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AFwCIE, TF 7 FEER E B - RIRBR ST N REECALENAARAICE T 25 KD FH L UVHEES
DEMFEORFE] LEL, AAFETRESHL, SENLLHELINA TV,

B 1E TR TiE. Ao ASHOBEE, AE 78 LOMIZBB Ot O BEZEME, NA AFRHEOFHFIEL L
TR BMEAFM), 7~ >3tk SEmfiR 7 ~ 2 0 BIE(TERS)ICAE H L7225 U TV 2,

F2ERFENEME. SN NE ARMERS I USNEDORE) Tk, 7/ WFEHAEDO—>TH D AFM,
DHARA=T U TEL LTI kB L ORER T ~ B OERIEZH LT 5,

B3I IRTFFHMHEMIZBT2HEEEROE—SFEHAET oYU TILFHEHAOLE ] TIHIKBIER -~
7 BT AE(QCM-D) & AFM IZ X DM B A7 F K L MEH & OF BAER %2 € NI LT\ b, KRET
. XTFRORBERERE R FHEE L OMICB T 2HBEEKREHALNICLTRY . BERB IOWMEN., B7
DRSS B AR 1 LA EHIC B T 2 BEMER OFHBICKE LT\ 5,

FA4E AFM 7+ —RIVEVTRIZEDRTF F-HHERETOHREEAOEEMMT] Tk, AFMICEDH
— O TERELE LTI, XTTF R 1 ST OMBHIRT 2 BIRMEZ T 2 FIEERRE L 05, &faeY
F ROBEMR L RIGHEE ER 2 £ LEBRRERH L-BITE T, A 7F FOZM NI 28tk z
TEMICERL TS, ZORE, BEWERRL LI OXXTF ROEBERGFOBESIIFHEOME/ERICHET 2T,
SREB LT T OB IR 2 2MEERICHEK TS Z L2 ERIICEEL TV 5D,

ESE B-HEAZVICEPE—MBEOSI A A=V TFEDORHE) TlX. BHEAZ2EL RV RLEHIC X
DHUVHIIRD T~ A A=V TIEEREZE L T D, B-H ik, Mz Bk 5460 FICHkKT 550 71
BE— RBRWEIRIZ T = N RE L2 0D, MlaFicBil 24 =47y My TOEEELTEE LTV,
RUREWME VAT —WVIEMiTHI LT, I A AV 7LV E—Mlafickiisalrxra—
NOREST EREZ AL TE 22 L2 FEFL T D, B-H fEEE0 177 LTHALZMEOA A—
THFIL, BT o =TI THIEFITNES WY A X TH DD, X —F v My OGO B % /R
WA TN A A=V v 7R TE A Exm LTV 5,

F6E [L—Y—EBRERERS T UBEMBORMRE) <X, MERE EOAEES T 1 57O b 2 i <
% 7% TERS MEBOBRAE RTINS, L—F—EB VAT AOBEANZLY  EEHOBRY 7 ML AL 7+
—HAZARy bOMETIE 10 nm LINICHERTRE L6 U T 5, AT ERRICH D ZERERy 1o
TERS f A—V v 7 HEBTEH L EmLETND,

F7E [RIRERI T UOAREDNAFRAICAT 1R ORERE &RE EFIMFIEMOBMERE) TiL. TERS #
EFIZET D8RG ORE EFAFHE &R E EFMEHEN 28 ~Tna, FEOEE (60-100°C) TEBLHEYT 5
FA NG TERRAL, SEREHORE EFE2REICHHMIL T b, SOICHESORE EFmElksLTh T
UN—DFNRNBIEH A RETEZ D Z L 2Mm E TV 5, AT, ERS T ~ORNE A =T L NFENEA—V%
R ARI LoD, EKE TERS A A=V U 7 24T 2O OFRARMEEME L USATE2HEA2FEIEL TV D,

F8E M) Tk, AWMEZHAE L, MR RREZE~TND,

i FSCERIET, FI3C 2000 F & 3830 300 35 % 1R OHIT 52, & L<ITFEIL 800 #5% 1 #MEH LTI 7280,
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The aim of this study is the development of the methods to analyze biomolecules and cells on the material surfaces based on
atomic force microscopy (AFM), Raman microscopy and tip-enhanced Raman spectroscopy (TERS). This dissertation is
written in Japanese and consists of 8 chapters.

Chapter 1 Introduction. This chapter presents the importance of biointerfaces; interfaces between materials and biological
samples (ex. proteins, cells, etc). It is mentioned that AFM, Raman microscopy and TERS are promising tools for the
analysis of the biointerfaces.

Chapter 2 Principles of AFM, Raman Spectroscopy and TERS. This chapter describes the principles of AFM-based force
measurement, Raman scattering, surface-enhanced Raman scattering and TERS.

Chapter 3 Correlating Single-Molecule and Ensemble-Average Measurements of Peptide Adsorption onto Different
Inorganic Materials. The affinity of material-binding peptide to the inorganic materials was evaluated by quartz crystal
microbalance (QCM) and AFM. A combination of the two experimental approaches allowed us to compare the adsorption
kinetics and binding affinity of peptide attachment for the different substrates through measurements conducted at the
single-molecule and ensemble-average levels.

Chapter 4 Quantitative Evaluation of Peptide-Material Interactions by a Force Mapping Method: Guidelines for
Surface Modification. A new AFM force mapping method was developed to evaluate the affinity of material-binding
peptides to inorganic materials without a conventional single-molecule force spectroscopic approaches. Through the
statistical analysis of adhesion probabilities of a gold-binding peptide (GBP), it was found that the affinity of the GBP to
oxides (Al,O3, TiO, and SiO,) results from the electrostatic interaction between GBP and surface charges. By contrast, the
affinity between the GBP and gold mainly originates from the electrostatic interaction between GBP and their image charges.

Chapter 5 Raman Imaging Method of Small Molecules in Single Cell Using B-H bond. This chapter presents a Raman
imaging technique to visualize the distribution and concentration of target molecules in a single cell using a Raman signal of
B-H stretching vibration. The vibration mode does not overlap with that of cellular components, which results in
interference-free Raman imaging of target molecules. By functionalizing the boron cluster including B-H bonds with
cholesterol, the distribution and concentration of the cholesterol in the single cell was successfully visualized by Raman
microscopy. The small tag such as B-H bond is enable to minimize the size change of the target molecule compared with the
bulky fluorescence probe.

Chapter 6 Laser Scanning-Assisted Tip-Enhanced Optical Microscopy for Robust Optical Nanospectroscopy. This
chapter describes the development of the TERS microscope for the measurements of biomolecules on the material. By
introducing a laser-scanning unit in the system, the time-dependent drift of the probe in the focused spot was completely
compensated within the accuracy of 10 nm. This technique is usable for long-term and robust TERS measurements of
biomolecules with compensating thermal and mechanical drifts.

Chapter 7 Damage-Free Tip-Enhanced Raman Spectroscopy for Soft and Heat-Sensitive Materials. This chapter
presents a method to evaluate and suppress an increase in temperature of an AFM metallic probe during TERS
measurements. By employing thiol molecules, which desorb at 60—100°C, the increase in temperature of the metallic probe
was evaluated with the high accuracy of 2°C. Moreover, it was found that the oscillation of the metallic probe promotes heat
transfer between the probe and the surrounding medium. A combination of the two method is effective in simultaneously
acquiring strong TERS signals with suppressing thermal and mechanical damages on biomolecules.

Chapter 8 Summary. The conclusion of this dissertation is summarized with future plans.
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