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ATE 1

AZF Y™ F3 @l Vg A c22p, ¢33c, 5-1-1p, cl00p, B o]E°] 204 §FH dIEZRE F
AR oA HEEE & oAkl (¥ zhdulolHA(HCY) A Bold oyEZIE MB Ao]d Hj& R wdE o
AE CY 749 WAENE A adx)

A3 3
A1gkel] AQojA, Ar] 2014 F&EH oI EZ= c22p-c33c, ¢22p-5-1-1p, ¢22p-c100p, ¢33¢-5-5-1p, ¢33c-

c100p, 5-1-1p—cl00p % c22p-5-1-1p-c100p & TAE oA AEEHE AL EAHoR 3= (3 1Y WA
£ w9t

374

ALl i, 7] CF hdvbel e 2(HCV) & ol dvExrt 7 TR=E wdEs 45, 47 CF 14
Hrol 2l A (HCY) @A Sol# dvExs 7] wwid ymiabe] gl 2:8-8:29] &R §9 TSl gle
Ae 5ACR o (F 49 W48 @i Yx=9at

A3 5

T7 Z2RE, Azk fdd S48 dide] fAx 4 ghgutolg A(HCV) A Eold ovEXE mgsls
GAR7E AEE A AZA® AIANE; 9 ibpfxs TEEE, A7F FolEl 2 dwld 2 3 zrdnjo)#
(HCV) &A Sol3 ouEXE E AR AErtseA 24" AaE(d, A1wE el A2wE ) ¢
ZrAnfel H A (HCV) Al Eold WEXE IYsts fdxs Foldh) 7t TdHY e Ax AL,

A7 6

A58kol oA, A7) AFE v AEL A (Escherichia coli), ¥ #~ 4 (Bacillus sp.), =
4 (Corynebacterium sp.), ©ol=AgXo} < (Escherichia sp.), 3 XJo} <(Pichia sp.),
(Pseudomonas sp.)  A}7}Eulo]A]~ £ (Saccharomyces sp.) 2 & TAE oA AEEE AL EFHo=R 3=

A z23 "=,

A3 7

A5l AofM, &7l WE = A7k (self-assembly) @A} € Fntol 2 A (HCV) A 5014 ovEx
Atolol] @7 Mol FrHH e AErteetA AdE ] = ASs SHCE s Axd =,
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A7 QoA &7 BA A ES G3SG3TG63SG3% AS X e AxF M=,

As5ge QoA , A7) €Y FEnpolHA(HCY) A EolA o|uEXE ¢22p, ¢33c, 5-1-1p, cl00p, % °]E9]
e oM EX R G TolA AEEE AS 5o s AT vAE.

A3 10

A9stoll 9ol A7) 2014 §HE AU EZE 22p-c33c, ¢22p-5-1-1p, ¢22p-cl00p, ¢33¢-5-5-1p, c¢33c-
c100p, 5-1-1p-cl00p = c22p-5-1-1p-cl00pE FAE oAl AEHE= RS EAo R 3= A2 nAyE,

ATE 11

A5Fe] AxF PAES ekl Az AR F4 S gwgiAke] xRl E olde] ¥ il
(HCV) @A HolA ey Ex7h il = CF 79 WA
71 AdE e Ymqats ﬂ#é% WAE ek,

= =, = 9 cH E
27} A7tz (self-assembly) T T &3 ddF o] = (F 7HY WA EAE dulF izl A
H}
o 9.
A3 12
A 118 ol A, A7) €8 7rAulol g 2~ (HCV) A Eold oI EXE ¢22p, ¢33c, 5-1-1p, cl00p, ¥ o]Eo]
201 g dYEZZ FAE FoA AdEEE AL EFoR I (F 7 W9EME dE a9l
A Z 4
AT 13

A12gel A, 471 2014 FFE SITEZE ¢22p-c33c, c22p-5-1-1p, ¢22p-cl00p, ¢33¢c-5-5-1p, c33c-
c100p, 5-1-1p—cl00p % c22p-5-1-1p-cl00p = FAE TA A= AL EFo=z 3= (3 79 HIRA
& W heiake] Az

A3 14

AL WA AU F o= & Fo] (F 1 AGRAG WA e TP olszAl,

A7 15

geel wlE Eite
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A3 16

A5 oM, 47 ol AFGAE A8 Bt Ao} i AL PO e (3 1Y AL PP,

o] A4

7l & &£ of

oy e ookt AwulA QA ovExel AAR whuld yngixl 9 o)E o] &3 unit: HAWnlA HEW
el #3k Aow, By FAASRE Strong B Weak TREE], IZF J T3 dd fH4 3 dW
A BolA JuEXE FYdte A 2HETHs kA ﬁ A7 A1ME]; ¢} Strong X Weak TEEE], <17t
Al T g fHx F AWnlA Bold IEX & IYste FHAVF FEvhssiA AAE A29E
(&, A1HE e} A2 Ele] Z2RE 9 AWl Eo|d dIEZE I3 FAAE o7t B9Eo] &=
Az MAE, QI FEw S dulde] E o)de dAuvlA EolF ouEX7} e §3 *adE e
o Gegaret Az 2 ools XFete AwWutA dAEIe gk AoEA, B o] mE gl
wYPAE o] &g AWulAe HEWHS E ol dIEZE ohild Yinegae] mwe ugd vER 1F

g€ (Ferritin) FAL AFET 7MHE AFER FAE 24719 593 dild B Y (subunit) 02 44 5
] AR A FF I (hollow shelDE FAsTE ARI AFste 7] @d¥de A AY 7|5e& 7HAH,
A &= (iron detoxification) 7)< @dth(Harrison et al., Biochim Biophys Acta., 1275(3): 161-163,
1996). 747] @S gt x40 AT AES f8 AE U A #PS FAska, AE Yo He 4
gto g 93k 4ti-af gz A4S l]iﬁ}/\]ﬂ—‘f A BRE @idZA 758 sHh(Lawson et al., Nature,
349: 541-544, 1991). #lel€lel ¥A2 <F 500.000Dal.2, FAHE A& (Heavy chain)3} 7} A& (Light
chain)® T %0 Sla, A7k 29 9ol ol 78 JAE Fdstes 553 54 Yehdoh.

ibpfxs TEEEHE RNAZTEAS o] F= Al1n) 32(sigma 32)7F QA= 2B~ wheA T2 RE hpdB ¢
fxsA7} QR AZE oM o] IRRHE 747t 22 454 oA IbpA, IbpBeh AlXuiuhehuld FxsAe]
HAALel Bl gth(Kraft, M. et al, Appl. Microbiol. Biotechnol., 75: 397-406, 2007). ibpfxs TEXE+= 2~
Edzd vkgato] dAE &4 =7 widel T7e0 Bl AoiH o2 Weak AI7IE YERE ZREE|O|TE. V]E
AT e wEW A3 deido] M oA A Aik(overproduction) 2 AS- AEe d5AT AR =
Efs 9hgS e A3z Aike] Frtste] AEd A whgAd dlAe] S fFEST. welA 17 22
HE9 ibpfxs ZEEEZF e HEHE FAlo @dT A9, 17 ZIZEE g AxF @y Ak
ibpfxs ZRWEC] g zx3 Aol Aag muh 4 @A drhLee JW. et al, ACS Nano, 7(12):
10879-10886, 2013).

CF e € e wpol=(ieV) ol #ae @xte] Aot Ais al

Al 70~80%2] #Ap wHg Ao ® dstal o] bl 30~40%= WS, et

=} ”Fﬂ BAale] AdEe] A da WS
3]

Cq o] A2 deof HAALE Soff €3 2% mhelef s Al (anti-HCV)E AEsHAY, 52 CF 9 Hlol
S A g9l k= AAMHCY RNA HADE &3 Mg k. E3F dF FAV, 1HEGS = %
CRP(C-reactive protein)¥X% =4 % 717]% ZHAFALT, alanine aminotransferase): Thi-#9] gxzto] Aulkz}
g Aabel = o] k. o] Egk ALTS] A5 A AXAE S3) DA A o] EAst=
A (alanine, alpha- ketoglutarlc acid) ] wWkgo| o] —‘?—/&%E 3 AukeS AA
anti—-CRP antibodies’} A% latex particles® 3 z xl
HAHAY To2 SAEL vk, A7) 488t | e B 9 Am g, 38 SAHANEE 53 ol F
oxaL glo HEFHE FaA vt FHo] 735t

O

Cq 7 vloly2=e aA 3F:F9 +Z& @A (core, envelope protein 1, envelope protein 2)3} 5&Fe
Az e (NST, NS2, NS3, NS4, NS AEe] glew, dAAA vddt AFSREE core e
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olar, (B)x 37HA YA A EZ7} BA (multi-epitope) 08 EEHW W F5 WIS A3 vz
LYzt Rzt & dooln, (OF 5434 &4 Ao},

T 62 EAT WelA SAZAAAE o) TAE dd yeQlxte] A7hol upE whe A} SDS-PAGE ¥
Ao WP(“’EHZEHE% Z}zy gl A -ghlE QRS o] F3= (WFIN-H)-EB HE= (hFTN-H)-EC-EA-9] A
W)

= 78 Slol=g2 Aol FALAAE N (SEM, Scanning Electron Microscope) Az o)t},

T 32 A FAE™ F4 fd 9 UgdAE o8 (8 Y A Ad ¢ ugsE 24 Ago|u(P: A}
(patients), H: AStrong(healthy) AF i),

T 9= A F8d S 9 UxgAE o8 (8 g Ade] 24 Aess yUEE AR F
ZF 54 é.1/3(ROC(Receiver operating characteristic) curve)©]t}.

