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(57) Abstract: The present invention relates to a nanohair structure in which nanowires are exposed on a nanotemplate and to a
production method therefor and also to an ultra-high-sensitivity nanosensor based on a three-dimensional nanostructure in which
the nanohair structure is used, and the three-dimensional surface-to-volume ratio is maximised by arranging antibodies in an ori-
ented fashion on a nanosurface by using physical binding atter the linking of bionanoparticles.

G 8EA: B g2 Gieg o] Yl s mSA7 Yol F2E B O A=Y E O Yo FEES 9
%3}04,%%11»}5 HAE OﬂﬁAl 2 ¥ Beld A4S ol 85k DA e gwle] Wby oA vjdste] 379
o £91E ]SS S 33 =T 7 2ugE YAl e w3 g o)),



WO 2010/101437 PCT/KR2010/001389

[1]

[2]

[3]

[4]

3 A A
B B deso] T2E L I ¢4
7| &k

o2 Yo FRE R g8l T dyolr
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Az WHE TA FHH AAAE SAEHo] o= & oo Hit Fo
AAANZ 7Vt AY S A A EAS GA A7), o] 23y KA A&
Aol molgle SN HAEHEA A SAZAS XA o] wA 7, F AW
(BN FH S EAES AHAANNA g HG S AR To= v o] F
VgL G &5 3 Sl S o R 53], 2 Il A=

2 wj ol FE A o] Hul 2 24911, gk

3
Tl o] &84S 93l AA 754 (Biofunctionalization) S -]k 4= 3t}

] o] = Fih2 3 /2 8 (surface modification)E & 3)¢,
Hl-o] @ -2} (Biomolecules)- >~ = . (Probe), 3 A (Antibody)-&9 (Antigen) 212 31
H] 2 ¥ (Biotin)-oFH| © (Avidin) 9] A9 eS o]-& 3k nlo] @ Al A of o] 3--& 0]
7}s8t el 3], YA L o}Fl (amine) T} 3] 2~ E] ¥ (histidine) ] 41 €1 %] A 3lo]
7hs 3kl ololl thghk &84S vl 5 ALF A, Begk YA o] A7) A g 1S
o] &3t Yl 72 &9 S-S Alo]sh= 3 E3t g3t 3FA T, AAOO A

:i o

s el d UAY =S o] &3k dloll = A7) A A ke 202 7]
ol 5% (Agglomeration) 7o) WA alof L= A AR EA] o] AR
J7N7F 3 E

7| A, & g o] YA oY 2= T Fo| 7 A e, Ve E Wil
RNonZ FFANE WA S, AUEE THH o2 Q13 884 HEe oA
w9~ F-& g v Aol th mpetbA ofel] ek A5t E g Y20
A Hol ek

b e A AT B VA = SRl ER U 1(d A

(

vyl Z7] 4 Z(Adams, J.E. et al. Circulation 88, 101-106 (1993);Adams, J.E.,
Schechtman, K.B., Landt, Y., Ladenson, J.H. & Jaffe, A.S. Clin. Chem. 40, 1291-1295
(1994);Thygesen, K., Alpert, J.S. & White, H.D. J. Am. Coll. Cardiol. 50, 2173-2195
(2007);Morrow, D.A. et al. Clin. Chem. 53, 552-574 (2007);Gibler, W.B. et al. Ann.
Emerg. Med. 46, 185-197 (2005))-> A1 v =5 E] ALo] @A S 7F AR 5
21T Antman, E.M. et al. N. Engl. J. Med. 335, 1342-1349 (1996);Wu, A.H.B. &
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Circulation 100, 1509-1514 (1999);Wong, G.C. et al. Circulation 106, 202-207
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5] ERxd 48 d A $44 Q1 ELISA(enzyme linked immunosorbent
assay ) 'WHoll 7] &8ha Ve W 9] F-5 H Y 9 & A E 7 Y (Rosi, N.L.
& Mirkin, C.A. Chem. Rev. 105, 1547-1562 (2005))
ahw o] AL g AT

713 A

w2 AT EAR S sl dska Al oAl ofste] ¢t

Xﬂ%o = slo]t.

g o] thE B AL Y] Vsl o] Rl ZINkek 33kl vt 7]k
23T Y AA & AlE8k= Aol
A A s

A71e] BHA& IS 8ol B d S A HA4S EA s ¢ 8le]
Wby & L2 A 2 o] 7] F (pore)Sr $F-$F L= (nanotemplate) ¥ = 71 2]
UM g 5o 54 U)ol =59 728 2t Ukdld 258
A &gkt

