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Bl1e] xo] #E AomA, o AAEAE FE= B ot 3 dMAS Az A% Ve L §
3 owAS HE: £ sy 9 71 B Aot

I

F83 o £ ZPEsE G4 o8 YAEAY A TEdenyE g & drk. a2y, oY
g e Hg, AIZE wel A u A Hola, Aakeo] AlFHolgt whxle] gith. webd, B dhd re B
2 ZEHE =g Jrptdates Azt o8 Aty FAASRA] MAS B =2 whud 9 2x Zg
El=2 Akl Aol migrdsitt. aeiu, AE 30N AitE ZYPE (S8 gL ZYPED)E AX
et TREolAe] FEoR e Eaf(degradation)o] WE £ Qla, LI BE 2 galde] thik &
A7b EAtE AL ofyolAM tsEE FAVF Bt FE BH owAS HAets o] golaA @S F

oy st TAEE FHSZ fste] WA A EE CdIEXZ gAo] AREHgIT. @A g7 (protein
tagging) == oI EZ Bl (epitope tagging)E CIIEZ Ej1e] 39 MES HA dde] a9
Ag AxF ik BAE AFstaL, olE AHEE 5 ME kA @A F I EZ Hd g IAE
ol &3t HA owMAS HE, A%, AASAY 524 dwA] AxZ O 9 et Vs 1E 5
T AlZF DNA WRio|th, AYAoR FEe AdIEX 1ot od g It=dl AV EAshY, @A -
3 oY EZ a9} o9 FoekAlE MeEels A9 2w B8 4 (Western blot analysis), W37
(immunoprecipitation), ™ %333 (immunofluorescence), WA ¥E3}8H(immunocytochemistry), WA A A
(immunoaffinity purification) ¥ To2 &4 @¥lds HE EE AAT = Q7] "ol 54 o o
o

@ A Age WeAe AAY ek,

o =
o

A @A e7 (protein tagging) H oI EX E]7)(epitope tagging)ol AFEE = JIEX EHIZE= 671
obul=Ab 7] A= #-2 HE = v(d, 6xHis B71) WA 40kDa A= & @HH(d, MBP) o o2+ &
& ZE3 v} o] 87Fs3kH [Stevens, R.C., (2000) Structure Fold Des 8:R177-85 #x] EAH o= 3 W
] 30709] ofmjiito® o]Fojx] HFE = vl1vb AMEETE. His-ElZE @2 Ni-NTA(UZ-UEHZEg oA
2B FAG Boldow EfgEn ) o] EDTA = ol da &2 4 vk, 1 9ok TEQ -
& A (MBP, 39670 obm|i=At, 40 kDa), ZBRAR I Gheld A ZREU-A% JE =(CBP, 2670 ofr]i=
Ak, 2.96 kDa), GFP(2387l o}u|i=At, 27 kDa) ¥ SFFEE]2-S-E#AH oA (GST, 21171 o}v|=2t, 26 kDa)
7 dAE 9 ISAE dide] HE = A AMEE ¢ k. g, durA o R TP A AREE = o
Y EX B2 c-myc ElZZ, HA BlZZ, FLAG Bl 58 5 4 Ut. c-myc Hl2E A c-myc 9 AZRE &
e 10719 olw|w=Al Zolo] o EX Ej1o]il[Evans etal., (1985) Mol. Cell. Biol ., 12 : 3610-3616],
HA 815 AZFA 3nfZFEd(influenza hemagglutinin) HA-1 @A 2R f-2% 9719 opnjx=ilk Zo]
o] oFEX gjz1o]th[Field et al., (1988) Mol. Cell. Biol., 8 : 2159-2165]. FLAG BlZ13:= 41| 2 vfo}x]
T7o2RE Faid 8709 olnx=4t ol oyEX Bjzo|tHHopp et al., (1988) Bio/Technology , 6
1204-1210] .

N
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3, dYEZ AN AMSEE dYEZ Has 57 Ay §REAS w5 dulde) 3apd A st
AEsta Aol HAage S T Zlo] v, dutdow oyt X1 dIEZ BI(dE F°] GST
Bl E= MBP Bl E HA 9] Vs WAANIE 4 EAHES 7Hv. vk, ddiEew Holrh
dquEZ g, oE & FLAG B, cmyc Bl &2 19 &€ 54 gjde] SA4d A 9FS mA
A egar o gk Aok vig- SolH o Agto] by, oW Fgol= & dHHEoA AAE et gl
7] Wizl #A F= ARREA vk, 2, cmye BIZL9E FLAG Bl29] ofriAt A A7 Sl A
A Az el vl T v djde] Fdd Aqdol 230l gl HjE RSk A9 HSelH ut
oo sk, olYd HHolA A whe2 54 H dmde] o gl gl Welrt Hol A NS
Hojrmgl= FA7F At Ksenija Gasic et al., (2005) Plant molecular biology reporter 23:9-16]. o]Zgk
H5ol2] wkg ZAE S5Hat7] S8, djde] N-guke] A&z om 2749 Aold HaE §ste] ARgske
238t A Al&=go] sidEnl glvh[Rigaut, G., et al. (1999) Nat Biotechnol 17:1030-2]. =gk, tjgvl= &
S5sTR A10-12416667% B H@AWE SH5S| TR A10-1342974% 0= dHolwemAL FH L

O~
(Deinococcus radiodurans)®] % =& wiz el vle)g] @ ¥ EHE(Bacteriophytochrome, BphP) o ZE-E %
of H]Eo]HQl ®EES A 4 Adx FAd F2 ot AES 7R FAEHE "o Z o]9} #S o] Fof

Agq F oole 288 HASE FA} AAEC vk
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B oagel W S B ge Aol L mSelq g Axse Lo YA ovEx Hoie 4
aYE BAHEA BAG LAY dvEx gt FAd oe 2 n

AE= B L ol i FAF olgFe A AT AL dolM LAY FF WAL g EEHO
F EE AT 5 Atk EE, 2 ool W fE= B L olo] W AE EFet ouEx

=4 wmdel A v AR B, J5A 9, 4E, A4 L eud e 4EAE A7 F oY
o Hgol 7F5se.

12 His Bj1 AY IA=ZntE 1S o] &35le] DrBphP 2 DrBphNS AAS AxES vedles adoltt. & 1
( = 1 _LL____

9 (A)E Holx=mA~A Yo FHA(Deinococcus radiodurans)®] BphP ©@r¥lzl @ BphN whilzl S Ul A 7] =1)
AFEEE §-AR ZAES MEFH o R YEbd ZA ot FL, A3 (1-755 o}v]=4k, BphP); APHY/HKD (1-321 o}
"2k, BphN) ] = 19 B)E Holx=xzA~A #r)efFH ~(Deinococcus radiodurans)®e] BphP o}Egtwiz o

+

BphN o}Eetw=zS- Ni -NTA %3} I=2vlEaduE o] &3te] AAstar BVeF 208 HoF wjksl & SDS-PAGE 4=
3slaL, o}A(zinc)-fr= FFoll 23k BV A3 &X3 A}(2E%) 2 Coomassie BlueZ A3 A (%)
= uyepdith. 1: BphP 2F5%, 2: AA|E BphP, 3: BphN ZFE%E, 4: AAE BphN. AA 274 - A & A
Z: pH 8.0, 100 mM Tris, 200 mM NaCl, 10 mM o]v]t}Z/8€%: pH 8.0, 100 mM Tris, 200 mM NaCl, 150 mM ©]
==

% 2% M 99ZE AE ol skel AT BphP % BphNol ths) AT 9
| E ; #

i
e
|
[
ot
N

|(2B8, 2C11, 3B2, 3D2,
S 022 3A = 2B A7} BphP wr A o] N-
e AP EZS AAshs s A" ERoR s
9= FAst= PCD +%7F DrBphPe} 418 9 E W E3E ol ¢l Oat PhyA7} BphPe ©d &
% o= g3l Axs e,
EX yigo] AxE 9od B2 53 vl Aot}

T 5E o¥XY oFEX g1 2 wHo] HAEt9 347 FA | s HsdS dirE ERS E3 Ehd
Aolal, = 62 22AG AYEZ v 2 o] ez 307 Aol e &S 7H ELISA(enzyme-1inked

immunosorbent assay)E Eaf UElA Aolt}.
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2 59 e gAY A B 23 A7 A4 e o—iﬂ‘r‘d, /\]iEﬂ‘ﬂ, =efolAl, ofe] Al
AL, HEed, dddeid, 28, EYER, I oA AYEE o= v £ i, WEW, Hdd
ghd, ebd B JAlA MElEE o= el Aol wigbAletar, debd]l Zlo] tf npEA stk

2 odtgo] mAMolq MNE S Blae gud o T yEX gla9 As wdHow AlgdE £ gtk B
oA o "JIHE Ha's 54 g g3 BaR AMgE ¢ e FHE=E gt =g, B
oA gol "uEx"E 54 Al o) 4= FAAFTAY B MEU T Alxet whgste @] o
4 5§95 vt

T3, ol e FY= Bas 2 Aot A AFHA etk dF o], B U] wE JEH= g
T AR ARHE dYEX B ofnwAil 7] 5 nEE uf 6 A 30749 ofn| At ITE TR
HE =21 Ao ntgAsim, IS 359 ofn|iit AR o] Folxl JHE e AAUST 429 ofn| it A Y
2 o]Fojzl FE=Ql Fo] npgAslth. 7] AEHE 359 ofv|xat YR o] Foix] HEEE o]k FA X
] @ w8~ (Deinococcus radiodurans)®] 3 -8 TMZAQ €| 2] 2 9 E T (Bacteriophytochrome, BphP) €]
AA ol At A (HEHT 1) T N-2ES 7502 48584 YX5E 490 A 9]0l s sl ofm =it A