X109 (A& 96-well plate®] 23 T 14gsist FA3 T FAA I EZ JElo|=9] EFE(dIE
X B I EX C-A7} 80% : 20%% =F 412)E& o83 €3 1 AW X9 Mg ¢ vip=E B4 Aio]ar,

B F44 B& 54 Faold,

7‘39]5111 s a, = ““ﬂ*MW AHE
e A7t osiA FdHew 013}151—: A} FAF
M2 2 7lERoklA 2 4EA sla FdHew

17k 3gle¥le =3 (heavy chain, 21kDa) = 7 (light chain, 19kDa) ¥ @A 24707} AE WA 4-
3-2 symmetry #1402 A7tx®(self-assembly) ¥ o] whEo]A&= @ yregdapdd], zF F3f dd G
= g AlE UedAis 52 BdE7 852 AFA HAXNE A7ty SAd 98] ¢F 12mm A9 Y
°11}E P, YxgAs A4t e @43 A7t T3 A obv|x wek(N-term.)o] YA £
EEHo] ga, 712524 D (C-term.)& g duld £ FEo)=E FIAD A AR R H4A4 E
g 5 e 72A flexibility® 7HAar 9l7] ool HE Z2H 7)5e] fEpolr Ex wudS opn]n-

]
dekel] FAA AxF 71Es olEste]l §FA7IE dAHE Heiake] x9S iES F3Y
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}_
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Lo 2 g orr A FRome U H‘_‘
%2
2 £
EY m

Hoodgo| e 4FF9 HOV 8 YA cdYEZA core BE9 c22p(K10-S53), NS3  Fie
¢33c(A1192~C1457), NS4 E-o] 5-1-1p(11694~L1735) 2 c100p(11920~V1935) ¥-9] f-#e] Setol=/ghulae] 5
7] R FERE 1EHdt, o ZTEX A [c22p(K10~S53), EA], ¥ EX B[c3-3c(A1192~C1457), EB], oY EX
C[5-1-1p(11694~L1735)-c100p(11920~V1935), EC] 37IR 2 EF3IFom, Fx1x AFxd 7|&S o] &3] dd
Bt AE e ZrREE 7ML, oY EX Br R geda gitro] My s wEel ouEx A Yl
C7F #ed s} g9t 101 Uy s HEE o] &% EH% oMol FAEE A2®E FHIUTHE 1, 2).
o]F o3t wuld Ywgixte] Wl anti-HCV IAZE AFste F 457 T8 IY4 CdIEZI 5FH
(multi-epitope) &= ;{%lﬂ EPH“X‘ Y=x2 A zadnt. 2 A, Ay ged Unedxbs) giggel A 4
Aog e E A& FAsA(E 3), Ni2+-NTA affinity ARrIELAE o] &3te] AAS A, 4;%4
AHE E2A5E AS FASATHE 4). T3 AAE dwd UnegdxES FRHAA0] 7 (Transmission
Electron Microscope, TEM)S o]-&3&}e] 23t A3}, 7 vz yx-dx7t PSS &l a(%= 5), 5

A @2k (Dynamic Light Scattering, DLS)S o]-&38fe] 413 Ay, dA%E ohild Ywedxe A7|EXE &
QA= 5). F3 W Arvt g2 TR2RHE ZFEFoRA hild izl xHd dIEL B} of ¥
(e}

EXA G O AR o vER §3 0 3E 2 5 deS At E 6).
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wba] B e o wdol| A, Strong T Weak TEEE, A7l H(self-assembly) @Al HAx 2 AW
ulA ol JMEXE I AL et A AZE A1HE; 9} Strong T=E Weak TEEE, AH7b
ZH(self-assembly) @A o] Fdx 2 AWvlr] Sol4 ovEx 2 FAdsh= FAA7E Ae7best d24
A2HE (T, A1NE <} A2HHe] T2 RE S AWnlA FolA oIEXE It FAAE doldh) 7t 24

ol A= v ARe] #a Aol

e w3k Strong BE Weak TEEE, A7t (self-assembly) @A) §-4x @ 2 gn}A
EXE zgse A7 #AEvkseA 9449 Al17t9 2 Strong i Weak TEEE, A7FEH(self-
assembly) el ¥z 8 AWwlr Sold oyExE Idsh: #A

A2, A1TFGH A2 T2 RE 9 AWnlA ol IEXLE I3t FHAE doldh &

HE 7 mgEo] = A vl B3 Aolr.

o 2

[
o
)
- 9

i

rr

A

el

o A1WE e TR REV} Strong TEREY AF, A2WE ] TR REE Weak TZHREjo]1l, A1WES X

17} Weak T2 R EY 25, A2wWE e TR REE Strong TEREC AL EAog & 4 Q).

ol QlojA, AT A27-9e T2 RES AHnlA 5olF qIYEZLE FYs= AR Adolsiue
A7 TR RE7F Strong ZEFEEHY A, A2Fge TR RE = Weak = , 5z

17} Weak T2 R EY A, A279e TR REE Strong TEREC AL EAog & 4 Q).

M rlo

o] glojA, A7) Strong TEEEE tre TERE, tac TEEY, T7 TEXRE, lac TEEE, trp L&
B, P(N) ZTEXEE, Py(N) TEEH, lac(TS) T2RE 2 Pypy TEEE, recA TEXE, laclVs T2 EH,

B RO e U X rfe

TRE T2RE, arg( T2HEH, ernf T25FE, SF14 TEZXE, tcp830 TEHE, tipA TEXE, amyP T2 X
B, pilA TEHE, Ras2 TERE], Torl TEXE], Sch9 TEHE, HXI7 ZE2FEE TAE oA AexE=

A 540 ¥ 4 Atk

2 age] oA, 3] Weak ZREE T Al1v} 32(sigma 32)7} QIAShe AE#H A WA TR EEjOH A
glo] AFgE 4= 9lom  HlEA S A= ibpfxs TEREE, groES TERE, groElL TEXE, clpB ZEXE, dnaK

o
2% %2 dna] ZT25H, tetR ZEEE, PSE T2 X H, pPRM2 T 2R H, araBAD T2 5E, liaG TZ5H,
ade6 ZZWE, rtTA X2ZFH, AtZFP1 Z2REH, vWF L2 RH, Py(A) TEEH, SI LZEH, [S10 L2H
B, ftsA ZRRHE FAE TolA AgHs S 5oz & 5 v
2 odbdoll glojA, A7) wAE2 W (Escherichia coli), WM 2 &(Bacillus sp.), Zguvlurelg]3

2=
(Corynebacterium sp. oAl 2=A-IX|o} & (Escherichia sp.), I Aot & (Pichia sp.), TEXEUY2 &
(Pseudomonas sp.) 2 AFF}EvlolM2~ Z:(Saccharomyces sp.)2.Z TAH oA MElxs A& 3

ES
2 Wgof glojA, 47 AR H(self-assembly) ©HAL AE oA A7txH(self-assembly) & 4 &=
g Aol A3glo] AMR7FsslY, vlgA s A= Azt FEE S gl AL EHow T 4 .

2 ol oA, A7) ®HAH AMEE dIAET FAALS Foste] oA Jix9x ¥ XEAHS =17 ¢
3 Aqdold Aol o}, BFEASIAE (SG:TG:SG:0 A EFoz I

B odbgo] gloja, Ay AHulA Bold oyEXE (Y hdnfol#l (V) A o]y JdyEZ AL EF
o7 3},

2 o] glojA, A7) CF zkdnfelgi = (HCV) &) Sol# o|fEXE  ¢22p, ¢33c, 5-1-1p, cl00p, Z °ol&
1 3 =

B odgo] QoA A7) 2014 §8H I EIZE 22p-c33c, c22p-5-1-1p, ¢22p-cl00p, ¢33¢c-5-5-1p, c33c-

c100p, 5-1-1p-c100p Z c22p-5-1-1p—cl00p & TAHE oA HEEE AE EFJoR I},

B odbg e il 27tz H(self-assembly) @S] FwHo)| & ol4to] AWulr Eo|F oyEXy} M2 Alo]dh
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#
2 Wgof glojA, 47 AR " (self-assembly) ©HAL AE oA A7txH(self-assembly) & 4 &=
g Aol A3glo] AMR7FsstY, vlg A A= Azt FEE S gl AL EHow T 4 .

