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The n-octadecyltrichlorosilane (OTS, CHy(CH,);SiCls), the [2-(perfluorooctyl)ethyl]trichlorosilane (FOETS,
CF4(CF,),CH,CH,SiCl;) and their mixed monolayers were used as the model surfaces for the study of protein
adsorption mechanism. The ATR-FT IR flow cell study on protein adsorption behavior revealed that the adsorption
amount of bovine serum albumin (BSA) onto each OTS and FOETS monolayer increased remarkably in an initial
stage of adsorption experiment and attained an equilibrium within a few minutes at pH=75. In the case of the (OTS/
FOETS) mixed monolayer, the amount of protein adsorption was apparently suppressed in comparison with the
case for the OTS and the FOETS monolayers. The atomic force microscopic (AFM) observation of BSA adsorption
behavior onto monolayer surface in a BSA solution at pH=7.5 showed that BSA was preferentially adsorbed onto the
FOETS phase of the (OTS/FOETS) mixed monolayer. In contrast, the selective adsorption of BSA onto the FOETS
phase was not observed at the isoelectric point of BSA (pH=4.7). The interaction between BSA and the surface of
(OTS/FOETS) mixed monolayer was evaluated on the basis of the adhesion force measurement by AFM.  When
the gold-coated tip was used as a control experiment, the adhesion force between tip and surface was less than 1 nN.
In the case of the BSA immobilized tip, the adhesion force was ca. 5 nN and showed multiple minima in retract curve

because of the multi-point contacts of BSA with the monolayer surface or the chain unfolding of BSA.

1 #&

NIRRT & Bl U 7356, MPRRERIRNC I
TP Dy T - L. T 0% ML
EOMBEERRI 5, 2O, HEFREOIL
FHERET b HBUKEE. BUKEE. W, AR
O3 7 OGBS 22 ESED X H 128 VoG
WAEZEN BT 502 MY 5 2 & idbuimiek
MAEZIZ L LT 2R E G 27200
FEEN AL & %2 B0 5T TR DHERILS D
WA B B FEANEIR AT DL TV 525, KA
A E LT EHEDSEA TV S L2 2 > ML
R VLY U EOSMRE ST ClEETfEED
BREGVARAE LTI 2 /R 97720, KMk O]
iz TWEETH 2 o TR LA
PEDFEBIEME % I3 % 720121%, RIEHK AT
T, RIAEEORIEEDO L WEERETIVE

il

Elucidation of Mechanism of Bio-
compatibility on the basis of the Direct
Analysis of Interaction between Materials
Surface and Biological Components

Atsushi Takahara

Graduate School of Engineering,
Kyushu University,Higashi-ku,
Fukuoka 812-8581, Japan

MOV EE L5,

— WIS, WAL AW A S 7 B WA T,
JR AR B 2 KT 1 TFF 9 728D, 51 LNV TORL
WP TH D, L LD S, BREEOELIC
PN R RE DA LEN R B 72, FRZKRTTO
JSHICIEI 2 5 & L 23k, FH I, K
ETHEEY T ALEEEA L. R EICEEL
ERCRARNE [N e S A B g L G
THRERBUKMREATER TE L Z L& w72
L7227, HHY 9 v Mo T T T RkoE
MICEA L, &5 IZHG TR L FR o BT/
HEROEZEOKEREEET 2720, BREZAL
VR L T2 TR G P B % 7R & 72 W LT
2K T 5% LzdioT, v 73 a7 —ik
WCEDRBEINLARY T VG TR, & o3
7 BWE B OFEIC BT B0 TEFVERE
LCHEWICENTH %,

AREFFE I, KRG 2 B8 L 727 7 [ b
AN ruuy s VG TEES VI 2T —
B DHERL, ZOEAND Y 87 EOWAE
2 W) & % fA B IRIMWRILE (ATR-FT-1R)
71— Vil E K ONEF- [ B (AFM) 8%t
WCHED X L7 & 5I2F 37 Bl F



MHRE —EF2 FHRELERAOBERENICED CEREEMEDRIREE DR

LN=Z Tt LA N yau s 5 Vg
Tl F T ) < 07 % SR L 7o

B%

B T ALEW L LTT v F VA BUKIEIC
A3 5 n-octadecyltrichlorosilane (OTS), K UF
MEHHTZAVF -7 VA a7V F VI
KFEIZET S [2- (perfluorooctyl) ethyl] trichloro-
silane (FOETS) #3725 Fig. 11357327
—HEIC XY T G FIRO T LB ORI
MTH 5o K L THEA LA OTS. FOETS Hi5)
TR O (OTS/FOETS) A H.5 T % TEE 5|
ERIFHEICX ) KBILRLEZ L7z a vy«
N—FIBLIY, BEEfbLz? %, 77—t
AR A TRV E 2 L. ATR-FT-
IR #7102 &0 Yo TR 2 & A 7 v 7 3
> (BSA) OMEAEH & #at L7z RMIZHT
i EEb L7z ) ay 7)) AnE 77—kl
PiE L. BSA Y YA (1I0mg - mL ") %
VB S, RIMRIGE Z XY VORI % B
BRLU72" 720 AFMBIRICE Y ¥ 287 Bl
B Z Al L7z, WP EEE LYY 3y
 IoNv—% 20ug - mL "' BSA ¥ ICERIE L.
BSA #HREROME 2 B Clizlifg, & o ¥
v 7 %E— FTAFM %% 17> 72, BSA & (0OTS/
FOETS) {RA ST & OMBEAIE ) » Bkt
T BSA FEEALHET & Hiop 153 i ) 2 18
74 —=AH—=TWEIIED EFHM L 720 &7
L7z AFM O »FLN—F v FTOFEMIZ3,3-Y
FAEA (FUEF VBBAZ Y 4 3ID)) (DSP)
ZWaE S8, E5ITBSA % DSP & o SH g
kL2,

