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maleimidomethyl) cyclohexane-1-carboxylate), X224 sto] = (formaldehyde), EDC(1-Ethyl-3-[3-
dimethylaminopropyl Jcarbodiimide hydrochloride r= BASED(bis[beta-(4~-

azidosalicylamido)ethylldisulfide), BMH(bis-maleimidohexane)o|t}. E @wo] EX L] 2w, A+
7] 7= SMCColtt.

2 ol Y] EAAE o gdst dyoR AxE 4

(D 233 ss zhe dudo olnwr]E HA(GAY, sulfo-SMCC)9F HHg3lo] olmjo]=
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(3) o}wl-H3 ssDNAS HA <9} W+
A3

7] #18] DITE A &lste] =
ssDNA-H A 9} 1h-3-3lo] EJ Qo 2EH =g 3

(4) 239 5S z2te 9 BExio] A2yl 7S U717 Y8 DITE A,  Asisidse 2te
dAs AL "S- AIA E]Qo|AE AFS AT, olvl-HE ssDNAS H7lete] Askekel S zhe
A-ssDNA EA A S #| 3k},

2 el A Fdde wEH, 47 (2) BHS Fd A7) EAAE AxS.

2o oabgol o o] wEw, A7) ssDNAE 20-100 merd] Zo]& zh=crh,  E wyeo] thE T4 =,
ﬂvl%mmL3OWJMﬂ4@ﬂ§-§z,%f%%ﬂ EX o] w2, A7) ssDNAE 40-60 mere] Zo]E zt

ool A Foo] waw, Y] Ve 5, 35 SAtel=, fd, AR, A9, A, WA,
Si/Si0, dleld, AZnkgE, ZFE ol2Auel=, JHE, vBAuUrfFH, Ed, AR EE opytEsolt)
2ol o Fdde wE2d, A7) 71ee 54 vo|a, B W] 54 FHdo maEw, v 73k
= (Au) 7]¥olth

Bodgo] wlole T2 A tnfol s AHEEkES Zhe o] o8 5ol 4tat A9 2 Y A9E 2

g o Fddel mEd, # dw] vpole-v R yulolia: gkl e B A4S Ao Al ofef =}
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WA o] HA AY EAE o]&dte] vk dele AR A AR §8F F A+E 5HoE 3
2 oirge] gy yak vlo] o L2 AN A7} MU|HoR AEHE A4S, B dyge] nio)le LA X =
7hgHom WMsE 1 drjHoR QS 4 U(readable) A7 FAA2AM, tg3t ol FAH 4= Quk. o]
A71A A= 7wE 23T o] 71w Aed viek 2o, &7 AAdeAE VAo dhHE =
=+ ®W Zgd vgolgt. AV 7H Aol A3 ed-FAdF(redox-active layer)o] o]FojHth,  E ubo
AE AEse @450 =24, skl s s A A2HS EYE A3 @] SAMe] o]&"nh. AT
Abste e S5 Axd T de] o5 JdAT AAA A, dAd *}@r”ﬂ] T A Eel FolA Hr.
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AFEITE. 2#Y, cDNA-GNPE Azu/DNA EA A Z7lete A9o Al A% 8L Z#o ulo] v e s}t H
st A E oA FHow FHETH(= 6¢; K B3,
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ERuit},

L e

2 gAAo A Adgd g9 ‘AR 227 & 4" BAGAY, TEEH)o JEHORE s A9 E HutE F
AE 7lsS gustr. i e wlole =AY AAE FAd5k ssDNA Y(arm) Cu, Zn, Ni, Co, Fe ¥
Mn2t 22 theksh T34 oo Agd & e " M E(backbone)S ZH=th. 7] ssDNAE 34 o]29
Ae  dv A ZAA FH9E TS BAFAn. 1) S48 FAAAE A 4R 2) gEReA =
4715 3) 97195 2 4) ag¥i(exocyclic) 7] A=~ At AFEEt DNASH T4 ol 29 o4&
A71sted 2lsE A3ty AEsted 25Ad 988 k. upEbA, 7] ssDNA S 2 FEAR ALE
& Qa, FEHoem T2 Y EHAS 2dE eddeHE 1FE & du dEELS H&3l=
A9, JdHEA Eolol 23} A9, AAL] L A AFE edY. o] AR 2HI|TS HE-H|
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2 ool wlole E2AY X7} WE=A(semi-conducting) YWxUAE EFsl= A, AR FF
(information amplification) 7]%< UEITH.

p.

= O
(solid-state biotransistor)® 7] 4 J3< 9n|gtl. Ho} AAEHAE=
A (o A, o}F ) /ssDNAY] EAA M3 xHe AA R (capacitance, Cl) 2 H¥® A3 (tunneling

resistance, Ry STM HEF(V,) 2 AF A”E1) -] & 24T & dv= § 44 ALE "I A &
oletA xAtete], C, #S Sulge=A, A &% g, AH &F H(V/V=C/Coell ols A= F AFAA
7he] At Bxo] gEHoz Ty A A

-0.5 WA +0.5 Vo] A3 S-S <17fste] u

B ogAAels AgE o] Ar FE e B Wy wlele XA 4A7h sa-aE vholeEdx
N _

W) P A7) dlele ZzAY FAE Axss PHom, o E Aol FER UFS L PAA
HEG BAYS Aa7] detel, 1 7AE A
B oage) whole. ERAY FAE IR 7150 Fao] Asd woleATY AU AR HEL A

(2) ¥ Wwo] ulole ZTEAMA FHXE= AKX Z3F(information reinforcement), X ZH(information
(i

nformation amplification) 7]&5< Z+=t}.

(3) & & wpole LAY FA = v 7o sl Jhed vlolAFY AlaFe] AR NdE Al

Al REEE

18 A =3 o}F-SMCC-DNA EAAE A FstE 471K WHS ©28ksle] o

% 2a WA & 2cE F 7] B nAIH AR olFHU(E 2a), ElS-HE ss-DNA(E 2b) E A =x3 ofF
A/DNA EAA(E 20)9 TH I £

HE 94N RS ol g3l A ANE wolFth,
E 32 A E et AZF OFF/DNA EAAY AL welETh  E 3t wlolemzAlY 712g Uehil,
sdE wW WHE e

= 3bE FF 4 7S YERY, & 3cE v EAAIE ERldt d¥E YEh 3, & 3d

Uy, = 3ex= ¥W AL Bt EFU|E A3 43S BoE ).

