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FETIEA Lz, &6, ZOMAE S &) ki F#H 2 A HAICERIL L T, STk
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WFFERE S OMEBE  (Z30) @ Nanoparticles densely grafted with double—stranded DNA having a
terminal single—base mismatch between the DNA layer and the disperse medium exhibit
significantly high colloidal stability compared to those with fully matched DNA.
Measurements of small angle X-ray scattering patterns at SPring—8 and force curves by
atomic force microscopy revealed that this unique property stems from the fact that steric
repulsive force induced by micro—Brownian motion of the terminal bases surpasses van der
Waals attractive force between the hydrophobic cores. The elucidation of the mechanism
led us to rationally design the surface structure of nanoparticles for the reliable gene
mutation assay and the colloidal logic circuits.
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CDNABY[R o=y ha B ED T DI, K
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TR SN D ZHEHDNAD H FHREEAS 2
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ZOFRRBIL ORI, MFRAREE B IUN
KRBT EFEBICHERE L T2 2 0 0 O &R
EDIESH, —AHDNA (ssDNA) %275 7 |
LImBUSEERE S FORY (A Y 7Fr el
727 UNT I R) (PNIPAAm—g-DNA) % 3Rz
BRIT CARC L (Biotech. Bioeng. 2001) .
WO 1AW 90 CEE R oy
Ze WA R D> & B IS Sy BERS RL4 2 720 D
MEIZSHLEYELTWE, 0
PNIPAAm-g-DNAIZBMHERFE 9~ 5 & B RIVIC RS
A L CDNAZBIKMER Y & T D mm BN
BT A ENbNY (Polym J. 2001,
Langmuir2004) | & OY =~ HEETE
IR DOFFRBIGE N BRICAWE SN0 T
b5 (Polym J. 2002, Polym J. 2006) .
Z D%, 20 0 3ENSHFIEDY % L2
FTATICE L, BKkEEZR) ATFLUI7T 07
Z (Anal. Sci. 2004) R&=vA R (] An
Chem. Soc. 2003) |ZiEX#ix Tt [FA UHFR
BHSNR LN Z EEZFEH L, ZORRE
ENBAKEOMBEITIRE LW L, T7b
B bL -2 1 ODNAZE AR A3 /R T W B L AP
BIZHFET A Z ERERBEINTEDITTH
o
ZoFE R aa A RRrmEEE, 81—
W BZ2WE (Chem. Lett. 2004, Nucleic
Acids Res. 2005) Z X U, AKRBEHEME D
ERER S (Chem. Commun. 2007, Bioorg.
Med. Chem. Lett. 2008) CBREZIHEYME DA
VYA NoEE (Chem. Commun. 2011) 72 &
WS ENT&E 7, L L5, EEHDNA
DKot R E BN E T D A =X
DAZONWTIIIZ E A ED D> TV o 7=,
LMo T, D DHHHEIZ DWW TRITSES
AT 52 L7 A HMMICHIE - BHEx5
YRR L, BMHEEZB EXE5 2 LidxEb
D TR DRI DN TNz,

2. WrstoHBY

T ZTAME T, B LR an
A FRIAHZED A ) = X855 TF L ~ULTH
LT HIEERHNE Lz, BRI,
Ve 7T U ANVESETHER LIEEDOY]
We72DNA HEE AR & D D> TRIB AR DB
TR EFTCHRRL L, N X RS 2
TR TR ELAE R O RSB RAT & . TR
BER A R AJRIE A8 U T, DNA Y
7 NRrEBEAOHEEHL NI TSI L&A
BIZEIT =, S5, Znbomiiesd L
LTCTFHA L ENTDNA V7 NREE ST
AT DZEBREIICH I Z AT, B Rk,
e BIR T2 T A AT L%
L=,

3. WHED STk

(B EIRSL - DNA BAMICE DN & u A
K (DNA-GNP) [XBE#HRIZ L7 » Tl L 7=
(J. Am. Chem. Soc. 2003), DNA HHE;R VU <
— Ui, EESIREICHES N7 e Y
IR == THE LT, TDdIT,
AFEOAT B ZLE I ) (RAFT) BEAIEE T
TR BE) 7 P VES (ATRP) ETERKL
72 PNIPAAm & ssDNA D Rufi[Rl &%~ A /7 v}
MEISEIZZ ) v 7 G TEEL T T e
v 7 FLEAR (PNIPAAm-b-DNA) & &% L7

INEKEERF CEFEEER IE 52 & TH
CEASIE, KR ~TZAR ) ~—I kL%
HIERNTIER ST, FEAEERE IC B0 H
B ssDNA 1, ARG RIE AR LTz, %k
T LB F2Wnc B LT, (BFA L=
FEHDNA 2B TETLE L, ZhEilc
L7 T4 ~—(REIETHE LS EEH DNA &
PR E LT LT,