lﬂt “3‘1]7‘1 01]7‘1 'Ur‘“ﬂoi' HAFo orE ALEH A om, YEE &
& 5° Ni) & S 8taL g} s A A}
(chemlcal mechanical pohshmg, CMP), % 1F-8-/J 0] 2] ZH(reactive ion etching,
RIE) 5 ¥ &2 WHEA| A & o] &35fo] uf-§- 7 U gk v o Ho] &
EEFAT = T ERE v S
g o] o -3 ool Qloj A, Sl W= Ni, Fe, Co, Ni, Cu, Ag, Au, Pd,
Pt 388} 3 o] 5 < (transition metal) 7 2} ©]& 9] 3 (alloy), =+ 2124
13- A (polymer) &% 7o 21 7] X4 (electrically conductive)= Z&
EAREY FEgit) old g w4, 3t e S 7INbe ® g & A28
2 wZEd FE-S 4FsHoxidation), él?i}(mtnflcatlon), &3} (carbonization) &
-4 2] (post-treatment) T <5 (metal) 2 ©] 2] 3 (alloy), ZL8] 3l 0] & EZ 33}
Abs}(oxide), & SF&(nitride), & B3} & (carbide) = WA & = Qi)
28 A ¢ 1ol A A A b 1 EApe] W) Eado] 7 51 7L E o]
= AAE FAE A A7)E Tk EYwE g aE- A (polymer) 7
ol A3 0l W] apo] BAke] Aol TIEks] 71 Ak o) 9 ke kA
&0l st & 2o SRACAA)E o] FA HH 0|24 A FEHE o] FA
Ak 2 g o] A Fr ool A 87 s AEA ALl AkeE
24 2] o} Al &l # (polyacetylene), 3 ] o} & (polyaniline), 3 2] 3] & (polypyrrole),
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3 2] E] @l (polythiophene), 3 €] A1 31 1] E 2] == (poly sulfur nitride) 5 ©] 1 o1}
SEESEERIE S

¥ e o ool QloiA), et
oxide, AAO)JJ- 78 harddF A A9 VB =
1 Zlo] upghA ght o] of] §-78 1 #| o} gk},
g 2 (a) {9 7] 8-S 2 U =5 (nanotemplate)S 1| 8
Ald) 7] YmFo] 51 Aol d55S P8k G 7 HieEs

10

S=FAEsle-F 1] F (anodized aluminum

Poly-Carbonate 7 softgh

T
=
= W
e

w
Ao 5 oS Xl &M 429] %k 3 o] & 7| A= (cathode) = 3+
A7 Ew WA o] &35to] A7 B9 7| & & 35l 55 v dS

-

& U= AE- 3}8H7] Al 94 v} (chemical mechanical
of HEtslsh= @A 2 (o) A7 U=ES

=
o] 2- 2 Z} (reactive ion etching, RIE)3} = WA & ¥ g8}

H=
2o Az el o Aelol fleiAl, 4] @yeAlel S
250~350nm¢] 7 o] npek A gk} o]of A % A o] s},

L E R EL
Ag, Au,Pd, 2 Pt ©. & 4
3954 op] ek,

ool oA, 7] T4 o] Ni, Fe, Co, Ni, Cu,
T O 2 HE A8l o] nlg#] 3 o]

2k o] A i ] 2 S oo oA, dT] o)d 9 75 o] %
ZeslE 92 T4 Aol E W 54 &2 o] = W 5k (boric acid) ]
Eghanel Aol vkt A skt ol ol @) ob] s,

ok o] Az el Bt U2 3 o o] Qo A, AT ek Al 9] HE-g-o] 2] 7
A2 BCL7F=E A8} 0.25 im/min®] 2] ZF&(etching rate) = 10+ 7+ AAO
U5 217 el Al o] upgh A sl o] o] gk ¥ X] O}q =

Hodbrd o] A ZHbH o] o T2 L ool A T Ag, Cu, Au, Pt 3} 7+&

FE45E TR ALY, o uhdtolE A EA S VA B TS50 2 ALEE
ATt

o g o] Az el vy @l 9o A, Anode 5 Pt7F A ul A o =
PO|A| R P, Ir 5 7Fg 3k, o] o] ¢k & #] o} d‘:}

ol ok o 4] 2o o] 545 U heg o] R &l 7] | 2l (chimeric)
U= A E H7Fsko] a1 845k 32k Yt 7]k Ur‘“’q A& A Eskt

2 akg o] o] FhE ool 9loj A, A7) 71l Y A= B HY
Hl-o] 2] 2 (HBV) 8] 7] v ¥ @il A 2l Fl o] uhe A gfit ofof] S ¥ X
o}y gk},

