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WD 2007/ 139397 PCT/ NZ2007/ 000125 OB FOLD DOVAI NS
CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s
wappriieabion clains the priority benefit of UnPCENZ2007/000125
States Provisional Patent 5 Application No. 60/809, 105
filed May 26, 2006, entitled "OB Fold Domains," which
is hereby incorporated by reference in its entirety.
BACKGROUND OF THE | NVENTI ON Mol ecul ar recognition is
central to biological processes, fromhigh-affinity
protein-ligand 10 interactions to the nore transient
protein-protein recognition events of signa
transduction path éﬁﬁ Such events depend on the
versatility of prot been adapted to
new roles as organisns have evolved As an exanpl e,
to capt Uik @sJ-REEEARNGH TORELATEIRAPPL UAPRINDf
anti bodi es fromthe i mune system s naive I|brary
%Mhlch contai ns approximately 107 variants)

bicsgRicedion Hleima 1bF Geor aroana Al Uegeq Blaige Broviiered Reten
[ Q tof
Al B e AT, VAL O 0 Doy | PR Renchy
incorpesped by referbiaedn rtgemterquyi red to elimnate t he ant i gen.
In this way a staggering array of binding nodes can be
grafted on to the basic antibody scaffold, to
sequester targets varying fromsnmall nolecules to
whol e cells. This strategy can be replicated in the
| abor at ory t o PACHGROWUNDYOF FHFINVENEHONS of
antlbody variants (>1010 different clones) (2,3) that
tu?a?q?g%grélgﬁtglé cleﬁﬁl?l t8 Blo?déqéjall Plg)]p s%gs? Iﬁéﬁl Igglgg fﬁ#{g ﬁotem ligand
interacﬂ‘i@)fs ththedhorg tramdierdt bm’nelh@lr(ﬁeln\reno tnitibh evéngséf-signbktransduction

ant di es th ti ht an peci fi.c bi ndi.n
pathwghesibicapits finead b ity or RS RF 5o e S a hech g o new
roles a@&gﬁﬂlﬁﬂs hve@UH10d. S&RA Sladple, ROEapeNa A B Eign RANEIAITE Za4ll Minber of
and sel ection by phage dlspla have heen used to

antibodigs feym ﬁwamrrrnaaﬁ SYREeT s @aBF HBTaRY V@P%F%\Kﬂ’f*ﬁ HBFwREeRg variants)
(1) recddhre 18 Elﬁg ;c%‘l? Wﬁ?;fﬁ%cﬁr Oafilfl sl RO aid ﬁ/@curatmn then

receptors es” have been devel oped
introdu2é&s fartipen nhutancms ncegermfatcatht: hglete higblyl spedilinbindingapquiired o giminate

h Iococca rotein 8
the ant e Y VAT A leao Sy B byl SR o o TR iR
antibodBQQ N33 Qaqda@'&/ M%&@Wﬂ:&!ﬁ snfaBnidiedhldaoraihok calie
generally small structural notifs found in a variety

: | d f t
RSy S5 B b S e P s o
antlbodgh%n% ol digteremi cﬂoﬁe‘é) g F)itNg st thende Qelé‘dtélﬁi@ﬂbﬁdb@fté el
d the majorit ol d domai ns_ proteins use

partioulpa frsedtaReohied cyﬁw@nmhﬁaatwg agf selctios faichindias sin féen iscover”
the tesBubd SRl Rith el HABLAE: #SRcliB SindfhglcRaracteristics. This in vitro

approach can also be applied to other scaffolds. For example, randomization and selection by

phage display have been used to study and improve the binding of growth hormone and the
growth factor heregulin to their respective receptors (4,5), and “affibodies” have been developed
from libraries of a three-helix bundle domain from staphylococcal protein A (6,7). This general

area has been the subject of several reviews (8-10).
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5 rel ated binding face" to bind oligosacchari des,

ol i gonucl eoti des, proteins netal ions and catal ytic
weaiwstssbes. OB-fold domai ns are descri bed i n POF/NZ2007/000125

exanple, Arcus, Curr. Qpin. Struct. Biol., Vol. 12:

794- 801 (2002) and Theobal d, Annu. Rev. Bi ophys.

Bionol. Struct., Vol., 32: 115-33 (2003). Canadi an

Patent Publication No. 2,378,871 describes

bet a- pl eated sheet proteins with binding properties.

3®-fdia Qloﬂiaﬁz@ laRSash erally s:%{alll sthahealt motifo &@idtin fappxhetp af protesns and
atent ap i cati on pu |cat| ns, SClentII
ongmallm@meé éqr.tgmgolw@au@@%@ﬁfoﬁaaﬁapgﬁpﬁﬁh@dagtpé@eﬁéqse The QBsfold
[ ithal ipkSitiMs use th
domain 5] 0B R SRR OB nb i e e
same facfedbr TigeohidfoiireiingB-ah ks detiisrsite-nDifferent/QB-feld demainp pesibist ffé

related lp%ga&e’dtgf?é?ﬂ@@% e?nﬁdé%:q:ﬁg%%dca oﬂﬁésp?ro‘?&%ﬂgg%lgﬂ?ﬁsd%%lecatalytic
substrats. @M@I&ﬁomﬁmﬁﬁﬁl des@ibeDits foo leﬂamhﬂma‘kmas G Wpérd Stryrcts B, Vol.

s_and_net hod or s uch i rj,e
12: 794 R QU TGP A TBi R PP LTE St oGPl 11753 (2003).
Canadlaﬁ%'te\ﬁt PhtﬁﬁaudI{N@%ﬁg' M. debdiBes by ?retatea Bhdet protdd@swilobinding
he modified OB-fold domains identified from such
pumambsbrar|es. Also provided herein are nodified OB-fold
domai ns obt ai nabl e from Pyrobacul um aer ophi | una t hat
Ll |ofdnfd AL ! ichii @,
B BT o TR el p el Aptl O PRGN iy el |
scientific publratidng andtotieer pablinatibnsicited benein argheagby mp@pa@#ﬁé. by refgpence in
can bind to a different substrate as conpared to the
thGIrenﬂ’ﬁitf’ﬁrally occurring OB-fold domain, or can bind to
both the sane substrate and a different substrate as

conpared to HRERSUMMARY QCTHEINYESBIOd d domai n.
Alternatively, a nodified OB-fold domain can be

d wh k Di ; :
T e R T
method§Bf }Bﬁaﬁbl i bitlesvf Mlslificd @B-fsldahraatse Tha'tnysntidrmlmmovides for
e invention is

the gt odUiSE A1TTAN B0 ARG RIOQOrF P JPeBBtR P4 g e b geening

R oA D BLES1N QomBEs Firedsifdd-tidbgicslaptvifles AARUAIEES, the
Sucmlbq?@o K8 50077 139397 PCT/ NZ2007/ 000125 at | east. one,_

inventioroptotidesifon fermaodii¢HOBefoldlomains idenified fiognwchfibrapgs. Al
prov1deﬁ)[eﬂegrégre(§r90%e% (91!3 l}gld@n{aﬂ'{é g»b% %&%@ﬂ]’ﬁ%bﬁ&tﬂuﬂ @erophilum that

y occurring | eas one
exhibit fudi fiddetdn ding mtermuods Aamddiml @B—faldﬁaxnamqaarbmddﬁ thergame

OB-fold domain bin face | east ong
s oS oGS AN Bl R S B ERb
substrateXRRoMBEH@ T the hatﬁ)all@!toclmﬁﬁﬁg oppldasihiih e canbind tabott t15e same

residue in a strand of the OB-fold domain, Io%y gg
substraterrarditieiferent sgbstigtenssompaigd tpthe gptyrally-occurring OB-fol omath.

Alternatively, a modified OB-fold domain can be prepared where no known substrate binds to
the naturally-occurring OB-fold domain, where the modified OB-fold domain binds to a

substrate.

Thus, in one aspect, the invention is an isolated modified OB-fold domain, obtainable

from a naturally occurring OB-fold domain, wherein the modified OB-fold domain comprises a)

2
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domai n has altered binding characteristics as conpared
to the naturally occurring OB-fold donmain. In one
weedpodsesent , where a binding partner of a PCT/NZ2007/000125
natural |l y-occurring OB-fold domain is known, the
invention is a nodified OB-fold domain wherein the
domai n specifically binds to a different binding
partner than the naturally occurring OB-fold domain or
has nodified binding 10 with its naturally occurring
at least bncn morig"legannmeatcld tesidagiot shfprstrand oftiher®iR-fold Hemarp dirfdingrface as

rrprl ses 0 t l.eas 250 abo 50%
compargy RE1E G ERLBES CRP 0 fni iy BBl o PRt et
res1duedf1 aBh strana aif fcheetdBGEiddehlduﬂﬁﬂ@hgl fask add attISasﬂaidlﬁadhﬁyd amino acid

Qccurrin |nd|n artner, ared to the
reSldueé%Pﬁ%%‘]S‘d%&ﬁ%BBrfa glai, logp 6%&199’ ﬁgrgp lqagh caleawaﬁqsl anpipo acid

remdueEiﬁ‘ Qkhald STROABIBR domdid®opPdidd, 86d PhadinNGiCAMRALE68-B1d
decrease in the dissociation constant by a factor of

domﬂmehas labiersd bingingtsbanacteristigh emoxmoargﬁo (the mpturalip oecuging PBeld

domaln In %FQ %bc? %’%O%Tf)%% bll’bﬂm: p £ of &JLEI %}8800%%%93%8]61&0mam

is knov&ab thetintnEion 1sahﬂudlﬁéd)OBOdeld ddvauii Wﬁ@neﬁﬂtﬁe domamabmlﬁcally binds to

n differf g SPriict e Pl Bl drg BB HGToL QoiBeib bt maifigd binding

with itd {¥@urelef dscﬁﬁﬁﬁigdhﬁtﬁng@mwl Th)anOGe1ribJagn &8; the hd dIRABiHing
I n anot her enbodi nent, the invention is a nodified

comprigys.abeitat st 29 YueBewias0Vher alautip aﬁ?/o;re@@éleia i1} the disenoiation

IS4
constaf STy RO By 0L R LS AR it
compared¢d aserrgapondingsgtuiy becmnalhg OBt feldodomim sIn aﬁbm ¢rmbaaliment,
otein

the mo%&e{l gglgglg Hg{pglgeslc %és%gg 155ﬂ01?1é?1h%%81iant0bé/n%{aﬁtor of at least

about 2 Bigdue meonmlaeb@t sa@bcﬁht bj erwutrfg apsatie] e[lﬁ)ut 15 rasdngaOJ gbout 25,

h
avout Y HRBT P bl oo PR ALt UG bl P gpout 50000,

or abolQ 0@00’0 of the !Hfbdﬁieﬁ‘bﬁ 'fcﬁ!i QBRER-RH e ﬁh@m@ﬂﬁ&&hﬁi@l b@x'i}ﬁng partner,
subunit, central domai n); SSB (si ngl'e-stranded

as compirad tqwt@e p@rmsemdmgamtmllwwmrm @B rfalidrdomaim A8 3goth-dngiodiment,

the 1nv%ﬂ3ﬁo{'a mggﬁial rgi?‘ﬁgfl- %Pr i o@ ﬁl%%ggl?eﬁfy (Q\t?hilné G Fold domain

occurs {rSi pyokeyih olcmss alf pﬁtmmstemcted daim lhe xeraup colsiftalgdf Staphilogoccal

nuclea%mgotg]?lﬁ( aﬁ r%t%g@g(%m ?E t S é@e&_ﬂ%&rqﬂe mE protein;

Tail- &l 1 )N €ephiinal BMAaih ipg&iR; fBleid B Bd
“ &IS%IIZ-t ?SI nRI\I,EmS 'ma OB_RNB; gﬁag’éﬁ%l\% bi ng gg’i)?@tems

C, 0 A
inorgarip prRBLRNALEerMOpTkE oEuaN QbeW REbstsing) Rtk anti (OB-fold

ot TR, 1 B0 o SRR

domairdj 388 (sinplastodnded biading giratein tfamidh ©B-foldedrimam); DIJE338 OB-fold

comain PR} 1R e PR BB DEATH Bt OB DRKBIRY piep sip-oin

(Staph}elbcgﬁealmepdoeoqcel toRIAOOB EfH] detineih ) BIR-5a (Emeaﬂyﬂt\i@iﬂitiaﬁﬁn ffetor SA
a nodified OB-fold domain__wherein_ the thernop

hypusigg, JAVh-Spding Phripldgdomatm GBY SPHGEa R -terpingh Sﬁq@ld domam) CSD;
DNA_BFROBEEHUF3dBFP; eIF-1a; mRNA_cap_C; OB_RNB; Phage DNA_bind; Rep-

A_N; Rho_RNA_bind; Ribosomal _I.2; Ribosomal_S12; Ribosomal_S17; RNA_pol Rpbs;

o
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5 invention is a nodified OB-fold domain wherein the
nodi fied amno acid residue is in a 13- strand of the
whrwditseget ace. The bi ndi ng partner of a nodifi BAI/NZ2007/000125

OB-fold domain may be selected fromthe group

consi sting of nucleic acids, oligosacchari des,

proteins, hornones, and small organic nolecules. In

anot her aspect, the invention is a nmethod of obtaining

a nodified OB-fold domain 10 conprising a) obtaining

RuvA Nusi qr@B@le@izlem;aﬁu fRNA_biad. Uhainbfheoasbodimeag, HBifvehiion is a

encodi ng a pqrtion thereqf conpri.s a
modifeg niald Gomemgr 5TV vy Gl S5AEF e OB-Go'e Gagis FR
thermoﬂlﬂﬂcp%rggﬁ Fr)eye@ |a£&ﬁér%ﬂoaﬁnéi‘1‘t' Gh&inGefdnds 8 HoliflddWBKdld domam

enco ast one nodified am no acid resi due on
whereir( the ﬂtenaqpinm onghigsth |1m6)rrnga61‘uéwea@’nmlb4m aln anether enghppsliment, “ihe

C f.
e D RS SIS B LY Bk o o
strand oftiled ihding faxedi f i ed OB- fold 15 donaln i s obtained and
wherein the nodified 013-fold donaln has altered

| ndj as co are 0 ura ocC
e bl PR 2 ST S BN et o S the grow
consistidk € hnitdei © adilld) @[1g&sfacchanﬁb%t podidsyh@aued, afidsifdlBorfgatid molecules.
domain i s known, the nodified bi ndi ng conpri ses at

| east. about 25%. about 0% .qr. about .
IR GWery ey el ga 53 Ia?tﬁ%cﬁ Apinh 6 modie gﬁéa%dfqoe’&m
compriéBs bPdhifiapRuleidiatia eh&&hﬂ%é Rtadally oQ e g ®B2fohl| doiiaig or

partner, as conpared to the correspondin
encodlm partion shetseﬁwnprrfﬁglg@mfa@d af temiding fpee %r%&rr@é‘ﬁrand of the loop,
and b) %P’?]‘[ﬁg 'ﬂ{%‘ﬂltclelc &1 SRA ik ﬁ%npdcfgg %trlgas? ?Mb&lﬁg? anfé)ed‘équ@§§ue on
SSOCIa I on const ant actor o | east
a B-straab ofithe dindidppfiate Sd/@tablenstdne a’tmdlﬂed&'ammcamdl tes@lue ab@utrargi ofa
about .15, abou
loop a3 G ARMAL 35608 G680 s hreiRdot i ARLOp-fod

domairid @Btaindl atd wihéleRObe madgiet CB{Domain habﬂtﬂredllﬁlﬁdlﬁ@as afmpared
the nodified O013-fold domain with its natural

to the nggwalbsrqorgrine (M -Fld femee M anpdhes SMBatiEEnE SrherRe bifiding partner of
a natur%l?}r 5&2&2‘%&5@@0@ RoRSHn4E ﬁ}ugvyn %Hﬁtﬁlﬁ@@bf?ﬂ%‘gfcg hrisRnRieAst about a

odi rent, the meth further conpri ses
25%, abintt@ri0bg or shet &7 5%aedugtion tnotlie digsacirsiomsansting af bentagifipd

/ t .
o o B P BB G ORI 0 i
naturalostictuir@g OBBfJ1e domaia i motl&br‘éﬁbadlﬁlkﬁﬂ, Be38Fdified binding comprises a

PCT/ Nz2007/ 000125 I|.n apot he t
deorents RSO BRIAenty Sh0PoLas SRSt 1 B Gl 2 hoout 5.
about 6“3961& igesholi By, hedid 19BN M BB B Sabbat 507 st ayo, about 200, about

r|3|n a&@o ta|n|n nucl ei ¢ _aci d encodlng
500, ahMlBlQO@l abouty ghoub 0,8 Qa@bwtéﬁ 00Rer abput 18A.40fpt the modified

OB- fo][%%neaﬁltdvirﬂglté uxﬂﬂg %?du?n%cﬁlc%lhgﬁgﬁ%g (%{sntcg#ngﬁre@% @%c():rresponding

produci ng a colle nuc
naturalaagcmaztuemg@ﬁm@d doathihi &l ol Sntwlidendothe mc@dddurﬂn@ canpfises altering

.l east one rando acid r
mucleG b GERORE LURGL U DR PUF BTGy Bde Ppiog milsBrfy sppoding o
least off A6 &iE ofla biJ¥iA At 8dmpdk fHeasb et OBLIdHvMRIiM
proteins for display wherein the
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nucl eic acid encodes at | east one am no acid residue
of a strand of the 013-fold domain binding face
w@na7089397 strand of an OB-fold domain | oop. | NPERNEZRI®I/000125

enbodi nent, the nethod further conprises placing the

l'ibrary of altered nucleic acid encoding nodified OB

fold domains into a 10 popul ation of host cells or

viral particles capable of displaying said nodified

013-fold domains on their surface. In another aspect,

Irhﬁloltlﬂzy B8ebO theRfivamticlesrobides fuf aingethet &@r(ﬁﬂﬂl@in@lambaﬁy @f modified

oding the nodjfied Q13-fold donaln obtalnab 8ﬂ1

OB-fold; deapi pEoteips & display sgmpasing ) ebtapwgnrcle fold
domamn&gal}{g gn glg:hl?ér?g %g% })gs%”r%}gs'g?n u@@}ﬁ%&l%ﬁ%c@to ?%nghﬁaa%raﬁeﬁs thereby
producifg 8-cbéation ofralianediusthingid eodag rmw@a -fold domains havmg at

oCCurr. 013:fol d
caston St B il ) e bR, il i3
methonffgrcfdﬁhiﬂlngmﬂér&i obinodified OBAéRd dansin piottiasafir dispiry wherein the
nuclelc@@gll %q?cg:s ggﬁgq? ﬁge? %glﬁlg I%g&drgsg de?ﬂf % sg‘;irrxcﬁ{)]tqcpg égt—t%gqj%omain binding

face an%gh fsﬂrﬁfdl JFizh fB-ath BohBa1SHIE Th ﬁn&h&tehﬁﬁﬁm‘iécnt tthemethod further
3-fold domai n | oop region, and wherein said

compnm@ﬂafcmcth@mramfddt@r@ﬁau eigagideneediegmpilifig A8 fold domains into a
populatlgha&eh%g 1?%1l \? i?‘all ga?rg&%é@%raﬁﬁé oF Qi g{%ﬁleégalﬂ% ﬁ'éd OB-fo d domams

occurri ng n-an nent
on theigsupfabeli ng partner of a naturally-occurring OB- fold
domain is knomn the altered binding characteristics

onprj se at east .about . 5% u 20%;
TR0 Gafit o PRERYi e B R st BhecRg e
modlﬁé'ﬂ)(dja fokicioRdr aﬁmhlﬁaw@ﬁfamra minghuy (bc&uﬁﬁiglﬂ)}a-lfd)lyl domain; whegin said
i ndi ng partner, mpared to the corre ondi n
modifiggbO A TSRS § 28 giae Rofe D By FRe a7 p- strand
of the @ﬁqgﬂ' JoRMRtn bihM8g 8lck a¢ 1%1:551*’60"’[96 Rau@Rbasld @Blfﬁﬁl domaln or

onprise a decrease in t di ssoci ati on const ant
b) at lea&t@n@mOdfﬁeétaImmd repidug in® B- siipeshief the OBpiold domaip b@étng face

and at é%st %FQ gjgdﬁ'feg %Ha?ﬁ%?d regggy%n a]t%an@ Qg%‘% tng 606@ ﬁ&ggmagtgorggmn or

c) at leadp ond mdaiFidd amixeircid@fiGue mtn:ahﬂand of 16 OB-&id dem4id J@@(reglon, and
n wt

whereif S0 e SO B R g B R OB At B e

naturally € cERIeESRe61d idBRan Aty éxaiﬂbey BB HInTent) SvHRie% bindidg gaE of a
WO 2007/ 139397 PCT/ Nz2007/ 000125 . I.n anot her aspect,

naturalpheccpriingr P deldsompinde knaver, the Histad birdips eharastqrigics comprise at
least al%z?ﬁ %95‘%, QFR5H! 38‘8‘%3 % régﬁbt‘ijoneﬂ(iﬁéj&%cfaﬁgn D181 &F the

e nodifie domal n descri bed above.
modlﬁdachOBe(bld dmotiterith dis patotally toheuriing bimtlingrpapnavastesiphsd tethe

B T N

charact%ﬁﬁﬁb@ coﬁ'aphgb DAt 1na5¢)@1@§0mat1bﬁ3 comsw@nby o fhcpor @v atdee&t ﬁlmut 2,
screening a i

of nodifi
about 3|t ol S 0R (rgoau! BB h by 1BaRoHRs, Sl SRRSO
about B0, AR, A60R 5BERUL&L1I08, Bbut 5000, about 10,000, about 50,000, or about

100,000 of the modified OB-fold domain with its naturally occurring binding partner, as

compared to the corresponding naturally occurring OB-fold domain.
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host cells or viral particles displaying a library of

nodi fi ed 013-fold domains on their surface; b)
w@omnrasedng the popul ati on of host cells or viPEI/NZ2007/000125

particles with the binding partner under conditions

sui table for binding of the binding partner to the

nodi fied 013-fold domain; and c) 10 determ ning

bi ndi ng of the binding partner to the nodified

013-fold domain. In one enbodinment, the host cells or

\Jh raﬁéth@'aafspécc, |tbs51na61ﬂ10p ipagédes Hart a Isbissqdllagt vilabpaiisle Eomgpising

3-fol t : th t
mucle 3531 o ORE AT AU tomodiisn B SRy dorrganqtn ve
anothepzls%eétoﬂhg mv@ﬁt"@i 151~‘év1d¥‘§"'1%f g b&nﬁ&ﬁldﬁ%iﬂph‘é‘ﬁg Q&éelcc&ﬂ encoding the

domai ns are obtainable from W;g yobacul ui n aerophil uni .
nucleic)®iq of themodidied £8hEdd dompia deseyibpd fksiyepr ovi des for a
nodi fied 013-fold donain displayed on the surface of a

qﬁlahotﬁér a\é#)éc@lthé)ﬁﬁ%ﬂtfbh rovidls ?@% R0Red bf‘?c?éemn%@%‘tﬁﬁjylof Hodified
cteria or yeast

viral particle is a phage,
OB-foldrtotiags fasieding withe himdienparimar, pewptisies aX drtaisinge gopilatipn of

d L,
host ceglﬁgr \gr%a&lcﬁ? ﬁlésp?&%%%ﬁ rartg %g %]1081?’%% ?ﬁ-?oﬁ%@?xﬁém% ony 87611‘ surface b)
contactifthi pblbtl]@‘idmf ofthestdslls ordbragp@ticles ®ith deshindihg paineptgtier

conditiit i Forkithok o e AR -0 ARG PRI dormin and o)

detemﬁﬁﬂglﬁﬁaﬁ%gk t&tmlﬂégwpa%ﬁeﬁ@ac{wndg&f%g @Bofola H&S%igs hg&wgt '1 gn

embodpmt,{d;e hcpﬁt/gelbg)r vyp,]aoa;tg;lesm}me tipd glsplw the Imbﬁe B-fold

domaujrs]o‘l'%t LBeurkds, L16, L34, L42, L6, L5, or L44. In
ano Her aspect, the invention provides proteins having

about 90% 25 about 95% about 98% or about 99%
slequ@thcrsaspwmh@glyentmntpwgn@ doemnptege libsred mediApp©Beliold
and tion Ul U4, U5, Uz, ..
domanﬂi8 th:ﬁm %glolagg,%% %g@ gom%%?[ﬂ; OQE%%?HZ‘E’:O% ﬁé} o?;g’czygingerdphzlum.
15, D05, D07, D09, D04, L14, L8, L4, L16, L34, L42,
L[ﬁ,and).tﬁer aspedt,4146 inventio Ml@d@(ﬁ]f ah&@&iﬁ%d PEHJIN 260aih GQ;@DaQEd on

ST S R VT

1xmmn§@ﬂy@@§e |dent|ty to the sequences listed in Appendi x
and of the designation U1 U2, U3, W, U5, U6, U7,

