO, USA) 2»bHEA L72 D% PBS # W T, 10 f5ICAIRT 5 2

ETCREH LTz,

(25) XNy adiEA — 7 L EEH(Dulbecco’s modified eagle’s medium, DMEM)

Sigma-Aldrich (St. Louis, MO, USA) 7 GEEA L2 b DEZEDFE EMH L7z,

(26) =Y »—R F LT b= A v U (penicillin-streptomycin solution, AB: 100 unit/mL
penicillin, 100 ug/mL streptomycin)

Sigma-Aldrich (St. Louis, MO, USA) NOIEA L= DEZDOFE EMEH LT,

(27) 7 BB I (fetal bovine serum, FBS)

Bioserum (JR /&) 7BIEA LTS DOEZDOEEMHH LT,

(28) ¥ T SHENIR FH >R 1A% PN Ez i (bovine carotid endothelial cells, EC, JCRB0099)

b a—v A, = AR AN 7 (RIR) MOA LT DA ZOEFMH LIz, B

[EE3 20~25 [R] ORI DR 2 VN,

(29) R U 2F L Sfiaks2E M (tissue culture dish, polystyrene, Falcon 353003, 100 x 20 mm,
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TCPS)
BD Biosciences (Franklin Lakes, NJ, USA) 72BHEA L2 DA ZDOFE EEH LT,
(30) 2 b U ¢ 3 = (Petri dish, Falcon 351008, 35 x 10 mm)

BD Biosciences (Franklin Lakes, NJ, USA) OEEA L2 D& ZFDFE EEH L7,
(31) UV =2—4"/LC-200(WAKO-gel® C-200)

FOCAIEE T2ECRIR) 22DIEA LT b DEZOE EMEH LT,

(32) 5173—H 5 A(glass coverslip, 24x50 mm, 0.2 mm in thickness)
FRIRAH - L2ECRIR) 22DIEA LT b DEZOE EEH LT,

222 fERMERR

() 1KIR 77 X~ i LS & (plasma dry cleaner, PX-1000), 2 =2 (GL#D)
RS WRFE53H: 0.1 mmHg, FETREE: 400 W, FEEHRFH]: 180 0

(2) B 24 (nuclear magnetic resonance, NMR, Unity INOVA 400), Varian (Palo Alto, CA,
USA)
FEAZM: 'THANMR A7 Mo, (ERTREE: B2 1 v kL A (chloroform-d, CDCl)

() EH T RE Y v~ 7T 7 ¢ —3EE (gel permeation chromatography, HLC-8320GPC),
H — AR
S B 2 TSKgel Super AW2500, TSKgel Super AW3000, TSKgel Super AW4000,
JiEik: 0.6 mL/min, JRE: 40°C, AEEKR: DMF(50 mM LiCl &1r), #Z#E0EE poly(ethylene
glycol (PEG), polystyrene (PSt), (AR HERBIL 31288k, 7rF&504h: 1.05 LAT)

@) BT — ) 2RI A B (attenuated  total reflection Fourier transform infrared
spectroscopy, ATR/FT-IR, Nicolet 6700), V—F 7 ( v ¥ —W A T T 7 4 v 7 (FiZs
JIT)
RS A3 v e 128 8], S5fERE: 4, YEASAEE: 60°, #5: 4000~650 cm™, 1
g MCT/A, ©— A7) » & KBr, i IR, EHZE: Ge

(5) X B3 HT & E (x-ray photoelectron spectroscopy, K-Alpha), —E7 ¢ v /v —
AT 4 T 4 7 #R))
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SR bk X #& monochromatic Al Koo #1(1486.6 V), S 1 HH A B (Take-off
angle): 15°, X 2% 100 pm, JHIEHIPAGE &= /LF—): 1400~0 eV

(6) PR 4E & (contact angle meter, DSA100S), KRUSS(Germany)
S AR SRIAAIZ X 2 FOB A IETS, STESE: S uL

(7) 1= BIER(5910), AR H S F(RBK)
il S RS 4°C, (A% 800 rpm

() 7 U—2 XU F(MCV-131BNF), =JEEREKR)

(9) A > 2~X—4 —(BNR-110M), Espec corp(BL i)

(10) BEEI(EE « A7) (ECLIPSE TE2000-U), ¥ 7 ™ =7 : AxioVision 4.6 software, =
2 (BUR)
LM 3L 2 X 100X, 200X, 400X, #2IR 1> R CFI 10 X/22

(11) 7Y # )V H A Z (Lumix DMC-FX66), 73} = 7 (K )

2.2.3 4-cyanopentanoic acid dithiobenzoate (CPDTB)D &k
2.2.3.1 Bis(thiobenzoyl)disulfide DAL

N A% 500mL =17 7 A 3NZEA L, 2M phenylmagnesium bromide (THF ¥%) (0.5
mol, 250 mL) Z#SIE, JKIICRE LT, KR R CRER L7273 6 carbon disulfide (0.6 mol, 45
mL) &2 F e — MM TERNS =07 7 AaNicdp-< D LTI Lz, MT%ET
FHIZEIR T 2 FFHE U, SOOI Z =/ R L— & CIRJERNE LT, 7 7 A 3 2 B EDKIR
Za%E L, /K3 K OVdiethyl ether 224140100 mL 32012 7%, & 5121 MHCI % 200 mL
MMA % Z LT, REZ e RIEM LTz, BUGEKR % 1000 mL 23w — MIB LT bl
HEEZITO TR OKMAZ B = —IZ0 B 5 2 & Toiin — MIFE->72 100 mL DT—
TIHE ST, =—7 /VFHIZ 2 M NaOH % 300 mL I x 7214, fHHEAEIC K- TREOK
FB% 500 mL & — 7 —IZ5Hd 5 2 & TEIYL L7z, [FY L 72 7K#H % potassium hexacyanoferrate
165 g ZETe/KERHE 1 LICINA 754, 15 iR TR Uz, ARk LA i 205 | Aiic
K 0ENL L, 2 BMIERZE: L7-%%. BHI¥TdH % Bis(thiobenzoyl)disulfide (Scheme 2.1)%[A]
I L7, B HNTALA ISR ISR X > T 'THNMR A7 MLV CHER L=,
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S S
CS2 I I
MgBr === C-S~ MgBr — C-SH
25°C
2h
NaOH ag § ., KelFe(CN)]aq. .1/ \
ﬁ C—S Na : C_S_S_C

Scheme 2.1 Synthesis of bis(thiobenzoyl)disulfide.

2.2.3.2 4-cyanopentanoic acid dithiobenzoate DS,

AITEICTA AL L7z bis(thiobenzoyl)disulfide (0.0489 mol, 15 g). 35 1 ) 4,4’-azobis(4-cyanovaleric
acid) (V501, 0.0916 mol, 25.69 g)Z HfiE T F/L(350 mL)\Jiafifts, 22810 AT v 7/ %
1.5 BEEA T - 72, RIC N, AT T 80°C, 24 BFMRETEE . SOCAR & I EEE L=, BY
W% iy BT 5 T2 OIZHER = TV~ (N, vW) E BBIREEE LT, S U BTN T T
=7V 20002 K 0 BRI A S E L2 (REIE: 0.24), [ L 7= VAR CHiR~ 27 % 2 0 DR
N2 Z & TR ERRE LTz, WS A% O AR aMIE T TR £ Uz, IRz E%
HIW <o %Rt E 2 L E KR D 4-cyanopentanoic acid dithiobenzoate (CPDTB)
(Scheme 2.2) %157 9%, 155 NTALAMITREREL BB X > T 'HNMR A2 hLT
R LTz,

S S (FHa (FHS
Q_&_S_s_éQ + HOOCCzHa~C-N=N-C-CzHs COOH
CN CN

CHs

ethyl acetate S
T» @—C—S—?—Csz;COOH
N CN

24h
Scheme 2.2 Synthesis of 4-cyanopentanoic acid dithiobenzoate (CPDTB).
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224 BT I EEAN T ZERROFR
fese 77 A~ V(£ 57)4: 0.1 mmHg, FRIEREE: 400 W, FREHEERH]: 180 F)) 2475 Z & T,
71 73—77Z A(glass coverslip, 24 X 50 mm, 0.2 mm in thickness)Z¢[fi b ZAE1ES D AR
&-SiOH ZEDIEMALEAT o T, BBRT T AR EAT ST T AR AE B NT TN T T A
INIT 62 BERE L, 7 7 A aNOBEZERIR-EREREZT, BT 7 AaNICER
AIHE LT, BRI —E{TWRN5, 7T A 3HNIT 3-aminopropyltriethoxysilane (APTES)
Z25uL Ete b 05mL 27 7 A EENCH F L, 2ER15H5 N, 150°C T 20 FFfH]
B LTz, BUOSHE TR, BT A WA b=y WRIZA X ) — LV TENENTEE L, =Eil
T3 BB LTz, ZAUC KD T X A FERER T FIEA LT T AR
(APTES [EE{bE5HR) 21572 (Scheme 2.3),
|

CZHSO\ reflux 0\
OH + C2HsO—SiCsHs-NH. sy ¥ O—SiCaHs-NH:
C2Hs0”” 150°C o’

|
Scheme 2.3 Immobilization of APTES on glass surface.

225 HTARE~DT YV REABEAIOEA

APTES EEIERZ L/ RT T N7 T ZAaNIT 18 BakiE L, 7Y REABMBAITHS
V-501(9.38 mmol, 7.4 )3 L ONEAH D 1-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline
(EEDQ: 18.75 mmol, 12.8 g) % » DMF(700 mL) Ci2i&f%., HEPHR . IR T 20 HEHE1HE
U7z, PO T Z DMFQ250 mL), 7 & b (250 mL) CHERGES L, =RIET 3 K
TR LT, & T8, 77 Y REABIAAA 2 B LB L7 7 2 AR (BRAAA
B EALFEAR: sInit) & 1572 (Scheme 2.4),

|
0 V-501 0

\ EEDQ O CHs  CHs
O—SiCsHe-NH, mmmmmmp & O—SiCaHs -N-C-C2Ha~C-N=N-C-C2H4COOH
/ in DMF / H CN CN
(o] 25°C o]
| 20h |

Azoinitiator-immobilized surface
(sInit)

Scheme 2.4 Immobilization of azoinitiator on APTES immobilized surfaces.
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2.2.6 SI-RAFT EHICL 5 PBzMA 77 VREOIER

FMUAES L 7= PBZMA DS EARDFFEIC G- X D3RI HOW Tl 5729, BzMA D
JEEEFSHZLICE>T PB2MA D7 T 7 M ENRR LM AER Lz, BARMIZIE
BzMA(0.25 mol: 42.36 mL, 0.75 mol: 127.08 mL), CPDTB(1.25 mmol, 349 mg). V-501(0.25 mmol,
70 me)Z&de 14- A (250 mL)HIT shnit % 18 FriRis S8, USRI OIRIFRSE
FHNCBRETDIDICERTANT Y v 7% | BETS 2 & O R ZRE L, K
12, RIS FIZET 70°C, 20 B SI-RAFT HAIZ L » TG S® 72, BSOS T4,
B2 250 mL D7 & b T L IREEEE U Btk LI LT B DR E AT o7,
ZOt, =T 3 FEIBIEHZE L, sinit |2 PBZMA 28 0.25 mol DT T 7 b LI=H4k
sBz(Short: S)}3 TN PBZMA 2% 0.75 mol OFAFTY 7 7 ~ LT3R sBz(Long: L)Z15%7
(Scheme 2.5), F7ZSULHE T4, RTITIRAFS 28 ) ~— %NS 2720, ALULNEHE 10
mL ZZNENA S ) —/1(300 mL) T 9% 2 & T PBzMA Z bk S 7z, FLEL
7= PBzMA ZW5| AU LV EU L, SR C 3 KRBT 2 2 & T, ISR O

PBzMA % [ElX L7z,

| BzMA |

O\ |C|) ?Hs ?HE' C\I?E?(LB O\ 9 (I.‘,Ha C|3Hs ISI
O—SiCaHs-N—C—CzH4—(;J-N=N-Q-CzH-zCOOH = O—SiCSHB'N—C-C2H4-C—(CH2—C-}n—s—c@
O/ H CN CN in 1,‘%—§ngane O/ H éN ¢=0

! 20h i !

2
Azoinitiator-immaobilized surface BzMA : CPDTB : V-501
(slnit) =[250 or 750 : 1.25 : 0.25]

BzMA 250 : Short PBzMA chain sBz(S)
BzMA 750 : Long PBzMA chain sBz(L)

PBzMA brush surface
(sBz)

Scheme 2.5 PBzMA grafting through RAFT polymerization on sInit.
2.2.7 CPDTB EE(LA T A EMRDIER
VESL U 7= BHAGAE 2 b Hb 2 CPDTB(1.25 mmol, 349 mg). V-501(0.25 mmol, 70 mg)% & e
L4-UFF Y (250 mL)HFITIRE L, ROSEIRF ORS00 CbRET Do IR
HANRT Y 7% | KT 5 2 & TR ZRE LTz, 20L& &, V501 252 &
T, 22.6 T{To7= PBZMA OEGEMFIZEDLETE Y, BzMA 0 mol DA & L THU =,
I, BEHEFPAE T, 70°C T 20 Bl EOBMEHI L CPDTB 2GS 852 LT, £/
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~—DFHE L72W SIRAFT A & U TRINEIT o 70, SOGHE T 552 7 & R (250 mL)
TYEHSE L, =IR T 3 RS 2 & CRAMAAIE E LM CPDTB 23 EElL S

HAr sDTB % 157 (Scheme 2.6),
| |

0 o} CHs CHs CroTe 0 0 CHa $
\ Tl 1 V-501 \ n Il
O—Si CaHn‘E-C-CZH‘F¢—N=N-(F-CzH4COOH | E— 0—S5iCsHs -H—C—CgHr(::— S-C
in 1,4-dioxane /
o/ CN CN e 0 CN
I 20 h T . y
Azoinitiator-immobilized surface Dithiobenzoate-immobilized surface
(slnit) (sDTB)

Scheme 2.6 Imobillization of CPDTB on slnit.