5 4a WA & 4c= F 7189 # 23 ol (%= 4a), E]2-H3 ssDNA(E 4b) 2 =3 ol
1

W A
/DNA ERA(E 409 THE B #BALGARY AAE wolF

O:‘_‘,

FIN

= 5a WA &= see AZE o}F#HU/DNA EAA|/Mn o] (% 5a), AMZEE o} /DNA &4 A /Fe o]2(% 5b), Al
Z3% o} F#/DNA EAA/Co o] (%= 5¢), AMET o}FH/DNA EAA/Zn o] (% 5d), AZE oFFH/DNA &A1 A
/NI o] & (% 5e) @ AFT o}F&/DNA EAA/Cu o] (% 5f)9 43t AYAFY 23S nolFEr},

= 6a WA = 6f= AZg ofFH/DNAS] EAAS] AHA3E 75S HoFY. X 6av 1) Azu/DNA &A1 2
2) Azu/DNA-cDNA/GNP &4 A9 CV Adolal, = 6b A A9 = SFUd$ <rte] wa 7] e A7) A
HE HolFEn, T 6o /&3‘2}%4-?4 2 3 A9 AF wkEo] 27k EFYe] Azu/DNA 4] Tl HEHo F
#o] mlolomna] 7S A ARE HoFt. X 6d 2 X e A3 A9, 9 AY L o) AF &
ol E =4S HolFErk. E 6fE 300 F7]1E5 FA HE AR F5ES HoFEy),

T 7a WA & 7dE AFT o}FH/DNAY EAAY AR 2d 71%5S HAFEUT,  E 7aE EAAY ssDNA &
(arm)ell Cu, Zn, Ni, Co, Fe % Mn¥} Z& t}oF3t 54 o]0 ZAgdd 4 9+ dw M (backbone)S H
oFal, & 7hie ve TEE o]9 A ud AEdel, #9449 2 2 AFE YUERY, = 7 T
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B e ogs 4 45

& o]29] ¥ mE 2dd AF wsE vEhdn

L 8a WA & 8de A|xF ofFd/DNAY EAAC AR FX V|e& HoFrh, & 8av olF-FHY HE-HH

(Double-Barrier Tunnel-Junction; ) ®ix EEjollA] Azu/DNA EAAE 53 HH FTZo] F&3F =79 STS9
TS BAFH, & 8be Azu/DNA E4A 0.5 WA +0.5 Vo] H3F AGS A7tste] HAE As 9 tho]le

o} o] ¥kE3rs HAFET. & 8cv WA WOH*(electrical bistability)S WeElHE -2.0 HA +2.0

V Q17} ol Azu/DNA-cDNA/QD &4 A1e] 1-V A& HolFa, & 8d& 0-2-0 V 7} 3o 7 =97t ¥ads

zk= SIMO] Pt/Ir(Mg/olelw) HoxE 54 A u/DNA cDNA/QD &34 Zol-d Y=fPate] B39 1-V 54

& HolEn,

WS A7) G FAF g
ABAZ % G
YA

TAE HHS 58 Al&HQ-EY olFd S L?ﬁ_ 2 A A A THH. Song et al., 2011). A=x3 o}Fdu 2
ssDNA Aol €] 2 E-SMCCS Aol sl = o 7he DNA(5' -
CCCGGGAAAACCCGGGTTTTCCCGGGAAAACCCGGGTTTTCCCGAAAAAAAA-3 ") 2] 5 o] 1:4&71%— gk, ATA Y
Jarske]l A 9] AR A ssDNA(S'-AACCAACCTTTITITT-3')S A|Zxate] 5' weke] E27]E ¥ (-3
R A ssDNA; ElS-cDNA) LI, ~E#Ed 8% (dSe-ZnSell thale] mpo] @ ¥lo] Rkl cDNAS A|Z3tS]

o}m o
&

iy

t}. EE WHYEHE ssDNAE  Hlo] 2 U o](Bioneer, wWIWUH)ERE FFHUC). 5 Yx=UAHGold
Nanoparticle; GNP, 10 mm)+= BBI international(d=f)ollA wjs}3itt. ~EZgnd-a8 " #AY o

(quantum dot, CdSe-ZnS, 625 mm)<> Invitrogen(w]=p)oll A Fufstsict. A E-SMCC(Sulfosuccinimidyl-4-(N-
maleimidomethyl) cyclohexane-1-carboxylate), DTT(Dithiothreitol) % <dwkx~ AJ2k(Ellman's reagent)<
Pierce(P] =)ol Al Full s} ATt 2 () (CupS0y), F3FFLE(T)(CoCly), 7L 435 (MnS0.H,0) ,

Ab3FA (1D (Fey03), B3YANICly), kol (ZnS0y),  oldEolAElo]E,  HEPES[4-(2-hydroxyethyl)-1-

piperazineethanesulfonic acid) 2 DMF(N,N-Dimethylformamide)+= Sigma Aldrich(w]=) o 22X E Fufs}3ic),
7138 A 8 TRT 2 golFE ARSIt

25 Aoz, Au 71 (Au(200 nm)/Cr(2 mm)/Si0; o) 3)S G-mek(HI=p)o| A FFufste] 2pqk E37] AFM
2 A718e A Age o] &3t Pt gl A= F Ag/AgCl 71 A2 BAS(R|=h) oA Ful sFSiTE.
TEELA o EX Al ofFE e HFX £

295 98 olxA g X o} Feto|(Escherichia coli) DHS a & A3, & N o)
= & FEHUA oFEX ANl A B DNARFE] P(RE o]&ste FEaigivt. AWsF ol
[ Agas AlolEE x3bst, AueF Zefo|m = Banl I A|FE A AC]EE EFetes tARlsqitt.
PCR WE-SAHES DNA Al 71E(QIAZEN, ©]=h)E o]&3}o] AAg &, Ncol 2 Baml I (New England Biolabs,
Qe F Zﬂ?‘&iii AL, 8ol DN ZAIMEE olEl Neol W Banll [ AREd A2ld phT-

, =)ol gholAlold FE(HIbet, di)E o835t eholAlold Skt Azu Cys F %
FEold Edde] FEEA E]X}OLOFO%, AAO A TGCE Lys92Cys(K92C) ] H=FH A=
EAWlE o] &3] ofFd Frixte] EAWo] &t

=
N
=
(@)
Z
=
[kl
T i

HAHASTE 50 mg/ml YA
ATk, IPTG(lsopropyl B

thiogalactopyranoside) & & &%= 0.839 mio] S FH7betel W& F=sigich.  FAdsbd AEE 37C
oA 16417+ EoF Z=r1H oz uHOko}OﬂE‘r 5000 g 4T, 15% S dREste] AxXs

Hol|~EE a2 WY (20% 2222, 0.3 M Tris-HCl, pH 8.1 2 1 mM EDTA)o| -3far, 4
(0.5 mM MgClo)& 3t pHE 3.0%%1 HaAA 29 duds T AEAdaRE AHste ofF
g (7zte] A=A pli= 4.6 2 4.8)%

B gToLE SIS ohE-olFA 8 A AH-EY ohE-o}il
e-ma Agon Lo,

o
pH 4.0-6.09] EET8(50 mM FAUEF)S 2= (M AEZ Q= o]

r\°\‘ r—{u:
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[0057]
[0058]

[0059]

[0060]

[0061]

[0062]

[0063]

[0064]

[0065]

SIHS31 10-2016-0094914

HZSF Azurin-DNA E4 A9 A=
A Z3E ol H-SMCC-DNA EAAS 1882 F5317] 98 7] 47HA A WS A =390 (= 1).