%@ng%@oa?gg%d - sphionpryilesdor 4 mOied PP dpmbin afgghed o a

solid s{i};—porto " Bﬂé‘emﬂ)éﬂnﬁéﬁt @k sﬁﬂ}%ﬁqg’%&te@%ﬁ b gr&ﬁiﬁco"ﬁs@ﬁﬁ @ﬂb@ads
can be isolated, purified, or isolated and purif

glass, slidesasbiphend gelsiat t he i nvention provi des a nuclelc
acid encoding the protein specified by the sequences

e g R 8O i
sequenopHistel in pyBendix T of e designation 11, BRQ L3004, Us, 126, UTSTS, U9,
s68, skt oNEfS, pMB17, pMB12, pMB18, pMB15, D03, D07, D09, D04, L14, L8, L4, L16,
L34,142,1.6, LS5, or L44. In another aspect, the invention provides proteins having about 90%,
about 95%, about 98%, or about 99% sequence homology to the sequences listed in Appendix II
and of the designation U1, U2, U3, U4, U5, U6, U7, U8, U9, S68, S81, pMB16, pMB17,
pMBI12, pMB18, pMB15, D05, D07, D09, D04, L14, L8, L4, L16, L34, L42, L6, L5, or L44. In
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L34, L42, L6, L5, or L44. In another aspect the
i nvention provides a nucleic acid encoding a 10
w@e@rasesohavi ng about 90% about 95% about 98BET/NZ2007/000125

about 99% sequence honol ogy to the sequences |isted

in Appendix Il and of the designation U, U2, U3, W,

us, U6, U7, U8, W9, S68, S81, pMB 16, pMB 17, pMB 12,

pMB 18, pMB 15, D05, DO7, D09, DO4, L14, L8, L4, L16,

L34, L42, L6, L5, or L44. In another aspect the
another'aﬁbé@mtﬁeqﬁv@ﬁ@ﬂ ﬂﬁﬁie@pfbﬂ@bﬂta&m@%dut@ﬂ)@/@@b&ﬂ 93%, ab&it O8%b, or

haV|n about 9 about 95% about 98% or abo t.99%
about 9%@9@}?@@6 idgetity Fq e SYIUERRSS Jisted Eydianod i f pag eicfh fesignation UL,

U2, U3f§@6l€§%uy7 gg%@fbsakhﬁldgm%mm b/!lBMBW NeB318, Hﬂ/lBl@ D05,

l\/BlZ
D07, DofvBXHd, L.DO3,8, DG),?[,.16[D@4 I—B@AL6 |L:§40rL‘84 In4]l of tie;, abo};@a}spects, ‘the

L44. I he above aspects, the
protein ﬁﬂ’czli’eelﬁ‘gmg@ Iglﬂggﬁ; %éSOIat%q a%ld A (ngrl fied, or isolated

and purified. 20 BRI EF DESCRI PTI ON OF THE DRAWNGS
il £5%thet AspkQ thdrimweretion Poviiddsch mhioke avid cmomhng the protein specified by

Strept ocaccal s rant S
the seqyqpperafSteaiB Apprul gﬁﬁ&ﬂ@tg’ﬁ%ﬁ%%"f‘%e 20EY s D g us. vo.
C,EMB@ PMB YA DR &, Bod, 4,18,14, 116,
568, S8} B u Wi {Zﬁpmﬂg ang C-term ni b(g?m%éf and_b
L34, L@ BpdL3, méﬁﬂu aather aspestibriaveniion REMdes amyelsicqicid gpding a

protein 21%9 i‘i%g@?utt 0644 A RIPREROT: 98Th, br aﬂ&l‘c lo§ot é@iuéh@é fl@fﬁ@l@@&i tdle

gy’ di agram’for thi's protein Resi dués
sequenaes ehs&h aVWAppRIdDs Ill ehdef thedeshgndtiogEh, T&Z}ﬁél’s Uilr &5, Yhon &% U9,

st SO A S i s B 1

L34, L4, G8; If_,Q/brliﬂ4pIrDéﬂodﬁr adpeciitts Miventionfprelidgamucleoicidiesoding a
used for library constructi S- OB. Fi

proteinRERE 3611 93 ST At UL E e St sebrnes fbiS i theg

sequen%é% sﬁeﬁ%ﬁg}agéhdgpﬁ GRd oﬁ?ﬂ@ﬁé‘s@rﬁﬁo@tﬂl gonugs e U’fye@6 B 98yJo,

bel ow i ndicate priners used. Crosse
S68, 881n91\@d169p1\4i3ﬁé, B H PV LS, o Eds DOERQYmBRP sDa4, Llérleg L4, L16,

o, LEESETEASH i, 9 SRR BT e sk b A Ll i
ormda@danﬁmgmﬁaB shoms t he overview of oligonucl eotides

used for library construction of |IF5A-0B. The assenbly

of the different |I|ibraries is performed in three

i ndependent ways for 11m 9m 2RL and 2RL+2 |ibrari es.

Synbols are as in Fig. 2A. Fig. 3 illustrates the

I nitiation FBRIEFDESCRRTIODNOPIHIHRARAWINGR®r ophi | um

(1BKB, (34)). 10 This schematic ribbon di agram of

g‘iﬁgA{—ﬁ ng\&lp Lh eﬁ% fci{é) lflglpg'rxtpﬁgl]ne @géa%rtrc%oc%gl ﬁ%Egrﬁ\ntigen SMEZ-2

(25). ]E(lé’> 19 NaR@sesaRcarched bidag &ice. Bl@OWBI iathe @d‘lfemaac singbture with beta
helical _ribbons, respectively. strangiél 3. form

sheets anseloppsgfrlied alona it thy Somie i dirgdiba e iferppied o-

strands and have bulges or loops between their components. Fig. 1C is the corresponding
topology diagram for this protein (24). Residues are shown as circles and hydrogen bonds are

shown as dotted lines. Loops are labelled and the shear number, S, is indicated.
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OB fold. Fig. 4 illustrates the crystal structure of

E. coli asp-tRNA synthetase (1COA, (37)). This 15
wa@edese3dT ri bbon di agram shows the structure PET/AZRRS000125

showi ng the relationship between the OB-fold and the

C-termnal enzymatic domain. (3-strands and a-helices

are shown as arrows and helical ribbons,

respectively. The binding face is indicated (36)

conprising (3-strands 1-3 and the |oop 4/5 between

FB’J‘ES DMarRl providee dvervidvgst ol@énﬁﬂ?ecﬁidesl\uﬁeh &ﬂfhﬂm mm&structlon of

%nment of aspRS foI orml ns % {3% e%l b
aspRS- QBe imaA pys e e B e &1 7 Tiffoataign bores
above tﬁ@bﬁ%&h@cléétf&éh CALBHEs hed ﬂ)ﬁhﬂe‘i‘@be’i@\ﬂ HRAGE) pri&d uded: VrbABSiadicate

are 1abel ed. Residues with arrows are conserved

the randogsiedi aodorm Firpgmdsitntitaee Fsermeblehinn thvsnpendBER stean dothiségpre the
assemb Q);Oqﬁulg R .ilg{ & shé\#g\il f:dtlstol'b@é Tﬁl;lg 42 u% %\{jov%etﬁé BVaeI'VIGW of

ave ermni start
oligonutiestidhs elséld fon hbxathcmaﬁmztloﬂ\luﬂﬁénésOBt 'Ehe@kﬂembibdoﬁht different

librariey e 1B AN yRRrRERt oSt ot kRt SRE ShERRPR BRRHR

SymboMiafd &rifMlg. 24, speci es. Fig. 5C shows the sequence
al i gnnent of aspRS-OB fromP aerophl luzn (P.a.),

Pyrococcus kodakar aensi s )r(“ én%odak and Escheri cl zi
& § {iysiraies ey nitigiop Baris TTddrik oy disbaraom R RLPB 4B (34):
This scﬁéﬁﬁfc' rfH6en dild ??aﬁmﬁﬁbw%ttﬁé@h%ﬁl a‘?ﬁhet(lfl?er&%ﬁts fand Qcp'aﬁated

I ndi cat ed bel'ow the sequence: =l oop between strands
from thd NatednBal dangpn by B linker\D-s1@AdY am@%bahcemr/e rsmzmw @OOs2Hd helical

B ENNER T A e

OB folg¢hock pronotor (psp), pel B | eader sequence cl oni ng
site which contains the Ncol / Notl restriction

sites ta sed for stern S. an

B 7 il Sre el S or S spafh SRl NS, This
schemakibl $ibBEh BaSlafi MSwS eHEShiBEtuRf oftablR Y1o&v iR B Wl htiddhip between the

i nserted gene into cloning site, the c-nyc tag and

OB-folpiand thg r(bteemmal PRPSREC dnsdin.c ﬁtramdwné opfestliged age shavgsas arrows and
helical %§ oeq.g{ %gpe?? veﬁ}gt T@@blggmgﬁgcﬁg md cgtec(i ?’a%g ﬁgﬁgﬁx’% %Els rhrgié 1-3 and the

loop4/abaR861€B-strb1ﬁfst4drﬂr5€ (no |nsert) represents pill only

as enpty vector pRPSP2 was used to prepare TDPs;

ows aspRS- OB, fused .t i1, dis
BB e e HeeiS Blkes ot oh gk O doSrBR A ggR
spemesV‘F? SA%ewI@%%ewfd@ryw&tﬁ& dfMhPOBIBI hdidate3 DSl canilie Bdduence)
separated by 10% SDS- PAGE fol |l gwed by transfer

and PSS gsh P RIEA 1RGP LIVUB o iTE APRSTOR F LA flgpmding face and
have be%lg IgMoHﬁ?ed‘iﬁ' ((B}Q Brgﬁ@éj KOt thEri s eﬁf&t}}egﬁ @é‘qu%ﬁ&s Bave long N-

conj ugat e anti-nouse anti b y.
tenmnlszmd\de nat start kt nobidye] axqel taseriNumbdrh aterghR@d@tECHnslpb agifl pgsitions

in each protem. Ci*“lg. deshOXJQ the sequence alignment of IF-5A OB fold domains from different
species. Fig.5C shows the sequence alignment of aspRS-OB from P aerophilum (P.a.),
Pyrococcus kodakaraensis (P. kodak.) and Escherichia Coli (E. coli). Sequence identities are
indicated by asterisks. The secondary structure of the OB-fold is indicated below the sequence:

I=loop between strands 4 and 5, loop 4/5.
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VCS- ML3 phage to show functional display of wild-type
OB fold fromaspRS by binding to asp- 15 t RNA
wo povohs43psed t RNA was i ncubated with VCS- ML3 (e T/dZ20oppe00125

phage, no display) and aspRS- OB di spl aying TDP. The

rati o of VCS-ML3: TDP was >1000:1. After washi ng bound
particles were eluted by RNA digestion by RNaseA. The
recovery factor was cal cul ated by dividing output and

i nput for each VCS-ML3 and TDP and for beads only or

Figyehs h kehethati RiNAWingSefRPSIPR @sdl foophdgs displagrod anRSQOB and
9 is, an enrichnen

deﬂvat%%%%éown H%Fg%ﬂ)é’ﬁ]éﬂo o R i sttemm R ste which

containk %HWCO? I NoRfrest®dtRA A c-‘iﬁyc' thPuRH FQSWBteraRhAGYs Ghd b %ﬁ[\l gene
solid line) on asp-tR 13nRL on eithef asp-tR

encodifghthe pKI protein. Ehageidisplaced) futﬁ@) Proteinscopsistas theene @roduct of inserted

sen o A SR b Pl proy BRI E o S
gene for ReléctioMon aﬁfpxci&nc(hmmhswnilﬂﬁgoﬂt ained an Ror Kin the
first position, 7 a Gin pos. 2, 8 a Cin 25 pos. 3,

nd .6 an. R in S. Ac us o
20k s e Bt R M SE A DS 8 g et
represe@fs plil REiyHg efiptysedcat pRESED oae fisddao §&pa1TeRfWPsbyentre lane shows
monocl onal  phage bindj ng _experinments, Biotin

d
asoRS LR Es A BT PEbOR Vo SHTGR A Ee e AR IE o SILi i nsnee
Vd3. 180 @rﬂp%%%?&?mf’@’[ﬁ PR 699684 4Ra Bmﬁhﬁi éegmlaf%a@§ 1@%Ds PAGE

I ncubated w th nonocl onal phage sanple RNA- bound
followgskryt trasistes tose-45urm pémcﬁlﬂldaiel myerphrance @etﬁthaw%%m@hsmg a

mouse A<M A RV AR Bl AL EEbER i TDSec b, Shove 2

recov ated usi nunber
of input phage, output phage frombeads only and
éiigxt@howh ag@d{ pbagetaRNAImEBt pathi anplhl-ORWisplayieg TOPrmed wild-type

i ca b r ent ~st rd. d ti.0
ves PELERL oS ookl el GRIGPERS OGRS bR o
tRNA. mﬁhﬂdﬁlﬁseﬂ Itmlﬁa‘ﬂhc@ede&wl&idv O M RNApe ﬂlfa,ge,lrﬁ) digylgy) and
mut ants pMB nd pMB_17 from aspRS- RL sel ect.ed

aspRS-}B @g}i}ayl DPLEI?%%O 198 Y GV 3 iR Wes™ i (washing bound
particl &8 &€ El%fi:d‘%? RNM%%XR%% OgFngaseAZ THS réeod PTRGYr \%sfctalculated by

sequences from asg brari es befofe and
dividingelutpet frshinputifor gach B&iSoMd 3 sad 0P and forlbradseorde pr ipaaotikizathtRNA.

Vi fromRL |ibrary. B. Soluble
SeeTa%%sﬂoeé’P da%r(%udtu:t;rpﬁdat?gom 13nRL. C. Mutants fromRL
sel ected on asp-tRNA. D. Mutants from 13nRL sel ected

dﬁg @sipat RMichnient (e tlap (@tih8 pRiges ehpit phaged hof piwge from, round one to

t
round g B S3B PR b lamSraes CuRh e rmali s BR At g on
either &spGRNBI(bERBECI8s, Abrédipa b Fodytreywhite tirdley, bivkeslHie t o
| ysozyne. A 96 well plate was 15 coated with |ysozyne

rﬁ%g@h%g%{lﬁ %escﬁlegé:,\éh aILntaFysw%rfggle Q clgr?e% %?rtl SgR\ﬁ se[]ected on asp-
tRNA. Out of 12 clones, 10 contamed an R or K in the first position, 7 a G in pos. 2, 8 a Cin
pos. 3, and 6 an R in pos. 4. A consensus sequence was suggested to be R/K G CR.

Fig. 11 shows an analysis of binding of selected clones to asp-tRNA by monoclonal

phage binding experiments. Biotinylated asp-tRNA was immobilised on streptavidin coated
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sanpl es fromclones picked after 6 rounds of

sel ection. Bound phage were el uted and counted by
whawrasal i nfection. Nunbers on Y-axis indi cap€r/Naz007/000125

nunber recovered phage, on x-axis the clone nunbers

are shown, pill indicates no fusion (enpty vector) and

Bwt the wld-type aspRS-OB displayed. 20 Fig. 14

shows anal ysis of binding of selected clones to

| ysozynme by ELI SA. BSA (white), RNaseA (hatched) and

magnetfdSRa®Gd \Wiubgted W18 ZyorRcloRildblge saBiptesi RNBbJuing 9@1“&1&1&@1 were
i ncubated wi th npnocl onal ﬁhage sanpl es. Baund

specificaly elpted by Rhbp digrsincand §otitedb W@Emé?ﬁlpn MIS Yrprighqs a
ecoverg @zic'ttgqv%}{ PR R s hE RlugRied 0181 bt aﬁ@g@ %u@ﬁ?ﬂﬁg@ﬁ'}ém beads

Experlnents wer e per orne i cat e,
only ané elupad p@agsfromﬁRNs\e Experiragntinwere perforamedan duplmatel errqyars

represelgiigkangirg RS %g BIIIQ?’X\ﬁsm O\k/\)(mﬁ:)’gxgs;‘%ﬂ?w %Q%?\rs f%tﬁi ‘D09

mutantﬁ@ﬁ$3@ﬂ@¢leﬁf&l$m&@;b ﬁuﬁﬁdl@ ﬂégd’_lc_?y?mmaﬂe pMEB 1A an]:l&:MB 17 from
t ant e I "o se usi o t
aspR -G 1t Slppied oAU G b L5 Sors panAat |k peged OF

wgmwggads wer e anal ysed on SDS-PAGE. Lane 1: 10 WD
2007/ 139397 PCT/ Nz2007/000125 13nRL81 (unsel ected
nmut ant , negatlve control), 2: L5, 3. L16, 4: L4ﬁé 8) ...
Big. [ 31y 2 mymarg of sqguarss SAMASPRR Boraderdisfors apd it splpction.
A. Befcfé Qelgéal%ﬁ Ui—%G( dbPhE fl@ghg& Hﬁkafynu*saﬁﬁ frbin WB Fibrary. B. Soluble

|ncu at ysozyne in sane way
unselecmd maiente fro@ebﬁcbsRh.éE Mitaratel ét@nalhbl sdrﬁ@ge@pdm\@‘eﬂ) Mutests from

13@11\%%0{65%8 EBI\V}ESEFI{/IA {]ant]s_ é)i VB\SISSeTeItegloggj{;r 0%9’18% ﬁ\%g aI B%O\QMI type

sequenéedib EBes aptha $6P0With eqfu’paRitng 1esided mimiben end Jvealidtiéror
bi ndi ng between a selected OB-fold domain L6 and

The cal cul ated Kd_f erl

e B RSP ROt S PRRPGt PR, i well B was

coated WRAWOENHO BN AR eyl BRA (WhRe 6B hndiiscudapd szmadmaﬁ)cloaal phage
cartoon (at left) shOMAégﬁsecondary structure

sampleg fremeghenss pw%zw ipundy e ecdignadomnd phpgsourre ehited apg counted by
bacteneﬁ nglj%tlon ﬁ'ﬁgl%grs(ofnr@ 001 i RO Y Lu:hﬁel%@%e@%ha?ér hSl'fﬁ -a&f3%he clone

ts towards the active site of soz 'S
numbelrseam shownf piihwdivyids mgémobdﬁustywecthr)tané C&b’fﬁth‘éwﬁﬁ‘ttﬂ)e aspRS-OB
disol &Idlc resi dues of |ysozyne - d u35 and Asp52 (see
15PIa¥Ff-qure 20) Fig. 18 shows exanpl es of hydrogen bonding
interactions at the protein-protein interface for the
@Bo dyshywoanahgeisadd| mspidmg ofRelsttedldielonasrte Iwhoyme B EBISACKBSA
. .apd are | | e Y37 15 are fromt
(oite B304 PR RO Shte” P RBTDAEY vk BB B reubated
with m@ﬁ&l(ﬂﬁP%KJgQ @arﬂ%leﬂ Boufdpirticles welddletclel atitht @oldeOid13 primary
fromD36 to W3 i s between the backbone carbonyl of

antibodyggd an HRP-conjugated anti-mouse secondary antibody. Experiments were performed
in duplicate, error bars represent +standard deviations. pIIl: no fusion displayed, OBwt, wild-

type aspRS-OB fold.

Figs. 15A-15B show pull down assay with purified aspRS-OB mutants selected on
lysozyme. Fig.15A: Mutants were immobilised as GST-fusions on glutathione beads and
incubated with lysozyme. After washing, beads were analysed on SDS-PAGE. Lane 1:

10
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and the side-chain NH group of We3. Fig. 19 shows the

potential for OBody L8 to be a Lysozyne inhibitor. E35
wane7D¥39are the active site catal ytic resi durGT/N&2007/000125

| ysozynme and H60 is fromthe natural inhibitor of

| ysozynme. 20 Hi.s60 nakes hydrogen bond to |ysozyne

GLlu35, thus inhibiting the enzyne. R39 fromthe OBody

hydrogen bonds to both E35 and D52 in a simlar

manner. The backbone of the OBody and the natural

13mRLB rl mnlgéléaéd Rlitahl segiyive cél{tﬁ)l)d epu; Bedigs: @ﬁLpzl)as 1IeEes), 6:
C—alphatracefor is omtted

beads oplyAndje AEatit1oonBoR 0T 1555 16, SBehtP R G 0 5yes pmpkiliscd
o e LT, 5,501 BSOSy o

washing &ith @BSU8ane 2), TES-T {ne $HFBSIT 50E8YI N4 (lapwm). 16  13.
pMB17 14. pMB 12 15. pMBI8 16. pMB 15 17. D05 18.

Plog7 16 shows a binding curve using surface plasmon resonance to determine the K for
binding between a selected OB-fold domain L6 and Lysozyme. The calculated K, from this

experiment was 3.6x10° M.

Fig. 17 shows the structure of the OBody-Lysozyme complex. The OBody is depicted as
a cartoon (at left) showing secondary structure elements. Lysozyme is depicted as a cartoon (at
right). Arg39 (from the OBody) is shown as sticks and points towards the active site of
lysozyme. This residue forms hydrogen bonds with the active site acidic residues of lysozyme —

Glu35 and Asp52 (see figure 20)

Fig. 18 shows examples of hydrogen bonding interactions at the protein-protein interface
for the OBody-lysozyme complex. Residues are shown as sticks and are labelled (D36 and Y37
are from the Obody; W63, DiOl and N103 are from lysozyme). Hydrogen bonds are depicted as
dotted lines. Note that the H-bond from D36 to W63 is between the backbone carbonyl of D36
and the side-chain NH group of W63.

Fig. 19 shows the potential for OBody L8 to be a Lysozyme inhibitor. E35 and D52 are
the active site catalytic residues for lysozyme and H60 is from the natural inhibitor of lysozyme.
His60 makes hydrogen bond to lysozyme Glu35, thus inhibiting the enzyme. R39 from the
OBody hydrogen bonds to both E35 and D52 in a similar manner. The backbone of the OBody
and the natural inhibitor of lysozyme are depicted as C-alpha traces. The C-alpha trace for
lysozyme is omitted for clarity.

11



19. D09 20. D04 21. L14 22. L8 23. L4 24. L16

25. L34 12 WD 2007/ 139397 PCT/ Nz2007/ 000125 26. L42
wWQ@7Z007183928. L5 29. L44 30. Adigo 005 31. O PQDN2YH7/000125

32. digo 011 33. digo 012 34. digo 050 35. Aigo

054 36. Aigo 055 37. Aigo 056 38. Adigo 057 39.

Adigo 058 40. digo 059 41. digo 060 42. digo 061

43. digo 062 44. Adigo 068 45. Aigo 028 46. Aigo

029 47. digo 032

BRIEF DESCRIPTION OF SEQUENCE LISTING

Sequence ID Sequence Name
No.
1. Ul
2. U2
3. U3
4. U4
5. Us
6. U6
7. U7
8. U8
9. U9
10. ,S68
11. S81
12. pMB16
13. pMB17
14. pMB12
15. pMB18
16. pMBI15
17. D05
18. D07
19. D09
20. D04
21. L14
22, L8
23. L4
24. L16
25. L34

12



48. Adigo 033 49. digo 034 50. Adigo 035 51. Aigo
074 52. digo 076 53. Aigo 078 54. Aigo 089 13 WO
wQe@7n3B9897 PCT/ NZ2007/ 000125 55. A igo 051 PGI/NZL(0g000125
052 57. digo 053 58. digo 018 59. Aigo 019 60.
Aigo 030 61. Adigo 031 62. digo 073 63. Adigo 075
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The inventors

di scove
" OB-f ol

red that
d protein

"OB- f ol
donmuai

26.

named

27.

fgza heli r observ
ol gos ari _ i
us@d as nol ecul

can be

d domain(s)" or "OB-fold(s)"
n(s)", which were originally
ed

cl eotide 5 binding properties,
ar recogniti on domai ns or

78 scaf fofd 5for produci nodi fied OB-fold domai ns, and
" for credfing libraries|of nodified OB fold donmai ns
29. whi ch cpiddbe screened for desired biological
actv-t sgych—as—F exanpl e, binding to desired
30. targets] Ogﬁﬂdwv]tered enzymati ¢ properties. Wile the
31. OB-Tol'd dapsbds Was originally named for its
ol i gosaccharide-oligonucl eotide binding properties, it
32. has si nc@lipe@hl observed at protein-protein 10
33 hterfa &t aprgveH—EFhaobal d at al., Annu. Rev.
" Bi ophysi| Bedld . struci ., Vol . 32:115-33(2003)).
34. Accordi poliyo 05dhe present invention relates, in part,
to the use of OB-fold donmains, or portions thereof,
35 in - met NBHEC B4 produci ng nodified OB-fol d domains
36. heving_'éﬁ% gk properties; methods of producing
libraripes nodified OB-fold domains; the libraries
37. of nodi fOlgo @ f ol d domai ns produced by such net hods;
retheodstfar—sereeni-rg—such libraries of nodified
38. 0B fol d| BE&aPYE
39, Oligo 058
40. Oligo 059
41. Oligo 060
42. Oligo 061
43. Oligo 062
44, Oligo 068
45. Oligo 028
46. Oligo 029
47. Oligo 032
48. Oligo 033
49. Oligo 034
50. Oligo 035
51. Oligo 074
52. Oligo 076
53. Oligo 078
54. Oligo 089

13



10

15

15 for desired biological activities; and the nodified

OB-fold domains identified fromsuch |I|ibraries. For
we2@nbs97 such [ibraries of nodified OB-fold dBOENA007/000125

can be screened for nodified OB fold domains, or

portions thereof, having increased or decreased

bi nding interactions with a particular target(s) of

interest, such as for exanple, a nucleotide, protein,

or carbohydrate; or increased or decreased enzymatic

55. activityQliggoM0 2007/ 189397 PCT/ NZ2007/ 000125 In
Hlustrative exanples i sclosed herein, the inventors

56. have deT@Hngﬁ%ed prodJction of a phage displ ay

57 troraryrg g;rleo IB-fold domai ns based on the tRRNA
~_anticodp I n domai n of Aspartate t RNA Synt het ase

58. (AspRS) OhgnOHyrobaculJn1aerophiluin; stability of the

AspRS—+Hpdi-Hed—B—feld domai ns produced; and proper
. M
9. fol di ng BHiead ks modified OB-fold 5 domains produced.