2.2.8 PBzMA-b-PNIPAAm 7 1 v 7 LEEEKT 7 B XU PNIPAAmM 7 7 “RE DIER

NIPAAm(0.25 mol, 28.28 g). CPDTB(0.06 mmol, 18 mg), V-501(0.25 mmol, 70 mg)% &ie 1,4-
UAFY Y (250 mL)HIZ/ERL L 72 sDTB 35 L OV sBz(S or L) & [Fl—DE/XT7 77 F 2 a
(IR S, SONRIRP ORISR %+ R ET D1 DICBR A AT Y v 7% 1
179 2 L Tl AR ZBRE LTz, RIC, ERFMAKTIZHRWT 70°C, 20 KH#] SI-RAFT H
BEATo T, FIGH T4, #5500 250 mL O7 & b b T 1 B % = & T, JEhak
M BIZFAF LTI AR S 41D PNIPAAM OF / v — 72 EDBREZITo 7o, IR T
%, SRILC 3 BFREUEHZEE L, sDTB |2 PNIPAAm 73277 7 k U723 sIP, PNIPAAm 7%
sBz(S)IZ 277 7 N L7=HE4K sBs(S)-IP 35 L O PNIPAAm 7% sBz(L)IZ 27 7 7 b L7z HhR
sBz(L)-IP %157=(Scheme 2.7), FIZSUGHE T IRETIIRAFT 2R ) ~—ZBINT 5720,
FOSERHE 10 mL 2 F N E Y = F /Lt—7 /(200 mL) FIZHE F L. PNIPAAm % FLm S &
7o FHEE L7z PNIPAAm 25| A X 0 BN L, =6 T 3 RERBIERZE L, SOSTAIR
D PNIPAAm % [FIY L 7=,
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| |
0\ Q CH: § O\ 0 CHa CHs 8
0—8iCaHs -N-C-CaHe-C—8-C 0—SiGsHs -N-G-CaHsm G—{CHa= C4— S-C-
H i H & i
/ CN 0/ N

0 : ¢=0

|
Dithiobenzoate-immobilized surface PBzMA brush surface CHz

(sDTB) (sBz) @

in 1,4-dioxane NIPAAM
70°C CPDTB
20h V-501

I
N B CHs S o, 0 CHs CHs S
1} u
0—8iCaHs —u—C—CzH4—C—(CH2—ICH 9"‘3"3‘© 0—SiCaHe-N-C-CaHe- C—(-CHz—(I)?n—(CHQ—(I:H-)n— S E';@
| NH ' 0 NH
PNIPAAm brush surface CHz2 I
(sIP) Pk Py
CHs CHs CHs CHa

BzMA 250 : Short PBzMA chain sBz(S}-IP
BzMA 750 : Long PBzMA chain sBz(L)-IP

Block copolymer brush surface
sBz-IP)

Scheme 2.7 PNIPAAm grafting through RAFT polymerization on sDTB, sBz(S) and sBz(L).

23 [EIR L7 RY ~—3 LOYERL L 7= B EtR OWRT
23.1 EABBRICBT RS TOREIS TR E 5 FREBAFORTE

R GPC HEE(EAE L R Y (AT L) (PSY), (5 - EBEEN, 7y 1-&40Af: 1.05 LLT)) & H
WCHERL L 72 D e BN ORMNE 1T/ > 7-, BEE 1 BFEIH O PBzMA
% FERR_EVIER U7-BRC. BOGAIR  CAERL L 7= PBZMA 10 mg &% #1241 50 mM LiCl &
HDMF 3 mLI\ZIAfiET 5 2 & CRIEY > 7 V2 ERL LU 7=, & GPC & & 124> 7 /v % 30 ul
HTEAL, BbNicr v~ 87T L0hb, O FEM,) & I FESMYM)ZHE L
72

Il GPC LEE(IEHERE RY (=F L7 a—)1) (PEG) (4 FEIEA, My/M,: 1.05 LA
TNEHWTYERL U720 o 7V OEOT4) 5y 1 8u(M,) & 3 B3 A (My/ M) DELH 21T 72 5 72,
HA 2 BFEH O PNIPAAmM % Habi HITAERR L 72 BRIC  ROSIR - CAERK L 72 PNIPAAm 10 mg
%A E4L 50 mM LiCl %7 DMF 3 mL (Z%ES 5 2 & THIES 7V ER— LT, ml
GPC HEEITH N A 30 UL FEATH I LT, Foicr u~ N7 L5006, BRI+
BM) L. BT ESAMMIM)EEH LT,
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232 XBEBETOHITXP)IZ X R Y ~—Effit 7 2 BAROFH

XPS % TR L 72454 5 2R EOTHMRICOW TR L7z O 7, 75 24k
W EDTEHFMRLZTIRD Z & T, (DVERY =007 2 BT LT 77 ST
HODOMER, QF DIV LR AT L, FEICROA RS 5 2 & THERE S DLt
W, 72 EOFME AT D, AL X #R monochromatic Al Ko, #7(1486.6 V), Y& iR
(Take-off angle)l TR I 1T LT 150, HIEHFPHGRE G =% /L F—)3 1400~0 eV B LTU'X
BT 100 um & L CHIEETT- 7=,

233 BEEKN 77—V BRI ATRFT-IRIEIC L 5 B5r THEREO T

22.6~22.8 TIERL L7247 /LD PNIPAAm EffiE % R T 572901, ATRFT-IR % H
WCHIEZTT -7z, ATRFT-IR TiX, 5k RIS A R L, B E 72130 Lot
FRET S, £HTHL T, BT NDSTAEEIC Lo THRAEOWIN AR R LA E
LD, HFHID AR MANS IR BT ET 2WEZRETE 5, ARIE T,
PNIPAAm &£/ 7 A AR £ PNIPAAm &4 E&T 57D, IREREAO PNIPAAm O 2-
TR ) —)VIRiR & T T AFREMNZ 18 L v AT ¢ 7 U CHalp ST, HoEs 7%
|Z ATRFT-IR HIGE 21T > 7458, Figure 2.1 (AN L 912, 1650 em™ {13712 PNIPAAm
B TH 5 amide 1 DIFFEIREN RO E—2 & 1000 cm™ (HLIZ A T A HMD Si-O-Si i
IRBIHSRO E— 7 B Sz 28, B oz B —2 ORI Leso/ o) % FHRIEA LTz
PNIPAAmM DA EFE Y720 Ok LT F ey b L, B a 7B L7z (Figure 2.1 (B)),
DIV RRERRE D |

(] 1650/1 1000) =0.0030 x (PNIPAAIII amount) (1)

L0 BT ZFRFmICEE( S 477 PNIPAAM D2 T 7 R &I2OWT, 55k 3 ool
FEEATV, T ONHfE & FRYE(RZE(Standard deviation, SDYEZ 7l L 72(n=3),

34



( A) C=0 streching

(amide 1) B
l Si-O ( )
0.007
Large l
/\ 0.006
Amount of o 0.005
grafted PIPAAm /\ g
b iy = 0.004
ff\\ %
—_— —= 0.003 F
Low 4700 _ 1650 1600
/ 0.002 |
ARSI ™ 0.001 &

0 . . L 1
0.0 0.5 1.0 148 2.0 25
Amount of grafted PIPAAM [ug/cm?]

L
1800 1600 1400 1200 1000
Wavenumber (cm")

Figure 2.1 (A) ATR/FT-IR spectra of PNIPAAm-grafteed surface. (B) Calibration
curve for the grafted amount of PNIPAAm on the glass surface. x; Grafted amount

of PNIPAAm, y; L16s0/11000-

22.6~22.8 TIER L7=% 7L PBzMA EfifiE 2 3 572012 ATRFT-IR % T
P L7z, BRI, PBZMA Effi 77 7 AFM D PBZMA &% E & 5728, IREREHM
D PBZMA DA X ) — )V A 71 7 AN 36 L F ¥ AT 1 7 L CHIREET,
LRI T 412 ATR/FTEIR JIE 24T - 724 5, Figure 2.2 (ANTRYT XK 912, 1725 em™ {11
PBZMA I85> = 2 7 /U & ORI H kO v — 2 St & 379, oz —2 o
B L(L 725/ Too0) & FERRU TN L 72 PBZMA OHAZERS 720 OB L7 e v F L,
B A VB L 7= (Figure 2.2 (B)), TGO NI-MERRL D |

([ 1725/1 1()00) =0.0070 x (PBZMA amount) (2)

L BT AHMREmICEEL ST PBZMA OV 5 7 NEIZHOWT, 55k 3 HofllE
ATV, T OYHHEE SDEZRH L=,
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(A)

0.016
0014 |
0.012 |

(=]
gooto}

& 0.008 }

Large ~ 0.006 |
0.004 |-

Amount of - 0.002 *

grafted PBzMA

O 1 1 1 1
00 05 10 15 20 25
Amount of grafted PBzMA [ug/cm?]

1 I} 1 1 1 1 1 1 1
Low 1800 1600 1400 1200 1000
Wavenumber (cri’)

Figure 2.2 (A) ATR/FT-IR spectra of PBzMA-grafteed surface. (B) Calibration
curve for the grafted amount of PBzZMA on the glass surface. x; Grafted amount

of PBzMA, y; I1650/11000-

234 KPKWEEE RV BEARIEIC L 28R ) ~—EMRE ORIWER(L

22.6~22.8 TYERL L 72 & Hubil 3t L TR e ii(captive bubble method)Z VYT, 7K
(CER A RE S, Kz Bl TR S Sk, SR L0 E5E L2Kiad
B0 ZFH L2 Y,

FHHNTFT LT 20°C 705 50°C OFIPHT 11 SO OKTPRIIEIC K 5 Szt )
TEEATV, SRR L 23 A TR EEREIA O i urE 2 3l L7z, BRI f S8 55080
KE SIS UL, AR 1 BT 6 ROFRRELA 2 FoR 3 B IES 5 2 & T, ZDF
Yfi & SD fEZ L L7=(n=3),

235 FR ) ~—EHERRE~DOMIRDBSE /BAEREIDBIZ:
2351 U EENRESRILE N EARBAEC) D&

HREIRAF AL TN D ¥ T SHEIIRF R M5 PN Rl (bovine caroid endothelial cells, BAEC)
WAL, BB CTH DX Ny aZiEA — 7 VE; #i(DMEM) (FBS: 10%,
penicillin-streptomycin  solution: 1%747)% A TR U AT L LS 22 [(TCPS) (¢ 100
mm) FICHERER A R L — ST 2N BRI FAE T HIRREE T Lz, 58 L
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72 BAEC | ZLL FOFNRIZ Lo TR REEE L=,

TCPS b CHIFEASEEZE ML O T DINIBREIZMFAE T HIRAE &£ THE#E L, BAEC OR#EIR
ZBEFER%. PBS T4 E1TV, H U 7V -EDTA IAii% 3 mL I 52 & T, 37°C O
5%CO, A v F 2 X— X —NT 2 R A T > 7, BIERIZ 0 TCPS 75 O
DOHRBEEEE%, MY 7Y 2 d9E S 57201 TCPS (2 DMEM6 mL #¥siL, B3y
T 7 UCHIIRREIR A B U, 2 ORISR 2 4°C, 800 pm. 5 Frflia Lo L
7o TR O EA WS IR L, #7212 DMEM %% 5 2 & THIFRET 2 18 L
72, HECEEEET D85A. B LV 100 mmTCPS LI SHIIRRETE 2 7/ LIS 21T~ 7=,

2352 BNV >—EHEREREIC N DMROTIIEE,HAEZRE OB

226 L228FRLT-BIRA XA YEL R v X —IT8-5T24 X 25mmiTh > ML,
FEAR LB~ 2 33 272012 » b L7e B Z 30 mm < b U7 ¢ » o2 BIZH
BT, 7 V= _UFNIZEWT, 23.5.1 THREL L 7-Miafeimii 2 . e 3 mL 124 L
THIR E~OFEFEBED 1.0 X 10% cells/lem® & 725 XD ITHHELL T 1 v ¥ = P RRIEIE 3
mL 2Nz 7z, ML, 7 1 v v 2% 5%C0,, 37°C DA U F a_X—H—NT 24 I
B L, (ARZEBIEE T CRIRRICBIER - 1R T2 2 & T IR A~ D WIS M
R LTz, e TR O A B A 3l 572, 7 4 v ¥ 2% 5% CO, 20°C DA
Foa X=X —NIZERE L, 2 REHEE L7, RERICOARZEBEE T CRARFIOICIBIZE - 1Y
L SRR mE B D Bas ez s Uiz, — 5 C. 227 TERIL 7z = —/L D sDTB
HIREDFBR ATV, HIEORFF IS OWTHEIES - | 21T o7, £72, (ABZEHReE
(K VBIER LTV o 7L EOMBSEEE SR Lo il okt LT, BALHEAEYS 72 0 O
R EHE L7l L TR LT,

