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broad range of fields, including therapeutic applioations,
diagnoses, and reagents. With recent years' advances in
antibody engineering, miniaturized antibodies in a wide
variety of forms, such as scFv (single chain Fv) and diabody
have been‘reported [Bird et al., Science (1988), vol.242,
pp.423-426; Holliger et al., Proc. Natl. Sci. USA (1993),
vol.90, pp.6444-6448]. Furthermore, artificial antibody
molecules that are smaller and more stable than antibodies
have been developed [Skerra, Curr. Opin. Biotechnol. (2007),
vol.18, pp.295-304]. | |

[0003] ’

For exampie, JP-T-2001-500531 discloses an artificial
antibody of a fibronectin III type domain that mimics the CDR
(complementarity determining region) of an antibody.' This
artificial antibody has an antigen recognition site
artificially created on the surface of a protein by
randomizing flexible loops on the protein surface.

[0004]

RNF8 is an E3 ubiquitin ligase having a RING—Finger
domain and an FHA domain, and is known to be involved in
responses to DNA damage. Conformational analysis showed that

the FHA domain of RNF8 (PDB code: 2PIE, 2CSW) has an
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WO 2012/ 008211PCT/ JP2011/ 061009 | mmunogl obulin(lg)-1ike structure (B
sandwi ch structure) with five loops (two |long | oops and three short | oops)
on the prwoebn/msrfiace (Fig. 1). Al so, the binding to trerherdingomartner

MCD1 has bgen, sk ha aeyt1vikd Re e rLong L00Re: & & hhe A damsi n.

This binding pattern is simlar to the antigen recognition pattern of
anti body; f¥ee Rlgpnfondwe PNRNEROPs argethedet shomly el @ERY) tHblItSt ruct ure

for devel ._of i ficial aptib I lLes. 14 A .RNF8 is an
i ntracel | ul-ar plrnotseluaﬁﬁlftaacr?dqgﬁgér fnLit)fi ﬂ?ggnﬁ%obg%ddlen%o&?dt r%o%i%ﬁll—'ggi s
t her ef or e EpeciredIdDd \Marsk beenashoghl yof cactir onbd thd riabodyong loops in

(intracellularly expressed antibody). An intrabody .is defined.as an,
Lt badg (e e [REER CTRLE RORd g R e S Sy (o kA antigen

i ntracel | ulddoghm iR @aft te¥nA oAkt bbAGE eohe FiTA'r@bRsH € haverdeen
devel oped for therapeutic uses for a wide variety of disease, for exanple,

Al DS, cancefEeCHRd el maves adissiesgblepatkiatene sfor séeelopmrnNtHAf i ngton' s
di sease. [Ochoin%ic%%ﬁ{‘ra%%&emoil%ﬁﬁggqi es are effective in knocking out
: [

intracel | ul"ar targets s a generally known knock-out form of

intracel lul@o03Jjarget. However, RNAi is not applicable to analyzing
post-translationally nodified targets because the gene is knocked out .as it
i's, andl so becuish (HE Bhift 3P £BC38CHT LEHRE | RELEHR | HIhra TR T 1SHGr:

| nt rabodi es,dxausyy) ek dmltroh ¥Qesi RsCehbsetbpl thoserad RNAoPhGLan
knock out at the protein level. For this reason, intrabodi es nmake it

possi bl e thigvlwduned igpeleiassebrhed (probresd Witar RNEGXIIARAPSL al ., Ml .
Oy OB B0, LS00, DR e b ey
vol . 374, pcBAL-tiEd] wdrBB0Rithin cetidbeeverbibtietdi anli iyt meote Mitlamoften
[t 1t abotly F4PEET G Ry A TPERUETRG PR Y| 1B A oM SReTagevopgred
2012/ 0082 1ARCHnR2QELHAG1 0@ st gotrhe dhgeuphioat pfodi s1ddddle, brywds in their
nol ecul ar structure. [0008]
example, AIDS, cancers, Alzheimer’s disease, Parkinson’s
disease, and Huntington’s disease.
[0006]
20 Furthermore, intrabodies are effective in knocking out
intracellular targets. RNAi is a generally known knock-out
form of intracellular target. However, RNAi is not applicable
to analyzing post-translationally modified targets because the
gene is knocked out as it is, and also because the half-life
25 of the intracellular RNA is short. Intrabodies have longer
half-lives in cells than those of RNA, and can knock out at
the protein level. For this reason, intrabodies make it
possible to solve the above-described problem with RNAi [Zhou
et al., Mocl. Cell. (2000), vol{6, pp.751-756; Jendreyko et al.,
30 J. Biol. Chem. (2003), vol.278, pp.47812-47819; Melchionna et
al., J. Mol. Biol. (2007), vol.374, pp.641-654].
[0007] |
However, the binding activity often decreases or

disappears completely when the antibody is expressed as an

'35 intrabody in cells under reducing environmental conditions due
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Initial attenpts to solve this problemincluded the 5 devel opnent of an
anti body deprived of intranolecular cysteine involved in disulfide bonds
[ Proba etwel2012/0b821h0l . Biol . (1997), vol.265, pp.161-172CTanrzhianciast i body

wi th increaseehstahihigtidriovFeiiguldlide BonlBl inBtoéir (ddBSu1y®! . 291,

pp. 1129-1134]. As a nethod of preparing a functional antibody lo in cells
nor e effecﬂwfylr%- met hod of direct selection of scFv in cells vvas -
devel oped E@/ ntln et al., Proc. Natl. Acad. Sci. USA (1999), vol.

pp. 11723-1 2(%1 However, selection systenms using cells have |im tati ons.
with regard to |irgdtiadn ae:fu‘eimpitxsnd:y) eblant tbd:slyptblblemyimmmdedlethmct or and

Il 15 t f t ff . Far _thi t ff |t t
pply o6 RTTOIPRYRI o 00 A5 LGePEY CHPLYEr Ay O ERPl et driRrey.

Ther ef or e,m@csrbwétatlrpmswltﬂd%n%ha@ metbpd sdchlas phagel dispbry or
ri bosome display, and a nethod of validation for selected scFv have been

proposed. 90% POourieh- 465t P[Patléﬁt‘laBduﬁfﬁﬁt anpanbibedy eni tkoimsased

JP- A- 2001- unent s ] n t dogument 1: Bird
et al, Sm%én)ce (]]1%8 qua\?%lme&%(i 4%‘%§ ggégn pg fl gxgéclurrent 2: Holliger
et al, Proop. 1\13&9 -11S4].. USA élﬁ@ﬂ%dod)fgﬁrqzxﬁmﬁmcﬁ@&mtmmammm@m 3:
Skerra, Curr n B| ot ec I(tZOO(Y)LI)y, vol . %Eﬂ 29? ﬁO4 non- tenI docunent
2: Zhou' ¥t 4 LNy 62 PoBROHSRE FhREDhat S ::

Jendreyko_§&F¢“1&»c£ﬂl&-w&?e@&&éigﬁgd [Visintin et al., Proc. Natl. Acad.
Sci. USA (1999), vol.96, pp.11723-11728]. However, selectioﬁ
systéms using cells have limitations with regafd to ligation
efficiency of antibody library onto the vector and cell

15 transformation efficiency. For this reason, it is difficult to
apply selection systemé using cells to a library with greater
diversity. Therefore, combinations with anothef method such as
phage display or ribosome display, and a method of validation
for selected scFv.have been proposed.
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| nventi on Y B il @rﬁé]{‘@%e Sol ved by the Invention [0011] is an
obj ect of ign fLeci gptl I\{@T
domai n- rmcﬁ#l?e% pr ot e| %gl:t ?un%??%%sbgsggn %rﬁlﬁ?gc% an{:i oh/ and does
not | ose itsl Haidi pd 6de{1|7\2|ty 15 even when expressed as an intrabody in
cells, in vitro. ans of SI the [ 2] cause the
RNFB. FHA QIR S SoeEr PhaphaBEschot have TRy | M hnh Sl ar
di sul fi de rond and furst-i1ang as it is 20 | n cells, the above-descri bed
optim zation i s unnecessary; iS possible to eff| ci ent lf’ prepare a

1

functi onaInQaI“rﬂH&H@dy: @C@Wnﬁy 9| nViFinbigenbral , skreet iNatl{ doeesy. 1SFia first
aspect, ﬁb%}t %qnt9|6o ﬁ§l7%e§1t79 ga 25 nethod of producing an :
ant ))

art|f|C|aI hIS mét R conprises the step of preparing
random zedsunmcyr yalfy péet iTdwenahbai ned by random zing a loop in the E3

ubiquitin se RNF8-F he step of selecting an
ant i gerﬂobléﬁfgﬁge |Br‘?|_‘érog%n§n§¥ggg P?Sﬁﬂ%ﬁ&%ed | oop pol ypeptides. 30
[ 0014] [0011fhe E3 ubiquitin |igase RNF8-FHA domain is a pol ypepti de t hat

does not have a%l ntramol ecul ar di sul fide bond and fulfills its functions
in cells. The rdiddi A8dokdestpefypbpt PEESSRt t ieventek@ntta midhiqiantiakes it

possi bl e tﬁkdduce an RNFB8-FHA domain-modified protein that functions as
an artificial antibody and does not lose its binding activity
15 even when expressed as an intrabedy in cells, in vitro.
Means of Solving the Problems
[0012]
' Because the RNF8-FHA domain is a protein that does not
have any intramolecular disulfide bond and functions as it is
20 in cells, the above-described optimization is unnecessary; it
is possible to efficiently prepare a functional antibody
merely by in vitro general selection.
[00131
In a first aspect, the present invention relates to a
25 method of producing an artificial antibody. This method
comprises the step. of preparing randomized-loop polypeptides
obtained by randomizing a loop in the E3 ubiquitin ligase
RNF8-FHA domain, and the step of selecting an antigen-binding
protein from among the randomized-loop polypeptides.
30 [0014] _

The E3 ubiquitin ligase RNF8-FHA domain is a polypeptide
that does not have any intramolecular disulfide bond and
fulfills its functions in cells. The randomized-loop
polypeptide of the present invention makes it possible to

35 prepare an antigen-binding protein merely by general in vitro
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35 prepare an antigen-binding protein nmerely by general in vitro WO
2012/ 008211PCT/ JP2011/ 061009 sel ection using the RNF8- FHA domain. [0015]
Speci fi cavbypixms2iio four | oops extending fromthe FHA @¢oraprzoian&o009

random zedse Bétk b @AY tHhen RNFBe FHar dbhigisubj ect 5 target nolecule is
artificially created on the surface of the FHA domain. An RNF8- FHA domain
l'ibrary CO[”I%Q T ng such random zed-1 oop pol ypeptides is constructed. Then,

an anti gen- bi ndi raatei1n i S ookf kel @Rt LY 88bect £ b Vi t#95m [{OQL6HAL0The
met hod of constrg&%t#ng an IgNFéJ- FHA domailrn ?Isgl‘ ary ?s Jhe(%ef nafter described
in furtherdaetim lareAraardarnfiizeidal aadt ebodygobnbtdoy $stgeher athesl dypject

i nt roduci d int.q.an | t ed
ff om ansng 2 THog U ity BF CHEALLY - SFALET o B0F A ReE i he
RNF8 15 profeidorsdionn by SREs:PHAQHdmA Loopidnary@ dgiricany Sichg of the

53rd-60th ami no acid residues of the RNF8 protein shown by SEQ ID NGO 1
(Loop 2), EANHIH zshdicsy meloPephddgst ASs2RBsS harAbeaci dhedsi dile NG IERe -

RNF8 pr ot gl 1, r}ﬁyvr}: QilDNP; LicheeR 3)ieaPdgail opp: £oNsi sting of the
109t h- 114t a(?nl 0 a%eﬁglo lrsese?g}es% o?’ ?he Rﬁng pr%)tg?n shown by SEQ ID NGO 1
(Loop 4), WhErEl n the random sequences have the sanme nunber of residues as

those in the respective loops. |It.is possible o i n_bindinhg nol ecul es
oo itde var | SF SR SanEoesER IS SRRoRb: RAFe PERA dt I iRl dr s,
and sugar wded itgaftamMREsdiibed iibr @uythkt abosid. beamnoiad.rikkawaver, that

t he pol ypeptide having the am no acid sequence shown by SEQID NO 1 into
whi ch r anddh Sefiie ncids agive 1tSo I58 ST AL EBdBY edN FEGIREYRI oFRNIM STRBIHICSHT no

aci d resi dygs, t RS byt Gdrel I8BELCde1 OEt84dR N T 1Sy idppl ace
of the pol ypep?aﬁ{ e c%% havi ng the aﬁieno a{gi d gequence g?]%vm Ii/é SEQ I D NO 1
in the foreyuwigtioxplahdthicod,1sd-M3ndorinzed- kodg pes ydeps i ot WonHNRE ng of

e f oreyu i . pot yheps | o Tu
el ot ot oF - SUBSTIT0L G FBE TonSe CedhnPor! oreadtion T3S Y H Oif of SEQ

| D NO 1 ottres 3hadedrH amitnide adlist rédiduani 66 aké ORNESI phietSeir Bhdwie by
53rd-60th amno WO 2012/ 008211PCT/JP2011/ 061009 aci d resi dues céc) the
80t h- 82nd ¥R P A9 d r &Gwues &n&OPH) CPRE13HORG- A1 4 e B o S Fedilues,

may be obtained.odQRH Ji tad aiisBepr88ReA! sAbyh NGy PEBSCRY NoWENiap an 5

artificial antibody library is also generated by introduci ng random
sequences 3Int ;arthye dierorconad seringord kbepiO8thett éth famimanmnticd a | oop

cons ot 8L 818, O haRTL 8 2010 ERRCUFoR) {AEIESGRLE o Show
resi dues ofhéhein the random sequences have the same number of residues
as those in the respective loops. It is possible to obtain
binding molecules for a wide variety of antigens such as
proteins, peptides, small molecules, and sugar chains from
25 this:iibrary. It should be noted, however, that the
polypeptide having the amino acid séquence shown by SEQ ID
' NO:1 into which random sequences are to be introduced may have
one or several amino acid residues deleted, substituted,
inserted, or added. That is, in place of'the'polypeptide
30 having the amino acid sequence shown by SEQ ID NO:1 in the
foregoiﬁg explanation) a randomized-loop polypeptide
consisting of an amino acid sequence wherein one or several
amino acid residues are deleted from, substituted for,
inserted into, or added to, a region of SEQ ID NO:1 other than
35 (a) the 41st-43rd amino acid residues, (b) the 53rd-60th amino
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10 RNF8 protein showmn by SEQID NO 1 (Loop 2'), a loop consisting of the
78t h-83rd am no acid residues of the RNF8 protein shown by SEQ ID NO 1
(Loop 3')woanr/msiioop consisting of the 108t h-118th am roraerdima@sidues of
the RNF8 pidiceiressihmigs,by cSEQnDsNON180h808MAND , adh@r £d 1 dules 1 &b ma)
sequences have the same 15 nunber of residues as those in the respective

| oops. 1t the pdkihild 48 gBvarn apiAdrAGLABEEcUTRE PoroRfadnrd variety of

anti gens smﬂs proteins, peptides, small nol ecul es, and sugar chains from
this library. It should be not ed, however, that the poI ypepti de having the
am no acid sequdnce sﬂmWﬂnelnyaE@eSEQothNé) present wmedntizoorarsequences are

to be introduced ne.or severa mno acid re i dues de] et.ed
Subst t dt GiF Eh A AR PO asaPETRN: T2 LPh BPARE BTG THo hiOiyHGre

havi ng t hera{adi0 R ubrseeUenEe ShQWBnBYoSEQ:b DoNGhdré nléd't% fyiegaiang

expl anation, a random zed-loop 25 pol ypeptide consisting of an amno acid

sequence vﬁ”é?nelaﬁn% dorlospy erarigiing aéi Bheedl dueddbth amfdetarid rom

substi t ut rnt.ed 0 d qt her
than (a) t eﬁeg% tth%mRFI\]g%a F§E$g§| sﬁ‘ées”q ?g)éﬁg 491&%% cﬁcg]m no ac

resi dues, Xagp tdtmsﬁ&tth@m amené9ab|-62nésaxdums adid amls:(cﬁ)eﬂ hoef Jt()& h- 118t h
am no aci i dues e 08 le of t

amino acl d.giducs, Ty be o8 O SEB S BT o (FoR 2ol 4 ot Gt i
random seqienass iTdtHe®RGRd a!m'ih@ ach@opekNdts &8 tid RNtE pAdtaase smmr FHA
35 domai n. An exanpl e of the nunber of am no acid residues of the