2 %

3 BREEE

3.1 BREESFEOXREEE

WO (ED) BBI%ICX D, OTS K
FOETS AT i B\ TE Nk ik
BOREETH B Z AW ShE o722,
7o AFMBIZR X ) 2o O HSFBEIE nm LA

VTHBLRAMEEZ AT LI EVHLNTH
%, Fig 213 (OTS/FOETS)(2)(25/75).(b)(50/50)
Je () (75/25) G HIFIED AFM 4T %,
HAR CH S TR EEL SN TnD 2 L& X
G536 e K 0% F A SRR G E LS &
DHEFEL 72, (OTS/FOETS) HA& M T
BIROF AL VxR LTz AFMBOES 7
774 NVEDFHE LR AL v &< MY
ZDEEDFEIFIF 1.3nm TH Y, ZTHZXOTS &
FOETS O FEDEIIHIBE LTS, $72. B
RKEAAL VOB OTHIZOTS D5FEE L HIC
BML7. BIRF X4 v b siHfkEkIE ©-A
AR & D5 TR A TR & D S s OTS
B omkEltE —% Lz SNOEOFEENISH
FERF AL I OTSHATHY, v MY 7 Al
FOETS B Cdh b L CT& %, $72. Fig. 2
(c)o> (OTS/FOETS) (75/25) {RA& AT ¥ £,
OTS DIFHEAT5 EN%TH OTS sHd~ b~
AREHAT, HIRE LTHED F X4 ¥ 2K
L7 €512, (OTS/FOETS) (75/25) RAH
FIED OTS B ot E LAY ED (RBIZ X b i
RENT K (10) XA 0.42nm TH Y,
OTS HAH AT EDZh e X —F% L F/
TVFNELRET S YT ALY L OREHS T
JBCdh % (OTS/n- dodecyltrichlorosilane (DDTS)
GESTE)) IRAHSTEICB VT, MM
PHERENZY ThOHDRERL Y, OTS KD
fa AT (OTS/FOETS) A H. T IO #ED
ERB 1T D LT E b,

3.2 ATR-FT-IR 7O0—tJVEIC K 289 FE
REND BSA REEE) O
FyrIaT—HICL OB L-AK N 20

07 BRI, G FRCRDSHIE S TB D,

BRBSZALICH L CRELR KM ELZH T 5720,

¥ Sy HOWHEFEBICHEL TV, AN 2

ouy Ty oY E BSA OMEEH%Z ATR-

FT-IR 79—t Wl o & Mmit L7z OTS &

O'FOETS 57 O (OTS/FOETS) 4G H.S5



Hydrolysis
Si
o '\ HO”/
/ HO of

Alkyltrlchlorosilane
and fluoroalkylsilane

-H,0

- Sl\of;l\HO‘SI\O/;I\OISI\O/SI\O/;I\O/ Sl\o

ization
Polymerizatio OH OH OH OH OH OH OH OH

Polymerization on the water surface

Substrate

Polymerized amphiphilic
molecule (monolayer)

Sﬂsiﬁg;‘tr‘gfger Preparation of the monolayer by
the upward drawing method

- H‘ IS -~ ~0O~Si~O~Si~A~Si~N ~Si~
iNo~ iI~0—1 Q i~Q-Si~q-Si~o~5i~0
i OB R 0 0s
H H-Q --o 0-1 ™o 0 O o-H
Immobilization on the silicon wafer substrate

Fig. 1 Schematic representaion of preparation process of organotrichlorosilane monolayer.
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Fig. 2 AFM images of the (OTS/FOETS) (a) (25/75), (b) (50/50), (c)(75/25) mixed monolayers.
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Fig. 3 Variation of amount of adsorbed BSA on the sur-
faces of the OTS, FOETS monolayers and (OTS/FOETS)
mixed monolayer immobilized onto the Si IRE with time.
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(a) Tapping mode AFM image of the OTS monolayer
surface after exposure to a BSA 0.1mg mL ' solution in
PBS (pH=7.5) at 293 K for 10 min and (b) the height profile
along the line shown in (a).
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Fig. 5 Tapping mode AFM image of the FOETS monolayer surface after exposure to a BSA 0.1 mgmL ™" solution in PBS

(PH=7.5) at 293 K for 10 min and (b) the height profile along the line shown in (a).

The square hole at center of the image

shown in (¢) was formed by operateing AFM in the constant mode at repulsive imaging force. (d) The height profile along the

line shown in(c).
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Fig. 6 (a) Tapping mode AFM image of the OTS monolayer

surface after exposure to a BSA 0.1 mg mL ™' solution in
PBS (pH=7.5) at 293 K for 10 min and (b) the height profile
along the line shown in (a).
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Fig. 7 Schematic representation of preferential adsorption of BSA onto the FOETS phase
in the (OTS/FOETS) mixed monolayer.
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Fig. 8 (a) Tapping mode AFM image of the (OTS/FOETS)
mixed monolayer surface after exposure to a BSA 0.1
mg mL ™" solution in PBS (pH=4.7) at 293 K for 10 min
and (b) the height profile along the line shown in (a).
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Fig. 9 Force-distance curves between AFM tip and OTS
or FOETS phase in PBS. (a) unmodified tip (b) BSA im-
mobilized tip.
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