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Abstract

DNA microarray is a powerful tool allowing simultaneous detection of many
different target molecules present in a sample. By using these techniques,
large-scale parallel analyses can be performed in short time periods.
Fluorescence technology has been the gold standard for detection of DNA on
microarrays due to its high sensitivity, dynamic range, and multiplexing
capabilities. Despite these attributes; fluorescence labeling typically requires
target amplification fo -obtain sufficient _amounts: of target and complex

instrumentation is needed for detectioms ultimately limiting its utility in the

Il M

applications described above." |

The development of a metal nanoparticle-based detection methodology for
sensitive and specific DNA microarray is described. The technology utilizes gold
and silver nanoparticles derivatives with thiol modified oligonucleotides that are
designed to bind complementary DNA targets. Scattered light from
nanoparticle-tagged biomolecules can be imaged and quantified extremely
sensitively. It allows for detection and quantization by measuring evanescent

wave induced light scatter with low-cost optical detection systems. Compared to

Vil



Cy3-based fluorescence, gold nanoparticle probes provide for a ~.1000-fold

increase in sensitivity.

Key words: microarray, gold nanoparticle, DNA, scattering spectra
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Introduction

Pure protein arrayed

“Functional Array”

large-scale functional chips ( target protein arrays )
constructed by immobilising large numbers of purified
proteins and used to assay a wide range of biochemical
functions, such as protein-protein, protein-DNA,
protein-small molecule interactions and enzyme activity,
and to detect antibodies and demonstrate their

specificity.

Protein binders arrayed

“Capture Array”

the analytical capture arrays carry affinity reagents,
primarily antibodies, but may also be alternative protein

scaffolds, peptides jor nucleic acid aptamers, and are
— L2
| ] | ] . .
used to dc‘t}cf:-&“ and quantitate analytes in complex
I “
1 |

mixtu’fe such'as plasmal/serurh or tissue extracts.

Complex samples arrayed

“Reverse Array”

lysates(teverse protein) arrays in which the
complex‘samples — such as tissue lysates - are printed on
the surface and targets then detected with antibodies

overlaid on them.
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nm> TEME (pm) FEEEAEGE - 2 A& - BLiLtRAZ - 2%
@zﬁk¢a4%{ﬂnm=mﬂn°~§%*ﬁ%ﬂ0%§&4ﬁﬁﬁ%

B B A ;:gﬁjggf#i% w0 BER T ISE 5 A 350 #f (10-6m)

-

C4 AR 350,0000% ke BT R 5 7.500 £ A

L k- 3’\3* A S kR ,%\5»—;«'4&%?3713: Tk e IF AT 0
/T*ﬁia‘”ﬂ?%ﬂ‘lfi’ ER SRR m'f'” ,.:'«V‘T‘? “rﬁ B PE R o 3 A o 4
LR I Y % St K L A e i
EoEry o R HET HE i%agmﬂﬁ*owgu P
ISR R E R R chend [T
B ek SRR B T BREE S EF RGO A RLE
o blird BHE Ak BB 4 %Lf“ﬁ'ﬁﬁﬁiﬁﬁk’ﬁ%éﬁ:ﬂki

-3-7;”%52%%"‘ ,f’éz\\fﬁm—,’_ _?_"E

2=V erAz\»m;g,ﬁg}Z F\'tL‘ "f‘:’hz

Ry

lf‘b

Bl B R gt 0 2 £ E K

R B BT RE S RN CE R R R T SEEES

A AN A FC e R TR T TR L b B
EEAG AR BT BERFI LA FHIIALE

Bl ek 3 AN G AR RAGLE BT E T Rt Ea o oo
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FRER N RFPEFRERIM S GRS £3 ﬁfﬂl:i:*f]ﬁ*ﬁg A AT
Jet o bldes R ARG BB (Lycurgus Cup) % BM3F 5 S KE 0
% #33 ( Stained glass ) & > @ Z XL Z ARSI TV M RT
1857 # Michael Faraday #7% % ¢12 % o -4 £ % > ;23 % ( Michael
Faraday ) > fI* % it £ (goldchloride) :BR 113 2 F &
PBRBr P ZRARERLCFTEI > R2FRNE Y § £3%7 TFd o F

o ANPIE &2 KRS hied > £ BRI

RS

2P A Y IZ/%"*{}%'G‘]
TR o JEF LR £ 2 K p I TR BTk g o gARSE TS A A0 s
sk e B ORF o RS € BT A N B K A E RISk r skt £
2230 v&ﬁiﬁﬂ*il{%—%#ﬁ%% NP B Tigl ke 2 (8 0 & F KR g

4R 2§ R e 0 A T S RS T SR e T e ek v 3

f%”—"’i‘]‘lé} J\//‘/P‘Z" 6m$$‘f$ ’;' Tﬁg¢mzp *{m:é’ °
; : ' \’ r
‘ - | |
, SR h "',.1"'».” ‘lv 2%
ﬁ§1g~%m’mﬁf% RS ALIE TR ] 0 PR R Ae A 4 %
| 1
e 4 S0 nm gkl Sl e 1S 9713 m g i 4 o 3 i de

o F R R hE T qﬁﬁ%fﬁ’ e L RN g d o bldof
FEEphE Bt g 4 0 X AT R R g R 0 I £ iR R sk
— A T o R KRR WE o W2 A R TR
FFEE > wroe Py e
GG AT (22) o F AP u,fﬁﬂ P ERE K ET

MAe sl o REFEF TR L ki E s T (B 3) -

*:Pl
SRS
=l
T*
s
¥
;1
S
lv
A-

|k i
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Normalized extinclion

34 RT - B EBHAE S A MRTHHEEY B2 P 0 F £

!

FAAPFHLORE PR i 3R FPRBRILI LT FPFE

no

il - o F M iERARA BarTy (23) P4 G FR

14



24 B

BILTe DNA HoEs) & PRl > 5 241 §F kel d 2 By sk
Hre® & DNA enidpl b ¢ EHRBEHEF I E-FL AP o s AR
b ¥ RARH L 3 B FACAR ( sensitivity ) ~ R F e iR # ]
(dynamic range ) - % £ & 0% 1 g (24-26) o G F ¥ BTG B
BBy e By Rt PR AT T T R G R AT g AR
Fla B~ eniFp) DNA LAk AR * &> % 5% PCR ( Polymerase Chain
Reaction) & & k3x =+ FP| P #% DNA ¥ > 2R @ £ F R DNA 3B~ ~
B B2 - U P U PCRIE R R LS § PR A & 93]
SRR S R R | ";*3%' ESUHL A g E T R T % R (decay ) ¢
ROAT 0 122 4o % B photd bleachlng ) ~ "% ( quenching ) ~ £ =%z
( reabsorbing ) % ¥ -k X % ﬁ%&:« (. Fluorescénce Resonance Energy
Transfer, FRET ) % & PR 48 l ' £
SRS T ST BN %Uk if4 ?J#stzn“fi,# & B fe ik B 4 oA
RELMLSAF éé%*%’é%a ) T P R AR B S A SR BRI
FEFA A EEF L P ARSI A e T R
P R TR E - R R B RNAE M A AT AR ITERE S