A AR A

g5 7HAH Al 489 A ofn| At FY]1 FFFAbe] et o R X EE I 490 A ol At |9 FFE
o] of~F2EAS R X HEj=o|t), Hgh, Y] AEHE 429 ofuiAit AER o] FojX HE| == Hlo]

w=FAAZ Fr] - FH 2 (Deinococcus radiodurans) #F 8 w9l vl 2] @ ¥ B F (Bacteriophytochrome,

BphP)2] x| opr|:=Al ME(MERE 1) F N-LTs 7|02 48584 YA HE 40194 $1x]d 3|Fste ofF

gk NS 7R FAol 489 A o4t Q1 SR EHte] dEfd o R X 3hE 3 490 A ofn| Ak 2]

]l SFEAe] ofAgEEAS R X 3E FE =],

EE, B ouye] P B A9us 359 o}uw A EE AGNE 429 opveit A4 slo] o 7%
e sy S8 FAE O IR dash 238 G AT 5 Ak dE Sof ¥ uwe Y=
Bae 24 wude) 3% se, 44 59, 7heA %g— FAA1717) 915 AL E 399] ofrliat A EE

AMEAHZ 579 ofm| =ik A g HA B, FLAG Bz, His Bz, BCCP (biotin carboxyl carrier protein) X+
MBP(maltose binding protein)7} A¥HE o]F H1Y IFHz Az=E & Jth(F=FI/HNEF TR A20050221308
%, UE-EgAES TR A120060099710%, vlHSSHES TR 4164622545 Fx). LI, B ulgo] AES glas
AW s 359 ofu|iat MY EE AMAWE 429 olwab Ade] HA B, 6xHis EJL, c-myc Bl 2 V5
Bl Foll A ded 27 o] "ovt A%t s B Ev os B JHE ATE & A HIAE
ST E A20100184612% =), ek, #E dg o] BT HlILE 3XFLAG Bl29 Zo] A Ews 359 ofuiAt
A e AGHE 429 opu|eAl A de] v E FE EE wHEE okt Nd F AN ofv| Ak 77t A
3ouH 2Ad FJeEE ATE F At H5 5533 R A71356245 FE).

¥ odgel W Y= Bk ADNS 359 obvlwdt A EE AAUE 429] opvwit AAe EFeH: 3
3 ool g FA olgel sbedttt. AF Hol, AUNE 359 ofvleal Nd E AAWE 429 ol
i AQE Tees AHE Bael g ARt B oy Qe Eb g@us 599 A10-2013-

0128603ioﬂ ] AE SH7 SASE FAVE gk A, E odyel wE FEHE e #F Helde Adus
359] ob|mat A B MAWE 429 op|mit S s < o}lﬂi&ﬂ H‘ﬂm%’é A, dd, A
7h B Wfﬂﬂ AL sA 7 G EE Al ﬂlfﬂ A% 295

7|Eo R Holk 75% oo R HfE WolA Fo] xFE ¢t AV O}U]‘“G‘lwl ]510 H}E”ﬂ 0} Ae
Ej=9] EAjo] mlyx] &= HFEZH ofm| At X E(conservative amino acid replacement)ol &8 o] Fo| AT},
T3, A7) olmnake]l Mg e ZElmAs)t, olNYEll, EAXHSL So| o&] o]Fojd 4= k. HEI, R ouky
of W FEE Bla1e TAE ofv|ihS EFE 4 gy, Egh, B Iy wE JEE Hae olu|nit AE
ol Wo| m= Ao ofsiA d, pHEol tigh Fx2A kAol FUFIAL Al uig &Ado] Tk HEE=
& 23 5 Ut
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F2]. WA, "mE Adure dud SFdAd BAe F4sAz1ed ogd & AT A% wwdd aEe
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(Engels and Uhlmann, Angew Chem IntEd Engl., 37:73-127, 1988)cl 7]<d WS ol&
2E|2, IATo|E, IAFEolutho]lE @ H-Z AFHolE W PR 2 7|E} L EZglo]n
A g aFEUEHE U T2 E T U
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WEl WE S FuE ATE 5 Ak B odgels o, "E'E 43 Az ¢rle 22y WEE 4
o AT Qelel MBS = )

]

(replicon)d 4
s

el BAVsH, el fAA BA(AE BY, FehauE, B4,
gof "MEE ART U, AR S E= AA delX £F AEZ 9218 298] 918 vteles % u] upold
sl R EFAT go) "M £ vUTY AT % 3

o
(2000], T AT PFAAS T 5 gloh B dwelx] gof Fad WEH'E HF AX U DA BHE
gwelE ol% AAT 5 At BAR Aoud. E wdgeld 2zd WL Zeloddeld A1y

(polyadenylation signal), A} $72 A <A(transcription termination sequence) % Th& F2Y 91X

(multiple cloning site)& © X3e+&d 4= dt}. olu, 7] o5 223 YX(multiple cloning site) 2]
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e 24 AR, PEIS AL A ohlwmire Bl 54 A, Y, £4%, Bt a5yl A% 9
F& AL AEE F du. WS YA deHosn, §HE T4 SUNES Feg AW ¥9, 98
Sof xzelolale] 9% A & Yt PAS EFT 5 Aok AW A BEE GAE Lol Ul uiA
oF 50709 obvlnedt, MFABAE L) WA o 20709 obvmatel S qluk, Fel ols) Bebsd PEC
Ae gE B, Axdeds G AdE TUE & a4 96 BEASE = PAe 42 B
obrtEEN-ZEY tolPE= (D-P) RololHE EFE 4 Atk AWk REE YAE FdA @ @

A G EE AHEae] 7 BN Fol £UANL ALk FR, B TEAAE(lexible) HEE 9]
S ARE® 4 QI3 GGSGET obvla=Al A, GGGGS oFv):=Ab MY, GGGGSGEGES obvl=it AN de 7kAe =

) H
FAE AREE  jlon, oo AEAE Fev. FHE JA= Y] AHE ZAE e EeaEds
W 7] =5 adshs iEH? g OB E Atolel 1Z#dd(in frame) &2 A& 7Hs3H
Adeta, de WEE S LAAL 5 A

ﬂl

2 digel A HE=(FHE "o, ddrksst fEs 497, 58 JHg=E, 4/EE §F JEHE)E A 4
3 e gdAo] 2 delA di[Stewart et al., Solid Phase Peptide Synthesis, Pierce Chemical Co.,

Rockford, IL, 1984; Bodanszky, Principles of Peptide Synthesis, Springer-Verlag, New York, 1984; %
Pennington et al., Peptide Synthesis Protocols, Humana Press, Totowa, NJ, 1994 =). X Aol 7]
¥ 8% FY=9 Y FALAEHT AYE, B4 JAHE, 2 ddrtksd ¥7] 5/4A9 A9 3A 9
slsbx FAHHo R AxH Ml:‘%[Hermanson, Greg T., Bioconjugate Techniques, Academic Press, New
York (1996)] =), 384 FAH> &3] H|§ Y/ ETE wjFod dolzt ¢F 50719 ofn|=st wvkel A
=2 Agdn. 2 w@AA 7AlE fE s vigAsAE 2% AEY DN 2 22 2249 7eS AFES
AZ= 4 AvH[Sambrook, J. et al., Molecular Cloning: A Laboratory Manual, Third Edition, Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, NY (2001); Silhavy, T. J., et al., Experiments with Gene
Fusions, Cold Spring Harbor Laboratory Cold Press Spring Harbor, NY (1984); % Ausubel, F. M. et. al.,
Short Protocols in Molecular Biology, 5th Ed. Current Protocols and John Wiley and Sons, Inc., N.Y.,
2002 F=x].
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i , 4, d3E4d 53 e 54 4= ¥4
2 % 9w, ®A PUE B conjugation)d] Ao] vkAST . TH, §F @A AAE AEE WEE G
o] HElE S dd B3 a4E o 23 4 k. ob&y, B U mE JEE AWA, A g4, g

ojst, ¥ WS AAE ot By FAHor AWt vnt &) dAjds 2 2o Ved 5HS
B outgol BEWE Adtels e o),

AAd 1 golxmAA Hr]Q FaA(Deinococcus radiodurans)®] BphP §4x 2 BphN 3=t =24

dlo]i=3A 2~ gt L@~ (Deinococcus radiodurans) BB LI EIF WA (BphP; AEWE 1) A 4ol
£ Addts FAAHAEHE 2)9F DrBphPe] N-BeE 7|02 1-321 914 9] ofn|witow o] Fojxl Ee|lE
Z(BphN; AMERE 3)E IYG3dh= FAAKEHE 4)E PRE o83t S22t FAYR do|=3A
2 Hr] o F e~ (Deinococcus radiodurans) BHE|E] Q¥ EAE WA (BphP) AA HolZ mdYsle FAXH(ALE
e 2)8 FPow s, BphP FHzkE 2249s7] 9% Zefolw = BphN fAAE 229y fg =t
o] = Ex-Taq(TAKARA) FHEAS o] &3] PCRE 30 AlolE AT = 4~35lar, £2%% BphP DNA AHE-3} BphN
DNA AHES A9}, 317 & 12 =% BphP DNA AH=7} BphN DNA AHES 7] 98] AMgE Zelo]HE e
Aolth. 7] & 1o vehd Zefoln] W Fedh= BE ZEho]m= Bioneer co.(KR)el & &]dte] A #}35}3T).