2 oo glojA, 7] g (a)e] FHulA Boly JyEXE (¥ ZHgulolga(HCV) A 5ol duEX
ol AL EH o= 3t}

2 gol glojA, A7) olxdAE EE v dZAH = AE o= s

x9]9} o] H wdlol A= A7t dElel FTHE 7|x% st wulA yedxp ¥de| 8 7Y ulolwa &)
ZAo| 483 AT =2 oy 8 YA IEZI} HIA(nulti-epitope) &2 FAle] TEE gl U}
E=RIAE A ZEF L @amd] o] FFe FYA AV EZE FA EEAZIE Aoz Eus Aol ofyer, A
AP R AZIZE 8 ERY Z2EEIE AGE 47 SdUEE o] &3t TAYE AAHS FE5ete] ¥4
Aol Za%o Wl TW ¥E WE T3 gRFos AT 4 9 A AES 39T, B dlrgo)a] s
g A o Z3 ¥X4] A AEo] shedt 17]eA 9iE YnedAE vAE Yol ayHor st
H o]& o] &3l CY kA wiAY HEO &835le] 2% (F Y vAY AEUHES MLy

olsl, AAHE F3to] & WS O GAs] Aetaxt st olE AAde 22A B WAHES dAEH] 9
sk FoR, B odyo] WYt o]F Ao o3| AFE = AR AHA e AL THANA Sde A4
S 7H Rl Al el A A E Flojt).

AN 1. Aant 32 & Z2RE jbpfxs7t AYE HEAE A)F

71 w#dE Faste] Aant 32 oFEAY  ZERE "ibpfxs < EZERE'9l  @A7|MA(5'-
TTCGAAGACCATAAACTGCAAAAAAAAGTCCGCTGATAAGGCTTGAAAAGTTCATTTCCAGACCCATTTTTACATCGTAGCCGATGAGGACGCGCCTGATGG
GTGTTCTGGCTACCTGACCTGTCCATTGTGGAAGGTCTTACATTCTCGCTGATTTGTCGACAAATTCTGGGGATTACTACCAAAAATAGTTGCGCAAACATC
TTGAAATTTTGCTAATGACCACAATATAAGCTAAACGCGATTCGCAACCCATTCAGGTAGCCGGGGTTAACCGGCTGCTATTAATAAAGGAGATATACATAT
G-3': MEWE 1)& pUCS7((F)COSMO Genetech, Korea)S =i3le] pUCS7-Al1mb32 WEE A28t}
pUCS7-Al 1w} 32 WlE ol hpfxs XS] 5' F-9lol BstBl A|stas AL S, 3" HF-Holl Ndel A|gtas <l
A d xesle® el9ith. pT7-7(Novagen, USA) W&WE <] T7 T2 WE A4ZEH 9 (upstream)o] BstBI A|gta
2 F99) gelBg A F9 HAE%F$(downstream) 9] Ndel A|gas F-915 Hudst o pUCs7-Al1m} 32 4]
Ho| Tds AFaAhE AEste] ibpfxs FH9E Adstal, Ao¥ BstBI-ibpfxs-NdelE pl7-7 TdHE 9
BstBI/Ndel A}2joll 4Hqiste] p32Wly & A 2bal3ict.

AAd 2. LR AYEZIL 28 9 YxedRe] AFAES A% I AF

7] & 1o 714" ZglolWE AL&3F PCR E+& assembly PCR F-ol

N-NdeI-(hFTN-H)-G3SGsTGsSG3( 1 inker )-XhoI-C,
N-XhoI-(K10-S53),-Hs~HindII1-C,

N-XhoI-(A1192-C1457)-Hs-HindIT1-C,
N-XhoI-[(11694-L1735)-G3SGsTGsSGs~(11920-V1935) J,-He-HindITI-C
N-XhoI-(11694-11735)—G5SG3TGsSG3—(11920-V1935)-(K10-S53)-HindI11-C

=akE 5709 fAA 228 At Zek=u= pT7-7, pET28a(+), p32dl 7] fdA 2829 o
de] golAlol & Fate],  A) N-(hFIN-H)-linker-(EA),-Hy=C, B) N-(hFIN-H)-linker-EB-Hs-C, C) N-(hFIN-
H)-linker—(EC),-H;=C, 2 D) N-(hFIN-H)-linker-EC-EA-C ¢ 34& 3Hate 7719 ZH=n|= d@WE pI7-
FIN-EA, pT7-FIN-EB, pT7-FIN-EC, pET-FIN-EB, pET-FIN-ECA, p32-FIN-EB, p32-FIN-ECAE T-Z3lch (= 2).

A BE FepEns B s A- g4 F 40 N DY B A4S st

AN A T4 ol A Y=dA S AT AT Axst ojgk BylE Zeteolw] AHE Bl FF
g AR 8ol thdt & Y A Z1A= obllek 2t
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3IHSd 10-2017-0004932

7 " =2 §21x A4 (NCBI Nucleotide accession number: M97164 A& = 130-681 A¥)S F3

oz ol AFEA Ndelo] ¥3slo] = zebolml AARE 13 Xhold FANL (olvmit AL
G3SG3TG3SG3) S XE&sta e =Zetolw] Md 2, 3& o|&3te PCRS A3, 2 Ay} 5'-Ndel-(hFIN-H)-
G55GsTGsSGs(1inker )-Xhol-3' 2.2 o]Fo]zl PCR AHES FR3F . T2 % PR AHES A a A Ndeld} Xhol &
2 A ste] pT7-7(Novagen, USA), pET28a(+)(Novagen, USA), p32¢] #|3+& A Ndel®} XholAtgleol] AF¢)3dte]
pT7-FIN-H, pET-FIN-H @ p32-FIN-HE 7}7+ A &8},
2) 4F79 Zgo|n(Zegtoln] ME 4~7)E Z+zF 50 pmol® EFE DNA FFITANSE AF8NM(0.25 mM
dNTPs; 50 mM KC1; 10 mM (NH.)»SOs; 20 mM Tris-HCI(pH8.8); 2 mM MgSOs; 0.1% Triton X-100)¢] Taq DNA &%
E o] g3} 94T/1W30%(HA), b4T/28(Add), 72TCT/38(A)E F 83 assembly PC(RS 53
Itk 7] PR 52 AHES F3o® st Zholwg (ko A4d 8, 9)& 247 50 pmol® E3H3E DNA 5
dhe-g 920,25 mM dNTPs; 50 mM KCI; 10 mM (NH,)»SOs; 20 mM Tris-HCI(pH8.8); 2 mM MgSOs; 0.1%
Triton X-100)¢l Taq DNA = &EAZS o|&3te] 94T/30%(WA), 52°C/30%(o1dE), 72T/30x(A)E & 25
3] PCRE F8ste] HF #29 5'-(K10-S53),-3' & ©]Fojx PCR A& Uit}

% Ol ol
o 32 B>

D 47 HZE PR AHES FHo=m 3lo] Asas Xholo] E£3Eo] 9= Zglol AMERE 107} EcoRIS 2&
sla Qe Zlolw M 115 o]&3le] PCRS X3sldtt. = Ay 5'-Xhol-K10-553-EcoRI-3' &2 o] Foixl

@ 471 HF PR =S Fo =2 3o #Aeash EcoRlo] E3HE o] e Zeloly H%ﬂﬁ% 127 HindIIT <
hexahistidine XFeti 9l Zefoln] A 138 o gste] PRES A}t 1 A3 5'-EcoRI-K10-S53-
H6-HindII1-3' .2 o AFES B EY)

u
2
™
-
o
=

® 471 #AF PR 2HES FHOR sto] Aghas EcoRle]l XgHo] s ZEtolw AMAFE 147 Hindlll <
Fehstar Sl Zefoln] M 1565 o]&8te] PRE X ekivt. =1 A3} 5'-EcoRI-K10-S53-Hind[11-3' & & o] F
o]x PCR AHES& EHEskglTt,

Zy (D PR AHZS A|3ta A Xhol# EcoRICZ Hste] A7) Ax3d  pI7-FIN-H ¢ Adt&s Xhol
EcoRIAHe] ol Adetivt. 5+ ®4 PCR AHES Ag a4 EcoRl1F} Hindl11o.2 Hglate] A7) Azhe e <]
A3+ & 2 EcoRI HindIIIAFe] ol 4Fddte] pT7-FIN-FAZ #2513 T},

3) 16%7F9] Zglolm(Zglolm Ad 16~31)E Z+zF 50 pmol® F338 DNA S E 4038 =84(0.25 mM
dNTPs; 50 mM KCI; 10 mM (NH4)2SO.; 20 mM Tris-HCI(pH8.8); 2 mM MgSOs; 0.1% Triton X-100)°l] Tag DNA =&

ang of&dte] 94T/1302(WA), 54T/2:(fdy), 72T/3RE(A)= F 83 assembly PRE 43

SHTE. 371 PR S5 hes FHo2 she] Zepolupg(Zetol® M 32, 33)& 717 50 pmol® E9HEE DNA

=3 g anke8 9= 8M(0.25 mM dNTPs; 50 mM KCI; 10 mM (NH,)»SOs; 20 mM Tris-HC1(pH8.8); 2 mM MgSO.;

0.1% Triton X-100)°l Taq DNA FFaAZE o]83te] 94T/30%(HA), 52TC/30%(o]d®), 72T/30% (A=
% 253] PCRES F8)sle] HE 129 5'-(A1192-C1457)-3' = o] F o] % P(R AHE<S dgit}.