9 DNA feiR| > iz £ e f7ehe

L& Pt o T DNA AL 8 5 & 7] - & G 5 sE 0 & 35

it

(1) DNA # A%l # 2 & 5 PCR 7 @5 L igehid pl#® > » PCR &
JEALPE > i S A o ) R B P EXDFRF DT oA F K
ko kA U] U R G B G T AR R H 4 3

SA o) MU E LR AN S REALEH S T%RS A 2 AAG

15



B af sk i1 A £eht 4 o4 o (4) It DNA HcE7 |8 8 5 g
KFTHE L SR AT B F D R4 L ARA DR A A ¥ kayd
N RS TR e Rk S A
Flpt > BHF - 2EF (B RAAR KA B htkiplt B
Posg enif ] kSl AP v B o d o m A g E o - B FEHRP
T B e QAR K32 158 Ko 302 3 3K prranig s 2
EHE T E AR A S PR B L R P R R A TR
AP E TS E R RS .[ﬁfﬁ&jﬁ;{i% Bt v o FH
R R AL R ,a#ém*’g; RORHS % &+ 8 5O ~ it 4 49
R L ﬁ:r’iv s s g Rl TR

-

R
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31 £z K F BT ARE

3.1.1 3= (Labeling) £ = i (Visualizing)

ERARFEHPET Thafhe2 o 0 E2hg 3Kk 7 fhie o 7
M- BRI G AT RE IR 0 S Sk LB o 2% 20 nm * /|
£ 7 K7 A R F R cd bl deié ok 4p i £ (phase contrast ) 2 F
#p = £ ( Differential Interference Contrast, DIC) Bk e R 27) -
aﬂ?ﬁ%%ﬁiﬁﬁ%%’u&fﬁ%gm’m?%%%ﬁ%%%ﬁ
( dark field microscopy ) * ¥ ] (2&) ) %“*‘{ET% 20 S A E R s

T LEE. 14 = £ ﬁm#m\w e 5 81832(29,30) -
TSR LY SR TN @ Fn A B P i bl i g
¢ ( immunostaining ) (31,32) ~H A F 1&}1‘4&\( Single particle tracking )
(33-35) » X-ray ¥ &HE (36) ¢

3.1.2 ﬁ?]%&;i'.—ﬁ ( A vehicle for delivery)

i

—fl]'}l’

FShF"*,{.tbA}—r;ﬁd Bt g kRS A e REDE O e N IRanp g i

FobALE TR R RS S BT e ) e R - A

EAFEN mE iR EREZART A AY J{EFHF TP P T e p

4
=

7 & 357 A F]HE (gene gun ) (37) % ‘w2z ( Cell uptake ) (38,39)
5089 mrewmfoina & Bt LA TR (404]) HikEES (42) 526
L 5Pl ¥ 154 Ghosh & 4 #9354 i gk (43)
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3.1.3 4? #] ( Biosensor)

EAPRA T R AR RS R R A AR S — AL R

It o PRER-£ 2 K3 R 24 P (biosensor) #-¥ AR A - A B30

El

St o B2 PRBOPRY > AP FE AR - BREAF ORGP AT
PFER B e P AT PR R R o W A€ I R F KRG -
P2 B RFE E2 AT EFREANL < 2P L R a5 F
Pl Ak E R s FlH 250 % ki A e RR R
PERE - HEA AR FRALRMBARTY AFR L f R LA TR
£ # ( surface plasmonsresonance ) (44,45) » % £ %74, ( fluorescence
quenching ) (46-48)~ % & 3 ﬁﬁ % -k 2k (Surface-Enhanced Raman Scattering ,
SERS ) (49,50) 2% & A 43 & &\ ( gbld'stains )(51-53)% % -

;.Eﬁﬂ»

|| @.
6 ek B 1 R A g iR s

| |
REFL &% Fk NETE d g B R Ve kg Sk g
AR RO 20 TRIRETRE 02 £ R AR
ERABMARY PR L B A LT HRRSTT IR ZREEFESD
G RER e SRBMEET R E AR A Pkt bR AT
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32 2 FpInkBEaxf

B ORCEREIIEZ AR o g G H g e § B kAL
BEAVK o Aot A R g B PEE S 0 Bldr £ 2 KRS # 5[ €2 520 nm
AR FiTek i > H W B k4rst £ (light scattering spectra ) 3 P! A e

RHRP Y SREFERFZ A T ]\ £ #& (surface plasmon resonance ) °
AR A R E£E kBT o H T R K g BT ool 8E

R etk % o

321 ®H¥E M i e J’JE = 2 9:},% ( Localized Surface Plasmon

Resonance)

%%ﬁiié’ﬂ%aﬁ,%4§$ﬁﬁ’ﬂﬁ%i%%ﬁ$%ﬁ
(collective dipolar oscillation )‘ g »m ot IRATR B B2 S
EHARKBHEDCRL >R RSEELG T %i # ( localized surface
plasmon resonance, LSPR ) (54) » @ 2% 3 # BRI 2 X &3 5 Mid >

T HiE B R F o

EEFRF LI NTREPEE KT da pd TIA
,}i”% ’ 4’\{Fl‘i§c_ﬁ.*3r'$:,}i{ ek &+ ﬁ;g‘_é_ifﬁ ‘jg%;\ 1@}1@‘, —p 1 LL*} L.H;F,

RS ARERT -4 ARG 2K RS e - FRULE D

>‘

k3w EBE o oaRETRALSFEI DAL TF ART é\‘ﬁrﬁ%@[ﬂ s kT B
wh A AR T o - L LRI 0 R B E kg AR L
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CRCE ) Ao T LTI AR e £ B R N R R i

AH ML R R JW‘% £ #&4F (plasmon resonance absorption band) -
3.2.2 TR ¥ LSPR g 38

EFARFIFIZRF AL TRDG A Padisf i SROME L
1908 # p¥ » Mie j?iﬂir} BRI FIR? &3 agd > JI* Maxwell
equations 2 3+ ¥ 1 &£ B AT BB T i) L& G f ( extinction cross
section) > =¥ p R £ B S auplt S ) B R K Ral £ o> A
PRLRRRY hge s §RNERT £ehppd o R ol AT A § 5
R a5 2 b adgdH 2 (55) s 7 “Padid Aa a2 (56) ks it
TAZ R ‘“ﬁb*ﬁ‘ﬁ-”/#”ﬂ BiRZ R Ap T (TRE S TR BT RESET A2 i

S J\,\ﬁﬁ\’]{ °

323  Ak¥3t LSPR rﬁ‘rﬁc B |

gz kR FIFT UL G ﬁ”“ﬁ?ﬁu—ﬂ SN R F 0 A p 2 R
AR el g AP R e oo A g Frat ok ehip £ A o Aok
SERAHEAL > €9 dT 520 nmz LR Lk IR BRE I oA 2k
A& 2 R > PR A LARAHFA 5 7 2w kRS
HF V- BE AT WA 520nm el g B oipIR g d ¥ - f:%ﬁ Gans 71
* £ Zgfhit (aspectratio, R) 2 #£ 8 Mie 323 #-[]25% K+ 23 72t
5% 4+ > 4o Rk (rod) ~ FlH4# (cylindrical shape) - fft 21 E F
%\»\ié{’,jf: P FErdl & 2 KRS a3 LR R

pré ®1-(30) -
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WS (58) B FF Ao

33 4£2 32 DNA 2 *

Wk B RS 2 DNA S &% 5 2% 1996 i ¢ Nature # 7] (59)°

d FWE A+ F Mirkin £ LorF AEaw= 3 e fl1* 22 Kk FRE T

4

Feng ke d mk 2 (59)0 A 1997 & k- BT BT £ 2 KR
sk § itz DNA & - (7)< chig Bl g4 > % 4 £ 3 f 2+ DNA
BRIE (60)c 1998 & » 8 P4 * X | % gk £k #F 873 T4 0 DNA
7 I R I pﬁ@wﬁ: 61y i85 - Mirkin. R Ff b rE T £ 0

% %-1: Mirkin BFESH 82 s Eé}' DNA 48 cfaT 3

Homogeneous detection }

1998 Selective colofifnetrid polynucleotide detection based on Au
nanoparticle probes which align in a *tail-to-tail” fashion onto a target

polynucleotide (62).

