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F1E [Fim) Tk, MIao R L MilaEd R BB 2 TR E £ Lo, Mlao s L ToMREZ -
T AHBEFROAED B AR LT,

%2 B IR CHWEREFNTEE REWE TE] Tk, BErBABME AFM) X285~y v
IR I IR & B TR AR O & W o TR EH TR & . AFM SO SRERRESS B TR LB
P (SAMs) & W o Te RIESCEEMIZ DWW TRaR L7z,

% 3 % [RGDS ~X7"F K CTHRE(L L 7= SAMs RHIIZI1T 5 RGD /04 D [tk Tid, RGDS ~<7'F K CTHRE(L
L7z SAMs Rl CHEE )~ » BV 7 24TV, AR CTIRET 2 TR X » TlllageE 4 b (RGD 4347[) ORI
(LR FIRETH B0 & ki L7z, RGDS 7' F N CTHARE(L T D EIE % 10%. 1%, 0.1%& 725 X 9 IZFH%E L7 SAMs
HMIZMZ T, RGD fESXTF RT7r v ¥ 7 L7~ 10%RGDS Fbk & . RGDS ~7F R THEREL L T 7L
WaEER L CEEN~ Yy B 72T o7, BEEN~ vy B 7 ORE, SAMs £l OERE(LIZ AV /= RGDS <7
F ROEIBITGE LT, RGD HAICHEREVRR LN, AT, RGD AT F RT7uvF 7 Lz 10%
RGDS #:# & RGDS <7 F FTHREL L TWRWERD TN N OFEEHER (FFRNZ2MEER 2B L-58)
73, 10% RGDS HAR DFESAERICH L CRETIIICHE B RZZ R LTI &b 283 A TIEIZ L > TRGD 734 D
AT U= & w72,

%4 % [MERsy 2 WaE L7z SAMs RIfZI1T 5 RGD 4347 O mIfiAL & A R E 2 I ET I8 7 Oiim] <
X, Bt 872 5 SAMs RHIZES SRR 280 L THIIO BB ZTER L, #E5 1~y B 76565 RGD 4
ik, MIREEERN OGO MIBEEISEORREER L, 2 2 CIEBKMEEUKME, RimEm, MlasEs
MhFERMBIE S PE 7 RN R 72 % 5 0 SAMs (-CHs, -NH,, -COOH, -O(CH:),OH. -N*(CH3)»(CH,):SO3) %
F Tz, MEEE G DEEEE, HEE, BRSO RE, A I~ v € 780 LR L 72 5 RGD-RGD
M OERE (LLT RGD MEERE) & RGD & A3l L7z, BLEEWZ &1, Huang A3/ 3F —=2 75K & RGD &
HRTF REHAWVTH S/ L7- RGD RIEE (B LSS EOBREITR Ry | RN OSSN
VRV ERERCT 5 RGD MIBEHECGE ) T, Mg gzl L Ehinl Enbhol, £ T, MillagEs
P& NGO RGD ARANCKH L TED L IICHEB L THBED, LW RICER LTEIM IO REEZAWT
DF O I —FREEDONE & ARFESFMERHE Lz, BRI, H2HOAMMEE Z & ICKEH 085
%7 v NL, Bell-Evans T V&2 HTILHDH I & THIERDONRNT A—F—%RH L1z, fERE LT, Minks
D SAMs R IEIZIFET D RGD D53, FEMIINEEE MO SAMs RIEIZIFET S RGD LV b, = R/ALXF—EEED
MLl & BB EHFEMNEWVZ E0¥b ) SIS 2R ET SR & L CHRIELEDA 7 7Y & RGD
FEOIREENEETH D Z EWNRIBENT-, RO F—= T HMRE RGD BHX7F F&HW-FTiZ. RGD
MEEEE (B 720 CHRBEEINE 2T D 2 L N TE D, MEIRE~ORE 2 & CRIgO RSB TER S D
X O e R Tk, RGD [MEEEE (1) 720 TIEARTSTH Y =3 X —fREBEDOAES B IS G H i & Vo Tz
OTEMEERAEZSEL T, MIEEISE S En T 2 0NEND 5 L=,

BSE RFEEA%ZORBE] T, i L TAREIGMCOMEREE £ Lo, S%ORBETIE. T/ A7
— VAMERE TS A R 2 Al b T 2 FIEAMNL L2 2 L TEHRENS . BRM BB ~DOERIZ OV TR
Wk L7z,

8%« FSCEBIE, FA3C 2000 52 & 383300 354 1B ST 54, b LIFHEIC 800 5E 4 1R L T &y,
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In this Ph.D. thesis study, I established a method that can visualize the RGD distribution on cell scaffoldings at nanoscale
resolution using atomic force microscopy (AFM) equipped with a RGD binding peptide-functionalized AFM tip. To verify
the relationship between RGD distribution and cell adhesion behavior on cell scaffoldings, AFM-based force mapping and
cell adhesion test using human umbilical vein endothelial cells (HUVEC) were performed on model organic surfaces with
adsorbed fetal bovine serum (FBS) component. Here, I modified Au/Ge-coated Si substrates with self-assembled monolayers
(SAMs) having different terminal groups: -CH3; (CHs), -NH» (NH»), -COOH (COOH), -O(CH,),OH (EG10H), and
-N*(CH3)2(CH)3SOs™ (SB). Each SAMs was subsequently coated with FBS component to form varying protein adlayers. T
found that the physicochemical properties of the surface significantly affect both the RGD distributions and cell adhesion
behaviors. In the case of CH3, NH,, COOH, and SB, the cell adhesion behavior is dependent on ligand-to-ligand distance and
ligand density while the opposite is true in the case of EGIOH. To understand how protein adsorption affects the exposure of
the RGD domain on the surface, I further investigated the kinetics of RGD binding peptide and RGD domain within FBS
proteins using the Bell-Evans model which can describe the potential landscape between two target molecules. A comparison
of cell-adhesive and cell-resistant SAMs shows a clear difference in the binding lifetime of the RGD binding and RGD
domains on FBS protein, suggesting that conformational changes of FBS protein affect the exposure of the RGD domain on
the surface. In conclusion, I successfully imaged the RGD distribution formed on surfaces with nanoscale resolution and
realized a quantitative discussion of the parameters that determine cell adhesion. These results provide new perspectives for
the development of new scaffolding materials.
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