rlo

[H

Z 1

A |zl FF A7] qE(5'—-3") T jolu o ‘i% Al g
HE FA 012 B
5 BphP S =& GCCATATGATGAGCCGGGACCCGTTGCCC Nde I

forward primer
6 BphP S 24 & GCCTCGAGTCAGGCATCGGCGGCTCCCGG Xho I

reverse primer
7 BphN =4 & GCCATATGATGAGCCGGGACCCGTTGCCC Nde I

forward primer
8 BphN =24 & GCCTCGAGCGCTTCCTTGACCTGAACTTG Xho I

reverse primer

23 PR 2HES 1% agarose gel (QA-Agarose gel T™, Q-BIO, CAT#AGAH0250)ellA] runningd}al, xpe]Ad ZA}7]
st} ZEAIZL DNAS] Z7]E EQlsl3ith. 1 & DNA 5F 4bEo| ddls gel 2] bandvHe Wil gel
elution kit(FavorPrep GEL/PCR purification mini kit, FAVORGEN, CAT#FAGCK001-1)%& o]&3}o] €13} DNARH
S ®23 3 Easy T-#E](promega)oll Z¥3}al, Bioneer co.(KR)ol| g8l 7] HAES SA39d. 2
3}, PCRE F3ll A/d%¥ DNA 4h=eo] H3k= 4 §17] A &<l BphP DNAS} BphN DNAE 7HAl&= A&

i ol
offt

Y

o]%, Ad@A Nde I3 Xho IS o]&3te] ZZ ¥ BphP DNA A=} BphN DNA AHES Z+z; pET28a(+) B (A%
@INw&mﬁﬂ“mﬂj,ﬂﬁﬁﬂBMIﬁﬂE M E (A ZAF : RBC, Taipei, Taiwan)oll 42TColA 1& =<t
d %7 (heat shock) & 7}alo] FAHIA7|5L, o]F Fhmlolrlo] X3kl LB x| Aol 4] wjate] BphP thHl
REM BphN ©uld & ab& A # L),

AAd 2 : HoleTA2 Fr]Q FeA(Deinococcus radiodurans)$] BphP THila 9 BphN Tl o] whg

BL21 FAIHE AMxzo] FHAH3E o] LB wjA] AelA A& F2UY(colony) EE Zhvtolile] x3hel LB HiA] o
AFstar 37Co A oF 8417 o] FulY(seed culture)dtth. Fuddt NEE Fhunfolrlo] Eghe LB uiA|
o] 4ZF3FaL ODgeoll Aol ko] 0.60] & wj7px]e] w2 7] & HA F%7F 0.5mMe] ¥ %% IPIG(isopropyl-
~-thio-B-D-galactopyranoside)& 3 7}stal 25ColA 6A17F F¢F @d Id e fFrgct. 1 & AXES o
gt AS S wglar S vy W (100mM Tris-Cl, 150mM NaCl, 2 10mM o]w]t}=, pH 8.0)Z A
ARG, ez FA APdES nyAolAdste] AEE Amea, A A48 sty A5 anks g2 &

+

F Ni -NTA 2R (QIAGEN) & ol&stel @& AAlskart. 1 ol AAlE @& -70ToA Hstd

rvnz»—*
—

-

n
o
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o}

= 19 (AE dolwzAx #rjeFH2(Deinococcus radiodurans)@] BphP w2 BphN whil & w3 A)7]
v AR R AAES Mo YeEpW BEAEC|TFL, A% (1-755 o}n| =4, BphP); APHY/HKD (1-
321 oju]=2k, BphN)]. & 194 Holi= ule} o] BphP ©r¥ @3} BphN @ o= BVe] Al F23 IS
3t PASSF GAF =9l 2 Cys—24 Z7]7F B5 E3ghE o] Ql7] wjel] 2 AA=vro = BVHe] Ajto] 7hs3altt.
holo-BphP wuld-s &15317] 9fs AA¥ Apo-BphP W& 3t Apo-BphN el =¥ d(BYV, 2pg/ml,
Frontier, Scientific, Carnforth, UK)& Z7}etal 1087 ALoA BFEAIZATE. o] uk-g AMZZof ujjsl
SDS-PAGEE A%t th3 zinc acetate §9(20mM zinc acetate, 150mM Tris-Cl, pH 7.0)ell 203+ WH-gAIZ1
UV otefA diidel 3 4o g #Eslvh. =3, v AEEd did] SDS-PAGEE A Algh thE coomassie 4
AL AAEAT. & 19 (B) F 9% coomassie @AY AARE e Fola, & 19 (B) T 2LEFHS zinc
Exo AxE vehd Aotk = 19 (B)olA Roli= nle} o] BphP vz o BphN whilze] vy 9 A A7}
HEetA o]FoAdE I 5 AT

AN 3: HolxmAH2 ] F&HA(Deinococcus_radiodurans)] BphP &z I BphN ©hide] EojF o=
Ajtete GYSE FA | A=

3-1 : Mg

A AE BphP ©H¥ld Hi= BphN v A2 &go g 3, oJ7]o] complete Freund's adjuvantS Z&3 & A%
65% 97 BALB/c mH-2~9] B ol FALsIF . Immersion vortexer® 1A1ZF £33 & e wiow
Incomplete Freund's adjuvant®} &S Egtate] 574 ol FALeGItE. 25 $o mhg-2o] mel24E st
o] ELISA HZE = A9 ¢7}7F 1/1000¢4 1.0 o]/olH A F3eol AREeFdvt. AxF3s 9 2 ©
o A RFH 474 s FAS PBSol FAste] B4 Uol FASIITE. 39 Foll mlg-2E S AAAA AE

B HiI¢ =% AEE ARHER £33

HA EEe] i, VY d9E2 RBC lysis F&Y 10mE Wi AEAZ § 20830
£ 93 dAEgsT. AESFES ted 2ol AAF
PEG(polyethlyene glycerol) 1500 €8S 37CE A3t AEoA 3]
WS AAANZT. ol %, A&akA dAEE e %

1 O
27 AEAIZ) L 96 vell EA R R

THA o R A& AE strainer®E TAE3E T 7
al

=

Y
o
fr
o,
r)v
ot
)
B
ot I
rlo
=
02
N
=2
X
=
o2
ofi
ol
2,
)

AEZET A 5 Foll SFAEe] A=l HATHIAE 2} wellol H7bebgitt. 1§ 39 IbAC= HAT wjX]
s % 2 A7, ARG 119 5 9 wiAol HT supplementS 3 7FgE HT wiA| 2 Zrols=m vl
o A% AxE skl Aol gld welle] BT AE FHal ELISAY ]3|
A weEE 3 AEFE AR Ao 1,234 F2
29 fesE 28] w4 stk

HAAZL el g UGA ool ddI2 FA ) AL AT AEET F FFAE AES 9l 96 well
24 wjkdel] ELISA 5% hsgfo 34 ¢l diid golg 7hetal 4Tl whgAIZT. o] % &<l
G SN FAs] AAS AL 7 welld] YA ol 827 && ZFshal 1A B/l 37TAA BhEA]
Atk 1 F B2 &g AAB AL, PBST o 33 AT, FHAANE WG FFNE 7 wellol 715t
I 37CAAM A7 F, 1 &S AlASa PBST &<jo® 33 AlHa3ltt. Horseradish peroxidase(HRP)
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—_
—_
_4—9-‘

conjugated anti-mouse immunoglobulin(anti-mouse IgG)<S PBSZE 3|43k fAS 7 we HA7Fel ).
OPD(or thophenylenediammine dihydrochloride) 718 &4 wellol] Wil AF-2olA 1083+ ¥H-&-31aL, stop &
o2 ggs AAAZTE. oluf Whgate] WAl AEE FQlstr] f3ste] ELISA #5722 FFEE 492melA =
Astdar, FHE A9E 7122 F 249 TR solndwrt NEF FEE Adsodt.

=

3-5 : Fusion plate ELISA HIAEE &3 9o A3 AE A& L Ao gA

F 24719 TR slolHE Tl MXEF FEof sty dPor FALES Y BphP w A3k BphN w2 Fusion

plate ELISA E|AES AA5e] 1 =g , I ARE 3719 F 20 e 719 # 2

oA Holx= npse} Zo] 288 FE3} 2(11 EEL HolxIAXL e FH 2~ (Deinococcus radiodurans)e] BphP
_‘,:_

==
=
T d gk BphN B oA R 2 AR BAEE Zlo R Wol BphP W] N-Td 798 EtE sle
= FAHAT. AR 382 2 B 302 &L BphP WAl = £ 25 Ke|al, BphN T el A= 0ol
Wb FAE vEhd= A o® wol BphP @EEe] (-2 F-915 AEtE e FAEAY. ojsde v
Al 307 28] A9-olE BphPaW A A & 25 Bolil BphN Tl Ao e oj= Ao vhe $35 e
U= 2oz Hol BphP T C-2dk F o] N-weh F9k oj Ak Ash= Aoz FAHHUG
X2
stojHe|en} HEF 2 el wmdate] Ag A (492molX e Fdie)
BphN BphP(ful 1)

1B6 0.0660 1.3190

1B11 0.1560 2.3700

1D6 0.0550 2.3180

2B8 2.3400 2.4200

2C11 2.3480 2.4040

2D9 0.1430 2.2730

2E3 2.1720 1.8020

2F7 0.1220 2.4430

218 0.0650 1.3440

3A4 1.9180 2.3770

3B2 0.0980 2.2900

3B3 0.0700 2.1650

3C11 1.9730 2.2590

3D2 0.0640 2.2830

3D10 0.1180 2.4280

3p11 1.6850 2.3130

3F10 0.0730 2.3570

362 0.0880 2.0510

3G9 0.0800 1.5580

3H1 1.7840 2.0950

3H7 0.4640 2.3490

4B7 1.9730 2.2620

4E2 0.2050 2.3770

4E3 0.0550 2.2650

I 5 A7) 5709 slelBElEnl AMES FEo| tste] 13k cloning plate ELISA B]2=E, 23 cloning plate
ELISA HIZEE AAal HFA 02 ascitesE At Ao AAE Agsiivt. 1 A3 5719 ddF
2 A 288 A, 2C11 A, 382 &, 302 A & 3H7 FAE FREA. A HAe e Fe W
Hoz AASIT. 85 ©]4 ¥ BALB/c PF-2=°l pristane 0.5mE HZFAF 3§ 157 Wx] 109 FHel 3fol
vElwul A XS wjokste] PBSE 38 AlHEka 5x10° cell/0.5m9] FE7} HEE PRSE B|Aah I
ARg-slo] JApol|l FALeRIth. 1504 109 F 2
Bk 22 S Y H4rt