2000 Understanding the factors that control the optical properties of
DNA -linked gold nanoparticle aggregates containing oligonucleotide

linkers of varying length (24—72 base pairs) (63).

2000 The colorimetric approach was limited by its sensitivity, with a
detection limit in the low pico-molar to nano-molar target
concentration range. A small improvement was achieved when
different size nanoparticles (50- or 100-nm probes) were employed

(64).
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2001 Modest multiplexing capabilities were introduced using
nanoparticles exhibiting different surface Plasmon bands(65).

2003 Using a specific DNA target as a linking molecule to aggregate
Au-NPs with complementary probe sequences allows one to take
advantage of the novel optical properties of dispersed versus
aggregated gold particles for use in DNA detection (61).

Heterogeneous detection

2000

Te scanometric assay was developed, which is a sandwich assay
involving an immobilized capture. strand on a chip, a target sequence,

and a gold nanoparticle probe(66).

2001

Glod nanoparticles;50 and 100 nm in diameter, each specific for a

target sequence of interest, could be| used to simultaneously detect

target sequences with dualL (%01’@?5&8@&‘[(67).
" |

2002

Electrical readout was reaﬁlikzed by functionalizing microelectrode gaps

! |

with intervening - target. capturémsequences  for the detection of

sandwiched targets using gold nanoparticle probes(68).

2002

Te readout of multi-spectral fingerprints is possible by using

surface-enhanced Raman spectroscopy (SERS)(69).
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3.4 KR

FE S FB LR AR L ARl B4 R B 0

FEAFS R ¢ A RY 4 hp 4k @ #-E F g (quantum dots, QDs )

S

e R T £ Y £ 2 5K #F (metal nanoparticles, MNPs) 7 2 #] 5
FHgAAP 2 - (62,70) -

341 £ (Quantumrdots)

3 R B @mmvi§?ﬁ%Wﬁ*m ok B gt
WATE S R B R E%ﬂ%hg P N
T 4 ARABIT 3 NE Y ﬂ'mm*%%#»+ww,g++m 1
"U*c)iiﬁa"'oﬁal“*li‘”ﬁ% ?‘Lf Ak £ o i P

AR TR R bR TINR (F173) T e AE R -

“4

13.5 14.5 o 19.0 2155 24.0
510 530 995 570 590 610

. - —

N R R S s RS
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d 23+ EF L) 5 13.5~240nm (F #H&F) AL & A4 510nm~ 610 nm

342 £z ##&+ (Goldnanoparticles)

$- B4 2T R A% P E 42000# FHEd Mirkin £
1 B D (66) o PG (S HwTE © 5% MNPs & * & DNA
A8t 0 3 R eh R B - JE (74-76) & A f& MNPs  (67)
T 5Lk - ¥ MNPs #7 L4873 et > @ 45 0 A5k B L R

oA )

;\E,lkbr}’%‘rFmZFE-i""F%}me shoN s KT Uy

o Hia

6 MNPs fE3e = 2 & Bide A pent Bam Bl o Flpt A P 2 A4

R S

d 23 +4%513nm~32mm~40nm~56nm-> 27 13-32-~56nm 4% 2 3+
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Fd S0 F kR T EFFIHRFTHREE L0 m £ 3 KR FPMIER
BBInternational 2> 7 (5 #PiEFF & 2 (RIL) o
hAZmy P > A PREr £33 2Hv 282 K3 ( Metal

Nano-Particles, MNPs ) & % i¥ DNA 1 plenf 54 3e (tag ) - ¢ >% MNPs
AL eRat k85 7] > $2° DNA MRIF AR #-€ F kg rcengk 2 > 2 ¥
By ke ? B KiE P 42k (target amplification ) i A% o FATAE
e 2 ¥ U E M 5Lk (MNPs) ehig * § > Flpt ¥ ousd 1‘# 5 ¥k Mg R
BN kAo PR S Sk & SiAp it 4o GenePix 4000B
scanner > f|* MNPs » ¢ > ¥ £2r4 kehk/Ed (photo bleaching) >
'8 (quenching) - £ ¥ iz (reabsorbing)  ° fr& &+ € # 4 (Fluorescence
Resonance Energy Transfer) i‘i W o

",_,'_":-« ‘ “
& |
|
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“g R

Ant-

et

st

R

Yo

- % - ¥ % DNA

41.1

FEkP

DNA {&:eehv (71

v
-

# P 71 MNPs &

o "..,.-‘

5] LG
e

ik

i
I 1'

e

-gold)” & 2641 probe-DNA

&

o

target-

b e

L+
L

ks B
Y gp

I

BEGEA L (

... NN

L)

f;ﬂ;ffr

| ﬂﬂ
RN

’.’rffﬂr s

.____

.’Jr.ﬁr...?

_____

,.r#,,,.é =

___

Bl 6 : capture- DNA ¥ probe-DNA 2% & &
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412 Pt &S DNA =P F R

RSP
%’ﬁ“é probe-DNA % capture- DNA £ target- DNA = =t sandwich

hybridization (& 7) ©

et

WA R - =

i
3

|

e KO

[

& @ = 7 Au-probe/target-DNA & f;

Sy

e capture-DNA 87 % - X322 F i P A SR AP iase
% ¥ J& (Sandwich Hybridization) - 4 7 K3 P fs W plenis 8Lk o

(B 7)-

| —

« Sandwich hybr{id‘Eétion

|
1 |

. AuNP > AuNP
probe
strand
S target
+ > strand

capture

linker sirand

surface linker

surface
L Hybridization(1) -

L Hybridization(2) -

Bl 7: =P isRe3F BiA2RBT ©
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413 R Auip 5N

AT L
- ek BRI R F Ak PR

B ELFRFR (FTS):
PI* 2% ELEFHAETE L2 o)z nE 2 E

W R E L (TT) 0 T LE SRR T G i 5
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42 HHg 3k

- BB P AMAG ECF PR 50 @ capture- DNA Fr1 A
Hde nEIEHCES R P S R A R AR BERE e Ft 0 FANPG
CAREF RN AR O RFRAG CF P RERNE T AR
(hydroxyl group,-OH) - & F A Wi T =it £ o sc B ~ FEA B0 5 @ {F
B % o R @ N A (aldehyde group, -CHO) - u* Prer @0 enE AR