2353 HRV v—EAHERREICT HMROEE - A OB

2352 LEBROFETH IV EREL, 7V —0_RUOFRNITEBWT, 2351 Tz
17> T AN 2 RV 3 mL Akt L CHRAR BB DY 5.0 X 10° cells/em” & 725
IR L, T« v > = PIZRREIE 3 mL 2 N2 7=, HIERRRER, 7 1 v ¥ =% 5%CO0,,
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37°C DA ¥ a_X—X—NT 72 KefflhsE U, (CAHZEBIEE N CRREIIICBIZE - B 972
Z & TURRFR A~ O & R LT, — 07 T2 TR L 7= > b m—/L D sDTB
HIARRDFBREAITV, MO DWW CHEIER - a7 o7, 2L & (TFHEH
PRI LV BIER L7t o 7L L OMIIESE BU IR LMokt LT, BALmfES 72 9
ORREAZFH R Lo LCRIN L., F7o, Ml X 2/ 3¢, i
BN REREIR ) > O Fobi— 1 ORI S PS5 & THEEE L. (5 IIRF#)(Doubling time, DT) % LA
ToORXREHNCEHB L,

DT= (t,-t;) log2 / (logN,-logN)) 3)

t) 1 37°C K525 48 FifE], t, @ 37°C K538 72 WG S5 381 5 2 49)
N : 4 (2B DHEZEMIEEL. N, @ 02T 2 E5Mlaik

2354 4% PNIPAAm 7 T VRiHEH D ORI — MENY

2352 LRBROFHETH TN EHEL, 7 U =0 _XUFRIZBWT, 2351 Tt
17> T AN 2 VI 3 mL AT U TR BB DY 1.0 X 10° cells/em” & 725
KOG L ., 7« v &= PRI 3 mL 2N R 7o, MlaiEffite, 7 1 v 2 =2 % 5%CO;,
37°C DA ¥ 2 _X—F —NTHIlR 2 > 7L NI 5 £ TS L, AAHZEREMEE F ¢
PRIFAICBIZR « IR AT o 72, £72. 37°C OFME T THRAELIMA 5 BMA2BET 58548,
FEAEBRAATE 5 B T 37°C OEFRIRIC X DEFHIZSHA AT o 7o, fotl N CHIAR OO i A5 268 2 5§
DI, T4 v 2tk 5% COy 20°C DV F 2 _—H —PNIZEHE L, Ml — kol
AArlz, —J5, 37°C. 7 AL ERFRZ1To CThMlius = 7 MKRRRIZEEE L7
e bIRRAEE OB EZAT o 7o, Flo, AU ~—2MER L T2y sDTB =22 hr—/L
& LT, [FRROMEZI T, KR U ~— B/ & O E T o7,
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24 FRBIUER
2.4.1 4-cyanopentanoic acid dithiobenzoate > "H-NMR HIEIZ & % 7

A% L 7= Bis(thiobenzoyl)disulfide 33 J: U} 4-cyanopentanoic acid dithiobenzoate @ 'H-NMR 2
~7 MVORIERER% Figure 2.3 35 X U\ Figure 2.4 (2779, Figure2.3 1V, 7.2, 7.4, 7.9 ppm
FHEZ 7 = =D E—7 &, 2 OB =271 LT 1 & 3 OE—7 k& il
ENT=Z EnD, BROEEMNE LT Z ARSI, IRIC Figure24 X0 1.9, 2.5,
2.8 ppm {1l 4-cyanopentanoic O B —2 R S Z Lvh . BIIOGEMDMFH 7
ZEDVRENT,

8 7 6 5 4 3 2 1 -0 ppm

Figure 2.3 "H-NMR spectrum of Bis(thiobenzoyl)disulfide, in CDClL.
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Figure 2.4 'H-NMR spectrum of 4-cyanopentanoic acid dithiobenzoate, in CDCls.
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242 EATERICE BB TR
2421 BRTFTITLOHTE

PBzMA 35 X UNPNIPAAM 77 & il ERIRH SO S IRHZ AR T 5 & U ~—ORCEY)
7T E(My) 3 X OV F 85540 (My/My) % Table 2.1 127,

—BEEH OBEATER LT PB2MA 13, R ~—0O0 FBI3MINRIE T OF /) ~—RE
IR T2 Z LR SN TER Y . SONRED B L 075 mol TEA LAY ~—0
Sy FED 025mol DH D &l L THI3 L e o722,

I B HICEHA 21T o 72 PNIPAAm (3, EHARKTIZEW TS HETL TS Z
&G PBZMA Z{ERT L 7= F5K ECIE7 7 7 b & T0 5 PBZMA S5O K75 PNIPAAm
PERLTIZ 77 hSNTWDHZ Enlifisnd, £z, FONRERT THLNIRY ~v—
LHMR T T 7 FENTARY) ~—HOSFRITFAFETH DL Z EPMESNTND Z L9
O REO T REERT DAY ~—#BNER EIC 777 SR TnD 2 EpiR S S P,

Table 2.1 Characterization of PBzZMAs and PNIPA Am obtained from the reaction solutions.

Molecular weights of free polymers
Sample(number of monomer unit)”

M,? PDI*
PBzMA (250) 22000 1.14
PBzMA (750)” 70000 1.13
PNIPAAm (250)° 51000 225

“Number in parenthesis was number of monomer unit.

® Initial feeds of BZMA for PBzZMA(250) and PBzMA(750) were 1 M for and 3 M, respectively.
CPDTB: 5 mM, V-501: 1 mM.

¢ Initial feeds of IPAAm, CPDTB, and V-501 were 1 M, 0.25 mM, and 1 mM, respectively.
Determined by GPC using DMF with 50 mM LiCl.
¢ PDI: volvdispersitv index.

2422 BHTT TV OHTEDA

RAFT EAIZBVTHIGAH & @SB BRI O EE & 72 0 | PBZMA O &ALk
WIS MEA /R Uiz, Zhud, SEIOEA CIEBIAaH &g ashFIos 1:5 LeoTn
Hicsh, EHEBESIGA IR S 720, DT ESI ol E B DD,

40



U EORERY Y, —BREEICES LT PB2MA 13E /) ~—REZER 52 &L TH1TED
HE 2TV, BRARAI & CTA DHRIZE > THFREDMOHRNR ) v~ —2 /5010 Z Linb,
PBZMA Bt EIZ3\W T B RBEDFERDME BTN D Z E AR S D 212,

RIZ PNIPAAmM Dy F85A11% 225 LIRVMEE 72> TRYD . ZIUTHEGTHBRIZEAL
T BRARH & JESREENRI D LAY 25:6 & 720 | EBRBEIAI ORI IIR U CRIAARIDIREEAK
Lo T D, WE, RAFT EEZATHOHA. BAAANT L CHER BRI O 272
CEBMSHITHZ LT, HEBISUSZRNREI AT ZENTE D, LLaenb,
AR DA - AZENT LT PNIPAAM S$HOSHRVNEET 5 2 Lidmon Ty, HS
PNFTRE CHIIOBEE - BIAA N FIRE/e K& SO$EEHT 5 PNIPAAm 7 7 A4 % 7=
DI, BEERENFIZ AR R LRI 5 2 L CHRAEITo 7, D728, PNIPAAm O
HAIZBWTE /) v —REI U CHEIBEFI DIREEDN DR 72 2 &nh | BB
JEDVER K ST LR o T2Tesd, S RGNS IeoTe E BRI D,

LLEOFERNS . BOSERT OBEASISHHET LTV D720, FR EIZ PB2MA B XY
PNIPAAmM 7377 7 F S TWD 2 L 2RI 272012, XPS I LT ATRFT-IR JIEZAT

77,

243 XPS AT K B8R Y ~—EHiN 7 2B DITRAERDIRTE

BRI BB CFRMAN A XPS ST Ko THTAER A Table 2.2 1277,
BonfER LY, CPDTB #[EE{L L7= sDTB & i LC, PBzMA % {&ffi L7 sBz Tl
RY ~—HROD CJRT-OHRMBEINN, BT 2RO Si F ORI L=, &I,
PNIPAAm % f&fifi L 72 Fof Tl sDTB & bz LT, PNIPAAm H3KD C Jif-& N Dkt
DSIN, AT T AHMR AR Si - DR LT D, —757 T PBzMA 3 J U PNIPAAm
IS | O 125 ATV D, BRI DIERER TIL O T DR LT
Do ZHUTKARY ~—(EAHHR & Ll LC sDTB TldH 7 AHEMREHKD Si JE DM
287%& 72> TRY | ABEHINTND O b RN T T ZAEMHRD O i1 ThH
EEZDBND, ZOTZOHMEIZT T 7 N ENDHR Y ~—DOEDEINT HI20E->T O i+
DN L, &R ~—035EGREm B2 7T 7 F&D 2 & TH T AR RkDtHE
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IR SO OER = L —ME T L2 2 & TRIEAREEL 720 O Ji+Dkk
I T DIRERI 2o T2 Z EHRIB ST,

RIZEFMNZIBNTAR Y v —DFRSy & 72 D N % C THA > 72 N/ICEILZ 41L-Z 41 Table
22 lIRLIAE 72 | BFEMR EOR Y ~—OigIED B H H S 5 FHRESIP: NC=0.17,
sBz-IP: N/C=0.06) & iz L7=, 4% sBz Tld. BzMA IZIZN NG ENAR2WNICH )b 59, N
DOIEDHY 1atomic%fftt S4L, N/ICED 0.03 & 72 o7, Z4UE CPDTB Z[EE(k L7- sDTB
EHE LT sDTBIZERWTH NI latomic% i STV D Z &b, BRAGA V-501 <2
CPDTB (T TNCEEINLTND N MR S 72 & B 2 D, IRIZ PNIPAAm EAfiHAR
@ sIP TIEN/C 1T 0.08 £ 720 | PHEwiE & bl U TIERVMEZ R LTz, ZHUECBLUIN D
MESy & HIZ PNIPAAm %277 7 b L7z sDTB & Hls U CEIM L T B3, T A AR
KD Si 72 ENEIRIENTND Z LD, PNIPAAM D7 T 7 MEFETIFHEEIV NS
TeOICHAEMBE Y bIRWMEZ R LIz B2 DD, — T &7y 7 HEAKRT T %
[ CIXFHRAE & bl U CRSEOfE 2 7R~ Lz,

LLEDFER LD | XPS ST OFERD B IR EA~DFR Y ~—DBEfiI R Sz, &IC
PBZzMA & PNIPAAm DSt b~ 77 7 b EE2 T 572012 ATRFT-IR JIEZ1T -7,

Table 2.2 Elemental analysis on various surfaces by XPS.

Sample Element (atomic%) N/C Calculated
C N O Si value of N/C
sDTB 30.0 1.0 40.3 28.7 - -
sBz(S) “ 358 1.1 37.2 259 0.03 -
sBz(L)“ 39.2 1.1 33.7 26.0 0.03 -
sIP? 44.6 3.7 28.5 232 0.08 0.17
sBz(S)-IP“* 511 3.6 26.0 19.3 0.07 0.06
sBz(L)-IP “" 69.2 5.0 17.1 8.7 0.07 0.06

“ Initial feeds of BZMA for sBz(S) and sBz(L) were 1 M for and 3 M, respectively. CPDTB: 5
mM, V-501: 1 mM.
b Initial feeds of IPAAm, CPDTB, and V-501 were 1 M, 0.25 mM, and 1 mM, respectively.

“ Determined by XPS, take-off angle 15°.
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244 ATRFTIR PIBZAWIZER Y v —DER E~DTT 7 N BOWE

ATRFT-IR JIEIC L 0 77 25 I3 5 PB2ZMA £721XPNIPAAM D7 7 7 N &
R U7-FE R % Table 2.3 177,

HEE—BEREEICHIT S PB2MA O F 7 M E(X ATRFT-IR JIE X Y PBzMA (&£ L7-
B AZNEN 3 BOIET S Z & T, sBS)TIH 028 + 0.02 pg/em?, sBz(L) T 0.50 +
001 pglem® &7eo7z, ZHU, £/ ~—REOZEAREA S (X025 mol, LIX0.75 mol & 3
fEDOFENNHHITHED LT, EEED PB2MA O 7 MK 2 D=L hoT-, Zh
(X, Bt ECEAGVSETT A5G, RUGEIRT OR Y~ — I HEHRC Ko TEIRT A H
HIZEIN T D23, R EOR Y ~—8IFEE (L SN TN D Z & T, EEDRERIH| =
NHTEDEBEZLND, LNPLRERRL, B/ ~v—REDEWVCEY, Bib 777 Na&%
BT HEREAERTE 2720, 7T 7 FEOEWIC L > TEROWIECHInORE - Iig
N EE 52 52 LRI CE D,

A B IZET D PNIPAAm O T 7 b &ild ATR/FT-IR JIE & U PNIPAAm % {Effi
L7222 3 HOllE+ 5 2 & T, sIP TIX 0.81 & 0.01 pglem®, sBz(S)-IP Tl
093 * 0.05 pug/em?. sBz(L)-IP T 0.90 + 007 pglem?, EHEM L7, =0 3 FEED MR
(3T T USRI IRIE S CHEAZITo TR Y . HAZITo BT FTRIEA L
7 BzZMA OJEE(0 mol, 0.25 mol, 0.75 mol)23 72 5, L L7e23 b, [A%ED PNIPAAm 2
77 MEEATLERAAFRTE I s, R EZZF 7 FSu T % PNIPAAm O
DFERT T 7 MEEIXIFERFEOERDPMETETWD Z EHIRFCTE 2,
VUEDHRERNS, 7 ay 7 WBHEKT TR MmMIBWT, TETIIRRLS 777 Maxf
% PBzMA, FETIXZZEFSED S T 7 N EE AT 5 PNIPAAM HMERf S 707 Fab ) R
T&ET,
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Table 2.3 Grafted amounts of various polymers on the glass surface.