Aok 1 A AR Asa AHRsel RBCE AASYTE. AT Bl P PBSE W& F, 4TAA
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ammonium sulfate9} X438 &3}t 4TColA AdEZS &, IEHE EHJA A, Protein A9} DFVF 412 H]
=8 A9Y ¥ v, Tris 945845 bed volo] 1002 AHa 0. &AE WolA protein A/GSE & 410]
W fractions Wi, Tris &S5ENo=2 MHS F, glycines 2ol o8] Wl DA elutiond}git). o]#A A

9 FAZ dialysis bagdl Wi PBS SHEGNGA 3471 Hob FAstm, PRS $Ego ThA] mAlste]
v FoF BAta, Fo] Euk dAlE A st Basd).

o

AN 4 GAZE FAY SolH B

271 gRg FA 5] 71dd 4 A BphP @A} BphN Tl de)] ief e e ARE YeEREA g1
B7] 9ste] ¢l28l B (Western blot)S HAEATH. ﬂxﬂﬂ BphP & 3} BphN Wl 5ug ohsl 13k A=
A FE7F Img/mel ZHZe] GdZFE FAES 26 AW s 1:10009] HEER AFRS T 23 A EA
HRP-w}F-$-22 ] (SIGMA) S 1:10000 H]&= A 2] 3} Hli‘:d EXS AT, 2 A, 2B8 A9 2C11 A
= SlolBE|wnt MEF F2o| thdk ELISA HAES} ulxb7lx e A3 E BphP w3} BphN whal

Fsle 237 YgrtHE 2). wabs] 7] 274K A= 2% BphPe] N-Zek R9jo] AdtelE Aol
S Ad9ltr. zEla 3B2 A 2 3D2 A= BphP @il Ao tisA wi=r) gk o) BphN

ME7E Yo ¢ 0% Kol BphP Wi ge] C-Hek F-9jo ZA3E Aojets AdE 4S5 5 A A
3H7 @A) 74-9-oli= ELISA Hl=ECA o] Aufel= th=A] Q2] BphP @ AR % AAFE= A

o Z47ke) gAlEe] A Ame N-ww F9jol At 288 Al 2 2011 AV 7 s A Ao
C-oeh B2 oty AzEE 32 FAE artes oatA ddEe *%HE% Bt o ggow 3107 3
A 2@ 3B2 A o2 A AFgsh= W=ty

g, DrBphP= A= JEAFH FARE P25 7PAA gl 58] N'd B9l ks PO = o B
PAS, GAF, PHY =wIQ1& X3l g FAGE 25 73 7] wiol 7] FAEe] LE(oat) IEAF
iy jEgsh=A] o 5 o SFAIRE 7] dolxeFZ A2 2l e FH 2 (Deinococcus radiodurans)
o BphP W] Y@ BADE FAE /b wE OE WEIE GuA0at Pyd)ol AT 2e Ass
Eoﬂr/}(E 3). Wb A7) dolmamA gt 2/~ (Deinococcus radiodurans)®] BphP THij o] ot U &

FAETHE T AdIYEZE AAstE BphP SolAl A

e

N

i
lo,
o
&’r
&,
frt
Hu
gt
g
=
i)
9,
=2
e
0

o
0 -
o’iﬂ%]% R -’F AT

Hoatyg x5 glolx=mA 2~ g FH A (Deinococcus radiodurans) ] BphP ©r¥i o] tjzt GASF2 JAE F
37 A stolE | Enl MES 3H7S 20139 7€ 9¥A R A e A A AIE (KCTC) ol 7|3k
a1, stelHE|mnl AES 3079 e E = KCTC 12442BPolt). Z12]ar, 3H7 &A2] ofo] 4Bl (isotype)S wh$-
2= AE o] &3 ELISA W o= AAS . 3H7 A9 54 ofo]l Bl IgG 2belaL, A3 ole]LErYdS
x (kappa) ©] $AT}.

AN 5 : M7 HUFE gAY AUET S 97 JYET W

gol=FAH2 ght] & F ¢~ (Deinococcus radiodurans) ] BphP ©Hl o] 3t dUdSFE2 A9l 3078 A <]
JduEXE Folslr] ¢Jste] DrBphP A Z3 HE FE]=(recombinant partial peptide)E A|Z}slaL, oyEX
A

We WA

WA DrBphPe] AA oluicAl HA(MGHME 1) F N-DhS 7]F 07 485~500 Y9 ofn|=t NI (HEHE
9)S FY3k= DNA, 481~495 91x]9] otu|iAil MA(XMEHIE 10)& P DNA, 485~495 91X]9] ofn|i=it A
A(MEHDT 11)S ZY3F= DNA, 485-494 %] 9] ofmimal MA(MEHE 12)S Y 3k= DNA, 485~493 9]¢
olul Al MA(MAHE 13)S FYEE DNA, 485~492 $1A¢] ofv=AF HE(MEHE 14)S A8k DNA,
485~491 YX9) oln At MG (MEHST 15)S 3= DNA 2 485-490 A9 ofn| =it A (M EHE 16)S

A= DNAE F2Y37] st Azl digh ZgtolwlE AT, dHolxmiAs g shs

(Deinococcus radiodurans) 2] eI EFE A (BphP) AA dolE IY3le FAR(MEHE 2)5 FHOo

2 star AlF3E Zefo]m E PrimeSTAR HS(TAKARA, R040) THEAE o] &3le] P(RES 30 Alo]E WF2 433}
3, SE¥ DNA AHES At 7] 32 A7) 8719 DrBphP AFE H-E ME]=(recombinant partial
peptide) & W3 DNA 5% S €71 918 PCR Al A& Zetolu & yepd Zo|t}.
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* 3
A [zerolm % @7 HA(5'—3") sefolvlo] %3
HE H Adasr <l
2] 19
2]

17 BphP 485-800 a.a. 238 |GCGGATCCATGCCCGGCGAAATCGAGGAGGCG BamH I
forward primer

18 BphP 485-500 a.a. F243-8 |GCCTCGAGTCACCCGGTCAATGTGTCACGTAG Xho 1
reverse primer

19 BphP 481-495 a.a. 238 |GCGGATCCATGGAGCCCTGGCATCCCGGOGAA BamH I
forward primer

20 BphP 481-495 a.a. F243-8 |GCGAATTCTCAACGTAGATCCTGCGCCTCCTC EcoR 1
reverse primer

21 BphP 485-495 a.a. 238 |GCGGATCCATGCCCGGCGAAATCGAGGAGGCG BamH I
forward primer

22 BphP 485-495 a.a. F243-8 |GCGAATTCTCAACGTAGATCCTGCGCCTCCTC EcoR 1
reverse primer

23 BphP 485-494 a.a. 238 |GCGGATCCATGCCCGGCGAAATCGAGGAGGCG BamH I
forward primer

24 BphP 485-494 a.a. F24-8 |GCGAATTCTCATAGATCCTGCGCCTCCTC EcoR 1
reverse primer

25 BphP 485-493 a.a. 238 |GCGGATCCATGCCCGGCGAAATCGAGGAGGCG BamH I
forward primer

26 BphP 485-493 a.a. F249-8 |GCGAATTCTCAATCCTGCGCCTCCTCGAT EcoR 1
reverse primer

27 BphP 485-492 a.a. 238 |GCGGATCCATGCCCGGCGAAATCGAGGAGGCG BamH I
forward primer

28 BphP 485-492 a.a. F243-8 |GCGAATTCTCACTGCGCCTCCTCGATTTCGCC EcoR 1
reverse primer

29 BphP 485-491 a.a. 238 |GCGGATCCATGCCCGGCGAAATCGAGGAGGCG BamH I
forward primer

30 BphP 485-491 a.a. F243-8 |GCGAATTCTCACGCCTCCTCGATTTCGCCGGG EcoR 1
reverse primer

31 BphP 485-490 a.a. 2498 |GCGGATCCATGCCCGGCGAAATCGAGGAG BamH I
forward primer

32 BphP 485-490 a.a. F24-8 |GCGAATTCTCACTCCTCGATTTCGCCGGG EcoR 1
reverse primer

ZZ% P(R AHES 1% agarose gel(QA-Agarose gel TM, Q-BIO, CAT#AGAH0250)°|A runningdtil, AFLIA ZA}7]
2 Edlo] ZZ A7 DNAY A7]E Flsldtt. 2 3 DNA FF Ao sdats gelAo] band?S WAL gel
kit(FavorPrep GEL/PCR purification mini kit, FAVORGEN, CAT#FAGCK001-1)E o]&3}o] 3} DNAYTH
pJET(CloneJET PCR cloning kit, Fermentas, #K1232) #Elo] ZA3F(ligation) A|ATF. o]=,
=9 Asgt WE o 30~50 BES A<l DHS a FAIEE N E(AFEAF : Invitrogen)E H7}skaL,

oF A& Aol kst F 42TColA 187F & FZ(heat shock)S = 5 thA] 208 &<t 48 AollA 3]
du o] xshe LB wjx] Felo]lEo| ~x# Y (spreading) & F 37Tl shEwE st st
FAAFAHG. o] &, FZY(colony)7} A&t Sxjd o] ¥stE LB vjX|o] HF3tal s & 37Tl A
$ % Zglan= 3% 7)E(FavorPrep Plasmid Extraction kit, FAVORGEN, cat#FAPDE300)

o

= o] &3l ZgAnEE FEHET. o]F, FEH ZgAu|=(plasmid)E  Bioneer co.,KRo| $IEFEI] 7]
IS FAH3AY. 2 A3, PRE T3] A E DNA AHEo] e 24 7] MES 7IAle AL s,