(1) Az} ofFe] ofny]E AE-SMCCe ¥HE-3te] ofmfe]l= At Fg3star BlS-H3 ssDNA(HZ =
s AR E Hrbste] Az oF-AE SNCCe TElolw=r)et ubSAlA ¢HgE E] 2ol aH ARS
AJsle] A z=3 o} H-SMCC-DNA EA A S Al =33t}

B AASHAIE, 5 uMx100 pl AZFE obFHS 100 uMx200 p AAE-SMCCoF 6417 T2t Aeor &35
= AF-SMCC BIAE Axg ofFduS AAS 3 A=Z7](MWCO 3k Amicon Ultra centrifugal filter,
Millipore, "=)& %3 RIWFSES AASAT.  AI-SNCC BIAFE AZF ofFHS Axs= &<, 50 M
E]2-H3 ssDNA 100 S ATt E]2-HE ssDNA 43S 98, E]&-38 ssDNASl 20 mM DITE A
SollA] 304 Et HEste] FrEH o R SUAA Af AEI=Hr|E AU v, DNA & 100 u olE
olAEHIO|EE sl Esld DITE AASITH. shdd E]e-HE ssDNAS €9 FA-H(PD-10)S o] &3le] &
g =20 mM Tris, 50 mM NaCl, ¥ 1 mM EDTA, pH 7.0)°l %A, TS, ElS-8A4 ssDNAZS 3417 &
oF Ao A #o]A wg3t Fo Wolmic-gAd MHE-SNCC B H AR olFdI wgAHT. AE-SMCC
)7 ssDNAE A8k HIWkg DNA, AjZ3 oldls deA=Y|E F3 AAS . 0 WA 1M A&
AJYEF F=TWE 2= S excellose o] -3 A#H(Bioworks, 2=gd) o2 %23 o} -SMCC-DNAS A
A&kt

(2) Ee-HE ssDNA(EZ3=d-3f AAEAHE **E—SMCCQ‘r HH&-3F T ANZ3 olFds EHE-WY
sSDNA-A . SMCCol 7bshed ofwl AgS siAste] A= o}FU-SUCC-DNA EXAES Azt T).

flu)

B} AAskAIE=, HEPES €< (pH 7.0)e 32 ® 50 pM ElS-¥3 ssDNA(S2 mer) 100 S M]3},
S-H8 ssDNA EA3tE $18l], 2183 ssDNAS| 20 mM DITE 204 308 &9 AHzElste] Fr14 o=z 394
A A Az E-7|E AT, o, DNA &0l 100 w olEopAlElol EE H7tete] EstE DITE A7 8k
o #dd HE-HE ssDNAE 29 AR(PD-10)& o] &stol E4E 4F (20 nM Tris, 50 mM NaCl, % 1
mil EDTA, pH 7.0)e] $7TH. A SHDNAS AlZale Bk, DWFel 31418 100 pM AE-SNCC 200 mS A%
sttt Axd AES AFAoldst] 98 6413F Tob A2olA Aol v, AE-SNCC B
ssDNAE “gA|sta g9 AZ7](MWCO 3k Amicon Ultra centrifugal filter, Millipore, W=9)& &3 uluk&-
AAGAT.  FLF = nY] AxF obF-HE 3ARE Eot ARolA oA whEE Fol deov]| m-dA
-SMCC B3 ¥l ssDNA9E whg-atqict. 0 WA 1 Mo A% ASUEF s=74HE 2r= S excellose o] 2-ugk 2
# (Bioworks, Z=9¥) oz Ax3t o}F-SMCC-DNAE Attt AAl|d &¥dS HEPES ¢5Ho 74153l
o}. FE53T ANZF o}FH-SMCC-DNAE w5 3] AZ7](MWCO 3k Amicon Ultra centrifugal filter)E 3o
CRE e

el o rﬂ 1—

nB: m{u

(3) ol¥-NE DNAE HE-SHCCSH wrgatel ofvtol= AF2 FHHAL.  o}Fd ®Ae AxEel 7S B
AA717) 919 DITE Aeste] A% o}FUe Azt A7) A£G obFAL opN-WF DNA-HE SHCC

o wkgsto] Eleol~E ErE JAete] A ofF=I-SMCC-DNA EAAIE Al=s3itt

100 p AE-SUCC 200 wsh Aol ANA 6AIZF Bk whgakedth, TR, A2EQ-WE o}Fe] Be7]-5
& 9lal, AZT obFelol 20 i DITS Aol A 308 F<t Aste] 2o FUNA Af Axs=ds]s
Atk the, DNA £l 100 w oldobdEolES Hobste] L3 DITE AAsIAT.  #AH He-9

B} AAstAE, 50 pM o}W-H3 ssDNA(S2 mer) 100 0-S HEPES €29 (pH 7.0)o) 3]A1sle] DMFel 3]A1=

Az oS &9 HAH(PD-10)S o] &3t =8 &5 H(20 mM Tris, 50 mM NaCl, 2 1 mM EDTA, pH 7.
0ol ATt o, AT old-AE SMCC & gAlsta ) AZ7](MWCO 3k Amicon Ultra centrifugal
filter, Millipore, W]5)2 Ea] Wule2e AARUG. o % e 428 ofras ugo]n=-g4

ssDNA-A X SMCC9} wh-g-3le] ofmfo]l= AZMe A3k, 0 UiX] 1 M9 dF AJUEF s=7E 2+ S
excellose ©]2-13t A#(Bioworks, ~¥d)o 2 AxF o}FAU-SMCC-DNAS A8, AAE TS
HEPES ¢h5Holl FA3}¢lT). 4%?‘& ANz3 o} FU-SMCC-DNAS WHs 3 AZ7](MWCO 3k Amicon Ultra
centrifugal filter)Z sl %3}it}.

(4) o} Exle] A2HA 75 FLA 7|7 H8] DITE A ste] Axd olFdaS A=, Ee-&
oldS AME-SMCCeF WHEAIA Eleol~H ZAdts FAsklth.  olwl-¥d DNAE #HUbste] AlxF ofFd-
SMCC-DNA &A1 A& A x5 ).

ox
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[0066]

[0067]

[0068]

[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

[0075]
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Bo}p At A=, AZF olFde] 20 mM DITE A2 30 5 Mste] F7H oz SUAA Af Ax3
=Y7E ddnk. AEF o ¥ &9 ths, 100 w olHolMH | EE st E3tE DITE AAsHAT.
S B 23 A2 olFds 29 A (PD-10)S ol&ate] 348 hFH(20 mM Tris, 50 mM NaCl, 3! 1
mM EDTA, pH 7.0)ell &#th. A2 A olFHUS DUFe 345 100 uM A3E-SMCC 200 wo} o] AN 6
A7 Set wgEkth. AR ofFY-AE SNMCCE AAStal A= (MCO 3k Amicon Ultra centrifugal
filter, Millipore, A]=)E& %3] B|W-SES AASGT. =3, 50 pM o}W-¥3 ssDNA(S2 mer) 100 wl&
A Z3 olFA-AE SMCCel H7Fsle] 3A17F F<b Alo] A A NHS o] Z~E]7} of¥l®}  whg-3fo] ofmlo]= ZHFlo]
FAEAG. 0 WA 1 M2 dAF AFUEF TE=THIE ZH= S excellose o] 2-1% ¥ (Bioworks, Z=9I&)
o7 A3 o}lFHU-SMCC-DNAZS A A5k tt. AAE e AS HEPES $HE ol T35t F5 A=
O} FU-SMCC-DNAS ®HE 39 A= 7] (MWCO 3k Amicon Ultra centrifugal filter)E st ¥=3}gth.