2012/ 0082 FPEHY P20 M 36 1809Pi At ¥ odaBedar dRABNFIRYLEHERT iaf e 1rQ—3§}h‘ues

In the pretsgﬂ{ i ef.er t

| ength |ike this be H?l%lgdtftgeséau%o%g E‘g% %@g% eﬁ? @Mgénﬂéﬁ?#g}e]n in éﬁng
protein i NGel e(dtoeuqb fir'om wherarni thei akndomi bedyehcds argve Arheexsams e net hod
for selectin bi ndi n rotein_is in vitro selection Exarrples of
et hods ol PP o "SaRSEErof S AERERe PnaGE HPSHPSEES KGie dfsitay, nRNA
di spl ay, ygﬁ:aéélmtg fracediaspl @indiagandlbaclesi sodi sphaye vheise yeihods are
generally known as in vitro selection systens. [0020] Ri bosone

di splay | SPREHERTHOS WS RTRLFIBSs OREP E9F deFiAL CBPHR@IL9S fAi%ed in an

invitro té\?g%cil %Ha‘l%§>f§10mh§@délérgr?r0tﬂ “s,r%]cflgt %%%da ReRELEE  havi ng

a particula nction is selecte his met pref erence i's givén to a
ri bosome ditsgl ayheutridlivriepd idkee hRUREGSYhe eamiShi ad2d stqudncd 2008y bet hods,

vol 36, P a0t WIS hcR, CSAALE! LAULERLRE o N Y e 2 gt Lna
di spl ay usiag HeeheneC bira setkeiragXbmafb. af0822¢sidues ddlecsgcond aspect,
the present invention relates to an artificial antibody or a comﬁleex of an
artlflClals%ﬁﬁq%ﬁﬂﬂﬁqan&nserted' or added. That is, in place of
polypeptide having the amino acid sequence shown by SEQ ID
NO:1 in the foregoing explanation, a randomized-loop
25 polypeptide consisting of an amino acid sequence wherein one
or several amino acid residues are deleted from, substituted
for, inserted into, or added to, a region of SEQ ID NO:1 other
than (a) the 41st-46th amino acid residues, (b) the 4%th-62nd
amino acid residues, (c) the 78th-83rd amino acid residues,
30 and (d) the 108th-118th amino acid residues, may be obtained.
© [0018] | |
| An example of the above-described randomized-loop
polypeptide is a polypeptide having a random sequence
introduced into a loop in the E3 ubiquitin ligase RNF8-FHA

35 domain. An example of the number of amino acid residues of the
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25 an antigen, produced or selected by the nethod described above. This
artificial antibody is preferably an intrabody. Exanples of the antigen
protei n iwothe/msmpl ex of an artificial anti body and anpemtpgano@oet ei n are

Er k2( ext r atet totdhaded igilon eguhiahed Ksnadse22yeanduds x( Thi amed@ta’lent30
[ 0022] . Aspecific exanple of _artificial antibody is an artificial
anti body con&RtidYy oft tife PARiSEaRdrPd tEaguBnE_RNIABVAC BYCRES WbHe! F SEQ I D

NO 21 to 4Z.,dhe laj{)gé' fﬂk@é'beaﬂhit*%%}éc%.the present invention may be an
artificial 35 antibody consisting of the am no acid sequence shown by any

WO 2012/ 00B2AUPCT/ JP2011/ 061009 one of ID NGO 21 to 42 wherein one or
several amno aci{d residyes are deleted fro substjtuted for, inserted

TPt oL "o added” COPSETUENY oRe ot R BLARRRS AREPE A S e Gy £
residues, fhy dfei H3idr16Qit i BHARO 1abird riyesi Aesxar(E)e e H3A Ford 82nd ami no
acid residues, and (d) the 109th-114th am no acid residues. These
artificialSRTHEH & A7E igear&Lapipgi REPEBSEI €8. 11 00PBTC AR SGHAR of t he
above- des Q‘?jj 1 -1.00p ept.i b S a; i havi ng a
random seg%%n e %%%?@g)%sn?g éﬂyggkéeorgg%ggt%énn%?gigcgégj%ﬂn%feof (a) the
41st - 43r d @Gnsmieiaci dibesintuedi sligy ,t MRN8 rati-Gliay ,arfaws taciut fraesd dliem 14YG)

t he 80t h-82nd .am_no_.aci reisi dueﬁ and éﬂ%ﬁé}he 109t h- 114t h im no acid

resi due¥ ot"{ HE AR TS &0 1Edquehtssgs™ P - SESTD NN PR e fSmpe of

i ntroduci ngi frd HWlBtSesUeRtkers .t 0 repl ace the above-described | oop region
wi th the random sequence. [0024] An exanple of the above-described ,
random zed[QQﬁﬁﬂ 20 polypeptide is a pol ypeptide having a random sequence

i ntroduced into BNy, QR Qfi HHRO% SMRM Ret RBLOPRPE; £ 2 H\§o 4%1%- % QT no
acid residues, (b) the 49tlhs?62r¥gl§n1 noeaci d regi dhes, (c St e 'Fg%-%rd
am no aci dnRN¥sichugslexandg (fdrmekle 1008nhin18ihrant nanatadiorss yhiesn ofance

am no aci d_ sequence .25 .shown SEQ | D.NO | . An exanple. of, introduci ng a
o Bo e By BB BERek B hay B X TRREE Bl 0 ST e
random sequenssleddddict 1af thhe havesd) opré £25]cSOACHREME d @ tri®opbasent

invention, podified proteins can be utilized as artificial antibodies that
make it pddsIMAY tW-oHzaing BRRdENGEpPYEEFTRs [EBEmAZ W @k Fhri 48P anti gens.

Methods, vol.36, pp.299-304], which is a reconstituted protein
synthesis syStem that has been reported to have higher

20 selectivity than the common ribosome display using Escherichia
coli éxtract.v
[0021]

In a second aspect, the present invention relates to an

artificial antibody or a complex of an artificial antibody and
- 25 an antigen, produced or selected by the method described above.
This artificial antibody is preferably an intrabody. Examples
of the antigen protein in the complex of an artificial
antibody and an antigen protein are Erk2(extracellular signal-
regulated kinase 2) and Trx(Thioredoxin).
30 [0022]

A specific example of artificial antibody is an
artificial antibody consisting of the amino acid sequence
shown by any one of SEQ ID NO:21 to 42. The artificial
antibody of the present invention may be an artificial

35 antibody consisting of the amino acid sequence shown by any
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[0026] WD 2012/008211PCT/JP2011/061009 work as intrabodies in cells. For
exanpl e, the binding proteins can find a broad range of totally new

appl i cat iwop1dmerm basi ¢ bi ochem cal experinents such agcirabdinéiom of

prot ei n- prédeid¥ iT0 &VRCHl @RS 421 WBgrBgnobnéabgessvénal iamivgh eRl s, and
control of localization of target nolecule, to applications to :

pr ot ei n- prEtidHgSdreadel6i ean argEy s SpBFbi EBRPe st ahal JRFRted ditfein ©F
certain di . a i.C gs i ef Ch4 Py i.0n: .2y Dr awi ngs
o [ 0027 S, A e o A b, o1t K RS B donm
structure.residues,Fi{}p) 2hshovsdt-ik@thnmamonacadidegeeidecnf (dle RINFSFEHA

dore 1 188l R SRS LAl A ERBL SR ESP AR ek

protei n expdEisRic venbae hReOFpeial i Mgt ibed NG earaably Fig. S
shows a mammal i an cell protein expression vector 20 incorporating the
RNF8- FHA geierainfliidfe EGFP gene. Fig. 6 shows results of a

determ natvﬁ(gpz f the affinity of Erk2-binding nol ecul es using SPR
Fig. 7 shows results of an i munoprecipitation experinent of reconbi nant
Erk2 with a purifn ekabpd2- bifndhegabbuaede28Filged 8ramdawsi zesptilldap of Western

blotting of endogenpus Erk2 an, Erk2:-binding cl one expressed in mamali an
cell o "B o BRI S & PoRYPRRREEroRE IS 8 Fatdsh SRR (" ToTR 1
i nhi bi ti onfrendegenets Bhy shenakstRy &f kdobé ndédiforsd wEs(a)B30f«y. 11
shows the control of |ocalization of endogenous Erk2 w th Erk2-binding

cl one- NLS {Hifctexd 1596819 2&iconesighiar) . (Rbdkke f 2P rEneftedyiditherdifvent i on

residues, (c) the 80thf82nd amino acid residues, and (d) the
109th-114th amino acid residues of the amino acid sequence

15 shown by SEQ ID‘NO:l. An example of introducing a random
sequence is to replace -the above-described loop region with
the random sequence. '

[0024] '
An example of the above-described randomized-loop

20 polypeptide is a'polypeptide having a random sequence
introduced into any one or two or more regions of (a) the
41st-46th amino acid residues, (b) the 49th-62nd amino acid
residues, (c) the 78th-83rd amino acid residues, and-(d) the
108th-118th amino acid residues of the amine acid sequence

25 shown by SEQ ID NO:1. An example of introducing.a,random-“

| sequence is to replace the above-described loop region with
the random sequence.

Effect of the Invention
'[0025]

30 According to the present invention, modified proteins can
be utilized as artificial antibodies that make it possible to
obtain binding proteins for a wide variety of antigens.

[0026] '
When intracellular proteins are used.as the antigens, the

35 binding proteins that recognize the same can be allowed to

8



[ 0028] Descri bed below is how to construct an RNF8- FHA domai n 35
library in the present invention. In this nethod, one to four WO

2012/ 0082 dRC/0dPAD11/ 061009 | oops extending fromthe FiR&rdermimeiase fir st
randon zedyoRlth®l IracREBYdiieen isi telfiern ther sebigsle t angetbiiriaidificially
created on the surface of the FHA domain. [0029] 5In this nethod, an
artificialPERESHOUCAT Hridrd) & Pr9éferane BY LAEROHVCIRY RRMHHF SERfonces
into any r : 1 Qap i I d.fr op

consi ot gt o te T er R R SRR TR S e PP AR SETh shown
by SEQ | D i@ tlein-qoptein antegpoddesisst inggohgt bé 63rdetHtin ahiwing o aci d

resi dues of e RNFE rqt ei.n wn SEQ I D 1 (Loo | 00 -
consi st i5ngc%#f§hear§gtcpf%’-r§’fr?& 5%??f(?c&?f%{&agégpdaggtafé?ﬁéﬁﬁ%@‘l%’ot%c?n shown
by SEQ I D d¥p1li dd10iathB)lo pidtaineppotens shitBgaefibheaddBydid14th ami no
acid residues of the RNF8 protein shown by SEQ ID NO 1 (Loop 4). It should
be noted, (BrHRMVGS anrdtystiise rpsePFeptrdeCREVRRT €haJRPF9YD &&P¥ sequence
shown by by I whi ch random sequences are to be introduced nmay
have one (?[lfz_l%lleg\%eérﬁa%l]cam o acid residues del et ed, substituted, inserted, or.
added. ThaBrisf Desqiigod cof athéhgpoDypeptipde having the ami no acid sequence
shown b SE&%%J@F)ZO NGO 1 in the foregoi ng explanation, a random zed-| oop -
pol ypep%/i d rising (or consisting of) an am no acid sequence wherein
one or several amdo lawHbwseshdueshamatde! aredifgost swdstNtad@th fmain
inserted into, or added to, a region of SEQ ID NO 1 other than (a) the
41st - 43rd BEHEBEd 25 résidues, (b) the 53rd-60th anino acid residues,
(c) the 80th-82ng amnaagid esiLduas, agmg %géuéﬂeelék@t 1 s iAo acid
resi dues, my be obtal ned. [0030]a In a further aspect of the present

i nvention,domairhi s 30 nethod, an artificial antibody library is also
gener ated by in'zf.odu%' n randomgse uencEs int?.an¥ one or._ two or nore | oop
regi ons™sel ect ed ¥%0 r‘iﬁ &4 86 CEASTSE ﬁa Of PT RS W1 sT2 6t 3 5 no aci d
resi dues ofedther R ioradiimgs heen REFSSEQR| BeNO, 1 (Loop 1'), a | oop
consisting of the 49th-62nd am no acid 35 residues of the RNF8 protein
shown by SEQ | D NG 1 4 1556¥s22) megmaphgRp0§el 0BD2 4 PET/ SFFRAST 0L 0TFF 1%op
consi st ngir?éofﬂlﬁa@r%’ 83/ raigneraC hdnkesi dues of the RNF8 protein shown
by SEQ I'D NO 1 (Loop , and a | oop consisting of the 108th-118th am no

aci d resi dues ofFitche SRE®wWsr 6t sicmmehoan byl SEQX ¢ Be NO dxgiemgieh Jvedttorshoul d
be noted, 5 however,. that t olypeptide_havin am no aci d sequence
shown bif) ﬁ&?%%?r}%%&e\,\%ﬁgﬁ _?ﬁﬁdg%ngeaﬂgntgg %&gPt%erbee' i ntroduced may
have one or severial. @rishowacCirdsnessdu€Sadabeéedinstbst i stttk d4Mseriwd, or
added. That _is, .in place of the_pol ypeptide having the am no acid sequence
shown by SEQ B PGS RHLREULEPeH6LRG ekPt anation, a randoni zed- | oop

pol ypepti de conprisi N rRksCRRsLI kNG £OhA @ﬁn@%ﬁ?e@%&é&%@%ﬁ»é&%e@itﬂ

one or several amno acid residues are deleted from ‘substituted for,

i nserted it ocseambidded EokZawisli enporisSkey| BErkO-Rindireg ¢lene(a) the

413t-4§%h am'“)f¥afi8 shows'reéults of Western blotting'ofvendogenous
Erk2 by an Erk2-binding clone expressed in mammalian cells.

Fig. 9 shows how Erkl/2 functions in cells.
Fig. 10 shows the inhibition of endogenous Erk signals by
Erk2-binding clones.