Wk o] th2 S of o] oA, V] YAl = 5 A npA E QLA
YA & v S L3k slo] npg A shy o] of -4 ¥ %] o} gl

g o] B vk ARl dol]l oA, ] AN miA = ER XU IR A 0]
Hl- gk 2] 31 o] of] $+A4 & %] o} 1] glr}
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Woabrg o] o A ool Qloj A, AT W kg o] F) v 2] WA A 2 a)
B 1t vho] ] 2 s10] T (HBVeAg) + A2 4-F 128t
N-Ndel-hexahistidine-HBVcAg(1-78)-G4SG4T-Xhol-C 2
N-BamHI-G4SG4-HBVcAg(81-149)-HindIlI-C 9] $A1 S I =81 F F-4 %)
S22 A= @b 2R 2 3 A 2 @A A(Staphylococcal protein A)2]
B[ Q1(SPAg)®] 209-271 %+7] 2] BlY 2] 9] EE HBVcAgS] P79A80E A 3} 7]
A3lo], F & 2, N-Xhol-SPAy-EcoRI-C " N-EcoRI-SPA,-BamHI-CZ
Alzsh @Al o) 7] Hl Fd A F8] e ghol Al o] & 8¢, N-Hiss
"HBVcAg(1-78)-SPA;-SPA,-HBVcAg(81-149)-C9] $HAS w1 al+= Zef=n| =
e WE S ARk WAl 2 d) AV AEEE S S5l JHdEeke] 7] v g

A o] FHAE sk Alo] vl A gk ool §-A ¥ A o} gk

- g A Aol ARE-E 7 e gl = | W U= Al F g o =
AR O ZA ST B gl gt V]S nfg o2 i
=i xpe] 3ol o) o A =4S AFAI A S mH] thest 7] 5 g o] FolH
Tl = T V= 2E o) m] gk, B iy o] HBV A =71 SPA,
o] W t]AaZgo]E ¢k il vlo] B 2 AFbE = (scaffold) 2 AFE-¥ A 7t
U2 vlo] ¢ 2~ B vlo] ¢ -F AL YAHE R 3B SPARE U & o] 8+
Zle e dhlE Bei= 7w e e xpo] A o] AR Sl

g ol A HBV rafl 71w B el o) g A gof ofn = AR Ao =,
HBV & @zl o) off el 2 & A A A A thdst 7] 5/d o] F-of v
e W Y akE o nght

g ol A Y Al A = 7 AV A o 2 Fr A W 54 s e, A
DNA, @ 5 9] vlo] @ =2 & TrA| st AV S E440] &9 R 5 R 5
=45t vl 8ol J-gdn] W Ay o] AFEE SA AL 7] A
FAAAF volsl=d] AFE EH = G A E o gt

o5} & g & Ay,

ol o] AA] o 2= YAl o] d e A HH S Ay Ert A A
19] A #g& =13 gk

Hodkvg o] A Ao 12 T4 F (anodized aluminum oxide, AAO)

=
U= (nanotemplate) U ol A 122 Zb= LA 9] 34 o] o]o], AAO Y i
A2 eido] mEd 7 E2E 2 s
AowA, kol g foole] &
vitro) }-& 0] 7}5 ¢k vlo] & v Fuf A A ke 1 A o] 9l

B A A 19] 7]e 2 A 7|5t 7IHES F 7] 24, WESE I A E 8 A
SR R PIP I E PE
(catalyst)E A 1] 3 | 7Fs @
EEEEPEE PRERERE R

| (nanotemplate) W] o]
YA =8 3 gk 5, A B A (selective)

G0l &4 7t RIE)S 58 17
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3685-3688 (2001);Chien, R.J. et al. Proc. Natl. Acad. Sci. 100, 4984-4989
(2003);Wang, J., Polsky, R., Merkoci, A. & Turner, K.L. Angew. Chem., Int. Ed.43,
2158-2161 (2004))=- AFE-SF 74 9-Hu} Q1 7F S Aol A 106~107 Bh> E R
Fre A= T Udve AE BT vlo] & YejiAbe ERE v 9
A A E fske] Ao MFAd= ELT/} el Aghd s = A
Al ERx U vtA ] ¥ & A2 AE W EE AA AR YA
Lesof = A7k AAekA] g dA o m e A4S A
A A O FEE S Qe B S of e th v vhA ) o)
FARE e WA A E A P she b2 vhole) 2 bl AE o,
ShH, HBY Fof il & 4 71 Aokl WE R A ¥ AL 3a),
Hhe] gl ofof| A ke A, Blo] ] 2=9] H < A = - Z(Bottcher, B., Wynne, S.A. &
Crowther, R.A. Nature386, 88-91 (1997); Crowther, R.A. et al. Cell 77, 943-950
(1994)) 2} -5~ FAFSE 510 Al QIA}= At vt HA A2 v 4
Sato], HA 52 149 7] o] F7F ERA ] EHl A& HBV Fof @i 240
A2UHAE Lohale 3o A JAE FAJ S DA 36 nm A4S 7HRITk A
1 313} 9 vl (Bottcher, B., Wynne, S.A. & Crowther, R.A. Nature386, 88-91 (1997).
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o] ofe 9 Jetol= B e A Aol Yk 5= ol
(@]

ru& o
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—\711

= 40 Ve Ble} 7ho) 3.2k
th-& 4 (porous) 2t 7] v €] v}l b= A 9t at
Agkate GAE J7kske] AL vt 2
Sholof &2 & 7] ol leFH aL, YAl = M 2 %7] W= ‘37] 2 22 7] o] E ¢