Aoz, AxF olFH-SMCC-DNA EAAES Azst=d 7H4 &80 & 2H WHS fulsdch.  cDNA/H
w9 EAIE 3AE ATE wWEth(S.J. Hurst et. al., 2006).

ANZG ofT#/DNA EGA F9 A=

vlo] @ Z 2 A AR FF AFS AFsr] Y&, FAw) e AFE Si/Si0 7]1F Aol tEe

it
2
BN
ﬂOL
bt

o AzxE Au AFE J@SH(piranha) &4(30 3% 1,0, 2 70 F3% H,S0,) 22 70CelA 3% F<et AlH 3}
Aok, F AFE Dol2FE AFHs Ah ~EY ol Az

al

oft
oX,
L 4
Moy g
> :L oX

30 uM ANZ3Z o}F-SMCC-DNA |HS F 7|dho] "ojrmy] A)%3 o}lFH o] A AHS 278 E3)
of ARHor A7|-2YeR.  6AIZF Fol, F X Aol 148" A2 o}FH-SMCC DNA Fo] 3
A 23t obFU-SMCC-DNAS AN A ] S8, EoleF2 AAsta A4 7l sl Axs3ict.

H| gk

S5 24d3s7] Y&, (1) 30 pM AHA ssDNA(cDNA) S A7]-ZHE X olF=#=/DNA XA F Aol 6413
Zot w1 A3} st (2) =3+, El2-¥3d AW A-ssDNACE]2-cDNA)/F U9 A 2 E]2-cDNA2/2(silver)
Uiz 24AE A xsSltt.

{0

S-cDNA/thegl 2t E4AS A7) 98, Be-9E ssDNA 84S 98 A AT =dr)S A4kt 30
M ES-WF cDNAE 20 mif DITE 303 ¢k o)A SANATh. 100 w0 Y obMEle|=E DNA §-o]
7bate] E3kE DITE AAST. 899 €2-9% ssDNAE 29 A3 (PD-10)& o]&3e] 10 mM HEPES ¢35
dNoz A U E2-WE ssDNAS 300 pl F Fi & FRo|=e} EFEaL o] EFES 6A7E A
Lol M EEAFAT. EF SAE 4000 rpne® 40% FF 3abd dAFEE AAEY. HAES 300
HEPES +3&oo] A& Erale] 4°Col R3S,

o

|

cDNA/U=iat EAQAE 27— HE AZRT ol FA/DNA EA4A Foll 64135t Dotk (3) TuEole
S uAstety] A8, A7-2HE AR ofbFR/DNA EAEAE Skt (1) (CuS0,), FskaE(I)(CoCly), &

A 53HE (MnS0,H,0), AFs}E (D) (Fe03), A3t NICLy) R &H4tobd (ZnS0y) & Ests S350

A Y5
| 6AIZF T HHT. HT-gES AASY] A8, EolF2 AFsan Ah 7t b Az,

rlo

T 71 el Al-zyegith. wdd ZUE ARNCE FARste] A
/DNA EARAZE 3 A5 Aol 14" AS Felskdt. ® 2ae 20-30 mm FojYE A E EE&-W3
o] A3 (topography)< HoJFth, = 2bE H HWd FAFHoR uAHE ofFd IV E e AR
To HoleEn, 1 Ay, Al2H ol=# 2 30-40 nmo] ZH 340131 YERTE. oA A= A
2HI-HE wildo] g o BW o AZ=R A3 e BFHoR AU-2HES BAFUY. ®
g, & 2bE 1040 mm W9l A AVIE ZE AV-ZHE AxF ofFd/DNA EAA TE T
HojEoh, ol AL H&-WY ssDNA, A|xd oy B A|x3F ofF/DNA A Sl wheh kg b
ol zterh,  a¥BE, AXF o™ /DNA AT 5 V1% Aol & wjd o] FAFHA.

Azxy Az ofF™H/DNA XA 9 IFW XS AFM(Atomic Force Microscopy, Digital instruments
Nanoscope(R)IV, m|a-)o =z Al2oax ZA}SSIT). ARMell 230-305 kol 37 Fu+E zk= 1-10 Q-cm 9
(n)-F=(Si) HRIESP §)& FFeint.  EE 23 on|x9] 7] 500 nmx500 mo]al, =& 1.0 Hz
ojt}.
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[0076]

[0077]

[0078]

[0079]

[0080]
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AEF OFFR/ONA EYAL HpolLBE T 24

o

AZT o}5=-/DNA &4 A9l ¥ 54 2 S sty Y&, @t 23 7] (Raman Spectroscopy) S AF&-3}3%
. % 3eo 9xe mabal g o}F@(600-1750 on )] UF AFEDES weFEth.  200-300 cn o] v
]?l_

9 d(peak) & TAE et ~AEF= Cu%—S(Cys) ZEY X9t #wHol ar, oF 400 an o] FA] 9=

b3

g

3

X

= RS-—Cu A3 BHo] 9lom, 800 en o uF ¥ T (-S(cys) ~EH A BART,  olge A=

Zoudd As o

ssDNA®] 600-1750 cm = 2}9F ~HEHA L sgDNAS] TFE 924 @ 7£2E2 wadg toke ghuk w3z FART(=
e, 7). FWEULHE=E FEHEEZA, 6, T E 09 g& F7e 5HS 2t W=z 3908 4= 9,
620-680 e = Told FEEQE 6] ALEI, 727 an = obdld Frlelm . Elwd wAd e 770 an

= qre] C2'-9lEHE] o] FE A (C2'~endolanti coformers)O]Th. WS, 800-1100 cm  Abo]e] HWIEi= uwo]
skt @ 2z Fxe WMAEAT.  b-FE)” = 838 an ¥ IS e Po2- 3 1092 cn oA
UEbgTh. ESE, 1200-1750 on H-919] thbs W=t F&(purine) @ € (pyrimidine) ¥ WES U
BT, 1219 on | FHe] I iR dol, 1256 en | W] I3 deol Qg sbg g9 9=

= 1489 en o] UERUEE Tobdolth. 1668 on A9 W& ¥I= 4T, d6 2 dCe] ZAdE (=0 ~EdH
0N WES oluath. B2 sNAe bk 92 2 olo) ofulg ¥ 10] AlaiT).