30 Fig. 11 shows the control of localization of endogenous
Erk2 with Erk2-binding clone-NLS (nuclear localization signal).
Modes for Embodying the Invention
[0028]

Described below is how to construct an RNF8-FHA domain

35 library in the present invention. In this method, one to four
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15 residues, (b) the 49th-62nd am no acid residues, (c) the 78th-83rd am no
acid residues, and (d) the 108th-118th am no acid residues, may be

obt ai ned.wpQoljgosAm exanpl e of introduci ng a random seqremge2d1$041009 epl ace
20 a | oop Icﬁgis)rextssﬂdlwcie@mbytha gahi dopguar erenffi gt 2andmbzdDOPMAERYi On
sel ected from anong | oops | gsurrounded by a dashed square in Fig. 2)
with the rankRsfA éltmfﬁm §eoﬁubaﬁ%n¥§éa@én%%sa%%ﬁr%ﬂﬂow sequences

having 3-12.g8sidugs 1A Riefeiablbe caserph bphLpducing a random sequence is
to replace 25 vvlth a random sequence having the sanme nunber of residues as

t he nunber[@¥2%Jesi dues in the regi on where the random sequence is .to be

i ntroduced. To tai.n such.a randonm: zed-| 0o ti a _random

ol i gonuél eot i de%&h&eg F}‘?ttrh%ucé& Fﬁfz’égf’ﬁeag S?JB%Q%%Y }glg%{) to the | oop
region in ddreefVeDibit Het3Qdpeliyipephhdemsbedichye SEQU® MY londamlwes of

random ol i gonucl eoti des are the NNK sequence, the NNS sequence and the NNY
sequence, WhetWs IR F7P ONSr SqdeRtRE EAPT FDRY M 1P WRATIHAT Of or

thym ne (T‘%he ]Té{r—W'aﬂﬁn%Glac?% LB%TY @S(a} Tl%F@?Lgéﬂm nucﬁ@eotl é)g may

guani ne (G or cytosine or thym ne
be gener at$HD byD &ANO MO 212/ OOSZalm@EBpJ@Qﬁsisﬂﬁrl@O@fpum i T3 ndGftin ameitrteod. A

met hod of int odum 0 L,gonucl eotide into A 15 also
bubl 1 c1 A5k FITCIRE R tr8 R EBNREPEEOR pBP ST (Y & rdoror L | (Lbs

ol i gonucl ept de, lcﬁ;pﬂ@dr@i@tﬁ@ign@ft ehtheoahoyendesaihdetcl Do randorsd oop)
is transcribed to obtain a transcrigtlon product. The transcription step is

publicly KASwRNEP Mot §hemnhPyt 6ERNEPoYY: I THeP@R oy, aTHE & redferipti on
step can he,carddgd W R 1herRashacAl afi RYPLLECh Y kOO dTBI g o 'pem[800331

The transcription product thus obtained 1s translated in vitro. Thereby, an
RNF8- FHA doratiein ishroary byai$Ee I6bNQi: hedl.opp03K] I\Te:xtshoaxidam ga@rt;ebh,nm ng
protein_ i sel ecte frto theoéS RNE%ng—@ gornm I|brlng a e rreet hods for
sel ectlln;g n%lig nlab |n§ ¥EEBIACT nef UdeY net fiods gene Isy %cﬂﬁn as in
vitro sel egidvan by SHD a® moage iditsplRychr rhngomessisgheys afNAdlispl ay,
yeast surface display, and bacterial display. Pref er ence i iven to a

ri bosone dAEPHIHFRIRES SR Yol aRe WE’I?(F%W%“&% 1€glep§r stedisted,

synt hesi s. sﬁi&%@ﬁid’!éd”' hirghet g€l %%t LMBEY . t hatsd hes CQVH"fﬂardeb%SfO‘Eﬁed' spl ay
usi ng Escherichia coli extract. The PURE systemis a céell-free translation

syst em whep@lypapid deadaorisonébes smipof aridhsetvemst athorm dre Fupaat el y

pr epar ed { €co tituted. .The PURE system has_2 been reported to have
hi gh sef’ect on e PCI%CI efJnregt?e‘ggugeip?En X%?Pe %on ant hat i onfo\[/)\nth nucl eases

and prot eqs&JSype/pmmaa wmgreducaq t(be ebhbcsenny of) ramosnir disipl ay
[Vill emagne et al., (2006) J. Imrunol. Methods, vol.313, pp.140-148].
[ 0035] 30BN SESTRARS PRE BR §9¥?§ﬁ11h%’§l%ﬂ %%?g?eﬁ'%raaﬁ% on system

and at | easd) ongy kingh,ofs @8neuaehdsoAN ERSESYed eOens) ald UURNS LRI neans an
el ement involved in the regeneration of ener gy sour ces that are necessary

for proteiregion kesiSEQ JicNCad ATheanth&TP(aExbingl £kstof4 drkrapino acid

25 residues, (b) the 53rd-60th amino acid residues, (c) the 80th-
82nd amino acid residues, and (d) the 109th-114th amino acid
residues, may be obtained. |
[0030] | _

In a further aspect'of_the present invention, in this

30 method, an artificial antibody library is also genereted by
introducing random sequences‘into any one or two or more loop
regions selected from among a loop consisting of the 41st-46th
amino acid residues of the RNF8 protein shown by SEQ ID NO:1
(Loop 1'), a loop consisting of the 49th-62nd amino acid

35 residues of the RNF8 protein shown by SEQ ID NO:1 (Loop 2'), a
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35 regeneration system substances include enzynmes involved in ATP WO
2012/ 008211PCT/ JP2011/ 061009 regeneration (creatine kinase, pyruvate

ki nase) agRe 9iamksiat es thereof (creatine phosphate, phosphasnalofyedvat e

and the | Imc? s 1G85l f 1o tth'éaﬁﬁltﬁt-BQBdSé(ﬁiﬁg‘ £O1P" &5 s | gasthone kind
of am no aci preferabl’y all the 20 kinds of am no acids s occurring in

nature. THESBIDrdueda tsravsl &y SRQs Bt Bfr hmyLoopt het, comprd k0P non- nat ur al
d T f
ami no aci d.e The Seld <Jo o8, 13a%) 24 80, SXALE URYACOUDIASE, JOruiiaile, o

buffer sol u?l on exanpl € pot assium Tri's-ace e ‘an he 171 ke) ,
various sabtssein sdwactgntsEQa IBNAOpal ymeopsé' [ T7,1tTShdulcaine SBG eBNA

pol ynerase and the |ike), a chaperone protein (Dnald,, K DnaK,,K G oE, G oEL,
G oES, HSPYRVSIRF 1 Hah k&P, pa&yaﬂﬁteﬁﬁmawmt%da%%omeéj sefiyititase

i nhi bitor,s106,@ dy 9@ nicherse ihrBi Bhteh. rLRE3R] sd@klhoeks these daidods, the
above-descri bed random ol i gonucl eotide transcription product is translated

in vitro. Jteodursice refy thave rensiatserestlepiing eaihnsisiduashgeleted,
transcri pt eI t[dcucct s\’e'rttré% U%I ngdgegel lT}Hte traﬁslpalt |C%n %A% em Thi s
tht

step results the dons rUct 1 6n -of rrbosone: conpl ex.

[ 0037] polﬁ)e;bnnﬂa ﬂ'@thhl@ tmboamﬁrﬁopapﬁddseqwc@%anx W\OBE}Q ID
predeterm ned anti is possible to select the nRNA of a peptide that

bi nds t¥ t¥e anth ;fﬁﬁﬁgtotl&g( EAPYRPRE198/ sBl BREFAAY ZEGHEP ANt | gen nmay be

any one of,Prafesiiige ReMIrd@I ngS B! caﬁggsghﬁg,oﬁpg&ﬁ SRS &l the |ike.
Her e, preV| ously | abeling the antigen with bidtin nakes it possible to

screen forseguerms gaedsiindiong pepseverby EnisA asidesesiders Bteow. This

el 109 Siep. i Bl o000 L che {Lgld,oLa30, bl ot sehglank

Therefore ep can SIS 0 puabl icly
known net hmlglcﬁrOQﬁB]SEmamﬂNAlselthetredhby [€:12 ﬁEéhOﬂsﬁ-bMtﬁulaﬁnIr&ﬁcacﬁl’cEd and

reverse-transcri bed | s anplified aPCR3 ction,
wher eby!%a Y5t osté‘r‘?e 4§ngl6§€‘df BwlPﬂengéeoﬁﬂSl% (€) the th
2012/ 00821813%_@'/&?1%%134&@1%%1@%@55Uéﬁﬁqléém thQUDG'@tIQaI‘l@@u raeanstadict ed.

The ri bosone display is pref erably performed in four rounds or nore.
residues, may be obtained.

[0031]
An example of introducing a random sequence is to_replace
20 a loop region (surrounded by a solid square in Fig. 2) or a
loop region selected from among loops 1'-4' (surrounded by a
dashed square in Fig. 2) with the random sequence. Examples of
random sequences are random sequences having 3-12 residues. A
preferable case of introducing a random sequence is to replace
25 with a random sequence having the same number of residues as
the number of residues in the region where the random sequence
is to be introduced. To obtain such a randomized—loop
polypeptide, a random oligonucleotide may be introduced into
the region corresponding to the loop region in the DNA of the
30 polypeptide shown by SEQ ID NO:1. Examples of rahdom
oligonucleotides are the NNK sequence, the NNS sequence and
the NNY sequence, wherein N stands for adenine (A), guanine
(G), cytosine (C), or thymiﬁe (T); K for guanine (G) or
thymine (T); S for cytosine (C) or guanine (G); Y for cytosine

35 (C) or thymine (T). A random nucleotide may be generated by a
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[ 0039] The gene recovered by the several rounds of ribosone 5 display and
in vitro selection may be subcl oned into an expression vector, and the
subcl oneswohbvmymeriiare screened by ELI SA, whereby it isppugszdil/esio®m express
and puri f youst iRNRB-knfoh ehefrhiod-. Moali e b Preft it doanidigen-abiragidag pr ot ei n)

of high binding affinity for the antigen. These steps are publicly _to
known in t‘?ﬂelgrqré%‘&e@ftlﬁyeotlé‘(?ﬁngfqﬁg%’ g% tant PRttt ¥ be Kt or med on the
basi s of a[m]icly known met hod. [0040] As stated above, a preferred
utilization of the present invention represents a nethod wherein a library
of RHF8-FHA 15 dtmdi,ntmedRNRednppoperating genencdord;lizguhuaml eRHARIEFHA

domai n- nodi fi ed prot.ei n_of _high. bindi,ng affini for_an,antigen .

(ant ger BIRA ST vEes 4P t8elaparPettisihtd Hebobra A di tro.
[0041] 20Thearysed itvebtaon bSthehsthabt esn dessduded gpecifically by
means of the foll ow ng exanples, to which, however, the present invention
is not |iri¥aECNRTiie &LieBnd SnRdRLRFLYI hnawR ablyetRdvEid tf t hose skil | ed
in the arty; i;Acl u i e i3 i 5 anpl es
10042] Comt I o RN B T Homm o ey PO Mg eghopehar
conf or mat icarwifed aitFidh dbrabascts RRF8 pEbYicly BDBvmoweth®@PI E), an RNF8
library co j.sing four random zed 30 (NNS) | oops of the FHA domai n of RNF8
(Fig. 2° @%% NO 1) was desi gned and chemically synthesized as a fragnment
140 bases or | eshe RASMAGKipthenr pgbaistt ohbe srwinme etk Wwerah d1hk g ginons
of the RNF8 protein surrounded with squares in Fig. 2, which consist of the
41st - 43r d BTy adPETPRY) dBRsRNF fieF i dpman o i idradied OPESHAGES, the
80t h- 82nd iy acid residues, WO 2012/008211PCT/JP2011/061009 and the
109t h-114th am™no acid residues, respectively. For the library genes,

socal | ed opti nalNesddore @oapoealbisding FrgteR) werzelsetkd diramthéhsake of

hi gh pr.ot el xpression. Al.so_a_ 5' uence, c risi-ng.a_T7_.pronoter
and t hel58([9)‘i1\§s.]eﬂe8§)Jsg%p‘cedsovrﬁatlﬁ1 %lgﬁgrﬁtA Ss%q‘bsfeag%egc aoéi e%o Stehlee 51%8n &% her eof ,
whi ch ar e gregiigdredindiper beorehig thbdsasemdt spdaygenesa Cherkreadd \as in
synt hesi zed, (FASMAC) . Each underlined region_indicates a regian

conpl ementBd TO\ESIESHERy 5 CBadh 8@?@8-%&&?13% ribosome display, mRNA

display, yeast surface display, and bacterial display.
Preference is given to a ribosome display based on the PURE

‘20 system, a reconstructed protein synthesis system With higher
selectivity than the common ribosome display using Escherichia
coli eXtract. The PURE system is a cell-free translation
system wherein the factors necessary for the translation are
separately prepared and reconstituted. The PURE system‘has

25 been reported to have high selection efficiency because of
little contamination with nucleases andbproteases, which can
reduce the éfficiency of ribosome display [Villemagne et al.,
(2006) J. Immunol. Methods, vol.313, pp.140-148].

[0035]

30 A cell-free translation system has an'energy regeneration
system and at least one kind of amino acid. An energy
regeneration system means ah element involved in the
~regeneration of energy sources that are necessary for protein
synthesis, such as ATP and GTP. Examples of energy

35 regeneration system substances include enzymes involved in ATP
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/o NTerm (SEQ I D NO 2:
GACTATAAAGATGACGATGACAAAggcgagcect ggett ct t cgt caccggagaccgecgccgg
t ggccgct ogbagiameigcgccgcgt gggcat gagcgecggcet gget get t ct Coa@aatad/061009

gt TGCgaagt téfanek tGoher MresE@nkDxkN: 3¢, gyruvate kinase) and substrates
cCgaagaagact gggaAacCat Tt at cctt gt ct t AGCcccTaagaat gaTcaaat gat Tgaa

aaGaat GAATTTGRAYfg ceyegfdgst hasahesaggphaapkoerehapyru G agd YISEQ | D

NO: 4: 20 tTtha t g tgteaccta t
at caaaanngln nkg ns n%%nggggﬁ?gﬁé\sgg%gac %{% %agcg%gﬁq‘ cf:ét% gf%) ﬁ%% gg%SEQ
| D NO 5: dciact g@gtan@nbtaagdalagtrecegaglgcanat gogactat kmmaﬁﬁmgj\lmkﬁ\l 25

NSagt gt L{ gget gaasCoAgegegCet gaagcet L CagL et A AGqat Rt eaga ] gag)  LOP

GCgCgt ct at AlaaldCalep@dgtoachanahaeaasi t g THNNSNNENNSHNaNNaNNSG -3@
agaat gcCgagt at gaat at gaagt t acCgaagaagact gggaAaccatttatcc) 5 UTR (SEQ ID

NO 7: gaaditaqsladgacy c,sar@ﬁ:ama@ggagampacaaegé@rt@%@n@l@ga@anwfaﬁqn tgttt

aactttaag a t 35
2012/ 0082%%%%%20 0%%%8@8% %g?‘g‘g gé‘EQ%& partia ?ﬁ%lsse%%%%n%ctee St O} htehegene
111 (g3p) lifke)he vk cpisageltan aOSa@fdcteﬁtdueSRreA 2eDyrdsdta E0S(T7,01MTS), was

anplified vmtth OD Pl us _.DNA Pol yner.ase (TOYOBO) S%ha PCR reaction 5
(denat tatdh:SEENA @odymsrase” aRAeaPniikebC 2 IR PrAGHEAt i on:

68C, 60 Q:Q“QT}S 7-
t enpl at esﬁsl ng trﬁégﬂlgleﬂr%%?,g‘r%m% PRy 8ﬁ§%17ﬁg\e&j@r@h@g@ Q{de% and

the pri mer (PR, SERW G ( SE@ L DKRIOY 9a P@Otease inhibitor, or a

CTCGAGT TATT%‘P%% ] GCACGGATGCCTTGCGCCTGECTTATC

CAGA CACCAATGAAAC), and then purified using
the Q Aqui[@OFIR purification kit (QAGEN). A PCR reaction mxture

cont ai ni ng each _chem ¢ IIy synt hesi zed gene fr rrenI N-Term Loops
182, Lddp 3, 15YS3oy¢ Z*E eESt BF gﬁd the gRpvge Scﬁlkb‘?élr L and KOD Pl us
DNA Pol y meyjaispodutQéBDdae( 2@8nBEriptishabrodies Psepadediatky Gielasf. a PCR
reaction (denaturation: 94C, 10 seconds; annealing: 58C, 30 seconds;

el ongat i ot GBRIREG $écEAdS) tRAsSEAEiPRASEER , 1 af tert TRt ol of a5

primer (SRR NA:ALC:20,4ARA1 31 G090t ach 8! 2090R0880A0AARGANSRG! 01 20)

10 pnol e prrmer

ggat t agt t afyt=tadnt. ag@hgaggtgptgagg)tsand thelcafs k@ tBlons oBNA Pdbysemase wer e
further adde reaction mxture (50 I'l'l, x 10 vials), and 10 cycles
of a PCR r d(()?n“ll‘i%I \&COPAEFon: 94C, 25 10vseconds; anneal i ng: 58C, 30
seconds; elgywation: 68C, 60 seconds) was carried out. After a band of all
genes connected tog;t her was confirmed by el ectrophoresis using 1% agar ose,
the band was cutBYolingdagdptinef réBoasmagPenelde AMreomlexmanché i on Kit

(Q AGEN) t&efdéwrjnﬁn%%t %'nttl.laege;‘ngtl 59r§5¥51ble to select the mRNA of a
peptide that binds to the antigenvin:vitrg-(in vitro
25 selection). The antigen-may bé ahy one 6f protéins, peptides,
small molecules, sugar chains and the like. Here, previously
labeling the antigen with biotin makes it possible to screen
for an antigen-binding peptide by ELISA as described below.
. This labeling step is publicly known in the field of
30 biotechnology. Therefore, the labeling step can be carried out
on the basis of a publicly known method.
[0038]
The mRNA selected by the method above is recovered and
reverse-transcribed into a c¢cDNA, which is amplified by a PCR

35 reaction, whereby a gene for ribosome display for the second’
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30 conprising the random sequences. [0044] In vitro transcription
One microgramof the purified gene library DNA was treated with 20 pL of an
in vitro woangewsati on kit (R bomaxTm 35 Large Scal e RNfcPrezhuchéiom