B ¥ ¥ capture- DNA - s il (amino grdﬁf;,-NHz) BEF R RSN

P s Bt (B 8)° h if-—s.'aﬁl I,»i‘*:w
| ﬂ-— I.i 1
DNA
DNA DNA
i'I-H2
(o] N-H N
I | & I
H-C H-C-OH -H.O H-C
‘ _ > y —2"
Covalent Schift
| | coupling | | baseby |

MirrorAldehyde dehydration

Substrate
Bl 8 PR BA L G & A2 ML Y W ETARE
At dm RBBENFERL > LEAABT Y capture- DNA — ol (7 &
o RAMCEF] S BT o

http://www.arrayit.com/index.html
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4211 AHi e %2

2

B e
L0 FEDD DL R LR MBS AP s R BEEF &
B B AR LTS

= e

o

fié 7% ;7R (piranha cleaning solution ) :

)
oy

= »Fifg [sulfuric acid (H,SOy)] & & - i» B % -k [hydrogen peroxide

(H20), 35%] -

1l m
i 3% /7% 7% (base piranha cleanjn}g solution |) *

4 > 4 -k [ammonium’ hydroxidén(NH,OH) | 25%] = & - > £ § -k

[hydrogen peroxide (H,0,),35% ] ¢

d k- RSN SX A3 RFEZ (Piranha Clean) (78)
(). BR T ek B e R 0 LB fei ki (cleaning solution) ©
(2). B B REZAY A % ( ostaining jars, rack ) F oo R R P44 F

(staining jars ) » *t % k¢ 42 F L (ultrasone bath) 2k 10 4 45 o
().  B4ED e fed2 ikiR? o e 30 Ao
4). BaIMkY RE S A4 EAS X

PIEYIR
*REC °

S. *%

)
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FEC k38 A 4B R FEZ (Base Piranha Clean)

(D). BB T ek B e 3R 0 LB feip i (cleaning solution) ©

(2). B B REFAY A % ( ostaining jars, rack ) F oo B R DA F
(staining jars ) ¥ > 4v > iR e

(3). BRBAAAFERNETRE FFF09)0

@).  fipRe EiE2044E 0 B SRR -

(5). skl v Wi = o <

ONEES S S ot oN eVl (R0F Rue

(7). #FFHI BRI RE h * ’*’EE%E% Bt 2004 -

(8).  rrdgpe s T i 1‘5"" tpin ~ |3 Ak -

9).  Fikx A il g w4 5 g AT
L @FT“ﬁ%:ﬁ1aﬁ@ﬁ°’

II. 3% 80C ™ 30 A4 B30z ETo
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4212 FE¥@ ki @ @24 (Silane modification )

2

p e

(amine group ) 77535%(79) o

R

Pt B A A e - § L h0-HeES RfRS2 3-fE 22§
#&# % ( 3-Aminopropyltriethoxysilane , APTES ) 7 Si-R 4P~ 352 Si-O
4 > ppF APTES 4~ + - e Si Jﬁz—’rﬁﬁrf&ﬁi H + Si0, thE B3 2
A5 = siloxane 42 ° B’w*}%ﬂ‘z;&ﬁ%m b e g 1"7 ; miaﬁe APTES ¥ -

ez A (amine group) Sl € i L+_ é}ﬁ%ﬁg\ 3 WSS .

X
- 2 e 21 2Y 2 e b = Jl,_“ I, = Vs . vy, A= o~ s
2o i s A A ' Pt ‘E%ﬁﬂ“ R R L F R
§o o TR AN 105*‘0'," !45 45 ) m%m i APTES A+ 2 %

= 254 (crosslink)

OR

| (a)
Support y— Si—OH + HD_?i—[CHg:‘aNHZ —

OR

APTES
R=-CH,CH,

I
o]

|
SuppurtE*Si— D—'E?i'"I:CHZ}S —N<
H

T

B 9 AHwizn ;’I%ﬁ DR ORY R AR o
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E

3-

¢ o
7% = ¢ % A#® % (3-Aminopropyltriethoxysilane 99%, APTES ) : Sigma °

# =g R % % (coating solution ) © APTES 5% in H,O -

ki

(). peRATew =k i -

(2. WGBSR REIEE T R (B A ERUS e B D
o)l c kRl KR R ATHEE ARG T o &

FART 20 A4 %;L IL »Iﬁéi@

s *aé_ v a‘i’@%ﬁ R

4. e #ﬁaﬁm@»

(5. B (105

6). B fdm e

- !:'- P f-l:l ; _:;-' v :-J:‘.'_
™
DY [Ty iy [ I
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4213 ApmAt Ry EASE

2

B
B G4 F R B R R 4 A
FEdk 8 4 ek £ 5 (80) -

h
)\.L
Erd
it
~=$e

R
?J?ﬁ'ﬁ%% WﬁgmA ﬁJ‘Lf’r};)@ ﬁ\i‘-—vﬂJmﬁ“‘égpﬁa% n;ij\ﬁ;
FORM L EFE T 7 "% r}é’fé’g’"xé‘“‘@ %2k 7k [B(amine

i C iy

group)’ % = & 452 6o iﬁﬁg?&_éﬁ-ﬁ: n}.{{rk AEcny — sBEE o
ES ﬁ”él“?fg’m/g\ﬁrﬁ__ *,z—if;f#%};ffg;mr\
ik Vags s ),x?:;;uo*

_—

| H
Suppnrt}ﬁi— o —Sii ~(CHy); —NC i (b)

? HOC

Glutaraldehyde

1
Suppﬂﬂ?* Si—O0—Si— (CH,),—N=— ﬁ— (CH,);—COH
|

O
|

Bl 10: "= A2 5 BFAEAT B&F BiniE -
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¢ o

ko

=

- = % ( glutaraldehyde solution 50% ) : Sigma °

LK

(). #p Rt ndmhfr - kb RFRENT % 8 ERR
(5% glutaraldehyde in 0.1M PBS, pH 7.4) @ # % 2] p¥ o

(2). fz‘&}_%'#Bﬁg\ﬁﬁﬁ;:ﬁt,,%;ﬁﬁ;%iio

(3). MR a3 “foka o 1500rpm -~ 3 44 -

35



42.1.4 DNA B4 gAMAHZ 6

2

B
#— zhF 5 %4k (amino group,-NH,) 3 4F ci3 capture-DNA £ fig AL i3 4%

AN EREEF R RAMAGF F HF T DNA B 7o

RIZ
W J vz 4R eh capture-DNA ¢ 2R it doo AMEFF oA F R
Bt o A u% Rz B Bk A om g {% B2 B o5|

capture-DNA o & capture-DNA 3@+t &5 F Bz =~ 2 & » SEIER B R
( blocking solution) e X &fe » A+t R L S K Becfiiie » P A&
B kR R MR 4G AR

B s E s 1
Capture-DNA sequence (5 f0'37) "+ (Sigmia)

OC-DNA : Amine- TTTTTTTTITETTCTGTCGCAATAGTGAGAT -

NC-DNA : GTTGTCATACCAGGATTTTTTTTTTTT-Amine -

Blocking solution :