T3, AELE o)dste FEH Tgavs 2 AAHoR ST Bl1E 7RAa 9l pGEX4TL #E ((GE
Healthcare, Piscataway, NJ, USA)ES Hutsh 52 DNAZ DrBphPe] AA| ofr]t MA(MEHE 1) & N-T
e 71FO R 485~500 91X 9] oAt AA(NIANE 9)& A3 DNA, 481-495 91X 9] ofm| it HA (L
WS 10)S AP 8k DNA, 485-495 914 9] ofvieil MA(MEHE 11)& LF 8k DNA, 485-494 §]] 9] ofrn
A AT 12)S ZP8E DNA, 485493 91x]¢] ofmit HA(MEHE 13)S FY3F= DNA, 485~492
A 9] opH it MA(MENE 14)S T3k DNA, 485~491 9119 opmjist MA(NIWE 15)& FF3h=
DNA B 485~490 $1x]¢] opn]iit AA(MEWME 16)S Y38k DNAE 2zt o by WEfQl pGEX4T1 ) E o
A3H(ligation) AZTh. 1%, 52 DNAZ ¥ F3he pGEXATI WEZ dig#<Q B2l HAAVE NEHRA}F -

R
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[0071]

[0072]

[0073]

RBC, Taipei, Taiwan)& FZH3AZ1 & Jujadglo] gy LB wfx] AolA] wjdste] ald 2HS FE318]
ok olF, wigHE MEE AYAAE o]&ste] st FAEHA 95 2 AFdvs mE 23 &
GST resin(Glutathion Sepharose™ High Performance, GE Healthcare)& o] &3le] whiizalS AA ST, A
H gz 9@ golwFAA Fr)eFH A~ (Deinococcus radiodurans)e] BphP ©hel A s UA¥ ERS 53
3G th. olw 1x AR+ 3H7 GLdFE A Z oanti-GST FAE AFESFaL, 22 A2 Horseradish
peroxidase(HRP) conjugated anti-mouse immunoglobulin(anti-mouse IgG; Sigma)E AR&3}ivd. =3k, SDS-
PAGE & AE292x Wrle EWdAmE AEZS s #1381 Amersham™ ECL™ Western Blotting
Detection Reagents(GE Healthcare, RPN21060L/AF)E At-&3ttt. = 43= 3H7 Ao i3l oy EX wisgo] Z

3E A28 BE W coomassie FAS Fal e Folth. £ 4el4 ol mish go] 37 FAY o)y Ext
DrphPel AA] ofmliit AQ(HANE 1) F NS 71FOE 485490 Aol sFahi= 6719 obmleit A
2 olFoj7 WEIE(HEME 16)0]31, ofF ofFEZ eh1z AEH 5 gtk EF, DrBphPe] A o]t

I (MEHE 1) = N-2dS 7]1°§ 485~491 Aol 33t 7T ofv| A AER o] FojX FE=(ME
Ho 15)% 3H7 Ao g IEZ g1z AT 7 d5S st Egh, AEHE 169 ofv| it A
ol sl E~E HA(Blast search)S F33tal, dF wregol 55 AlQstas dubdQl viagdtoly 2

SRl o] ZHEH AEWE 169 ofn|wit AER o] F

DX 3
A AFsAel Ul %eg o & Aok,

o

BolA FHHE opviit MHo] EAEA &S
o7l MNE=E oI EZ B8 ALEA] H]Eo]H

o,
o

L

AA 6 : A JIEZ gl o] 9 Wold JE=9o] 317 GAFE FA diF s 4

A7) 3T GA o AsHdE BN A8 LelAg ANES BuAGNE 169 op] it AdR ol
ol MEZ)E FHHE ofrlwmit AVE F UVE UE ohleitow ABstel Mol AL=F Axdtn, 9
2¥ BE 52 olgatd] wol Mol 317 GAel U@ e BAs.

WA, DrBphPe] AA ot MA(MLEHE 1) F N-ZHS 7|02 485490 $1X|9] o]t AHR o] Fof
ME]=('485-490-ori' & EAE, MEHE 16)E 3= DNA, DrBphPe] A A ofu]Ait MEA(HEHE 1)
N-IS 7]F o2 485-490 X9 opn| At MER o] Fojx| L FAle] 489 A ol it 7]l FF e
A5A opn| Akl dEbdo® X3kE $E] = ('485-490-F489A' & FEAIE, A9WME 33)2 39 3sH= DNA, DrBphP
o] AA ohuwal MA(MEHE 1) & N-UhS 7|30 Z 485490 $]x]9] olnial dz o]FEo]z L FA
490 A ol At F71Ql FFEERAYo] ofAmEEAlo R X3y FE|=('485-490-E490D' & XAIEH, A IWIE 3
4)E 393k= DNA 2 DrBphPe] AA) ofn]iwat HA(MEHE 1) F N-TdS 7FO2 485-490 91x]2] ofn]i
b AER o] Fo| AL FAlO] 489HA ofH|:=AF 7|Ql SRRl A olm| Akl dEtdo R XFE I 90
HA ol =Ab 27]Ql ZFEate] olamtEEAS R X3hy FE| =('485-490-F489A-E490D' B FAIEH, AdWT
35)E FAYsh= DNAE FREYsl7] skl Zhzte] digk ZeteolwE Alzbakgivt. A&k Zeto]m 2 PrimeSTAR
HS(TAKARA RO40) FEAZ o] &3lo] P(RE 30 Alo]E AFZ F3sla, FZ 3 DNA AHES Ak, A7) DNA
Z29S 9k PR wHee Wwol FHS Jow 1A gown | 1 Alo]Z PR Al %3 ato]n (Forward
Prlmer)g‘r Ak ZTto]w (Reverse primer)e] Aol 93] TES 3 FHS IS & UG, ] % 4= A
7] 28Ag AIEE g1 F 3709 Wo| FEI=E I3 DNA T AES A7) Y8 PR Al AFEg Zefo]
HE UeRd Zlo|t).

ofN X

i_,

w2

I 4
FENEERERES: @71 MA(5'—3") Zetolvie] w3
ik g9 Adasr <
4 %9
31 485-490-ori = 298| GCGGATCCATGCCCGGCGAAATCGAGGAG BamH I
forward primer
32 485-490-or i = 298| GCGAATTCTCACTCCTCGATTTCGCCGGG EcoR 1
reverse primer
36 485-490-E489A = 298| GCGGATCCATGCCCGGCGAAATCGCGGAG BamH I
forward primer
37 485-490-E489A = 298| GCGAATTCTCACTCCGCGATTTCGCCGGG EcoR 1
reverse primer
38 485-490-E490D = 298| GCGGATCCATGCCCGGCGAAATCGAGGAT BamH I
forward primer

_19_



[0074]

[0075]

SIHS3 10-2016-0092792

39 485-490-E490D = 298| GCGAATTCTCAATCCTCGATTTCGCCGGG EcoR 1
reverse primer

40 485-490-E489A-F490D & = | GCGGATCCATGCCCGGCGAAATCGCGGAT BamH I
38 forward primer

41 485-490-E489A-E490D & = | GCGAATTCTCAATCCGCGATTTCGCCGGG EcoR 1
-8 reverse primer

o]% DNA Z=Z AlEo)] af|F3l= gel Ao bandWHS 2@l gel elution kit(FavorPrep GEL/PCR purification
mini kit, FAVORGEN, CAT#FAGCK001-1)E o]-&3dto] 1st= DNARES &l % pJET(CloneJET PCR cloning kit,
Fermentas, #K1232) #E|o] A3 (ligation) AFATh. °]F, 10~20u HEe] ZF HE ] 30~50u AL
o] DH5 a HIABE M Z(AFAF : Invitrogen)S H7balar, 208 Fob A& AbolA wjgst F 42TCol A 183F
o =7 (heat shock)S & F thA] 208 5ot A& Aol 3EA7|a, gulado] F3HE LB HjA| Z o] Eo]
2P (spreading) & F 37Tl s5RE &< wigaste] FAHSFAZATG. o] &, F2ZY(colony) 7t AeHd
Aol sk LB wiA|el AgEsta bW st 37TCAA vt AXE 7] § ZEavE FE JE
(FavorPrep Plasmid Extraction kit, FAVORGEN, cat#FAPDE300)E& o]&3to] Zelxn|=g FE3F L. o]F, F
=49 Zet~v=(plasmid)E  Bioneer co. ,KROl #1838t 7] AMES AT, 2 A7, P(RES S8l A€

DNA AFEo] A5hs B4 9] ADL e AL FAstar,

¥ o

wgh, AgaEiE ol&dte] FEE EFHavE P AAFORE GST Bl1E 7FAI 3= pGEX4TL #E ((GE
Healthcare, Piscataway, NJ, USA)E st & 22X oI EX g % 3712 WHo] FE=E A= &
2 DNAZ 7zt dwd wrd wWEol pGEX4T1 #Ejol A (ligation) AFTh. o]F, =4

pGEX4T1 WE]Z t)g++<) BL2l AW HE M Z(AZAF : RBC, Taipei, Taiwan)E FAASA 7 F dujadge] ¥
Stel LB wjx] Aol mjokste] vl W3S Gmagivk. o3 wjok® A EE PBS &9 (Phosphate buffered
saline solution; 137 mM NaCl, 2.7 mM KC1, 10 mM Na,HPO,, 2 mM KH,PO,, pH 7.4)¢] @E3slaL AYAe]HE 9]