60. 1n 1TTusprias p3E exanpl €s di scl osed herein, the
inventors have denonstrated the functional display of

61. AspRS npOlige 83l 013-fol ¢ domai ns on the surface of

phage,—thys Howing—f or screening of the library for
62. nndifiegbﬁﬁ%oz%ld domai ns havi ng desired properties.

63. As denoneliga0®sl herein, the inventors were able to

producel screen for and select a nodified AspRS OB
fold domain that was converted froma nucleic acid

bi ndi ng domain, in its naturally 10 occurring state,
into a | ysesBI EHIYEIERIPTICNGF TREINUENTIONISI ng the
conposi tions and nethods disclosed herein. In ot her
illustrative enbodi ments di scl osed her ei

i etRvenfoshdisqoyeted that FOBAoR damamEbivac QBuﬁ?ldé@ 6{) HPBupid protein
domair C\bhl,@ﬂ Qe J}%Dﬁ %e(fi %r%??%‘a@e%ﬁgdﬁﬁ% Ig@e—olﬁ)é'oﬂgéi@&ide

rari es of onal ns I Scovery .
binding tnawpexﬁss fcent be ursdas n@lquﬁlapre@ognn@ dramaitreor ssafibldssfoa producing

o) B G Bl TR SR U P U o

screené‘d:ﬂ‘olﬁ aexinag bfoﬁlfglcaﬁ@dtﬁfﬁiﬂsﬁeruch &s:ﬂ)g Bxdﬁn}ﬂél, banding ® d&:&lﬁed targets, and
applications. in nd t erapeutl met ho

altered cReymatic ProResiss DRI éﬁﬂnfcol §damain s P%@&%‘ oAged forits

o11gosa%apa&fa%h§§nd@rb@me blﬂdf‘nE %r@ehleg Sit gk st rbb&mtﬁérvea atogrst@fn.pmtem
protein scaffolds be under st ood by

interfaedgiap well rﬁThwbalérat al. t«‘kﬂéu riéEchﬁmhm Bioes ewuﬁér\@lnﬂ ib5r33(2003))
Accorcﬁ%ﬁ@ﬁ%@le%ﬁt ?&gﬂ cinrljgfa ymg)%%r@g%é U %f G- fo?(#] gcrﬂ&lﬁ? lof B%rtlons

culun1 aero um ¢
thereofa pnlnethddst af poddueing @ibdi fid ddOH il dosnattedaving eldsﬂedrpeopertaasdmethods

orprod Tt bF iieq G-l oo ety fold domains

produde® b esth KaBYMR; mBthbAEfor &drberf@ sulR lib&els dOmbdleBd OBYfold domains
nodj fi ed 013-fol d donai ns haV|n§%geS|red prwﬁgrtles

for desjred piglogiicabactivéivscrnd| the madifind OB-Fid Aeyanins Wgnidesds gy such
libraridd® 'ii?f B3P kb th: %iets deheditded dB )fcﬂg 8RGO Ear dcfbened for modified

surrtaces énd use to screen |ng I nt eractl1 ons.
OB folEa@lomesnaqlperticdBilfedod, l‘puvmgenqrsasc@m dba@recasaddjlmhng interactions with a

particular target(s) of interest, such as for example, a nucleotide, protein, or carbohydrate; or

increased or decreased enzymatic activity.
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25 coupled to a fixed surface, or could be bound to a
surface using an affinity tag (e.g., a 6xH s tag).
worwhossIpf coval ently coupling proteins to a BUF/N&2Z®7/000125

are known by those of skill in the art, and affinity
tags that can be used to affix proteins to a surface
are known by those of skill in the art. Further,

OB-fold proteins can be coupled to a solid surface,
including but not limted to, beads, glass, slides,
dh iil;hstramb axetates disclbbrdsherain,ak¢ ingsntofs ke d@hshspated piodsction of a

ohege BER R Bt ot B! OBroL tebrng tbrd e Be HETAGTbwan bipdine

d nde\iO abte &MNAPS the®dst [AspRIS f
O O A AihcRist ok %F?%lﬁ%‘.’a%%%"z%‘%ﬁ%’é%a stbiicy of the

AspRSadifesk OB R draening o g psahengidinBoh S modified OB-fold
domairf B 6 13l Polaifes dhscl i REERHL hAUBI 10 alinbristrated
the funcigriahdigples obAspRS modifiad OR-Gild Jymginnah thdismdadead phigenthns

.t echni gues 1 G obiol ogy. ..ol a bi ochem stry..
atlowilg 6P Bl st St bian ER- I han G v gt SPRE! b s,
As denfBigfrated E&bﬂm the %ﬁveﬁt’oﬁs \9&.@ |aBle:’t@ grd‘gubd Ycrbdh %F' ﬁndbselect a modified
Asorsyplh el dougiog il o ered St éwlgg&ggmdmggggﬁinaﬁf i naturally
occurrigk | 's%aﬁén 4 §%b%%@eﬂﬁ§h§mé cu@%ytusg%qm cogx%%@i‘h)ons and

Cell” Cdlture ney,
methomme&h@”ﬁm@p eﬂlﬁrrrélmtatlve nnnbn@hngty d18©10§®1 Memxefhe ingtiation

factor ](léia ﬁ{é @%&%ﬁlfc{uz’un? ggifﬁl%hz{\/m cI-Il-rcant gr é%cfogcf g Was used to

product HiByies Qlunmodified BtBofodxtdﬂrﬁamm Mol ecul ar Bi ol ogy ( F M

Ausubel et al., eds. 1987); PCR The Pol yner ase

eac et,. al 4); rrent .

I8 T O Pl O Lo oo

modifidHOB)fol dldendineaNibesRa ! Maditiee OB -{dRabEaiM¥ Akl scR@ning for
ockton Press NY, 1994); and Methods of | nmunol ogi cal
m‘ﬂec‘-‘iﬁa’f PWP@‘OP Rve%]é,@é%lﬁ?auow iy diggngticrand fherapeytiunathods and, as
descnb%H ﬁlﬂ%ﬁi Baés%a%argﬁ%%'ggn b fbacﬁégﬂny@ﬁ h@@é aﬂ%ﬁ%‘laﬁfr‘m%s or other
protemséa@é-‘é A.\mrﬂbbeamdlets@odfoyma pﬁ’d@i} in 1.'1_’1@1&1”(, thd methds dxsdbsed herein
[ f

forpreflatpn R Ry Yol B WA s o Bl T Ot ah R By SPacutm
aeroph#lue oas bel app‘hetl e bthet @BLfukli doﬁlamrl&@cnbe& QerefhaindikBown in the art. As

. e vaI to term"inc ing" and its
will be&‘gﬁ?fétgﬁ fh’?g*kﬁf?g LT, ads&él%%@bsp%&a@ii ﬁcre?%g Beihgdy igrown in the
art canfb@Bed 18 ‘identi®modi®ied OBLRR] ddsihy/ B dddtr@ profdrBELRGERso
unl ess indicated otherw se. Various proteins

contempipgchetehe medified QRofnldompigs crild be attagherbiiorfixed red/Rivolid surfaces
and uséﬂotsa%e@f fr bgﬂ]q-ag 1ﬂ%%%’é1 %[ go%{%:pﬂ: O@Sfo%n%g{elnﬁ%g? Bg E?e‘}ai]ently

I n nore enconpasses
coupled to a fixed surface, or could be bound to a surface using an affinity tag (e.g., a 6xHis tag).

Methods of covalently coupling proteins to a surface are known by those of skill in the art, and
affinity tags that can be used to affix proteins to a surface are known by those of skill in the art.
Further, OB-fold proteins can be coupled to a solid surface, including but not limited to, beads,

glass, slides, chips and gelatin. Thus, a series of OB-fold proteins can be used to make an array
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25 nmenbers that share the structural feature of a
conserved fold and binding face. OB-fold donain
worerbassImay al so share sequence rel at edness. PCT/NE2007/000125
contenplated that any OB-fold domain, or portion
t hereof, can be used to produce a nodified OB-fold
domain. As used herein, a "naturally 16 WD
2007/ 139397 PCT/ Nz2007/ 000125 occurring” 013-fold
domain refers to an 013-fold domai n that has not been
ona sog@ @lﬁfdcé akihy te@h‘:ﬁ?ﬁkﬁ&dhedn t¢ thoSOsRskiINinNkCAre Ebr@ﬁhrﬂpl@,fU S. Patent
aci d nodi erein, "nodi fi ed

ications. As usegﬁg
Applicgion Fubligation diea? #04/Q009p3( digdoses methods ogHE IR ed

ami no acid residue as conpared to a naturally

occurring 013-fold domain. A nodification includes a
Genenqu@gm(ﬁ,gs substitution, or addition or one 5 or nore

resi dues or_ a conblnatlon thereof, as long, as the

e praciiee @ s Prssch HSABion Wik, Eplgss qtbaniise andisaies
conven\%bl?ﬂ ltegsﬂﬁt]ﬁéé%f SufD8lo1d %y (!irﬁhﬁy | eabhifind R Eechﬂh@és? GhitRiology,

I Ng partner I S n reg uired
cell bidlmgydbibbmhlﬁmemﬁohnmmmwnwhmbamWltltuh éleesklélcctf ﬂaﬁt m o$u¢hal

eMUre of nat 0 rr
ectnioied 531850 Ay B e S e el (P AT e
Manual, I’Sec&iﬂﬁ edi@ith (Bhrr&ﬁ‘btﬁk ¢tas) IQSQ),I@iiglouddlétgzdﬁtSﬂmﬁzésﬁﬂlM ®.rGait, ad.,

1984); %n a ggﬁé@ @S Eg;g]gneg/; (@85}1%(19%& ggflgg’g}?ﬁntaglnzmunology

(D.M. mgr&b C.BhAQRISEAANG e ATRRAYEr VES Por (B AGESNCER (Y.VE Miller
rophobic interior of the protein that is not

& M. Peé@i@% &ds-1 1982y Gerorest Emtaﬂ@htzy Mce{mlm(%rolmr ey Augubehtiak eeds.,
1987); %Rj ?]ﬁ%?ﬁéf {%(%eoq%%% R?%?l 8)1 1\/ﬁlﬁll¥s & Qtf t dg n 1@4% &ﬁ Mt BBl in
Immunnta»gy 1 {1 Eed?o(])@éh étall. dedbortad hy; et Bzvrmmoumy Hahdbcroél(ﬁa‘ﬂd Wild, ed.,

bi ndi ava
StockIGIGHIRY1 Bkt B 8 el g IR asearefh Bett Albert
andNA stathc, e, Widmtiad: d/Clo VRt BgslEeséiBckdliotBH] BIO3Y;@€d IB¢ngdio, ot al.
|I|ty to _bind a bi ndi ng partner tQat the naturally
2000, Egawitgted rife B gp ond Frefdisa ohl rsagondt . Bin Litingoft Williams and

Wilki .@ggm M. modi fied 013-fold domain has nodified

' ng ndi ng mnth its naturally occurring binding partner.
In sonme exanples, an 013-fold donmain is isolated, that

Definiians  renoved fromat |east a portion of the naturally

q‘gﬁ: e%a g%giﬁl{) ?él‘Hl W, gh?inghérghgg c%g#ages?ﬁgf’e'ﬁ'?? gielr iflelusive sense;

that is &qm&alemttedle\/tﬁmrh“laclndnng’hatdjtsadohy:smdmgrcogrgltqsr otein. 20
I.n other exanples, a nodified 013-fold donain i's
sS0C ted th an turaL“ pr Qn-.N
d% CLbSﬁI.] em ‘%HS gllngarf 5‘ t'ﬂ ul?lé#lfi %{rgbreferences unless
in&cﬂ&i&ﬁ&&hﬁ;dOﬁaln does not bind or to mhlch t he
naturally occurring 013-fold domai n bi nds onIy

ok TP e e

descn%aql@feai IA{sm&wealh@@u%ﬁnmldetadcmmold @6fainn @hcdiﬁpé@se@famﬂy
known binding partner. It will be appreciated that

membasp Hhat shgrehe strsiural feataipyol atC@n%@Wzé folgtand 52!11d§11gcfé%€u B ﬁ@ld ‘domain
memb&;'?ha Q sg s%@?éq%&;%?%elggﬁn%g d#?@ﬂ&t&@ﬁt?@ hgt zgpg@B-fold omain, or

scre
port1orbﬂhmd:of1 gart hne e ar pnodmdearmbxilﬁcki 06-folk damsain. As used herein, a “naturally
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Modi fied 013-fold domai ns can be prepared which bind
to the natural substrate of a naturally occurring
W@ i1@fisd3g7 domain with altered bindi ng charact ePCENZ2Z®7/000125

Such altered binding characteristics can be

denonstrated under the sane conditions as the

naturally occurring 013-fold 17 WO 2007/ 139397

PCT/ Nz2007/ 000125 domain. Alternatively, the altered

bi ndi ng characteristic my be one or nore of (but not
occumﬁog”r@E-@&d doRkint (BRFSE 9h TB-Eo18 1HEhiA Fhdt Badnot b%&ﬁgdﬁ@ﬁéaﬂly%dglneered

fold domai n denpnstrates st ronger bi nd| ng to %
to contaimnugleit agid ot ammpacidimedideatioay Aenise hatein eSme a”wdtQ%f d

e

occurrinte@Bristd dunesn. \Aﬁ&kﬁl&ﬁdatimdimgldbm tldrlei(ﬁl sustitutibn, ou bdditien er one

| evat ed han e n I currl
or morypsiOhe G s GomurAYon et ir iniedr i ind s Ch Rl s the
fold-releRA BiddidBcefuch fﬁaf R 153&Vﬁ11iﬂ]@fdf@1ﬁb1fabt&d1 Will3a Bmﬁmgtjﬂfmdarn It is not
denonstrates str on%)er bi nding to the nat u

requireq i gHOBIGE UL EOTFAR e (he SREA NGl SASEeS O A netorely
occumﬁi% g@t fra};\dt gfné%? Wgﬁﬁfe@t{ﬁﬁ > fNE BkBhinOhfad Fﬁé?: th&BfiOAMHSE & any

pH than the natural occurring
amino B! fesidde tholveling, matifichtinnhistanzimigo adid tﬁﬁgl@?« obtha dindéng fece (the

bmdln%tgcé%lrn?lituﬁaﬂkﬁ_ﬁ?sg?eé a%éo a :%::&?nt]‘lgopsg,\éxn%% %%?é% Qo\%% g%ﬁéﬂ’ (%lrééion in the

hydrophébielinbgiok of the §rotéia that &l nos elRisédtoeqatous cvlvatt), thdmay Hiether
.naturall y ocge rr| ng 013-fol d

comprig, P RGe ARG AUPE AERPORERAT (L GHELIBFOTBITEE LUy domain,

as long(a8 1% modifi&d BBUofd R Atdif e BRI ReM Bfﬁﬁﬁ}%tfﬁé‘bts@Sh that it is
stronger binding to the natural substrate at hi

availableofor interaqtiongtith  biaging Rerteat by @moexa@ples. 14 Iﬂ@dlﬁi@BBrf@ldodomam

t
s coar 0By 05 QIR SRSNFAEL ML IRy, LoBaR bEplo
domairodoes not. rig oﬂlbﬁe)fanip(tbsdmmdrﬁ,ed é}B tdddomeinnemodified bygeling with its
naa e R B P08 m Bl BB gt o

remov& frélf BPRSE: b pbAdN OE eeaturiliynsticiing sroteliewitltih whadh it is contalned In
substrate at low ionic strength than the natural

other exaranles: e doicsl @Ryifeld dapy lﬁ)assoqiﬁ@d O AR oRguping protein.
$ laturall
oL 14, BRAI0S G081 o S AT b
occurrinp eraféis.sto eitadh thengunaly-anturtig OBefolbdinidie doggmobhid foptagwhich
in w.th-it t ur. a [ r
L N S
modlﬁ&il@Bf-iBldjddﬂlmﬁﬁbam Hetpheduced whbﬂ@eha‘ﬁmﬂmrﬁllyé—dcdﬁiﬁﬁ&g‘ OBdoldiatvaiam does

bi nd .af, | b
mot b R piE b e AP BF PP siaich R E Pl R BE iR 0 2

naturallylo@0Ring &5 %1[‘1 B Rhin hidlendiBEkhédesla ?h&‘i‘ When %%ﬁﬂgsaeﬁbré?r of

ecrease In the dissocCiation constant by a factor
modified OBefait datrdnp fopbinging e a partigaihindging ayéi#- 5, about 6,
about 8, about 10, about 15, about 20, 25 about 25,
#eAQvnidPOH t&t@@ RO MbsEAR0s
?ﬁégﬁgﬁmg dﬁt 1@n%g%H%aabou¥ 50, 000 3? ab ouS ?
naturauﬁ@qcﬁﬁmgde{fﬁé domdinfiddal @1l tindidg desradterisiies. HStich gltered binding

charac’%%gtlilcrsaclarll e Sglﬁcl)lns[rateg under the same conditions as the naturally occurring OB-fold
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bi ndi ng partner, as conpared to the correspondi ng
naturally occurring 013-fold domain (that is, the
worea7fizse7 013-fol d domai n nmay bind at | east abpit/NZ22007/000125

about 3, about 4, about 5, about 6, about 8, about

10, about 15, about 20, about 25, about 50, about 100,

about 200, about 500, about 1000, 18 WD 2007/ 139397

PCT/ Nz2007/ 000125 about 5000, about 10, 000, about

50, 000, or about 100,000 tines nore strongly than the
domainh &{lttltiv¥ly, 186 eldred bigdB-chaheletiicaay)be ode ok iforas(butafot limited

nmodi fied OB-fold do e tQ a collection of
to) thergSipble g ks LR TRP AL QPP oM R GFmpBHIngs groneer binding to
the natRI%ubitRte Q%Iefv@de@ t&mtﬁ&%s fi8n %‘H&ﬁfrﬁﬁr $&uﬁ‘ﬁﬂg Wiy domain),

occurring OB-f domains. That iI's, a |ibrar
thermolabidé bnnénig OBef thednmbw @B-foldalomain dqmqmlstyat@m‘mal@ %mdlng to the
ain - 0
S 55 P Ao bl Rl B
modifigivinding agier differsiin ochiditicad obpH fa L thel hodifietOBffolkiglomain

demon S TS . T L LB I 2001 AU B O i

OB-foll %fn%eér de%ﬂﬂ@t?dt@se&leakgp&ndﬁg( &Rk Gatufhl kidRfaE ¥t BiEh pH than the
nodi fied OB-fold domains may contain OB-fold domai ns

naturallytpeeurgio s Of -fold domaindyiermoBstiates Sprges blfﬁlfkgﬁ@ therfaftal sebyrate at
low p}ftﬁ%d &E %a&%h{%@s i Cﬂé BBCf%tid &’cﬁn yor Q@m@nsﬁfaﬁg lw?eaf{éf@)ﬁld%{g to the

cati o as a sing am no
natural Sultstibictat iavopH tlom therhdtipally oczhufrﬁrg @RBifolinitbhinfaim adrinperkified binding
ch  as_f.or anpl e a_substjtuti.an I, N
ander ot e s TR B e o A Sy g B Rates
strongd¥BIrRlinth R Aeirl suBgiatli $ighVibhie Btr@@lth th@n th% Iﬁﬁﬂalmocﬂmﬁﬁg OB-
structural regions, such as for

fold dogjafn Phermenstate epksF bingisg to @glnawral éH‘EFF&Pe 2 'B}gé ipnig ptgpgth than
the natéag?gécttﬁﬁ% &B-fHal dé)ﬁila% AP aZ ShsHRYs g’c?o‘ﬁ%eﬁﬂﬁ&ﬁé ek naturéll substrate

I cations or t protein conprising the nodif
at low {OBicfstenigth ﬂanahematmyllh ascartingdPBifeldtdoonin, phdemansbateg wepker

bmdm%ﬁﬁh? aag al u%stre&e 1%\'7?761 flg lstgengﬁht%%negﬁ% {ﬁgdlgfr tcrrs]lgr%ﬁg t%-fold

Tor T hter 3ction W
domain)| iThe ﬁfo}dlﬁedfomﬂmy dri ﬁdre%iﬂdﬁgchhdmnmc cdmesmpnsﬁ abompdtyeast a

. ny [ric mtation to.the nu

25%, Sygisan L O b JoTEteNBR I B FIANH REYTE B P died

OB- fOlB%@ﬁl RO nal-@aﬂﬁbéc%ﬁ‘ir?g- blﬁ’dlﬂ%ﬁ%ef 3R 96mp&e@fLBE B6rresponding
han 1020 variants. In sone nbodi ments the Iibrary

namralw ddeutiag ORrfold dompia(that B ghe moddied OB-4eld dpmaiggpgy bind at least
d ut
about leggl,) %a&{%ﬂrni 1&1P1% kr'ol%l? rc%afn #{d @t?lgfz% &&H—P{&%dﬁggl néio%r%ng In one

embodiradnrtbe tmodifieé bindolgl centpirises aafecrepsh ifi itleeddiGBeddcahstaai ysa factor

ot at e abogt 2 &y e Ao e TeBL £y Ty 1pgiont £, Bout 20,

about 3N kB 5G,abe 100! Ao X KRS SOM AbStIDEMaBSut\ Wb, aBsutt 1000,
collection that is introduced’into an ex [ ession

about X0k abewipl 8198 o theanestified Qptfaljedpmapswith s pagrialy ocourring
bindin% Eﬁ{rﬁép ue k& g%g@to by gorrégﬂ(ﬂrﬂéi?{eg‘r:na@tﬁhlgy ocggﬁﬁ'%eOB -fold domain (that is,

t er change her ei n ric form of
the modifiet €R- fcdédomamamqy Himhagytlénst dionhgrabputiSo abmit dpabiodes abeut 6, about

8, aboucﬁ&x z}f) P PSn ugou%ab %out 25, about 50, about 100, about 200, about 500, about 1000,
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These terns include a single-, double- or
triple-stranded DNA, genom c DNA, cDNA, RNA, DNA- RNA
whglwiak39pr a pol yner conprising purine and pyPCTYNA2G0&000125
bases, or other natural, chemcally, biochemcally
nodi fi ed, non-natural or derivatized nucl eoti de bases.
The backbone 19 WO 2007/139397 PCT/ NZ2007/ 000125 of
t he pol ynucl eoti de can conpri se sugars and phosphat e
groups (as may typically be found in RNA or DNA), or
about 5000] 450R€1 (0005 st 50,0063 Gr sbtgd 1 0QO0PIRASPNBEe B &Y Bfan the naturally
Alternat|vely t he backbone of the pol ynucl eoti de can
occurrigg (3h-fald @nﬁﬁjyner of synthetic subunits such as
phosphor ani dat es and thus can be a

Ok FERERL Y H4alFRA D10 BOS RIS FeRets 854 Eol(BiNHROBIOR domains that
m xed 5 phosphor am date- phosphodi ester oligoner.

mclud@eﬁylrl&h ragie oé mogified Oy idy demaing prcomaiags! tRagturgdly:ocggring @B-fold

s LSNPy B350 My Ly i s on o

contair@hby Mmadifiad PBefophdonadiid. oatlibraky okagdifiehOBofel didmmthihsmay contain

| ace of . a hodi ester |inka raun et_a
some i3S 9¢ SefirHEERG mo il osb I DTN Haaet. Hhe ltyarygay
contaui\leeiG)ld ddﬂﬁ#ﬁ!f-ﬂavm%%ne $Pmbre H@bdltiplk Amadlicid RBidués randomized. For
oubl e- st randed 5 aynucleotlde can be obtai ned from

examp{eﬂ a libjapgplamedifiegy W(E)@ﬂl%g@[ ewigig @Bpfo&j@m*{lanés, that contain
randon Hﬁ)ﬁlffc@hmﬁ%‘ bReshBo gbﬂd AU wRYRLSE i GhiBE ndd g%g a smﬁ 1o type of