A7) HFE PR AHEE FYPoz 3o AgtaEs Xholo]l E3Eo] ¢l Zgloln] AERE 343 HindlIl ¢
hexahistidines X3%tstal A+ Ztolw ME 355 o]&3}e] PC(RS Xa3drt. 2 A3 5'-Xhol-(A1192-
C1457)-Hs-HindI11-3' &2 o]FojZ P(R 4= &R},

ZZy PR AHES Adta A XholT HindlI1o2 28t A7) #A1ZE pI7-FIN-H, pET-FIN-H 2 p32-FIN-HS]
A E 2 Xhol# HindII1A}glol Adsted, pT7-FIN-EB, pET-FIN-EB % p32-FIN-EBZS Z}7} A zbs}gitt.

4) 6FFO Zgolw(Zetolw] AE 36~41)E Z+7ZF 50 pmol® E &3S DNA F3Faavkeg =2 M(0.25 mM
dNTPs; 50 mM KCI; 10 mM (NH.)»S0,; 20 mM Tris-HCI(pH8.8); 2 mM MgSOs;; 0.1% Triton X-100)ell Taq DNA =%
AE o] 83l 94T/1H30%(HA), 54C/28(01d™), 72C/3E (X)) E F 83] assembly PCRS =3 &}5it}.
7] PR 5% AHES FYPo = 3t Zefo|mad(Zeto)y A4E 42, 43)& 47 50 pmol™ E S DNA STHaEL
S8 A=8M(0.25 mM dNTPs; 50 mM KCl; 10 mM (NH.)»SOs;; 20 mM Tris-HCI(pHS8.8); 2 mM MgSO,; 0.1%
Triton X-100)9] Taq DNA FFAE o] &3] 94C/302(WA), 52C/30x(o1dE), 72T/302(AHHE & 25
3] PCRS F33Fe] HE 5'-(11694-L1735)-G3SG3TGsSGs—(11920-V1935)-3"' & o] Foj % PCR AHES AT},

T ox ol
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[0097]

[0098]

[0099]

[0100]

[0102]

ZIHSd 10-2017-0004932

D 471 HAF PR s FHP2 & zﬂﬁfw Xhol©] z@ o]
shar gl Zefolm A4 458 ol&ste] PCRE sttt 1 A
)-EcoRI-3' o2 o]|Fo]z PCR 4HES W3

9= Zatoln] GHE 443} EcoRlIS F 3
5'-Xhol _( 11694-11735 ) _GBSG:gTG:gSGg_( 11920-

@ A7 #ZF PR AHES F3 o7 sl Adas EcoRle] ¥ty o] = Eolw MIHXE 467} HindIII ¢
hexahistidine2 *&3slar Q= Zololm AL 475 o] &3] PCRS 3P, = Ay} 5'-EcoRI-(11694-
L1735)-G5SGsTGsSGs—(11920-V1935)-H6-HindI111-3' 0.2 o] Fo]x PCR AHE-S 31w &}it).

ZZ5 D2 PR AHES Zﬂ?‘iﬁi Xhol¥} EcoRISZ st A7) A% pI7-FIN-H ¢ A& Xhol
EcoRIAFE o] AF9lalitt. Z5 @9 PR AHES A& A EcoRIF HindIII o= A]dte] A7) Azte =g 9
A g & A EcoRIF} H1ndIIIX}31°ﬂ AFelste] pT7-FIN-ECE A &8} T},

5) A7) 2)-@ol A A=E 5'-EcoRI-K10-S53-HindI[11-3' .2 o]Fe]z P(R ZE AHES FcoRI/HindIII A|&&
*i et 3 A7) AFe dEAME pT7-FIN-ECe] A3F& A EcoRI/HindIIl Aglol] AFisle] pT7-FIN-ECAZS
TEsta o] THEMEE A E A Xhol/HindlIIE A ste] ArE 5'-Xhol-(11694-11735)-GsSGsTGsSGs— (11920
V1935)-(K10-S53)-HindII1-3'E Ab7] AZw pET-FIN-H 2 p32-FIN-HY Xhol® HindIIl Aol 4Fe)sted,
pET-FIN-ECA 2 p32-FIN-ECAS Z}z} A #}s}9lc).

E 1
zeholn AY

AIuE Lk

AEHS 1 | TTCGAAGACCATAAACTGCAAAAAAAAGTCOGCTGATAAGGCTTGAAAAGTTCATTTCCAGACCCATTTTTACATCGTAGCCGATGA
GGACGCGCCTGATGGGTGTTCTGGCTACCTGACCTGTCCATTGTGGAAGGTCTTACATTCTCGCTGATTTGTCGACAAATTCTGGGG
ATTACTACCAAAAATAGTTGCGCAAACATCTTGAAATTTTGCTAATGACCACAATATAAGCTAAACGCGATTCGCAACCCATTCAGG
TAGCCGGGGTTAACCGGCTGCTATTAATAAAGGAGATATACATATG

AT 2 [cat atg acg acc geg tcc acc tcg

AEHs 3 ctc gag agt gcc tcc ccc act tcc gec acc get tte att atc

AqEHT 4 ctc gag ccc acc gcc gct gcc acc tcec agt gcc tcec ccc act

AEHT 5 aaa aac aaa cgt aac acc aac cgc cgc cca cag gat att aag tt

AEHD 6 taa act cca cca acg atc tga cca ccg ccc ggg aac tta ata tcc tgt ggg cgg ¢

AEs 7 gtc aga tcg ttg gtg gag ttt act tgt tgc cgc geca ggg gec cca ggt tgg

AqEHD 8 gga agt ctt cct agt cgc geg cac acc caa cct ggg gec ¢

93 9 |aaa aac aaa cgt aac acc aac cg

M EHS 10 |gga agt ctt cct agt cgc g

93 11 |ctc gag aaa aac aaa cgt aac

A EHS 12 |gaa ttc gga agt ctt cct agt

93 13 |gaa ttc aaa aac aaa cgt aac

M EHS 14 |aag ctt tta gtg atg gtg atg gtg atg gga agt ctt cct agt cgc geg

93 15 |gaa ttc aaa aac aaa cgt aac

A EHS 16 |aag ctt tta gga agt ctt cct agt

A AT 17 |gcg gtg gac ttt atc cct gtg gag aac cta gag aca acc atg agg tcc ccg gtg ttc a

EdWT 18 |tga gcc acc tgg aag ctc tgg gge act act ggt gga gag gag tta tcc gtg aac acc ggg gac cte
a

AT 19 |gag ctt cca ggt ggc tca cct cca tge tcc cac agg cag cgg caa aag cac caa ggt ccc gge tge

M EH T 20 |gca gca aca gag ggg ttg agt act agc acc tta tag ccc tga gct gea tat gca gcc ggg acc ttg

A9 21 |[tca acc cct ctg ttg ctg caa cac tgg get ttg gtg ctt aca tgt cca agg ctc atg gga tcg atc
cta a

AT 2 gtg atg ggg ctg cca gtg gta att gtt ctc acc ccg gtc ctg atg tta gga tcg atc cca tga gcc
ttg

A AT 23 |ctg gca gee cca tca cgt act cca cct acg gea agt tcc ttg ccg acg geg ggt get cgg ggg g

M EHT 24 |gat gtg gea tcc gtg gag tgg cac tcg tca caa att att atg tca taa gcg ccc ccc gag cac C

M AWM S 25 |ctc cac gga tgc cac atc cat ctt ggg cat cgg cac tgt cct tga cca agc aga gac tgc ggg ggc

M EMT 26 |cac agt gac gga gec cgg agg ggt ggc ggt ggoc gag cac aac cag tct cge ccc cge agt cte t

M AWM S 27 |ggg ctc cgt cac tgt gec cca tcc caa cat cga gga ggt tge tct gtc cac cac cgg aga gat ccc

WS 28 |gag atg tct ccc ccc ctt gat tac ttc gag ggg gat age ctt gec gta aaa agg gat ctc tcc ggt

ggt

_13_




[0103]

[0104]

[0105]

[0106]
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M EAMST 29 |taa tca agg ggg gga gac atc tca tct tct gtc att caa aga aga agt gcg acg aac tcg ccg caa
agc