Amount of grafted polymer (pg/cm?) ©

Sample

PBzMA PNIPAAm
sBz(S)“ 028 =+ 0.02 _
sBz(L)“ 0.50 * 0.01 _

sIP? - 0.81 = 0.01
sBz(S)-IP“” 026 =+ 0.05 093 =+ 0.05
sBz(L)-IP*” 0.50 = 0.02 090 *= 0.07

“Initial feeds of BzZMA for sBz(S) and sBz(L) were 1 M for and 3 M, respectively.
CPDTB: 5 mM, V-501: 1 mM.

b Initial feeds of IPAAm, CPDTB, and V-501 were 1 M, 0.25 mM, and 1 mM,
respectively.

“ Determined by ATR/FT-IR, mean + SD (n = 3).

245 KFPRIEEE AV A R X 28R Y v —EMRE OWRIUEELORIE

FHIRDODFWEZ TS 5728, 20°C 75 50°C OFIFHTRFEIEEIT K 2 Eit il
BIEZITV, EORERE Figure 2.5 IR LTz, 2D & X cosOEITFHAR DB UEEZ R L TH
0. BUKMETHIUL 0 ITEVMES 220 | BUKMETHIUL 1ITEVMEZ R T,

PNIPAAm H3AAERD sDTB, sBz(S). sBZ(L)Z331T % ¥t vt D2k % Figure 2.5 (AT,
FARPE CHIE L7oAER. CTA BEE(LEA TH S sDTB &bl LT, sBz(S)ITBAKMEZ R L
TEY ., HMEIZBUKMERE T PBZMA 237 7 7 SN2 Z EAVRE T2, — T, sBz(L)
1% sBz(S) & it L TR W BUkMEZ R L TR, <D PB2MA 237 77 S TNHT28H
EEZBND, KIZ, sDTB, sBz(S). sBz(L)IZF\ T 20°C 7> 50°C OHFIFAIZIS T 5 HIE
Tl 2 E U 7R, PNIPAAm ASRIERGDTZ 60, IREZ NI & DA o TR 5
nigmolz, UL EDORERNG, BUKMER T PBZMA A8 AT % 2 & CHUKMEZ 7R3k
KEPMFREIL.PBZMA D7 T 7 MEEZZE(LSE D T & TR H8UKEZ G T 2 Bl a1
WUTEDHZ LRI,

RIZ PNIPAAm Z{&fifi L7z sIP, sBz(S)-IP. sBz(L)-IP M¥iuth: 28 k% Figure 2.5 (B) 27K
¥, BIEIREE 20°C 12351F 545 PNIPAAmM 77 7 b ESHR O cosHfiElE 0.86 + 0.02 L7820 | 4%
FH 0D PNIPAAmM FEAFIOFM & bl U T X 0 BUKMEZ R LTz, ZHUE, PNIPAAm |3 LCST
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LUF AR 3 CRUKIEZ 7R, F72. PNIPAAm [ ZBOKM:E 507 Ch 5 PBZMA & Hig
L THBKEDE D THDLTHEEZ DIND, ZOREND, 45 PNIPAAm EfiEtR DM
BCE T2 Z EAREICIBN T ORIz, £7o, AIEIREED 20°C 2> 50°C OFiA
(2R Al 2 E L7 AE R, Fiix O PNIPAAm ERFEARIZISV T 34°C T 0.78 = 0.02
L7 | ARIRA & g U C K0 BUKPEOEZ 7R L, B2 50°C TIX0.77 = 0.02 &7
Too ZDEE BHMRIZBT DA O DG, 32°C B RIITBUKMED HBKPES
2 LTz, ZAUL, FEHR BT PNIPAAmM &R L7- 2 & C, RmME)s 32°C Z5RlTBKM:
DOHBKMESEZEL L, ERIA PNIPAAm & 72572 2 & 005 FEOMAIZETD &7 [R5
DB ZTR LIz EZEZ bND, Eiz, WESEMET v 7 WEAREIED LCST 11, 2
OB TEOSTRIKFE LN ERMEINTEY, £V y 7IEAKRT 7 V%
HEIZBWTS sIP L FEROZFED RSN TWD Z &b, 7T uy 7 IHEERT 7 5SS
31T % PNIPAAm D/KFN « BiAFIOZEN A T2 2 Easmandz P,

ZHVE TIZ Okano & D 7 /V—773 flix OFEEREIZ L - T PNIPAAmM 77 7 MKl %
R L, ZDORKIENZIT H LCST OFTHER L Y . PNIPAAmM A RSRE E bR E TIIA Y ~
—HOABENEWES, WIRTIZH TS5 PNIPAAm @O LCST & [RERICEEL LT
PNIPAAM (25T b 32°C IZLCST 24T 5 Z & lEh 0 H T % 9, —J57 PNIPAAm
DMEFZEEIC X o CFRil Loy THOEEBMERHIR S T DA, LCST 230370k
W~ 7 892 9, Zo7=H, AE0 PNIPAAm % & L7-4-#H TlL, PNIPAAm 02
77 NENRZNT LG PNIPAAM 37 T 7 F SHUTW 5 @50 FEEOANRO H s <
Ipol=BEZ HND, D7, K LD PNIPAAm S1I30AEH O PNIPAAm & il LT,
[F%0D LCST 2R LT B2 Hivd,

VL EORER G FR BIZ PBZMA A8 A L7 K1 ClIoT D MR & Holge U CBfk M2~
L. PBzMA OEAEIZ L o> TERKRHOBUKMELZ I TE 5 Z L0 RSz, £,
PNIPAAm %3 A U 7= HA R Cld, LCST32°C #BElIA D PNIPAAm & [RIERIZHT - BR
IKMEDZEALDIRE T,
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Figure 2.5 (A) Static water contact angle measurements for sBz(L), sBz(S) and
sDTB at various temperatures. (B) Static water contact angle measurements

for sBz(L)-IP, sBz(S)-IP and sIP at various temperatures.
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24.6 BN v —(EHEARREIC N SMIAO YIRS A EE OBIZ

HAR Y ~—(Efiftds LY CPDTB [BEE btk RIZ361T Dl wIiHEE 36 L OEZ:
B DU TRRE L7 A U7z 7 S SEBIIRFR Sfeif /2 PN BRI (A 1 L oM & Fa0) il & P R
IZHET HHEO =Ml — F OB/ EEBE LA FHATH L LB XMHEH L,
FEAR_EIZ B THIfE 2 37°C, 24 IR L 7= BRORRIFH 70 fifla$2 550 28t % Figure 2.6
(T RSB LI RO I RS M dS X T8 20°C ORI HEMR 2 #5E L 72 BROAIM DT
REZX{K % Figure 2.7 1217,

Figure2.6 0| 37°C. 24 Wfifisge L7Iohi R, AHh LI\ Gl o7 - ) s
T&7z, £/, 22 hua—/L@ sDIB, RV ~—%{EAfi L7= sBz(S)-IP. sBz(S). sIP Ti&il
R Ff% 6 IRFH] CHREFE L 7B D 70~90% DAIEANHA HIcHs « (R L, MiaREfE 24
P % TULRIE S T ORE L 7oMlaOHSS - MR E MRS LT-, Ziud, sDTB & Hl L T4
WY ~=—INT T 7 F ZIUTO LB M TP OB TE O DS SR o T, —JF
T, sBzS)-IP, sBx(S). sIP |7 7 7 b 3T %m0y THHORECEIREl A 70 & oWyt
TEW IR L2, MlaOEeE « MBI E L 52 DX EDBNIECRN-T2EEZD
N%, F7-. Figure2.7 1V, sBz(S)-IP ILsIP & i LT, F—J@HIZ PB2MA 377 7 k
SNTWDICHEADL ST, MROESE - RICKRE RBEIIRINR ol LnLRnb
sBz(S) & it LT < D PBzMA 7377 7 h LT\ % sBz(L) ClIAlNafERE% 24 W CRE
il L 7=FMAR O 60%, sBz(L) L2 PNIPAAm %27 7 b L7z sB(L)-IP ClIMfuskfEts 24
R TR 20%FEFEE DORIfOBERE - RENRD BTz, ZD L &, sBzL)OWHEHIIZ BV
T, oo KR & Holis U CEMgE kA I E I B Tl b BIUKIEZ R L TR Y . Mo HEE 5
N hra—)L DR & AT - 72 sBz(S) & e LTI 2 (5D ED PBZMA A3 M BT
757 NENTWD, ZOFEEEY . PB2MA D757 MEAK] 028 pglom? (13T il
%2 LT Mlaoss - MRICEEE B XN EDVRENTL, ULEDZ Enn | Bl
il B2 PBZ2MA 2#2%< 777 N LTcGa. BRI EOIuED @O BUKIEIC > 72 2 &
THINEILZ & > CTHEE DN S D ERMmIC /2 o7, sBz(S) & kbl LT sBz(L) ClddEas % >N
7 EOWAEDIIH S 2 & TRIIIOBEEMEDME T L7z, fifa & etk i omei b M A
TEROIEIZ X o THAOESEHIME T LTz, e ENEZ BN D, WTIUZ L TH, PB2ZMA
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DEABDENINT HIHEN T, Ml OEEEMEOR TR S T=, RIZ, sBz(L)-IP o
FoR & bl U Tl b R OBEE I G N Cdh o 7o, Zhud, MIRROBEEH0 Ul D72 5
572 sBz(L)IZ PNIPAAm 7377 7 N Sz Z & T, @17 7 V#Ei & laoias 2B 5
T HYEY AR ER DR Sz 2o Tt Bz bhvs, £, BEEZETIE
NIH-3T3 ~ U AMESFAG, C2C12 fidffifa, 72137 MBIz V72 53
T, FEERFREDMEV S O TR EORIIRBSERE L WD Z LN HEORE E G| oikD
G| ) ARG 5 2 & THEE - RT 2 DITx L, Flk7eaRiE TIXEES | ) DR n
R & 72 0 BESTEDME T 5 & W O RERBHE ST g 19, 7=, R EicE Y 1
AT DB, B TEOEADK 25 nm BREOS S FEICHET 2MEtOm S, &
fif, RIAOLAUWEDHIRIOPENEICET 2 Z L AME SN TWD 2 e s, HifTEs 1
JBO FICEET 5 FEOBELZRH L THDEZ LRSI TND 00, 2070,
sBz(L)-IP IZ PNIPAAm J&?D FIZZED PBZzMA JEN 777 F & TEY . FEEOSMETT
77 F &7z PNIPAAm $HOE XK 3 nm EE SN TWD Z & n, MlaE TEO
PBZMA JEZ 58k § 5 Z & TH T AKM &l LT, mVWBUKME, ZRik7eE7s EOfEZ X
0, AOBEEMMET LIz B2 b 2,

RIZ, FAR B0 DR DIAEMZ DWW TR 729, K564 Z 20°C TIRIER = 21T
7=t Z A, sDTB. sBz(S). sBz(L) CTliZ PNIPAAm 2MERf X4 TUNRUN - DIKIEALERBRAS 2
RERRGEE b IR T X COMBIEEE LimE £77 o7, —EROMIEA IR B S L
TWDHA, ZAUE 20°C IZFFE L7 2 SIS K W MIDTEMEDN RO 2 LR ENREZ BiILD,
—J5. PNIPAAm 77 7 "l T 54 sBz-IP CTIIKIBLERRHAE 30 43, sIP [ XAKIRALFRRH
b 2 IR C AR B BT OMBDMAS 2 Lz, 24U FJEIC PNIPAAm &,
TRIZPBMA J8% 77 7 k Li=Z & T, PNIPAAm HE DR & bhik U Cifa & e oA
AAERMMET L7272, MiloBiEMEE SN LB BILD, TOMIT, sIP Tl
PNIPAAm $H73 7 7 A FAMRER N O AER LTSN A7 0y 7 HEHART 7 2Kl Tl
PNIPAAm #8473 PBZMA SHOFK B4R LT, BHFEFEICERBWC, 77 7 h&hizR
U~—8HD EFBICRIT 2R U ~—J@ O/KFZFE) TR E Vg E 2 A L TR Y . 4R
R L7=7 0 v 7 3EAKRT T O RETBW T, KIRT/KRI L72BEIC PNIPAAm Hg D
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Figure 2.6 (A) Cell adhesion behavior on various surfaces, and (B) cell
detachment behavior from various surfaces. Cells were incubated at 37°C for

24h (A) and then at 20°C for 2h (B).
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37°C-incubation 20°C-incubation

Figure 2.7 Cell morphologies at 37°C for 24h and 20°C for 2h on various surfaces.