|35 4). 01 T A gl o 9
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S.W., Pearce, L.A., Ler, R. & Murakami, M.M. Clin. Chem.54, 723-728 (2008)) 7}°¢
T2 $252(0.25pM) Btk T 2F 100,000-9) U 3 W= E 1A AL, E A 2
ELISA - (Rosi, N.L. & Mirkin, C.A. Chem. Rev.105, 1547-1562 (2005);Hirsch,
L.R., Jackson, J.B., Lee, A., Halas, N.J. & West, J. Anal. Chem.75, 2377-2381
(2003);Nam, J.M., Park, S.J. & Mirkin, C.A. J. Am. Chem. Soc.124, 3820-3821
(2002);Niemeyer, C.M. & Ceyhan, B. DAngew. Chem., Int. Ed.40, 3685-3688
(2001);Chien, R.J. et al. Proc. Natl. Acad. Sci. 100, 4984-4989 (2003);Wang, J.,
Polsky, R., Merkoci, A. & Turner, K.L. Angew. Chem., Int. Ed.43, 2158-2161

(2004)) HoF= 109~107 U] W17gh wh2 108 3 0.2 A 5= 6). Ni
Ll of of Al = st of] 7] v € Uri?JXH Aol (5 =79 B @A), ZL Ni
Ledo] 58 & 69 tlxte] Aol A gely = Al o] FF | v|Al 29
7H A &5 oF7] 3= W(bare) Y7 3EH of] Qdot-22} 34| o] E-o] A AjhS

A 3l7) el Fiek e 7l E Y AR EEE T 13). B AMI $h4)
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[45]

[46]

[47]

Ezxdie 10t 5 =), ARl
PVDF 3ol A5 344 A F 74 &= H4 2 7198 Y= dAEE& AH_ S
Aol vl gko] FASHA W RIS A =
HjgkAJol] 7]Q1&}+= 71 74t} PVDF %W ol 215 4 d A2 ddsia
ERE ) v A2 S 7Y 71 i abell and A of v kA 2
LA o] I Eo| A T8k A 0 F e
2 g5 AMIE 7§ S 26 AMI 3HAR(3E 1)9] 42 X et A PVDF-7] 1t
15%1-% H2~Esglar, o1 A A& ELISA-ﬂ*ﬂJ A 2 ALkl (e 119
1 b). ELISA-7| W -2 o A (X2 119] b), Al (No. 4,9, 2 18) AMI &4 & 3 2
P o AFEA &k, F FY B 7F A AL gk o] BT
Ao = e, 9% (No. 1,2,3,5,8,11,16, 17, 2 23) AMI $+#} & © 2 3LE] &
ANEELS Pl ot A AL vRE A JAIRE, 7] w ] Y92} +
PVDE-7|4F 524 6. w1 = 26 AMI $+4} & A ol A 4 &3} kA AJ:@:% LHER AL
w2} A 100 % A2 43S JEF QTS 11). (%F7] ELISA 54 24 3} 1=

>

(2

AT A 9] 8}o] 71 ELISA 7] E 9] Q134 o] 875%:% XHH‘}i [RR=E
wobA] 2 4Th B PVDF 3290 A4 314 € &A= 1000-9) 3] 4] € AMI 22
AL sk Ao el 7w 2] =4k + PVDF-7 9k 4] 2 21
Ay A Ao ERZXUIE AET 5= AUA (& 12), ¥ 25 9] 33+
Hayo] w9 22 ool A} F Ao AMIQ] B & FRE S dtkE AL

e,

HBV A = e 7] w8 e PAF " 3-2h9] Ve 2 A (Ni W3] o)) &
AFg o] WA S S B E | Sl 5o AMIpHA G ola ] § 2
9 A AL A, 2 e
A7} SPA,S] P 1) o] % 9% 2 ho] 82 257
@ﬁﬂﬂ@ﬂwemmaih%mmac%4mntﬁJm9%é

H g vk ope whl
K ﬂﬂ 3f<}-°d ‘%}‘%ﬂﬂ E‘QE argshd Al e 2y R o ]lske] 1
A R B QY S0l 3] ELISA WA el nlaste] SA| 57k
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[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[¢]
%18 2 ue] dA Kol FYRNAER Feslo] Fe] AP

=
ekt : Bl FFAEteFuE 4B 3, Elb)E A4 S 2ol
o] gk AL ZF (Ag, 300~400 nm) 9] 2, Fl(e)E= HimE Wi-oll o v o] 34,
Bl HeEd Ydedo] Heskdd, Ele)w Wiedlo] F2E ¢t

o] ] AL 3] o] 2] AR AE ] A (Field
Emission-Scanning Electron Microscope, FE-SEM) A% & LB}l T}