Qs . Bk L=k 9ic, F 2 RiTFodE
PEERE L, R ~— I B OBEEIT SR
DA%, avuA ROLGAIIERE T 7 AT
VIS T MK DR D FOA~OEH
ElbxkEbRo, ZNHIXFARTHLIRTE
DN, TEBRNTT DA T ERIN AT R L
FHE oo THEER X OWEEZHIE LT,
F R DOUREEMRREE X, KA %
(SPring=8) % H\W\7=¥H/IMAE X BRELELIA T
fIEAT U7z, s L OVEREE IR E D SAXS 7 —
A HIREER 2R U, DS TR 2R
ELTZNT 7 U AH VBEGERNTIZ L - THE
TR S A R U7, F 72, BOYEEGEL (DLS)
HIE R L OB A E M (TEM) BZIC
X o THEARBE AT LT, K F-RENC/EA
%1%, T ESSDNA (dsDNA) TREEM L7~
auA RV a—7 288 U R 5%
# (AFM) THEBEIL7-,
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OEHER DB EMERYT - £3°, R rRED
DNA BAMENEBHWIC AV A TEET D Z
L AFEFH L7-, DNA BAEMICEDN-4&on
A ROIEZGRHE A E 2 . KU Yk
(SPring-8) % FW 7=/INM X BRELEL (SAXS)
ECRAT LT, ok K OB IRIE OIRIR
SAXS /& — 2 SR -2 B L, 0L
A ZE LT3 7 ) 2 X )LV ENT
12X - ChiFSEEEIC A LT, Z OIREEED>
b anA FOVEWREZEEEZLGIWTED
A5 B OFK i R, RIF-2Kifi D DNA
BRI U TR L, £ OfEIX B 5 dsDNA
HED 2L LAMICEL 7o 72 (Fig. 1),
AR DAEFIL, PNIPAAm—g-DNA DEFHERFE T
HREANZARKT S DNA R Y <— I ELToO0
THHELNIZ, I HIT, RAFT EAEE X
ATRP V£ CA R & 4172 PNIPAAm & ssDNA D 7' 1
v 7 L EA (PNIPAAm-A-DNA) 23275 7 b
EOGAE XV bRESMORNI L 2E
A EAEBHLMT L., LV EVEEORE
TERRATIC L > CTRIEED DNA BBAEFE D A 0 FH 2~
s & FERE LT,

30F 5 auws
O Au40
- - - DNA length x 2
| —— DNA length P
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N
o

=
o

15 30 45
Number of base

Fig. 1 Inter—surface distances plotted against the
number of base for DNA-GNP (d = 15 nm, circles; 40
nm, squares). The solid and dashed lines indicate the
length of B—form dsDNA and its twice length,
respectively.
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TJ—)VANTHDHZ ENbholz, £,
dsDNA-GNP 1Z[F] U DNA ¥E 5534 T % GNP hifk
D/INEWEERE LSS o, L,
WHE D3R U C GNP R/ 5 2 FED
DNA-GNP % iR5 U CIEBRMGRE S E D &, (A
BOF kiR LGB ERET D 2 &
23 SAXS figHr (Fig. 2) & TEM #iZThio
oo ETo, FEE I TFH (PNIPAAm H{7
25 3 $H Ay I A E T AR ) 2N B B 7
PNIPAAm—-A-DNA Z{#FH L T DNA HHFFR Y ~—

SEAEFRL, TOBKEORE S EZFT
IR L OODEE RIS &, LGRS
OBERHEI LT (Fig. 3), W OREHE
Y. BN 7 7 TV T — )L A F N E L
FHBlIITHD LR R L, Ll
WD Z LN D, ZOMAELERTE T TIEIE
BRB R D R G o 5 BRI T & e
A

C Aulb-dsis
0O Audl-dsi5
A Au15-ds15/Au40-ds15

Siq)

02 03 04 05
gi{nm’)

Fig. 2 Structure factors of a mixture of
dsDNA (15bp) =GNP (15nm) and dsDNA (15bp) —GNP (40nm) .

100 =+ 1Pyg-1dsDy
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Transmittance at 500 nm (%)
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Fig. 3 Time-dependent change of transmittance for
a dispersion of DNA-carrying polymer micelles
prepared from a diblock copolymer made of a linear
(broken line) or 3—-arm PNIPAAm segment (solid line)
and a DNA segment.
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(] Product purification *
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() Single-base extension
{iv] Parlicie aggregation assay

ddRTP, deGTF, ddCTP, ddTTP
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l_'_l
Aggregation Disparsion
*5 *T)
Fig. 4 Schematic diagram for the detection of

single—base substitution wusing DNA-carrying Au
nanoparticle aggregation assay.
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Fig. 5 DNA-functionalized colloidal logic gates:
the AND gate (left) and the OR gate (right).
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