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Chemical composition analysis by scanning probe microscopy (SPM) in water is a method
whose introduction has been long—awaited. Here we propose a simple method for performing
chemical composition analyses of solid surfaces in water using atomic force microscopes
(AFM) with probes functionalized with peptides targeting inorganic materials. In this
work, bicompositional surfaces of gold and titanium oxide were scanned with AFM probes
modified with the titanium-binding peptide (TBP). We found that surface chemical
composition clearly appeared as contrasts in the mapping images of adhesion forces with
nanometer—scale resolutions. We further discuss appropriate designs of the AFM probes
and appropriate imaging conditions for the chemical composition analysis based on the
results of force measurements of the single TBP—titanium bond.

AR ERA
(EHHAL : )
[ERESET GRS R
2009 4F £ 2, 300, 000 690, 000 2, 990, 000
2010 4EJE 1, 200, 000 360, 000 1, 560, 000
G
L
FE
&t 3,500, 000 1, 050, 000 4, 550, 000

BRIESYBF - AR
R OSYRE - IH </ A 7 R
ST [ AT — R - RS T

e

F PR A A A R
TR FERE - B - 0 - 5T

1. WFEBAE SO 5

AEER N o R VE T BEE (ST . -
FEMEE (ARM) 72 & D 7 1 — 7 BAMEE I 13 =
D 20 ETHRIER S EZRT . BLERDORH
IRBT, ZERH, R EREA TR BRBE T TR

TOfFRETOBL N e L o7z, LR
NI DT v — T BB O R T2 D KR
7' — 7 BB RAA IR 21T O
ERTERVWRETH D, 5ETIC REDHE
REAZRREMICE 2 N7 A M TAHAET



5 SMJ, [F<= 8L EDXxFEmM Tk
LA T2 ARMAZ X D HLAR T ). TRk
A ARM % T i 28 R C o R i O Jf-Fl
ORI TX BRI T CoORE—F m O A
HDOZEAIZ L > TR Z1T 5 ARM) 72
EOFRENFIET DB, WIhbsHTE5
RO TEY, BHEOKRKFH L ILHK
hCEIET 5 7 a — 7 BAMEE 2 AV T RfE
AT D Z BTk,

2. RO BEW

AR CTITEFEEEZEDTND [ —F
NEREY) - B 2SR T AT TR 2 D
H—y MEREERREEICE A Lz, BIEX T
IZ Au, Ag, Cu, Pd, Pt, Ti 7c X D4J@. Gas,
Si, ZnS 72 EOYER Fe203, Co203 72 ED
b, S 52l 060, H—ARoF ) Fa—
T EDF 7 J1—R B PMA 72 E DA RK
5y 178 ERkx IR R BHC R R A 7o AH AR
e 7 X BBEAISHE STV D (R 1),
AFFETIIINED X —47 v FNEHTF
K& —4 > FEEFRAE L pN L~V CTREA-7
0 — 7 M OFH BAER % B E TR 72 APM % $H 72
AbEDZ LICL T, KEKRTIZRIT 5T
J A — )V C O [E R ZR T O R 53 BT Bl %
Wi+ 522 ET S,

3. WrED Ik

AT TIXRFEH OLRIOMIEIC LD, ¥ —
Ty NG A = XA BN E 7o T

% Ti fBik A7 F FEZHWT, Ti 2&TeFm
DRI D E A 2 Nt 3% (T e—T Dl
fifi ik, ARMBIEET— K722 &) i T 5,