Scale bar: 100 pm.
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DzE#NZ | BHAR LTI T 37°C, 72 WFfETEER L 7-BROMIFANCBIER L To il oBas - 1
Bl L 7= BROOMIRI DT REZE L% Figure 2.8 |2 ARIRFIY 70 MRS S D 22V % Figure 2.9 12T,
Fio, BEBUTIST HRERE L 7MIBIAY 2 5 THIRE D OIS B2 IRHH T & 2 E IR & 5
L7,

2.4.6 O Figure2.6 1V, sDTB, sBz(S). sIP 35X " sBz(S)-IP | LIS S 2
24 BFEICBWTEN T 1.0~1.1 X 10* cells/om® DR & 72 0 [[A5572 > 7273, Ffmoo st
TIL sDTB & LE#E LT sBz, sIP. sBz(S)-IP [ZHOT MK T 5 Z LD MERR TE 72, 77,
FENNRFRZ IV T H sDTB D 34 IR & Hlse L T2 34, 39, 35 W] & 720 Soi b
(R ~—037 T 7 F ST Z & THIRRDOEIE A IR S D Z L PR TE 7, Ll
N5, AROYIEEEL & [AERIZ sB(S)-IP & PNIPAAm HLB D sIP & Ll d % & Mo
FENZZEFLIN TN T L DR S T2 Z L PBZMA OB AN EA T 5 2 & T, AlfushE
PRI R 5.2 5 2 L7 L HEROBGNAMETH 5 Z LV RENTZ, KIZ, sBaL)B LD
sBz(L)-IP DHIDOFIHABEE 1X 2.4.6 D Figure2.6 & [k 72 < 37°C, 72 BEEEE#H%ICE
T DHIROHFEITIZ & A BB S e o Tz, MO IV T H EEd sBz(L)
1% 55 BEDsBz(L)-IP 1% 363 HRFfl & DO FMR & Hefg LT < OFFMNMETH D =
EDVRES T, ZAUS, AIEORIIEEE DFE L [FIERIZ, sBz(L)X PBzMA OV Z 7 N&N1 %
7eol=Z & THARFR OBUKMED E < 7 o7z, MIRXBRMED RO GA I3V TRl D
PEAEDIH SNDMEN SN TEY,, sBzZ(LIZBWTH BN e o722 &C, Hlilg
OPEEMEMET L, MRoBEbIH St &2 b5, £7-. sBzL)-IP IZBWThH,
FRRE OAHHERE D3 S TR & [FIERIZ, PNIPAAm 73 sBz(L) b2 7/ F 7 &2 & T
AHRE & HobRZR i OFE BAEH O, RMiE S 230 7 A Heblk & bl U Tkl /e 722 & T
FRaBEE O T LOMESREHC /e o7z, 7 EDEZ Bd,

U EDFERNG, 7 ay 7 HEAERT 7 KT PB2MA OB AZELFHRETT 2 2 & T,
PNIPAAm HJE D sIP & b U CHIFADHIFFIZ 22 TN 72N 2 L 3o T,
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sBz(L)-IP

sBz(S)-IP

Figure 2.8 Cell morphologies at 37°C for 72h cultures on various

surfaces. Scale bar: 100 pm.

52



@ sBz(L)-IP
® sBz(S)-IP
¢ slP

o sBz(L)

A sBz(S)

0 sDTB

Number of adhering cells
(X 104 cells/cm?2)

OOOOO—\_\_\A
N OO0 O N BM®

0 12 24 36 48 60 72
Incubation time (h)

Figure 2.9 Cell adhesion and growth behavior at 37°C for 72h on various surfaces.

24.8 % PNIPAAm 7' Z LD b DR S— MBI

FHMEITHITEZ 1 X 10° cells/om” D TRERE L, 37°C TS5 H£721% 7 ARESE L-
N FAZETAR SR % Figure 2.10, 45 PNIPAAm 77 7~ 5ot b GRS Eop i 2 ol L 7=
a7y MREBIZ 572 b D% 20°C DA 3 2 — 2 (THE L, fiia s — BRI
TEREDREIRFZAL, & [FI T2 F TIZEL L7 RFf#] % Figure 2.11 (2777, F72, 20°C TOEFEIC
2L TR U CRlifa S — R3Sk BB RIBE L 72 il >\ T ey LT T 7 %
Figure 2.12 |2/~ 7,

B x U CHlaEfEf% . sDTB., sBz(S)ixb52& B4k 2 H. sDTB. sBz(S)iZ PNIPAAm
#7777 kLT sIP, sBz(S)-IP ClddE#ERE 3~5 H CHllfds =2 7 vy MIroTe, Z
D & &, PNIPAAm Z AT 2% DA T, a7y NI 5 £ TITE AR OENE
CTWAH2S, ZAUE 24.7 @ Figure2.9 76 ZIVEFUSIIRERDS 4~5 FFR < 72> T 5,
ZAULPNIPAAm $HD 7T 7 S &DMEINY 2 &M OREE S 720 2 L3 S Tn
HZEinh, ar7Amy NETICRMRMEAELZ LB 005 Y, —JF, Milaohss -
FEFEDMINM] S 40Tz sBz(L), sBz(L)-IP (%7 AL ERE#R 217> CHMifali = 7= b
(27 B 7o To, ZHUL 2.4.6 O Figure2.6 (A), 2.4.7 ® Figure2.9 25773 X 912, sBz(L),
sBz(L)-IP | T OFFFEE L 25 < L CHARuOEE MK < sBz(L), sBz(L)-IP (D
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BHEDIERIZRNZ & 20D 7 BRI EDORERICB W T a7 vx s MO bihoTlz
EWRE ST, ULEX Y, PB2MA OF' T 7 NEERETTHZE T, Ty 7 HEAKT
T VRMIBWTHHEN a7 oy MR D Z & HER LT,

Ml 2 7 v M le o 72453 M % 20°C DA 2 F o _X—X |TfE L CIRIRESG & %
1772, PNIPAAmM 7377 7 b &3 TR0 sDTB, sBz(S) Tl 24 BEIMEIRICHRHE L T H ik
B BRI FIBET 2 Z &1372 03> 7c, — 5 PNIPAAMm 237 T 7 h STV D BT,
HfAFE L2 S L7 E £ o — MRICHBEL 7, 2 Oflifa s — b ORIBEEE) 2 RO B1EE
L7265, sBz(S)-IP CIHEIRAFRRHLARY 10 43, sIP CIIEIRABEBHAEK) 35 7 CRHIEE L4k
DTz, HAEHIT sBz(S)-IP TIHRIRALEEBHAAKT 21 43, sIP TlE 62 43 CHA B Hiffifaz
— MROMFEE LTEINT 5 Z &N TE e, £7o, HBEBILAD b I8 TITE U7 RFHIE,
sBz(S)-IP 1347 10 43, sIP TIIfI 30 230> TV D, ZaLid 2.4.6 O Figure2.6 (A)DFIED
AEZEBIORE RS | FoER R & MO A OIRT, PBZMA SO A, & Btk B2
7 7 b &z PNIPAAm SHDTEEIEOENR EREL TS LB BILD, £ DOMUZH
fa o — MIFER ECRilasn a7 vy RORETHE L T\ D729, il & iassiEss
LTS ZEIZE-T, B ES—HTHEE LInD 2 &, ZhUsE®E L CTlidh > T D
RS FEET 5, 2T, MIRRMOBEEILT 7 F o bW D X R ENEES LT 7
FrT7 4T A NT 7T FE KT HHEERIC L - Cilla & sz gsa+ 5 2 &
272 %, Ol RIRICFHE L7cGG, Ml — 3R B GRBELIgD 5 & Hlifld
MRT 7 F U FABLUTHEELTWAZ LICLY ., MIEMABINAIEE /20 | fHias —
MIHE L7tk & 7ol 2o & & ZOUGHESEY bAIE S — b 2SHIBES DBROBRE ) &
72572, 24,6 O Figure2.6 (AIZFIT D HE—ORaOMiaZE ORI & g LT, MK
HITHIM O HIBBHEEE A< fe o7z B2 Bhd 2,

VU EDOR RN G, 7vy 7 IREAERT T SR DMd s — F OB FEETHY . 7
a7 IEART T UEEICT D Z LT, PNIPAAm BB sIP & il LGRS — kO3
BB 2o 1) b S8, RIBERFR ORI R L7z,
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Figure 2.10 Microscopic photographs of cultured cells at 37°C for S days after cell seeding on (A)

sDTB, (B) sBz(S), (C) sBz(L), (D) sIP, (E) sBz(S)-IP, and (F) sBz(L)-IP. Scale bar: 100 um.

20°C-incubation Detachment Detachment
started started completed
35 £ 6 min 62/1/12 n‘1in

8\

PIPAAmM brush
siP

Block copolymer (§
brush
sBz(S)-IP

Figure 2.11 Spontaneous cell sheets harvesting from sIP and sBz(S)-IP.
Harvesting initiated at 35 + 6 min (sIP) and 10 £+ 5 min (sBz(S)-IP). Harvesting
were completed after 62 = 12 min (sIP) and 21 + 2 min (sBz(S)-IP) (n=3).

White-dashed lines indicate the edges of glass surfaces. Scale bars: 1 cm.
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Figure 2.12 Average harvested areas for cell sheets recovered from sIP
and sBz(S)-IP with culture area of 6.3 cm’ as a function of incubation

time. Incubation temperature: 20°C.
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TR U7 R Ot & 0 . SI-RAFT EAIC K » TREINEME T 1y 7 ILEA KT Z
VREAETE D Z EIVRENTZ, 2D L& Bz2MA OF ) ~—REAFRETT 5 2 & T,
FthFEm FIOEASID PB2MA OV T 7 M&EEXHZ EMARETH -T2, £z, #HHY
A ELC K D HARFRME O WD ZbiT, PNIPAAmM HEORMRICINTH 7 m y 73t
HEERT 7 REITBN TS, LCST32°C ZHRTH - BUKMERET 2 2 LAVRS T,
VERL U 7= 35k 12 381) 5 BAEC O « H95H,/ IS E O 1T, BUKMES S+ PB2MA
777 MM ETIE, PB2MA D77 7 M EDEIINT BI04V CRIBOBERS - AR <
NDFERDGE LNz, L LR, PBZMA OEAREZFRETT 5 2 & T, R ~—FKEhfi
O CTA [EE(HAR sDTB & Fiie U Gl 085 « HEHEZEEh s RO HAIT /2 D 2 & D3
T 7, WIT, PB2MA 75 7 NEAMRD FJEIZ PNIPAAm 277 7 b L7 v v 7 SEEAIR
77 VRE T, FED PBzMA 277 7 MEPHEIINT D18 T, Rk E~Dffifudtz
X HIESREE L 7r o7, — T, TRy ZHEAKRT T UREITBWT PBZMA OEA
BAFHET L72 sBz(S)-IP TlE, PNIPAAm HEDHEIEZHT 5 sIP & [AEOHIROEE - ¥
SR LT, (ERL U7 50K BICHRRE L 7o = o 7 v MT7e 5 TR, Ml
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T— MROFREE LRI %72 H% PNIPAAm 7' 7 7 R % 20°C OIKIRIZHE L ChE
e LTS, sBz(S)-IP CIIEIRALERBRLAR 21 43T, sIP Tid 62 2 Tl — K & LCH
WFHZ LB Lz, ZhudT vy 7 EAGERT 7 2 RmIZTT D 2 & TllldORIBEERE
(A 5.2 TRV, FE EDD PNIPAAM 377 7 h ST 5 sIP & kig LT PBZMA
BAORIRN>S PNIPAAM 28 77 7 b SIS K0 il & Bt m O A EAMET
PNIPAAm SHDEEIMEDIE V2 ENFIBEREL L 5.2 T D LB X Hivd, UL EORER
Mo, Try ZIEAGERT T URENIZBWT, FTEO PBZMA JEOEANEZHHET L2 &
T, MRROBERS - BERFENC B L 52D Z e Ml — b ORIBEREE ATk nTRE R
FREERICE D Z L dbioT,
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31 fEE

552 BT, SIRAFT A Z AW TRENEN T vy 7 IWEHERT T S Rm2/FR L,
TREIZHUKMEE 7§ PBzMA, BRI IS E S 777 PNIPAAm A A5 2 & T,
PNIPAAm HLJE D5 & b U CRITS O RIBERBhOIEIZ &k Eh LTz, 71 v 7 HERT T
TR ZAFRT DRI PBzMA $1 DA R ARG CAFET 2 CTA HR ORI E RER: 2 VT
PBzMA $HDAEF ARG PNIPAAm $4% 77 7 b Lo, ZORMERERILT v v 7 LEHE
RIEEED T D DL EMEO BB ET HLMNT, EITRIGIC L > CRIRERERZ T4 — L
U7, S E LR R RERICER T 2 Z L3 i Th D V9, Fo, RIEEERIT
PNIPAAm @ LCST 2kt L TREEZ B2 5 Z L DB IVTUN D, —fXIC PNIPAAmM O ARG E
RESLOBUK MBI DB L&/ TEHOBKFNC B 20 84 KT L, BUKIEE RERE I
LCST DIEIRS 7 b, BUKMEERERTIIEIRS 7 M4+ 5 2 Ls@iE SnTung 72,
L EOREEZ VT, SI-RAFT BEAIZ & - THAMR B PNIPAAm 2277 7 b L, DK
B REEL A BUKPE F 721 TBUK PR CERT 5, RIMEREIL OB - BUKIPEIZ XV . PNIPAAm 50
LCST MR E 7 IHREMIC 7 M35 Z & T, PNIPAAm #4090 LCST DigEW A FIIH L7/
FaOBEE BRI L OFIEA I S D,