System T7, ari¥f @D gl tOHRInAsakanV\Be20:26008244P6d [ I R2(l i@ MRNA,
whi ch was purified through a_colum (RNeasy mni colum, Q AGEN). [0045]}

In vitro tdbsRiad ieh Rrsifegad loePerfperets aRsFavr oRO3YSS e?F FNYEDNSE r uct i on
of riboso tide-nRNA conpl ex) A cell-free translation system -
which is a protein synthesis reaction reagent (PURE systen) was generated
as reported [ ShiThegeste aleco2@el) byMehkodsyeval . 86ungp. 9% Bfdomel0 pnol

of the nRNA |ibrar s added to.the . prepared reaction /o nmxture (100 pl),
ond thi 3 rEsaRia and B dheq e =55 eBhoRaEaER RuseLSPeB oS i an

i ce- cool ede¥misdt P efe It 0 hC BWbENLbEe OA6bt Bthdd Sard Sl NaCly 50 M
My(OAc) 2, 0.5% Tween 20, 1 pg/nL Saccharonyces cerevisiae total RNA

(Sigma)] wEsIFRidetherghy 560 45 POESabBroERI AYPHEST eaNd dPWET o1 15 RV -

Tris-0OAc, ®i - 3 C o 0 - g/ L
Sacchar orry@?% ]tgoerrr?ael\fl}} Sl ae frtﬁgtdg?) %ﬁﬁ§?s:(ghrrg?&8@d} %ﬁ%g? I%%%!(\@%%? )EF?(%)]}%%\EQS
added. Dynabedidsy MGnienistyr éfotrathei antigeragnethesdeacep g Hi@ pbdficdiyurry,

I nvi troge revi ously. .bl.ocked wi th 5% Super Bl ock at 4C overni ght, were
bt ce. vasnEPTR O 0% ST GR DB REBROLHRY er 2501 GUR o e LT HEF
MagneSpherge MagRld GrSepr #aisas StraBdp(iBleaegaknowhtREtMb ch the entire

vol ume of the post-translational reaction mxture (ribosonme display library
sol ution) Ws4&dded, and a treatnment for pre-adsorption to the magnetic

beads and st reptayidif MAS 2 ePeL g‘i%gﬁl d4§t£9%§9i5% She g&f‘eoén | ting

supernat ant was recovered using th gheSphere ghetic Separ t and
( Pronega) . i o6l orBi madmadesittisom ofethnti gbarpint 8 hsbBdEacht AHEMtERRen -
proteins purchased fraom Si human Erk2 apd  Escherichi .. thi oredoxin:
B ) Cwne BRGSO st R <dr Anad HeBPoabEar FBY PhavEst T comain
NHS- PEO4- Bhedi i dPIgiRERin oF headhpvbhatihgybatedi ept fgenamraitiden

bi oti nyl ati on was confirmed by the band nobility shift by SDS-PACE, their
35 concent f2 RN RN ider SEtsed) udSn§eLRETBEALPERY ef nt ReIRIK 1 g ay
2012/ 00821,PCT{,JR2011/ 061009 ( PI ERCE).

[0041]
20 The present invention is hereinafter described
. specifically by means of the followingvexamples, to which,
however, the present invention is not limited. Modifications
made within a range obvious to those skilled in the art are
also included in thevscope of the invention.
25'Examblés
[0042]
Constiuction of RNF8—FHA domain library
Based on the conformation of the FHA domain of RNF8 (Fig.
"1, PDB code: 2PIE), an RNF8 library comprising four randomized
30 (NNS)_loops of the FHA domain of RNF8 (Fig. 2, SEQ ID NO:1)
was designed and chemically synthesized as a fragment 140
bases or léss'(FASMAC). The regions to be randomized were the
regions of the RNF8 protein surrounded with squares in Fig. 2,
which consist of the 41st-43rd amino acid residues, the 53rd-

35 60th amino acid residues, the 80th-82nd amino acid residues,
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[0047] In vitro selection Dynabeads MyOne streptavidin Ti magneti c beads
(100 pL of 5 slurry, Invitrogen), previously bl ocked with 5% Super Bl ock at
4C over niwbt2p1vms21twi ce washed with 500 pL of wash buff ectgetut/neanousi ng

t he MagneSpherehdVagnehi-q 19¢pabat nenaSt ande ¢ Predegane spddieirvemi .ch F@0 B!
of biotinylated antigen protein was added and i nmobi]ized onto the nmagnetic
beads at HOLARIYTHIENSF ( 3OFaklRdt eBLLBR&r COEPRS hEGRRL vk sfhsiied M t £/500
pL of the yash dudd & Isca&)%tig t BEeR; bhMBSotis] A% it ManeSPRsLE Yagmetic
Separ ati on tarﬁ%l% Pr grrega ,Sa?{eer V\ﬁll%hm?ﬁoe trans%lgfel on reactaiggn m Xt ure
af ter the PirRe-ssdpenss compreatingnt Rdspaddetet oandet recY evesyhigragm etiitd
beads, and .t he, m xture was, stirred at_4C by rotation for .1 hour. The
super nafagcth%&s&% ssc,e%él&eu&%ﬁﬁdt 8 Sn_%SpeFl% _et%ﬁ?‘%f’l CTS5h3S on St and
(Promega) ,requilrf itth@eWEsRminbf eLbsebréi @spBsy Adgesl drertitearigeover ed
magneti c beads, and the m xture was stirred at 4C by rotation for 5

m nut es. AR SsEFest | (FGSMACS - 20E3pRratdonl ineBoragicires ndiggtgs 6f an
elution b i Ut i iz 7 150, Mgl ., 50 nM EDTA)
was addedq{éo(ﬁt%rg%roe &%@Fé?{@ga%g%?ga%%%)& n%lg)%}hi S xtdt}l%e' was allowed to
stand at 4C for 10 m nutes, whereby the conplex was rel eased fromthe
magneti c s. The supernatant was recovered using 25 the MagneSphere
Magnet i % %ﬁ‘%ﬁé‘h@%%ﬁné’%( romega), and the nRNA was recovered using the
RNeasy M arar1(x@ra@Eircandapenchnedgch§48t gfdt PER sddec dppapriaftJodyy was

converted ToO CDNA using the ITranscription Hgh Fidelity cDNA Synthesis Kit
(Roche), &fI¥FCIAHEHIRFIPCRICISOIFETHATERE B ICHePRI TS FiHtt tAcagapggaty
seconds; W +128¢, 30 seconds; el ongation: 68C, 60 seconds; 35
cycles) mas-w%%m@gsi ng the KOD Plus DNA Pol ynerase. The 35 priners
used are shown below. WO 2012/008211PCT/JP2011/ 061009 Reverse

transcriptiqn rev e priner:; CtermR (SEQ I D NO 12:
GTCAGAdéA#r%ﬁg@A#C;Ng%CR primers: 5 prinmer (SEQ ID NO 10: - |
gaaat t aat aggRERURItaYeeAdacaedTaacaat tHEcEt Bt Tadh & dLrda R tydt8Qa D

NO 12: GTCAGACCATTGCCITGATATTC) After the RT-PCR, the reaction m xture was
el ect r ophFEFA; AATH CORIg5A56929IbIRA BE CRASICERI ERPSHEIY si ze was cut
out and purified using the MniElute Gel Extraction Kit (QAGEN). [0049] io
Reconstruction of gene for ribosone display The gene for ribosone

di spl ay fdrOQhme Isecdid@aidd® ddbgequent rounds was reconstructed as descri bed

el o FSR RSB P ORI A B o0 o T

atcaaaannsnnsnnsnnsnnsnnsnnsnnsaaccactgCgttCtTaagcaRaatcctgag)

LOOP 3 (SEQ ID NO:5:
ccactgCgttCtTaagcaRaatcctgagggccaatggacCattatggacaacaagNNSNNSN

25 NSggtgtttggctgaacCgAgcgcgCctggaacctttGCgCgtctatAGeattcatcagggT

gac)

LOOP 4 (SEQ ID NO:6:
GCgCgtctatAGecattcatcagggTgactacatccaacttggTNNSNNSNNSNNSNNSNNSg

30 agaatgcCgagtatgaatatgaagttacCgaagaagactgggaBaccatttatcc)

5’ UTR (SEQ ID NO:7:
gaaattaatacgactcactatagggagaccacaacggtttccctctagaaataattttgttt

aactttaagaaggagatataccaatggactataaagatgacgatgacaaa)

35

15



15 (SEQ I D NO 10: gaaattaat acgact cact at agggagaccacaacggtttccctctag), 10
pnol of the primer SecMstop (SEQ I D NO 11:

ggat t agt twotoetdosmngt gaggcgt t gagg), .and KOD Pl us DNA Pol yoenasm1/(6iaOBO)

(250 pL in[¢et®z ), was prepared and subjected to 15 20 cycles of a PCR

reaction (denatur ation: 94C, 10 seconds; annealing: 58C, 30 seconds;

el ongation: 68CA Wré@@d-nﬁﬂue&fzﬁepfwﬁbéhganﬁaﬁﬁlofg%\EP] Qferidre dbnhahase

t oget her \/\/@as[? f leclr o] [ o I cut
out and puri Ji|'rggl‘\r\%dslldng:%téhl)éiu(lie}l I’II%E (3?2 %g% éxtggggtg?%% ‘%9? g% %gf%r\vl{ﬁ{}t 0050]
Subcl oni ngKOD Plus ANZerPdlome resgnd§OYORO) r bgosePER et wms cl oned into the
Escheri chi a, col | ession ve ET-Mal Strep, (Fig. 30 Specifically,
the four® r tE"F’ Q %oﬁs?‘g ‘éls’oyar&'l?%ﬁ(’l%" %é'régcfs?%ﬂn%xture
cont ai ni ngeichﬁ‘gawld’fpr @@' éO Mecshds P23 matwl% %C@BBK@W—HQ%l@edS' de
(SEQ I D NGO 13:” CCgaatt CGACTATAAAGATGACGAT pri mer

RNF8- Hi ndPIRIqGssadsndha hgmplags vRéng' t@?dﬁr{f,E‘sEQ ﬂP NG EQ: I35

ggAACCT Tat It Ki

IO Cosa b SRARTES %t%ggﬁ%glc%)%?gg‘g %%E%? % T8 SR 5P The PCR
reacti on wWeEG U} e1:ed to 20 cycl es of arrpl ification (denaturation: 94C, 10
seconds i.ng. : ; 1at L.on: fter

ahi oh e R T A T A G O R R A o e e e e B e

(Q AGEN) . GxeactiaucmconaiaTiirecpecttcarageneranint bEARX D) &8s Ahatect or were
treated with the restriction endonucl ease EcoRI -Hindl Il at 37C for 1 hour,

and the cA@YESHEHHI YT BarkdenwRdAGoArkr RER Byréféeatbpmorlsi QIATHY 1%
agarose, after %lé‘dk%%&%ﬁ W@L%ta% eHﬁtéﬂglﬂ rééé}?dcr{é?ndfésl]ﬂ%t he

Mni Elute Gel Extraction Kit e |nse t gene an ector gene
were m xedsyrrtmesa,&dngme rfatalgmearad ﬁéaERedNuEeng, th@oﬂm gbFastLdRapidl DNA

Li gat t t whi ch
Esoner L on %o B SRR Con8, SRP GePe, Lupreh TAd bt AUTIE v
pr epar ed Jﬁqz(b@lqnmta@et (EoyOsb) Teaosfiar it te&pa BYf fvds Setepa@dy RESEARCH) ,

wer e transforned therevmth and the cells were cultured on an LB agar plate
cont ai ni ng@¥PRTIHN i BGR ﬁ@lacééﬁ@erﬁti?aﬁtéﬁa‘ém@g/ #4C atl 03 BECOREENI ght .

[0051] 20 Pri %Lﬂscrs%ee' ggofgéc &ége&&{iﬂm@epr&be' nebYs E@%S was o

After overni ght ture srn e col oni e i nocal rom
agar pl at ecaltrllem) qatc,ofafé;eZXWhmhdﬂanmght afnéang’ apnplmeltl {SEQ fIDwNO 10:

concentyrat| on ultured at 37C f lour.s (

0508 S A s et ErbaR e lhednrat T Bieor A v Bt and
the cells mq»mﬂdmr%mtto%ﬂ@sa@emm gbt1190 pL of PBS and 40 pL of a lysis
reagent (20 pL of Bast%lBuster Protein Extraction Reagent: Nova en 20 pL of
2.5 myl n. IR TAFR AHFHEGIP tRergCaaa8agad 18nPLL ofL tHe KQR t

ESCher'Ch'ﬁbf§Héré§g'ﬂér%nfu%@ﬂeEhgdﬁghl§o the reaction mixture (50 ML x -

10 vials), and 10 cycles of a PCR reaction (denaturation: 94°C,
25 10 seconds; annealing: 58°C,‘3O seconds; elongation: 68°C, 60
seconds) was carried out. After a band of all genés connected
together was confirmed byAelectrophoresis using 1% agarose,
the band was cut out and purified using the MiniElute Gel .
Extraction Kit (QIAGEN) to finally obtain a gene library
30 comprising the random sequences.
[0044]
In vitro transcription v
One microgram of the purified _gene library DNA was
™

treated with 20 pL of an in vitro transcription kit (Ribomax

35 Large Scale RNA Production System-T7, Promega) to obtain an
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30 were lysed at roomtenperature for 1 hour. 40 pL of 12.5% skimed m |k
in PBS was added to the Iysed solution, and bl ocking was perfornmed at room
t enper at we 20rood21hour. Concurrently, a 384-well plate, peogrtuicheiaer anti gen
protei n hasklreeHiBORials pegiEt e408hReLdR BlcPHBEmME| RNSH s W @idvierdy 1ghin, 35
was twi ce washed with 100 pL of PBS, 100 pL of 5% skimed mlk WO

2012/ 00821 APEENIP2011/ 061009 i n PBS was added, and bl ocki ng was perf or nmed
at roomte%%ﬂture for 1 hour, after which the plate was tw ce washed with
100 pL of S t'o obtain an antigen-i mobilized plate; 20 pL of the bl ocked
Escheri chi®n caltrettmeactl avasonaddédgt 8 thelSfpéat eramsthitimn esptatant was

gently stiyred at roomt erature usi a e mxer. One hour later, the
Dl ate wds 44 SR 68 B ogpomasbrPh et AREA e D000 i 1 uti on) of
an anti - FLAG M22HRR 1007iré@at @ anSi 8 8BbnWa§s teblefh i @ndi 4 he groddire was gently

stirred at roomtenperature on a plate mxer for 1 hour. /o Furthernore,
the pl at e SMEhREFedadicth orogepaest PBURE| §¥StehbsVaardPriRiad@d &F was

achi eved usi .a..chroopgeni bs 0. _

35 ooes el et R O 0S HEEh AL Ao ITHET £ 29943041
reacti on vies marlr icdd thet m&NAr ddbraeppeaat adeéed oro 1Ehari purpes;e@ rqactafor?N
HC1 was added to stop 15 the reaction, and absorpance at 450 nm was

det er m Hed G HF & l&%aﬂlé)r'eéﬂ‘éir LhTECRRKTUFB0%2T PRAVRE RS ny Fhéo&l dRes
posi tive imiddeELl $Aoapal ysi snWekce-adsl & egh ) durrrdNAcIeqyenceso wach
ELI SA-positive clone was cultured, and the plasmd was prepared (

Q Aprep
Spi n M ni Fres18Ac, QHAGER) £8P DMAN3Eduenli AY. MTHeRASkquénéitngWeenméP r used
was pETMA : I 5; GAAAGGT GAMAT, GF%@QAJT [ 25
Expr essi _oh]sgglﬁlﬁ“ p%r%f%ﬁaé?ﬁyogﬁ%ofeg%ﬁ gen- bi ndi ngﬁg{one (‘;)Eaascﬁa1 clone found
to have biaw i Cagtli wift p Wdocknogubafédrt so2@0iom DFO ani? XIVH srediaympH

contai nin iGid Li Rg/mL. fin concentratijon), ,and | tured at 37C
or a5 holrs (oeett 2obis. 005yt YPTERET At PFacED! ZomPondp/

concent r atg havasnye@ saddedvighdet Betael RRAWES Egeal) | IBE G le GV er ni ght .
The cultured Escherichia coli was recovered using a centrif '