4. WFIERE

ZREOMENC LV BRSNS MR T 1
EEFFONA TV v KT T, A~DE
HEZEDTWD, ZIUTKHEL TEHE, WE
OIS L 2 O E L Z RIRFICBIE T D 8
WOBEEMHNEE > TS, TRALF—45H
TE X $57ess (EDX) & AR EE 1 PAMEE (SEM) |
H D VILE T = R X —#H K1k (BELS)
& BB E - BEREE (TEM) OB A AT AT
T YA ZAOEEE AT MBI, b
M AR T =2 —TCX 5N FET
HD, LRSI SOFETIHHET
BEZERTIToI, B BZEREE~ D B f
PEREREIND, T NSDOTEEER
b5, O WTav A RAmELSF72 8. Wik
W T CTOXDOHBIELITH Z &idHkAR
W, —F. M o — 7RSS T E e
KEH ., W72 Ehkx 72888 F CORED
ARETCTH D0, JRFTHIZAL A - (bkee
DI X720, AFFFECTILEFEFH %
HEDOTWD EEDZ—7 >y MBHT R R
WCWFET HTTF R ZISH L, KIRIREREE
TIlCBT BT 7 27— O T

WStz B LT,
MHARETIE Ti Z2%ik3 27 F N CEff
L 7= - T AT SRS EE (ARM) & VT KIS
HCHERRmEZERTHZ LT, Ti 2510
& F LA ORI A B IC X BT 5 2 &
W) LTz, AR IR T 20—
VAR DT AT > T2 D TORFITH
b, SHITTI & Ti AT TF RO H—55
FOMEAERNE LITV, ZOFE RN S KT
WZBIT D5V ERERIIME EIER ., KFRHEER
EEFIH L CEREOILFEST 21T 9 1ZidEE
WAGHEE CTORENE L TWD & W94
a7,

5. T/RFEIRw L
(WFFEERAE . DFIEoHEE R ONEHENT 72 (2
=)

(MEsEamSC) 1L 1)

1. ‘Nonfouling self-assembled
monolayers: mechanisms underlying protein
and cell resistance’

T. Hayashi, and M. Hara,

Current Physical Chemistry, 1, 90-98, 2011.
A HE

composition
targeting

2. “Nanoscale  chemical
analysis using peptides
inorganic materials”

Yuki Arai, Ken—Ichiro Okabe, Hiroshi
Sekiguchi, Tomohiro Hayashi, and Masahiko
Hara

ACS Langmuir 2011, 27, (6), 2478-2483. #&

=t
AL

3. " Ag nanoparticle sheet as a marker of
lateral remote photocatalytic reactions’
Takeshi Nagahiro, Kenichi Ishibashi,
Yasuo Kimura, Michio Niwano, Tomohiro
Hayashi, Yasuhiro Ikezoe, Masahiko Hara,
Tetsu Tatsuma, and Kaoru Tamada
Nanoscale 2 (2010) 107-113 &3¢

4. TAEESFETa—T L LizRu O
HLRR ST |
MBS - B E - JFUEE

Molecular Electronics and Biolectronics

v.21 (2) (2010) p.73-78 &EFHH

5. ‘Behavior of Hydroxide Ions in
Vicinity of Self-Assembled Monolayers of
Alkanethiols on Metals’

Tomohiro Hayashi, Yusaku Tanaka, Hiroaki
Usukura, and Masahiko Hara

e—Journal of Surface Science and
Nanotechnology 7 (2009) p.601-605 A F¢



6. ‘Blinking Kinetics of Single CdSe/ZnS
Nanocrystals by Photon—Counting
Statistics at High Temporal Resolution’
Sang Yun LEE, Takashi Isoshima, Tomohiro
HAYASHI, and Masahiko HARA

e—Journal of Surface Science and
Nanotechnology 7 (2009) p. 701-707 &5t

7. ‘Quantitative  Study  of  the
Gold-Enhanced Fluorescence of CdSe/ZnS
Nanocrystals as a Function of Distance
Using an AFM Probe’

Sang Yun Lee, Kouta Nakaya,
Hayashi, and Masahiko Hara
Physical Chemistry Chemical Physics 11
(2009) p. 4403 - 4409 EFHiA

Tomohiro

8. ‘Self-Assembled Monolayers with
Chemical Gradients: Fabrication and
Protein Adsorption Experiments’