# 1
Raman Shift Assignment Raman Shift Assignment
{cm=1) (em=1)

630 dc 1160 dG
680 dG [ 1219 | dC, dT
730 Da 1256 dA, dC
a1 dT, dC, bk 1331 dA, dG
830 vOPO 1485 dA, dG
890 D 1573 dA, dG
1019 dT, dG, dC 1668 daT
1092 WO

900 cn W17 1750 cn o) AE RN Az o}FAUL FE LA o wd, DNA
& 938 RAFTHE e, 9%).  od@ Aol o}FY 2 ssDNA The] AFE FAR & YA slErh
Z3 o}Fd 2 ssDNA Ato]o] e AtgS FUe ol ssDNAS] etk ~AER %7 o} 2
Bl ssDNAS] A ER o] zpo] o] 7] xte] 2ALSHIT. = 3ef] QBHE ssDNA 2 A%

og WAz PAR A=F obFU/NA EYAC) et 2HEeE BelFTh. (1) 200 an WA 600 an o] 2
W 9= AxF olFEde EAsh el 9, 200-300 en = Cun-S(eys) ZEWA, 400 en = RS-—Cussh
#edo] Itk (2) C-Sleys) ZEF(800 en ) Brlo] Q= AxF obFwle] ghyk ¥ =3 DNA(L, dC, bl)e]
781 en ghek Wl=sh FAMTH (3) DNA 2k 2#Ee] 1485 an Wi §C8H 2 NIC8-C8-N7 rohd HE)

gao] 9. Axd ofF@ = gsDNA Abole] s A Lo <lF] o]k W T YA TE(1490 cn ) A A

AT 3, 9B%).  ZEmE, G0 4 RN DNASH AxF olFue] FEALe Fopde] N7 9l
= Fohuel oluthE molojEl(noiety)e] MIERRolA dojuth,  (4) EF, @ FTAge obud

C5C4-CA-N3 U)%- A% @ ol C4N3-C5CA-N7C5 U5 AE7 ode 1573 cn A TAY YAZE 9 A&
g T7HARIY. F39Y AR 9 9 Wste FE ALY ofFdd Folbdel N7 fA|eke] g 711t
o, agEE AR oFdL odd @ Folde N7 Y9 A5 Fgsta o3t A5 LS oldd E g

=

1 o17] Abole] 4 Adte] WP opyjair).  (5) WHH, E|TI7]9] (54 @ (40 FE¥ #AAF 1668 cm ol

d
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[0081]

[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

[0089]

[0090]

[0091]
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Aol HA AEE ssDNA B AxF obFRe] ool ofa) Atk ol A (=0 2EA BN
WY el v WEE ossly] witelth, B, Axd ofFde] 4] fAdAMe] d5 8L ofHld
o] NHi,7) 2 el C407]9] WS Ea DNA TEE WAz, (6) EE, 1219 WA 1257 e olAe] et
T3] Ak dT % dCo) N-H F-9lellA AxF ofF# EE ssDNA Abole] Asatgs onjgity,  RE 73
e ® 19 Xéﬂﬂ?i‘ﬂr. AHoR, Axd T HH AR AXZF oFFY/DNA ZAHA T2 vpo] SH e
Zae olgd 5

A3edn 4 (0lympus 1X71, €¥)o] 2% Scanning Confocal Raman Spectrometer (NTMDT, #{Alob)E AR-g-3}
of gt AAERS WYY siglek. 785 mn 3bEelA HlE wAkshE A9 delA =R vt AdEe}
s 7 gt sz ARgSiitk. 20d HMSE Ao 100

it WS 200-1750 cn o)1, W AEES
Y, 7 F)E, 29 A7FE 10%0]tk. XY He] Ho s EE 200 nm 2 500 mmo] ).

EEEE

2 age Zy Fito]l 1fd 9E8E ZEs fARlEgith. AZHRJI-ITE FE 5 71 el 14
H Az ol de FYE BER V|Edd.  UE F UeS ZE ¥A HAE-SMCE AEF ofFdT EE-
W DNA 245 AZste=d AREsglth. 2ls 2oy Edo] FYFHUS o, E|E&-HE ssDNAE A5 5
|A RER Jlsdt.  AZH olFd, ssDNA E AxF ofF7/DNA A9 AtstedsS vusty] 98,
Ve SA48dvt. 7 Alse 5abd A2 St E 4).  AXF o™ Ag-, AksiEdso] #EAHU
1, 159423 v B A H 272£22 W Y HAE A2 GRS, B E-¥3 ssDNAS 3 A9 4
3t Ae 27 93119 v 2 292+26 WO R SAHEHATE. AXT ofFH/DNA ZAA Q] A gl 187+£31 wV 3t
d M9 H 301+14 w AFEESE 2 gkl E "] G AR o e 2 H9 #I FALS
i, qksh A9l S ssDNASE frAbelth. RSt Axd olF Rl HIEHIS Aot ¥ 3= 7t
A F ol Al oA AR, AFF ofFH, ssDNA 2 Axd ol /DNA EAAY Y AFe 44
1.783+0.281 pA, 1.264 +0.377 pA 2 1.888+0.394 gAolv}. IS, A 23 ofF#, ssDNA B A 23 o}Fd
/DNA ZA Ao ek A3t AFE= Zh7d -2.124+0.455 pA, -1.761+0.263 ph 2D -1.64540.123 prolt}. o=
3 20 A=At lﬂi?& A= AZRF ol F-/DNA EAA 9 ArstgdEol Afdd o5 Wake s By
SHAl vrebdtk. AAEA ® AR} o]F AR EAL HE £ vk o]gdt AFel Y| xEte, & AF
193] %

A% Aol A-zHE Az FU/MNA EHAE A4 A7)8eE S4S vhehy

YE 2He e )

woumge voloMue] 2dg ARE WY1 PAS Agse]l AERh, NS 2de JuA AHe
BALA-Y B Qe ol ol Aol AR A @ Fol -2 2-58 A (donor-bridge-acceptor) A28 o
UX Jx Wz Ay AN Zgt o}FH-SNCC-DNA EAI A 2] 7o, BElA|+= DNA-FS o] QB H o] 20
A ARG 7HEsk Al s Lk g8 /Y AR AL 3 2AGER, 79, o9 A7), ks
9 mgad e R A asel od 9B vt QAEAS T L 84l Aol A ARE
S golAsl £84 Asw Aole] HalAE AWt el wgow A 8ol ARA /)%
2 g9 e

Au/ A %3 o} /SMCC/DNA/ HEPES-H /Pt (1)

A/ A3 o}F=21 /SMCC/DNA/cDNA/E 24 o]/ HEPES-H /Pt (2)

Au/ AN ZFE o} /SHCC/DNA/cDNA/ U 12/ HEPES-H /Pt (3)

W (D3 WSl W (2) B WS (9)E BAA EABL. ot B5 ol @ vhegAs ge tew
AH EHo] oyx AEE 2d3t= Aotk ol#]3t A2 H7|3ted e A 4 ).

4718184 54 1

Az obFR/NA EAA T FFE ol FUSHE A%, AsBATe) OV A#E = 5ol vehpgl
. Mn oS F{ste A, Fd H¢ A9 671231 WV E 84414 mvVollA] 413£71 oV 2 30547

W= WAL, =

3} 0.039 zA 2 -0.08840.012 gholA 1.49540.552 uh
9 -2 80440.604 pAR WEYUTH. Fe o] &

+
Aot Ag-, Y A9 L A3l A= 671231 v 2 84+14



[0092]

[0093]

[0094]

[0095]

[0096]

[0097]

[0098]

SIHS31 10-2016-0094914

mvell Al 349+£52 v & 374+55 W2 WY, Y AF F A8t dFE 0.114£0.039 pA 2 -0.088£0.012
ﬂAoﬂH 1.361+0.192 pA 2 -1.958+0.249 A2 WAt (o o]2S Fdste 49, 39 A9 2 2k3} A
= 67431 WV 2 84+14 wellA] 320459 vV 2L 350+34 W= HASET). o diF 2 A8l AFE 0.114+