L35t AEE Fsta AR & d2 FSAHe wz F2ldk T GST resin(Glutathion Sepharose™
High Performance, GE Healthcare)& ©]-&3to] ©idS AHAstitt. GAlg ddlde] gis) A" E2S 73
k. olul, 1x FARE M7 GAFE A E anti-GST FAE AL, 22 FAZ Horseradish
peroxidase(HRP) conjugated anti-mouse immunoglobulin(anti-mouse IgG; Sigma)E AF&3IATt. AAE dd
S SDS-PAGE ¥ o]& ZZF s dedl(PVDF) WEAo] EMAHEAT. o] F, PVDF WEZ1LS 50 =
7 WA (skim milk) 2 303 T AEeta, of7]el 12k A R 22k FAE SAH o2 2 2 1AE F2t A

#sFE ). o], Amersham™ ECL™ Western Blotting Detection Reagents(GE Healthcare, RPN21060L/AF)Z A}
S35t dagstinh. w3k, AAE ddo] ois] 7H4 ELISA(enzyme-linked immunosorbent assay)E =33}
th. AAE @ES 0.05M 7R Yo]E B (carbonate buffer, pH 9.6)°] lug/mée] =2 £33, o5 96
4 Z#o]E(96-well plate)el ¥ oh3 oF 4TolA 12417 &<t wigste] 4 WS FHSIGTE olF, 9 &
WS 56 27 WA(skim milk)E IAZF FoF Agsta o 7)o 12} &84 2L 23} FAS £x1F o2 247 D 14]
F e AsA o]%  TMB One Component HRP Microwell substrate(SurModics BioFx, Eden Prairie, MN,
Ush & A

A 7}ele] WAuEeS zs)slar oM FAH(H,S0,) &Moo m WS AXAZ] ZF ELISA microplate reader
& S, ® 55 YA olFEX e B wo] FE =9 307 Al o
Ueld Zoli, & 62 LAY AV EZ gl 2 Wo] FE|=9] 307 &A
7H4 ELISA(enzyme-linked immunosorbent assay)E 3l UERH AHolth, = 5 2 = 6o]A] Ho]
Hke} 7Fo] DrBphPe] A ofu| Al MA(MEWME 1) F N-LHS 7|F 02 485-490 91A]9] ofu|it Md=
SFEAe] AFA opnlel dEbdo R X ghE o 90 A of] e

Abo] olamEEAO R X)3hE HE] S (1485-490-E489A-F490D' & EA|E, AdWE 35)E L
7291 DrBphPe] A ofmi=ik A (MEWE 1) T NS 7|FO 2 485-490 Y9 ofn|i
A A ME) = (1485-490-ori ' 2 FAIE, I E 16) 2 tE Wo] HME|=HY 37 dUFE A
& el o & Ao® vehgtl. wabs, 485-490-E489A-E490DE 3H7 U EZE Ao ik AlgF
HE a8 A8E & dvk. E3H, DrBphPe] AA ofnxil A (MEHME 1) 5 -89S 7|50 2 485-491
AR ofr| il AR o] FoA| AL FAlo] 489 A olm| Al 7|Ql SEEANe] A ofn ARl debdow
&= 90 A ofniAit 7| SRt of~mEELIc R XFE FE = (MEWE 42)% 37T HLEFE g

Al gk AlqF FE= 12 AREE 5 T,
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ol gl Mt ol ¥ WS vl ANelE ol APSAAT B owrjo] WA oflelm BHHE AL ohy]
ooy o) WFsh AMES Holubd e M9l ullA tdE WA Fege BEelth mebd, ¥ @
Bl nENAE B wge] ARE 5G] sk BE U4 FHE TP Ao s} &
=

TEY S

7187189 - S estd T
B S KCTC12442BP
eI} 20130709

z=9
Ed]
(A)
_eas [ ear  [pnv ARSI
1 in 755
I T ephe
| 31

(B) BphP  BphN BphP  BphN

_21_



ZIHSd 10-2016-0092792

k1
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EH3
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¥ 3 F & F & g T A4
Oé"dé oﬁ 0;5!*‘ ng o&-d# f c#‘dé oﬂf c';@ Qﬁ gqﬁ

Cor

Oat PhyA
DrBphP
288 2c11 3B2 3D2 3H7  Ponceu
stain
Zrd4
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Anti -GST
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<110> University-Industry Cooperation Group of Kyung Hee University
Myongji University Industry and Academia Cooperation Foundation

<120> Peptide tag with improved affinity toward 3H7 antibody and use
thereof

<130> DP-15-113

<160> 42
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<210> 1
<211> 755
<212> PRT
<213>

<400> 1

Met Ser Arg Asp Pro Leu Pro Phe Phe

1

5

Pro Glu Ile Thr Thr

Gly Ser Ile
35
Gly Glu Val
50
Glu Pro Thr
65

GIn Trp Pro

Leu Gln Tyr

Leu Thr Val

115

Thr Glu Ala
130

20

Gln

Leu

Val

Arg
100

His

Trp

Pro

Leu

Leu

85

Ala

Glu Asn Cys Glu

25

His Gly Ala Leu

40

Met Ser Leu Asn

55

Arg Gly Gln Thr

Gln Ala Ala Leu

Thr Leu Asp Trp

105

Arg Val Gly Glu Leu

Asp

Phe Ala Leu Glu Ser

145

Thr Gln Thr

Lys Phe Ala

Glu Gly Leu

195

Pro Ala Gln

Val

Pro

180

His

Ala

120

Ser Thr Gly Pro

135

Ala Pro Asn Leu

Deinococcus radiodurans BphP

Pro

10

Arg

Leu

Leu

Pro

90

Pro

Leu

His

Arg

Pro Leu Tyr Leu Gly Gly

15

Glu Pro Ile His Ile Pro
30
Thr Ala Asp Gly His Ser
45
Ala Thr Phe Leu Gly Gln
60
Ala Ala Leu Leu Pro Glu
75 80

Pro Gly Cys Pro Asp Ala

95
Ala Ala Gly His Leu Ser
110
Ile Leu Glu Phe Glu Pro
125
Ala Leu Arg Asn Ala Met
140
Ala Leu Ala Glu Val Ala

155 160

Arg Glu Leu Thr Gly Phe Asp Arg Val Met Leu Tyr

165

Asp

Ala

185

200

170

Ala Thr Gly Glu Val

175
Ile Ala Glu Ala Arg Arg

190

Phe Leu Gly His Arg Phe Pro Ala Ser Asp Ile

205

Arg Ala Leu Tyr Thr Arg His Leu Leu Arg Leu Thr

_24_
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Ser

Leu

Cys

Leu

305

Arg

Ser

Asp

Val

210

Asp

Thr

Pro

Ser

His

290

Val

Asp

Leu

370

Pro

Leu

Leu

Trp

Ala

450

215

Thr Arg Ala Ala Ala

230
Asn Ala Pro Thr Pro
245
Met His Met Gln Tyr
260

Val Ser Val Val Val
275

His Gln Thr Pro Tyr

295

Tyr Leu Gly Arg Leu
310

Asp Val Ala Ala Phe

Ala Leu Ala Ala Ala
340

Pro Ala Leu Asp Leu

355

Arg Phe Glu Gly Arg

375
Ala Val Asp Ala Leu
390
Val Gln Thr Asp Ala
405
Ala Pro Ser Ala Ala
420
Ser Glu Cys Leu Val

435

Trp Gly Gly Ala Thr

455

Val Pro Leu

Leu Gly Gly
250
Leu Arg Asn
265
Gly Gly Gln
280

Val Leu Pro

Leu Ser Leu

Arg Gln Ser
330
His Ser Leu
345
Leu Gly Leu
360

Trp Gln Thr

Leu Ala Trp

Leu Gly Gln

410

Gly Leu Leu
425

Trp Leu Arg

440

Pro Asp Gln

Asp

235

Met

Leu

Pro

315

Leu

Ser

Met

Leu

Leu
395

Leu

Pro

Ala

220

Pro Val Leu

Val Leu Arg

Gly Val Gly

270

Trp Gly Leu
285

Asp Leu Arg

300

Val Gln Val

Arg Glu His

Pro His Asp

350

Arg Ala Gly
365

Gly Glu Val

380

Glu Thr Gln

Trp Pro Ala

Ile Ser Val
430
Glu Leu Arg

445

Lys Asp Asp

460

_25_

Asn Pro

240
Ala Thr
255

Ser Ser

Thr Thr

Lys Glu

His Ala
335

Thr Leu

Pro Pro

Pro Gly

Leu Glu

Leu Gly
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Pro Arg His Ser
465

Glu Pro Trp His

Thr Leu Thr Gly
500

Asn Arg Ala Leu

515
Val Ile Ser His
530
Ala Glu Leu Leu
545

Ser Pro Gln Thr

Arg Leu Arg Ser

580

Ser Ala Pro Pro
595
Asp Asp Val Leu
610
Ser Ile Glu Val
625

Leu Leu Arg Asp

Gly Gly Pro Glu

660
Gly Trp Ser Ile
675
Tyr Gln Glu Arg
690
Glu Ala Leu Gly

705

Phe

Pro

485

Ala

Thr

His

Thr

565

Leu

Pro

Leu
645

Pro

Ile

Asn

Asp
470

Gly

Leu

Met

Arg

550

Arg

Thr

Val

Asp

Pro

630

Leu

Arg

Val

Phe

Gly

710

Thr Tyr Leu

Gly Glu Arg
505

Ser Asn Ala

520

Gln Glu Pro

Gln Pro Arg

Ile Thr Gly

Gln Asp Leu

585

Arg Arg Pro
600

Leu Glu Pro

615

Glu Leu Pro

Leu His Leu

[le Ala Val

665
Ser Asp Gln
630
Leu Leu Phe
695

Leu Gly Leu

Glu

490

Leu

Val

Phe

570

His

Thr

Arg

Val

650

Arg

Gln

Pro

Glu Lys
475

Ala Gln

Ser Val

Trp Arg

Arg Leu

540
Gln Asp
555

Leu Leu

Thr Tyr

Pro Leu

Gly Asn

Thr Glu

Arg Leu
700
Leu Cys

715

Arg Gly

Tyr

Ala

480

Asp Leu Arg Asp

Ile Arg

510

495

Asp

Leu

Gln Tyr Gly Phe

Ile Ser

Gly Ser

Arg Glu

Thr Ala

590

Gly Arg

605

Gln

Pro

Thr

575

Leu

Val

Phe

Asp

560

Ser

Leu

Val

Asp Thr Gly Ala

Ala Asp

Ala Leu

Ala

Thr

655

640

Phe

Arg Gln Gly Ala

670

Ile Ala Pro Glu

685

Gly Ser Leu Asp

Arg Lys Ile Ala

_26_
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Glu Leu His Gly Gly Thr Leu Thr Val Glu Ser Ala Pro Gly Glu Gly