E2(a)9 (b)= SFehr Al vE (CMP) 578 ol o &ff sHekeld =, 2(c) 9
()= CMP s Aol o Harsld @i, E2(e)9t (Hhe HeEY 4l
W30l 221 ZH (RIE) 34 ol ok AU =30 d 29 v Le,

% 3-4+3= vfo] & 2= v =g afe]] ZINkgh 33k e A AbH S Ve T B 3
<l BY 1hsiutol e 2, (HBV) A = YAk F ool A 34 71 g
=912 TEM o] 1] A 2 A o] 1| &2 45= 96- nlo] A 2 Fof g o] E ol A
'(H% ﬁ% }\]/\Eﬂ/] T:/\]a_ o -y B2 1:]/\-] Oja ]q_ o) O]:o]_ll] 1 AW H].ﬂ(ol
Bolle EREW DE QA &= FA S 7] v = YAt Agtstar 543
W o] v A 2 7Yk ER S To] 3hA| o] Agetar, A2 A A
A Aol EH 22f A = =3 H vt

56 ERNXV Y 5 Vel = 1"l ot I 5% §439] ELISA -4 o
0. 1 nMHE T L F o e ERX 1S HAE8HA ket A8 HoFa, =
71 e g2k eF YA gl o] & AFE- S A2 PBS Q1AL
ol A 10-8(attomolar)®] W EE H o= S YEFAY, 'O 27
of 7] 2] v} AH(PBS H ¥ 5001 30nM)= =32 Ni U 18| o]

_l‘é
%

3
i
O

c:
I
o

PE
59 %
el ©A] Qdot-27+ FA vk ke 29 o v gk

578 AH b sk A b E B A28 tebith 78 0%
Ag 1 thesole] A3k M-S AT 4v7) TREFO|T 1 8L
lﬂ‘fa% /\] Eag=IR= /\]_B_agq_g EZy4 I (Tn) A Z o] of &4 o] B o] 704_/[:?1
AARS YER = A WelEt A, B, C, D, A 43 A4 2 PL/PL= acll 310
At 2 AAzE & AR PL E7HE ehdi,

% 9-102 PVDF ol 3t E =W [ #2412 VeIt & 95 PVDF Yol
A 71 = Y=g A7F PBS H A1 A B A FASE HE A EE
el &= 2 Boj&t), & 10S PVDE Yol A7 114 9 g4 = 7] €
=i atel a1 E Aol n)3fo] A8 A v Mt EE HoEr,

T 11-12= vpol e 2 7w g Wi A) 7k A o] Q1A Hol A |
e 19 o)t} 16 7Sk ALt 26 AMI #H A2 5B -] 8 35
PVDF 18] 7] v W= A5 AFE G 7 f-oll = L& $hAte] ERX

111
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[56]

[57]

[58]
[59]
[60]

[61]
[62]

[63]
[64]

[65]
[66]

g3l A AEE YA 119 a #31). ELISA-7)WF A& 3 3244, 9,

18l M= 3l Eoll A3l oL, 902 e A Q5 A& (53 4 Aol uf-$-
73 238 A 35 VEFATHIE 119] b). = 125 7] 2] Y= Al Hakw
Aol A= 1000X 1) 3] A | A Eoll A ERXU IS AES 7 AJAAR
PVDFel 215 11 € A A= A5 5 T3S HolEr) 74/M 2 75/F=

<

v
i)
=]
rZ
=2
k)
N
N
i,
o
<
ov}
Y
>
[
o
=
N
A,
1H
W
r
s
>
1o,
o2
o
iR
o
ol
rlr

T ()@ o] e 9 A (7 4 nm~ = W nm)S 7H] A4S
- Z1F Y5 (AAO: Anodized Alumina Oxide)S §H43 3}, Z1 5 = 1(b)9}+
7o) 2F4] 1 =F (working electrode) O A & (Ag)S HARIF2F7] 2 250~350 nm
T 2 AAOS] & o] F-2kelt}, 13- Nickel Sulfate (NiSO,-6H,0, 0.5M) +
Nickel Chloride (NiCl, -6H,0, 0.1M) + Boric acid (H;BOs, 0.1M) -& 9 o] = 1(c)3}
2ol AAOE Y2 3 AU A =+ (counter electrode)= ¥l (Pt) O = 3o L7
=48 S2keku), o] 7] A Nickel Sulfatet™ =5 2] S4] 501 Nickel
Chloride:= 2712 A XA %7}, Boric acid+= pHE] &34S9 3 1] o
(Buffer)& 8 © 2 22211},