COﬁ'p enent ary stran anneal i ng the str S u
modifiggsipnognch as e sipgla dintinorsd s@stﬂtgyon_;ymmuﬁgﬂq duﬁfgrmlhmodlﬁcatlons such

as for %%T lle ) su%&tgcu%%nr c?tt aatr s%{]% - %}e}glg%\é% ev?il} Q}%} Q& npgre 531%0%1 Rife a01ds) or
two orpadry amtﬁoemtdl rdgdss Owikiok ear( 5@ dna dr mefestifubtienl rexidhsSfuch hbfor

cxampleg |y G Rghaesen Lo o FRGD CRBBIcEE ofion. & modified OB-fold
domaiP Rlay Md KRIHAMSHoRGERES O the sfaﬁelﬁ E@ﬁmﬁ he S6RNFed OB-fold
introns, nMRNA, tRNA, rRNA ribozynes
domaig may %Ymmlﬁ%qoyﬁmgp neid gesub]ean]g kg the fold-related binding face is
avallalﬁg b 0L \glﬂ?bm?%?z)ﬁt% Xe‘ﬁgﬁy” of '11?0(31 ﬁetde(SIB PG dgfnalns does
any sequence, 1SO sequence, nucle
not 11nplty|ady panblbuisl; s1m1dnmt1m30 the nturbot yfhmeheas blbe nsljection. A library

.nycl eoti des, such )l at.e
may oGiR B0 T HBL DR AU QR S 16 BB | DAt In some
embodﬁﬂgﬁg fhe almﬁbrﬁ%l haVehipGo b RE° waiahts dmdfih bkﬁﬁ@émb&ﬁﬁeﬁél the library
hi oate, and, nucl eotide branches. The sequence o

will haﬁa 8p écb%hoaé Whvarlapts. intlbrapebaodifieh OB- mqui%qm%@fers to the
conectﬁ@trmme% oP:ha ldxﬁﬂﬁismh & e@yedbﬁa fudldidghd al@QL&g,%ﬂat is, at

er polynerization, suc c conjugation wt
the stagablcdene gssgmh#qu@n to 1ntfpche:ti011 e sn ofpressodisfitenias wnﬁ as the
ed |n th| definition tltu

i d
colteeighibil 3 bRt i % RteisoR y A G SRS po IRk bl

wi th an anal og, and i ntroduction of neans for
éﬂte&telhﬂsﬁ@olyhmlmidy’l’]amd ‘antletbeackB, tsed putatkingssbiybérain, refer to a

polymiggy toyn of it eides BB St i GO B SR @orpHaT oo fpgies.
These A$mY ﬁﬁmdeqrsﬁﬂgm doBBIB of thipleHRBdITDNANEhoRAS DR AACDRA, BNA,

DNA-RNA hybrid, or a polymer comprising purine and pyrimidine bases, or other natural,

chemically, biochemically modified, non-natural or derivatized nucleotide bases. The backbone
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and G but also includes any of their anal ogs or

nodi fied forns of these bases, such as nethyl ated
woe@rassptes, internucl eotide nodifications sup¢T/ag2007/000125

uncharged |inkages and thioates, use of sugar

anal ogs, and nodified and/or alternative backbone

structures, such as polyam des. 20 WO 2007/ 139397

PCT/ Nz2007/ 000125 "Under transcriptional control” is

a termwell understood in the art and indicates that

of the falpmeiiotifé mrcoﬁfpnae fhining bedphale crRgy @:s@@,y tysitallyl e found in

equen nds nits being oper
RNA OW)M W@fc@fd alyfuteg sugpr or ewﬁgatmoeas o/é%ﬁmatwskye@e
backbdn@ of iR ﬁo%ﬁbl@&ﬁ@%aﬁ@@mﬁﬁsaﬁi PIRh&ESDL syﬁtﬁ&ﬁ%ﬁﬁﬁrﬁ’{s 50 as

Cpera Yy i nked refers to a uxta osition wherein
phosphoppmidatesgns thugeaa ben 0é1g0®oam®iﬂg>elden osphoremidaty PHEHRY @r 2 mixed

phosp}%)?ﬂlglg{at?p%lhﬁh&%%{ Sﬁ#mer' ?‘é{ggﬁees Ei% an (L@gw@ucdlezc Aczcdg l]ées 24: 1841-

can reci ent
8; Chatwirvedilet] abi (¢9%0) iNdichCAdisResati: OB1 §-08 (5 cilalmétral. (8998) Macleic Acids

aml es,, a nodi f.ied OB-.fold.domin., Host, cells
Res. 243 J0b;d% ﬁ mrq;ﬂ"é} iﬁﬁ@eéaﬁhgtlse é‘Png%ﬁch‘ EI}?éP}k?ﬂt?@‘@ﬁbnkage
Braun BE4. (h988) INBEBHRA141Y2038-% 0ARMet &lay, (1 BN MAR! Iihihol. 32: 1057-
ol ogy or in total DNA conpl errent) to the original

nor
1064. mpaqdificonp dewhle-stianded polymyclgoside canchs ahigined from the single stranded

lo
plm 2584 D12 LR U5 A gy s
and anygaiing thei strandsuwided appapiidteenndit by onlny mtlfesnlznhg aﬂmrwmplemmtary

srand 2055 HE SR noRn il ook Brprntes e PhEl s

polynusleotideseqhicice €03 Rferfhip@e: SEQ P AJ0) aldXipElessithicomplement
i ncl udes transcri pt| on and/or translation. 15 A

Sequenfi@icl ei ¢ acid that "encodes" an OB-fold domain, or
portion thereof, is one that can be transcribed

an@/ fBﬂoxi'lh%'ﬁfd Iﬁ)‘iﬂﬁnﬁlﬁg BX 2616 AR nBebiRlcst 5 QbR di‘ g@ﬁe fRagment,

portion_thereof. The anti-sense strand of such

exons, ﬁl}’éﬂné:l TBRY;, RNA, RN ribgrimesy CENé@a@omb@amaxﬂmualeoudes branched
i t.

pl R0 80, BN ST 20 RO
sequenpe, edicty doikprebes, Selgpringrs. A yalyplidgotitie qupy, coRDARe mGuified

i ol ..V 0l. The OB-fold donmain
mcleoffRésr st HEfriatd pledtos g ABrlecli an18s. e e BetFERs ind
hnkmgf'gjb@sd;ﬁt}ﬁaé ﬂlhﬂdlhﬁ‘jdgﬁ aﬂdethfo%m gﬁﬂic%ldltld@b@ﬂé}i&s SEBR ﬁéhce of

struct ural  dat abases nera speaki n

nucleoa%fi%aﬁ%b%a%‘uateé gﬁ SERPUTFSide GPTPBATsa POl mwgqoﬂémay be further
modlﬁ&l Mr @glyﬁlﬁ?&a‘udﬂ gtfcﬁ%@ BY c&Bud A Vgﬂl@g%%mg %@mﬁ%ﬁaﬂ Other types of

d-rel"ated binding face'to 25 vari
modlﬁ@ﬁtnog%mh@hém tHisglefinitioy ererep s subistibsion pf onedrmsqre néthalnaturally

occm{g%ﬁ@g%%fgtb%?%%éﬁg,saﬂg tfoAh&Ron of%near\{\ofog Qac{'ung%l’i)’ € polynucleotide

to proteins, metal ions, labeling components, other polynucleotides, or a solid support.
Preferably, the polynucleotide is DNA. As used herein, “DNA” includes not only bases A, T, C,
and G, but also includes any of their analogs or modified forms of these bases, such as
methylated nucleotides, internucleotide modifications such as uncharged linkages and thioates,

use of sugar analogs, and modified and/or alternative backbone structures, such as polyamides.

20



10

15

20

25

OB-fold domai ns have a nunber of features which nake

themwel|l suited as scaffolds for random sati on of
w@eioio3sel d positions and sel ection of nodifi eRCTIBZE®I/M00125

domains with desired properties. 013-fold domains are

generally small, stable proteins which are easily

produced and random sed. Theobald et al., 2003,

supra, disclose that OB-fold domai ns range between 70

and 5 150 amino acids in length. Additionally, the

f“aﬁﬁeﬂfantsé}@t@alfc@hﬁolﬁ &vBerin pretudildrstodd et and indicates that

enonstrated_ t hrough evolutfon to be versatile, is
transcrg\&lap PABPRIYRERleqtidR aesiERcs: VALY F RN Acdeics. depsrdsi g ifsdeing

operab}yjdogéi‘aﬁ% linRe@lo an'drf&it '&i’hﬂﬂ%‘aﬂﬁbﬁ@g td fAY ?mtlétion' ot, or promotes,
e To choose an OB-fold domain to su
transcrpvéuom cQpexabln ﬂipkqdé’ atfesrie a JWpoemgnmherenoae ﬁl@h@ntmrmmma
er npst a croorgani sns are described herein
arrang%r%?nmsfrlgo]w Hefish °o “‘I@Br aries of nodified OB-fold
domai ns. 10 Ob-fold domai ns can be selected for
tAhEn@pealil’iiochadep b oslividwe] célbor @l @nivire which @n by wahasbeen a

it SRS BE- F FGASS AR B on

fold doathi® AN Tc&ﬂ.ﬁnélﬂ@éprﬂ‘%’r@' dfaafigld Redeliamd e 9ﬁbgaﬁgdma not
protein scaffol ds gener al structure of OB-f

necesswlatbé complstely identicgl Gn mmmh}w&a ipfofad PNA %ﬁpléme@th@tthe original
parent g&@&f&h Dafirdt RERAYR A0, &%]@Eraé%naaumw %haﬂ% Qhﬁlﬁt deAGhcludes
by two vari ab 00p regi ons t he
cells tremf@tthcy infbcted@iesgva drén igroreith maéela acyl eedodlngyant@pdold ggmain. In
nd of. .t he rreI i S. ca e
some 38pR0T PP LS SibsB ok GBI LBy on s
surface) bucditas m ampleapithgt ddpkke aExpressﬂiﬁé include§ BnseriptionTdnd/or
shear nunber describes the degree to which the strands
translafion, j|ted away fromthe axis of the barrel. Figs.
| A-1C show a b-barrel with S=10. This is the nunber of

r 2 sili6leie Scidtiha Rertb@esl ah WH-Fotd Béhiin 0dr poRonth&beetis ddelt can be
excl udi ng b-bul ges). and are counted al ong 20 t he

transcried gRE{0F ﬁ;;ané@ﬁqléo Presucenthe §Bafold dpraaia ox ROFRE thereof The anti-sense
strand QPéz%h Q'nlubltefc%éld(lss‘lgo Qegd Rrondddd @k dﬂ%lﬁmﬁﬁhd and both

hese are observe As exanpl es OB-fol d domain
of the aspartyl tRNA sythetase (aspRS), which binds
t RNA, has S=10 whereas the col d-shock OB-fold donmain
DNA bi ndi ng donains has S=8. The OB-fold domain
ki ndi e QG HrdiaR dBhainkS center b strands 2 and 3, and
is bounded at the bottomleft by loop 1, at the top
l%Lloop 4 and at the top right by [oop 2 (see Flgs
theyost geneipk lpwslthe olbilemaip ifed Fivesstrandedimixed Ihaapls See for
examp?eéggglrs] ?@BW 2 nvﬂfdﬁgyé&n blnl Zb%éngOll elrshtgr uc?&g gomfun is found
in all tMab kihgdonideS exldisduisebid fin ﬁrd)rc{ﬁteuf Indreingiio nepiresentediim vl yeguence and

| e ten varies bet
structugg] Bt Tised Crer@X AT RnSiings OB dirnd vk SRR nion of ol fapa
functiché BIACIAE Fds, Dol DISAIIE d5ASRS uaRb folasI QBRI Tkl
i nsertion of reater | ength, up to about 30 am no

variougy bing ohggsav@agggsy ph gy glpotites, MptemeAnelaliens; and catalytic substrates.
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A survey of 20 sequenced genones places the OB-fold
domain at 28th in a list of the nost preval ent
whe@hagisenl architectures (27). The OB-fol d doP&i/NZbm@g/000125
been found in a variety of proteins including humans,
yeast and bacteria. For exanple, in bacterial
superantigens (Sags), an OB-fold domain nedi ates
protein-protein interactions in the bacterial attack
on the human 5 i nmune system (21 and 22). In these

pOBifeldidniainshatels mantur o Ceatiregehioh nlak g tRehSwell §6led 8¢ @affolds for
, .ol igonuc]eoti and oligosaccharides.(ZS

I of ei ns es a ). . .
fandoﬂ%ﬁ%ﬂ?& od ainio AcHEpasItgar él?qd %Ffe&flomf ppfified PFriolddgmainewitl desired
o5 O 854 OB, BB R0 18 B
randonjigg®ly - TigaBald et &), 303 supsm dlisslasel ihaty OBrfotchdammrinomege ebween 70 and

. t O} 8k: [ l,,; 2003 Nat ur.e

150 anl a2t 85 el "B Tor B e ot M g 00 BRI ket
demonkbirated thgotigh epalutiog@rico eatilepisianai(ablesfonrarddmizetioral The OB-fold

.1994, Structure, Vol. 2, 45-47). As termned RQy.th )
domsigs i Eipi mcalf%.{ Fhﬂggef%mﬁthuﬁaﬂtdf _B?Sﬁg’?edfﬁtc B%ss@n@%&%l domain
to suit pGiceAREEAINS. Pdrasahbil 08-IIdRhdins $h Wekb&sHié Nt O

. related "fam |ies" and "superfamlies", OB-fold )

microqsgaispsarel depariped heran fosprefluctiomefiirariesiod medified OB-fold domains.

Ob-folta ﬁgﬁﬁfn@% %iﬁe{l&ic@a(}ﬁﬁhﬁ' élﬂic%gﬁl?ﬁﬁhﬁls‘foy\@agﬂléo % g&%lmtgﬁ% tOB-fold

sane ave an evofutionary reflFations
domaiy he egleeted ¢g pwtiveegirotemb vathchebvumeymativadctividies| Ehaaea teatures

oo BRSPS SRR RS 1, T

"superfam |ly" are evolutionarily rel ated based on
ST deaerabitruotirels fAOB-dold proteitdoanls i§ £atsttired nfixéd e barrel that

bsence qf definitive sequence sjmlarities., The SCOP
Presen%é‘tcz?Bﬁaé’éqﬁ‘%heE'iﬂ%ﬁP F&@Hﬂﬁ‘?lﬂg%ﬁ e dlanksd by rsviriable foppgions. In

the mafdrit® of é36J the Bhridl Ghd/i EecRAS tRR\IEyNBSHE BRIVIAh Varrel is capped by
determ ned using either X-ray crystallography or hlg%

an o-helgs@P Lt b-Harrelme tnjsyely dessidrd oBtted rumbsnef sranésn apdthe shear
BB R0 S AELATIIBETR W s v
from theodxgs ofehabacklbiFigdi hy-1C show, a bbarselwitt $ldl Théd iatledmedsr of

i Pl S AR o D PSR vt g

the strafidt @oigg feinAlta A Thse Wettho possitiiBfiésA8=B beS=HAJ) dor the OB-fold and
fﬁﬁglies and these can be used to identify additional
both ofsthgiecars ebsgsd e A§ examerles g Paveldslomaperlihgaspantyd (RNy) sythetase
RYSHELALRRM (0 tshgo [ < i indi
(R e 105 G L o8l s
domairssn §eB. dbe OBt damaie bifinghice has atitidienteo hatragisi?) andl3y and is

[ I atabase i uper,f am | t . .
bound YA A ERBRIITRR | 3o RRLAEbe A b T i belogp 2 s Figs
1A-1Chi Hodifferlehr ®BMokinideia dekivvadlcbpoPundCaRw widelasatidnyin both
tength B icitheRS SEERESS dofb it frin hct, By, Vot 75480 L Modified OB-
fold dophtR@y EaIWdrY il 18n BRI ARLABRS Bop DR vAH& HetideRn!tb Y abtno acids

fam|ies and 66 individual protein structures in this

and loeq hefterayariey betiyegGe. 10ryeine epids and in foard dapesdoemiiagema®dates an
hwaﬁ§%§¢ﬁ@%§&§%§ﬂ§%%¥§ég%5&?ﬁh%gag@&ggﬁﬁg has derived rul es

protei n séquences as 23
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WO 2007/ 139397 PCT/ NZ2007/ 000125 OB-fold proteins

bel onging to the "nucl ei ¢ aci d-bi nding protein”
weopenssaily. Simlarly, the CheWlike superfpoi/Ng20029800125

just a single famly and two protein structures in

SCOP whereas this has been expanded to include 898

proteins in the Superfam |y database. i.

Classification of OB-fold domains at SCOP 5 For the

class of OB-fold domains characterized by SCOP as all

J&%hﬁ»eywrw &%@ﬁ&h ,geﬁdr@@@qiace@ﬂle OB-F1Y domeRed 28MRr £ish 5Bthe most
and S=10 reek- Kk CCPeurrentIyldentlfles

prevaleptthdologiodll a@@hmqgtu@g )f & hﬁ 1¢ doyeain hnso@eg found in a variety of
i 55 I SR 50, DA otz

an OB-folit d @asie medisserotsinguoteimribiesactiorsiin gleéoanterrb]eattad{ o tlule@uman

fam [th there are cture in.the., ..
immund et @l hAAIL i Sherr Bttt Dir Bived Sk 67 gl 1ietyding,
proteing; bAgGAcIbRIR aﬁébhgdsacdha@des@"—ﬂ)o ExdmpBaef @kidalersity of OB-fold

ent ér ot oxi ns (502 For bacterij al enterot oxins, there

domamaqr@temwci@msmgbe@smaﬁ CHPNAiRsking tthe gacogena BRCAP (Kene Teptal,
2002 S&HeNFoll Bo§ URUAI gy, ?é];;ﬂnérg @nd\bfhﬁ 0N &hrHRITBIBs RF the yeast

ue‘rantl geh toxins Bact erla AB5 toxins 1 ncl’ude
protemt(]nlelhﬁai M &bil] 20033¥%itnref Vol 26, 1881203), tahé cclhoiréace oligosheparide

ertu | | I
binding i BEPO G e LS AR L7 P RRRTE Rb S *Edd Bt dpermined
by the Stfuctrel (Thgi fRationd 6@ 1BteindamBasBAECOP), itle sdridght 1hyclw$lﬂmg.‘br0tem
The N-term nal domains of tge sug ntigen toxins fand o
structutgs e Eeatedy dAmilieR eanidoerprstagriiesy ¢ .5{9 REPLH dopgips are found in nine

related %ﬁﬁ*ﬂbﬁhl%o Ghbs @B‘ [ES1dRlofAfhs i G RGRA6 U MQYBRAS” 28ve an
have typical n=5, S=10 cl osed-barrel topol ogies.

evolutiditaey relatiogshap Bfathg sequgResettrustural iad émgenadiaysls apdhappgafoibs
descen&elaef{ n Do &Q%‘? eFﬁé %gnfoisﬂomam Cr iARA Wgﬁ%%%fo‘ﬂ% to the same

ns ve recent accor
superfaﬁtlg’hﬁiaredolhbmmﬁﬂjr fdlajles@oafseﬂ ot hmll&mﬁnalmllagé ﬁmcﬁmpﬂ &sbeeh in the

absenc&fﬂ;?@tgzﬂégac?u%g%lfﬁlgpﬁiu% &gﬁgpbgpncﬁa@gqe)} 1¥pr1sed o?pro?ems of

known Q@&Bﬁhr@ '(i\@ fduestrushicesaye Béh |ekl%é§ﬁmelﬂaﬂly debemidet @king itlesn -ray
Nonencl ature Conunittee for gfphyl ococcal

crystallgerspiaen higleresolvfien NyiRn A1ddgionphPBdpldsipmapyssan be detoryined by the
skilled llr%%arg %éd 8n str\gttur;.-ll %iédhé%@ h2q241d pr&eﬁ@ e bit the fd?& %lﬁbﬁ‘ﬁmdmg

aryotic proteins that curre are divid
face, od sttuotutd relatedimass imcmquemlct refatedness6 kn@ml Obcfadd é@nmasr despribed

herein ancﬂmlo(\)v% e4artVDT§cgg gels%c?use%ge sﬁnq{l/an GZSOVQi? r(i) 91%]&%%111111% and families
and these can be used to identify additional proteins whose structures have not been previously
determined under the OB-fold umbrella. See, for example, the publicly available Pfam database
(at <sanger.ac.uk/Software/Pfam>). An additional publicly available database is Superfamily (at
<supfam.mrclmb.cam.ac.uk/SUPERFAMILY>) which uses hidden Markov models derived from
SCOP to classify protein sequences into superfamilies. For example, the “nucleic acid-binding
proteins” comprise a superfamily in SCOP database. There are currently 11 families and 66
individual protein structures in this superfamily in SCOP. From these 11 families and 66

structures, the Superfamily database has derived rules to classify 21,158 protein sequences as

23



10

15

20

25

a. Tissue inhibitor of netall oproteinases, TIM

(50243) (contains an irregul ar al phatbeta subdomain in
W0 b@7/a@343eT m nal extension). b. Netrin-like dondETNZ2007/000125

(NTR/ C345C nodul e) (89320) c. The | am nin-bindi ng

domai n of agrin (63767) 5 4. Heme chaperone CcnE

(82093) For the Hene Chaperone, CcniE, there is a

single famly annotated in this superfamly.

Representative structures are fromE. coli and S.

OB-fol @Yot &h LBl ipEng 16 theT&;lubleﬂsaﬁﬁlelﬂdlﬁg ploy&i@Zyperfaifly. Similarly, the
term nal donmain (69255) For Tal | - associ at ed sozK
CheW-Blgssupspfemailyhasdpst @ogisfamily spd twqprgtedn pgiciirey mu%ty ereas this

has bee\é‘&%@r}#de&g) 1599 mgﬁr§teﬁ1‘§t1ﬁ1th"e E@IRily dAfflsd hi s

amly. oteln Is f om bdct eri ophage T4 and
the N termnal domain is part of a much Iarger
pr ot elChussiingtiosof WOk dasrains alé'QFel | - punct uring devi ce
of the phage. 6. Nucleic acid-binding proteins (50249)
Roctheickasacf @B Holddiomgins chiredteszed by SCORagy] @uep evithehairely closed

oty RIS 55 0 By S G Rt

followifg Sup@ehaitidy (AdindehbeB R bireqthO2OA): thd BT OR keferehastatibertzd,
5=10 b. RecG "wedge" domain (69259) c. DNA helicase

RuvShastyesatdal niNi¢aee (Sone9) domai n (50259) 20 barrel,
cl osed; n=5, 5=10 d. Single strand DNA-bi ndi ng donai n,
$OBSapR6cd)cal lﬁ&d&lé&b thé:ﬂe %ﬁdrenﬂy 5 singlelfleraber by thigfamaliyralthough

there ar(?gg%lg(;}rgpuneg?% &ata asg or gol n Ef?;ﬁg?ﬁ%ag%l heg}‘%?‘g&}? chosed

beta—baMEH%%Wle) i nsert domain (74955) h.
i gase/ MRNA cappi ng enzyne, donain 2 (50307) 25 WO

%O@A&&%&ﬁeﬁggﬁmmgé 000125 i. Phage ssDNA- bi ndi ng
proteins (50315) (4) barrel, open; n *=5, S$*=8; the

PRF Bl ShtEreEIxUsEMenead tvy fales ik fag sipBaSsail{:Bydterial AB5
toxins (CBeéulblljllu?sr) and the N-terminal domain of superantigen toxins. The Bacterial ABS5 toxins
include the heat labile toxin from E. coli, the Cholera toxin and Pertussis toxin. All have a
closed beta-barrel topology with n=5 and S=10 with the single exception of the Cholera toxin
whose barrel is slightly opened. The N-terminal domains of the superantigen toxins and
superantigen-like toxins are all proteins from Staphylococcus aureus and Streptococcus pyogenes
and have typical n=5, S=10 closed-barrel topologies. There are a large number of these proteins
encoded in the genomés of these organisms. The Staphylococcal proteins have recently been
renamed according to: “Standard Nomenclature for the Superantigens Expressed by
Staphylococcus.” Gerard Lina, Gregory A. Bohach, Sean P. Nair, Keiichi Hiramatsu, Evelyne

Jouvin-Marche, and Roy Mariuzza, for the International Nomenclature Committee for

Staphylococcal Superantigens The Journal of Infectious Diseases 2004; 189:2334-6.
3. TIMP-like (50242)

TIMP-like Proteins are eukaryotic proteins that currently are divided into three families

all with n=5, S=10 closed-barrel topology:
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organisns j. DNA replication initiator (cde2l/cdc54)

N-term nal domain (89332) 5 k. RNA polynerase subunit
woBR8/1$B9821) duplication; contains tandem r epREl/N&£007/000125

two i nconplete OB folds; forns a singlebarrel; n=8,

5=10 7. Inorgani c pyrophosphatase (50324) For

I norgani ¢ pyrophosphatase, there is just one famly in
.this superfamly. This famly 10 has a very deep

| i neage as there are exanples from bacteria, archaea

and epkfsyie!igBibitdr of bl BBt €inddes, IPRPSEO243 $@nlDEIaTregular

alpHA2b &8 kubdohREER thdERermBT cdtendiBPr gani ¢ pyrophosphat ase
(50326) eukaryotic enzyme has additional secondary

st r ucbhuNeginslikeiintniMNNTERICICC atodule) (89320)a. Baker' s
yeast (Saccharonyces cerevisiae) (50327) b. Archaeon
Sul f of-oblslasdhiddoadingdonpn ¢5a3REP37647) Escherichia col i

%50329) d. Thernus therpophilus (50330) 8. MOP-Iike
5aBeng chagerope CREENEBP) ke grouping, there are three

famlies, all _with simlar_f ncé}onalit nd all. from

For the e hageroge, Gaapk, Sheae /2 e togtt Wﬁ%?eﬂén Hiuppra
Represé(%%%%gm&ure@a}%m gupyd &@@Huﬁ%b‘i%‘?t e- bi ndi ng donain

duplication: tandemrepeat of two OB-fold

4O NBi DS sHMidtbd BNERRRES, NasiiRaldombindB9s55) 25 C.
ABC-#raﬁséorter addi ti onal donafn (333389 pr obabl y

$HETE]-244beihte@ MsbRgnDigYOR - demBAIlontin, GRed¥slal skipld SR34d) which
This is represented in a single famly wt

h t
represesisibatit e Gty avhtrb SRR gal e eit FomcbretarigRReedand the N-

termina% 88’19‘%&1‘ gggg&g&cﬁ}l%g@gg%%@%@? SRR ARE bl1-p @R ¥R device

of the phage.
6. Nucleic acid-binding proteins (50249)

Nucleic acid binding proteins are a large superfamily that encompasses many proteins.