725 730

735

Ser Thr Phe Arg Cys Trp Leu Pro Asp Ala Gly Pro Leu Pro Gly Ala

740 745
Ala Asp Ala
755
<210> 2
<211> 2268
<212> DNA

750

<213> nucleotides for Deinococcus radiodurans BphP

<400> 2

atgagccggg acccegttgee ctttttteca cegetttace
accgagaact gcgagcegcega gecgattcat attcccggea
ctgctcactg ccgacgggca cagcggegag gtgcetccaga

tttctgggac aggaacccac agtgctgege ggacagaccce

cagtggcccg cgcetgcaage ggecctgecce ceceggetgee
gcaacgctgg actggectge cgecgggeac ctttegetga
ttgctgattc tggaattcga gccgacggag gectgggaca
cgcaacgcga tgttcgeget cgaaagtgcec cccaacctge
acccagacgg tccgegaget gacgggettt gaccgggtga
gacgccaccg gcecgaagtgat tgceccgaggece cgecgtgagg

caccgttttc ccgegtegga cattccggeg caggceccgeg

ctgcgectga ccgecgacac ccgegecgece geegtgecege
cagacgaatg cgcccaccce getgggegge geegtgetge
atgcagtacc tgcggaacat gggcgtcggg tcgagcectgt
ggccagetcet ggggectgat cgectgecac caccagacgce
ctgcgaacca cgctcgaata cctgggecge ttgcetgagece
gcggeggacg tggeggectt tcgecagage ctgegggage

geggeggege actcecgetetce gecgecacgac accctcagtg

ggcctgatge gggecggggg cctgattetg cgtttegagg

gaagtgccgce ctgececcgge ggtggacgeg ctgetggegt

ttggtggccc
gcatccagcc
tgagcctcaa

tcgcegcact

ccgacgcecct
cggtgcaccg
gcaccgggcec
gggegetgge
tgctctacaa
ggctgcacge

cgctctacac

tcgatcecegt
gcgccacctce
cggtgtcggt
cctacgtgtt
tgcaagttca
accacgcgeg

acccggegct

gcegetggea

ggctcgaaac

_27_

ggaaattacc
gcacggcegcec
cgcggecact

gctgeccgag

gcaataccgc
ggtcggegag
gcacgcegcetg
cgaggtggcg
atttgccccc
ctttctgggce

ccggcacctg

cctcaacccg
gcccatgeac
ggtggtcgge
gcegeeegac
ggtcaaggaa
ggtggccectce

tgacctgctg

gacgttgggt

ccagccggec

60
120
180

240

300
360
420
480
540
600

660

720
780
840
900
960
1020

1080

1140

1200
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gceetggtcece
agcgceagegg
ctgcggececg
gacgacctcg

gagccctgge

gegetgggeg
gccegagtggce
atctcgcagt
tctcegcecaga
ctgacgcaag
cccacgeegce

gacaccggag

ctgctgegeg
ccgegtattg
cagggegetg
ggttcgetcg
gaactgcatg
tgctggetgce

<210> 3

agaccgacgce
geetgetege
aactgcggct
ggcegegecea

atcccggcega

agcgcctgag
ggcagtacgg
tcgcecgagtt
ccgagcegceat
acctccacac
tgggecgegt

cgagcatcga

acctgectgct
ccgtaaggac
gcatcgegcec
atgaggcgct
gcggceaccct

ccgatgcetgg

<211> 321

<212> PRT

gctgggcecaa
catcagcgtg
ggaggtcgcece
ctcattcgac

aatcgaggag

cgtgattcgt
cttcgttatc
gctgacgege
caccggcttt
ctacaccgcg
ggtggacgat

ggtggegecc

gcatctgatc
cgaacggcaa
cgagtatcag
gggcaacggc
gaccgtggag

gcectetteeg

ctgtggccecg
ggcgagggct
tggggeggegg
acctacctcg

gcgcaggatc

gacctcaacc
agccaccaca
cagcccecgeg
ctgctgegeg
ctgctctcgg
gtgctgcaag

gagttgcccg

ggcaacgcege
ggegegggtt
gaacgaatct
ctgggectgce
tccgegecag

ggageegecg

ccggegeega
ggtcggagtg
ccactcctga
aagaaaaacg

tacgtgacac

gggcegctcac
tgcaggagcc
cccaggacgg
aaacgtcgceg
caccgecgece
acctcgaacc

tcatcgctgce

tgacgtttgg
ggtctatcge
ttctgetgtt
cgctgtgcecg
gcgagggcag

atgcctga

<213> Deinococcus radiodurans BphP 1-321 a.a.

<400> 3

tctcgececcc
cctegtetgg
ccaggcgaaa
cggctacgcec

attgaccggg

acagtcgaac
ggtgeggcete
gtctccggac
cctgegceagce
ggtgegeege
ccgcattgec

cgacgctggce

tggceeggag
ggtcagtgac
tcagecggctce
caagatcgcc

caccttccgt

Met Ser Arg Asp Pro Leu Pro Phe Phe Pro Pro Leu Tyr Leu Gly Gly

1

5

10

15

Pro Glu Ile Thr Thr Glu Asn Cys Glu Arg Glu Pro Ile His Ile Pro

20

25

30

Gly Ser Ile Gln Pro His Gly Ala Leu Leu Thr Ala Asp Gly His Ser

35

40

45

Gly Glu Val Leu Gln Met Ser Leu Asn Ala Ala Thr Phe Leu Gly Gln

50

55

60

_28_

1260
1320
1380
1440

1500

1560
1620
1680
1740
1800
1860

1920

1980
2040
2100
2160
2220

2268
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Glu Pro Thr
65

Gln Trp Pro

Leu Gln Tyr

Leu Thr Val
115

Thr Glu Ala

Phe Ala Leu
145

Thr Gln Thr

Lys Phe Ala

Pro Ala Gln
210

Ala Asp Thr

225

Gln Thr Asn

Ser Pro Met

Leu Ser Val

275

Cys His His
290

Leu Glu Tyr

305

Val Leu Arg Gly
70
Ala Leu Gln Ala
85
Arg Ala Thr Leu
100

His Arg Val Gly

Trp Asp Ser Thr

135
Glu Ser Ala Pro
150
Val Arg Glu Leu
165
Pro Asp Ala Thr
180

His Ala Phe Leu

Ala Arg Ala Leu
215

Arg Ala Ala Ala

230
Ala Pro Thr Pro
245
His Met Gln Tyr
260

Ser Val Val Val

GIn Thr Pro Tyr

295

GIn Thr Leu Ala Ala Leu Leu Pro Glu

75
Ala Leu Pro Pro
90
Asp Trp Pro Ala
105
Glu Leu Leu Ile
120

Gly Pro His Ala

Asn Leu Arg Ala

155

Thr Gly Phe Asp
170

Gly Glu Val Ile

Gly His Arg Phe

Tyr Thr Arg His

Val Pro Leu Asp
235
Leu Gly Gly Ala
250
Leu Arg Asn Met
265

Gly Gly Gln Leu

280

Val Leu Pro Pro

Gly Cys Pro Asp
95
Ala Gly His Leu
110
Leu Glu Phe Glu
125

Leu Arg Asn Ala

140

Leu Ala Glu Val

Arg Val Met Leu

175

Ala Glu Ala Arg
190

Pro Ala Ser Asp

205

Leu Leu Arg Leu
220

Pro Val Leu Asn

Val Leu Arg Ala

255

Gly Val Gly Ser
270

Trp Gly Leu Ile

285
Asp Leu Arg Thr

300

Leu Gly Arg Leu Leu Ser Leu Gln Val GIn Val Lys

310

315

_29_
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Ala

Ser

Pro

Met

160

Tyr

Arg

Thr

Pro

240

Thr

Ser

Thr

Glu
320
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Ala

<210> 4
<211> 963
<212> DNA

<213> nucleotides for Deinococcus radiodurans BphP 1-321 a.a.