- YA LA o] ] Eks) -

1% E 1(c)9F Zol AAOWFAl A W3] (overflow)o] L XA} 2k (underflow)
AAS o YA 9] o]l & AAO YB3} F AU A 817 ¢ s)o]
)54 7] Al A A 1} (CMP: Chemical Mechanical Polishing) 374 & & 3}o] o 2F 10
m 4% ArtE A A g
] 1} 9] AAOH 29| % -
FAE A9, YA =M o] 28 9]31o] AAO YieE 9] A8 A<
I (RIE: Reactive Ion Etching)3-7d ©] o] Fo] X}, o] &4 BCl,
asE AF-&3}o] 0.25 um/+i- 9] 2] 7}E (etching rate) = 104 {F
. 0] %~ =AM &4 (DI water: =<~ =, Ethanol)=- "} XA 3%
ol 342 w8k A H.
2o 2: HBVAA E-F 8] 71 €] &= Qi o] A9k

| 3% 10 71 A€ Zefo]H & AFE-g o] A &2 PCR $-of], & g =}

=
i
S

S
o
jul
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s
=
lo
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ro
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[67]

[68]

HBV F.o] @+l A (HBVcAg) T+ A A 255 3331, N-Nde
I-hexahistidine-HBVcAg(1-78)-G4SG4T-Xhol-C 2 N-Bam
HI-G4SG4-HBVcAg(81-149)-Hindlll-C ] 1< A =38t F 1344 S8
A AT}, B SPA; (209-271 Z71)2] €1 2] I E &2 HBVcAg2] P79A80E U] )| 3} 7]
A3lo], - T2 2 N-Xhol-SPAy-EcoRI-C 2 N-EcoRI-SPAy-BamHI-CZ
A3k ek Zek2n = pT7-790 7] W] 04 2] dd 9 ol Ao A<
Ealo], B oy z} & N-Hiss-HBVcAg(1-78)-SPAg-SPA,- HBVcAg(81—149)—C/]
S I el Sek=v) = 2E W E pT7-Chimera-HBVE 7-% 3} 31t}
xﬂ_;@ ;q] *—;q_zu] = H]—‘cﬂ ) Ei/] 9};@ z;} DNA /\]i/ﬂ 3. E. coli -;LZF
BL21(DE3)[FompThsdS(rBmB-)]E pT7-Chimera-HBV = & 2 4 #8435} 31
Ay A A FA A S eSSl 7] v g Ur#dXH v?ﬂz} e,
A 2 TEM o] v] A] 3242 Ahn, Y. et al. Nucl. Acids Res.33, 3751-3762 (2005)0]]
71419 A3t g2 g o 2 =88]l
HBV AA &= 8l 71v 8 Y= =] A z29} #dH ¢ Zefo]r X d it 53 o
o gk g1 Bl ool th gk <% U Al g 7] Al = of i oF 2k

st 1
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A Zojo] |INEME |A7IME
v
Hepatitis |N-terminus |42 [ QAWM S |catatgcatcaccatcaccatcac gac att gac ccg
B virus |of HBV 1 tat aaa gaa
. . o N
capsid capsid(r e Al |HEAHE cceacteectecgecace gte ttc caa att act tee
AAA D | o 2 cac cca
1-234) 5 ol 1l =
FENAL (M AW S |etegagagtacegecteceecacteectee gee ace
Ea 3
C-terminus |4l |X € H S |ggateeggatecggtggeggagggtctggg goa
of HBV 4
capsid(-f+ | 4 A5
A7 4L 5
241-447) SHEJ AL (A € & |aagetttta aac aac agt agt ttc cgg aag
Ea 6
Staphylococcal Az (MEHE |ctegaggea ccg aaa get gat aac
protein A| B 7
vl SHEJ Al | EH S [gaatte gte age ttt tgg tge ttg
Ea 8
Az (AEH S |gaattegea ccg aaa get gat aac
9
SHEJ A (M D & |ggateegte age ttt tgg tgce ttg
Ea 10

[69]

[70]

[71]

18 Sefoln] AU g b v, BEAE A Ras 97D, 0E
A (linker) @ 71X 4, Italic : 67112 3| =W A7 <ES YEFAL.

HBY A= e 7]l &) Ll Ab S 1A= G o] 1781 A o} 12k
A B, 22374 5 28 9 o](Staphylococcal protein A)7} ¢4 4 0. =
27K FEEE o] Q= A, ZLe] Al A= 2l o] 81-1491 A of v bt
MAFELo R UE = AT I = @i o] 1-78 4 A 22 : NCBI Nucleotide
accession number: AF2865942] ¢ 7144 : 1901-2134(A D & 12) W o} 1] =4}
A AA BN S 13), A= T o] 81-1491 A 714 A& AF286594]

A7) 4D 2141-2347( AT 14) H o} v it A2 A AWM S 15 12 5L
I =¥l o o] 9] A A2 NCBI nucleotide accession No. M18264, nucleotide sequence
625-813(M AW 2 11), R ofv =it A2 A2 16)

Z WA F5-2 HBV A = il 2l o] f-7 %) 4] & (NCBI Nucleotide accession

number: AF286594 A1 & 5 1901-2452 A )& 58 .= 3lo] 67)] 9] 3] 2~E| o]
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[72]

[73]

[74]
[75]

[76]

ZghE o] ol ol AR 139 FAA DM =4 A AE
GGGGSGGGGT)S 23h3la1 9l = Zefolu] A4 2,38 o] &3} &4
PCR(extension PCR)S % 8] 5} %1 T/} $A xZgtoln] Y 13} 25 o] &84 PCRS
et 5 3 H PCR AHES 8 0 2 X Elo] A4 13} 38 0]8-3}o] PCRE
#638}213}. 71 A3} 5°-Ndel-HBV 4 A = @ o 2 (o} w14k A

1-78)-# # A 4 (GGGGSGGGT)-Xhol-3' ©. & o] F o]z PCR AHE2 3} 1 3} 9l ).