] uge, '
r e- suspendeREERFERd masofrdgelysi Bypapeads M4Pnav Sﬁﬁ@tﬁ(Y},dlEHT%. Bagnes /M
NaCl, 10 e i , | SJ4 ed
usi ng an %ﬁiﬁ%@?é&%&;? g:u ’r(t gl’ %g?ggggﬁﬂs%%%g . T'ﬁ)e %l%ér?atﬂl;t?{ was
recover ed 38 ssupeBlidakgatti dAC asrde MO PiX1,2 /0082 HRCE Maz0td/ 6616090pagsed
through a O mfilter,. after which affinjt urification (AKTA Purifier,
G PoalPnct e e Parea saaehg ohentr s taY MR SR < Ml hear o)
After the gugdddtGiain @tankdhe proekghN, SaFveronhiels tlep! eeeitkaMidl S dFy
buf fer exchange using a_dialytic nmenbrane. A single band was identified by
SDS- PAGE, il RAFE ¢oeeeetdtrnsn RaaCH&PRr R hedr &isl AP HINBE SR GY%i n assay

ki t (PIERQEkuary solution) was addéd, and a treatment for pre-

adsorption to the magnetic beads and streptavidin was

25 performed at 4°C for 60 minutes. The resulting supernatant was
recovered using the MagneSphere Magnetic Separatioh Stand
(Promega) .
[0046]
Biotinylation of‘antigen proteins

30 Each of antigen proteins purchased from Sigma (human Erk2
and Escherichia coli thioredoxin: Trx) was biotinylated.per
the standard protocol for the EZ-Link NHS-PEQ4-Biotin (PIERCE).
For each biotinylated antigen protein, biotinylation was
confirmed by the band mobility shift by SDS-PAGE; their

35 concentrations were determined using the BCA Protein Assay Kit
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[ 0054] Conmparing the specific activities of antigen-binding clones /o0
( ELI SA) Each PBS-diluted purified binding clone (500 ng/well) was

added t o wo38fy008iih pl ate having an antigen i mobi li zedpichapaAanoghevi ously,
and the bi nghimgspecific activities of the binding clones were conpared in

t he same manner as with the 15 above-descri bed ELI SA (primary screening

ELI SA). [00B¥]7IDeternining the affinity of antigen-binding clones

The affini Y of each purlfl ed clone was determ ned using the Bl ACORE 3000
system al opetr IS Taieh ng place as 20 directed in Biacore's instruction

nmanual . 1 mobi | iatdbeadef Mybnet saykptedianhi 9enmaged el @ odddk2(1W pL of
t hi oredoxig}iH onto sensor chips was achieved using the streptavidi n nmedi at ed

SA sensdr rer('BlIdﬁ’dfté)oge[“@%@]re??xo}lﬁﬁﬁn%b?%@%l YHER ot® SYRST B
recombi nanfe-E %rﬂﬁ N nw%tﬁﬂ%' féﬁgecggﬁ%:}fj ﬂfq g%i ¢£0R8 SR %h%g Fod with

HEK293T cel I's,” prev ouély 2uffured in a wer e 1 ncuba
t he addi t|smhnf1c50®1qmg GﬁlePBSg@@ﬁphbnEnﬁa@nQ%drS@mratilcao SHrahda prot ease

i nhi bitor ckt ail, (R for.10_m nu the cells. The
col T vor o HSE oot e ¥T06805 Porod RF ot b ST M S T ER super nat ant
was used asrdtheircalds lagsride and REmObitheelr K2t Hr Oheimadmst 1O Rp ¥ an
Erk2-Dbinding clone (Erk2 clone N) or a control clone (Trx clone A) were

added ti® S‘U’CpL Bhirhe ) mBUSssatlatethe thes epdagwssPurRshedasitond?hed
with 40 pl,0f,¢ W‘R@%%Jho%%%%%@c%iﬁg%ﬂl QF}EQQ% Qeﬁjsir%)q:}@- of PBS x

three tines) FLAG M2 Agarose Resin (Sigm), |s m xture was gently
stirred bWath@pfmreaMatg@@mltceﬁpeaaaunen EhenﬁouPrM&@a , tdfEeReginiakas
recovered lii 1t cro§p 1! n (i gJE re). and(yva etd with 500 5
pL of PBS Thr €@ at“ S\ \M%Pchm%é pteofthe FLAGPeptide SoiUti on (500
pg/ m.) wast:eéiﬂﬁdantamiast hiﬁdl&ldndbnghéombﬁiie!\aﬁ Bh g€l @tbdnmd) tanpetat ure
for 5 mnutes. Finally, the supernatant was recovered using the McroSpin

Col urm (PGEN AT drse St igreghpeh 410 by weisatamd yEard lbyrogms: PRE, and 1 pL

/o by V\éstsﬁfﬂbf}{aq:tatdtngrasﬂ@ﬁs\%%ﬁ%ﬁnughﬁgt LR MaSnPsHhordmeh dsding: a 1: 1000
di lution of "an anti-ERK antibody (Cell Signaling Technol ogy) as the primary

ant i body a¥eparatik@0GFagid Ufiromegh) anlHRP- béb‘eh%dwamlbw%m tsdlgG i@t i body

(G el 162 9408 2 LI0000 ALl gncaled BOLLa PG EIER FonluGR
standard retnokdisdtngethey Eebt advemceo CEnHQalﬁefy:.ar ﬁ)ftei:oeéﬁaaatmg this
20 operation in 30 cycles, 100 pL of an elution buffer solution
(50 mM Tris-OAc, pH 7.5, 150 mM NaCl, 50 mM EDTA) was added to
the recovered magnetic beads, and this mixture was.allowed to
stand at 4°C for 10 minutes, whereby the complex was released
from the magnetic beads. The supernatant was recovered using
25 the MagneSphere Magnetic Separation Stand (Promega), and the
mRNA was recovered using the RNeasy Micré (QIAGEN) and
purified. '
[0048]
RT-PCR |
30 The recovefed mRNA was converted to cDNA using the
Transcription High Fidelity c¢DNA Synthesis Kit (Roche), after
which RT-PCR (250 upL in total, denaturation: 94°C, 10 seconds;
annealing: 58°C, 30 seconds; elongation: 68°C, 60 seconds; 35

cycles) was performed using the KOD Plus DNA Polymerase. The

35 primers used are shown below.
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| mmunopr eci pitati on experinent of endogenous Erkl/2 with Erk2- binding
cl ones expressed in manmalian cells 20 Preparation of pcDNA3. 1- RNF8-V5/ Hi s
mamal i arwoebi2/mspnessi on plasmd: Fig. 4 A DNA f ragenii1/oéioesach

cl one of RNReAdd X drnte ibt ibnkZ2ekbore Arikek? closemR EH@ T qie: 1Y): was
inserted into the EcoRl/Xhol site of the expression vector pcDNA3.1-V5/His
25 (1 nvit roHerac TIEDNATTEIRNFS- 5/ Hi s was generated (Sall was added

to the 3' ghd &Euﬁé&‘é‘ WF%aIfciﬁé%lzlgng whi ﬁgz\%\/ﬁg ligated to the vector's Xhol

site). A DNA fragnent of cl one w a restriction endonucl ease
si t e addedsadetrteta) avgm qirceyrdiadd gy agaPCRcreagyt bhc ¢ &OEL & u sarRNA o iy’ ase:

S0 TOreS Sl Slbassten ey soc, % secnes
EcoRl - RNF&fdr ($3Q AT IR, 16hedS'reagttgaaht gaceat 989§ Ccap8eet @aed teddLgt c-3')

and Sall-RNF8-rev (SEQ ID NO,17: 5' -gccgtcgacattottttcaatcatttgatc-3').
Each PCR 3%l cu@gamessiud Piead ¢di fet Reror2Ranekn®CR Frrids <t atki t

WO 20121 00874 LG HADLUIQR1 02 (RLAGEDL e 808 EhepaLf£af o %d%ﬁpr.agmm

restriction e cl ease. The restriction endonucl ease-treate

was subjecf@¥ o 1% agarose gel el ectrophoresis, and the correspondi ng band
was cut oué|€h a%thgﬁpuri i ed u§i ng tpe 5 MalEI te Gel Extraction Kit

(Q AGENY. TR BUritI eV ECt FF &G nS&PPSBRRA Fragndhts were ligated by a

st andard met hod s n@erehe&ckakabBasbngatii op1kit t&k by dMooddakaRa). The

|'i gati on product was transformed into Escherichia coli TGL F-; the . ’
resul ti ng TR LK @S TRECPPASHTASHRSS plepar BerdiditkPWo PhECR

Q Aprep Spj )l P j | 8 kb LARg pp% _oq@lngétsRERKUZ
w th expr gfséslae%élgrﬁz- Biltﬁicﬁeng%(%ghﬁgKgggége#%éae?%Q%%ns ected W'th
pcDNA3. 1- RNFBLR/5/¢Hic the @dpra geéneel kaphafepm@d, hdQrsméht@f , theheb ‘madiumamas

di scarded','($ﬁgcgh) ]@:}_ I\Fg.l%B.S containing 0.1% Triton X-100, 10 nmM i m dazol e, and
a prot edse i'bi tor" cocktail (Roche) was added, and the plate was

i ncubat ed gdaakE faacfhdtidadites alggghyzechbeasght stcdbistags, f1d Imved dxy
centrifugation at x10000g for 10 m nutes; 20 the resulting supernatant was
used as t he'®@T1NgL FEMStEPHI(S5R LReNPALEN Metal Affinity Resin (TaKaRa)

dded ' [ ti i
vas vashed ST KOO0 AT PR Iy O RSP kot o S A B

buf f er (50(TAOBA)s-HOD, PH1B 8ot2UBbSya5Yppepr2bedrand psweldrtm ,td (0%
glycerol, a spall ano of Bromophenol Bl ug) was ded to the washed
Pt % TR 190G TR HREdPE, |S00BE SRS BhacP R 19 RESOERA bl of ti ng
anal yti cal arsedil ihg \Wsgeer N30l 9éEbR@s Was1 refdorded aeecngen 3ed808s) | ut ed

anti-ERK anti body (Cell Signal i-ng Technol ogy) as the primary 30 anti body,
and a 1: 100064ty aHReALRE 8dLaREPEFabBEerEes aFRIBURBE (W& Heal t hcare) |

as the secondalir @y iblgp@i-ecl@%?%ir@@iwaﬁs%gi ey edgbyo ge Standand et fod
usi ng the ECL advance "(GE Heal thcare). [0059] _
out and purified using the MiniElute Gel Extraction Kit
25 (QIAGEN). -
[0050]
Subcloning
After four rounds, the recovered gene was cloned into the
Escherichia coli expression vector pET-MalStrep (Fig. 3).
30 Specifically, the four rounds of RT-PCR were followed by a PCR
using a reaction mixture containing the primer Ecol—(—M)— -
FLAG_F incorporating EcoRI on the 5’ side (SEQ ID NO:13:
cCgaattcGACTATAAAGATGACGATGACAAAggc) , the primer RNF8-Hind3 R
incorporating HindIII on the 3’ side (SEQ ID NO:14:

35 ggAAGCTTattCttttcAatcatttgAtcattc), and KOD Plus DNA
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35 Preparation of pCS2- RNF8-EGFP mammal i an cell expression WO

2012/ 008211PCT/ JP2011/ 061009 plasmd: Fig. 5 First, a DNA fragnent of
EGFP was woerdemseiint o t he Xhol / Xbal site of the expresgconpuachawogpCS2+ to
yield a plpsigmbrdas t(Tovomod, (A0DNALf tagaesalpf emoh mipOneactivnckwarge 5 A
Erk2 clone C Erk2 clone N) was inserted into the EcoR/Xhol site of this
pl asmid, gsCsn RIFGYEAEP Wés apphéf dcellpsal denpisurzaieican 1 094c°ﬁe 30 end

of each R m%ﬂ{glz scligate he, v
f ragment I%: Cé&@wt a re?hr:é?tl ongégndéjcn% steageel sqiagcrlé) deg%t%ere o and /o
a DNA fraggrennds) eadterNm@ichotbewgeheavaespuitfied entonudeRqiiak :
added ther are y eac i on (KCD Pl us pol r.a
TOYOBO, °d Iﬁ&?lﬁ’ artl:afoln q{fg s@g %N "an ealrﬁllncgro O’ngglgcg ém%le%

el ongat i Ol’ger%@\ncﬁ&}‘@@dﬁ‘é,ssfi@ncyébes): BBt Re Pt bAEli St 10d Xhol - EGFP- f or
(SEQ 15 I D NGO 18: 5' gccctcgaggt gagcaa ggggagg gct g- 3o and Xbal - EGFPr ev
(SEQ I D N@q@trlsstlgébt%xd@@m &E5€g §@Bgcﬁég@ ataB' 376r forpdi kevrsetngf

EcoRl - RNF8&-{or-{,SEQJJR 5 g CERt GOICORAGGES AaCtd c-3")
and Sal | -8Rt|\|ﬁF8 rC(ev (SEQ | D N%amljfvas -Egggg%%ggcs?t%ttttcaatcatttgg%sf:l ), 20

respectivel¥y. ama?caﬂamdw@udmghpubahdedaascug ole PpAquuicke RCR

endonuchea il oriid T SETL e CBnBRGEFBAEnt F oAt LA RRATT 1 aghint Wae®

subj ect ed g@@gﬁfcpsmeelv@@tmpl@@heswéranﬂlpuﬁl fhed msinglde Muidldaie Cel
Extraction Kit (Q AGEN). The 25 purified vector, and insert DNA fragnents
vere | i gatERETPEH WA dte rdoREEStsRAGIEnENFaldgal 1y dtiton(BEamagayhdF M x

(TaKaRa) . Jhgn | GRtd At UGt 30aR1h0RBST On Pedr i ik OckEsEdiatd Sl £ld1iTGL
F-; the colony obtained was cultured; the plasnid was prepared using the

Q Aprep SpﬁIn?]MDfia?r grkiet e3¢ (cglA@EI\I)vthDOB@qi Mesn , peeDNMS Fagrepandd h a

nucl ear t| +Q n N r \// I ant.j. ge o]
t he C—tér nus e%tE(E;gPaéV\?alg |LTSnl)saenr 2 r{tlo %gﬁeol lesf-b!;efl WG@OE%}B !

expr essi onvede iyt qYoBtH thereatishl, uahdatnda aemljs weird hei issd aorDéd WO
2012/ 008211PCT/ JP2011/ 061009 fra%rrent of each clone of RNF8 (Trx clone A
Erk2 cl oneti, aq:_erwla%éoetaerl@ cP{S‘HéC 14As fh%%%t%%r‘?‘?ﬂ%ractﬁé”Ecr’cﬂ?l / Xhol

site of t asan:_l o @/ng{, 2- RNF8- EGFP- NLS was: generated (Sall was
added to H]gg end of eac Rl\lfe—r%fragrrent, which was 5 ligated to the

vector's XPQQ5Js]|te) A DNA fragnent of EGFP-NLS with a restriction

d ' | o ith
endonUehe e AP AR P80 A0 N LI A9TERL: £, AP LRED o one v
reacti on (KOD PIA&:dal%vmin)i@hltaseltIE@é(QB% sengleradlanieD4dgrel0 seconds;

i o annealing: 58C, 30 seconds; el on on: 68C, 60 sec nds; 30 cycl es)
using a priRsuiade doffrfa‘fblthﬁcﬁﬁ PSP% @t?DtRIOiqg P a 2xYT medtum

gcccet cgaggﬁ&ﬁ%ﬁﬁg@g%&@qﬁg@l&-thnamdcéﬂq@éngﬁf&%%@ aYg fmdhQ 1RO 200 5 -

cultured at 37°C for 3-5 hours (ODgyp = 0.5-0.8), after which

25 IPTG (final concentration 0.1 mM) was added, and the cells
were cultured at 25°C overnight. 90 pL of PBS and 40 uL of a
lysis reagent (20 pL of BugBuster Protein Extraction Reagent:
Novagen, 20 pL of 2.5 mg/mL Lysozyme solution) were added to
10 uL of the cultured Escherichia coli solution, and the cells

30 were lysed at room temperature for 1 hour. 40 upulL of 12.5%
skimmed milk in PBS was added to the lysed solution, and
blocking was performed at room temperature for 1 hour.
Concurrently, a 384-well plate, to which an antigen protein
had been immobilized at 100 ng/20 uL per well at 4°C overnight,