0.039 zA 2 -0.088%+0.012 pAolA] 1.338+0.262 pA 2 -1.493+0.356 pAO.E Walodtl.  7n o] &S F93
AL, 39 AY 2 A3 AYE 67231 WV L 84+14 wVoll A 246441 v L 334452 WE, 3P AF L 23}
AFE 0.11440.039 A 2 -0.088+0.012 pAolA] 1.288+0.392 pA 2 -1.499+0.410 /JAO wHalgich.  Ni
(II) o)LL EYats A9, 39 A9 2 A3t AYE 67431 WV 2 84414 mVell A 166+31 mvV = 487+71 v
2, 39 AF 2 A3l AFE 0.114£0.039 A E -0.088+0.012 pA°lA 1.508+0.477 /JA 2 -7.620+0.842
pAR HESitE E 2dE olEgt 2 IS HoFEth, (i) oS FYste A5, 39 A9 9 Aks
AYE 67431 WV 2 84+14 mWellA 106427 v 2 275+34 W=, ¥ HAF

2 -0.088+0.012 pAolA] 2.384+0.415 pA D -2.287+0.356 pAO.® Walgtk. o]2d A fold Yo
2 oge 4y S digh 17158k AR xdo] Jheds on gt

qu P9 2 2

wo] ulo] 9 TEAAY AXE AR x2HS i Fgo 3 A A
4 FAL defdlo] AolA(Faraday cage) WolA & AT, A
& AFow ARREth. Pt Ao AS % Ag/AgCl Ve HEE &8 A
x3atE ArsherE Adel AREssith. A7shes A
Instruments, W=H)olA] A, RE ZA3es tr] A5 413
i

N

FAF BlE ¥ E33 % (Scanning Tunneling Spectroscopy; STS) 732 Digital instruments Nanoscope(R) IV(H]
SR 2o 500 pAel ME EQJE 2 100 mA AFoR FHFHAT.  BHYE AFE £2.0 V H9e AF A
B (ramping) &= REYHFSAT. UwmzAdoMe] H714 548 98, HF T3l Ax3 Azu/DNA E/3 A
2 AT Azu/DNA-cDNA/ W ie)ixh A0 st & 7]|9E sk Ao ojgsta, 14 m A=A SN 95
AR AFow o] &eqitt. STSE FJuwigol s B3kt § e A3 Azu/DNA E4A 2 Ax7
Azu/DNA-cDNA/ =i 2E S Aol WF2=rl(W) ©& f1RIske] 28kt
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4] DNA-¥+%=A (semi-conducting) WY=@xte] g, SISE o] &3dle] AE ZZ7|5S <13,
Hfo] @ T Z A § FA]

Hpo] 9 2 A1) FA = AAE 9 1 of FdE EZd FS$steE ddd 71%S golsiA B 2 24
ool #j&f, AEH Azu/DNA EAAE A7]-%H W (Self-assembly method)ol] ola &(Auw)
Fakgith. Azu/DNA EA 1= CLMel o8] Aech.  Azu/DNA &A1 23 Bge = 1o A=

th.  SDS-PAGE ¥-21& &, Axd o}5-SMCC-DNA B3HAo] oAt 7)o A&dte Az =]
DNA 5331 (Azu/DNA E40A)) W=E A Ao St (& 3¢, 9% ANz ol Aol AR
oF 14.4 kDao]il ssDNAE ¢F 16.1 kDaolw, A)%3 o}5==1-SMCC-DNA Eﬂzﬂ” oF 30.5 kDao|t}. =] A
Z3 Azu/DNA H3A7E FA4E RS ERlekdvt. Ee, AXxF obF-SMCC-DNA E3HAE w4
Vis 2%7] 43S AAST.  W-Vis 3712 260 mollA AxE o}F2-SMCC-DNA B85 Fws =Aa9
SH(EFEAY FFAT= 260,000 Mem ©1th).  Pseudomonas aeruginosa <@ o}Fd-& kA g L&
Aolty. & T FEG AL 570 A7)(Gly45, Hisd6, Cysll2, Hisll7 2 Met121)E zkal, 627 nmoll A
s 558 718k s g4, v, Bl &-W3 ssDNAE 627 moll A AshAl SskAl oF
=t AET o}FH-SMCC-DNA H&A9 &Ea], AXF ofFde 19 7|58 42 2 627 molAY 535
= *éél% FAFT. = 3c(LEH)E ARF ofFde W 2HAEHE HojFth, mEhA, %E%’%iﬂ%— 3
Zhebetl WV-Vis 23 EetE o] 83 4= vk, o]y s Ao 2ASIY, AxF o}Fw-SMCC-DNA A=
E3l ?i% AR/ GA 8 A BHoF T 3dE Azu/DNA EA AL AFM ©JuA S HF1, % 3e
Azu/DNA EA A A7)-ZHZ9 #F9H(Raman) 4] 23S wojFEc},

-

o
-0,
)

(

32

ooy O,

d

2

0 o 4 K

N

O_u
i
ol !

o] e A7Ishet-7]9k 2-4F wpolew R 2 RE sttt V1RO ®, 2-4 wolev Y=
ARFHoR T kst A9 2 4 24%’491 2 74 4E W] ofs) FEEvk. wEkA, ol
FP&PT. = 6aE 1) Azu/DNA EAA 2 2) Azu/DNA-cDNA/GNP &4 A1) CV
ANE HojFErh,  Azu/DNA TAA9] 29 A9 2 4k3} A9 4z 67+£31 wv 2 84414 wvoltt. AdE
cDNA-GNP7} Azu/DNA ##toll F7bE= 9ol Atsl/34d RES 2s7F FoEs 2S vepdrt,. Akl d9 ¢
2 Ao ke 232£39 WV alc 83168 mvoltl. T 37FA] AR ofFH, E]S-¥3 ssDNA W
Azu/DNA E24A)) 9 Atsl-3d A BEAS dRzTo R st At A = 4 2 % 20 e

#* 2
Potential Reduction Oxidation
Potential (mV) Potential (mV)
Recombinant Azurin 158+ 23 242 + 22
ssDNA 893 +19 292 + 26
Azurin-DNA 67+31 B4+ 14
Current Reduction Oxidation
~ Current(107A) = Current{107A)
Recombinant Azurin 1.783 £ 0.281 -2.124 £ 0.455
asDNA 1.264 £ 0.377 -1.761 £ 0.263
Azurin-DNA 1.140 + 0.394 -0.877x0.123
AR 73 F5EE Hrheh) ﬁoH AR A TEs T AT dAEARHECA)S AAIESIE. A
HAhE e 545 Akg) %j%’% 23 A9E AxE AeAFdd A8 F A St 2 A, & 2tkg
2oEdALde] dg fE A dHOW Aat A 715l ekl on/0ff w3 5 Qe XY ot
olgigt WS T3, ti} A9 2 2 AAE o) VAPl e FE Aol 48T 5 k. Abg)
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o
il
2
o
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ox
rN
of
ol
N
N
2
o3
i
X
o
kY

, AT HAE Azu/DNA EAZEE dF5o= 3
olg|d FElE ‘A7) dHE A . 9l defe] A8 dAdEe] Azu/DNA
HE A7) dHE S, Abskde] 3 g

] .