T WA H-5--2 Staphylococcusaureus 2] protein A(SPA) $3 7141 <€ (NCBI
Nucleotide accession number: M18264) 3= B =1 $1 H-3-(SPAg) S +8 o = 3}
Sglolw A7) 73} 8, Z12] AL 99} 102 0] 8-3}¢] 5°-Xhol-SPAg-EcoRI-3', 5'-
EcoRI-SPAy-BamHI-3’S &4 31+ 5 71 2] protein A BI=H|¢1-& PCR AH&S:
ﬂy_-g}_oﬂ q_

Al WA -2 HBV A = a2 o] §-42 S FY 27 o]

A Go}n =2k 4D GGGGSGGGG)S E38H38lar gl Zaloln] A4 4, 59}
stgloln] Y 68 o] &3lo] B4 PCRE =3 al 3t} WA Zeloln] A 59}

S o] &8 PCRS =8 & 5, $HA) ¥ PCR AHE-2 thA] 3 0 2 &}of
aeloln A4 49} 62 o] & OHH PCRE #3)3tl v}, 71 A7 5-Bam
HI- % A 4 € (GGGGSGGGG)-HBV A =t (o} 1] =ik X A 81-149)-Hind
I-3' & & o] F0] %] PCR AHES g1 3} v,

A A of 3:upol e 2 QIS ALR3E 3319 W ek Al AEl] PR

Nitle g o] 7] gk A] 281 A7) 2 A] o) 19]] 9] 8fo] Az 1A 123 o
T-ZZ Costar 96 ¥ = ¢ o] E(Cat. No. 3599, Corning, NY, USA) <ol $] X A Z v},
71 =25 24 8817] A, ZF L 9] Ni Yied] o] & 0.3 M 34k
AE-3Fo] 154 B9t 48] A H3ta, FHTE AFESFe] 103 5t 63] Al H ek 5
AA3A Az oS, ZHE 4209 650 nm 2] o] 7] H HFALE TR =
nho] 4 % &8 o] E ¢ U] (GENios, Tecan, Austria)S A}-8-3}o] Ni U} 43| o]
TZENE A FF A sE SA AT A Ao 204 A ZE 38-nM
71 e Ur=JAE 7R = 50402] PBS B ¥ E Ni U=l o] %ol H7Fskar, 50
mM Tris B] ¥ (pH 7.4) 2 4| 2 3} 5~ 30 1 FoF A3 3] ankslivt. gl
gHE 2 ¥ U gHA|(5 /ml, Cat. No. ab470003, Abcam, Cambridge, UK)&
E3FEkal 915 200 102] PBS W ¥ S Ni Y3 o] 2ol o]u] 5144 7] v ¥
=Rl zbell 71k H, 2 Al ZE 5ot A s] wiksle] 7w e v )i A} 35 o
sHA| & 314 3} 39l v},

PVDF-7]4k A| 2 8): Costar 96 & % & ©] E W ¢l] PVDF "} (Immobilion-FL, IPFL
10100, Millipore, MA, U.S.A.)= 1 & &L w20l v 2] ©7} %41, 5-10% &<t
PBS B ¥ (137 mM NaCl, 2.7 mM KCl, 10 mM Na,HPO,, 2 mM KH,PO.,
pH 7.4)Z A A3t} 21 PVDF o] ek &) Al 2125 7] Z o], A A] of) 20 A
AAE 71 H 2 Y=g A2 £33 PBS W H 10 W2 2] Aal) = %] 7 o
GOl BT}, 1 F-of] 1w B ] (19 HX )0l A 147 Fok HH ]

[‘
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WHFE}AL, 305 5o PBS W 3 = 23] Al A elt). 71 v gl vl A -l %7}

[77]
[78]

[79]

[80]

=l
N

43} ¥] o] 9]+ PVDF W2 ¢4 g-EZ 2 [ T2 & 3-4(PBS M W 20
ug/ml; Cat. No. 70-XG82, Fitzgerald, MA, USA)7} 335 o] 21 200 02] PBS
HF ol A 241 7F &b A 8] wnkalo] 7] g vl A} st of] A E 214 3}