A EHSE 30 |cgt caa gac cgc ggt agt agg cca cgg cat tga tgc cca atg cga cca get ttg cgg cga gtt cg

XA S 31 |acc geg gte ttg acg tgt ccg tca tec cga cca geg geg atg ttg teg teg tgg caa ccg atg ¢

A EMSE 32 |aca cgt att gca gtc tat cac cga gtc gaa gtc gec ggt ata gec ggt cat gag ggc atc ggt tgc
cac g

95 33 |gcg gtg gac ttt atc cct g

A EH S 34 |aca cgt att gca gtc tat cac ¢

LS 35 |ctc gag geg gtg gac ttt atc cct

M EHS 36 |aag ctt tta gtg atg gtg atg gtg atg aca cgt att gca gtc tat cac cga gtc

AWM S 37 |atc atc ccc gat agg gaa gtt ctc tac cag gag ttc gac gag atg g

M EHS 38 |cct gtt cga tgt aag gga ggt gtt ggg aac act cct cca tct cgt cga act cct gg

A EMS 39 |cct ccc tta cat cga aca ggg aat gat gct cge cga gca att caa aca gaa ggc gc

M EHSE 40 |cca gtg cct ccc cca ctt ccg cca ccc aac ccg age gec ttc tgt ttg aat tgc

M EMS 41 |tgg ggg agg cac tgg agg tgg cag cgg cgg tgg gat agc gtt cge ctc geg

M EMS 42 |cac ata gtg cgt ggg gga gac gtg gtt acc ccg cga ggc gaa cge t

93 43 |atc atc ccc gat agg gaa gtt

XqYH3S 44 |[cac ata gtg cgt geg gg

LS 45 |ctc gag atc atc ccc gat

M EHS 46 |gaa ttc cac ata gtg cgt ggg

LW S 47 |gaa ttc atc atc ccc gat

M EHS 48 |aag ctt tta gtg atg gtg atg gtg atg cac ata gtg cgt ggg

AAld 3. Az FFE T #9 @9E U=gate AFA

3 TH YA oY EX(mono-epitope) W ¥EH @A Y=AxE Axs] $5+e], & BL21(DE3)[F-
ompThsdSB(rB-mB-) 1ol Aol 204 A2l EHE pT7-FIN-EA, pT7-FIN-EB % pI7-FIN-ECE 427 =433
t}(Hanahan D, DNA Cloning vol.1:109-135, 1985). F#|& o & (CaCl,® =23 th&+ BL21(DE3)((5F) iNtRON

biotechnology, Korea)dl A7) #MEgES

H oA vl Este] ] R uE v 3 {32
F2ZUE 55 B9 LB wiX oA Wi 5{ Tt Wi = 100mg/m¢ ¥HAAS = LB(Luria-
Bertani) wjAoll HE3 thg 37ColA 130 rpme 2 wjkalich, wjokale] wix B1=(0Dgy) 7} 0.5~0.60] o] =%

S u] IPTG(Isopropyl-B-D-thiogalactopyranosid)E 7H1 mM)3te] A2 ALY &dS FEslic).

WHo R FEMIAZ &, A (ampicillin)e] EF
A4 AREE dedE 22US Adsisit. 47

>

]
0,
12
jg
ru9
-m

37HA A A FEZZE R34 (multi-epitope) 22 EEH @A YwedAE Az Aste] T 5
BL21(DE3) [F-ompThsdSB(rB-mB-) 15 7] #|z=¥ #=&AWE 4 pT7-FIN-EB/pET-FIN-ECA, p32-FIN-EB/ pET-FTN-
ECA, pET-FIN-EB/p32-FIN-ECAZ Fd3 Wyoz FAAIAAZ &, Adndd3x} Fhvlo]Al(Kanamycin) o] &
gl A et 7] SAWETE FAARE e 9 Ad- Fhdetolal AAE S SAlel vEllE F24
& AEsgitt. A7 F2YE SR %0& LB wjA| el Al wjFet Faf wigFHe] d¥-E I A (100mg/ml) = ¢
Lhuto] A1(50mg/me)& 233k LB viA]ol] HE3k ok 37TColA 130 rpmO2 wiFatqich. wiFl o] wix g
(ODgoo) 7F 0.5~0.60° o]Z7& w IPTG(Isopropyl-B-D-thiogalactopyranosid)E H7H1 mM)ste] A=xF 4=}

o wae fEs.

I oI E (mono-epitope) W FEH @A YuwdxE Az 49 20 CToAlA 16~18 AlZF ¢
Hiek, 37k 9 ol T EXVE 3 (multi-epitope) &2 HEE WA UwQIAtE Alxd A9 37 TolA 8
Az o ek F oaf et HAES 4,500 rpmo 2 1087 94 w2 Ades g §, 7 me
i | 2= pH 7.5, 10 mM EDTA)o| &Esle] %&3 w47](Branson Ultrasonics Corp ,
USA)E ol &3te] Fafsiglch. bk § 13,000 rpme 2 1027 Ad2ele 5 A5 584 $3dAE 29
sholth. 2ElE A dS olgste] HAE Attt ®d, Ay 284 $HAE 47 5xSDS(0.156M
Tris-HCl, pH 6.8, 2.5% SDS, 37.5% Z&|AE, 37.5 mM DTT)} 1:42 41¢o] 100TCelA 10%3F #Rck. #9 Al
55 12% SDS-PAGEZ ] o 293t 125 Vol A 2417 &<t A8E S vty AS FrpA] 44 Wie=z ¢
g 3 EAsto] Zhzbe] g dmde] wdH 3 8525 F =7 (Densitometer, Bio—Rad, USA)= Z<18}3]
tH(% 3).
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ﬂ,
{0




[0108]

[0109]

[0110]

[0111]

[0112]

[0113]

[0115]

[0116]

[0118]

[0119]

[0120]
[0121]
[0122]

[0123]

ZIHSd 10-2017-0004932

AAd 4 BAE AhEYE FO4 ANET §F @ud hedAs A7) dAstel, 2eAe) AAl 34
& AR AYSTh A4 D Az Dde] §3 2@R SlAE 9 Uae] A% o 89 NiTNTA affinity
wude Ak 29 A FERAA ARSI A7)

azeteadds AP F, 2) AxF 1 13k
Ultracentrifugal filter (Amicon Ultra 100K, Millipore, Billerica, MA) & o|&3}o] j=x3 wuwldo] x3t
H FEAS FAo] g2 PBS B (137mM NaCl, 2.7mM KC1, 10mM NaoHPO,, 2mM KH,PO,, pH 7.4) & WA =

I AN AR dAS B35 9. ZF dAE AAE 7 A= ofdet 2.
1) Ni““NTA affinity J=rhE 12}

Az wAe 4Aas] el 47 WAE FAS wioz wWPd o
glolAl2~ B (pH 8.0, 50 mMsodium phosphate,300 mM NaCl, 20 mM imidazole
olgatel MEE wASATH. THAE AZAL 13,000 rpnol A 1087 QAR Sl 1 Ao Reld F 7}
AzF S9AS NI -NTA 29 (Qiagen, Hilden, Germany)2 AH&-ske] zhzb Relskoieh (A% ¥ pH 8.0, 50
mM sodium phosphate,300 mM NaCl, 80 mM imidazole / &% W3: pH 8.0, 50 mM sodium phosphate, 300mM
NaCl, 200 mM imidazole).

2«
tlo
ot
4
QL'

2) At 2 FAE AL M 4 2 5

NiTONTA affinity ZErtEaeEE AX 829 3mie) Azxg wuae
Ultra 100K, Millipore, Billerica, MA) o ®o} 5,000 g2 1083+ 94 ¥ & F columm AH5 g

A o448 PBS B3 (137mM NaCl, 2.7mM KCI, 10mM Na,HPO,, 2mM KH,PO,, pH 7.4)% 7}5 A F column
o 500p1 o &Ho] FS& wW7hx] 5,000 ¢ 2 YA EIE gk, o] 33 WiE F HF HIHE Iml
L % ool 9AS APk, vFH 8 ARES 5145DS(0.156M Tris-HCI, pH 6.8, 2.5% SDS, 37.5%
1&, 37.5 mM DTT) =} 1:42 Alo] 100TCA 1027F k. # AISE 12% SDS-PAGE A< o =3}
125 Vol A 2A13F B3t AlsE /e thg As FopA] 94 o R g & gaste] AA|Ha 559
=YAE Rl E 4).

Ultracentrifugal filter (Amicon

BN
o

WH

NN
<

=
i)

Aol 40X AAE AxFE @ et 2 B4 dste]l RadAdnF (TADS ol&dte] Az
A kel

A AxyE HES X3 }b Zaby
o|E %%ﬁ A 107 Fet ALoA wdstal, FHRTFE 3-43)

" 3 A3} 15-20nm
o 73 YAt 63*3%] AL gRlstglem (= 54, B), E$ 5434 (Dynamic Light Scattering, DL
S)E o]&ate] A A¥ dAT WA Yol IV EEE FRIEITHE 50).