I~

o

[RUR A )
o Mt rlo et T

2
-

o 1o >

oY ofo

A Zed Jgyo] F < Hmoﬂﬂwﬂ 71 S 1%k A3E HoFuH (% 6¢;
& ZY ol vlole WEY 753 FAEY. ZEY, cDNA-GNPE Azu/DNA EA4 A

l

F7tete Agol At A 5E€HS T vlol e R et Hlauste] A E JHdA FHo= FETH(E 6¢;
2l 2. olg|dt EAS Wd AEETA Exle] ‘AW Zrd(information reinforcement)'o]tal
Aol 353i Tt

oleldt {72 v TR Azu/DNA EAAZF 2t At AFakS &olshA F4He 4 9ok

[43}4] ]

(D

2] EE 297 @A o5 Aw/DNA AN AAE Aske] ke (A AFERE AEE  5.328%10 C

olth.  §ASHAl. Azu/DNA-cDNA/GNPSl A Z% A3}= 4.636x10° Colth. A= Azu/DNA-cDNA/GNP] A3}
o] Azu/DNA A A9} wlwste] thek 870% S71et AS HalFuh.  ofmlx, o3 A AAEAE Y

arek dghstol A EAAES AxslE W, oA ol Ad ¢ = gEol AVla, oz di 2
Ay de mIrh e, HY aFolA ofdel A=l ymdArt AdEHASH, duA A= EF
ool A dFe e Rusiglt. aHER, o3 A3 AARA-AREY YmdA dEdolas

TE AN AL HF FAA-BEA-FEA A LFe Q@ ol Y @, AR A Ve
g AL ol TEE 6571 Atk = 6d X E 6em Abgl A9, Y A

Ask el #Hoaedgle vkeRy v
5= 6fi= 300 T}t frAEE HE 8
R I A b N
HelEth  ol#E dd2 viole e Al
ARA o R, Hxe] vio] XA

o
=
>
2
>

$
2
Pt
2
Hu
tt
)
N
o rUS’L’
=y 4
%

THe Bolen. old Ade= 2
Azu/DNA-cDNA/GNP &/ A9 Ax Z3slE §ol3f
AN A=A R At
4 71 TEEH

B Z

2
=
S

32 off

w "

1

e

(03

W e ot
o ol
=) o o =
rok

o

ol
1-‘1
o
o
2
=
%
o
BN
o

o
i)

AE 24 71AS T fal, v 4

T gl WEd, 55

d eH#olE = ARSIt Azu/DNAS] ssDNA

Zy7] wjiEolrk, oAl cDNAE theFdt H3F T olty. ssDNA h(arm) Cu, Zn, Ni,

Co, Fe 2 Mn¥} Z2 vpget 5% ol2d A% + de didE Wi (backbone) s ZETHE 7a). 132
[e]

2, ssDNA oF2 24 &A= ARSE & Sla, Tudoled Z2 949 245 24 evdoHE 158 -
sk A<l

1|
o, ﬁx

2u/DNA E73 A9k wkgate] &8 ARE 53l
k. AR z2dE AAE7] Y, ssDNAS
ssDNA(cDNA) #7#bol| it =& AHAdS

2 gy Mo
L
LAY
Bt

2

5 A =

to B L
do

!

R

ol

}L

g

o

LETA)

Atk DNA EAE F4 o] = 4 29s AT HAFAr. 1) &4 [
AR AbA 97k 2) BglEe A F==A7]; 3) 97" 2 4) mE¥h(exocyclic) €7 AEY). A3 AEwor
DNAS} S35 o]29 Aozgs Ar|gdy JNsE Fdstu dfsied 429 d3S dvf. T3, dsDNA
of th3k Cu(ll) % Ni(I)9 G oMo AFEALt. Frpdez, AAEAe A7ty EAL olFd
Bapel Al 9918k Ni(11), Co(II) 2 Mn(I)3} ZEL% PR %%ﬂ—%ﬂ EAo| upg} cheFsich. oy
NAE FHFE o]2F e thE ¥ EZo| Azu/DNA EA A H7|E8rE EAo & AgS nA Aolz A7
EIsi=

Mn o]&9] 3¢ A9 = A3} FYE 67431 V LD 84+14 mVoll A 413+71 WV 2 305+47 W= WAL, Fe ©
Lo 39 A9 W Asl AYE 67+£31 oV L 84+14 mVollA] 349£52 mV L 374455 W= WG om, (o o]
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2 AEl A= 67431 WV % 84+14 mVoll A 320+£59 mvV % 350+34 wWE WS TH.  Zn o)
As AYE 67431 WV L 84+14 ol A 246441 wV 2 334452 WWE WHER L, Ni(II) °]

4 2
l 2
= R
2 oaks A9 67431 WV 2D 84414 Vol Al 140422 v 2 437471 wWE WY, Cu(ll) o]
E?l
=

lo 1o lo

As A9 67431 WV 2 84414 mVellA] 106427 Vv 2 275434 wWE WG, A/ A
7bel YERATE. 5 Abst A9 9 3 A E dEy 2d deE ARSSIT. Bg
T8 ALARH 295 ® 5o YERUY. = Tcv FuE 9 = F7t
o 34
3 A

O b ot ot Lo

\

o oy
& %7t
4

ﬁﬁmlonijQFN

i)
o
X
=)
o
k)
bH
o
k)
2
o
O,
v
e
M
o
N
N
N
N
S H
N
N,

R
lo
2
ot

2 Ooﬁoﬁﬁrﬁrﬁrﬁl‘ﬂ
=

o g N
BN o doom o oo

2
L
BN
iy
o
f
2
N

o
o
o

4 Wrz gAREchEd o8 Aneds 248 & A E 7
o

24 FAE JeRAT. Azu/DNA-Mn EA A0 413 WV AFE A9

jud
-

2 fA 2 % W
o
o

Al

HowE ofy

T4 o] A
Q3 1 305 v Y A s
o7 Q7tekE A, AAE A% 9 AAES RS, = 7de] = #le ol AR
. 53], ks A9 7k= 0.37£0.12 uC AAE e A 5 A, EIE, Azu/DNA-
Al Sl 374 uV Ak A 9IS <17k Aol HAE 0.51£0.13 pCel el AFHATE. 349 WV F
Ao 7k 1 ARE AAEGIYE. oelek WEe 2d dAE 6xkd WESItHE 7d).  ®=3F, 350 W
ksl A9 9 320 Vv Y HAE Azu/DNA-Co & Ao A7lstE A9-ol dAF 0.56+0.28 uCe] 5% &< T4
2 oAgs ddsgiek. FABHAL Azu/DNA-Zn EA Sl 334 W Abst A9 2246 W < AAE A
o17bste] WiRe A 71%5S 2AMEYE. 1.5940.41 pC AR 2E=EAa, olgd Ast 29HALS 741
WHESEITE, Azu/DNA-NiI A Foll 437 w AFs} A9 2 140 W 3 A S 242 A7he A5-(% 7d, =4
291) = Azu/DNA-Cu EAA Fol 275 W A3t A9 2 106 3 A9 E Z42 A7ek A9-(= 7d)ol ZH2 4.10
+0.59 pC % 1.33£0.34 uCe 4% AF(modified current)S YERNATE. webd, A7|shebs A %
A mpolo-H7E8HA WY, FEE ol AE volAlA, AE-ZIW vy X 4 oWH/DNA EAA
2 g5 o] Atole] Zg-& oldFEty] g TR T g AEA4S ZErh. des, B ddge
WA/DNA EAA R 38 vho] LERAY A~ foldk WS Fa g FEE o2 o HEe %
4 75E BolFE.

