(AFM)
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20 pum)
( ) (ATRP)
( ATRP (SI-ATRP)

2-methacryloyloxyethyl
phosphoryicholine (MPC) (

) N-methacryloyloxyethyl N,N-
dimethyl ammonium-a-N-methyl
carboxylate (CBMA) (

) [2-(methacryloyloxy) ethyl]
dimethyl-(3-sulfopropyl) ammonium
hydroxide (SBMA) ( )

2-hydroxyethyl methacrylate (HEMA) (

) oligo(ethylene glycol)
methyl ether methacrylate (MOEGMA)
( )

2-trimethylammoniumethyl
methacrylate (TMAEMA) (
)
3-sulfopropyl methacrylate (SPMA)
(AFM) ( )
n-butyl methacrylate (BMA) (

X (XPS)
(AFM)
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(10 mmol/L  NaCl )

2.
( 2 10 pum)

NMR

3500 rpm 10

NMR NMR
37°C
(T1)

(D)

3.

1
poly(MPC) poly(TMAEMA) poly(SPMA)

poly(BMA)
20 um
4.
(QCM-D)
QCM-D
(PBS
pH 7.4)

45 mg/mL

(BSA) PBS 30
PBS
(ng/cm?) = 17.7 x (Hz)
5.
3
20 pm
3.0 nm
27 nm
11-mercapto-undecanoic acid
11-amino-1- undecanethiol
(hydrochloride) 1-dodecanethiol
(1.0 mmol/L)
(SAM)
PBS
6.
(BSA)
(Lys)
(
50 nm) PBS
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XPS

2.
2 5.0 nm
RMS
1.0 nm 1 poly(TMAEMA)
poly(SPMA)
0.10 chains/mm?
30% poly(HEMA)
1 5.0 nm poly(HEMA)
Poly(BMA)
poly(HMEA)
poly(TMAEMA) 40 mV poly(mOEGMA)
poly(SPMA)
-10 mV
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poly(BMA)

50 200
5 20 nm
10 pm 4
800 nm
poly(TMAEMA)
poly(SPMA)
poly(BMA)
3500 ms T1
T1 poly(MPC)
3.
3
PBS (1.5 mmol/L 150 mmol/L)
4.

poly(BMA) 5 BSA

poly(TMAEMA) 20 40 ng/cm?
poly(SPMA) poly(HEMA)

100 nm 80 ng/cm?
poly(mOEGMA)
20 ng/cm?
BSA 270

-131 -



ng/cm?

Lys
BSA poly(BMA)
poly(SPMA)
poly(SPMA)
290 ng/cm?2 PBS
poly(TMAEMA)
1200 ng/cm?
BSA poly(MPC)
BSA
8
5.
6
7
8
BSA
Lys 7
BSA
poly(TMAEMA) 6
poly(TMAEMA)
BSA
poly(SPMA)

BSA
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(9
(COOH)

(NHs) (CHs)

poly(MPC)

poly(MPC)

poly(TMAEMA)

poly(TMAEMA)

(CO0)

poly(BMA)

poly(BMA)
(NHs*)

poly(SPMA)

PBS

poly(SPMA)

poly(SPMA)
PBS

10

10

(CO0)
poly(TMAEMA)
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(NHs+)

BSA

poly(BMA)
Lys

Kazuomi Inoue, Yuuki Inoue, Kazuhiko
Ishihara, "Effects of dynamics of water
molecules at hydrophilic polymer brush
surfaces on protein adsorption behavior",
Trans. Mater. Res. Soc. Jpn. 37(3)
333-336 (2012).

Sho Sakata, Yuuki Inoue, Kazuhiko
Ishihara, "Quantitative Evaluation of
Interaction Force between Functional
Groups in Protein and Polymer Brush
Surfaces”, Langmuir, 30, 2745-2751,
(2014) (dx.doi.org/10.1021/1a404981k).