-;ﬂ_oﬂq_

Aol 1. ERx 10 HE 9 AMI SHxe] Xk
ﬂEiiﬂI%ﬂéU]MﬂﬁﬂE%H\/ 1 ol e e A,
S 1A o] 10l 4] A2 Ni Uhies] 0] 2 PVDF "ho R 74 1 37)

b 3h= ]/\Eﬂoﬂ 200#@,] ﬂ‘ﬁﬂ?q(AMIﬂX} 5‘1573‘ 6}6474)nt1—

ER

ZXURIZFAY EZ W T-C 5344, Cat. No. 8T62, HyTest, Finland)©]
SE5hE PBS W ¥ & 3 7FakaL, 20 23F kel ar 220l A 1A 7 vl &9l
PBS M ¥ & A}-&-3}o] 54 Al & 95, PBS H ¥ 1] €] 200 10 9] wh--2= -EZ X1
w2 1A (3.2 pg/ml, Cat. No. 4T21, HyTest, Finland)& % 7}3} 3L, 202 7F
SIS 0 1) MBS 31 At 332 A 215151 20
109] Qdot(CdSe)-25+ Ab 71577 0| E[1 nM, Qdot 655-1 4 F(ab'), 31§22 1gG

719771 ©] E, Cat. No. Q11021MP, Invitrogen, Carlsbad, CA, USA]E F 7}8}3L, 20
G gk SIS} k8ol A 1 AI2E W] 9SS % 7 © 2 PBS W] 9] 2 A& 3ho] 103
&S AlA S TR 2 5 242 4209F 650 nm ] o] 7] R ALE ZHA =
vho] 7 2 &2 o] E ¥ (GENios, Tecan, Austria)& A}-8-3}o] FFn|UA2=E
=489,

ool A BLE ELISA A 21318 ol H|ER Aghg o7 sty EA4k3 ]
ELISA E 23X 11 o] 4| o] 7] E(Troponin I EIA, Cat. No. 25-TR1HU-EO1, 96 wells,
ALPCO Diagnostics, NH, USA) & AF-8-3lo] =8 5 o), 73] A) 2. oFskiA
Ay 7| E T2 B whel, 1) 100409] A7 F A (AMI 84} E= 1748
Ay e ERX WA EZ XY LT-C 584, Cat. No. 8T62, HyTest,
Finland)©] %34 PBS W3 & A-& 4 A7} Al &3 96- 2 who] AL = & ¢ o] E o]
A-z 8w Aol H7}skar; 2) 100 402 "E A AFA ) E A FHRP BAR
AFACIEY F-EEX W1 A E TS 7+ el H7F 5, 301t -3

i

)
3T, 0080 ol A W Fd SRR 53] AA A 3) wE AT
Bee

A A 8k7] Yate] 4= H ol Aol L& MA FE=H 3 100 102
i 1 ﬂ%f‘fP 71?&1% %%)"-% ZF < o] %ﬂﬂ =3 Siﬂ

o
n=
2
AR
W

fi{kd
é
m
AL
4,
Q
sl
Z ¢
2
H
&
u%
>
Z
.
N
i
~
>
ofo
ol
£
o
o
oy
o

EZXUTEIAT 87.5%9 1784 Sold& 7HA =
19] Aekz =A zkol] ok A FHA =&
LREZNA VAE & ELEU A v)ste] AA s whskar, o1
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AMI 34} &

oy
=
LN
£ v B
o xR o
fig Mo WK
<0 T o B
T = mn A T
oF | dm ™R A %o oF
| | RO AR R4 ae
s g
R = A R R A A A R A R R A A R R =R = R T A R =R A = X
o mo
" <t v [o%o] o0 on ] N [o2o] <t e~ O W o on [o%0] N <t [o%o] e~ (@) — @\ (@) (@) e~ "
‘m; ~ ~ w \O \O [o%e} W \O ~ ~ o e} [e70] W <t \O W o/} W on <t on (@) ~ ~ o0 w ‘m;
e
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1 34 M Ay 9=
2 24 M
3 28 M
4 25 F
5 45 M
6 24 M
7 27 M
8 24 F
9 31 F
10 25 M
11 30 F
12 24 M
13 26 F
14 48 M
15 26 F
16 29 M
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[7d7-8 1]

[7d -4} 2]

[ 7% 3]

[T 4]

[ 7% 5]

[ 7% 6]

[7d - 7]

[ 7% 8]

[ 9]

[7d7-8 10]
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ATH 4
U= 5 (nanotemplate) ¥ = 79 Y Mo| nid 12 E
L—E Uri“?ﬂ ¢ (nanohair) T-Z&.
18+l 9lolA, =F ¥ 1142 Ni, Fe, Co, Ni, Cu, Ag, Au, Pd, Pt
]Q@J@mwoi?ﬂﬂ?OETHHQQ§%ﬂEfqg

Nx\l

3ol
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[Fig. 3]
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[Fig. 7]
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[Fig. 8]
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[Fig. 9]
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[Fig. 11]
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[Fig. 13]
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