Tomohiro Hayashi, Nagomi Makiuchi, and
Masahiko Hara

Japanese Journal of Applied Physics 48
(2009) p. 095503 1-5 & A

9.  THAMKLD T OIS SRR 2 Fr o £ mn
Bl 4+ ) A= VR —LOHAESE
biill

RS - AP EE - JFIEE FrEF v. 30,
(2009) p. 444-447 &Hi

10. ‘Critical amino acid residues for the
specific binding of the Ti-recognizing
recombinant ferritin with oxide surfaces
of titanium and silicon’

Tomohiro Hayashi, Ken—ichi Sano, Kiyotaka
Shiba, Kenji Iwahori, Ichiro Yamashita,
and Masahiko Hara

Langmuir (2009) 25, p. 10901-10906 &t

11. ’Effect of Steric Hindrance on
Desorption Processes of Alkanethiols on
Au(111)’

Tomohiro Hayashi, Kenji Wakamatsu, Eisuke
Ito, and Masahiko Hara

Journal of Physical Chemistry C v. 113
(2009) 18795-18799 % &t

(FaE) Giom)

1. Hayashi, T.; Arai, Y.; Okabe, K.-I.;
Hara, M., Chemical analysis at nanoscales
by atomic force microscopy with an
assistance of peptides targeting

inorganic molecules. In Pacifichem 2010,
Honolulu, 2010. (2010 412 A 17 H)

2. Arai, Y., Okabe, K.-I.; Hayashi, T.;
Hara, M., Nanoscale chemical composition
analysis using material-binding peptide
aptamers. In MRS-Japan, Yokohama,
2010. (2010 4= 12 A 22 H)

3. “MBELEEBITHTF K Z0ip] A
H = XA EEREEMER DT ~DI A A
E)IN

2010 AR WA T4 Phhssas §Ri R Ot
Wi 20104E8 A 5—6 H (&) ¥FIX6H (A
FERfETHR)

4, “NTF RT T H~—%F A LIRS
W7 o —7BEEEOBR%” M —Es, &
HEE, K L, R EE

2010 FRZRE 57 Rt W B BAFRE & i T
2 2010 42 3 H 17 B MR % v o)
A

5. “Ti #5AXTF K& X —4 v MFEHREIO
FHEAEM”, ATI [DFS 2% 2 %] W7es, W
O WEREN FHEYERT, 2010 4 3 A
11 B (FBfrEE)

6. “Interaction between Ti-binding
Peptide and Ti Surfaces Explored by Atomic
Force Microscopy:

From Dynamic Force Spectroscopy to
Chemical Composition Analysis”
Yuki Arai, Ken—-ichiro Okabe,
Hayashi, and Masahiko Hara
17th International Colloquium on Scanning
Probe Microscopy (ICSPM17)

BN A > (e ] VR ST e i) VL E AT )
2009 4F 12 A 10-12 A &£ 10 H)

Tomohiro

7. “Interactions induced by nonfouling
surfaces at a nanometer scale: from
monolayers to polymer surfaces”

Tomohiro Hayashi and Masahiko Hara

19th Academic Symposium of MRS—Japan 2009
BRIt > & —fit 2009412 A 7-9 H
(FRITTH) (RFFEE)

8. “MERERFATTF RL & —4 v MFEHH
DO EAERH OB F7 556 (DFS) JE”, ATI

DFS % 2. 5 ) W9, el MEREAN #r
HACHFZERT, 2009 4E 11 H 26 A (FBfFEERH)

0. "M A BE & TR R T T
R ORA T = X 5 OIRET”

WL - FFBI - JFUEE

SRS

HEAKRE 2009 4E 9 H 17 B (fRIEzER)



10. "HEREMERGR T F R A Wi ARM
2 & DRI BT

VNN

(th) FmEEhmpes -/ 7 7Es s
HETHALR 2009 4E 5 A 28 H (HAFF57)

6. MFTCHLRE

(D) WFFe s

H BN N hEEDI)

WO TEERT - REPeiea B Taarseft -
i

W2 E %5 1 30401574