35 was twice washed with 100 pL of PRS, iOO uL of 5% skimmed milk
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gcctctagat cataccttgegettcttctttggeggettgtacagctcgtccatgec-3') 15 or a
primer set of EcoRI -RNF8-for (SEQ ID NO 16: 5'-
gccgaat t owmocatgggngagcct ggcttcttcgtc-3') and Sal | - RNF8- pev/Je3EQod100INC. 17:

- gccgt cogpsapRs tidd carleeht Eingalbdodking! RSpepbi¥eiyed THE F@ShIiction
endonucl ease-treated DNA fragment was subjected to_agarose el ectrophoresis

and puri f i e¥MERRFaEIGR) f9ve WhmuElruﬁétGél WE%FFa‘éF?oHlKF% Y33 Aoprge washed

purified r g ONA g tﬁ‘gi@é.d t hod
usi ng the ‘%’%K}g&a@q]_ﬁlgLaﬁ%gr?Bklt Mfogﬁtggﬁl\/%ﬁ %ﬁ}gﬁg%) %ﬁﬁbpiyl gati‘on product was

t ransf or madl i off o Hes dhlerd ket @scdmelrwﬁiaFC;)lu.hextesuttwa\g addexhyt avashe
cultured the a was prepa red 25 us in MniPrep kit
(Q Aty e B e R s ZPIEET orhTEERt! BbayoTh TR Hi el | s
A mammal i aﬁsmj |a Ip e d migdd.ur ene HE&23931Tatewa,s i tpirac |vd’ésD|\65Mh(e§| Qﬂ%h

suppl emented wth 10% FCS at 37C in _the_ 30 presence_ of a pé y of 5% CO2
The cel | s T ekt r%s&%tféﬂmttlﬁleﬁcsﬁpRNﬁS-(E(ﬁﬁ’o%rdbwlw GIP-aUS by a

st andard a % o] an I

(1 vt 11 ogarg 2 PEb AT serpE Tt gha kAR E Spd (EnE B EURES 1o w0
2012/ 00821@@@13&@@1@%%&@@%@@&@@1 cacta \gltatenintikkelr Kr 1 hour.

ant i gen bi ndi cl one HEK293T cell s we nsfecie i £ h

pCS2- RNP8- N5 ra BE \R&Ialtepf”ﬁtsewaﬁh ﬁowﬁg i\@@ {Pﬁfa%ﬂ%d’oeed at a
final concemigat i etk idM wardatheéepkat 8sVa§ 2@@1@6@@% athoffederdiy 30
m nutes. After the PVA treatnment of the cells, the nediumwas i medi ately

di scar ded, SERRFERFE plO - H@P(“%D@ PAGE/ §aﬁ§?§r%ﬁ]@¥1(}5@1mﬁm¢rs HALHH 6. 8,
2% SDS, 5% psr SIRIE R8I #02¢.9 B{éFef o ngrwi AU %tBr f%mf%'aﬁlnol

Bl ue) was adde to'lyze t e ce After sat e, 5 pL was
used as tneemaamrd)lf@trt ilrsg mamaltesi, cap sénperN'l'ﬂ‘h@l pnam@d@mt‘adoomces used

were anti - 9CRSK Cel | é Technol o é ant i - t ed Ser380
POCRSK (AT SR TEon BT RGRT Caner- SEGSBRoYST ATeit st Seris
pP9ORSK (Oqj;lat% Mdeng (Tegamol.ogy), and anti - phosphoryl ated Tre573 pQO?SK
15 (OeII Si %nal i ng Technol ogy), all of which were used at a dilution rate
of 1:1000.! secondary anti body used was an HRP-1abel ed anti-rabbit 19gG
antl body (£ Healddizarng) . used in a 1:10000 dilution. Detection was
achi eved by a standard ‘nethod using the ECL Advance (CGE Heal thcare). 20
[00_63] Exanmi nat iTdre fadonest pasetivkain| dbal ERa$A oanaly RiNF8verrd idrialiyded
antlbOQ% é%‘%ﬁ&& §ggﬁé%gé%.(EE%%AZELISA—positive clone was cultured, and

the plasmid was prepared (QIAprep Spin MiniPrep kit: QIAGEN)

for DNA sequencing. The sequencing primer used was pET-

MALseqgF: (SEQ ID NO:15: CCAGAAAGGTGAAATCATGCCGAACATC).

[0053] |

25 Expre551on and purification of antigen-binding clone
Each clone found to have binding activity was inoculated

to 200 mL of a 2xYT medium containing ampicillin (50 pg/mL

final concentration), and cultured at 37°C for 3-5 hours -(ODgoo

= 0.5-0.8), after which IPTG (0.1 mM final concentration) was

30 added, and the cells were cultured at 25°C overnight. The

cultured Escherichia coli was recovered using a centrifuge,

re-suspended in 60 mL of a Lysis buffer (20 mM Tris HCl, pH

7ﬂ5, 500 mM NaCl, 10 mM B-mercaptoethanol, 5 mM MgSO,;, 10 U/mL

DNase), and disrupted using an ultrasonic disruptor (Bioruptor

35 USD-250). The supernatant was recovered via centrifugation and
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After 24 hours of transfection w th pCS2- RNF8- EGFP- NLS, HEK293T cells were
i mobilized with 4% PFA by i ncubation at 25 roomtenperature for 15
m nut es, wbter2/ookileh t hey were washed with 500 pL of PBB8crhrmaipéwms. After

addi ng 500 qdsed thrdgh iat 0n 2%- LR0LPBSer| hereet | shive eaf ficuha ed at room
tenperature for 5 mnutes for a nenbrane lE)er nmeation treatnment, and the

pl at e was RWEHeFaR19% JOETHL PHripBsTy hFEelea hERCaRRKt WaSMEHIOTIEDT 10%
FCS/ PBS lcocki g r f r te r for 30
minut os, |15 D e 2 a MZ/RIaRS | GETRCaPinEong)  CIRTEE MR8

t enper at urmufioricathour, ddiengrateant sERKt aohi basyrébitedivgndl iBRH as t he
primary antibody in.a 1:50 .diluted.solution in 10% FCS/ PBS,. and the plate
has s o S5 (SO, 5P Pes. hrogttF e DR Neror 302, B VR Barr | ed
WO 2012/ 0082-kRGH P23 BD36 PAGE:, ohdat he 088h EENPES Bl ok Bvd Hrack d¥arlimdesi ng an
Alexa555-1 abel ed anti-rabbit |1gG anti body gl nvitrogen) as the secondary
ant i body W9 :He0 BFA pregedsl acran Kat 1084 FRESEPBS, and the plate was

washed wit three tines. Finally, PBS 5 supplenented with Hoechst 33342
was added, and triple staining images for EGFP (RNF8), ERK and the nucl eus

wer e exam Guupausimy thef Ispecefdeneetnvitbssopt #AMIEIDINTAG)g J1006Y
Results an&&aqsﬁc)ussi on /o Sequencing the selected antigen-binding proteins.
Resul t st%f st screening ELISA after in vitro selection by ribosone

di splay are showadn pBablie 1hteH0B62) rT8bl Biddand | GBSHST BE MgAldll) was
efficiency Erk2 89/95 93. 7% Trx 34/95 , .
added to a 384-well plate having an antigen immobilized
thereon previously, and the binding specific activities of the
binding clones were compared in the same manner as with the-
15 above-described ELISA (primary screening ELISA).
[0055]
Determining the affinity of antigen-binding clones
The affinity of each purified clone was determined using
the BIACORE 3000 system, all operations taking place as
20 directed in Biacore’s instruction manual. Immobilization of
biotinylated antigen prOteiné (Erk2 and thioredoxin) onto
sensor chips was achieved using the streptavidin-mediated Sa
sensor chip (Biacore) .
[0056]
25 Immunoprecipitation expériment of recombinant Erk2 protein
with purified Erk2-binding clone protein '
HEK293T cells,vpreviously cultured in a 6-well plate,
wéré incubated with the addition of 500 uL of PBS containing
0.1% Triton X-100 and a protease inhibitor cocktail (Roche) at
30 4°C for 10 minutes to lyse the cells. The cells were
centrifuged at x10000g for 10 minutes; the resulting
supernatant was used as the cell lysate. 5 ug of the‘Erk2
protein and 10 ug of an Erk2-binding clone (Erk2 clone N) or a
control clone (Trx clone A) were added tov50 uL of the cell

35 lysate. The resulting solution was combined with 40 ul of
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35.8% /5 [0066] Good results were obtained with both antigens (Erk2,
Trx), with Erk2 yielding positive clones at a probability of nearly 90%

These poswbip/fekAnes were subjected to DNA sequenci ng perdeiRiéo® t he

enriching \efdied erso R, Wre ppeskt k¥ece! engss) 2B A¥ tip Bk dro e tiiln of 14
clones with different sequences were obtai ned of whi ch™ about 70% were

i denti fi ed(Sgmd onahihdhaggimigtuget Wésggéublﬁ sHereed the ®dtortasrbatongi ng

to the gr exagt Ly, th anmi,no Ac u Loop 1
o Lbop”s i RIS 6L 0P, SAE S0 L, SBRSASR L Loop T
sequences Wwiirgy aihes M@deoslislmocmamnnchEOHsEQh&m 24dnd ovag¥hed a&pﬂctﬂ'ooel y).

WD 2012/ 008211PCT/ JP2011/ 061000 g0067] Tab] e 8 -GROUP YIELD | oop I, | oop2
oop 3 IéodﬂL/inﬁgs Wﬁiﬁeo Afegy, tafter  which 5 uL of the FLAG Peptide

solution (500 pg/mL was added, and the binding complex was
eluted at room temperature_for 5 minutes. Finally, the
supernatant was fecovered'using the MicroSpin Column (GE
healthcare), of which 10 pL was analyzed by SDS-PAGE, and 1 uL

10 by Western blotting. The Western blotting was performed using
a 1:1000 dilution of an anti-ERK antibody (Cell Signaling
Technology) as the primary antibOdy and a 1:10000 dilution of
an HRP~labeled anti-rabbit IgG antibody (GE Healthcare) and a
1:10000 dilution of an anti-FLAG M2-HRP conjugate (Sigma) as

15 the secondary antibodies. Detection was achieved by a standard
method using the ECL advance (GE Healthcare).

[0057] o
Immunopfecipitation experiment of endogenous Erkl/2 with Erk2-
binding clones expressed in mammalian cells

20 Preparation of pcDNA3.14RNF8—V5/His mammalian cell expression
plasmid: Fig. 4 _ _

A DNA fragment of each clone of RNF8 (Trx clone A, Erk2
clone A, Erk2 clone C, Erk2 clone N) was inserted into the
EcoR1/Xhol site of the expression vector pcDNA3.1-V5/His

25 (Invitrogen), whereby pcDNA3.1-RNF8-V5/His was generated (Sall
was added to the 3’ end of each RNF8 fragment, which was
ligated to the vector’s Xhol site). A DNA fragment of each
RNF8 clone with a restriction endonuclease site added thereto
was prepared by a PCR reaction (KOD Plus DNA polymerase:

30 TOYOBO, denaturation: 94°C, 10 seconds; annealing: 58°C, 30
seconds; elongation:‘68°C, GC seconds; 30 cycles) using a
primer set of EcoR1-RNF8-for (SEQ ID NO:16: 5'-
gocgaattcaccatgggcgagcctggcttcttcgtc—3’) and Sall-RNF8-rev
(SEQ ID NO:17: 5’—gccgtcgacattcttttcaatcatttgatc—3f). Each PCR

35 product was purified using the QIAquick PCR purification kit
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(QIAGEN), and then treated with the restriction endonuclease.

The restriction endonuclease-treated DNA fragment was
subjected to 1% agarose gel electrophoresis, and the
corresponding band was cut out, and then purified using the
MiniElute Gel Extraction Kit (QiAGEN). The purified vector and
insert DNA fragments were ligatedvby a standard method using
the TaKaRa Ligation kit Mighty Mix (TaKaRa). The ligation
product was transformed intb Escherichia coli TGl F-; the
ﬁesulting colony was cultured; the plasmid was prepared using
the QIAprep Spin MiniPrep kit (QIAGEN).
[0058] -
Pulling down endogenous ERK1/2 with expressed Erk2-binding
clone

HEK293T cells were transfected with pcDNA3.1-RNF8-V5/His
on a 6-well plate; 24 hours later, the medium was discarded,
500.pL of PBS Containing 0.1% Triton X-100, 10 mM imidazole,
and a protease inhibitor cocktail (Roche) was added, and the
plate was incubated at 4°C for 10 minutes to lyze the cells.
This was followed by centrifugation at xlOOOOg for 10 minutes;
the resulting supernatant was used as the cell lysate. 10 uL
of the TALON.Metal Affinity Resin (TaKaRa) was added to the
cell lysate. After incubation at 4°C for 2 hours, the resin
was washed with 500 ulL of PBS five times. 20 uL of.an SDS-PAGE
sample bﬁffer (50 mM Tris-HCl, pH 6.8, 2%SDS, 5% B- |
mercaptoethanol}'IO% glycerol, a small amount of Bromophenol
Blue) was added to the washed resin. After boiling this
mixture, 10 pL was used as the Western blotting analytical
sample. Western blotting was performed using a 1:1000-diluted
anti-ERK antibody (Cell Signaling Technology) as the primary
antibody, and a 1:10000-diluted HRP-labeled anti-rabbit IgG
antibody (GE Healthcare) as the secondary antibody. Detection
was achieved by a standard method using the ECL advance (GE
Healthcare).
[0059]

Preparation of pCS2-RNF8-EGFP mammalian cell expression
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plasmid: Fig. 5

.First, a DNA fragment of EGFP was inserted into the
Xhol/Xbal site of the expression vector pCS2+ to yield a
plasmid. Furthermore, a DNA fragment of each clone (Trx clone
A, Erk2 clone C,'Erk2 clone N) was inserted into the |
EcoR1/Xhol site of this plasmid, whereby pCS2-RNF8-EGFP was
generated (Sall was added to the 3’ end of each RNF8 fragment,
which was ligated to the vector’s Xhol site). A DNA fragment
of EGFP with a restriction endonuclease site added thereto and

a DNA fragment of each RNF8 clone with a restriction

endonuclease site added thereto were prepared by a PCR

reaction (KOD Plus DNA polymerase: TOYOBO,Adenaturation:'94°c/
10 seconds; annealing: 58°C, 30 seconds; elongation: 68°C, 60
seconds; 30 cycles) using‘a primer set of Xhol-EGFP-for (SEQ
ID NO:18: 5’—gccctcgaggtgégcaagggcgaggagctg—3’) and Xbal—EGFP¥
rev (SEQ ID NO:19: 5’'-gcctctagattacttgtacagctcgtccat-3’) or a
primer set of EcoRl—RNF8—for (SEQ ID NO:16 HE M
gccgaattcaccatgggcgagectggcttcttegte-3’) and Sall-RNF8-rev
(SEQ ID NO:17: 5’-gccgtcgacattcttttcaatcatttgatce-37),
resbectively. Each PCR product was purified using the QIAquick
PCR purificétion kit (QIAGEN) and then treated with the
restriction endonuclease. The restriction endonuclease-treated
DNA fragment was éubjected to agarose electrophoresis and
purified using the MiniElute Gel Extraction Kit (QIAGEN). The
purified veétor‘and'insert DNA fiagments were ‘ligated by a
standard method using the TaKaRa Ligation kit Mighty Mix
(TaKaRa). The ligation product was transformed into
Escherichia coli TGl F-; the colony obtained was cultured; the
plasmid was prepared using the QIAprep Spin MiniPrep kit
(QIAGEN) . ' '
[0060]

Next, a DNA fragment with a nuclear localization signal
(NLS) from the SV40 large T antigen added to the C-terminus of
EGFP was inserted into the Xhol/Xbal site of the expression

vector pCS2+ to construct a plasmid. Furthermore, a DNA
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fragment of each clone of RNF8 (Trx clone A, Erk2 clone A,