AN 6. BATA N2l A FAY BB R Age] Be BE@GY D g oYETY EF
WS HE P 1% SDS-PAGE 4

o,
tlo
S
ofo
o
ol
2
=t
o

2 2o 7 Y LANEE V2 SALA AAgSE o]&3te] 7M1 Y dIEZZE H3A (multi-
epitope)oi 25" 9 E vxdAy AE st Al 144 {‘—j“ﬂ?& ] nl 32 oEA ZTRRE
ibpfxsE E-&3le FUAG dIEXS HE& FA-o] ezl dild v Yafs THolM olF fg Y

8 g g .
1) pT7-FIN-EB +pET-FIN-ECA,
2) p32-FIN-EB + pET-FIN-ECA,
3) pET-FIN-EB + p32-FIN-ECA
Anel 39 BAS Fal 47 BAABAN F NFE b o] Wi EE(0Dg) 7 0.5~0.60] o] 2ES

o
[PTG(Isopropyl-B-D-thiogalactopyranosid) S # r o pjoklS Oh®E dto] IPTGEZF(ImM) & 1A1ZF o
A2 MFHE 3| FEte] HAlo] 49 WHOoR HE FUgt A GAEA .

N
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o
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[0124]

[0125]

[0127]

[0128]

[0129]

[0131]

[0132]
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A zro| W Z+zk AAE &8 51ASDS(0.156M Tris-HC1, pH 6.8, 2.5% SDS, 37.5% Z# A&, 37.5 mM DIT) ¥}
2 240o] 100ToA 10837 BJrh. 29 A& 12% SDS-PAGE Ae] ol 29 ala 125 Vol A 2417k F<t A]
E A ve AS FepA] A W r Mg & gAste] AR oA Unixie] Alzte] whE wy
kA 1ol Uz 2 35 WEE g8t 5= A (Densitometer, Bio-Rad, USA)E &<l3 A},
pT7-FIN-EB ¢} pET-FIN-ECA LAMEE SALAste] F4sI30S 49 hFIN-H-o|9E>Z B @ hFIN-H-o| g ExX
C-A7} 40% : 60%, p32-FIN-EB ¢} pET-FIN-ECA 7Z-9- 20% : 80%, pET-FIN-EB ¢} p32-FIN-ECA 7-$- 80% : 20% <]
&= Al Ave dAgsiA wdo] FAES FAsATHE 6). 3 Al7]7F Strong T7¢] PTG J3) ¥ A

e

o

=

23
rel
:10
ki
o

o

o2 Alav) 32 9&A TEWEH jbpfxs7t I Fo] B FrEES Fodk £ .

Zyzho] &9 oto= <17t W T GdFA AVIFERHEY YnYdAE o] Far AT o]F SDS-PAGE ¥4
1] AN A e R BEaE AHolr] wjio] SDS-PAGEAA Fel® wE B|E&L slite] vl -9l
T BxHo] = g oIFEZ n&Y Uttt F, pI7-FIN-EB ¢} pET-FIN-ECAS] SAILES &3
Eolj7 TA -9z} FHE U EX B oFEZ C-A7F 40% : 60%9] H]EE BEH o] ZAsttu T
4 t}l. p32-FIN-EB®} pET-FIN-ECAS FAlwe & 79 20% : 80%, pET-FIN-EBS} p32-FIN-ECAS] 7-%- 80% :
20% ©] B &R AFEZI} B BIxEo glow Aant o)FA ZRRE jhpfxsE WH FHL o Edt= WE
of Ao ldl Ao HHAES 2HS F 9 AEHoR ol rega 1w dY 1E NEE
aHor 24 F 35S s 6).

AAlY 7. A" Az FEE FH F9 99 Y=dRe 33 FEL 43 o= §F

A7 AN 4ol AzE GiE Yedx} 10mge N-Alolu]dol g glo] E(N-succinimidylacrylate, NSA)
0.0Img@ PBSH I ulellA 1AIZE F<t 37CAA wjgste] AFAAT F, A=A 282 NSAE ultrafiltration
(Amicon UltralOOK)o.® A|Aste, HF FdW-go] 7Fesdk 33t 72&5 7 dild yegas Axsi3ich.
3o w2, EgolmaHolulolm 7t Jlojm2 AL wo ol W H|Eo|x A, vre ¥y Wk
=(background) ¢} 2 Aol k. mEbA, A7) dE @d Uxgat 30peT 0.9% EgotmaHolulol=
(29:1 W/W o}z Holnfol = v] A-ol g Holufo| )& 0.125% w/v U2E FHAHA ] E(amonium persulphate, APS)
¢} 0.125%/v ElEgtd e gaitiolyl (tetramethyl -ethylenediamine, TEMED) &A] sl &3+ato] 96-well
plate &l 502 HAAIZL &, 25TCoAlA 16A1ZF B¢ 53 &S Fdste] ol Yugz2rt g3 shol=
2RSS AzsPet. 1 A FAEAER Z (SEM, Scanning Electron Microscope) AFRS Z38 whala vpn-9d =k
3 Sol=2 Ao mlg 7S FAFY 33} TEE HAE AS AT (E 7).

gk, vk 1Y AEE FHo e HEAAH] UREE AFse 94 8boln®E IR e Hd
A 2=ES FHE7] eI E R =2 AEE 931S AU 2AseE Vsl STEHT. dnkdoR Y]tk
22HY wHe HEE 9318 o T2 A A9 AA g A" AEE #$Xe &5 HFslste of
HEol o A Yl §F stol=2 AL Az A ©illd yxegate] o F-o] Jheslal, dtol=RA
of §3Eo] nASEHER V|| EASE A8 ©@ie Ae AF FHo| besivte Aol vk wEkA
A U2t sfol=2 e 12 A FAkEo] A3t o d=A gRlEty] flEte] Hio]e®le] mE:E
2 Uz g3 sfol=2Ad F Yx=gAH20 nm)7F AE d-vlo] ¥ A9 WS F silver enhancement
kit o]&3l 5 YxedAE SFH3QTE. SEN #o Al stol=24 ] il Yexte] AE 5 YxedH
£ 33 WA 1 7 Avt. spol=R A w5 YAt nEA BAkEe] e AS glElen o=
Sl Yzt sholE2 A WA A mE2A Ao TAEH &S Hosrh, HE T A~y Ag
stE 9EliM e 79l e dwld HE8 @3] v AL FAVE EFAo|rt. Ao R 23k o
2AE WAL Hro] A A flol= IV =EFHY] 3 R fFA7F ojE-BE e AU|RE
o] o). 2xd FHd vlE] sfo]=2Ao] Hojd FE X THE AT V] Wi 9HEe] wAds
&zt A7, o g F5T AE3) vhee g AlARe HAEE B 1AL EHF RN Sfo|l=2Ao] ujS-
e A% 2

AAld 8. Azd Az AYE T4 A @¥d Y=g (3 19 A8 e ARE R Solx FF

Sl Uzt §3F shol=2 A 3xd HEAIAHY g84 2 95488 E1staA s BAS A3l
) T BAe oy =912 62F [hWFIN-H-o3EZ B (100 %), hFIN-H-o|3EZ A (100 %),
H-ol|EX C (100 %), hFIN-H-o|ZEZ B (20 %)+ hFIN-H-o| T/ E3 CA (80 %), hFIN-H-|IFEZ B

hFTN-H-°l9] £ CA (60 %), hFIN-H-9l¥ &= B (80 %)+ hFIN-H-ol¥EX CA (20 %)] ¢ HFEo)= w15
FlANYEZ B X=w (80 %) + JYEZ CA 21 (20 92 A3 Aok, ¢ 71 A 308 3 A8
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[0133]

[0134]

[0135]

[0136]

[0138]
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Agstel wasglh. 7ol @A g 45§ $hl §UHe b solmaAd ARCY A
G AE)E W A7 F AW (lF -dot)o] AT Y 23 FAF AHgdtel IFEE ZHS

EE, e AaaA e oEe] felelE RumE ZelsUuPs) 23k Buo] wRsEel g 4
FA2E} vl RS, 018 A, 7] QA 3, 4o] dstel AxE BMA BeAE FRem Qe
o= A PBS WIS ALgstel AT T, PBS MINE Agdtel 04 19 B4 DFS 1/10034% A8
100 w0 A7bshar, FeolA oAz ubAlA wikskelth. PBS WM S Abgskel AIF T, 100 me) Qdot AF

ACIE Ak 7F dofl H7F 3, 1AZF 24 nRAIA aFst 3 PBS HE =2 AFsgl. BE A3 39
AR Qo 1 HagkoR 1 FHE AFul. IUPAC (International Union of Pure and Applied
Chemistry)2] Aele] we} Limit of detection (©]3} LOD)E A3t tl. 247 Ade] LOD #he A4 &34
3070 AlRe] 3= el H + EFHA Fel AulE LODE Atk LoD o3l #hs FAd(positive), L

;

o]ale] kS SAl(negative) o2 WASF o WZFEE number of true positive/total number of sample®

el =,

Yedx1e | @ ouEX A3 vzt hFIN-H-YEX C, hFIN-H-o| 9 EZ A, hFIN-H-9EZ B 7}

Yz 33%, 87%, 90%7F yvgom, o] A:E Tl (¥ 7Y A3 gkl oA, oIEX Bo FRLU} Fo
o

g

1
e g T Y 1 SolA A9 vexlde] Ta9 Al R Bl St 8). W= Akst
E] C-A

H dE oFEZ AFo -, hFIN-H-IEZ © hFIN-H-S9|EX B = 8 : 2, hFIN-H-o|9EX C-A :
hFIN-H-o| I E B = 6 : 4, hFIN-H-o| 9] E C-A : hFIN-H-o|9EX B = § : 28 o] 43 wow, ztz}
o] MZAEE 77%, 93%, 100%= YERES gl ith( = 8).