UbEDZ END, & 3 BTITBUKERERERE R VL2 AREICAET 5 CTA W T
SI-RAFT EAZ1TH Z & T, FeREER ED PNIPAAm $HOA R ARG KT LV iz A
Do MEWT, BEICSUGNMT Ko TR ZBUKMEE A TH L~ LA X FEIZERT L Z &
T, AIWEREFEDY PNIPAAm SHOFRR #6Ehds KOV AU & 72 5 Ml oOBas - Bias25E)
(G R DB OWTHRTT 2 2 L2 A E L,

32 HEBOHE
LM T3 E W2 ERICEIT 28I, K97 NN T 1o 72,

321 FAEK

ARETHH LT3R E LU IOR T,
(1) N-1 V7T 7 U7 I R(N-isopropylacrylamide, NIPAAm)

61



@)

€)

)

®)

(©6)

™)

®)

©

AR L Vigtsnizb 0%, FH28 221 O)TRLIZEIITHERL-b0E2Z
DEFEHN,

3-7 2/ 7u /L b U= k%22 T (3-aminopropyltriethoxysilane)

HRALARK TEE DD DIEA LT OEZOEEMHEH LTz,

44T EA@-TT ) EER) (4,4’-azobis(d-cyanovaleric acid))

FCHIZE TZECRIR) DM BIEA LT b DA ZDE EMH L7,
4-Cyano-4-[(dodecylsulfanylthiocarbonyl)sulfanylJpentanoic acid (97%) (trithiocarbonate-based
CTA, AETIIMEMZ CTA & L7z, )

Sigma-Aldrich (St. Louis, MO, USA) OIEA L= b D& ZDF EHEM LT,

~ LA 2 F(Maleimide)

FCAIZE T2ECRIR) MOA LT b DEEDOEEHH LT,

N-t R oA I R(N-hydroxysuccinimide, NHS)

FOCHEE THECKIR) MOEEA LT b D ZDOE EAEH L,

N,N-V 7 a~F VLR YA 2 R(N, N'-dicyclohexylcarbodiimide, DCC)

PR TZECRIR) OIEA LT b DEZDE M L,

KFAbAR T FEF B U 7 L(sodium borohydride, NaBH,)

AL FCRR)NOIEA LT b DEZDOF EMEH LT,

A RaH L7 74 b7 b U 7 L(sodium Hypodisulfite, Na,S,0s)

FRUER TR DA LT b OEZOE EMHEMA LI,

(10) A %/ —/(methanol)

FOEHIEE TEECRBR) 2 BIEA LT DEZ DO F EMM LT,

(11) n-~F Y >~ (n-hexane)

FOEHEEE TIECRBR) 7 OREA LT b DE LD EMH LT,

(12) 7k b >~(acetone)

FEHERE T3ORBR) 7 BIEA LT b DEZ D EMH LT,

(13) NN-° A F VAR LT 2 R(/K) (V,N-dimethylformamide, Dehydrated)

FOEHERE T2ECRBR) 2 BIEA LT DEZ DO E EMM LT,
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(14) 1,4-2 A% (1,4-dioxane)
FCAIZE T2ECRIR) OA LT b DEEDOEEHEH LT,
(15) hv= > (i/K) (Toluene, Dehydrated)
FOCHEE TRECKIR) MOEEA LT b DA ZDOE EEEH LT,
(16) > 7 v u A % > (fii/K) (Dichloromethane, Dehydrated)
FEHEE TZECKIR) OIEA LT bDEZDOE EEM L,
(17) Hif#(hydrochloric acid)
FCHIZE T2ECRIR) MOHA LT b DA EDEEEH LT,
(18) /Kl F kU 7 2 (sodium hydroxide)
FEAIZE T2ECRIR) MOA LT b DEEDOEEMH LT,
(19) ¥ =F /L =—7 /(diethyl ether)
FOCHEE THECKIR) MOEEA LT b DEZDOE EMEH LT,
(20) XN 2 U U FEREEAR(Dulbecco’s phosphate buffered saline, PBS)
Sigma-Aldrich (St. Louis, MO, USA) 7>5l#A L 72 PBS(IIA) 2 JEE /K T 10 512K L7
O LT,
(21) kU 7> > —EDTA #i&(trypsin-EDTA solution: 0.1 % trypsin-1.ImM EDTA)
Sigma-Aldrich (St. Louis, MO, USA) 7BIEA L7= 6 D% PBS T 10 fFIZAR L THEAL
7
(22) XNy adfiA — 7 VESH(Dulbecco’s modified eagle’s medium, DMEM)
Sigma-Aldrich (St. Louis, MO, USA) 72BEEA LT2 b DA ZDF MM LT,
(23) =V U =R h LT R~ A VUi (penicillin-streptomycin - solution, AB: 100 unit/mL
penicillin, 100 pg/mL streptomycin)
Sigma-Aldrich (St. Louis, MO, USA) NOIEA L= DEZDFE EEH L7,
(24) 7 TG M (fetal bovine serum, Mexico origin, FBS)
Bioserum (Victoria, Australia) 7>DIEA L7 b DZEZOEEMH LT,
(25) & < SHEMR A M PN 2 A (bovine carotid endothelial cells, EC, JCRB0099)
b a—v A T ARG N T (R DOHEA LTS DOZZDOEEMHEH LT,
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BERR RIS 20~25 [RIOMRARE DR 2 Ve,

(26) B —% I UNER T 4 7 1 R 2 F >/(Rhodamine-labeled fibronectin, FN)

Cytoskeleton (Denver, CO, USA)BEEA L2 DA ZDOE FMEH L7,

(27) R U AF L > HfakE 3 M (tissue culture dish, polystyrene, Falcon 353003, 100 x 20 mm,

TCPS)
BD Biosciences (Franklin Lakes, NJ, USA) NOIEA L2 DEZDOF EHEH LT,

(28) X kU 5 ¢ ¥ = (Petri dish, Falcon 351008, 35® x 10 mm)

BD Biosciences (Franklin Lakes, NJ, USA) /OIEA L2 b D2 FDOE MR LT,

(29) 7315318 1,000 DFFAEE L 17— ZBEFHTHE(Spectra/Por 6) (dialysis membrance)

Spectrum Laboratories (Rancho Dominguez, CA, USA) »OEEA L7286 D& ZF D F £
L7z,

(30) 71 /3—77Z Z(glass coverslip, 24x50 mm, 0.2 mm in thickness)

FRIRAE T T2ECRBR) OIEA LT b DEZOE EMM LT,

322 fEFMES

(D

)

€)

IR~ T R~ a4 & (plasma dry cleaner, PX-1000), 2 =2 (5U#])

TEMSME: 38401 0.1 mmHg, FRASTRAL: 400 W, FRESHFRH]: 180 )

R I RFE 7 v~ N 7T 7 4 —2(E (gel permeation chromatography, HLC-8320GPC),
B — RS AR

{0 15 A TSKgel Super AW2500, TSKgel Super AW3000, TSKgel Super AW4000,
Ji: 0.6 mL/min, JEE: 40°C, ABER: DMF(50 mM LiCl &1r), E#ECER poly(ethylene
glycol (PEG), polystyrene (PSt), (MAFHERBII & BEEN, 70 F&504: 1.05 LLT)
PR 7 — 1) 2RIV A E (attenuated total reflection Fourier transform infrared
spectroscopy, ATR/FT-IR, Nicolet 6700), Y—F 7 4 v ¥ ¥ —HV A LT 4 7 4 v 7 (P
JIN)

TERIZlE: A% v e 128 (8], S3fifRE: 4, JASAE: 60°, BH: 4000~650 cm™, I
e MCT/A, =L A7Y » & KBr, i IR, HHZER: Ge
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4) XHBIEA5 M (x-ray photoelectron spectroscopy, K-Alpha), r—E 7 v ¥ v —
VAT 4 T 4 v 7 FEE))
S ik X #R% monochromatic Al K, #%(1486.6 V), & 1-BiHiff FE (Take-off
angle): 15°, X #£%: 100 um, JHIEHIFAGE S =1 /LF—): 1400~0 eV

(5) HEfil IR E % (contact angle meter, DSA100S), KRUSS(Germany)
FEFAZM: K RIEIEIT K 2 ARl e TS, RUE2 R S ul

(6) HAMATHE(UV-vis) 73 LR H(V-660), H A ECRR)
RS BRI R 600 nm, FHRIS JOWRIEAEE: 0.1 °C/min, fEHF 2~y b
EHC-477S, LCST DIRE: i 50%0D & & DilifE

(7) ~NF =X EE VRV Z—ETC-717), BAZHCER)

(8) =Ly HEER(5910), ALRHPEHEF(KRIR)
RSt 1RJE: 4°C, [EIEEHC 800 rpm

9) 7 U —1F(MCV-131BNF)
—TFEROBR)

(10) A > = ~—% —(BNR-110M)
Espec corp(HLiT)
BAMREE(HO - AARZE) (ECLIPSE TE2000-U), 7 b =7 : AxioVision 4.6 software, —
2 (BN
SR 612 X:100X, 200X, 400 X, FEIR L > X: CFI 10X /22

(1) 7% V71 A7 (Lumix DMC-FX66)
N = 7 (HIR)

323 BT I EEAT T 2 EROFR

Fpsa 77 A~ (3R 53E: 0.1 mmHg, FRATFREL: 400 W, FRSTRHH: 180 ) &1T5 2 &
T, AN T AKE BIAET 2R E & -SiOH JEDTEM b E1T o7, BRETT X
~HBREAT ST T A A BT TV T T AN 2 BERE L, 7 7 A INOEZEIA

-EREIRAATV, BT T ATNICERZ FRE LI, ER2T7 0 —2TVRRL, 77

A
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A ZNIZ 3-aminopropyltriethoxysilane (APTES)% 2.5 uL & &2 hLb=2 05 mL % 7 7 A A&
HRICHE N L, ZERFIHAT, 150°C T 20 RGN L7e, RUSHK T, H7 AHig e
Vo WICA L ) =V TENENGER L, IR T 3 MRE R L, Zhuc kY, $F—fk
TR A E R RSB LT T T ABHMR(APTES [E & bEM) 21572,

324 N7 ARE~OFKG N7 2 NVEEGEBEFIOFA
3241 R BT O NVELESREEFI DY ARROERET X 7 UL
4-Cyano-4-[(dodecylsulfanylthiocarbonyl)sulfanylpentanoic acid (CTA: 1.25 mmol, 1413 mg)F
KXON-t Ra v anZig(4 I K(NHS) (1.88 mmol, 604 mg)% 500 mL F A 7 F A 2THZ.,
Trunr A K A(DCM) (195 mL) % FCEIR TR Uiz, WfiEtk, Ber, KIBsHIcakE L,
N,N-U 7 a~F I )LV YA 2 RDCC) (1.88 mmol, 1083 mg) & ¥Af# L 7= DCM (5 mL)
ZPo< Y ES500mL T AT T AINITNA T, TTIATHD 30 434, FIRICHE L
T, WEHTC 20 REHHEHE L7223 DROS LTz, BUGKS TR, Wo | AiZAT 5 Z & THRIRTICAE
R LT=BIAERR D N,N-2 2 7 a~F2oLw LT 20 BrE | WS DERNICH T L7z A% (R
N5 Z &T, ARImDERET X T Uk STz CTA 2157,

3242 CTA EEfLERDOIER

APTES [E & HAM A7 /3T 707 T XA aNiZekE L, DCM (500 mL)HIZiEE LTz, &
MGEXE%, 3.2.4.1 TYER L7215 27 1k CTA &4 DCM (200mL)% & /T 7 /L7 7 A
TEIN L, IR BT C 24 B 7 2 7 U S A UG EAT o 12, B T 1., Hsti 2 DCM (250
mL), 7 k> (250 mL) CHEKGES L, 250 C 3 R85 5 2 & C APTES [EE ki
Mz CTA D3EE(L 47z CTA EE L EEMR(sCTA) & 1572, (Scheme 3.1)

| CTA |
8 NHS 8
\ Dcc \ @ 7o
O—SiC3Hs—NH2 —) O—Si CaHe-N-G-C2Him§—8-C~8~Crzbas
G in DCM S N
| 25°C. 24h |

CTA-immobilized surface (sCTA)

Scheme 3.1 Immobilization of CTA on amino-functionalized glass coverslips.
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3.2.5 SI-RAFT EAIC LD PNIPAAm 77 SR EDIER

NIPAAm(0.30 mol, 33.94 g), CTA(0.25 mmol, 101 mg)33 L T V-501(0.05 mmol, 14 mg) % & e
14-A4F Y (250 mL)HIZ sCTA ZRIE S, NIRRT ORGIESR &+l BT 5
TeOICEBFITANT Y 7% 1 KT O 2 & Tl et ok Lic, BBTANRT Y 7
%, ERFWKTIZBNT 70°C, 6 RFRISUS STz, FUGHE T, HdliA 250 mL O7 &
T 1 RS D 2 & T, BRI RIS LT A DOBRE A T o To, RERET
%, IR T 3 FFSIEREE 25 Z & T, K K7 3L PNIPAAm 7 7 3 Zfi(sIP-D) & 15
72 (Scheme 3.2)

| NIPAAM
o CTA CI)
9 G R st N\ q GHe i
o—Si CsHe-H—C—CzHli— —85-C-5-C12Ha2s q O—SiC3H6-|I:.II-C-C,2H4—?—(CHz—?H-)n—S—C—S—C12H25
/ N in 1, 4-dioxane O/ CN =0
1 70°C .6 h | NH
CTA-immobilized surface (sCTA) )
PNIPAAM brush surface /C\H
with dodecyl group (sIP-D) CHz2CHs

Scheme 3.2 PNIPAAm grafting via RAFT polymerization on the glass surfaces.