Eka clone C, Erk2 clone N) was inserted into the EcoR1l/Xhol
site of this plasmid, whereby pCS2-RNF8-EGFP-NLS was generated
(Sall was added to the 3’ end of each RNF8 fragment, which was
ligated to the vector’s Xhol site). A DNA fragment of EGFP-NLS

with a restriction endonuclease site added thereto and a DNA

fragment of each RNF8 clone with a restriction endonuclease

site added thereto were prepared by a PCereaction (KOD Plus
DNA polymerase: TOYOBO, denaturation: 94°C, 10 seconds;
annealing: 58°C, 30 seconds; elongation: 68°C, 60 seconds; 30
cycles) using a primer set of Xhol-EGFP-for (SEQ ID NO:18: 5’-
gccctcgaggtgagcaagggcgaggagctg—3’) and Xbai—EGFP—NLS¥reV (SEQ
ID NO:20: 5'- »
gcctctagatcataccttgcgcttcttctttggcggcttgtacagctcgtccatgcc—3’)
or a.primer set of EcoR1-RNF8-for (SEQ ID NO:16: 5'-

- gccgaattcaccatgggcgagectggettcecttegte-3’) and Sall-RNF8-rev

(SEQ ID NO:17: 5’'-gccgtcgacattcttttcaatcatttgatc-37),
respectively. The restriction endonuclease-treated DNA
fragment was subjected to agarose electrophoresis and pﬁrified
using the MiniElute Gel Extraction Kit (QIAGEN). The purified
Vector and insert DNA fragments were ligated by a standard
method using the TaKaRa Ligation kit Mighty Mix (TaKaRa). The
ligation product was transformed into Escherichia coli TGl F-;
the resulting colony was cultured; the plasmid was prepared
using the QIAprep Spin MiniPrep kit (QIAGEN). |
[0061] ’
Expression of RNF8 artificial antibody in mammalian cells

‘A mammalian cell line in culture, HEK293T, was cultured
in DMEM (Sigma) supplemented with 10% FCS at 37°C in the
presence of a supply of 5% CO,. The cells were transfected
with pCS2-RNF8-EGFP or pCS2~-RNF8-EGFP-NLS by a standard method
using Lipofectamin (Invitrogen) and the plus réagent
(Invitrogen). '
[0062]

Experiments of inhibition of intracellular Erk2
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phosphorylation activity with Erk2 antigen-binding clone

HEK293T cells were transfected with pCS2-RNF8-EGFP using
a 24-well plate; 24 hours later, PMA was added at a final ‘
concentration ofilOO nM, and the plate was incubated at 37°C
for 30 minutes. After the PMA treatment of the cells, the
medium was immediately discarded, and 100 pL of an SDS-PAGE
sample buffer (50 mM Tris-HCl pH 6.8, 2% SDS, 5% p—

mercaptoethanol, 10% glycérol, a small amount of Bromophenol

Blue) was added to lyze the cells. After boiling this lysate,
15 uL was used as the WeStern.blotting analytical sample. The
primary antibodies used were anti-p90RSK - (Cell Signaling
Technology), anti—phosphorylated Ser380 p90RSK (Cell Signaling
Technology), anti-phosphorylated Tre359/Ser363 p90RSK (Cell
Signaling Technology), and anti-phosphorylated Tre573 p90RSK
(Cell Signaling Technology), all of which were used at a
dilution rate of 1:1000. The secondary antibody used'was‘an
HRP-labeled anti-rabbit IgG antibody (GE Healthcare), used in
a 1:10000 dilution. Detection was achieved by a standard
method using the ECL Advance (GE Healthcare).

[0063]

Examination for intracellular localization of RNF8 artificial
antibody and Erkl and Erk2 (Erkl/2)

After 24 hours of transfection with pCS2-RNF8-EGFP-NLS,
HEK293T cells were immobilized with 4% PFA by incubation at
room temperature for 15 minutes, after which they were washed
with 500 uL of PBS three times.i_After adding 500 pL of 0.2%
Triton X-100/PBS, the cells were incubated at room temperature
for 5 minutes for a membrane permeation treatment, and the
plate was washed with 500 uL of PBS three times. Next, 500 uL
of 10% FCS/PBS was added, and blocking was performed at room
temperature for 30 minutes. To stain Erkl/2, a first reaction
was carried out at room temperature for 1 hour using an anti-
ERK antibody (Cell Signaling) as the primary antibody in a
1:50 diluted solution in 10% FCS/PBS, and the plate was washed

with 500 pL of PBS three times. A second reaction was carried
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ALRCRL GYLWORRT VLG -LItSELL [0068] Thi s tendency was al so
observed in case of Trx (Table 3, the sequences of the groups Ato H
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clones, thaitgraaupsoh temprakturandor hadotheusani® SecaENeEESIF-dmadaaR 1 to
Loop 3. These results suggest that the artificial antibody of /o the
present i AERtITEPEy To&caghiPedyt SIPREBEPSSDT i FRrFrS IRFIMFAW6p 1 to Loop

3. WO 2012[0Q8A1RGT/-IR2@3 061008a £898R] od aph &1¢ G Jppd ELRAd a9R
| oop2: | o I oop&

plate was washed with PBS three times. Finally, PBS
5 supplemented with Hoechst 33342 was added, and tripie staining
images for EGFP (RNF8), ERK and the nucleus were examined
using a fluorescence microscope (OLYMPUS IX70).
[0064] |
Results and Discussion
10 Sequencing the selected antigen-binding proteins
Results of a first screening ELISA after in vitro

selection by ribosome display are shown in Table 1.

[0065]
Table 1 _
antigén (protein) Hit efficiency
Erk2 89/95 | 93.7%
Trx | 34/95 35.8%

15 {0066]

Good results were obtained with both antigens (Erk2, Trx),
with Erk2 yielding positive clones at a probability of nearly
90%. These positive clones were subjected to DNA sequencing to
determine the enriching efficiency on the positive clones.

20 With Erk2, a total of 14 clones with different sequences were
obtained, of which aboﬁt 70% were identified as clones
belonging to the group A. Here, the clones belonging to the
groups A to M had exactly the same amino acid sequence from
Loop 1 to Loop 3, with different sequeﬁces in Loop 4 only

25 (Table 2, the sequences of groups A to N correspond to SEQ ID
NO:21 to 34, respectively). |
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[0067]
Table 2
GROUP | YIELD | loopl loop2 loop3 loopd -
A 64 FeT SLT | GIWSDL
B 4 FGT SLT ALKQSL
C 3 FGT SLT AMTTSY
D 3 FGT SLT SHEWWV
E 1 FGT SLT ETGLEW
F 1 | FeT SLT SMRHML
G 1 | Fer sLT | sipoLa
H 1 | Fer str | tvavea
I 1 FGT YLPSWFTY SLT SLAANL
J 1 | F6T | YLPSWFTY SLT | SLREXS
K 1 FGT YLPSWETY SLT EDRFGL
L 1 FGT YLPSWFTY SLT AMFSDV
M 1 FGT YLPSWFTY SLT ALRCRL
N 6 W6G GYLFQHRT VLG | LRSLLL

[0068] ‘

This tendency was also observed in case of Trx (Table 3,
the sequences of the groups A to H correspond to SEQ ID NO:35
to 42, respectively). Of these eight'different clones, the
groups A, C, D, E, and F had the same sequence from Loop 1 to
Loop 3. These results suggest that the artificial antibody of
the present invention may recognize its targets primarily’

using Loop 1 to Loop 3.
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[0069]
Table 3
GROUP YIELD loopl . loop2 Joopd  loopd
A 27 FYP VLFAEENA | - VWN QVSPLG
B 1 . F¥P VLFAERNA I¥N QVSPLG
c 1 Fvp VLFAERNA VEN GVFRKG
D 1 FYP vummmhv Y¥N RGCLGL
E 1 FYP VLFAERNA VN DPVAVR
F 1 FVP VLFAEKNA VN GPOVVC
G 1 FLP PMRREKNM VRI QVSPLG
H i SDhw - RWLGNYVF ﬂﬁﬂ EPSSLH
[0070]
| To compare the specific binding activities of wvarious

clones selected, clones found more than once (groups A, B, C,
D, and N) and a Solitary élone (group J) from the Erk2-binding
clone, and Trx-binding clones (groups A, C, D, G, and H) were
expressed and purified. For almost all of these clones, good
yields were obtained with finally purified amounts of about
200-250 mg/L (2xYT medium).

[0071]

' Next, all of the purified binding clones, prepared at 500
ng/well, were compared in terms of binding activity by ELISA

(Table 4).
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EPSSLR [ 0070] 5To conpare the specific binding activities of various clones
sel ected, clones found nore than once (groups A, B, C, D, and N) and a

sol i tary woaone/grioup J) fromthe Erk2-binding clone, ardrir2ibiading
clones (grpppm A C D G and H) were expressed and purified. For al nost
all of these clones, good /0 yields were obtained with finally purified

anount s of Tabbut4 200- 250 ng/ L (2xYT nedium. [0071] - Next, all of the
purified binding clones, prepared at 500 ng/well, were conpared in ternms of
bi ndi ng acti[vity by EL]JSA 15 (Tlable 4) [ WO ZU0TZ 0U8ZTI [9072] Table 4
Erk2 Ol oneEysA (SIN) #%.0 30.0 §2.0 13.6 J 25 d™
Clone  ELISA (S/N) ‘ Clone ELISA {S/N)
A 3006 » ’ A 305
B 300 c 44
c 120 D 47
0 138 G 222
J - 258 H 5.7
N . 12.6
[0073]
5 . With Erk2, a remarkable difference in specific activity

was observed between the groupé A, B, and J and the groups C
and D despite the fact that the groups A, B, C, D, and J had
the same amino acid sequence from Loop 1 to Loop 3. Trx
produced similar results; of the groups A, C, and D, which had
10 the same amino acid sequence from Loop 1 to Loop 3, the groups
'C and D exhibited remarkably lower specific activity. These
results suggest that the Loop 4.of the artificial antibody of
the present invention may largely influence the affinity for
targets. | '
15. [0074]
Determination of the affinity of Erk2-binding clone
Aﬁalysis of the affinity of an Erk2—binding clone (clone
N) using SPR (BIACORE) demonstrated that the clone have an
affinity equivalent to thatbof general antibodies with Kd = 30

[0075]

20 nM (Fig. 6).

Immunoprecipitation of recombinant Erk2 with purified Erk2-
binding clone _
To determine the antigen specificity of a purified Erk2-
25 binding clone (Clone N), the recombinant Erk2 protein was

added to mammalian cell extract, and an immunoprecipitation
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experiment with the Erk2-binding clone was performed (Fig. 7).

First,’results of SDS-PAGE showed that when adding the Erk2-
binding clone, a single band appeared at the position
corresponding to the molecular weight of the Erk2 protein,
with no other nonspecific band detected. Results of Western
blotting identified the detected band as the Erk2 protein.
These results demonstrate that the Erk2-binding clone
accurately recognizesvthe Erk2 proteih in the cell extract.
[0076] |
Immunoprecipitation of endogenous Erk with Erk2-binding clone
expressed in mammalian cells '

Next, in place of an immunoprecipitation experiment with
the purified protein, the gene of the Erk2—binding clone was
introduced into cells, and the immunoprecipitation of
endogenous Erkl and Erk2 (Erkl/2) was‘examined (Fig. 8). When
the Erk2¥binding clone gene was introduced, bands of
endogenous Erkl/2 were clearly detected, whereas no band was
detected in cells incorpofating the control Trx-binding clone
gene.

[0077]

This result demonstrates that the RNF8 artificial
antibody is stably expresséd in cells and possesses high
functionality. Generally, immunoprecipitation is implemented
by disrupting cells with a surfactant and the like, and adding
a purified antibody protein to the cell extract. 1In this
method, it is necessary to purify the antibody for each
subject target, so that the throughput is extremely low.
Additionally, because the immunoprecipitation is from cell
extract, no results reflecting a more natﬁralistic
intracellular environment can be obtained. The RNFS artificial
antibody df the present invention doesn’t have these problems,

-and in addition affords a totally new method of
immunoprecipitation befitting different cell conditions {(cell
cycle, drug administration and the like). |
[0078]

32



[ 0073] Wth Erk2, a remarkable difference in specific activity was
observed between the groups A B, and J and the groups C and D despite the
fact thatwoheignsups A, B, C, D, and J had the sane ani mroTgercdi/saqeence

from Loop Hxperimar df Tnhipiedeecdfshintkacel @8UhE SErRt gsrlf@s <§Lrb5pj§atz°.horp,
and D, which had the sane am no acid saguence fromLoop 1 to Loop 3, the
groups C afel Iy Ehivbithedrkenankdgep-PéneingpeéPRec activity. These results

suggest that thedagp.4, qf ;E'fw_‘a apt | magnanﬂp@dég%% 4f PrESENUNd M) t' on

may |argely influence thé affinify for targets Det er m nat’i
the affi nlfayctﬁrsfrﬂ(ﬁf bihediphgsphorglation oAnpPOBEK, of-Myw, afrd Xkl .of an

Er k2- bi ndi cl ne (.cl on SPR em)n trat that the
o one. v S S, 1, D6y PR PRPaLIRAE. BF"QBRE! STRER T DOt Ee it Kd =
30 20 nM (Fidkhed) tf{eQ@?n’i]Z—bi]ﬁdﬂ@@r equaet ékéoaapébléC@ﬂbirﬂ@iﬁlﬁrj@ tMd h
purified Erk2- binding c To determ.ne_the antigen speC|f|C|ty

of a puri f}%‘bela%ﬂ-o@w%lhm%@% dashieishenNpt PRERSE cRhTRIMEY FBidon)
protein Waé%) Og(i %g%gl ell extract, and an i mrunoprecipitation WO
2012/ 008211PCT/ JP20117/ 061009 exper rrent with the Erk2-bindi ng clone was -
performed [(FR] 7). First, resul ts of SDS- PAGE showed that when adding the
Erk2- binding clone, a si ng eare t he sition espondi ng
Co' the Hol ecul arnel g B HE EPRsEERgnerh, oo Wbkl M poct 11 c
band det ecieth fiReisill to16pePsier kebliotbingni €rst iétedide sietect ed band as
the Erk2 protein. These results denonstrate that the Erk2-binding clone

accur at el RGN e SUPRE SSs2Np PSt BPARFK PReSERPTY Bt Fert .cqubg)ing
! mmnopre%rpaé %Hé)rm*s %&‘1‘1&%‘1‘5& 'éﬁk_lyoap Eekgm@ifdimlﬁ@&ea%pressed in

mammal i an cel | Next, in place of an Trmrunoptecipitation experinment
with the mnt:f\rlety prfotEeqlm,lnt nelgemeeatremelEr kzgm ﬁmmmmm an

i ntroduced. i,ntq c d the . i nopr. eci p|t iQon o ndo ous Erkl
and Er k2 ( rtkrﬁciﬁae wsase amoﬁggr(aglgé.’ @)“anﬁo\v%’h G?féisErOIff %1 one gene
was introdiethrhafis aficendegerays ofr &iéaamesetnéeaééryn@letwtﬁbkmr eas.

no band was, detected in cells incorporating the control Trx-binding clone
gene. 20 [DoFyjgeneral pgtdbodyythegergHELFat 85t FaPWR Hed AP LRSI dirhl

ant i body IS5t ablohSPYHESS €¢ nich REEH! 5::@9%99%6%@%&9%&9% iQnalid
General Iy, imminoprecipitation is inplenented by disrupting cells wlt a

sur f act antnethcbrtlie g Ib@Sl@ncte&@dlrng bstaapapi ficeelopmémodyf praotei n to the

cell extr In . this tho s negess to purify the antibody for
each su?tgj gg%e]iafreguettlc l{lﬁe rouBﬁp ?11}{% extrenely |ow. Additionally,

because thpooam]unopr eC| p| tat| onis fromcell extract, no results reflecti ng
a nore naturalistic 30 intracellular environnment can be obtai ned. The RNF8

artificialCHHtIPoRf drrteHd z5réoBnPLi RPEATEBALE0EER! ‘flﬂé\f%r]"t%é%léldﬁf%l ens,

and in addidj fqyds a totally new nmet hod of inmunoprecipitation
befitting different cell conditions (cell cycle, drug adm nistration and
the like). 35 [@onﬂclear localization signal (NLS) was introduced into

25 Erk2-binding clones, these were expressed in cells, and
localization of endogenous Erk was examined (Fig. 11). First,
EGFP was examined. Localization in the nuclei of all these
binding clones waé observed:. Next, endogenous Erk was examined
using an anti-Erk antibody. All the cells incorporating an

30 Erk2-binding clone exhibited nuclear localization of
endogenous Erk, whereas the cells incorporating the control
Trx-binding molecule did not exhibit nuclear localization of
endogenous Erk.