Dilute 1.0 g NaBH4 in 300ml 1X PBS + 100ml 99% ethanol -

i

(D). #- DNA /2 3% sodium carbonate buffer (0.1M, pH9.0) *# -3 2.3 A
H&m o R PFPRESE ™ (humidity chamber )# % 12~16 /] pF o
(). kAR ik 2 e %t blocking solution 304 48 0 0.2% SDS 24 4& o

R M PLE ] "ﬁtf ‘}%’-‘}ﬁa;‘fé o N HE . 3 ",/TT k& 1500 rpm~ 3 448 o
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422 E2EpI LR

4221 &% Fp3

2

B

£2FF > uEE DNA A3 FL 5 RER o

41973 & > Frens(81) # i —- BHE L 242 3o 2 &7 R
epesp B R R A R AR K AT AR R F R 5 B R AR R
FhmBRL 42 %#+’%dﬁ R R ] s SR R
ﬁ+++,$ﬁ%ﬁ@m%¢m%w$% WaHHE 2 4 4 e

o E AR e AR Y B k«dm¢a+++ﬂﬁ% JeRpRE®2) -
\ 1 |

| 2

|

I. 13 nm Gold nanoparticles (GNPS) :
250 mL 71 mM NaAuCly i3 i 5id 58w 0 5 Sod Se g B g »
#4r ~ 38.8 mL 2. 25 mM trisodium citrate > 3F F 4L 15 min > " EX
P g B R S B R GNPs > RSB H 48k GNPs 73
Rw IR L REF 4C ke BF BERY > Z B AR FIEE
gd Rkeng d 2RI (- h A& Ed BRI (L34 R
Bois o F¥ ¢ Plizgem d 1 GNPs o
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II. 32 4= 56 nm Gold nanoparticles:
0.01% NaAuCly 50 mL 74 g w jit i sod se B P4 LS > & B4 x 0.5
v 0.3 mL 2 1% trisodium citrate > # F#+L 15 min > R B 4 £k o

#EGNPs B w 3|2 E > w3 4C BET o
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423 4 DNA @43 &2 K3 40

4231 #F 4 DNA 34

pen:
BERz2 N RF A e 0 L E 2 aiE 44 DNA (probe-DNA) i3 4%

(78,83,84)

YL

Fafit (thiol-) A3 A 808 Brgh AN 2 3 )% 553) ch 4 Pt~ 42

PRS- BREREL BT G (il il
- LR IEET AT %zr}txzﬁ;;ﬂggo*\ IFQ;IZ#-%;F{[‘L DNA~ er3— = BP nli WARS Tz
& > @ $F 4~ DNA #1145 d Fﬁ%%\%—_,\ ‘.fgjf\ KA A m A A

L‘ w

$}§3. ‘}‘ff'_"" T % ¥4 DNA ’f@—ﬁcrﬂ\ﬁ mo

Hhp

Probe-DNA sequence (5’ to 3°) : (integrated DNA technologies, IDT)
OP-DNA : AGTGATAACGCTGTCTTTTTTTTTTTT-Thiol

NP-DNA : Thiol- AAAAAAAAAAAAAAAAAA

Uz
B 4% 4 FRfE & 4 0 DNA (thiol- modified DNA) 2 & % # #2.5 (32
nm~40 nm-~56 nm) R &R E B Y o 8 & DNA JEA& 5 0.5nmol -
BB 16 ) PFiz4 » MAFE H45% (0.1 M NaCl/ 10 mM PBS, pH 7.0) »
%

5% B DNA s 2+ 4maigE A3 48 P FH2 5% o

39



12 6000 ref > 10 #4Bdgpc » B3 1 ik *F Rl BAFYE AR v IR
@ik o L LA R RN B RS2 AT £ 4

.+ % % e DNA & 3 (free DNA)

i AL
(1. B~ DNA(100 uM,5 pL)» £ &2 43 445 yL 8 & -
(). be ~ FRFL % #77% (phosphate buffer, 10mM ) » & {8 %500 uL o
(3). #EI16 )P -
4). Svo~ B BRI .z(lOmM hosphate / 0.3 M NaCl) 10 p Lt - #

- ,_1;;_"!‘ 5] 1G] rt:'.fl'..?&-
B oagl e s
5;,!"::1 ':%! g Wi

(5). 5% e (10 mM

(6).
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4232 £z Fk+ 45 DNA ki 3

2

B

e s F T A e T f Jeeh DNASc > DNA * & (4 o

YL
f1* DTT (dithiothreitol) £ & 7 K #F £ 6 chig * 2% B R A3 4F

& 2 k3 & 5 0 probe-DNA > J % % £ 4 # (OliGreen, for ssDNA) #_

~
.

g
=

Ed &2 K+ E&m 7P R Dk probe-DNA #c £ - OliGreen £2001
EATHE R BLA o ks FACR & AT %{l* OliGreen | £ ssDNA
g o OliGreen @ RIAT P 5 #~ cogieks & 2 dG =c2 > @ i B[ F]dA
214C preny ko R B

R nES: 1
§ k%2 % (% M Varan 2 7 ’ti‘i‘l e Car}; Eclipse)
= FrgeAERE (dithiothreitol, DTT) *“Sigma

¥ % 24 & (OliGreen dye) : Invitrogen

#

- G 2 probe-DNA AR g A RS % o der DTIT 3
# 10mM > # %12 ] > 2 12000 rpm &es > B2y b ik 4e ~ OliGreen
dye 5 ¥ ke > #E 3~5 4> ¥R ERFRPIESJTE > 1 * H§

RRRHE 2
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4.2.4 DNA 3% F &

4241 £z ¥R+ HFEeF B

B
-\ i er ] 1B e B B b e capture- DNA 22 Au-probe-DNA i (732

F R > ¥ MNPs #ti DNA HEzeehv (744 o

- L
%ﬁé H % DNA &3 e+ (A ¥ T G # C)» ¢ 114 44
B A R R (AR & 0 R EREOLITE DNA B 0 2 R
¥

DNA eh#H ¢ — 53 .ﬁf—%?}:?ﬁi:"f;%&’fﬂéa"?L‘%\;i"%;ﬁf’?aaaaﬁﬁ°

Il W

K | == |
Capture-DNA : (Sigma). - |

P1-DNA : Amine- °
Probe-DNA : (Sigma)

P2-DNA : -Thiol
#H 3

P~ probe-DNA {&iet £ 2 f 3 » & F & H ¥ 1 0 capture- DNA &

FRIF R EE12~167) SRS Pk a%%’”-i“f%%%“%@.’i};/%ﬁ’l
probe-DNA o #-% = cnfly P87 LT - A 4778 » IR 4T
(1).  Fehiex F g #sr (35X SSC+ 0.1% SDS) » # Au-probe-DNA

E’?%i}rﬂl}%ﬁﬁiLL 19#?/;&"@ ’_J_/{A{D:CKE_}IIB‘.TLJF)?%O



).
3).
4).
(5).
(6).