TN B2 EA 34 B (Receiver operating characteristic), ROC curve)S 3] Bt} WEslA 2 oy
of U UwAE ol & CH e mA HAEHO 71 Ass # & + JAT. ROC A4 EA e
T2 AA sk, kg, Ags AW HA| AFEEHE ASZEA true positive (= sensitivity, =)}

true negative (= specificity, 5°|%)& &Ald Y& ol o], x5 false positive rate (=
1 - true negative), y&< true positive rate’} F™ ROC curvets ZE7} % Zdi7]o 714 :’-E%’“"
= &7 Awol $attan Bed, ol ROC F4 WA o] 16 7MhEsE Aol e A& ulsied &
ol A Yebd wiel o] hFIN-H-o ¥ == C-A : hFIN-H-o|FEX B = 8 : 29 73%011 ROC =72do] 1o 7H 7}’{}
e As 0 5 AAgT

AIAEZ FElol= R (Yegxtst @ HE oIEX AFo|A TUd% 100 97 Y2 I EZ ] H&S A}
SRS OIDESL B : o3 EE (A = 8 : 2))% PS 239l Hulol 1AH A7 F WAES AL Ao}, W
AEE 63 %o THTE 10). ¥ 23S B @9 vhedds AZ Bld A 4FYEE 339 e
AZA F4 FEE 4% T2% A4 topologyE FARI Q0P WA FAF SolmR A A%, ThFe)
RS FRsa gor, RaYn BWY =@ S 27 dE] wud e 349 T2E 445 4
Sa, ¥ WEE 14 S AL sl Bk 1 A% 03 g Sold rirle aNgE, 15el% 4%

oo oWy Wge B R P ESAE v, FAAL B AHL A Aol QoA o]
4 1% wx AT A4 FEY Rolvl, ofd] s ¥ wme Wk ARHE Aol opd Fe

o]
= = T
olth. mhebN, B whge] AAAH Wl FPE ATFEN 1RES SrhEel elste] Fewrin
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k1
N2

1
(g
~

Expression vector B
(pET-FTN-B)

Expression vector A

(pT7-FTN-A)

ZIHSd 10-2017-0004932

Expression vector C

(pS32-FTN-C)

| co-expressed
l (A+B) <[ J,

- co-expressed |
(B+C)

2
- @v@?f‘@# self- self-
' assembled assembled
in E. coli in E. coli
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EEH2
Nedel Xhol HindIII
+ i 4
= wna DD
[ GHG,TG,SG, (linker) | PTT-hFTN-H-linker-(EA),-H,
Niel Xhol Hird111
+
=® hFTN-H | BIEGATIOT OIS ] === Amp' =
| G580 TE S0, (Binkor) | pT7-hFTN-H-linker-EB-H,
Nadel Xhol HindIII
+
IZ@ RFTN-H N ECE B LTSS iniker BV R A DAS) | e— Amp!
(G836, TG.8G, (linker) | pET28()-hFTN-H-linker-(EC),-¥,
Ndel Xhol Hind111
+ +
=® WFIN-H
0,50, TG, 80, (linker) pET]B:[n)thTN.H-rIin ker-EH-H,
Nelel Xhel FlindITI
+ t
hIFTN-H i ECANNGI A NS linEe- TIFHE VIS S8 = koan'
| GSGTEG,SG, (nker) | pET28(n)-hFTN-H-lin ker-ECA
Nael Xhaol Hind 111
+
ibpi hFTN-H
G,30,TG,4G, tlinkery 2 hFTN-H-linker-ER-H,
:\'Tti'ﬂl Xhol FindIT1
i ill?'rN-H ECAN 601 T35 Huher= NP HVIDIE (W AN 50— \mp' —

G 86, 10,86, (linker) p32-hFTN-H-linker-ECA
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@ EB

S ECA

pTI-FIN-EB/
pET-FTN-ECA

22

- i

p32-FIN-EB/
pET-FIN-ECA

M 5§ IS M 5§ IS
98] et 98|
T 64
ETR et W -
e
=== _—
pT7-FIN-EB pT7-FTN-EC
M § I8
148 usl=
: ol
) ® EB 64
50 (b
36 <D ECA
o[

.|

pET-FIN-EB/
p32-FTN-ECA

__
——
»r
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=Y
Epitope(s) Gene expression system for SDS-PAGE of
proteinticle synthesis purified proteinticles
TI(pT7-T): NHz(hFTN-H)-(EA),-COOH
Bore Single expression vector)
(gl e=(NFTN-H{ER),
Mono T?T(pT?-?]: NHIl(hFTN-H)-EB-COOH o (hFTN-H)-EB
{Single expression vector)
o TI(pT7-T): NHx(hFTN-H)-(EC),-COOH
' (Single expression vector) «—(hFTN-HHEC),
TT{pT7-T): NH-(hFTN-H)-EB-COOH ol o
Multi | T7(pET28a): NH,(hNFTN-H)}-EC-EA-COOH | slew == :i{“g:—ﬂﬁgﬂ
(Two expression vectors for co-expression) | ™~
T7(pET28a): NH-(hFTN-H)-EB-COOH
Multi | ibpfxs(pS32): MH,~(hFTN-H)-EC-EA-COOH *—{Rgtn}-gg =
(Two expression vectors for co-expression) =l b
T7(pET28a): NH-(hFTN-H)-EC-EA-COCH
Multi | ibpfxs(pS32): NH~(hFTN-H)-EB-COOH [«=(hFTN-H)-EB
(Two expression vectors for co-expression) FETIRERCEA
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Epfiope B(20%) and C-A(80%)  EpfupeBi#0%) and C-AB0%)  EpIope B(30%) and C-AR0%)
o proteinticie on proEnice on proEintce
Q1 g G
@ e s i | b | I Weas [insmels
8 sErTinm “. A b - B S188 £ 1.4
£ n: LT B 1
[ - L r L
i ¥ .
] sr: Il
"o i B4
n-_ wi LR i
R ET T RE R L a5 e o

L] E H ] B @
O inmeter [nem] B iwrrariar o} 1 rrreier freed

Epiope B(20%) and CA(80%)  Epitope B{40%) and C-A(0%)  Epitope B(B0%) and C-A20%)
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marker using it
<130> P14-B228
<160> 48

<170> KopatentIn 2.0

<210> 1
<211> 307
<212> DNA

<213> Artificial Sequence

<220><223> ibpfxs promoter

<400> 1

ttcgaagacc ataaactgca aaaaaaagtc cgctgataag gcttgaaaag ttcatttcca

gacccatttt tacatcgtag ccgatgagga cgcgectgat gggtgttctg getacctgac

ctgtccattg tggaaggtct tacattctcg ctgatttgtc gacaaattct ggggattact
accaaaaata gttgcgcaaa catcttgaaa ttttgctaat gaccacaata taagctaaac

gcgattcgceca acccattcag gtageccgggg ttaaccgget gctattaata aaggagatat

acatatg
<210> 2
<211> 24
<212> DNA

<213> Artificial Sequence
<220><223> Seq ID 1
<400> 2

catatgacga ccgcgtccac ctcg

<210> 3
<211> 42
<212> DNA

<213> Artificial Sequence
<220><223> Seq ID 2
<400> 3

ctcgagagtg cctcceccac ttcecgecacce getttcatta te

<210> 4
<211> 42
<212> DNA
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<213> Artificial Sequence
<220><223> Seq ID 3
<400> 4