The following are the family demarcations and descriptors:

a. Anticodon-binding domain (50250)
barrel, closed; n=35, S=10

b. RecG "wedge" domain (69259)

c. DNA helicase RuvA subunit, N-terminal domain (50259)
barrel, closed; n=5, S=10

d. Single strand DNA-binding domain, SSB (50263)
barrel, closed: n=5, S=10

e. Myf domain (50277)

f. Cold shock DNA-binding domain-like (50282)
barrel, closed; n=5, S=8

g. Hypothetical protein MTH1 (MT0001), insert domain (74955)
h. DNA ligase/mRNA capping enzyme, domain 2 (50307)
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The descriptions from SCOP relate to OB-fold domai ns

from proteins whose 3 di nensi onal structures have been
waledoensasped either by X-ray crystall ography orP@IVRZ2007/000125

Addi tional OB-fold protein domains identified in the

dat abase Pfam based on sequence simlarity and in the

dat abase Superfam |y based on sequence profiles

derived from SCOP and then applied 5 to the mgjor

sequence data are enconpassed within the present

I nvent.i Pikge FBNArHsding ploenB0315) (Hnconpasses

bara@kdb;seh%m5 Q=B Ol e nAOBIsNGr U APV b P gt RS BB hoSKfirbin delular
PBpart. As descri bed below, in Pfamm there are nany

fam lies which together represent OB-fold donains.

The annDNaY teplicdtion asitidtor (Aol /cdESEYIN -Yermaak dorhfin (89332)

Annot ati on Pfam accessi on nunber Total nunber of

pr ot eknRNA polymsrasa pibupit RBRBHEORflam dat abase tRI VA
dupdiwtitiort sofdBinfs erdlemurepesit of tawviintobiptade OF-fdblvaiorms Asivekbirwel,; n=S3,
S=hinber: PF01336 Nunber of proteins: 13 51 Telo bind

20 Tel onere-bi ndi ng protein al pha subunit, central

Jonfmorganisqyeephosnhaiasa(§8324)PF02765 Nunber of pr ot ei ns:

33 _SSB 25 Single-strand binding protein famly

Aot &wsganic muepiwsphapsedugeis ingwbe fangty iprtbis éumfamalysThls family

has av%iu:% lln%ga%{}gf %%ﬂ&%ﬁo&?%&é&{% i g%%ﬁ)i eulé‘f}:o%fs.s' on
. Phglorgensighado MEgePe O [ osee co-ro

1. Inorganic pyrophosphatase (50326)
eukaryotic enzyme has additional secondary structures at both N- and C-termini

a. Baker's yeast (Saccharomyces cerevisiae) (50327)
b. Archaeon Sulfolobus acidocaldarius (50328)
c. Escherichia coli (50329)
d. Thermus thermophilus (50330)
8. MOP-like (50331)

In the MOP-like grouping, there are three families, all with similar functionality and all
from bacteria.

a. Molybdate/tungstate binding protein MOP (50332)

b. BiMOP, duplicated molybdate-binding domain (50335)
duplication: tandem repeat of two OB-fold domains with swapped C-terminal strands

c. ABC-transporter additional domain (50338)
probably stems out from the biMOP domain

9. CheW-like (50341)

This is represented in a single family with two structures from Thermotoga maritima,
CheW and CheA.

ii. Sequence databases Pfam and Superfamily
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Nunber of proteins: 190 Stap _Strp_toxin 27 WO
2007/ 139397 PCT/ Nz2007/ 000125
w®r@phydseroccal / St rept ococcal toxin, 013-fol d POIEEZZN07/000125
Accessi on nunber: PF01123 Nunber of proteins: 180 5
el F-5a Eukaryotic initiation factor 5A hypusine,
DNA- bi nding OB fold Accession nunber: PF01287 Nunber
of proteins: 104 10 G5 OB (p5 N-term nal OB domain
Accessi on nunber: PF06714 Nunmber of proteins: 6 15
h¢ d&@briptishs @Bnf SCOP eaamitd) OBARECddnieth A6 Brdteink Wawde 3-n

the art” and | ater iden_tic;i,ed can be used as a

dimensiopglfsfryptyres hayn kgsh AecHpard Fithsr by X1y crysednsrpy FiMRo

'Add1t1oéﬁ:§39%ref§18 g%@@rdoﬁﬁmg fiaemReEEd inSde abagggﬁg?% gl§ sddd@ce similarity

or screeni ng for altere .
and in thé datatrise Biysarfapslydasedaint seqeetcs profites damvedffeomn $EOP andithen applied

OB-fol d binding face for, randon zati.on of am.no ok .
o the g0 Si5aEt Fte0 £A PR Ao SRR i af gt fvention
encomp#Bdk hiditloil BF-pidldaednd lamwnaathdse of $kilepathedrtbased on

the structure of any 013-fold donain, including those

escri be erej known in the art or_later

At PeSaclon: Brbgen B ety Aot v Bioh oty s rarssent Qyfold
domainB eTHY BRGE6h Ras &dio@y: net hods descri bed herein and

known in the art. For exanple, for any given 013-fold

_domain, nucleic acid encoding one or nore am no acid

Familypg@edues, such as for exanple, amino acid residues 25
Amotafign t he strands of an external binding face and/ or
Pfam aggepsien @EnkPrr esi due in the strands of a loop and/or
Total numbercfeoteins asthisfamily in the Rém ¢irasons of the protein

contai ning the 013-fold domain, can be targeted for
tRNA_ami no acid residue random zation (that is, random
OB-foldutidtic atiddfindifedamimo aci d resi due(s) via nucleic
AccessidandmbediPF0tE6 ons). I n sone exanples, anmino acid
Number 85ptedss: i®51st rands of the external binding face of

an 013-fold domain are targeted for am no acid residue
Telo b33 random zation. | n other exanples, particular

Telom&tbiRitng 3 5tei difHabubilft, Odmdral @hifaifOmai n can be
Accession number: PF02765
Number of proteins: 33

SSB

Single-strand binding protein family
Accession number: PF00436
Number of proteins: 415

DUF388

Domain unknown function (DUF388)
Accession number: PF04076
Number of proteins: 49

DNA_ligase_aden

NAD-dependent DNA ligase OB-fold domain
Accession number: PF03120

Number of proteins: 190

Stap_Strp_toxin
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targeted for am no acid residue random zation. For
exanple, one or nultiple amno acid residues present
WO poorha93gt r ands of the binding face of an 013-PCI/NZ2007/000125

domai n can be targeted for random zation. The binding

face for 013-fold domains includes the C-term nal half

of beta 28 WD 2007/ 139397 PCT/ NZ2007/ 000125 strand 1,

beta-strand 2, beta-strand 3, the Ctermnal half of

beta-strand 4 and beta-strand 5. See Figures 1A-1C
StaphyfoebcdabSeeRo@ecal toxig OB-fisld dexainpl e, the ami no acid
AccessioRSiushides PRo11d»e | oops between the beta-strands of the

Numbés OF Brofdind: @8¢l domai n maybe targeted for random
nmutations. In another exanple, where there are major

elF-5q¢1 Nsertions in the |loop regions flanking the 013-fold

Eukaryofb Shi 58! etors A ﬁ;éélxsm‘e,hltﬁxﬁlt\%&ﬁg OB Ry °P hosphat ases)

AccessBI 35 R0 557 du on ese I nserted | oops may be
sel random zati on. The present invention also

el.ect ed
Nmnbeéﬁgg{%%%%sségﬂrmdifi ed 013-fol d donains havi ng
rtions, that is amno acid residues, of the core
Gp5_ di.fied to g,roduce changes in stability to the
Gp5 Nifergipal /OB fomaipr oquction of modified OB-fol d domains
Accessypgrgibers BI04 hods 10 In illustrative enbodi nents
Numbeg@é proteieti herein in the exanpl es, two thernophilic
013-fold protein domains, translation initiation

fAdt obthe OB-objN (8 deserntebd thirpira Spewn il the Rvand iaterhidantified can be
usd B 55 b B BB R M o B AP B o
fold doshexima thst,catd Ye nesddonicsdenihg doi dtiered GistinesHacicasistichs dnb@ltered
.binding face of the OB-fold protein. Both of these
functiqgal fe@lPi%s- are from the hyperthermophilic chrenarchaeon,
- Pyrobacul um 15 aerophilum Libraries were generated

synt h@%ﬁﬁ}l{ batg sk prngzd@,ng@wa%ﬁ& H8g W th

speci fi amno-aci d positions in the binding face of
the OB-fol d domai n bei ng randoni sed, followed by gene
s swidiiled Qi3ifeld dPOGRIN dnidior atibrsy efemedified OBdfofbdondies can be

rates, of .,over expressi hei.r .encode ot e and
preparfeliS3a 81 R SERGURIERRY OB Bl4 dodFit, SSRGS Bios iRl hefiliE known
in the dicatlatst ﬂbhte%ddf] Qlileriariss cﬁﬁﬂ@i@iﬁéﬂ OBsfoM%rﬂairgrclajé }z&g piepared based on
eponstrate erein that the aspRS 013-fo onai i
metho%acgg@%_eéyreghﬁldg@oye 1@&@§}tay@ae%1% é@r@@ywe&@l@ﬁgd domain,
nucleicS4bid élfc%di‘ﬁ% oRB B8R oredintih & &M teslduby, 38dreR 19 ex BRI bifho acid residues
013-fol d domai ns, based on the aspRS scaffold as

in the Wandy ofipacextranad binding fadreandfon apinesicidyssidupindpastertdapin loop
e ; . . . I, .
andlor AL et fer RUBREpGLER RATBHRAE Cork Bl FRIGB Bt Romain, can
be targeiap ddyl anind adid nabidug ramlodhifatien ¢hdt is wagbrametatiomef thel bmgo acid
.. L RNA otei.n a cellulpose ligands. In one . .
resicud(PLIIE Gl aRaaiere. B oomesSaa0 R AR BSd Fiipyg strnds of
the extbidhESiadih ete BEEVOBO oR] ATEHiIA hedarEled Rlrdmdso A9 RisTiue

which inits natural state was a nucl eic_acid binding
randomgjggtipnn In aihgr eXpawispniartienlar §EpeiWSs Wathimgthe OB-fold domain can be

targeted for amino acid residue randomization. For example, one or multiple amino acid
residues present in the strands of the binding face of an OB-fold domain can be targeted for

randomization. The binding face for OB-fold domains includes the C-terminal half of beta-
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As wi Il be understood by one of skill in the art,
various nethods known in the art for preparing
woeriswati ons of nucleic acid can be used to PCENARE®7/000125

(encode) OB-fold domains having 29 WO 2007/139397

PCT/ NZ2007/ 000125 nodification in one or nore am no

acid residues. Nucleic acids encoding OB-fold domai ns

may be obtained using standard nmethods in the art,

such as chem cal synthesis, reconbinant nethods
strand &ytsbt @ﬂﬁ@b&ﬁbaﬂdtrégfd@,‘rﬂbi Gbl(tj@glﬁxébahalﬁ ﬂﬁb‘eﬁzﬁﬁranﬁlrﬂdnfd ibetaariagld 5. See
. of i rest may _be ace nder the control of one or
Flgufeﬁ%éé%ﬁ%é FRésTPRCen &2 &f@%ﬁfﬁ%ﬁl@x the AR AsHdassifless 1 {bglepps between
the betRfrhdds bk &le BRSOB 6! donfdin May BE tafeYedGbr AAGSM Gltdtn&r B another

avai |l able to propagate OB-fold domains, and displays '
examplep whergdhete are nkajevipsartions e thed eoramgiote S ankingettie BP&-@ildcore domain

: . : e "t ol i
e Y PGSR el TR S BRTLALE IR TRDS:
selectel ifod thaddntimatipha Ghe giesq@it inpventha@cilsr érmbm@asse mydifigyé @8tfold domains
. display, ribosone display,.and nRNA display. i. . -

navingGie B hekls O Sel 1B QIS FECHRBIOBeELs PiYbrabapeps in stabilty
to the 6fe@ENi Ng of large libraries of expressed proteins

using an immobilised ligand to characterize or

di scover . new i nteractions_ between individual £roteins

dhd t Heodustignet mpdifpd OBriold drgaging spdstisplayimethods

characteristic of display technologies is the ability

118 i1V EentBbRi R &lsBishdaicRth BIGHE SNAHIPRANGENRPhilic OB-fold
W th the genetic informati on encodi ng them
protein dpapaisy franslation injtiption fagipra§F-5 AdATE) e Bs asmelyhi&AbA nthetase,
aspRS g@iﬁfg,r@%é QMich %dtﬁ%ﬁ%pe iﬁﬁ&'&da&& U5 t8daRe ﬁﬁrafigkeof modified
creéned protern. is 1s generally achi eved by
OB-foldi doplazngsi ygrapdanisingsmono midtesidnes indigmteindisg dave of the OB-fold

ot 5Pl R b BRSSPl

aeropHilng. Aliganieswert Qeddigtbd sphtlidicallyl i lyng fsgonrtcladtides Rathisyerific
. to . these in vivo,syftens t he whol e process can al so
amino ged pasifipRsn dherbinding face 8f e PRs{rld derarinheimg grdlomessd) iofowed by
gene abseRBHAE PSR! Bibrfes WERNOstEN £ hitVrateh Bf $R8SGr&&8R B fBir encoded
_vitro-generated transcripts are translated™in cell
proteingend agimeatesrvere mapT alpoRttedragt elof solubhpandiheat swablgpnoteitisencoded
[ t.] ] - [ .50l at i

by e R AL 00 8 05 SSRGS SR 9 cant
displayRi agé seletq@l @ythd befate 9 pplrage o Differesi lipnariee pf mddidicd OB-fold domains,

rotei on_the surface of, filanmentous bacteriophages.
based {1 GGt S G euBr e Tein e SXBRS "COTRHGRIHY aEmblected fo
phage HBFIAN hUR IS & ddmeRsikits BlaEmbBifee WHfol@QorhTheEAMe P6duced that are
Normal |y the protein library to be screened is

capable ehbiadias ip different spbplssesipelnding dRYAnprofqin andyelplospligands. In one
. . . t . t.erj rti .

s B IR £0 0 DGR ORIPRR 02 LEARPORPR
domaimg vdgeh ipatstatika stateh asct meteiodcidbiotiegidamain, mdiysdeyme is

demon@f@9€ |1 brary allows very

As will be understood by one of skill in the art, various methods known in the art for

preparing modifications of nucleic acid can be used to prepare (encode) OB-fold domains having
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efficient library anplification (Giffith et al.,
1994). A typical phage display protocol involves 30 WD
wQe@7n3B9897 PCT/ NZ2007/ 000125 the producti onPGf/Npkiageoo12s

particles in a bacterial host with each particle

di spl ayi ng the gene product of one nenber of the gene

library as a fusion with one type of its coat proteins

(glll or gVIIl proteins). A library of phage

particles is taken through a sel ection process for
modifidatiog iméhel @ ngdte amifvobid resiéubs! afugRic detilsefeddeng OB- fold domains may

i opanni ng') involv bi ndi n of t he phage Ii ry
be Obt%aﬂlﬁ@gts@p ¢ methagy i risiehas dhsmieshreicibnesegant methods
and/or maig@d ﬁaﬁdm@lbgfcm%m%s hawdc R bE fﬁke%ést la?%eﬁo a)ée@ﬁiﬂ‘éf e
rounds of panning are necessary to select nolecules
control\gif phe QItmo@@éqm@@ nsessary tfetrtheir pxngessiondn eiyrpprticular host cell. A
variety gﬁg %ﬁé %?%%a%%%l%{t%gﬁoﬁéég%@ﬁ ?fg@ (]d E‘ha&rﬂ&:@%ﬁ%ﬁ&s %lletlli]o%%tare
known ik thusirtraaﬂ ideribabheteinelt sagibs ckalkie Gﬂlsbhilyezhcrmﬁed OBeold domains on

their sufSE D RBlaN Bt s e G LR ABat e Grla, Bty (play, yeast

d1sp1aydh§<5§oﬁ1\é<ﬁs@>¢a YeaphReisS@kRyy. The Bacterial display and
Yeast dlsplay technologles al | ow expressi on of

r.econbi.nant ggr oteins on the surface of yeast cells S

der ev@ﬂﬁ@”{l 8e¢Y and Wttr up, 1997) or bacteria (E.

CO|I, St aphyl ococcus carnosus) (Daugherty et a

Stay ks 1%l the sc38@g @FJarBe libftiedofx Ffésieﬂ%r&ems using
gil ut I nin yeast adhesion receptor or a bacteri al

an mmwg ispd Heandrta skarpiterizsion discavey nevwe peraetions betweasingiyadual proteins
and theaecﬁ%'e{eﬁ%ﬁgqﬁfg?] %nIQ)?t H{gtgfl;t%{r’% Qg?r%tﬁl%tlg QR gggl'%E cH r(?l@%l%seﬁ Ql?esablhty to
couple ehepretsiis bring scriobmed (pl}dnotype)r\ylth Ge rgbmamdnﬁmrmtthnrm::mchn:g them

(genotipe} 30 &SPy e RRp 1B Bl b into iR Do S b atek Sy B eyswien

the scrébﬁbdl POt THE is geﬁferilb&chﬁ%c%}ﬁﬁlﬁlﬁﬁylﬂ@p@felﬁsh& pooteid fgments on
finities of the interactions (Fel dhaus et al

the surfp@? pkbiglogical eptities, ezgeglggge YeRY o g%cttg}ae gncb@m@lgg@g the r%phca’uon
system? SPhE %?éaﬁﬁnﬁt)b%ﬁrﬁmf}‘ RRNILIRK AL dn AYBinaR! B has hrij%VQEJ]S%ms the

display 20 te I ques are a correct post-translational

whole pnod¢s icamals@be caprietes i vigroand sicbl t@nhngloetes palledaibiosgme display or
mRNApc[l%)pl%; géth elccars]%s%g i 1tpo gé?l I%Pelﬂ]ec%%génﬁgegag B%?stia%d ﬁkem&ts and
RT-PCRi is phegiyto Rlnlphﬁ_,oﬂ’fe géheﬂp llrffglmaam!dn ﬂﬁé%hdhgemldayecﬁated isolation of

technolo i es tha abl sel ection and evolution
mRNAo‘qusﬁ?lﬁ ?}F’&CQFW qXnglil fﬁ@gp 4°vitro. The only

bi ol ogi cal conponent required is a bacterial 25 cell

extrael th@hagalig@dyns the factors required for the

transl atl on of in vitro-generated transcripts encoding

it BRGNP ol T BB BB Hiferiophages
is calle@%’ﬂﬁk@&@ﬁlay %ﬁﬂ% r?va* D EorRhofl® SseNSGHhifolio (FENhte molecular
1nteract10nsols\1(c)>g§ally the protem library to be screened is expressed as a fusion with the gene III
protein product at one end of the bacteriophage particle or as a fusion with the gVIII protein on
the surface of the phage particle. Infection of bacteria with such a phage library allows very

efficient library amplification (Griffith et al., 1994). A typical phage display protocol involves
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WO 2007/ 139397 PCT/ NZ2007/ 000125 encoded protein,
that are used for selection (Hanes and Pl uckt hun,
wad®7)1393The nRNA di spl ay nethod enpl oys pur onpCI/NZ20®7/000125

link mMRNA to the translated protein and thus all ows
purification of an nmRNA-protein conjugate containing
genot ype and phenotype information. After selection,
the isolated nRNAs or nRNA conjugates are anplified by
RT- PCR and can be transcribed and 5 translated for

the praduotidresf ;ﬂnagmphrﬁcﬁlessial admttenal hokf vpitly sael panid]leRlisptasiiiphe gene

LTINS MUTRCIETT VMG CH R LU S

VIII paotdid).ex g bifphlaB&pdrticldts tAkeh Yhir Biftdin
¢ FK% (11]2997 Bflélg}{ |ot§ﬁ%hrﬁjl 15: 55301%1’l elééﬁgﬁgl%é%%ﬁa . gloan

unmol(lggeéggrgemlecg}l@('l@@]pﬁap@}ng') zryoln@gbm@mg Q‘ thefphageslibragy to gte target,

i OB Bl o ST B Sty

roundqu:»anmipg asglec®sarPliaisdlech mmleAu],es W2 @) dedPedcharacteristics involving

o SRR R 50 B O B e S

111ustre[tﬁzb f&ﬁﬂsdﬁ’feﬁtsdil@(ds@diﬁﬁelhﬁn fHRIEx@pI¥R) 15 552}91 7y by ELthdAslare used to

d;&o (1997% Nat Bi otechnol Fel dhaus
dlsPlamn ff‘&rlm 1@ld dspginéchnol . 21:163-70; Griffiths,

AD, et al. (1994) EMBO Journal 13, 3245-3260; Hanes

J, Pl ugkt hushchyrial di ind PRSI 15 13;
94(10) :4937-42; L1 %rgi%ek D, R (2004) J.

I mmunol Oglﬁ l\/bth 290 51-67; and Wernerus H, et al.
( Desactonsprlisiay ppch ¥ eavt diselay sphncdegigyaligwppmssion pf recombinant

protenPsCHnEiﬁé hittact @f Pakef105. SEHARN (Pgdép%lg& Wl@(gﬁ)g %@97‘% %*' g?céena (E. coli,

donmai ns The |1 gands of naturally occurri
Staphylenpssussamosusy(Nargberty atred, Pra8dWetteows cfl., J00B) @vd fsionfwith the a-

e T T e

targets for screening against libraries of nodified
OTI8: dxptedsed drsiomprotuictaipasatan gséqueycesfallonimgoquaatification of the

libraryI Srﬁlgflaéjedéxrﬁ%ﬁgglg {)}z] @é%%e&%ﬁ&o%ﬁ%%%ﬁmt @Etoﬂuorescent leﬁoehng of the
ligandcantibiag) ya@él&ﬁgeﬂlov@cbﬂ 066 € BRFALS fluaBsteRQHRERREd cdll sorting) and the
Nuc] elg a%ﬂfl A | .arge nunper of 013-fold domains are
thei %%

determggiigno ARG 6f BF fjpractions AR DRALa AR5, Pmerus et o,
2003). Rf% fedtfRS %f &5 %&%?es&zbﬁ sfs'té'lzg{h%t RAEAR Qaﬁa%sme'b%ér? %sg%ay

donai ns of cogene RCA2, severa domal ns
techniguesare ar@meptdmst-@mstatmrd |rmpd1ﬁcat1dn,u3h®eaaIng addoldiry ofcihangmalian

TR AT .

Accordingly, single st randed DNA and t RNA can be used
as | i gand Ribosgyeteslifptay amd meRNA migplaybr ari es of nodi fi ed
OB-fol d domai ns.