F_k

>
o~

>
o~

>
N
Iy

i

)

C T#% 12~16 /] pF o
B Xk (2X SSC, 0.2% SDS )itk 10 4 4 e
B MR (2XSSC )itk 10 A4

B Mgpikif (02X SSC)tie 10 4 4

kR EF
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4242 = ;s F B (Sandwich hybridization)

pen:

Hpirrd 70 B, ) 3 5 DNA ( capture-DNA ) & oI RS R
> &z F 7 44> DNA ( probe-DNA ) #10 #& DNA ( target-DNA ) i& {7 %
SRR o Bt €)% - 2 P s BRI DNA > 7 target-DNA

- =387 probe-DNA Apifidk » @ ¥ *h— =3P § 27 capture-DNA #4p 7 i 3%

R
Fd HL DNA 275 jafest+d m(A # To G # C ) § r1d q4t
CSVER LIV S S CALEF s SRR S e R S R R
AR BIEHE B /3 Ay ’i%fifﬁifgf'ﬁ-? WEHE S - e RIT o e
PP DNA - %4 Li‘[% J’ﬁéﬁ.& ( poly T"sequence ) ;ﬁ g e
¥4 5B A #( poly A sequénce) BARGIE R fols TAp s 0 PR
DNA - 447 G5k e khx s»* s gidhas 2L 5, ¢ 1 gt B DNA

BERIE B R EET RSN e

ph
OC-DNA (Capture-DNA, Sigma) :
5’- GTTGTCATACCAGGATTTTTTTTTTTT - Amine - 3’ o
OT-DNA(Target-DNA,Sigma) :
5’- TCCTGGTATGACAACGAATTTGGCTACAGCAACAGGGTGGTG
GACCTCATGGCCCACATGTTTTTTTTTTTTTTT - 3°
OP-DNA (Probe-DNA ,integrated DNA technologies, IDT) :

5’- Thiol -AGTGATAACGCTGTCTTTTTTTTTTTT - 3°
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P~4 % poly A sequence £ - =5+ 5 poly T sequence 7P = DNA #p
IR0 AR Y (5XSSC/0.5% Tween 20, 50 pL)iEi7% - K3
F R0 # % 12~16 | BF > target/probe- DNA ‘e f5 = = - i& g DNA 12 4F
WEZRRTF AR B BE - R F J& e target/probe-DNA
ER KRG AR o N F-EHERTE 0 B T LA SR

% DNA o #-pt & 2 RS fhieen® R E S i target/probe-DNA

‘\'q,

Bl AL o BEFF DRI F B FE 12716 )L 0 PR

{

Foond “f A %2 FRF R target/probe-DNA o #-% =6 e fy 5 e (7 k3

P 0 AT o

AR

??

- R F R

i

(1). B 100 uM rob%IENA 3 IOOMM 7 target- DNA ™ §8 %
o 1l4p 3 fg,;é}ifp 2 b MR £ 2 F s T 95
T mis ’L‘Jr_ff‘._iﬁ’_'f%‘,‘é 30 A4

(2). & % K F %% 215 pL- probe/target-DNA (0.2 M) > 10 mM
Fifik % #7% (phosphate buffer, pH 7.0)» 453 R & > B is M4 5
250 uL> 3B T#FE 24 o

3). v~ 10 pL & 0.3 M NaCl (pH 7.0) / 10 mM phosphate » ;2 & 353

(4). 4c» BSA #3% 30 A4 £ 17 6000g4°C s 15 A4d o
(5). B2 FRo DI RAR O HEZARI BRI RBRY o
6). EAH@A -G)FF > BREFH - ARIF B AZTRYEF T A

ACT R o
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FoARIFR

(1).

).
3).
4).
(5).
(6).

el fe F 5 B (3~5X SSC +0.1% SDS) » #- Au-probe/target-
DNA % fri A v+ 19 fpit & -

& 42C THEE 12~16 ] o

>
~

o

- =

o o 1Lk (2X SSC,0.2% SDS) i £ 104 4 o

>
o~

Iy

F g B0 MRk (2X SSC) Fik104 4

>
~

i
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425 PEFE R RR

4251 @ARLE N kEER

F11# &5 ARLTF B e (dark field microscope) (85,86) 7 3] & 2 F k3 en
Fesfk > I o~ v kiR (Acton SpectraPro 21501) {8 & {7 € 3 f#47 o
7 BT RARTE B3 pic4R. (Bright field microscope ) b @ 4RI B e A K-k p
SR R R RO £ R Tk AR U B 1
pﬁmﬁfﬂvzﬂ-1$ﬂ’ﬁ,$V*lqm#ﬁ,~ P RYPE 5 g Rl 2

SERERARRER SN SR n—aawi R RN LT

VR4 mfrl’ir—.ﬁk & FF T °
vl ut ﬁﬁ‘ﬁ.—l{:%’i\ 'T} 5E A & 7y Feop F
Flpt s AT R Ar, AT iE #&P‘ZE L%/T%Ebii.viﬁmﬂ\ﬂ%’ﬁ{if#
ﬁziqvmw;’ﬁd#wjfﬁﬂm ﬁ%ﬁﬁ,%iﬁﬁ%ﬁé

SRR N gl il °ﬁd

m

%,W&&Pﬁ(ﬁ{.—,i mi;(k/j-,lo v d-H N ?r"g * sk
# % (Acton SpectraPro 21501) ef7 sk 23 ﬁep #‘r U SN SR o b S

Objective lens
Stage
Condenser
@
Light Dark-field stop

Bl 11 BARTEMRET LREHERE2 Fhah 7R -
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4252 B ERFREHEFY

Flr A oriE 2 R EHFR i 2 k¥R (Fourier
transform spectrometry, FTS) (77) > ¥ * o ff * P-# cnEF R P 25 + £ 3

ok 2 ko Bl 12 2 2 EEAEEFRDFERT LR o B2 E R

N

hi- ARZERL 5 XEHAL S I % Michelson * %7 & i £

RFHTA I TFBEE (CCD) #5~F WHipk » &
27 NRE kB ARL A A AR B2 F B, (interferogram) & & {4 & HF
Bl @ 2 T £

1D Piezo translator

I PZT |-
Michelson M3 controller
interferometer S X

r

g

Water-immersion
Dark-field objective

Xenon arc

Ml lamp

microscope T ——
Dark-field T%T t
condenser omputer

Bl 12 &= FERLFR (FIS) ~ LB (77)
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3
=
s
1
¥
il
*-n
\\vd\‘_
-l
it
_§;\7

51 4 DNA & 42 &3 4

51.1 BSA B#*3 &zt F 4o i34

BEES
Ak RES 2 PATRT H% 2 7 DNA & £ 20 4R 6 DT

S > #% 5 thiol- 3 4F 17 probe-DNA %ﬁ‘l—»i &%k + 4 (78,83) %

b

tthl—DNA ‘;’ha"_?k ‘}’ ‘l""'ﬂ‘ '/Zié TRl /I]l /y L\ ’ fg.ﬂ’f !\.; P /2‘11 sy * 1)
B A% & % F4es §5 2 R o DNAURG (Free DNA)» 7 54 i &

B o B2 fe ori8 DR 4T 0 {‘?*_.,A Au—probe -DNA P> niRr € %24 B
J eI g (B 13,A)e st IFH}%F’ Vf»‘i:c’l:ﬁ& Kz 2 TG ATRHE T
gﬂmm@%i’&—m?%£$ #+¢;K%(ﬂ1® EN EREs
thiol-DNA 3 4 & 2 F i+ J %’\% EElitE i i3 thiol- DNA £ & 2 %
Bt Rok R =18 8 (73S 2 a0 4o~ bovine serum albumin (BSA) (]

13,B) > k& FIb &3 45 BB R AT (78,87) -

e A Au-probe-DNA 2 & & Ji &2 3. ‘}55}?7\ BP4e~ BSA » ¥ 5 7 #F
IR N EAR Y el £ %2 ¥+ R E o vtk Au-probe-DNA A 4c »
BSA % & ‘cr BSA & ¥ fcbB( B 14)0 AP 5 R 4~ BSA 2
G KB CHBPMAAMHEEAPA T Udtdes BSA L' K & 2 ¥

B4 RE m%?