ctcgagcecca ccgecgetge cacctccagt gectcececcca ct

<210> 5
211> 44
<212> DNA

<213> Artificial Sequence
<220><223> Seq 1D 4
<400> 5

aaaaacaaac gtaacaccaa ccgccgecca caggatatta agtt

<210> 6
<211> 55
<212> DNA

<213> Artificial Sequence
<220><223> Seq ID 5

<400> 6

taaactccac caacgatctg accaccgcecc gggaacttaa tatcctgtgg gegge

<210> 7
<211> 51
<212> DNA

<213> Artificial Sequence
<220><223> Seq ID 6

<400> 7

gtcagatcgt tggtggagtt tacttgttgce cgecgcagggg ccccaggttg g

<210> 8
<211> 40
<212> DNA

<213> Artificial Sequence
<220><223> Seq ID 8
<400> 8

ggaagtcttc ctagtcgege gcacacccaa cctggggecce

<210> 9
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<211> 23

<212> DNA

<213> Artificial Sequence
<220><223> Seq ID 8
<400> 9

aaaaacaaac gtaacaccaa ccg

<210> 10
<211> 19
<212> DNA

<213> Artificial Sequence
<220><223> Seq 1D 9
<400> 10

ggaagtcttc ctagtcgceg

<210> 11
<211> 21
<212> DNA

<213> Artificial Sequence
<220><223> Seq ID 10
<400> 11

ctcgagaaaa acaaacgtaa c

<210> 12
<211> 21
<212> DNA

<213> Artificial Sequence
<220><223> Seq ID 11
<400> 12

gaattcggaa gtcttcctag t

<210> 13
<211> 21
<212> DNA

<213> Artificial Sequence
<220><223> Seq ID 12
<400> 13

gaattcaaaa acaaacgtaa ¢

_28_
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<210> 14
<211> 48
<212> DNA

<213> Artificial Sequence

<220><223> Seq ID 13

<400> 14

aagcttttag tgatggtgat ggtgatggga agtcttccta gtcgegeg 48
<210> 15

<211> 21

<212> DNA

<213> Artificial Sequence

<220><223> Seq ID 14

<400> 15

gaattcaaaa acaaacgtaa ¢ 21
<210> 16

<211> 24

<212> DNA

<213> Artificial Sequence

<220><223> Seq ID 15

<400> 16

aagcttttag gaagtcttcc tagt 24
<210> 17

<211> 58

<212> DNA

<213> Artificial Sequence

<220><223> Seq 1D 16

<400> 17

gcggtggact ttatccctgt ggagaaccta gagacaacca tgaggtcccc ggtgttca 58
<210> 18

<211> 67

<212> DNA

<213> Artificial Sequence

<220><223> Seq 1D 17
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<400> 18

tgagccacct ggaagctctg gggcactact ggtggagagg agttatccgt gaacaccggg

gacctca
<210> 19
<211> 66
<212> DNA

<213> Artificial Sequence
<220><223> Seq ID 18
<400> 19

gagcttccag gtggctcacc tccatgctcecc cacaggcage ggcaaaagca ccaaggtcce

ggetgce

<210> 20
<211> 66
<212> DNA

<213> Artificial Sequence
<220><223> Seq ID 19
<400> 20

gcagcaacag aggggttgag tactagcacc ttatagccct gagctgcata tgcagecggg

accttg
<210> 21
<211> 70
<212> DNA

<213> Artificial Sequence
<220><223> Seq ID 20
<400> 21

tcaacccctce tgttgetgea acactggget ttggtgctta catgtccaag getcatggga

tcgatcctaa
<210> 22
<211> 69
<212> DNA

<213> Artificial Sequence
<220><223> Seq ID 21

<400> 22
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gtgatggggce tgccagtggt aattgttctc accceggtce tgatgttagg atcgatccca

tgagccttg
<210> 23
<211> 64
<212> DNA

<213> Artificial Sequence
<220><223> Seq ID 22
<400> 23

ctggcagccc catcacgtac tccacctacg gcaagttcct tgeccgacgge gggtgetcegg

gggg

<210> 24
<211> 64
<212> DNA

<213> Artificial Sequence
<220><223> Seq ID 23
<400> 24

gatgtggcat ccgtggagtg gcactcgtca caaattatta tgtcataagc gccccccgag

cacc
<210> 25
<211> 66
<212> DNA

<213> Artificial Sequence
<220><223> Seq ID 24
<400> 25

ctccacggat gccacatcca tcttgggecat cggcactgtc cttgaccaag cagagactgce

gggggc

<210> 26

<211> 64

<212> DNA

<213> Artificial Sequence
<220><223> Seq ID 25
<400> 26

cacagtgacg gagcccggag gggtggeggt ggcgagcaca accagtctceg cccceegceagt
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ctet

<210> 27
<211> 66
<212> DNA

<213> Artificial Sequence
<220><223> Seq ID 26
<400> 27

gggctcegtc actgtgeccce atcccaacat cgaggaggtt getctgtcecca ccaccggaga

gatccc

<210> 28
<211> 69
<212> DNA

<213> Artificial Sequence
<220><223> Seq ID 27
<400> 28

gagatgtctc cccceccttga ttacttcgag ggggatagece ttgccgtaaa aagggatctce

tccggtggt
<210> 29
<211> 69
<212> DNA

<213> Artificial Sequence
<220><223> Seq ID 28
<400> 29

taatcaaggg ggggagacat ctcatcttct gtcattcaaa gaagaagtgc gacgaactcg

ccgcaaage
<210> 30
<211> 65
<212> DNA

<213> Artificial Sequence

<220><223> Seq ID 29

<400> 30

cgtcaagacc gcggtagtag gceccacggcecat tgatgcccaa tgcecgaccage tttgeggcega

gttcg
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<210> 31
<211> 64
<212> DNA

<213> Artificial Sequence
<220><223> Seq ID 30
<400> 31

accgeggtct tgacgtgtcc gtcatcccga ccageggega tgttgtegte gtggcaaccg

atgc

<210> 32
<211> 70
<212> DNA

<213> Artificial Sequence
<220><223> Seq ID 31
<400> 32

acacgtattg cagtctatca ccgagtcgaa gtcgeccggta tagecggtca tgagggcatc

ggttgccacg
<210> 33
<211> 19
<212> DNA

<213> Artificial Sequence
<220><223> Seq ID 33
<400> 33

gcggtggact ttatcectg

<210> 34

<211> 22

<212> DNA
<213>

Artificial Sequence
<220><223> Seq ID 34
<400> 34

acacgtattg cagtctatca cc

<210> 35
<211> 24
<212> DNA

_33_
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<213> Artificial Sequence

<220><223> Seq ID 35

<400> 35

ctcgaggegg tggactttat cect 24
<210> 36

<211> 54

<212> DNA

<213> Artificial Sequence

<220><223> Seq ID 36

<400> 36

aagcttttag tgatggtgat ggtgatgaca cgtattgcag tctatcaccg agtc 54
<210> 37

<211> 46

<212> DNA

<213> Artificial Sequence

<220><223> Seq 1D 37

<400> 37

atcatccccg atagggaagt tctctaccag gagttcgacg agatgg 46
<210> 38

<211> 56

<212> DNA

<213> Artificial Sequence

<220><223> Seq 1D 38

<400> 38

cctgttcgat gtaagggagg tgttgggaac actcctccat ctcgtcgaac tcctgg 56
<210> 39

<211> 56

<212> DNA

<213> Artificial Sequence

<220><223> Seq 1D 39

<400> 39
cctcecttac atcgaacagg gaatgatgcet cgecgagcaa ttcaaacaga aggege 56
<210> 40
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<211> 54

<212> DNA

<213> Artificial Sequence
<220><223> Seq ID 40

<400> 40

ccagtgcectc ccccacttce gecacccaac ccgagegect tctgtttgaa ttge

<210> 41
<211> 51
<212> DNA

<213> Artificial Sequence
<220><223> Seq 1D 41

<400> 41

tgggggaggce actggaggtg gcageggegg tgggatageg ttegectege g

<210> 42
<211> 46
<212> DNA

<213> Artificial Sequence
<220><223> Seq ID 42
<400> 42

cacatagtgc gtgggggaga cgtggttacc ccgegaggeg aacgcet

<210> 43
<211> 21
<212> DNA

<213> Artificial Sequence
<220><223> Seq ID 43
<400> 43

atcatccccg atagggaagt t

<210> 44
<211> 17
<212> DNA

<213> Artificial Sequence
<220><223> Seq ID 44
<400> 44

cacatagtgc gtggggg
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<210> 45
<211> 18
<212> DNA

<213> Artificial Sequence
<220><223> Seq 1D 45
<400> 45

ctcgagatca tccccgat

<210> 46
<211> 21
<212> DNA

<213> Artificial Sequence
<220><223> Seq ID 46
<400> 46

gaattccaca tagtgcgtgg g

<210> 47
<211> 18
<212> DNA

<213> Artificial Sequence
<220><223> Seq ID 47
<400> 47

gaattcatca tccccgat

<210> 48
<211> 42
<212> DNA

<213> Artificial Sequence
<220><223> Seq ID 48
<400> 48

aagcttttag tgatggtgat ggtgatgcac atagtgegtg gg
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