32.6 Kifg~ LA I R PNIPAAm 77 L REDVER

RImEREEL DB « BUKMEDIBEW DS EAR O KO0 52 2 B>V Tilsim 9%
7z, AF L7z PNIPAAm 7 7 LR DR B REFE 2 BUKIED~ LA I FILICEH LT,
BARPIZIE~ LA 2 R(6 mmol, 730 mg). NaBH, (100 mmol, 4730 mg). Na,S,0; (0.2 mmol, 35
mg) % & T RIEFE TR (200 mL, pH 9.0)H1Z sIP-D Z{=HE S, iR T 4 BfIG SH72, X
ISR T#, FEREBRIK 250 mL), 7 b2 (250 mL) T4 L, SRR C 3 Bz
% Z L TREE~ LA X R PNIPAAm 7 7 K HSIP-M) 2 157-, (Scheme 3.3)

O NaBH4 Cl)
(l? GHs 5|?|> Maleimide \ Q GHs 8]
O—SiCsHa-ﬁ-C-CzHr?—{CHz—(ﬁH%;S—C—S—C12H25 q O—SiCsHe-H—C—Cszg—(CHQ—(I:Hin—S N
J CN =0 in CBB (0.1 mol/L, pH 9.0) / N =0
[ NH 20°C, 4 h [ NH 0
PNIPAAM brush surface /C{' PNIPAAmM brush surface /C't'
with dodecyl group (sIP-D) CH3CHs with maleimide group (sIP-M) CHaCHz

Scheme 3.3 Inntroduction of maleimide groups via reduction reaction on

terminal groups.
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327 HIAE—XENSHO PNIPAAm $DE] Y H L

KB REAR DR K % PNIPAAm $50 LCST OZA ki PNIPAAm S50y 1Bl ATF
%o DT OHEMEFIH D PNIPAAm $5D 53 F-E=OHIE & . PNIPAAm $H0D LCST DfllE %
iToT=, BN, £V < @ PNIPAAmM 5572012, R 50 pm OH T A —X |
|2 PNIPAAm Zf&ffi L, &— X b2 PNIPAAm % [l S H7- 6 0ix LT GPC JIEEFT
W, O rEARE Lz,

3.2.7.1 APTES EE(LH T R &' — ZADIERL

H T AE—Z(DP50 um, 60 g) % FEtiiE(12 mol/L)IZiRE S+, 90°C, 3h s &' 5 Z & T,
Fm EOFOBRER L OFREATEHUIC K D KEEEOE AT -T2, IS TH, 7%
K. T & N ONETHEEATO, Peid ik, BIR CRAEBITE R 51T - 72, APTES % 0.5 viv%
e ML (200 mL)FUTHES LTeH T A B — A& RE ST, SERFPFS T, iR T 20h
SOt S8z, OGS T, bl /(200 mL), 7 & b (200 mL) & FHWCIERBES 21T,
VEth , 2R C 3 RRNBUERZIR AT o 7, HEE T# . APTES EE LA 7 A B — X% 4572,

3272 CTA BELTZ A e —XDIE

TRy VRIS TTHER U T2 APTES [EEA 7 A B — X% 3241 TEHRKLTCIE
P 27 Ak CTA &7 DCM (200mL)FUIRHE S B, 2, BT C24 7T I/ U v A
JhEAT o1, BUSKE T, 7 A —X% DCM (250 mL), 7t k> (250 mL) ClEKRGES
L., =R T3 RIS, CTA EEb 7 A B — X% 157, (Scheme 3.4)

| CTA |
NHS
Q. DCC N o CHs S
O—SiC3Hs —NH2 q 0O—Si C3H6-N—C—C2H4—Cl: —S-C-S-C12Hz2s
o’ in DCM o’ o CN
| 25:C |
24h CTA-immobilized glass beads

Scheme 3.4 Immobilization of CTA on amino-functionalized glass beads.
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3273 Riig RT3 VEL PNIPAAM 75 7 b AT R B — X DYERL

CTA [EELH T A £ — (20 g)%Z NIPAAm(0.30 mol, 27.16 g). CTA(0.25 mmol, 80 mg)5 X
TV V-501(0.05 mmol, 12 mg) &5 Te 1,4- A4 %42 (200 mL)FFIZIRIE S, 1 BREfHZEE T AN
TV TF DL TEAFRR A RE Lotk BRFHKF, 70°C T 6 RIS &7, X
TR, 7 AE—X%7 & F (200 mL)H T 1 FEHSEE L, B — XM BICEF L
AR 2 R LT, YEf % . =51 C 3 RFUE R L CTA EE(L T 7 A B — X2 PNIPAAm
%777 K LIPNIPAAm 7' 7 b H1 T A E— R %372, T2 SUGHE TH DO BUGTR 10 mL
V)L —T7 VNS T L, PNIPAAm A fRER S 72, FRLE L7 PNIPAAm % (=Y
L. =R T3h BT 5 2 & T, BUSERT D PNIPAAm Z [ L7, (Scheme 3.5)

|
5 2 e @
O—SiC3H6-N—C—02H4—(F —S8-C-S-C12H2s
/ H CN
O
\ CTA-immobilized glass beads
NIPAAM
CTA |
V-501 C)\ 9 (FH?’ l
= O—SiCaHa-ﬁ—c—sz—g ~CH2-CH}-8-C-S-C12Hz2s
in 1, 4-dioxane o/ CN (|3=O
70°C | NH
6h PNIPAAmM brush glass beads (l.‘,H
with dodecyl group Pk
CH3CHs3

Scheme 3.5 PNIPAAm grafting via RAFT polymerization on the glass beads.

3274 FKE~ LA I FEIPNIPAAm 75 7 b T A B —XDIERL
~ LA X F(6 mmol, 730 mg), NaBH, (100 mmol, 4730 mg), Na,S,0; (0.2 mmol, 35 mg) % &
T ERIAERRETZ(200 mL, 0.1 M, pH 9.0)FZAK K7 3 /L8 PNIPAAm 27 7 N7 A —X
(20 gZiRIEI ., T4 RGNS BT, RIS TR, Fa Rk (200 mL), 7k
k> (200 mL) CYeygr L, =810 C 3 R ERzE 95 2 & TR~ LA X R4 PNIPAAm 2
T 7 N T AE—X%157=, (Scheme 3.6)
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I
Y 0 CHa
0—SiC3Hs-N- C CzH4—C—(CH2 CH)—S C S-C12H25
0/ i CN C—
| NH
PNIPAAmM brush glass beads (I_‘,H
with dodecyl group 7N
| CH3CHs
NaBH4
Maleimide N 0 CHa P
—} O—SiC3Hs-N- C 02H4—C—{CH2 CH)—S
. / H NH
in CBB (0.1 mol/L, pH 9.0) 0 CN C—O
20°C, 4h
‘ FJ’NIPAAm brush glass beads NH o
with maleimide group CH
A N
CH3CHs

Scheme 3.6 Introduction of maleimide groups via reduction reaction at

terminal groups.

3275 PNIPAAm 757 AT R —X Ejsd D PNIPAAm 84080 H L

KER(ET R U D 2OKEEHR(10 M)HITRSG~ LA X R PNIPAAm 77 7 b A —X
(20 @FiHES T, R T 24 KT 5 2 &L T, W I A —ARHORFEEIToT2, K
JERE T #, IRHRER(12 N) &2 W Tl 2 PrEiC L, ik (200 mL), 77 F (200 mL)D
NECHREZATVN, WS I X 0 IR A EI L7z, B L 728 E = SR L— 2 —I2 LD
IR, 1 BRZRREK TEIT 21T o7, BTk, =/ R L—2 — TR L. IRHE L7l
BRI 5 2 LT, T A —X 0 PNIPAAm ${% )0 H L7= PNIPAAm % [R[IY L
72

3.3 [EMX L7z PNIPAAm 36 X OMERY U 7- B EotR O Wyt
33.1 XPS HTIC & 54 PNIPAAm &8 T A2 EARDOFHMH
XPS Z JHWNTHERL L7287 7 A Bbdeti EOTeRMRUS DWW CHMITT 5, 7 A5 &
TR A D Z & T
@ PNIPAAm 237 7 ZAFM IR LT T 7 b ST 2 D OffEz
@ oI AT L, FETROLE RN T 5 2 & CHERE & Ok
72 EOFEEAT > 72, Jibke X # monochromatic Al K, #(1486.6 eV), Tt

70



(Take-off angle)l ZFEIE I X LT 10°, BELOX HHRIT 100 um & L THIEEIT 72,

332 ATR/FT-IR #IFEIZ & % PNIPAAm EAFED T

RS L7z % 710> PNIPAAm Effism BT 27291 ATRFTIR % ]V T PNIPAAm
DI 7 NEEFUN LT, BRI, 2.3.3 T O PNIPAAm ORERE Y, HT A
FEMFR I E B iz PNIPAAm D77 7 R EIZDOW T, & ORI & FEHER 72
(Standard deviation, SD)fiE % #FAfli L 7= (n=3),

333 [ L7z 7 A B —X_EOD PNIPAAmM OFCEE5 T8 & 43 T B OFHids X O
ZE _E~D PNIPAAm D7 Z 7 MNEEOEH

H T A= ) BH)0 H L7 PNIPAAm (XA L7-48% 50 mM LiCl %4 DMF 300
uL IR LT, ERLL 7230 7L 2Bk GPC 3B (R U (=F Lo 7 ) =2—/1) (PEG) (55
=N, Sy FEAn: 1.05 LU Z AW ToO PRI D ERAER L. PEG IFHETO5y
TR FEROFEZ1T 72 > 7= E GPC 3@ IC 30 uL EATHZ & T Gohizsm
v NI T LG, BOEAFR(My) & T RO(M M) E R Uiz, F720 3321280
T B A7z ATRFT-IR #lliE L 0 HH U7z Bdhdm B PNIPAAm 77 7 h &AW T,
Et D PNIPAAmM $H0D 7T 7 Mg % TRl g st R VTR LT,

) m_ N ,
Graft density = —*
M

)

n

2 ZTumy IXPNIPAAM D7 T 7 1 B (uglem?®) Na 137 R4 K BEE(6.02 X 10% mol™),
M, 1T PNIPAAmM D)5 8(My) & T %

334 SHFIEERERNT X 5% PNIPAAm @ LCST O

HTAE—X ENBY)0 H L7= PNIPAAm & [R50 8449 5 PNIPAAm %, 55k
VRS & FIREOSM TR L. RSB REILOIE V)Y PNIPAAM @ LCST (Z5-% 82
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WTHRT L 72, 1ERLL 72 PNIPAAm 1% 10.0 mg/mL M4 PBS HIZFHHE L, UV-vis %
WTREZIZ & 6 72 5 IR 600 nm OYEZm a2 b4 FRF6 L OPEREIEEE 0.1 °C/min D5
ECRIEZATV, LCST ZIRE LTz, 2D & &, dwEOFEmER% 100%E& LT, o7
TR DB 50% & 72 IR % LCST & LT,

335 KPRIEEE AW BIHERRATAIC L 5% PNIPAAm SRR ORIVEELORIE
3.2.42~3.2.6 OFERLL 7= FARIZHKT LT 20°C 75 37°C OFH TR HFRIIAIC X 5 Rk
flfBIRIE 21TV, BERBIREE A A IR EERH O SR s UM 2 5T L7, JI7EIE PBS HICE
T, 20°C BHEZBRAG L, ASREE T 1 RFHEE L T DIE 21T o 72, 37°C £ THIE
%, FrORLAEZIT O 2 & T, B 2Pk A 2R BRI O R i v 23l L7z,
BUATHE SELRIADORE SIL S ul, 5K 1 BUZoE 6 Mot 2 lE S5 Z &
T, TOVHIE L SD EAFH LIZ(n=3),

33.6 4 PNIPAAm EATEARFZE ~DOHMlADESE /AR B DB
33.6.1 FEEEIZIT 54 PNIPAAm ERiEAR_E~DHR DEE 2B DY

3242~32.6 DVE L2 MR A XA VEL R v Z#—I2L5T24 X 25mmDOKRES
Ay B L, RESHIRIEREEEORNEO LN T ¢ v 2 RICERE L, 7 U —rX
YFIZENT, 2.3.5.1 L RBROFARITIE CTYERL U 7= MR & Fo b~ RERiE L
50 X 10 cellslem® & 722 X D ICFTHBLL . SRBIE 3 mL %7 « v = PUSIRIN L 7=, Hfad%
iR, 71 v 2% 5%C0, T, EFREENE1 25, 29, 31, 33, 37°C O FDOA
F o= —NT 24 IfliEEE U, NAHZEEEMERE T CHITORERER 24 RFRHOMIIaORR T 281
82 BT 5 2 LT FIREICET D EARER H ~OBE A B L 72 (0=3),