Sho Sakata, Yuuki Inoue, Kazuhiko
Ishihara, "Nano-scale Molecular
Interaction Force Measurement for
Analysis of Protein Adsorption on the
Surfaces"”, Trans. Mat. Res. Soc. Japan
39[2] 185-188 (2014).

Sho Sakata, Yuuki Inoue, Kazuhiko
Ishihara, "Molecular Interaction Forces
Generated during the Protein Adsorption
to Well-defined Polymer Brush Surfaces”,

Langmuir, in press (2015)
(dx.doi.org/10.1021/acs.langmuir.5b0035
1).

2.

Sho Sakata, Yuuki Inoue, Kazuhiko
Ishihara, "Interaction forces related to
protein adsorption on polymer brush
surfaces”, The Society For Biomaterials
2013 Annual Meeting and Exposition:
Biomaterials Revolution, Boston, USA,
2013/4/10-13.

-134 -



62
2013/5/29-31.

62
2013/9/11-13.
Sho Sakata, Yuuki Inoue, Kazuhiko
"Nano-force for

Ishihara, Analysis

Understanding Protein-Materials

Interactions”, 2nd International
Symposium on Nanomedicine Molecular
Science 2013, Tokyo, Japan,
2013/10/8-10.
AFM
35
2013/11/25-26.
23

MRS 2013/12/9-11.
Sho Sakata, Yuuki Inoue, Kazuhiko
Ishihara, "Surface Interaction Forces
Governing Protein Adsorption Analyzed
The

Society For Biomaterials 2014 Annual

by Direct Force Measurement”,

Meeting and Exposition: Pioneering the
Future of Biomaterials, Denver, USA,

2014/4/16-19.

63
2014/5/28-30.

43
2014/7/28-29.

63
2014/9/24-26.

36
2014/11/17-18.

36
2014/11/17-18.

Sho Sakata, Yuuki Inoue, Kazuhiko
Ishihara, "Analysis of protein adsorption
force generated at polymer surfaces for
designing non-biofouling surfaces"”, The
10th International Polymer Conference,
Tsukuba, Japan, 2014/12/2-5.

Kazuhiko Ishihara, Sho Sakata, Yuuki
Inoue, "Nanoforce measurements for
understanding protein adsorption at the
biocompatible surface", 8th International
Symposium on Nanomedicine,

Matsuyama, Japan, 2014/12/4-6.

24
2014/12/10-12.

MRS

- 135 -



- 136 -



" CH, CH,
SHEH), 0-CL4CH L), B
; OCH, (=0

O-R
o

1_«:|-|11-=-|:|Er-|:|n[u|:|-|2 LNHOH,),  Poly{MPC]
i g

CH,
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CH,
*
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CH,
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F 1R — 3 FO#EIE SR

Polymer Graft density Surface DCA (%) C-potential
(chalns/nm?) coverage 6, 6. 6. (mV)
Poly|MPC) 0.26 9% 21 17 4 -3.6
Poly(CBMA) 0.67 74% 22 16 6 -1.8
Poly[SBMA) 0.48 69% 23 17 6 7.8
Poly(HEMA) 0.79 59% 65 24 41 -4.4
Poly(mOEGMA) 0.36 65% 50 37 13 -3.5
Poly(TMAEMA) 0.31 ¥ 62 19 43 45
Poly[SPMA) 0.47 70% 30 28 2 74
Poly[BMA) 0.75 62% 90 70 20 -37

-138 -



1
=
=
I B
0 o0 o0 o0 M~ M~
(225w 50T )