AN HIEALY o B g B TIRES 2 0 - KPR T g
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A EF BB EFF o FAPRATR Y 5 Au-probe-DNA 73 %

G

i

(\x

TE 3~5 Ao EF EEAARIRETR G AL F o AP T R
bR SREARY o o2 (A RESDREF A > & Au-probe-DNA * &
FEIDFRENF B v 27> @ Au-probe-DNA3~5 X R B A& 4 »
§PUFIA P A PSR F il (7 o Tt i3 s B2 (5 (4 » BSA) &
e R R H R R o e PR fde 2 BSA 208 0 'R @A
< FEEE3S Au-probe-DNA i3 & B 8 chaF 4 o o e "5 117 B SR 9 er i

Au-probe-DNA 7% & B (@ 15) -

B 13 : thiol- DNA (probe-DNA) i 45t & 2 3 % & in 42/
Gold nanoparticle ~ DNA 2 BSA ¥ 57 LB > B? #77 < | T 2LHE R &
= MER X ] o

R
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0.4
Gold-DNA (no BSA)
0.35 —
/ \ Gold-DNA (with BSA)
0.3
T ozs AN
©
% 0.2 —// \\\
‘§ 0.15 ,/\
o \
0.05
0 T T T T
450 500 550 600 650 700

wave length (nm)

Bl 14 : 5BSA & % ;\.}ﬁmﬁ!&ﬂ( f V;“ifﬂag}
"»]’z
NaglliF

__p

56 nm-gold % & & 56nm ﬁ’* I

H{upa B0 s 2 d 4
~ BSA ’“*’iI"wﬂfia’ fﬁ*%t Rt

Al AR

== Nano-Gold

i #

0.4

0.35
= Nano-Gold + DNA (2 days)

VN
0.25 / // \\\— Nano-Gold + DNA (23 days)

N \\\

Intensity (a.u.)

0.1 _—
0.05
O T 1 1 1
450 500 550 600 650 700

Wave length (nm)
B 15: PR ¥ Au-probe DNA g 5 -
% % Au-probe-DNA F B2 {8 » A W Ak BE S8 2 X {823 X {844

BRI TkF - TR HEORB AL o
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7 it
BSA § A # Mg &% A s £ kA F el tat 87 I
7

FE o A PR R A P Bk 2R BT i B chig it o & thiol-DNA Bt A

o+ A G 208 A4 » BSA @ 4e 29 BSA g5t g 7 oF R
UEHEE AR5 e BE? BN d &5 AL
Fho T UEL oA RERG o

SR TGEETY T
“t A+ ¥ BSA A3 @

W e

LR HH I BSA 2 {5 SRR LA YA 2 PR R AL H
Au-probe-DNA % 3ccnpE ¥ & 52 1 £ » Ap443t B £ A 4 » BSA #7% & ¢h
Au-probe-DNA F iy 33% 3=5 % fpr 4 ~ BSA 7 Au-probe-DNA +
Uz kA (rﬂ 15) > Wtk Bl 21 * & 3

1) 3¢ E, %IP_._L 5=

L ooe % e
\

aﬁi
|
Probe-DNA 5 %  thiol- v}H ‘! P%£E4F¢&f‘*“”“]”“$’kﬂ“fﬂ
F A G o F ~ﬂ"mDNA o e thlol- B L TR .

~ 2

*#h 2 Arié * eh thiol-DNA (z\' -1%) AupEp Sigma 2 IDT > %@ &

thio-DNA £2 £ 2 k3R & F RPFF > & * BEp Sigma ¢ thiol-DNA &R

EF e B> RTTBRBIFE DAL > % IDT ¢ thiol-DNA
T e IEE 4 o Bl R % F % 0¥ D40 thio-DNA ¢ & IDT

FTHEA 1 o

% fz-1: Thiol-DNA F& 5| % 4 B F 31

R 7] o A Wt p Sigma & IDT

Name Purification Sequence (from 5'to 3')

NP-1 HPLC Thiol-AAAAAAAAAAAAAAAAAA
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5.1.2 £z

U
;‘_
Tg:,

4
O
Z
>
B
]

LA

. Au-probe-DNA F 2k ZY B E A4 L R nfP Raf24-2 (83N P 4
E-4 47 o probe-DNA k& 1T 2 & (plif o 4o B 16 #77 > € * 56nm £
3 0 ¥ hder DNAOS uM » 71l 56nm 42 F 5 4 & if
Flépfo o UEE B A S AT A5 9F 240-250 i DNA A3 ;@
* 32nm £z FFF 0 HE A4 r DNAO02S yM> ¥ i@ 32nm £ 2 3

SRl fonod R 0 A G g 210220 i DNA A3 o

4 )
kg T 'H.c:
'y LN
] ol - | e,
—— A, E', s o
300
243
250
|
<Zt —® 217
8 200
]
]
o)
: // / —
< 150
'_?_;’ J? «=@==32nm
100 ?
50 I T I 1 T
0 0.2 0.4 0.6 0.8 1 1.2

Probe DNA concentration (nuM)

Bl 16 B4F & % 423 b o DNA HcE -
Wahhs F B & 7K+ DNA udic® ( DNA / gold nanoparticle) o # i
thiol- DNA 82 & % s 423 8 & P #7463 & DNA 4430k &
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R it
FHE24 346 DNA B0 85 T BEEA PR EAR
LF B AR Rk AREE 0 AT - 2 a0 4 R EA PAERATE

e probe-DNA A= 4ok B X F i &

F %X 4R Hurst > 2006 # #7 £ e~ § 4 (713 :2(88) » I *
Oligreen # kA H T & > ;' RZpEE SRR E » FERREF L FRTE
DNA k& o DNA / gold nanoparticle =+ & > ;4 4 1 d DTT #4B~& 4 %k

 DNA ik & 4o 7% @ImAk&,Eﬁ_,*+L GRS dod R
I._,.,.‘IE:"

7 ER

o DT ! s
PP DNA > EEo i ik
(BnM)

+ < IRty
Gold nanoparticle (FZ[% free DNA)
(AnM) G907 DTT &~ gl
DNA - EECH HEk

(CnM)

Bl 17: R H3542 K45 46975 DNA #® mamH -
DNA / gold nanoparticle=(B-C)/A »2°¢ A= HWH77 £7 fF+
# o B= H=Hfierz DNA ¥ B (¢ £ 83 05 DNA 2 5 - =4
ETE T R gk free DNA B3 Bd) » C= ¥ =877 DNA ¥ 32
B (% - THu AT T ReERR 9 free DNA X B 3K)
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B A G AT Ap 3 v (88) ) Hurst 1% 15nm £ 7 F k335 &
& {efim ™ > DNA/gold nanoparticle (1E % % 50~60 2 fF » A h#H > F
¢ o 41*% 32nm & 7 Kk F #7iE4fofi T > DNA/ gold nanoparticle £