Ribosome display and mRNA display are technologies that enable the selection and
evolution of large protein libraries in vitro. The only biological component required is a bacterial
cell extract that contains the factors required for the translation of in vitro-generated transcripts
encoding the protein sequences. In ribosome display, genotype and phenotype are linked

together through ribosomal complexes, consisting of messenger RNA (mRNA), ribosome, and
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ii. Protein targets A variety of proteins can be used
for screening libraries of nodified OB-fold domains,

wG 280089395 enzynes, regul atory proteins, protePCT/aazdo7/000125
pepti de hornones, transport proteins, etc. In an
illustrative enbodi nent disclosed herein, |ysozyne is
used as a protein target. O her targets include, but
are not limted to, ubiquitin, conplenment conponent
C4, plasm nogen precursor, apolipoprotein A1,

encode® bﬁlﬁé@ dtHét%@é’s%& £8¢l selle B Ha8Es arld PRk BIO7H ’IQfé‘i‘nKNAlﬂi@play

P conponent. 10 ijii. Qi osacchari de targets

method@mrg@ﬁ@wmqlm@shlm @BNMOM fézgxslate (Pavteiniand thye aBpw B‘g}ﬁcatlon
h s€
ot 2 e S5 SRR o ARSRRSGH 48 Al AR it vactin

the isolated ndjIeAs maﬁm\laﬁmbnjugyttee p@rmlqﬂﬁied ba R TeRCR sedl casbe transcribed and

w55 et SERSE S RELBET 5R. o] Beper e

method nﬂ:lﬁ&rthé ﬁﬂ’l'owmg%ht 8¢ BPWRRh ﬁ@%ereﬁb&ﬂlhc@fao@tbﬂ b RBfeidRes in thelr
and ot her such | ecul es can be used to screen

entirety: s Egang iV iGeiprioh 41 A nBioRetRSloht P35 (IS IR 6t a1 (2003)
Nat Blﬁé{dhﬂsm? 1659h. &R AT fa1dQeBi) el f’ounﬂltié 03215 3260; Hanes |,

rnmone or other cofact or aS a nat ura
lucktkamﬁtq:t@h(ww) A4S Daynl 394 EQi40371449; :mdﬂﬂpwka waktamsé (2004)

t L,.bodi e s d n
. Immglil %ad%\?i@ eZT9'0§E£@ ; g\Per?%sslgﬁq faglt(%fogb)g i I;]rogﬁ\}fi & %Yo(f
69(9):532885/may prove better at raising the speC|f|C|ty of
bi nding for a particular honnone. v. Small organic

o e h s e vl RoobeaLr o fgp HEE06H v

Blotecﬁﬂwrl 5e3Qut; Féﬁﬁgls‘iﬁj HNR0EH maaBﬁmedaﬁolugp U6 R30; I @i ffiHsS AD, et al.
OB-fold donmains. The smal |l 25 or%anlc nol ecul e may

(1994) Moﬂavruﬂaﬁ §245c#A00; Harps ol laglihen Ao K197 PRt May
13 o R I Pbs 05 hapnde e b ARED, 200 31,60 and iemerus
H, et alo(2948) Apphﬂm@uhéfhmbi%é%%)%a&éﬁed with a living

system (such as the steroid hornones; see above) or

8 [ I
'Iﬁ%’l Sg)%f%l ) Etjs %(%Josjtcyelemﬁ‘g?'wgl fferdQ%‘%'g{lfl gtgignﬁlg g? ot her
undeslrable substances, such as DDT or

Pidheytighhdsraf mamlmiﬂykdcphﬁng( 08- (orRDBbrsé)ins @erdiviersor ghnproduction of

libraﬁegﬁlgﬁgéggeatqu iﬁ’lg %le jglgteé‘grrl 6[@ 3 IV%I'SI Ly %feposs&gfe t?rlggtts ‘;(Pﬁl%gld
domaidsV Pofpfihll tedkis MCf&ﬁln@gélﬂdt tibehoisBbMsodified OB-fold domains
encompass a variety of molecules, including, for example, but not limited to, nucleic acids,

proteins, peptides, polypeptides, carbohydrates, oligosaccharides, and hormones.
1. Nucleic acids

A large number of OB-fold domains are involved in binding to single stranded DNA and
RNA. These include the single stranded DNA binding domains of the oncogene BRCAZ2, several

domains from human replication protein A and the anticodon binding domain of Aspartyl- and
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As described herein, the OB-fold domain is a versatile
nmol ecul ar recognition platform A variety of OB-fold
waloraiss9ar e known in the art, disclosed herei PCT/aA2D07/000125
have been identified in SCOP and ot her databases such
as Pfain and Superfamly. Such OB-fold domains can be
used in 10 nethods for preparing nodified OB-fold
domains as well as libraries of nodified OB-fold
domai ns whi ch can be screened agai nst targets, such
Lysyl—ﬁB\IAB fs}ﬁﬁ}(ljama'p |A&coﬂdl1%!ly3 ismgbts'trdlijeg NA ghdll EQNA e PPRRE as ligand
ar bohydr at es, and ol .i g C ri des. Such screening
targets {3 EFGUING B piss ag@edlﬁsg @eﬁ? gQmaips i fi ed OB-f ol d
domains with desired properties. For exanple, a human
OB- f olid dommitginGagetsbe used as a scaffold for the
production of libraries of nodified OB-fold donains
for the 15 sc¢reening agai nst hunman targets that night .
Ha V& 1ety pl Pretsinssan PR ufﬁé%ﬁwwémg potaries of mpdifigd OB old domains,
’ - f . in .
S e p o Bl A SRt Fotcing - In
an illugpBtiy o¢mbeiimantriscldsad hereighlystvawe ispgstias apradein tasget. Other targets
. i r .f.er.nen {.on |ications. |n yet
inlud 04 E IO RN bl o ARG APt lpecursor
apolipatseidina’s-1a pksiah badtehsé Qi intibieor piadihgtetia and ferlinlabaidie - of
nqgified OB-fold domains with new enzynatic
CompORTperti es. 20 The potential applications for nodified
OB-fold domains fall into three broad categories:
di agnast i c OlgagrRbhaidetdiggtapeut i c application; and
tools. Modified OB-fold donains can be used in a w de

range o | ecul ar. bi o] ogy. toal.s and_ .jncluyde, for )

Ritrelheres Dy Brnpurtghin the il PO #bguties. ¢ fffosaccaride
substra®dsfstié sy fR @k hrhpie At 2Bt 18hitdd 181 1@MDMrihEXRENRinhBStaose and

reconbi nant sources or natural sources such ‘as serum
xylopepigose f8R b ppad asdengelis, OB 25 fol d domains with specific

binding affinity for a protein of choice will be

I Mobil i sedipRoR&ads and then used to affinity purify

the target protein. Qher applications include the use

in protein detection for Western blotting; protein .

dérmenesoich as, def rppicethe steraid horaangs eBogel, teststeringsand cortisol;

. r i i .
e UEE g RO S8 SR s RRA) G s
libraric@ ©0 VB 308 8am @G/ Cl2a 0y 0D6 k2te evaleace thaitthdOBi-fedl damain has a
.these contexts.is the tailoring.of, the ability of :
sterol RS o Pt BB PEnilo Mo 5 elfpSeaty dicficul
to raisehglilplspecifih@itivosteat erbids b £lcEHRBRI Hifiding BeB, sasch 45188 ©B-fold
.obtal nable from Pyrobacul um aeri gphil um my be nore

) .Qp. n my !
domaipbipdigg farg mayRowRstishaliraising shepesifitity ofhinding foxaiparticular
hormohe€adents. 5 Di agnostic applications for nodified

OB-fol d domai ns include, for exanple: protein
detection in fluids such as serum culture

super fat ant®allpsganiomnolepilent ed wat er; genot ypi ng

(many OB-fold proteins are single stranded DNA bi ndi ng

AR RirBni@ RIS BBt £ REarieMSleeRE with a molecular weight equal to
or less than about 1000 daltons) can also be used as targets for OB-fold domains. The small

organic molecule may be a naturally occurring molecule, or a synthetic molecule not found in
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to detect specific DNA or RNA notifs, for use in

met hods such as genotyping); and in snmall nolecule
waeleaeass3on agents. 10 G ven that reconbi nant aPCT/N@2Ii0&800125

and their fragnents currently represent a | arge nunber

of all biological proteins undergoing clinical trials

for diagnosis and therapy, alternatives to antibody

libraries such as libraries of nodified OB-fold

domai ns have potential as therapeutic agents. Current

nature €XaRlrAl5; &burkiag embil begahicanslefideinas bavis6élatia wethlad Aekpes)stem
the market pl ace are the oncol ogy therapeutics

(such asdhesterpidhormpnes; 9 RDOVE) PT BEY §ocurpbinticatly ( Rumallergagipmolecules
mcludeA'%i m@@gﬁ1r111§edac8tﬁo@ﬁ%ts cﬁ‘%@wﬁﬁﬁ&h‘r&l%&t%&g:su@ﬂ hd EB‘Tyor

Humani ze braries of nodified OB-f nal ns
polychbvélnpbé bépheulyl$ (R ahi Srhelbgraaii¢ inpleghles inchude feit axgarot lnfmtedjto

mmgsgﬁﬁ%&%u%gﬁkg ;%%%ﬁsﬁéndl gnaﬁﬁé&%f istics that can

use era |c ar MPLES 20
Exanple 1: Materials and Met hods Chem cal s and
HdiVo c heApptiedton Sfar@Byfodd doimgmsucl| eot i des were purchased
fron1|nvitrogen and al | Iong random zed

F‘%x 50! efi %}elgg?lg/ rég ge lélfd’omil iLis 1|r\s/a tg]tte Inl?’] i(-f‘cugaﬁ reCH%mp@ggl)atform A

Vanety\/hffr(B ffs10 dotbivis bteQ@e1vn (11C&fe|astbaldclo§d8ﬁ)srelr§|aﬁdl l‘mleaiekr&idleﬂtﬁied in

scor AESBIALETE, S 45,200, T LL gmpe Sl ST A REDC e i

metho&*l@gﬁrepéffﬁ% MBGENOBUSRM k3R 4 Vibi)as B 8icl bORLMNed Q)B fold

Ral conj ac (31, 3(2 Streptavidin coated nagnetic beads
domaingehirh eanchetserepngd Feminsttarastsi Hich s, foiaremplepmicteie heids, geoteins,

homo%?%@ﬁrg%% (%§ %g&% ci}ll:'j.ﬁcééég (asr%%?n z%%&%%eﬂlods cap be be used to identify

modifi&i Giafol Bilwbdimywal debited prt@émes Rivk ewarsplipy zehmnﬁdOBsfbrdgiomam can

[ t f |on
be useq B aias Ion R brasietion R pf FigBited VR R B T (i
screenfiptab §i6 & hhibhla® SR d1e HAf AN hivera Fpﬁ@h@ﬁ th madnmﬁérgpmss flhQRbther
Schl ei cher & Schuyel |l = (Dasse and t he

example, p ye3sh PB-fgkdedpmygan can hrapssd @an(affyldff%%ﬁ prosiugtéon efidikyaries of
modlﬁ@l @Fqﬁo‘ﬂf g 1ff§tha§¥1fgﬁf3ﬁewé ?}glﬁﬁﬁ&l il b?&@(ﬁmo?ngg loy F&geﬂﬁtlon

trans orne I nt I"gur es om PDB files ) us
applicBians shngabafioties ﬁxamde Rynrmkyrpatic P+fold demaimceh de glecdwta)scaffold for

The. P ntr used f structural

the progliipt Bl ot Biinid O MR HRRES 1 oe P BRI Bropetcs
honol ogues | b8a (35) | eov 10 (36), lcoa (37) were
UBechotential applications for modified OB-fold domains fall into three broad categories:

diagnostic reagents; therapeutic application; and tools.

Modified OB-fold domains can be used in a wide range of molecular biology tools and
include, for example, use as protein purification reagents for affinity purification of proteins
from either recombinant sources or natural sources such as serum. In such applications, OB-
fold domains with specific binding affinity for a protein of choice will be immobilised on beads
and then used to affinity purify the target protein. Other applications include the use in protein
detection for Western blotting; protein detection using flourescent-labeled OB-fold domains; and

protection agents for single stranded DNA and RNA. A central advantage of OB-fold domains
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The structural nodel of aspRS-OB was obtained from

Swi ssMbdel (38-40) by submtting the amno acid
waegaasse’ of aspRS- OB from Pyrobacul ui n aer ophPCT/NZ2007/000125

Al'ignments were done wusing Clustal W(version 1.8)

online via the EBlI service website

(<www. ebi . ac. uk/ services/>). 15 d oni ng General

cl oning was carried out according to Sanmbrook and

Russel |l (41). The wld type genes for aspRS-OB

over adtdsiet IMNAcse\ohidLl asiBie tailorih Pyf Mb abillitidabs fPRIfled DB-Mld domain
ases 1-327, amnpo _ acids_1-109, NCBI ~access nunber
to mat gqgeg,

NP
engn o1 pampisptheTRosiklg OBrfold dostinsy ighhas those obtainable
from PRRIBARIN i Wb B hnNBaPBORER offPARAS ' ' ekt
om Py 139)'1"%’@%{%’%\}& od by DERT oﬁ%@%é@%‘ﬁﬁ@%ﬂ% on
reagenis\M2 genoni ¢ DNA (NC 003364, (42)) using
ol i gonucl eoti des 005 and 006 for aspRS-OB and 011 and
. . A- ' ot j r .St .
i A s T L
detectimeneflddgesh eslsanirhcuBaredupanataits,cirtl camdminagdtvenderi pdnotyping

(many Rt it e ek el LAY Rginiad o Bn it s dsptoped

to detetthPedfip BB RIRAGn TS, FoPdsdRittthod 8 aRRIs SBhot@sing); and in small
anplified by the PCR using the 25 oligonucleotide pair

molecye dotedion 88Ateli gest ed using Ncol and Notl. pJARAL40 was
al so digested wth the same enzynes and

tSREPERNRENhRhAH aRfiboAestafd tedatdofintskBfrefHAEH @M farge number
sel ected nutant genes were anplified using Vvector

of all biglegir4lipcotping wedesgaangiclinipabiriadsofor dipgnasisriod thesaryoplternatives to

o RS FSSRIGDI A RERST R  BlBosc

agentsalChowg eparoples of lexqnigssit entitaslieaa wWhikh laive tamched the marketplace are the

| yt at hi,one: S-tr.ansfe T). .30 36 2007/ 139397
oncolofieieRipaH Fisvrsels AtHRR?, o Rifa fthiRgs) ARy arpo
antibod$h indAktestin4ti- VESFUS B0 dy0 High2iied tibaids Bf A6difidd OB-fold domains

preparations of all constructs derived from pProEXx

may beprgparest framarhichgpgrific gpes wp be ddentifed hayingappegsriate iading

characfBbticé@hdt ¥en fiddFlse ¥R thelt &g%écu% afh@ni ng of “all pRPSP2
constructs and ftor al age produced wth VCS-ML3 5

hel per phage. E. coli K561 transfornmed with pJARA131
and pJARAL 12 (resulted in E. coli K1762, (44)) was
used for preparation of VCS-ML3d3 hel per phage for
mul tival ent display. E cahial@tedl (DE3) (Novagen)
was used for large scale protelin production and
purification. Gene |ibraries construction 10

Li braries were con&remedd Myeniale arpiletiodovn of

(A g SRARIEACY" 107 ° 0] S ea pos tions.

A pidsedOBi ggendedtidagwemntpsirchased from Invitrogen and all long randomized
oligonucleotides were from MWG (Martinsried, Germany). Pfx and fag polymerase and all
restriction enzymes were from Invitrogen (Carlsbad, USA). Shrimp alkaline phosphatase (SAP)
and T4 ligase were from Roche (Basel, Switzerland). The phagemid vector pRPSP2 and phage
VCS-M13 and VCSM-13d3 (Vd3) were from Dr. J. Rakonjac (31,32). Streptavidin coated

magnetic beads and Protector® RNase inhibitor were from Roche, as was hen egg lysozyme.
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carrying incorporated nutati ons were generated by PCR

and then assenbled into full-length genes. Long
w@bkdiogoseigt eot i des which introduce random zed pPGT/NZ2103/000125

are listed in Table 1. In a first PCR step, gene

fragments were generated using correspondi ng flanking

prinmers and 15 incorporating the oligonucleotides

random zed at sel ected positions (30 cycles, 94C for 1

mn, 52.5Cfor 30 sec, 68C or 1 mn). In a second

BovinsS$e@iin AlREnide RAs ﬁbﬂﬁﬂgﬁb SBi6Bh 108 SeMEBrgtN A a9 peepafet uking the
Ien%th gene by an ove%xten& on PCR ( 251R1ﬁuf\l es
MEGAgariptinyitre tanseripgon kit & pndESA) apgtherbitinRINA dgbeling gix
from R%@%UMH&EHQ%%EIHQh%&rfggwgterﬂ@ﬁal?ﬁi %%ﬁ%cmé cher & Schuell
ctrophotonmetry to be greater”t ecu es
(Dasset, @eemmyl) et Hizet substeite asediwag Soper§ippal® SfI‘OIIlB.PlﬁICalfﬁgd)l n the
foll owi ng steps. 20 Assenbl ed products were anplified
by PCR (30 cycles, 94C for 1 min, 52.5C for 30 sec,
@B&infopmadesm n) using vector specific priners 005/ 006

or 011/012 for asp §§ZCB and | g%%CB respectivel f)l/
dityest S anwerrgaayzsherdrappogesd iptafisuees g AR files (33) using
Swiss- gdﬂ%@«f/éreaid ‘?’fym%is %g@%l s%ﬁfc@ﬁﬁgce nddP Wh@%ﬂ‘&{tﬁ/ 165x8¥34)Q¥as used for

loning intod see Pllasm ds contai ni'n
structuggl MYSISI crfeIFvﬁA dFortaprié’S @@rPé)BaﬁleagémeSé@mOima? 1tsg (Wpr keov
f nto E. coli XL1 -Blue and grown overni ght
(36), 1% a@ g%”@géin LB-agar plates conplenmented with
drpistridthiiahmO8€l of hsRS-OBI \azg;mbmmed frR@ERSwissMopelr(8 Mﬁpbjy dmjomitting

N D I T
using @ﬂ%ﬁﬂw evettfora] & Portine RieRha WBY kdri/ea WeBdte((2Rway i 86. uk@&(ﬁcesb)
for 1 mn, 52.5 C for 30 sec, 68C for 1 mn) using
d| agnostl c prinmers for pProEx-Htb or pRPSP2
gtlvely. Pf x polyneri se was used for all
pr eparati ve PCR reactions whereas taq pol ynerase was
USendral cloni3g WADC200T b1B3B8SAinRET ShziBOOK A0OB LRSI (41). The wild type

N Rl o R

amino E&lgyre 89, MCBINgbc &3 nuidber KR 558983 )Rd PF 34 OBEF-GA iﬁtbrﬁt@rdb&culum
in librarjies 5 For _each |ib ra% tra

sf
aeropln/afs NPuSHIOOR) st 2B A0 e ioet ) NG U BIRLifsg bARGR from

P. ae@hng}neznz\%p &Bhﬁémﬁg @«@ b@é@%@l (Iagﬁ ;@ﬁlgwngglgﬁreeh@&toos Rnd 686 for

oS RSATE M SEoLIEB0 B lsom et T hetito e bppendix |
All PC%Q%‘O&E tfgf Weréﬁ@re%smg '\xleye% % ges‘i’%dd%%ﬂ;% %9(%% oflil %ﬁ(ﬁ] ll%atcai into

pProEXI-SHtlﬂ gp]?!lroEXY-Mﬂb prodnapyhe potehi gal Natdrmmpat H[Basagged fdsRiﬁC@rotem For

cloning S pHGAOP AtHe IR RLEM B 1B o FripLlig iy e Pk g the

oli gonﬁcﬁédtiﬂ@ phif B50/0pDardMid skl d"fﬁ%Nd@Wd Botl. FRRAMONKSl alsodfigbsted

anal yzed by SDS pol yacryl am de (I:1 el ectrophoresis
with thesmpge prvgmes %d/sieﬂb@sgl@arlgtp@m@réy 1gtigs) &'ox sybgloging, selecysd mutant

genes !f/gljg%ln?) 1!ﬁgc? {?Hﬁé g&ttér%ﬁémﬁg‘ ﬁﬁim&g an@REE R Mol Fefdt %ONRZZl
and subsequently into pDEST 15, both part of the GATEWAY?® cloning system (Invitrogen).

pDEST15 allows protein expression as a fusion to glutathione-S-transferase (GST).
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i brary construction. Each random zed codon is defined
by NNKi N=A/T/GC, K= T/Gor MN M ACfor the
w@nio7as8938e codons. Al so see Figures 3A and 3B. PGBNE07/000125
2007/ 139397 PCT/ NZ2007/000125 Table 1 OB fold oligo
DNA sequences 5 to 3' location in OB length in bp
aspRS 051 GIT GCC GGT TGG GTA NNK NNK TTG beta strand
1+2 78 NNK GAC NNK GGG NNK NNK AAG NNK  GTG NNK GTG
NNK GAT AGG GAG GGG GCGC GCG 052 ATC GGG GGT TTT TCC
ESh i LB beta strand 3 57 MIN GAC MNN CAC MNN CGC
CTC CCT ATC 953 ATT GIT GAG GCC AGT AAA NN

GCC CCC K

NIROL K& strgin Xi8-blugk> KRS esed fesrtoningsng plasmpdpsparafipnsgf all
co R A N R R S TN T Rrvative
TG1 weq 9sedAaNiGiaDEETHIRINDANKIKHETU NS fordlbphage produ@dsaith VCS-M13

TGA/L _BA. TT T .

helper Qe s o RACL R B B ARARE SRR A R st 4 o
K1762/048))Awés selidptepadiiof0 AV TCEIMINB Kelger pidge NdINnUlAValbiNNisplay.

, 24375 T N GTC GCG. MNN.GTC M\N TAG ..
E.coli W@ﬁ%ﬁ%‘f@@@ Wseﬁo’@‘se Aﬁf’% PrPsil li’rﬁ‘-f“é%%oé?@‘ll\l E“Fél%ﬁé@-

GIT TCA GGA GAT NNK NNK Loop 1/2 42 2RL GBC CGCG GTA
ATT CAG CTA I F-5A 075 CTC TCC GIT TCA GGA GAT NNK NNK
L@@ [ibrariegzonstruction

Libraries were constructed by incorporation of mutagenic oligonucleotides containing the

.codon NNK (N=A,C,G or T, K=T or G) in selected positions. AspRS-OB gene fragments

carrying incorporated mutations were generated by PCR and then assembled into full-length
genes. Long oligonucleotides which introduce randomized positions are listed in Table 1. Ina
first PCR step, gene fragments were generated using corresponding flanking primers and
incorporating the oligonucleotides randomized at selected positions (30 cycles, 94°C for 1 min,
52.5°C for 30 sec, 68°C or 1 min). In a second step, the gene fragments were assembled into a
full length gene by an overlap-extension PCR (25 cycles, 94°C for 1 min, 52.5 °C for 30 sec,
68°C for 1 min). The amount of assembled product was calculated by spectrophotometry to be
greater than 10'! molecules to ensure that a diversity of 10° is maintained in the following steps.
Assembled products were amplified by PCR (30 cycles, 94°C for 1 min, 52.5°C for 30 sec, 68°C
or 1 min) using vector specific primers 005/006 or 011/012 for aspRS-OB and IF5A-OB
respectively, digested and ligated into pProEx-Htb. For phage libraries of aspRS-OB primers
050/044 were used for cloning into pRPSP2 (see below). Plasmids containing either the wild
type gene or assembled libraries were transformed into E. coli XL1-Blue and grown overnight at
37 °C on LB-agar plates complemented with ampicillin (50 pg/ml). Diagnostic PCR was
performed by picking individual colonies and growing them in 50 ul LB/Amp for several hours.
1 ul of this culture was used to do a 10 ul PCR amplification (25 cylces, 94°C for 1 min, 52.5 °C
for 30 sec, 68°C for 1 min) using diagnostic primers for pProEx-Htb or pRPSP2 respectively.

Pfx polymerase was used for all preparative PCR reactions whereas fag polymerase was used for
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2RL+2 AGC AAC GBC GCG GTA ATT Resuspended cells were
| ysed by freeze-thaw and addition of |ysozyne (0.5
worgoori1398y7 and, after sedi nentation of i nsol ubP@&r/Nz2007/000125
material, the soluble fraction was al so anal yzed by
SDS 5 PAGE. A small-scale purification step was
conducted by binding soluble proteins using 5 gl Ni-
NTA resin (Q agen, Germany). Ni-NTA beads were washed
with TBS and bound proteins were identified using
diagno$HoP I Factidns @hBi M whﬁmeﬁﬁﬂllﬁﬁlgaﬂéiaﬂsbkhbl&ls&% d@fbrbébh\@Blfold gene
type OB-fold domai ns, aspRS-OB, |F5A-OB and the
is Sho“mlﬁrﬁ%esﬂfsmtﬁ A2 and aspRS- OB/ | 3nRL were expressed
and purified in mlligramquantities. 25m overnight
39 WD 2007/139397 PCT/ NZ2007/ 000125 cultures of E
CdlerexiessioBprafilas mf pReiny¢BObrds F) were used to
i noculate 500 m "of LB-anp nedium Cultures were
diooeathdibr8y, t@ﬂ‘sbn@éﬂsﬁ&t@iaﬁveampﬂated@umexgab@coﬂtahumg IEE'—@np) and

singleclipigy BB gickd Ssbinesin Sar g in 00, L Lpciiur G 98! 4L in a6

deep- w’éﬁglate Wh ey 2200 @namchnl Bipeslidey Tis@mbaater OThe &Btufeglvcére
t.ei ns derlved fromlIF-5A were 5 treated in a _heat

dﬂutedévty@edlm. OB 1 Fiosh lsampngrawaderoniupiBer SSomi pciifiergimdpeed using 1
mM 15@?2%% @Jggﬁgé[a% P?rah@srl@@(IP’P@)' for Q'Tn@it 35"0 CBhéteﬂ?eﬂ QLR Wre collected

| e centrifuged at 16,000 rpmin a
by ceniSrgatip, rgssﬁmdpcbmw Hl dris-Smifered sahnﬁr (TpBﬁr 50 ngdtlirisrHCl hH 7.5,

150 ml%lﬁgflg V(“fa%a rPgSBgi)glg\%cergyausl\HA%'ﬂ ?eglﬁénca?ﬁgq)& E 15%

polyackydenife) fItmbmelchs agistiof lamg d)l[godﬂd@dtﬂlegﬁsbdlfafﬁspRSRhB buid EGA-OB

PN WL RN S Y

MNN: D ART Edhd a@;t@er%@@@dtﬂlspﬁléofsbéi 3at4@ 3By size
excl usi on using a Superdexo 200 col unm (Amershan).