[0081]

35 This result confirmed the nuclear colocalization of
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WO 2012/ 008211PCT/ JP2011/ 061009 Experinment of inhibition of intracellular
Erk2 phosphorylation activity with Erk2 antigen-binding cl one As
shown i n wogo12osfnkl and Erk2 (Erkl1l/2) are signaling facraemiiosiobshe

phosphor yl eddegerefud HRSKn @hlwe:ytgpqlaEhlka Br\thihdiSg i Po IYpebt Bdks,
experiment was performed to determ ne whether the Er kZ-%I ndi ng cl one are

capabl e of ¢TI B %S HAFhteCadntsACH L HLpDORBRA LT ARF 1P | O T PHORSK
phOSphory!ﬁfé%Qr%{ycﬂ Qﬂé R n! Qo%rléﬂl(nggini]:g)ideliooag% fs‘)%ogmr et%llél Uyin

i ntroduction e Erk2-binding artificral pol ypeptide resulfed in
t he det ectd¢ase off aarr emdrikallye-bsusppr éssirehodf, pBIRSKophbsdtorgn atff arhe

confirmng, that the RNF8 artjficial antibo otently, inhibi the activity
of Erk in t¥HiaRoP ttroeﬁgﬁeyq&ﬁ (i %ﬁc?f’BhﬁP?i?gagyaﬂd%%ng ins aBg)P(S)"dy was -
denonst r at sk erMBidh RiYreiINS steemed ¢aHsakcbastogs. of pRoM destvar imiay of

di seases that cannot be tackled with 9ene‘r al _anti body therapeutics are
known to b¥br ds¥ht (3P Del Vo1 -ORer BPor 889 ABIRNFELHr 294diRg Ferribody can

be applie .y 39%?! research 0 |
t her apeut ?lcé@%%%eﬁll% t es?(eisp?%t g?%s?\grgoglé?QEgﬁtyg%l%fﬂ%%&l {}%%eoaznroof
endogenousedpdrirtidy sHrdn21bi NdiSng npollgpéptri decAl hnet bam $ogadizaNdHn si gnal

NLS intraqd d into 25 Erk2-binding,cl h d i
Col 16, "nd™ U Fain "B a0 ABbe e B RS Y s (PTG o) First. |

EGFP was exarddieithg lacaldi1zatbmenang the nugkel of ablpbdess oivwlidwhicdanes
was observed. Next, endogenous Erk was exam ned using an anti-Erk anti body.
Al the cet?e IoriFatdidnhd cavazdorsk ZeBilABFE ngSenehtnex i Hia e FaRY ear

| ocal i zat i o4, ﬂaquogenous Erk, whereas the cells incorporating the contro
Tr x- bi ndi ng ecul e did not exhibit nuclear |ocalization of endogenous -
Erk. [0081rssTexst rogds Hequemekel dostdinbe nucl ear col ocalization of WO
2012/ 00821 P2011/ 061009 endogenous Erk in the cytoplasm by
Erk2-biﬁdiﬁggﬁéfypeptides, denonstrating that the intracellular

| ocal i zat i gEp of D tNU:et ophigbRhB3e6BId®E controlled as intended. It is known
that in case of an antibody-based intrabody, the |localization of the 5
i ntrabody %R tHe ¥R Tarlbecesateerid® by adding an ER-retention signal

(SEKDEL) [ age ety abg Bﬁgelegl?_{(he Acad. Sci. USA (1993), vol. 90,
pp. 7889-7893]; by adding Certain l[ocalization signals to the RNF8

artificialn ssttdarsdyfqmeglyedasesporti ng signal: NES, nucleolar |ocalization
si gnal : ndrial .matrix t%rogeti ng signal: MIS, peroxisonal

NCS, n’itCPC
t ar get i%‘i)g ssisg%aar} S HERE Ioirkg)l, FEFs possi ble to control

SEQ ID NO:5 oligonucleotide
n stands for‘any bases.
S sténds for guanine or citocine.
SEQ ID NO:6 oligonucleotide |
25 n stands for any bases.
s stands for guanine or citocine. .
SEQ ID NO:7 oligonucleotide
SEQ ID NO:10 oligonucleotide
SEQ ID NO:11 oligonucleotide
30 SEQ ID NO:12 oligonucleotide
SEQ ID NO:13 oligonucleotide
SEQ ID NO:14 oligonucleotide
SEQ ID NO:15 oligonucleotide
SEQ ID NO:16‘ oligonucleotide
35 SEQ ID NO:17 oligonucleotide
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the localization to various regions (sonmetines as a target conplex).
Free text of sequence listing /5 [0082] SEQ ID NO 2 oligonucl eotide SEQ ID
NO 3 ol i gworoizmsilde SEQ | D NGO 4 ol i gonucl eoti de n st angsTfiezoiansiomases. 20

s stands fauo QUAMNOEL 8T oCliheaLBBeoSE&2 | D NO 5 ol i gonucl eotide n stands for
any bases. s stands for guanine or citocine. SEQ ID NO 6 oligonucl eotide 25

n stands f¥FQ akly Nodlés. odigparaseebidguani ne or citocine. SEQ ID NO 7

ol i gonucl i : i 9G eotide SEQ I D NG 11 ol igonucl eoti de
30 SEQ | Deﬁg(lj‘g) gﬁ?gzloogug%é%!éi%%H(ﬁ NO: 13 ol i gonucl eoti de SEQ I D NO 14
ol i gonucl egRQ deb SEQAID NEoft&inl i gonucl eoti de SEQ I D NO 16 ol i gonucl eoti de
35 SEQ | De%ﬁ é]'eD %@Q%%Bucl egt ide WD 2012/008211 SEQ I D NG 18

ol i gonucl REP18BI i gonucl eotide SEQ I D NO 20 ol i gonucl eoti de
SEQ | D NO o protaei 2 H PEXEPNNO 22 protein SEQ ID NO 23 protein SEQ ID

NG 24 protein SEQ I D NO 25 protein SEQ ID NO 26 protein /o SEQ I D NO 27
protei n SEREQ B INDPE 4r BEEERISEQ | D NO. 29 protein SEQ I D NO 30 protein SEQ

prot ei n SO O WSS prBrar A BE0 D NQ 36 prof ein 20 SEQ | D NG 37 protein.

SEQ | D NO S8 printNgd :r2 SSEQrobeND 39 protein SEQ I D NO 40 protein SEQ I D NO 41

prot ei nloZSSE%E%S %é\!(}ﬁzp%gg%n I ndustrial Applicability [0083]

SEQ ID NO: |
SEQ ID NO:29 protein-
SEQ ID NO:30 protein
SEQ ID NO:31 protein

15 SEQ ID NO:32 protein
SEQ ID NO:33 protein:
SEQ ID NO:34 protein
SEQ ID NO:35 protein
SEQ ID NO:36 protein

28 protein

20 SEQ ID NO:37 protein
| SEQ ID NO:38 protein
SEQ ID NO:39 protein
SEQ ID NO:40 protein
SEQ ID NO:41 protein
25 SEQ ID NO:42 protein- ,
Industrial Applicability
[0083]
The method of the presént inVentioh for producing an
RNF8-FHA domain-modified protein can be utilized in,:for
30 example, the biochemical industry and the pharmaceutical
industry.
(0084]
This application is based on a patent application No.
2010-159227 filed in Japan (filing date: July 14, 2010), the

35 contents of which are incorporated in full herein.
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The met hod of the present invention for producing an RNF8- FHA

domai n-nodi fied protein can be utilized in, for 30 exanple, the biochem cal
i ndust ry wodot2mespahar maceuti cal industry. [0084] PCThPm1apgbécat i on
is based on a patent application No. k59227 filed in Japan (filing
date: July 14, 2010), the 35 contents of which are incorporated in ful
herein. WD 2012/ 008211PCT/JP2011/ 061009 CLAIMS 1. A nethod of produci ng an

artificialya iﬁgyﬂb RS Te P § .pre i ra i.zed-| oop

pol ypepti eéq% 0 taf%gﬁﬁg§b?§%ggﬁig?néEgEFg%EQ?ngﬁﬁ% 'ubi |%¥%¥4 ‘gase
RNF8- FHA domai n,ttencdtep of prkpasteg vandehiré¢dnboem polympptidewdi ng
protein frgm anong.the random,zed-| oop polypeptides.. 10, 2. The nethod
accor di g éhF?ﬂQﬁ by EPﬁlPﬂeal38§piﬁntﬁ%gEégug?%ﬂH%ﬁ%PI#ﬁﬁﬁﬁ? RNF8- FHA
domai n i s AWHE-0NEA Hordawe,0n@ore of the loops (a') to (d'): (a') a loop
consi sting of the 41st-46th am no acid resi dues of the RNF8 protein
shown by SEQ | D@ Btep pf(Fe)egtingpatonstsgengPordine RItRBR A no

Consi 11 g TR U AT R R CBPor o) RPP T RE> 781 h- 831 d ami no aci U a | oop

consisting res
consisting 20 residues of the RNF8 protein shown by SEQ ID NO 1, and of
the 1081t0h-21.1811;hhe ?nngt%%dagc%oﬁr CJ).\IA‘@ %g gEaQirlnpll\lomlnérein the loop in the E3
yubiquitin ligase RNF8-FHA domain is any one or two or more of
the loopsv(a') to (d"):
(a') a loop COhsisting of the 41st-46th amino acid
residues of the RNF8 protein shown by SEQ ID NO:1,
15 (b') a loop consisting of the 49th-62nd amino acid
' reéidués of the RNF8 protein shown by SEQ ID NO:l;
(c'") a loop consisting of the 78th-83rd amino acid
residues of the RNF8 protein shown by SEQ ID NO:1, and
(d') a loop consisting of the 108th-118th amino acid |

20 residues of the RNF8 protein shown by SEQ ID NO:1.

3. The method according to claim 1, wherein the loop in the E3
ubiquitin ligase RNF8-FHA domain is any one or two or more of
the loops (a) to (d): |
25 (a) a loop consisting of the 41st-43rd amino acid
residues of the RNF8 protein shown by SEQ ID NO:1,
(b) a loop consisting of the 53rd-60th amino acid
residues of the RNF8 protein shown by SEQ ID NO:1,
‘(c) a loop consisting of the 80th-82nd amino acid
30 residues of the RNF8 protein shown by SEQ ID NO:1, and
(d) a ldop consisting of the 109th-114th amino acid
residues of the RNF8 protein shown by SEQ ID NO:1.

4. The method according to any one of claims 1 to 3, wherein

35 the randomized-loop polypeptides are pclypeptides
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3. The nmethod according to claim1, wherein the loop in the E3 ubiquitin
| i gase RNF8- FHA donain is any one or two or nore of the loops (a) to (d):
25(a) a lwoporxmsiisti ng of the residues of the RNF8 proteraranows1009

(b) a | oopi kesicrdtihPha taadoasisdyasnet tAer NrSe@r Dited ntIshOMbp in
(c) a loop consisting of the 30 residues of the RNF8 protein shown

(d) a | oopthoriEi stiepisan Hdopssi BYES-BHAt AemmNFE PROIEIRPShEY amino 4. The
met hod acgcflg% %stj](?ilﬁ@' inepaf r%ﬁb{?_.}‘} S%g%{lgrag% M@%&' 35 18 ques.

random ze p polypeptides are po

2012/ 008211PCT/ JP2011/ 061009 i ncorporati ng a random sequence i ntroduced
into the loop.n t ubi quj.tin |igase RNF8-FHA donmi n, the nunber of

o no. a1 oy SR AR RGP Se LoBNEo! beTPET 801 D oeT Lot 5 5. The
nmet hod acceu A i 1 dinPigenvBenalAgt Beosten Prometiest +¥HdHY zed-1oop
antigen-binding protein fromthe ranggnlzed-loop' pol ypeptides is a method
of in vitrrerkertidas 1s a gethpdapfi incvatransebeedyipr epared by the net hod
according to /o claiml1. 7. An artificial antibody prepared by the nethod
according to claim1, wherein an artificial antibody is an intrabody. 15 8.
A conpl ex ®f Zan artiiffilcdiadl aantibbdgy ppeppaeédohythd emetetdud b amoaiidigigd o
claiml1l with an antigen protein of the artificial antibody. 9. A conpl ex
of an & i$5&™Il-anti body prepared by the nmethod 20 according to claim 1
with an antigen protein of the artificial antibody, wherein the antigen
protein is Erk2 or Trx. 10: The artificial antibody according to claim®,

wher ei n t he- dnt iasddyficdadi angispdyherarpredaky dtBe dieiied drsardyndarfp one
25 of SEQ ) NO21 10,42, af, Lhe 201001 ach i S6GYeNS s sy y one of ID
NG 21 to i%Lﬁheréin one gr severé? an?no acfd rgs?dd%s areégﬁrgped from
substituted for, inserted into, or : :
15 8. A complex of an artificial antibody prepared by the method
according to claim 1 with an antigen protein of the artificial

antibody..

9. A complex of an artificial antibody prepared by the method
20 according to claim 1 with an antigen protein of the artificial

antibody, wherein the antigen protein is Erk2 or Trx.

10. The artificial antibody according to claim 6, wherein the
antibody consists of the amino acid sequence shown by any one
25 of SEQ ID NO:21 to-42, or the amino acid sequence shown by any
one of ID NO:21 to 42 wherein one or several amino acid »
residues are deleted from, substituted for, inserted ihto, or
added to, a region other than (a) the 41st-43rd amino acid
residues, (b) the 53rd-60th amino acid residues, (c) the 80th-
30 82nd amino acid residues, and (d) the 109th-114th amino acid

residues.

11. An artificial antibody consisting of the amino acid
sequence shown bylany one of SEQ ID NO:21 to 42, or

35 an artificial antibody consisting of the amino acid sequence
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added to, a region other than (a) the 41st-43rd am no acid residues, (b)
the 53rd-60th am no acid residues, (c) the 80th- 30 82nd am no acid
resi dues,wendimy21the 109t h-114th am no aci d residues. Ppciir20Avo@ntd fici al

anti body cemsiStHyGmf dnlee cEMInoNacRd §6QUENGRe BEDMILRY @nYsngraaf SEQ I D
NO 21 to 42, or 35 an artificial antibody consisting of the am no acid
sequence ANDTID BHiGOSEELECES) Pzelgiﬁéeleégfg%msWS%‘wm r1D NO21 to

42 wher ei al acjd re ituted
for i heer T e, B 2 o Raa”Eby| SPELORoR Sefed i L Y P ¢

anm no aci i Imbiahies, adid tresibBed,; 6Qbh ahenﬁ)Badf@IOtSh rapgiduessidc) the

80t h-82nd aminp acid re u a d) the 109th-114th am no, acid residues.
o et TR, Ao 356y SR Aniohriie A b 1ies i ot 1Etha s (R i o
ant i body 'iﬁogaJthrﬂthngMnolgc;a résgg{lggeptl de incorporating a random
sequence introduced into any one or two or nore regions anong (a) the

41st-43rd am no acid residues, (b) the 53rd-60th am no acid residues, (c)

the 80t h- %‘}taff'l%lg ?l‘ﬂ%od@“ cég}%EQQE‘%QQ%%%lh J@l@gg&qp 13 d

residues o the am no aci d sequence"s

pol ypept i dertiinfiorigdr anitigpoayr aBdam setiuencdyi ntroduced into any one or two
or nore regions anong (a) the 41st-46th 20 am no acid residues, (b) the
49t h-62d anmino acid residues, (c) the 78th-83rd amino acid resi dues, and

(d) the 108§ h- pllgﬁiﬂyp@ptri@ea%@ow@kau@ﬁgoé ERRIEH S8 @& ¢k sgueRERehown by
SEQ 1D NO&;%O any one -or two or more regions among (a) the 41st-43rd
amino acid residues, (b) the 53rd—60th amino acid residues,
(c) the 80th-82nd amino aéid residues, and (d) the 109th-114th
15 amino acid residues of the amino acid sequence shown by SEQ ID

NO:1.

14. A polypeptidé incorporating a random sequence introduced
into any one or two or more regions among (a) the 4lst-46th

20 amino acid residues, (b) the 49th-62nd amino acid residues,
(c) the 78th-83rd amino acid residues, and (d) the 108th-118th
amino acid residues of the amino acid sequence shown by SEQ ID

NO:1.
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