<400> 4

atgagccggg acccegttgee ctttttteca cecgetttace ttggtggece ggaaattacce 60
accgagaact gcgagcegcega gecgattcat attcccggea geatccagece gcacggegec 120
ctgctcactg ccgacgggca cagcecggegag gtgctccaga tgagcectcaa cgeggecact 180
tttctgggac aggaacccac agtgctgege ggacagaccce tcgecgcecact getgeccgag 240
cagtggcccg cgctgcaage ggcecctgecce ceceggetgece ccgacgecct gcaataccge 300
gcaacgctgg actggectge cgecgggeac ctttecgetga cggtgcaccg ggtcggegag 360
ttgctgattc tggaattcga geccgacggag gectgggaca gcaccgggece gecacgegetg 420
cgcaacgcga tgttcgeget cgaaagtgec cccaacctge gggegetgge cgaggtggceg 480
acccagacgg tccgegaget gacgggettt gaccgggtga tgetctacaa atttgecccec 540
gacgccaccg gcecgaagtgat tgccgaggec cgecgtgagg ggetgecacge ctttetggge 600
caccgttttc ccgegtegga cattcecggeg caggeccgeg cgetctacac ccggeacctg 660
ctgcgectga ccgecgacac ccgegecgece geegtgecge tcgatcececgt cctcaaccceg 720
cagacgaatg cgcccaccce getgggegge geegtgetge gegecaccte geccatgceac 780
atgcagtacc tgcggaacat gggcgtcggg tcgagectgt cggtgtceggt ggtggtcgge 840
ggccagetcet ggggcectgat cgectgecac caccagacge cctacgtgtt gecgeccgac 900
ctgcgaacca cgctcgaata cctgggecge ttgetgagece tgcaagttca ggtcaaggaa 960
gcg 963
<210> 5

<211> 29

<212> DNA

<213> Artificial Sequence

<220><223> forward primer for Deinococcus radiodurans BphP

<400> 5
gccatatgat gagccgggac ccgttgecce 29
<210> 6

_30_



<211> 29
<212> DNA
<213> Artificial Sequence

<220><223> reverse primer for Deinococcus radiodurans BphP

<400> 6

gcetcgagte aggcatcgge ggcetcceegg 29
<210> 7

<211> 29

<212> DNA

<213> Artificial Sequence

<220><223> forward primer for Deinococcus radiodurans BphP 1-321 a.a.

<400> 7

gccatatgat gagccgggac ccgttgecc 29
<210> 8

<211> 29

<212> DNA

<213> Artificial Sequence

<220><223> reverse primer for Deinococcus radiodurans BphP 1-321 a.a.

<400> 8

gcetegageg cttecttgac ctgaacttg 29
<210> 9

<211> 16

<212> PRT

<213> Deinococcus radiodurans BphP 485-500 a.a.
<400> 9

Pro Gly Glu Ile Glu Glu Ala Gln Asp Leu Arg Asp Thr Leu Thr Gly

1 5 10 15
<210> 10
<211> 15
<212> PRT

<213> Deinococcus radiodurans BphP 481-495 a.a.
<400> 10

Glu Pro Trp His Pro Gly Glu Ile Glu Glu Ala Gln Asp Leu Arg

_31_
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1 5 10
<210> 11
<211> 11
<212> PRT

<213> Deinococcus radiodurans BphP 485-495 a.a.

<400> 11

Pro Gly Glu Ile Glu Glu Ala Gln Asp Leu Arg

1 5 10
<210> 12
<211> 10
<212> PRT

<213> Deinococcus radiodurans BphP 485-493 a.a.

<400> 12

Pro Gly Glu Ile Glu Glu Ala Gln Asp Leu

1 5 10
<210> 13
<211> 9
<212> PRT

<213> Deinococcus radiodurans BphP 485-493 a.a.

<400> 13

Pro Gly Glu Ile Glu Glu Ala Gln Asp

1 5
<210> 14
<211> 8
<212> PRT

<213> Deinococcus radiodurans BphP 485-492 a.a.

<400> 14

Pro Gly Glu Ile Glu Glu Ala Gln

1 5
<210> 15
<211> 7
<212> PRT

<213> Deinococcus radiodurans BphP 485-491 a.a.

_32_
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=T

<400> 15

Pro Gly Glu Ile Glu Glu Ala

1 5
<210> 16
<211> 6
<212> PRT

<213> Deinococcus radiodurans BphP 485-490 a.a.
<400> 16

Pro Gly Glu Ile Glu Glu

1 5
<210> 17
<211> 32
<212> DNA

<213> Artificial Sequence

<220><223> forward primer for Deinococcus radiodurans BphP 485-800 a.a.

<400> 17

gcggatccat gecceccggegaa atcgaggagg cg 32
<210> 18

<211> 32

<212> DNA

<213> Artificial Sequence

<220><223> reverse primer for Deinococcus radiodurans BphP 485-800 a.a.

<400> 18

gcctcgagte acccggtcaa tgtgtcacgt ag 32
<210> 19

<211> 32

<212> DNA

<213> Artificial Sequence

<220><223> forward primer for Deinococcus radiodurans BphP 481-495 a.a.

<400> 19
gcggatccat ggagccctgg catcccggeg aa 32
<210> 20
<211> 32

_33_
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<212> DNA

<213> Artificial Sequence
<220><223> reverse primer for
<400> 20

gcgaattctc aacgtagatc ctgegectcec

<210> 21
<211> 32
<212> DNA

<213> Artificial Sequence

<220><223> forward primer for
<400> 21

gcggatccat gececcggegaa atcgaggagg

<210> 22
<211> 32
<212> DNA

<213> Artificial Sequence
<220><223> reverse primer for
<400> 22

gcgaattctc aacgtagatc ctgegectcec

<210> 23
<211> 32
<212> DNA

<213> Artificial Sequence

<220><223> forward primer for

<400> 23

gcggatccat gecceccggegaa atcgaggagg

<210> 24
<211> 29
<212> DNA

<213> Artificial Sequence
<220><223> reverse primer for
<400> 24

gcgaattctc atagatcctg cgectcectce

Deinococcus radiodurans BphP 481-495 a.a.

tc 32

Deinococcus radiodurans BphP 485-495 a.a.

cg 32

Deinococcus radiodurans BphP 485-495 a.a.

Deinococcus radiodurans BphP 485-494 a.a.

cg 32

Deinococcus radiodurans BphP 485-494 a.a.

29
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<210> 25
<211> 32
<212> DNA

<213> Artificial Sequence

<220><223> forward primer for Deinococcus radiodurans BphP 485-493 a.a.

<400> 25

gcggatccat gecceccggegaa atcgaggagg cg 32
<210> 26

<211> 29

<212> DNA

<213> Artificial Sequence

<220><223> reverse primer for Deinococcus radiodurans BphP 485-493 a.a.

<400> 26

gcgaattctc aatcctgege ctectcgat 29
<210> 27

<211> 32

<212> DNA

<213> Artificial Sequence

<220><223> forward primer for Deinococcus radiodurans BphP 485-492 a.a.

<400> 27

gcggatccat gecceccggcegaa atcgaggagg cg 32
<210> 28

<211> 32

<212> DNA

<213> Artificial Sequence

<220><223> reverse primer for Deinococcus radiodurans BphP 485-492 a.a.

<400> 28

gcgaattctc actgegecte ctcgatttcg cc 32
<210> 29

<211> 32

<212> DNA

<213> Artificial Sequence

<220><223> forward primer for Deinococcus radiodurans BphP 485-491 a.a.

_35_
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<400> 29

gcggatccat gecceccggegaa atcgaggagg cg 32
<210> 30

<211> 32

<212> DNA

<213> Artificial Sequence

<220><223> reverse primer for Deinococcus radiodurans BphP 485-491 a.a.

<400> 30

gcgaattctce acgectecte gatttcgecg gg 32
<210> 31

<211> 29

<212> DNA

<213> Artificial Sequence

<220><223> forward primer for Deinococcus radiodurans BphP 485-490 a.a.

<400> 31

gcggatccat gecceccggegaa atcgaggag 29
<210> 32

<211> 29

<212> DNA

<213> Artificial Sequence

<220><223> reverse primer for Deinococcus radiodurans BphP 485-490 a.a.

<400> 32

gcgaattctce actcctcgat ttcgecggg 29
<210> 33

<211> 6

<212> PRT

<213> Artificial Sequence
<220><223> 489th Glu-substituted Deinococcus radiodurans BphP 485-490 a.a.
<400> 33

Pro Gly Glu Ile Ala Glu

1 5
<210> 34
<211> 6

_36_
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<212> PRT

<213> Artificial Sequence

<220><223> 490th Glu-substituted Deinococcus radiodurans BphP 485-490 a.a.
<400> 34

Pro Gly Glu Ile Glu Asp

1 5
<210> 35
<211> 6
<212> PRT

<213> Artificial Sequence

<220><223> 489th Glu and 490th Glu-substituted Deinococcus radiodurans BphP
485-490 a.a.

<400> 35

Pro Gly Glu Ile Ala Asp

1 5
<210> 36
<211> 29
<212> DNA

<213> Artificial Sequence

<220><223> forward primer for 485-490-E489A

<400> 36

gcggatccat gecceccggegaa atcgeggag 29
<210> 37

<211> 29

<212> DNA

<213> Artificial Sequence

<220><223> reverse primer for 485-490-E489A

<400> 37

gcgaattctc actccgegat ttcgecggg 29
<210> 38

<211> 29

<212> DNA

<213> Artificial Sequence

_37_
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<220><223> forward primer for 485-490-E490D

<400> 38

gcggatccat gecccggegaa atcgaggat 29
<210> 39

<211> 29

<212> DNA

<213> Artificial Sequence

<220><223> reverse primer for 485-490-E490D

<400> 39

gcgaattctc aatcctcgat ttcgecggg 29
<210> 40

<211> 29

<212> DNA

<213> Artificial Sequence

<220><223> forward primer for 485-490-E489A-E490D

<400> 40

gcggatccat gecceccggegaa atcgeggat 29
<210> 41

<211> 29

<212> DNA

<213> Artificial Sequence

<220><223> reverse primer for 485-490-E489A-E490D

<400> 41

gcgaattctc aatccgegat ttcgecggg 29
<210> 42

<211> 7

<212> PRT

<213> Artificial Sequence

<220><223> 489th Glu and 490th Glu-substituted Deinococcus radiodurans BphP
485-491 a.a.

<400> 42

Pro Gly Glu Ile Ala Asp Ala

1 5
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