k)

& o nﬁ
o oz
)4

o & 1z

HJH FZ

AH ZE 715 S 8] A8, 5 (Aw) wA 24 ¥ Azu/DNA S 2 Azu/DNA-cDNA/QD(~EFIEpH| H-516)
H CdSe-ZnSet AHE Azu/DNA EAA|/upo] QEI-Ef7] cDNA)E STS =43k, SIS H& 3t sA=sS 2t
v SAYeR, Azu/DNA EAA EA 2 Azu/DNA-cDNA/QD EAAe] Y IAEAM -V dHolHE
FEHAT. A= Azu/DNA EAAS] [-V Fdo] mAF oS BHolErh,  olE AAE o] A BA
A dAES o]t T 8 o]EF-AY BUY-H¥(Double-Barrier Tunnel-Junction; ) ®JX] FejollA
Azu/DNA E4AE S AR TZ F8&¢ = SIS #A4S Btk X 8at Azu/DNA EAA9] A4
A SIM "ol 9dl EXAMJ=E= DBIJE el A AEdE 7tE2xE2s 6HeYed 729¥ 2~ (tunneling
conductance)E TF¥e A2 ZFAHET 4= vk, T3, Azu/DNA EAA HE xHe] 4 &% (capacitance,

C1) % ¥¥® A3 (tunneling resistance, Ry) SIM H3E(V,) 2 AF A" (1) ZHo o8] =248 + A=
¥ EAA AgE AN A folaA 2FE 4 vk, WAl Azu/DNA EEAA HE WG, 2 R)E A9 ¢H
Ak, G #S dEgeExN, Ad &% gk, AH &% v(V/V=C/Coll 8l 2= & AFAH 19

AgH #xe) dEHow el A% 4 AUAEOE WAT F Atk = 8bi Aza/DVA EAA] 0.5 1A
+0.5 V9l BF AL A7ksel MAG AF % tolemst Pol MFE wAFY. el ¥ g 4717

UMY

=3 b

Aot (electrical bistability)d WeERHE -2.0 A +2.0 V 217} 3ol Azu/DNA-cDNA/QD &A1Y 1-V &

AE BogEnh. HSE 279 e 2ol 31dE FHE AT F JEs AERE FA FAEAT. #F

H vl o]k, Azu/DNA-cDNA/QDEA A= Z7]ol Off deigles 22 A=A AEH7F 0.8 VA §A=H7F On

dHEbE 3R] 4% AR s2e AR ek ", ol HFAClES o]sel oF 0ff AEjelA On
A

JeEle] olFoln, ol wWEE FAe A A 790, npolo]~ HMeto] A<
2HA] A3El9] oF -0.8 VeF 2Al Ho] E4A= W AE AJE(0FF JEDE Eolzith. o]#fd we dE gl A
o] HdH"S &3 Cu(1) ¥ Cu
T4 AT Alolol 721 B oy
Aol BlE& ®ET. wo]ojx Aol F#38] HA Fo

o Al
=] = 1o O -
Ae v, ARAAE AUe BES] HUS wEo] Au R Pt ATl oF F42 wETY.  Adgom, B

=6 Z
AL - Ry
=

(m)

=
A AeE
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1

AEEe 349 WaE 2=t 78 wolojx [l
o

5 & : )
e AAFR £ flol, FAe AR vpolojs Agonyt FuF £ JE nAE

M
o to

Rui =)
ol ox

e <o

4 2

oz

(Scannlng Tunneling Spectroscopy = FX SAHAH o R o7leA = Aeh) <7} 19
b= SO Pt/Ir(W=/oleld) Ho= 543 Azu/DNA-cDNA/QD &4 s10]-4
L 8dellA BolEr. o= AA7F oF o] B9 AFA FtE &
ZFE(OFF Aef)oll A =2 A= Aei(ON de)E dolH= A& HolFrh.  OFF AejelA 0
ol YAdY wEE Aol “27)” Al FEstaL, olelgh Hol= “ﬂi.ﬁi”°§~ﬂ4%
Azu/DNA-cDNA/QD®] 7Vd F 83 54 T shvbe, OFF AEi7E 9% B9 7te 38" ¢ =
ol tixd dwmg Aol “AHA|” A Fggrt. = 8dvE A GwrE wpoloj A 17F - 1-
HojeErk,  AAE 1.1 VIlA 52 A% FejoA WS dxdu= 1@3925}. o]e1st OFF-ON %
< 2 HIWY AE FFase FES 95 A WAL EFA AT BE
Ak, uk AAlA] B4R FeesE EAANE A AT FE V]S Z¢] HOMO(Highest Occupied
Molecular Orbital) @ zFe] Atzow W ouyx AHo=m Qg MRS =t} 328 =t
(Fowler-Nordheim) B1E® ¥4& E3 Pt/Ir HOZ25E LINO AHZ Ax7 F9d9d &
o A7}=El+= 79, LUMO(Lowest Occupied Molecular Orbital) @] &5} HAA+=
7he vpoloj s~ Hote] WEE uwhet EAA EA Alol2 HaHrE. o2 2V dAE
3l Azu/DNA—cDNA/QDEﬂ AR} 7 H(valence) W= el ¥&d HAApz Qe 34 Q17F Hgto
A9, &8 »==3}d(Fowler-Nordheim) B9 H 4@%”%?PUH»@%2§.HQQQ o

=L

A

- o

oL tb
X, Nlo

2

Lo

o & E
oX, %l ) L
X 5 <
2 o g 0% &
o:
1_,[—1 ﬂ-]lO N\]

O <y ox e Lo o |F
lo
A
3
2 o
14
319
9

= A7) WA
gt OAE Wz A A7) Hg3 FAseh. B APl Au/DNA-DNY/DE AR FE )5S S
Bt

=

wougeld, AnE 28, 24 % FEY 5 A SUA/N/ b EAAZ FAE A vele 2w
A AAE Aze welFon. B e 4AE Ra-sAde vl eRFPel e FA4 AYL WA
9. AAE, Bowel wlolo mealy AAE AR 2d J)%e FAT & Ak odd A5e Fael vl
oo vimel FAS vaste] o Be AAE AT + Atk BA, A 2de 4Y BY EHoE v
¥ ANE BAE Ak ol 24 /)5S WE-HE Hole WRest 2o 4§ FHS AFT 5
k. A, 3g-dH vl e ERA~EE 4 FES AT 5 Avk. oldd vk v E4A B4
g o8-8 AW 2ol Jond ¥ wne He] el BRelA thrlse FAY & AlE vhele ERAA
A £FFS M. 9w /15H 54 0 AR BAR AARAET dustss A odrh. 1
i, ®ownel gAL © EAA B4 ES FU £ e nelEt ¥ oune wel £ A
ARANA vl Y Azwt ge BEe] J1Ee] B Aoluh,
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