33.62 FREEIZIT 5% PNIPAAm ERiFEMR E~D T ¢ T u R 7 F o OREM DO
TE LB HRA XA Y EY Ry X =285 T24 X 25mm ODRE ST v FL, A

JAFEHEEEDORMBED SR N 7 ¢ v = BIZERE L, Iy b LT BIZER L em O0E
ATHV ) a—raskikEm iz, v—X I UEGRT7 4 7 a7 F % PBS HIZ 5 ng/mL
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OPEE TR S, VU a—2TANIZS500 pLIEFEL, T 1 v 2% 5%C0, I, B
JE% 29, 31, 33°C DT DA & 2_X—4 —NT 3 REERE Uiz, 3 Rk, e Eo
iR BRE L, 37°C IZHHE L7z PBS THIBRZ e, SOMBIMET T Cn—4 X Uik~
1A TR F L DOHMEADORAEVEC DN TR - B 55 2 & ¢ FREICRIT D85
G 8 B OWAEZEE 2T LT,

3.3.63 BRI 24 PNIPAAm EAfEAR 1> b ORMR D B 28 DA

ERL U= B R 2 A A Y B R v Z—I28>T24 X 25mm ORESITH > L, il
ROFEHEEDRERD X N 7 v v = RITRE LT, 7 V= _XUFHIZBNT, 2351
& [FIRE D TR TR CYERL U 7o MR & Ff -~ OB LA 5.0 X 10 cells/em® & 72
D XN LRI mL 2T v > 2 FUSHIN Uiz, MRS 7« v > 2 % 5%CO0,
T, BERIRIE 37°C OFMETOA % 2_X—% —NT 24 BeilisgE Uiz, MlaoBig 8%
RIS 5728, KT 4 v 2% 5%C0;, T, 20, 28, 29°C DM T DA ¥ a—H—N
(CERE L. 12 IRefHiRE R U, RBRICAZAZEA00EE T CRRIFRICBIEE - T2 2 L T 4
HRFHENZI51T HHAE M A S L L 72 (0=3).

33.64 % PNIPAAm 77 T REH b OMRE S — HEIYX
VERL U 7= F A XA PE R v X =128 ->T24 X 25mm DREIZ|ZH v R L, L

FUT g yva FIZRE L, 7 U= _UFNITEWT, 2351 L RBEROFREGECE
B 7= KRR 2 HAR B~ OFRREBEIEN 1.0 X 10° cells/em® & 725 K 9 IZHEE L, R
#H3mL 27 ¢ v ¥ =2 ISR Uz, MR, 7« v 2 2% 5%CO, T, H53iE 37°C
DT DA & 23— Z — N TR EAR— I G L 7R Th 2 a7 BT
72 % F THER Lo oo G DI EZE 23 il 5728, 7 1 v 2% 5% CO, T 20°C O
FHETOA Fa_X—F—NITFHE L., Millas — NOBUDSAIRENE I BT 5 & &b
(AR B RE BRI MT K D A 2 bR + 3 L 72 (n=3),
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34 RRLBZ
341 XPS HHTIC X 545 PNIPAAm it 7 2 FAR DO FHih

AR A ORER ETCHARE XPS 79T & > TS % Table 3.1 127773,

RDIAER LY . BEHBEIA CTA Z[EE L L7- sCTA 725 CTA HRO C -, NJE
FTBIOSHTFOE—7 BN SN2 E0nb, F EIC CTA BEE(L SN Z EAVRS
i, WIZ, B 5 Kb BRI Z AT 5% PNIPAAm &tk sCTA & Hik L C,
PNIPAAm H12RD CJF+ & N FF-23800, 777 ARMHRD Si A28 LD, —7
T, 228 TYER L7 PNIPAAmM 77 7 MR LRI U< AERICIS T DRER-FIZFBNT
O JRFH3 B L. 45 PNIPAAm fEffiIEER & Holt LT sCTA TIEH 7 AR IR D Si 773
23.6%L 725> TCND 2 EMnD, SRS TN D O A& RN AT T AHMH RO O Ji
TThHDHEEZLND, TDT2 PNIPAAm DHEMER HIZVT77 RSbHZETH T A
RO TR OB DRNEE & 72 72720, O BT DERICR ST 2 E RIS
b, F£7. sIP-D & sIP-M Z ki LT, NCAEIL 0.13 3B L TR0.12 £ 720 | &psr OfiEns
IHFEFRZEOfEZ R LT D Z &5, PNIPAAm S125F L CRINE RO B OBIEIZ L 5
BTN LAVRIE S LT,

PLEDFER L0 . XPS oMt OGS 6 Fobi -~ PNIPAAmM DIEAfiN R S 472,

Table 3.1 Elemental analysis and amount of grafted PNIPAAm on glass surfaces.

Element (atomic%)" Grafted
Sample PNIPAAmM Graft density
P N O S Si amount (Chains/nm’)
(ng/em’)’
sCTA 276 37 440 1.1 236 - -
sI-D 654 85 179 0.1 8.1 1.02 = 0.10 0.16
sI-- M 619 73 209 00 99 0.95 £ 0.12 0.15

“ Determined by XPS, take-off angle 10°.
’Determined by ATR/FT-IR, mean + SD (n = 3).

342 ATR/FT-IR HI7E% FV iz PNIPAAm DR E~D 7 F 7 N BOFE
T AFMRFKE B2 5 PNIPAAm O 7 F 7 b4 ATR/FTIR JIEC L0 HH L7k
% Table 3.1 (27,
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PNIPAAmM #2757 M, sIP-D 13 1.02 £ 0.10 pg/em?, sIP-M (£ 0.95 + 0.12 puglem?,
Llpolz, ZTDL X SIP-M I sIP-D ORIGERRAZER L TER L TWD 2 ek,
PNIPAAm 27T 7 M &IFFAFEDEIZ/R D EEZABND, TiuL341~342 ORFERERI L
<. KUREREROEHAFR/EIIINEE L0 PNIPAAM 7T 7 N EICHEL 52 7202 L3
RENTz, PLEDORRNS KU ERERN 72V | [F%D PNIPAAm O 77 MEZ A L
72 PNIPAAm 77 7 MR AT E 72 Z LAVRIZ STz,

343 B L7zH T A E—X_EOD PNIPAAm OECEES TR & 5 FEDAAOFHER XL 0%
FRZEE _E~D PNIPAAm D75 7 NEEDOFEH

BT AE—=AEHE E S5 PNIPAAm OXCFEy T8 M, 1338 X 101 L R&EWZ
b, it B2 T 7 &z PNIPAAm 8O0 B REWZ LI s g, —J7
T, TR MM, 1.52 L7e>TEY | ZHUTESTHBRTEA LT/ ~—REIC
X LT CTA DEDND IR -T2 &b BB EIS S 8R K CHEFT LigdoTeizd &
BqaNnb, T, KWEREEOB - BUKPED PNIPAAm 840> LCST % il & 7= 1 {RMI
7 FEELGE. PNIPAAM SHO RN/ KRE ST 5, 2072, REOS &% H
% PNIPAAm Z{ERL L, REERERDS PNIPAAm $40> LCST 1252 5 5B DUW Tt
THMENRH D, KIZ, 3.3.4 TER L7 PNIPAAM O%) T RITRMERERN KT Vi
T~ LA 2 FED PNIPAAM & $124.0 X 108 53 FE51E R T L0 b 0Tl 1.62,
v LA I REDOHLDOTIHL9 LipolzZ Einh H T AE—X b E 0 HH L7 PNIPAAm
L U CIRFREO S FEEZA L TND EE R BiILD,

FEWNT, T AL —XFKH EXE L7 PNIPAAmM D5y 15 & 5o D PNIPAAm 7
77 hEZ AW CTERZEE EO PNIPAAMH D 7' F 7 MEIE 4 333 OR (1) & 0 HH L7z
5. sIP-D T 0.16 chains/nm?, sIP-M T3 0.15 chains/nm® & 7272, ZUFBEERIEL Y |
B FAERERIICBN T T 7 MEEM “>0.10 chains/nm®™ L 72> 7= RMEmTEmN 77 v
FH LIRS P, 2070, RFEEZ VT, E5EEC PNIPAAm 847 MER/ L7 15
EMER T REEER CETWD ZEBHALMNE o7,
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344 AT HIEERHT X 54 PNIPAAm @ LCST DOFH

3.3.4 TYERL U 7= RSB REIL O B 70 54 PNIPAAm (2% L C, IREZMIZ & & 72 9 WL
£ 600 nm OIS 2 EHIEIC KL % LCST Ok 4 Table 32 12,

IR S RIS L S E 7 RSB W T, REICBUKED KTV EEF 95
PNIPAAm “Ci% LCST 1 29.0°C, BUKMEFBEFED~ LA I RETIX 29.6°C Eeoz, ZH
IR P OSIFZ A 572, PBS HIIZ PNIPAAm Z{RfESE TRV, PBS FITIdHE
WEFENTND, HOFAEIZ LY PNIPAAm @ LCST (HLEMICT 7 M52 Lnmbi
TWAHZ &M, i PNIPAAm (2 32°C & Flalo72 B2 b6 b Y, £72, ~ LA 2 R
? PNIPAAm & [ LC K731 350 PNIPAAm @ LCST AMEEMIZY 7 hLTWb, =
UL, RINEREIEDBKMED 7= PNIPAAm $HON/KFN - BEEOBE IV TRIRD K7
DVEEDSKAD « BEEE DR & Tp o T272D, BUKMED~ LA X FEZ A9 % PNIPAAm &
D BRI LCST 837 LI Z EAVRIB SN D, LLen G, RinEBEIEDORL - Bf
IKPEDIEVNZ X% LCST D2 0.6°C &7 o7c, ZAUE, —M%IZ PNIPAAm ${D LCST 23K
SRETREIL OB - BUKIEDRE L BEFITZT 5O TREM)3.0 X 10° AT EENTEY,
A EIWERLL 72 PNIPAAm D433 4.0 X 10* D72, KRUEREIEDEEN/ NS oz
LEZHND DD, I, BRSO HIRRICEL S B EIRAE T, &5 50 PNIPAAm
([ZFRWTH LCST (228.0°C &7V FHE « BHERMHZ LD e AT U U APHEGR TE 72, Z
FUIBHENTIE L W LCST LA T OIREE TR I3 L7z PNIPAAm (3 LCST LA EDIRAES
725 EWAHN - BEET D, D& X, PNIPAAm H1O>C=0 & HN<HKFEMEGTDHZ &
TREE LTDRIR & 72D, F0W T KO Z LCST LA T IZ L7236 PNIPAAm [37KF0 -
R ORI B 238, >C=0 & HN< DARFEREAIC L 0 Bk e+ 5 2 & T
FHRGAFIZ LD LCST £V HBRSIFIC LD LOST IHMKIEMIZBEE T2 L@t ShTns
B, i, BREREEN~ LA I REOHA, ~ 1A I FESAT D HN<IZE - TkFHE
FEEDEL Z D 1o OEMEIRIEOKGED R T 2 VA2 A9 2% PNIPAAm LV IEE L7 Z & T,
BRI L D FF U VED LCST L RIEDEE /R LIZEEZ BD,

VI EOFERING . RIEREROH - BUkPEOE T X 0 FHRSMHTEV T PNIPAAmM £4
O LCST (2888 % 5.2 | BRI CIERZD LCST (272D 2 L 2R LTz, — T, ik

=k
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> PNIPAAm $HI3R M RImAEEL S LD 2 & T Z—EIED X 9 122 s CREER
ENTWD PNIPAAmM X 0 & HHEENE D, FHERBIREE D /KIEIE T O PNIPAAm O
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Table 3.2 Characterization of linear semitelechelic PNIPA Ams.

o\
Sample M,* My/M,° _LCST( © .
Heating Cooling
Dodecyl-PNIPAAm | 4.0 X 10 1.62 29.0 28.0
Maleimide-PNIPAAm | 40 X 10* 1.69 29.6 279

“ Determined by GPC using DMF with 50 mM LiCl.
bLCST profiles were determined by optical transmittance changes at 600nm in PBS
at a healing /cooling rate of 0.1 °C/min and a polymer concentration of 10 mg/mL.
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Figure 3.1 Temperature-dependent surface wettability changes of sIP-D, sIP-M

and sCTA in the heating process (A) and the cooling process (B).
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Figure 3.2 Cell adhesion behavior depending on temperature to sIP-D,

sIP-M and sCTA for after 24h incubation at various temperature.
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Figure 3.3 (A) Microscopic photograhs of adherent cells on sIP-D,
sIP-M and sCTA at various temperatures for 24h. (B) Fluorescent
microscopic images of adsorption of Rhodamine-labeled fibronectin on

sIP-D, sIP-M and sCTA at various temperatures for 3h.
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Figure 3.4 Cell detachment behavior depending on temprature from

sIP-D and sIP-M at temperatures 20°C, 28°C and 29 °C, respectively.

(A)Adhesion process (heating for cell adhesion) (B) Detachment process (cooling for cell detachment)
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Figure 3.5 Schematic illustrations of cell adhesion/detachment

behavior depending on temperatures on/from sIP-D and sIP-M.
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Figure 3.6 Spontaneous cell sheets harvesting from sIP-D and sIP-M.

White dashed lines shows the edges of glass surfaces. Scale bars: 1em.
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