Phage |ibrary preparati on General procedures for
wor ki ng wi th phage were perfornmed according to Barbas
et al. 15 (45). To prepare stocks of phage
aspRS-OB-pll1-Vvd3 for selection, -6 x 109 E. coli TGl
cells harbouring aspRS-OB i n pJARA140 were used to

i noculate 200 M, 2 x YT-anp (50 g.im"). This
culture was grown for 1 hour with shaking at 37 C and
infected with approximately 1 x 1012 units Vd3 hel per
phage for 30 min at 37 C without shaking. The cells
were then washed and grown for another 4 hrs in 2 Xx
YT-anp. Phage were then concentrated fromthe culture
20 supernatant by pol yethyl ene glycol (PEG

preci pitation, resuspended in TBS and stored at 4 C.
The phage titre was determned as 3.0 x 1011 TDP.m "1.
For cloning of aspRS-OB gene libraries into pRPSP2 the
ol i gonucl eoti de pair 050/ 044
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was used for

PCR-anplification of the assenbl ed gene
library. PCR product was digested by Ncol
woe@atswn’ was performed by using approxi mat el ypADNagpoahH00125

and Not | .

Ncol / Not | -di gested 25 phage vector pRPSP2 and insert,

in a nol ar

tran

ratio of 1:5inalmn

Transformati on of the 50 u

sfornants. Transformed cells

Hi
I el uate was

el ectrocoi npetent E. coli
yi el ding approxi mately 1 x

were cultur

reaction foll owed by
purification on spin colums (Roche or Q agen,
Gennany) .
performed into 10 x 50 ul
TablePel s by el ectroporation

| den,

TGl

lengtl?_‘

013“°°“‘1 Oligh  SQmA semdhces oy one hour at 3floetionEOf e 2
addition of 400 nl LB/Ainp and growihg for anothef""P
aspRS hques130 |atTTIFCACCCEANsE 6FA WaYke NNEKENG | ptastnid gt e | A
| i|gat i or] NakdGAE AN G GANKIA e AME ANy by plating a
49 WO ZCWﬁl@@éWGW ﬁﬁ‘?(ﬁ?ﬁ 6661?2%3 di | uti on sefies
O I DII A A7 Iﬂl I ATl Cll l"ies
:‘Ngr orrﬁ;{;%ﬁ% g\ag&:%b %&%ﬁg Be‘f‘ E‘fﬁ\dg L||7es
rera dchﬂ@ he nunber of correct ipserts
WaSoFEAHEUGTT ORG BA@RONGS WAG ROR NNK | 136y &3 dual 48
cal oni es.NNKENRGEYETGAFAG ABETTCSCAEf the correct silze
was 89%iland t he nunber of colonies calculated to(be 9
IF-5A X (1008 r €STATAGQTCACGATGTEKSNTAGKNNA SKidhatrinddiX f en @nt
9m  clijones cATENNAGCEAECKNNAAGKIGYKISIATER | si ze. Once the
cul ture rWEG%WTgAG}M the cuI1

ure was therE
Nnf 11 \/C< N1

t n, an ggggeKCT%% eA :ﬁaﬁfrﬂw

ns

Kananyci n

lLnp
B 530 t hodt
1 hour.

AT CAGHNALCPTEATET @d RRKOATA

QUNK NNE GEISNEK @A oxenacghic at 37C. Bacte
igrenees- and phage precipitated overni ght

UbddOstrBld 1CUT T U

omsas@m Cﬁ@ CIGG 28C g&w@@@mn

DbatSitrgngd)3 and

4 ligation, diss

AR
in 5 m F’g "f“iTI P’e‘&GC?ﬁ? {;rhG%rﬁgchlters and ysed
faor Nnan 1A a4
IF_SAIUI7 i'te'd_BP\V‘\LaIL 2
Gen ?atlo&@gc 59 |q,{~A‘L3 Qjﬂ asp- tRNA Was “carried out
2RL by|in vigtro transcﬁ pt?on using the |15 MEGAscript kit
IF-5A (ANPs 0N, | YA CAATITG BGGRIGAT RN NabeLbddg2m X ( Raahe,
2RL+2 SW t zer | jada) AAC GOC & T, AiTot | n- 16- UTP. The DNA
tenpl atel was made on the basis of expression-PCRI(41)

by PCR assenbly of synthetic oligonucleotides

RE

H%"c”i1

region at_ the 3
PAGEp Ao?%“eicalz@ugﬁ??}t\?msgﬁpéﬁ‘?éGP

[ | r I
NTA rgsgl(sf gg],g%én @@rrﬁatélggt ﬁgyﬁ%s%e-ggs (vél%)wasﬂ—éﬂ with €BH!2h& G0l FBteins were
identifetl iaing ISDSeIli’A@E

erin

o' fhogedty

end foIIo

ch was precipitate

AN R Lo IR b

and, aﬁdﬁr @é&ﬁ&%&&n dlimeliblogetyial ﬂﬁlsumbregratch@ Wis ﬂﬁcomlﬁbd by SDS-

d@%}g{i o?@}l%m%rlxs using 5 ul Ni-

by

resuspended |n RNase- free H20 and

used as the tenplate for transcription w thout further

cloning (41).

In vitro

Protein expression and purification

Wild type OB-fold domains, aspRS-OB, IFSA-OB and the mutants IFSA-OB/A2 and

aspRS-OB/13mRL were expressed and purified in milligram quantities. 25 ml overnight
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transcription was carried out follow ng the

manuf acturer's nmanual (Anbion) and yiel ded -5 ug
whr@viseghat ed asp-tRNA froma 25 ul reaction. PSI/NZ2007/000125

Sel ection of aspRS-OB libraries Biotinylated asp-tRNA

was used as a target in the selection fromthe

libraries "RL' and “13nRL', and hen egg | ysozyne

(Roche, Switzerland) was used for selection from'1l

3mRL'"  only. 41 WD 2007/139397 PCT/ NZ2007/ 000125 For

cultures 6f EC3oliXL DBLIRNAL B {I0)lgahEY wasPnseRNAns&date 500 ml of LB-amp
. ilised by binding to streptayvidin coated
mediu CHASH BT ETHER AL | LS Dipe P diA AP ES o ¢ e
Bacterﬁ!t%ré’l:olfé@t%d-ﬁ Q:g)rﬁlgfuggtl&/ﬁnd-@fﬁg&‘lt -anec] %Hsb@&%‘iies‘ﬁ’bﬂeﬂdé&g 25 ml
iotiny @(EtRNA or 30m n at

TBS +é§|ml‘dt1mmzaln dnd bsely somigatipm v@Btfp}dgoro@ma dsnwelrfeorm&ﬁédvere

treatedgn & n‘gﬁ% 5 f@ﬁ(ﬂf %?olq;e{ S&%r r 2?,6%&{1 gpfég Qg nﬁﬂh ﬁ%ﬂa%rg\g ! ﬂrge

portiotRBE. Tol) pheildSA.yséd te&k u&rmhﬁﬁgw ath 6)988@11 irf @Soﬂvﬁllﬁ? SS 34 rotor

o5 B, BESBE SR 3B A LG
Pharm &35 SkReed) N GUBRh &b nMhk RokurGw4sH ke hd Zusiy itﬁ)mcﬂi’@l% %ra%hent

fron1bOV|ne ancr ease, Roche% for 30mn at 37 Cto

Puﬂﬁeé peein wandiahysed againssinRNdlR Tael leafg“éns -BCLPBE 4 5 phdgeM NaCl,
conce eH'aﬁ Médeto%%g&n? %uﬁﬁceﬁl?r esh b$ éié %&ﬁél {1151 ?Sﬁﬁe?@ex(@ 200

r it ection o

uﬂmnﬂtﬁmpmmmﬁctlon for the next round of panning. Cultures
were left for 20 mn at 37 C w thout agitation,
i ncubated for one hour with shaking before addition of

aPTRIgE libkdrP pRepBragonWwn  over ni ght. Overnight cultures
were use o i hnocul ate 500 m prewarmed LB/ Anp
g prog

& fphvekingowitRkpes DisTgpRed 6‘??01‘661118 OvRabas et al.
(45). f&&eﬁﬁgaoazscz%ﬂygeeasms Jom- gﬁh 1¢/dB ffa%leulaf arsx 10° E. coli TG1 cells

preparation outlined above. After rounds of panning
harbourlna aschﬁj@B i pbhRA 14Rewereased goze@bulalﬁwtbnl 2el ¥Ewampr(50pe.ml™).

i oSS CAPAID BRI DR 1

10" unity W8 GEBep phade Gfoﬂ?ci)anml afRY °@twitho@t ﬂxﬁldn@l ?h&k@ﬂs wtekdithert washed
% B PBS 1 age from

and erigE e DHRE [T-ER Repep e e Consetp o ghe culure

supernhtat3obrbiilydne 21 o B(PHG) Tec\ﬁiliahoﬂ@@ulsﬁenﬁ@d ﬁlaltBS)ﬁhﬁrﬂ&ed at 4 °C.

occasi onal ‘i nversion. hing was performed quickly

The phage Hirewandaiermynegl agddhi HYy Epé’pél with PBS-T 0.1% BSA
WPl it 0Vl B8 SSA ay ERR G os0on

was uthbfmdPCRphlaglﬁ"lmﬁ'meoﬁhel assdmbled igaraliatiiyo i CRoprodii:t miam digiestd by
tion bugfer

2 0.2M gl yci.n- H2. .
Neol o Bl fkalton Fpetunes hiaa g falits WP PE aiventpvgg-igescd
phage G&¥H pRPSMD Tihd Erséifin B hhoParQatidbull: £ ¢h PN ag eeaction followed by

purification on spin columns (Roche or Qiagen, Hilden, Germany). Transformation of the 50 ul
eluate was performed into 10 x 50 ul electrocompetent E.coli TG1 cells by electroporation
yielding approximately 1 x 10® transformants. Transformed cells were cultured in 100 ml SOC
medium for one hour at 37 °C, before addition of 400 ml LB/Amp and growing for another hour

at 37 °C. Samples were taken to estimate the ligation and transformation efficiency by plating a
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were counted and used to infect a fresh 3 mM TA for
TDP anplification and subsequent rounds of panning.
w@orassIyr om h and TDP producti on were carri eRCDNE2G0M/000125
the same way as descri bed 25 above for panning on
asp-tRNA. After 6 rounds of selection and
anplification clones were picked and anal yzed.
Western bl ot for phage display protein detection A
phage sanpl e of aspRS-OB was concentrated by PEG
dilutiop§e@iek bh LBYAlﬁﬁ ab# plates 2ha baly2ag Hdivided] aldesidr Lorfnidesdze by
Wt h | oadi ng buffer ( tai ned SDS and BME),
diagnogjis; § @ﬁlen@wsifear@ww picked g DDl e gorrect imserts was

measure 8:}:1/0%9%% t@pﬂ’%}% %F i &@éllgﬁ%egﬁknbe%it 1?1 rttsro@ﬂ&fc%frect size

onto a nitroce ose menbrane (Protran, | ei cher
was 89%¢mléh¢ punsar wé nylpniss pREIORL tplblel9 £ U |rgﬁmliprgon eidivenaty of ~8x10

it SHO) PRl SR BT 0.4
culturesm Qmaﬁﬁectaﬂ withogyrox{viurely Sk0tt PhiavCoaci %hel@ﬂ@ﬂ@ﬁ:)(Stratagene)

Vi sual i sati on was perforned using Su er Si gna
left for@QEminag3 e C \51t]%qq‘t agl on, )thenphggj@ 1 § kgur %g@@nﬂlp was added to a

final cﬁ‘fégrﬁtaltlgg Bk §0 iﬂ\%/{n? lcr?l‘t:“i.{rg Qﬁdﬁg ﬁ&l?ur %L g (ﬁ) ﬁ—)%;l-ﬁ %t 9} PN8H cteria

A plates

were s&bﬁﬂh@nté@a{dqﬂlagd: pﬂ&c@ltat@d Hi'erﬁlgﬂt @gg’d a)f&ﬁ&ﬁéiﬁ%vm@ 111@ Q?EG&@DO
RNaseA or 1% BSA in PBS at 4C gvernig

(Sigmargahés e NaCh Phags Weieaeheedipy T HERH, mq%ved%é RliﬂrFé%S filtered

througf?U%%ﬁte&%ﬂ%&d@o%&ﬁﬂgﬂ TBS) for one hour at RT before
hage (109 ctu/we derived from VCS- ML3d3) were

added in 2.5%skimm | k-TBS-T. Plates were incubated
\/69”%1?1“% hou bzotza;}é;l%ﬁw% aegtltatl on. Afte_r 10 vva_shes

nti proteln VIII diluted in
hbeetatiog obbibfie fabelas ageiReA &gl cartied bﬁtl:@dn fvidfo ttankeriyttioRBsing the

I\/IEGng%} e ?c(&g%&s&gg H}eége ?%ﬁ%]l 1{1;' %36)2 rSSWI{ZGIq d51

contanh 6919]1 ghuis. Nph(INBItE@DIateRvasPhadie boh ee Méfsfo@ Exp¥Bds®on-PCR (41) by
ed to the wells and 1 ncubated for 1 h at Wl ls

PCR aqpemblyiad syt qhgn@scleqnd@swom@&ﬁhd 780p asp-HIb4 eng fom P,
. | 1
R IO TBEED BRI 05 S AoEP
(Inv1tragdn)3mch1dﬂng t]né ”ﬂ7 pmnaddireglm atdhe 2%nd folRwed My RES0et aptithal promoter
t .49 E |
iy SRR NPl RSB AP PRTy 478, Skl

assemB1eEproBud® bPLF lﬁAB whidB§Rs phRivihes bﬁ@ﬂﬁn@lﬁ@ﬁ’ed@fds hdedti® RNase-
coat plates. After bl OCkI bl ocki n

buf ,
free Fythansisab pethe framlete &y %ﬁ%@%ﬁ% éBodpythe C%y@%;{ﬁ Dindr yitro
transc@foh BdYarki€ 8R! Awl\ﬁ bihod rvsalﬁaﬂﬂﬁf’ ¢ SABoHPAISeIded ~5 ug

t1-nmouse secondary  anti y followmng the procedure
biotinydeg st aspHBN Aafsome. 25 ul reaction.

Selection of aspRS-OB libraries

Biotinylated asp-tRNA was used as a target in the selection from the libraries ‘RL’ and
‘13mRL’, and hen egg lysozyme (Roche, Switzerland) was used for selection from ‘13mRL’
only.
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25 Monocl onal phage preparations For phage bi nding

experinments nonocl onal phage sanples were prepared as
worioritssbent display using a gill deletion vaPCENEZ27/000125

VCS- ML3d3 (Vd3) (Rakonjac et al, 1999) as hel per

phage. For the m cropanning prescreen nonoval ent phage

were used derived fromw VCS-ML3. Hel per phage

VCS- ML3 and Vd3 stocks were prepared from single

pl aques follow ng general 30 protocols (Barbas 1] et

F!)r se@%ﬁ IWRNQ& bREnsee Rt-BNA Rk indaobiMbet MVASinding W stRPtavidin
on 3 WD 2007/ 139397 PCT/ NZ2007/ 000125

coated Er@magnet(q e ( 1@@@6@%\7«1@? Stashad twicervigh %Q@ml &BSph BB §11%
Tween)(aglalﬁcu%ﬁtgd %@w ;1% b glﬁte)i ag%‘-%\IAuﬁ)gg I:Io\%’ch 8 1faﬁbﬁ‘ and

e as S arrp es we
occasmhdahmum Eﬁ@@s fverre v@@hedﬁ timtowih IPBSQT béfp@g@lbaﬁmmfmﬂ teurs with

it of off G s Wity RE o BGPRA AP R PO hEY RS MichepgfibBs T
for the ﬁ%’i FRBAQNPireh @R?asﬂ@f fo¥ Bk st ei@he pGh@itoluids 1 Bddérvere
B/ Amp_ t o QD600 0.4 and infected vvlth 1012 pfu \Vd3

washed& moesines it and ipgybptedyithe} g (p Fpits WESLRRNp ffompovine
T
particlés aneestuntedibg hhcterds naafd«‘;teﬁl st disécher mifiéction ef Sad of atﬁlﬂﬁa”f@ti
culture b BIOgRE RO S o RAREITH o BTGB b Fin 1 37 °C
w1thou9%9t£a98r9 ligeubdted RA8nd fléur%ﬂhaéhal}mé Qe@f@acﬁﬁldﬁ'o? Hl?ﬁ:ﬂﬁn and grown

DPs were resuspen ed in PBS and used

overmghhaoygm&ht cul/tums weomaedm]mgecmtn 00! psepeartheehB&ABp Helper
eshid n
phage RGN HhY T8 plsAtIAToRADEL A8 sfhe BRGHRRCUSE Y Bllaec iprary
prepara%ﬂ@ﬁ ﬁm’dinﬁ@ hwfgggﬂ?ﬂe rdunds oﬂ;jpannmg éndividunal ag-démd; teneanelyzed.
ashi on, on rocedure.ca ut was .
FE SHIFtiaR 0 17 Rt TIGFIRG TP I o5 e LR PE CpRigh with
2.5 ml g‘é ?Jnll@sqmﬁgﬁ\(ﬁ)ugﬁhl?iﬂ YRt RS PHITINGVerii@Rt 4910 thnt Blocked with

ptavi din coated paranmagnetic beads and TDP sanpl es
4 ml 19%BSA apPBS & 1(1t @R ES Bhagelfeom likdrel 3R wisest 4ddad rep x 10'" cfu in

o TR L S A0 00 BB i
was peﬁ@n@Tng%}ljé wggiﬂ:’ji' ;??S@G?I/_Xwi(@m@smtm ed 001% BFo(fyinthe first
round gf ssleaian oMy ekt W%@%ﬁé&?@gﬁé 734 P §feps i PBS. Bound

phage WERERHA! Wﬁcﬁ%¥19n E)rqmrﬂun 5&’!-1%12 4 Qﬁgbu’u@fﬂ Quffé‘rt(b bwm Ql%cfﬁﬂi@l pH2.2,
grown 1 n AlT'p | s were i nduce ition

bromplagno] Five) stnd uam‘eﬁlﬁ@ﬂy nw@rﬁh@thqsmgﬂeﬂulll Wrzaﬁwld%bplé\%) fEjpted phage
n I d d
were c%n?%@ ﬁiéi r}fa}e&ro gl%(t,t a3fge§8 3§?f ’#é%:ﬁg ’Ig)uffs %g]%lﬁ?%h&g an HCsubs]eq%ent rounds
of pamiﬁ@rr@hllﬁ&é]gbovaln dnd VBB qbrdlyac‘smnwctatcamd olinischadsing way as described
above ortpanmng on asp-tRNA. After 6 rounds of selection and amplification clones were

picked and analyzed.

Western blot for phage display protein detection
A phage sample of aspRS-OB was concentrated by PEG precipitation to 1 x 10'' TDP/ml
and 10 pl combined with gel loading buffer (contained SDS and BME), boiled and separated on
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was sedi nented and the soluble fraction was i ncubated
with 10 ul glutathion-linked sepharose beads
w@ 2ionassban) for 1 hr at 4 C. After two washi NnBCENER®7/000125
with TBS-T, beads were incubated wth 300 ul TBS-T
i ncluding 150 ul lysozyne (I nmghnl) and 0.1% BSA for 1
hr at 4 C. Wshing was perforned using different
buffers: TS (50 mM Tris-HCL pH7.5, 150mM NaCl), 30
TBS-T (20 mM Tris-HC1 pH7.5, 150nM NaCl, 0.1 %
a 10% TISeRGE gell BStertiaffel difioa fitrobellidde rden B 2@ offah 3B%eicher &

soe[ AGZA0T 000125, Moctl, este aere slspended i
pnmarg Btibod PQZW&I’ MtrSEeR) RAGEIR BliRked 8- mBL&NAhdARAHn¥BodBy

and | ysozyne was coupled to a CVb Biacore
(Amerﬁ@ﬁls%han@mlg» Svmderg)oy\ég;ahﬁatmﬁ Vegs deiprmedsing tSependignal
3 via the primary am ne groups of the protein.
(Piete JdSﬂ"g'econd of four flow cells available on the chip
was activated with 35 4L, at 5 L/mn, of a 1:1 mxture
g; EDC. (commercially avail able from Bi acore).
J%gg s coupled to the activated surface with

FHaEEEBINEeipefifhis Mse Rirfop@tdRAMalPe &fecked distek Fordihding to
adeguate r esponse was seen. Repaining 10 uncoupl ed
lysozymes Nastyypigupdl %ﬁalsﬂiéatéwvﬁrew@atéd Witk Sryaimt e q&gtlwoaﬁne 5 ug/ml

RNaseAangG/t B gﬂ iR fPBgtaIP gao L@E%hg J): Wasl%g @Jlt}flszsS 9@&% Were blocked

was organi ze d|Iu Ton serres of
with blodring bt fifert(d rekim nrbkgn ﬁ'BISDI §pra>he B ay MITi tefore phdge10° cfu /well

s B R B e T b b o

hours dt/RM With hgitatiandAeOT CiRkshes &ith 81,0NBolidermti- N1l PProtesth VIR dildked in
reference. The response curves were visualized and

blocking byetes wiagaddsrigd popbased foad o RBiPAwtes wgre wesheded timpsyith H.O
and hofs%%tﬁgég rﬁidagetag-?}nﬁne %ma[‘a@ﬁit &%&i‘%{ﬁ%ﬁx@goﬁﬂg? g’lerce) in

sybstrate

| bloclﬂr(ﬁyﬁfeawewddwétoeihe malls gnd iERdated dor2t h @RT.oMeklld wieed washed 4 times

mal NS can e us e
added p&’r@t&li MEhekdckion RAs sipgsediaiter bil fdiimby amddti@nadasail iz M H,SO, and

erties, erance of individual OB-fold domain
the ab k@ﬁ%ﬁ“%sre?%ﬁﬁfﬁﬁ%%ti ons across the proposed binding

ff%ﬁ; Pl B p‘hﬁg’éjdllfaﬁhﬁ@_dﬁ%n %aﬁ@ﬂi&u@ﬁ? lie] %crd ion protein) phage
Pyr obacul 'um aerophil um " a ﬁ)ert er no
e}

sampleg feerrapse disectiyTo coﬁmlafesw&ft ofking W.ntb:dologlﬂn&lnéfer phage were

oS e T SRS L 10008 SRS ot

antl-mcéubﬁ)sgcohdarfy ianiibddB-folbdving thetpeocedurcesdnidedPabaver ophi | um
genie (42). This database 25 uses a |library of al
proteins of known structure which have been cl ustered

|M@,Q;ckzlaﬂph§§@,e wpentam lies (SCOP: Structural
cl assification of, proteins) to devel op hidden Markov
98 ghage binding experiments monoclonal phage samples were prepared as multivalent

display using a glIII deletion variant of VCS-M13d3 (Vd3) (Rakonjac et al, 1999) as helper

with Hg%% % {195?1% ua{tel:’l 3% gg rﬁl}j\gl/lgl ngl}yzet ug ar&vggé} § @36‘% 20,) was

phage. For the micropanning prescreen monovalent phage were used derived from wtVCS-M13.
Helper phage VCS-M13 and Vd3 stocks were prepared from single plaques following general
protocols (Barbas III et al. 2001) with the exception that VCS-M13 was grown on TG1, Vd3 on
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whi ch are then used as profiles to search sequenced
genies for proteins likely to contain simlar folds.
wahdog/13sar ch yi el ded 14 hits representing protBCTNZ2007/000125

sequences containing potential OB-fold domains from
t he genone of P. aerophilum I M. 45 WO 2007/ 139397
PCT/ NZ2007/ 000125 Each of these sequences were
anal yzed to find OB-fold proteins which are spatially
separated from ot her donai ns and thus expected to be

E.coli KINEI0E@I5E fahsfosicdblieh pldsisids pIARRATHS cavt) @nd i A0A B2 @hpY) was
to a 3-dinensional nodel representing the superfamlgl

used agg hesp stgaimia spply pIH derdthaghassemblyh V3 sainplsswersrhgpted at 65°C for 20

. Qi t r . eck the reliability of the
min to @P% ﬁsﬁg%ﬁé@ﬁﬁ%b&%&g%@}ﬁt{?he 5 sequence. O these 14
skoprepere stocld of phégel dspRIS-Ocorc Vild er VES{(MER, ETabli G2 tranSommed

.. ,Of the ei.ght i dat.es bel onged t functi qoal
with thgeqisEponeife PSR Ao rBEerne: m o suith/ g to 15 = 0.4 and
infectel With AF1 0 vd3ag WSS MibB respBétfle A ARa 09 Inih BMbation at 37 °C without
synt hetases (aaRS). Two cCandi dates had no functi onal

agitatiem it cultinsrwasniecueted farlangthierf hovg with shakdimg dfanagnycin (50 ug/ml final
ti [ ' % - f ) (B .
cone A ALy BUOHELSr e L0 A0 0
phage ffrifieelrtey prelgpitativh @sing PEGYS&(| felboeing bugenrenitscobn@atbas i@ dr al.)
f.or expr.essi and sol ubilj ' E.. coli.. -fold
and s G HLAY 6ol DRE WEETAEDIIP RGPS i GRALY aTHRe. op)
~and fromthe translation initiation factor |IF-5A

(I F5A- CB% were initially chosen since they expressed
vidprocard! mesge bingég e iaeids oree-80dbl e.  An addi ti onal

AR g B BEE A Sy R B Bl s
were uRfdadisidatiagths dusi@vprofeimoim awhiltivalsn fishva caxydss ethemesieduresarried

out v iniR s B R RR G0 of SRR e Al e v
was bdgha t@épf(abmimoaxdd@a%@naﬁdh@dfﬁﬂ Emagamﬂéy\iv&e {applaaﬂew

a ||l nKer redglon, us satl sryling ou sel eclti on
ofu/tube)  AGET HOWDPHEN BROPLEE BondiHy "aEEetrastddiiaokigea and

eluted THPER ChEe actdri@MfdBoprotein centre and toward
the solvent. The OB fold of |IF-5A has a shear nunber
of S=8 and is thus, a 20 representative of one
subs¢l 3s f e OB-fold domains. The OB-fold domain
o?‘?%gﬁl-tda@ag%/ thetase (aspRS-0OB) was chosen as a
reptaasenicatd v lysofynideers amished o G ABAWEY GEDEST b for

r ot ej i.th the property, S=10. t hr.ee di i 0
expresSop g5 Lo daipn BSiRRs. [CBRTist wie san Pl ind gt BL2 LH5ES) and
culturdd\edré ke in b@ﬁmmmﬁgj etls Mefe BANIEADSad@itios b IAIGHRSfinal

in the PDB for aspRS proteins from other orcganlsrrs.

concerftiagign é nMohé geovirhier arofledr 4hrsat3RE U Fellvwerpsedmemed frespgpended

. E,.Coli {37 . Lgn f . OB-f ol :

30051 5P SRS Sl o 1,52 bt i

was selinnetaigne tisdwotubdiictioh evaObichibateld oithad nb glhevidomlinked sepharose
sequence jdenti t4y of . . .

beads (Amersham) for 1 hr at 4 °C. After two washing steps with TBS-T, beads were incubated

with 300 ul TBS-T including 150 ul lysozyme (1mg/ml) and 0.1% BSA for 1 hr at 4 °C.