B A 210~220 2 4345 15nm & 32nm £ 3 g ehd ot v R4

B F &G 5 11405 5 4 < DNA/ gold nanoparticle 1+~ ¥ %% 1

45 NE G e KR AHTEFRESETAFET I B

igeh o

b 56 nm £ F Rk P o TR gt B RE R ArE PR h AR RE o 1Y
H =5 #f 7 DNA #ic® K48 55 8 35 o DNA /gold nanoparticle & & i ¢
600 ~ 800 2_ fF¥ > @ ¢ 5 %8 1 DNA'/ gold nanoparticle & & %250%¢17

4 48 % M g e e > A Hurst miﬁz"‘"’ RS S R
.Jri"' ik ‘
|

\
Thiol-DNA v%zﬁﬁﬁw m%ar‘sz DNA A 3 ehz fFscfe 4 2
+++m#haa£ﬂ§ﬁ@i¢“ﬂ%%§7o;rﬂ TR A
Wz o AT LR ﬁ“éﬁrvk i % thiolkDNA 274 2 A 45 2 4 4%

- B8k BT 1§_r,131i;£g}wj_fgj—,}@ i it & %ffﬂlfi—?%\i’f%%hé‘ﬁ

e

e

DNA ~ + 38 3 “7#% = -DNA #2234k F it F v FZE
EEER o Ayt P NP W F &K T 7% < DNA/ gold nanoparticle & iF
Ao 2 Ein 0 1 (S FA ez m AT ¥ % m/#)\x_::t gt P2 A R

SESE R
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52 &K% R frsr

521 % ki3 drsdki

P RAEENE AR T benkiE o bldrk 3 AT B RZ T o
AAR R AT T 4 g F A H A A R AR Y g F R ke ek
AZ > B 18 ¥ &7 Az .+ (gold and silver nanoparticle) » = -
% ek f8 & 2 F 4 (gold nanoparticle)> 11 % A5k 7 f ihle 8 4 3 K RS
(gold nano-particle and nano-rod) ‘F{K" HEEF g k¥ KB 18 ¢ » Aips

.[ﬁﬂﬁéﬁﬂ

vLEE O %iﬁ”*ﬁ@ﬁ%ﬁ% é_+?%%ﬁ1ﬁﬁ £A d s

ETTTTTRIRN (e s g W0 ’fﬁ R TR
\:4 Ty #‘_‘_,..-\.
oo fed ¥k 2 12454 4D % R R %%Hﬁbig(WMw)
'z 2 [ N :;:él'.v ; : h 'z
2Rl VIR R LR A e AERTD A ) F D
. -, i ey
EAR N i o & R A ;i& - 1\ e
LN ‘ o A
1.2
473nm 559nm 565nm 693nm
c
2
5
S —Ag
[J)]
§ e AU 32NM
TE“ e AU 56NM
3 e Au rod D4
350 450 550 650 750 850

Wave length (nm)
Bl 18: 2 £ 3 A+ FTod LR -
Ag 58z ¥+ > Au 5 £z K8+ > Aurod 53 £2 4% -
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BREFLEZNPT RFFHF KPP A FELAYEL S F AN
0 G FeF 0 b FRAK-E RN kG iR 0 F) G AmR AT AR
BT o M Sk G B e T 4 R T E A A 4 frsE R Tt e
FALS g5 pe kAl o del 19 »BERGEREEF P nkFR
4o e £ HEE (peak) E &R ARG ARG A Bl AP
TAR G F - g @R TR R B R TR TR 0
FOEEA TR PR

|
E
ﬂ

AR 19 clcdy MR R RS Rdedlicdy 0 VMBI £ 2 KR
iﬁgﬁﬁﬁ@%mﬁ&“fmﬁﬁ%ﬂﬁdﬁ20%%?5%%&4?ﬁ
?%&mwpwﬁiﬂ’”nﬁamﬁﬁﬁ FRFEEZ H kT £ At s
BT AR R L |

%ﬁﬁﬁﬁiﬁﬁé%%_i‘#wﬂun’¢ - kAT B3 AR
L R A Gk R R A A # B 21 )0 4 3 e
TI* 433 KA st R G 5L 2 Kk P A (89,90) > Flut R d £1% F
FF LG £ R AT DRI DA R Y o R > APETRZ H RS
RSB RE > AR AR KRS BRTERDRA L AL RE R
GRS ko Al Y IR 2T AV R S TR R
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NN YA
TR
AN S

Normalized excitation

LA N

E
~
=
40000
35000 /r\\
30000 I \
S 25000
: [\
g 20000
§ \ e impurity
£ 15000 /\ \ e 32nm Au-particle
10000 / //‘v- \ \
-} ~= A
O T 1 I T

350 450 550 650 750 850

wave length(nm)

Bl 20: 32nm £ % KA HRe AR @R A

B * kR ¢ Acton SpectraPro 21501 °
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10000
9000 4
8000
7000 v
3 6000
> [\
Z 5000
£ 4000
= / \ e AU [40 NM]
3000 l \\\
2000 I‘—”//\\ \&-\.k
1000 28
0
350 450 550 650 750 850
wave length(nm)
B 21 : %‘-ﬁa ELB o
' | =
Ag 83Kk £ 7 3= ¢ N r% ectraPro 21501 > %
> ot}
t 4 ., g
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5.2.2 DNA 8 4F 2 5 3 Jgh % 3%

5221 % k328 DNA B4 3 K3 cndgsd k¥

g d Bk DNA 23 &g R kS g2 4 LB PR RO1)
EFARFFEIL EFILASL AT LT AL BT R2)0 B 22
Fok R+ 5 DNA A+t a sk A 8B 23 PIMERT ZH &

2R e REEAT LA IR RFH

B=!)

4%

- IV A0 o8
G4t DNA A 3(2 @)z s B T ek 3 m B 4 o B
GG m F A4 2K RS ﬁﬁi&;em P\ E AR Aol 22 S o ke
AP R £ KR g w*ﬂ‘sbg{wa»rﬂ;;%
FofF & DNA o % %m% }Pﬁ ﬁ]ﬁ %f{/ba Foliclp M ATELR -G R
B fs Feng v ’i\xr“’;‘ﬁm ] f*H ¥ = DNA & 51 > 7

=l

%
7
=1

{F"ﬁ DNA %~ =+ *“E/g'lfj'fﬁﬁ#l*le ‘lﬁ%a’ﬁ??-?}’ N N i
4 ¢ F15 Au-probe/target- DNA @ B & M3 k122 DNA 34>t & 2 3K

2o g R EREA B EF L N H T TR R ER AR

* L2 HIFLE 3 KT B FHRTH 22 DNA & 7

Name Particle size Sequence (5’ to 3°)

OP-DNA | 32 nm AGTGATAACGCTGTCTTTTTTTTTTTT-thiol
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1.2

0.8 /\ ,\\
0.6 e AU (single)-1
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