J2] B O JUDIN 202 uolsnyid

R Wb e 121 PO B e e i = il - A 2

-139 -



Poly{TMAEMA) Poly{SPMA)

n.o ' | 120 |
oo oo
— 0 e ol - — i mmalf L |
e — 15 mmal/L o — 1. 5mmall
|
Leap I\. — 150 menolf L -E-E-n = 150 ol L
gl.l:- Yam
“am Rﬁ"‘- EID .l".-"'"-h__
2.0 -2
O =0 100 W0 Im W ; o U0 10D 19 MO0 1N
Distance {nm) Dits in e fnm |
Poly[EMA) Poly{MPC)
oo
prye]
o |
— #Apprasch cure o L
e — Ratract cuns o —Omma¥L |
E.n 10 mmaify =t — 1. 5mmalfL
a Lap — 150mmoliL
2o
B gu:- .
oo - ‘
I.// 2o
2o — e
oo —— -
Y.
20
¢ = ’E;I:'TE i 13 r =0 100 19 D0 29

Dk tzan o ijrem |

3. B+ — 2 3 FREB LRS- 20—
T2 poly(BMAN ZEL T, FoiE LU ORI 77— 4
N—Z#Td.

- 140 -



lD-D i | | .i
A0 e ! i : ] H
— Poly{MPC)
Ll — Poly(TMAEMA) |~
s B | — Poly(spma) |-
@ (150 mmol/fL)
E 2.0 BT | ] ! T =
o i ! | i
b i i i i
0.0 |—— N b B
! | ! |
E-D ...... —_—— .:l_- ....... :_ ...... .!_ _____ .! _____ =
40 ] ] I ! ]

=50 0 S0 100 150 200 250
Distance (nm)

4. BREAL 7 — 2T -FRER T ORRISI Ox — 20—

- 141 -



FoNTEHER=
EAAAL VI ETA A1 T AR

B - 1 1
2SRE888%R°
ju

LU U] JUNOWE pagJospy

REALA TR ER.

—

5. §& & DAL 7

- 142 -



Pt B ki e Py [ TRALT B | iy
- i -l
| |
. = e =
I o 8
[h t-|l
jo j
(=] ., —
b— n ¢
1 .
| [ N N 5
P —— - " W O T a ra
e i F—— - —
Furpd S A Ay By B e
-me -mn
s b L
o I L= o s T
(&) 1 AR s wa Bl e ™
E.- T - ;:u___.-__
“m Ar
(] l-.!"l+ —: [ 2] _— —_—
I i
ir b
Am I I A0
- o e D N & B N M MO ™
I T T e
oyl ) PRI b Tind s [Rmd | faporeresy
i | = ']+
n }. - r - [ =] s v —
[ = i . [E] = i mrw
f _.|: T - fu—— |
u -
I_ % | I__
H 3 <ol
R EE "6 + = e o W
[ ST Bl e mne
Fobell ey Fol B L Limnryern
| =) " | ]
. | o 11
L o L ) £ o,
L8] - Bl o - Pl "
=l = h=—l e =zl
u fo
L] —I‘I:.'"' ok er—n (%] B I -
ui v * [
o | i -
- | | -, -m e am ™ £ [ ] - O e e
P n o P i

6. R 7 —F I F e N IREORBIM 4 —AN—2.

- 143 -



BS54

Irtz maction fo
=
(=]

=]
l:il oo
T T T T T T 1

Inte mction fomrce [nM)
=T R R TR ST I |
O OO 3 @ 0 tn (=]

| I | 1 |
h iy

T

E7. ST — T e iR SORBRM T — 22

- 144 -



160
140 =

120 =

100 - Poly[HEMA)

BO |- l—'i::'—*
Paoly[MPC)
60

;c-rﬁr[ssmnp 1

40 - \-
20 |- ,{5 é}__. : Poly[CEMA)
A

I I
L
0.0 /ﬂ..'-l 0.4 0.6 0.8

Poly[mDEGMA) Adsorptlon force (nN})

Adbsorption mass | ngfomd |

28 AT o I P . P | = s P o i I vt e 121 P
A ) A EIRER S TOHEHEN TR .

- 145 -



Interaction force of
functional group [x 102 N/m)
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