Washing was performed using different buffers: TS (50 mM Tris-HCl pH7.5, 150mM NaCl),

TBS-T (20 mM Tris-HCl pH7.5, 150mM NaCl, 0.1% Tween20), TBS-T-500 (TBS-T, 500 mM
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30% Over their full lengths the aspRS proteins are
20% i dentical at the sequence level. The OB-fold lies
w@roorha9sbrterm nus and is clearly spatially separ/azzm7/000125

fromthe larger Gtermnal domain. The binding face

points away fromthe C-term nal domain toward the

solvent. While 30 the N-term nal OB-fold domain binds

to tRNA and constitutes the anticodon recognition

domai n, 46 WD 2007/139397 PCT/ NZ2007/ 000125 bi ndi ng
NaCl). Shedi eakiiipénded isgehloaying bR (@oiithia@@EDY 36) BMEhoiled and

C-term nal domain constitutes the enzymatic conponent
analyzedbyt HeS-BAGHRi n. Table 2 shows ei ght selected sequences

fromP. aerophilumwth predicted OB folds. NP

accessi on nunbers are given along with the predicted

Bigensandindieg gradpésed shear nunber. The 3-di nensi onal

A Gl Bt AONE RO S U R ot

acetate (bﬂfféﬁﬁ@)ﬂkds via!ithé pémutyQingne goapssfithe Ibmtdirhl ‘Bhecsasand dftieur flow

dari.es t he edlfflcult to
cells avgﬁ%ﬂ? p élwhtﬁ W %,cfwategr%ﬁégﬁgﬁt& /v 43! e of EDC:NHS
(comm@&[hﬂl%'a@&%lé\i?orﬁ m%fe SiFRz0he WBs SOGAA toRRELiGhE surface with
fold fold nunb égg translation initiation factor
succeswa BjRCINPEYE @em:)en 1@2 witil pp adeduateireonssi wasgesrp Remaining

wmcougt Bl isuss B AU Pap N R ed B0 BB fhanqjapige s

For andlysig {8 IME IR!SIAvas yrgahizedigen [RlEiI6HEVRBEs dﬁl}kﬁh}lcéaﬁratlons

beginnfig ) o P fdinaies S AR Sty Rk eThol R sdep sl

ahilpARH e Bl Rbte 36101 R @ MR 3 Yandidm ier; u ﬁ@tﬁ@ﬁiﬁ@ﬂow cellasa
o hyﬁ%t hetlpgal pr otelﬂr]l@g NP 559846)an29 kDar 1SO Each

referengf, e@é@ BRIV SOTEP HeUalEee amfﬂowe%gq&*éssmgrﬁléwalwwg &%ﬁﬁore)
Relativerbhddy ORRQLAUAIrblEyad Rera g&%ﬂaﬁ@&&é&% difinfline Rmax and kD
iTferent physiological contexts (see Figs. bA-5B fo
using Smoyu et Syatat §ofremesine). aspRS (Fig. 5A) and IF 5A
(Fig. 5B) fromdifferent species). Fig. 5C shows the
sequence ali gnrrent of aspRS-OB from P. aerophi ul um
P. koda % y 5,1 es
are md@%?’g% ﬁtﬂgﬁﬁiﬁw&ﬁe sec%ﬂgarﬁ Erlilj’hc'ture of
tTroest@i3- \ffhﬂthbrlQB If(ﬂdl domtiesicdndieowed fren acaffslelcfulemeraﬁhg«pmmins with

spemﬁ%g n:ae atgéza nda§1cl%50%§9}%§,’z l %)g%arfé/e%f 1ni 1V1H@al %Bgfolgci]omaln proteins

toward mutations across the proposed binding face was studied. Two OB-fold domains from

Pyrobaculum aerophilum, a hyperthermophilic crenarchaea (Tmax =104 °C, Top= 100 °C) were
selected. This choice was made following a database search using the Superfamily database
(versionl1.65 (46)) to find OB-fold proteins in the P. aerophilum genome (42). This database
uses a library of all proteins of known structure which have been clustered into 1294 SCOP
superfamilies (SCOP: Structural classification of proteins) to develop hidden Markov models
which are then used as profiles to search sequenced genomes for proteins likely to contain
similar folds. This search yielded 14 hits representing protein sequences containing potential

OB-fold domains from the genome of P. aerophilum IM2.
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The residues for randon zation of the two OB-fold

domai ns were chosen on the basis of their three
waoleewensd3ehal structures. The structure for | F-BEI/NZ2007/000125

avai l able. A structure for the OB 20 fold of aspRS

from P. aerophilum was generated by nodel ling using

Swi sswvbdel (38-40) and 47 WO 2007/ 139397

PCT/ NZ2007/ 000125 the avail able structures from E.

Coli (36,37) and Pyrococcus kodakaraensis (35) as

sEachaeff tiead sequem:pk wbmsanal@edthé‘mldi@ﬁﬁfcﬁlg pfaeias which A spatially

om0k ST S S ORI SSL UEe €1 EHOSEN e

also alﬁjg%@&td’léﬂaﬁﬁ&lsﬂjnﬁlﬁﬁé(wﬂ Irep‘ié&%fngﬁﬁém%ﬁanﬁl? 8t fo a¥ailable, homologous,
structures are slightly different. In particular, 'the

three dimensigpahirpteinsiruchucsy, H Shepleiha seligbilitronihe mﬁw@ld medwtmm from the
sanckfOD MAEERALSE SNBSS B o) B Dbugeafy

candidates beldegbdfto two fmdtonat alrssenof RNArtendifig ploteits: bamsldtion .1n1t1at10n

T SR N T

annotafioh afiiieert cRaifiod ay¥iofsaIBPothetical paekiE zat i on. Thi s
Y 5 ngflnun1nunber of 17 mutation sites and a 10
t hscPReipldompinsifeam fhechossp sequences weraslonssh Theslemgingdoundaries

were 1531‘1&1@@& from Rq@Se & Serin{MitsL Al BEAAGEr é)% d%%‘if)ﬂ b i ln Ea?olz

l'ibraries were constructed ressing part

OB- foldq(t)ntﬁnrscﬁ'qig tlfegagpal“tyh dﬁﬁémd@h@thgc (aspRS-OB gnddBom Ithdyransiagen
t d ei,th
1mt1at1\é§ g%%f&gﬁ ?AL A g)t}éyur %S mitgailyf r@eﬁlresglcg}heygg]areﬁseﬁ gzeﬂl ﬁmil Wsre

sombwhﬁﬂhwnaﬂdmnth cal cul at ed theoretlcal varlatlon of

[€)

=.5.1 1011 d 1= 2. x 1014 nts
ﬁ‘édd‘i“?‘{? pqyantpge ¢: éﬁg Prpteig, s, e ~yesiglj 1t oy eigh resolution

3- dlméh@ﬁ)hil sWREredif RS BRI A6 (34) Qrotrrh@hicﬁ @ﬁ’rf&%te%ﬁ@s@d residues could
strands 1 and 2 by random sing two introduced

be reliptdy phpsea for sendomdisaiopal big stiectyre REJF YN (Flgyr%%btsb%M$ fip domming
with tﬂ(j:g}?;-if?lgsc% ngt e iSO 8id %)\Qﬁzi}]lgﬁ gb&%’rﬂlﬂi&) 1"6%10 Tthus satlsfylng our

e resi hel'r ons
selectipmeritedB- Tl mropases bmshr@efeceR"ﬁg;tramts 183)in dlr@cte&ﬁxr@c&tmi It}& protein

e R b SR P A B 575V s

repres@ati ol 6hEehb-clds bf ASISTEBdb@bids.domai n, the (3-strands
wer e nuwgted |nd|V|duaIIy and in conblnatlon with

eHaPRle dompieot|agestR N Atswabetasst (aRds OB) #ig clpsemas 2 representatwe
of the (%91%{ fbel1ds 69@@@@&%&5& V&ﬁlﬁh fogelt%poﬁl@?’A e i AR

is, the naturally occurr fold domain
structurgofzaspiRy$ Iﬁymﬁmstmhzled i hegrasinijable Bowevea ﬂweesarbtanumbme)f structures

AL MR TN P I T ————
aspRS (fﬂ)ﬁeE T@lbl (8%). %S@Bknceﬁhgmh&ﬁfo@e OBald Sorbdif BRESP. krePopAHum
aspRS ané 1ts colquomo o£1e sgow that thsétorglqu %101%2313 %ax\fl\ée ar seeq&gl{cg ?(iteggty of
30%. Over their full lengths the aspRS proteins are 20% identical at the sequence level. The
OB-fold lies at the N-terminus and is clearly spatially separated from the larger C-terminal
domain. The binding face points away from the C-terminal domain toward the solvent. While

the N-terminal OB-fold domain binds to tRNA and constitutes the anticodon recognition domain,
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for random sation. This |oop (between strands I
was targeted for random sation to assess its
w@oiense3al to extend the random zed surface arPEI/NZR®reoo12s

are exanples of naturally occurring 30 OB-fold
proteins which show extended | oops in this region

whi ch suggests that this |oop mght 48 WO 2007/ 139397
PCT/ NZ2007/ 000125 be anenable to extension. In a
simlar approach used for aspRS-OB-fold donuins,

binding $ﬂé&1ﬁbhlﬁ58th%§ﬂmtyldﬂ1{ﬁ\fﬁe aﬁwodsxem),qﬁe QlLtraiihg) @8m@ﬁﬁ@n§fﬁ@ﬂe§the
wer e assenbl ed by PCR ned into an expression

cl
enzymar%@(ﬁpmpoa% OEstﬁrpé%t@éd Tebleg, Sh%w pightcelssied spaspess diom Pg
aerophilid? WA 9(?9@@ OB foftls! Wb gccBt & ﬁlﬁ’ﬁb%ré’\ﬁé gweﬁ laﬁ)%? QVﬂﬁrfﬂe redicted
anal yzepé inserts of correct siz Xpr ess s A
size an&lt@@mmgg@ shepr winaion, Th@ﬁ-dbmtnstoylalamuctu& 1ls|amilah1@ fonIF-SA The

o 53 B AT SOUPE E e
protein( 38 thiOcase, khébotndflied o9 tﬁe&lB—Zolanomaﬁl ake diffi€ulBto adamutellpdedict.
20 = 8.2 x 1016 13 4RL Loop 4/5 20 = 1.6 x 10 4
13miRL (31-3 + loop 4/5 20 = 1.3 x 102

Table 2 F5A- OB random zed theoret. size nunber of library
area of library mutations 9m (31-3 20 = 5.1 10 9

and 2)

17 Table 3B

Protein apngtatiogc@againingz 0 x 1/0NR numbepRL Logpize¢ bR OB)Pshean00 2
predicRRIOB-foldop 1/2 202 = 400 2 10 Tabl es f@4- 3B aj sumbéi )

WW‘E covering—{(3-strandsl1-3-
translatégpy fnitiation sactop, d2-aleha | (NP_PS0kidm ge:j %&?areg ®n (Loop

translatidn Wéition fdetani-&g f or a(NTRSé(QBS) Suf f i A0'kla i nd8cat es

subuniy; 5 iy case of aspRS-OB and loop 1/2 in caselof

translafigreiait@bpn facr Biddpl e 5 (NB_BSH5)) 'asserr‘dldr;kﬂal brpfi es

TR A Latty assen
aspart ext ensrbyﬁ %

DT SSE7E5)S TYIS 1B O

i ncor porla

fgap

asparaginyl-tRNA synthetase (NP_560397) 14 kDa 10
lysyl-tRNA sythetase (NP_559586) 18 kDa 10
conserved hypothetical protein (NP_560727) 11 kDa -
conserved hypothetical protein (NP_559846) 29 kDa -

Each of these OB-fold domains have homologues in all' kingdoms offering opportunities
for applications in a different physiological contexts (see Figs. 5A-5B for sequence alignments of
aspRS (Fig. 5A) and IF-5A (Fig. 5B) from different species). Fig. 5C shows the sequence
alignment of aspRS-OB from P. aerophiulum, P. kodakaraensis, and E. coli. Sequence identities
are indicated by asterisks. The secondary structure of the OB-fold is indicated below the
sequence: 1+loop between strands 4 and 5, loop 4/5.

Example 3: Choice of residues for randomization.
The residues for randomization of the two OB-fold domains were chosen on the basis of
their three dimensional structures. The structure for IF-5A is available. A structure for the OB
fold of aspRS from P. aerophilum was generated by modelling using SwissModel (38-40) and

47



10

15

20

25

30

synthetic oligonucleotides with degenerate codons at
the desired positions. First, gene fragnents covering
WO b@7MBwBhE gene and contai ni ng overl appi ng r egPCINZU®r/@00125
generated by ordinary PCR techniques. Randoni zed
fragnments were generated by incorporation of the
correspondi ng | ong 20 ol i gonucl eoti des contai ni ng
random zed codons. Fragnments were assenbl ed by PCR
usi ng equi nolar anounts of these gene fragnments in
the avadlabibistradtines frohi B quli (3683) doddamkbdegeilsi@d@emneens33)@s structural
007/ 139397 PCT/ NZ2007/ 000125 resulting in
1éﬁ'plification of the full |ength gene incorporating

tYethe BRRD ﬁ@@oﬂ%ﬁé’i’ OB-RBdontdins) Surfadk fefqﬁfs@c[‘?emdues were chosen from
conbi nati ons_of %ener ate ol i gonucl eoti des sever al

B-strands bdarSincs agpih® amdql & QBrield domeims eyeodisfeient dhiefuf awahets, their
d
s 8 Byt b 56 NERE ARSI Bl 3 s

with thé®@p HepBeenRBdse s&ﬁﬁis iRBf8erent3dn thelfise MZHQpRSME t]feﬂﬂ)op @t@f,een

N MR KT R FECTNE VU e g A

13 solx#éﬁﬁd: bS¥iSredifluds RRudt@DE f-8@inap 1 einaes &eh@&;ﬁb%é@f‘éﬂraﬂdsa@&d 5
e theoretical diversity, for the RL library is

were Clzfemn for remlonnzatiops &hisigivey gmagHnen nber oft 7 gawetierraies and a
th tai 022 , of which 94% had an
emﬁﬁ%ﬁg?£%ﬂﬁyggg?ec€%§?zepégékﬁhlng ina full coverage of
tTreeasskisy ﬁreé()l@;anoé totsweh mintatiamsy a s&thvd libtagios eeieg@hstructed addressing

RN R RN AT T -

randontizaisfher Qdfaf lll)ploSMdnb oﬁ $aét1§ﬁlisrle§? (dFlglﬁl‘é ) Eéjultng iin 8fo H}aries with
sequence cl ohes a esl MU te gquences

calonlafgig BTG eHl EArSHES ohath T3 B aR R4 TR Wby ETRRECtiYely.

Two erél[‘l’11§ﬁﬂ§se(4t)0 @Q@An%t éa@%’) wekd ge&Yﬁécﬁ‘J&gGQhQ’ ﬁ{esur)ﬁ?/béﬁﬁéen strands 1 and
est i mat ed 7 variants in

ary.
2 by rapgegpigingdwo ﬂlﬁroduF@Atﬂ@@m&eﬂe@ngemra@t@i2thmv by estiending the loop
ffere
using a ﬁﬁherqgfalres}&uegbﬂ%% ?isdé ??tag§§ﬂ.hg ge\égiug%g} e énd tﬁéu[‘ {%)catlons in the
OB- folgehmanﬁ(see Filgerenmntmbr ary, the loop 1/2 vvas ext ended
by 4 amno acids (Ser-Asn-Gy-Ala) to provide a
sufficient overlap of the random zed fragnments. For

t he snal | I|brarlegmﬁﬁmeanﬂg;ﬁuﬁgnuﬂgndon1zed sites
within the | oop %]on wer e generated using one
dh pi ohlibragst ﬁtddiéeSélaa i nﬁfiﬁ@gl?%@mly@a falsdomagmyere constructed.

For asﬂKSC Qﬁpﬁﬁcﬁaﬁﬂmn tﬂé B- s{rgkfd ?&%@ﬁﬁ’e@%ﬂl%dﬁﬁ% é})ﬁir é%g@gﬁ%&pwnh

Diversities of rari es
each other rﬂilteaowmbﬁwvm@raa&4 arelt Sedas sepivetel xbOdomiaed mrths wiltl e OB-

ofeLi.c d|v sity of ar | 400 . .
i P T b bPCE 45
As a re6it, fivk dibratica of d@ﬁefﬂnﬁhﬁés an@@ifféreﬁﬁhﬁﬁliﬁehﬁém@%ﬁﬂrﬁbﬁgzed positions

donaj ns ressed well in E. coli (10-2
Wmﬁcﬁﬁ“?“fggﬁe Bb%%ﬁgﬁﬁﬁ) and are predoninantly soluble

ok 85 LB, the/BbtPandd NESK WeAMRHIL 188} HRhEerPStta8l 1RRAY were targeted

treat nent
for randomisation. This loop (between strands 1 and 2) was targeted for randomisation to assess

its potential to extend the randomized surface area. There are examples of naturally occurring

OB-fold proteins which show extended loops in this region which suggests that this loop might
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(15 mn at 85 C) and bind quantitatively to N -NTA
beads. The OB-fold libraries were cloned and
wez@rassetd as N-term nal H s6-tagged protei ns. PEI/NE2000H00125
protein characteristics were recorded addressing
protein stability and structural integrity. PCR
libraries were cloned into an expression vector with
an efficiency of 90-95% 30 (determ ned by col ony PCR)
and genes were expressed as pol yhistidine fusion

be ameﬁ&l% &) ASerlsdnEln a SithiPuppéhth L3RRy aPRE. DB 20 a2 Bbraries with

coli. 48 or 96 colonies were screened for expression,

differefspig I9f iutajionn et atthe AW erg aswlqd@m& cigned inio ARE¥DIOSSIPN
T
vector I{?gérslgeéﬂ 9& eCl%&es@ eﬂl?épn{l{#éfl IQ%E g&@ﬁ%ﬁﬁtatlons were
picked Snd enalyred for mﬂertg of dorf306si 5 Axmasi@ﬁ-aGB Hllset-teggad -prétein) solubility and
059 006 aspRS-OB C-term- (wt) 180bp w 3

bmdmg)@klwlolglgg%m?enpl ate (3-strands 1 & 2 9 80bp 055 056 4

057 058 no tenplate f3-strand 3 4 50bp 057 052

assenbly 13mlibrary: fragnents 1-4 4m and 9m

Table BAphrari es FEr agnent sense oligo antisense Tenplate Gene

aspRS-QB 44 rerjtrarfemized ons FtP"&gEI‘lié‘W‘lfizeSif li'garyol ig P“‘H’i‘ﬁer of 005 L056
llbrary erPC a 1'%* Nt aoarm u I“’ ot un|+r\
4 C ™ LA {% J."r LI T T 1 .
m (31-2 21%ragnent 1 6@2 - %ﬁ er m nal -{SObp portion
9m incl. (|31-23 nutatidre® =51x10" 9
13m : B1-3 207 = 82x 10" 13
4RL Loop 4/5 200 = 16x10° 4
13m4RL B1-3 + loop 4/5 20" = 1.3 x 107 17
Table 3B
IF5A-0B randomized theoret, size number of
library area of library mutations
Om B1-3 20" =51x10" 9
1lm B1-3 20"M=2.0x 10™ 11
2RL Loop 1/2 20 =400 2
2RLA+2 Loop 1/2 20° = 400 2

Tables 3A-3B are a list of gene libraries for aspRS-OB. Suffix 'm'indicates mutation in
the B-sheet covering B-strands 1-3. Suffix 'RL' indicates the randomized loop region (Loop 4/5
in case of aspRS-OB and Loop 1/2 in case of IF5A-OB).

Example 5: Library assembly
Libraries were essentially assembled on the basis of overlap extension PCR incorporating
synthetic oligonucleotides with degenerate codons at the desired positions. First, gene fragments
covering the whole gene and containing overlapping regions were generated by ordinary PCR
techniques. Randomized fragments were generated by incorporation of the corresponding long
oligonucleotides containing randomized codons. Fragments were assembled by PCR using

equimolar amounts of these gene fragments in combination with primers flanking the gene
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in (33 3 059 006 aspRS-OB wt C-termnal - ( wt) -180bp
portion incl. (31, R4-5 assenbly 4mlibrary:

wo e@gneesvs 1-3 9m 1 005 056 aspRS- OB N-ter m nedCT/SZ2007/000125
"150bp 13mlibrary portion incl. (31+2 strand 1+2 2
068 006 aspRS-OB w C-termincl. 133-5 - ( wt) -200bp
assenbly 9mlibrary: fragnents 1-2 10 51 WD
2007/ 139397 PCT/ Nz2007/ 000125 4RL and 13miRL
libraries Fragnment sense oligo antisense Tenpl ate Gene

resultidgdh Hﬁﬂéﬁoﬁtdfﬂ{bi’uﬁl@gﬂiegﬁle iRbiprabing €he rhn@8iz&PSbsitions. Usin
r@q hg@CB wt N-term nal (éf%ZSOg portion incl. s

dlfferelg @mbawaoqs of dzzgmat@@@goagﬂnsl sqyerad 1hﬁaﬁaq coppining random
mutatld(ﬂéﬁﬁﬁfff% ar%?soglfpc e %ﬁﬁhg 'fgzrga&éf% g%fe}dté?f.] Difeds }é {Vﬁs el f% in aspRS-

eet B-stran no tenp a
OB at l(esidues amthebétesleet BRBPE2VBB10B3, R1Y, af3d, B38, VADIRE2, ZF4Q),6(249 T51,

k3 e OB T Ao KT Lty (L BB o fnains ¢

randonﬁi@@‘&iﬁfbﬁs Qr&ﬁéfboﬁlﬂé’gﬁﬁ b’et@éeﬂﬂbﬁa slttahdlizﬂra:ﬂd GO hfI$1|E &%B’éi’dn@ﬂ diversity
or each |iprar

for the tRﬁemPs@N 1@%9?5 ] 560@80 Qtff?éenlt W%@%ﬁq t%ﬁeréllan@fem?éqoeolﬂhraté@la?@talned
~107 cl()ﬁéﬁgb%ﬁi%h 918, daiSh %ert @?E‘(ﬁ‘réccf ?leot | ﬁném%ﬁ cg &g@%

I ncor por at i ng gonuc es
dlverSItMacrféhq lhterﬁrya%@rﬂmoeaﬂlcaloiwqrh@ dfuBmRLeis ety hg;@nmtby 5x 10 variants.

108 cloggs'e&fér@ %b%ty}%eﬁ r&%tlgr rma%lt%nnxgltlg §o% cf)ll“rgcr% ifﬁsg S. p()utm% 19 sequenced
clones § had desired mutated sequences whereas 2 clones had frameshifts which would result in
non-sense translation. The overall diversity was estimated to be ~8x10’ variants in the 13mRL
library.

Libraries for IF5A-OB were generated individually. “9m” and “11m” libraries each have
a different pair of long oligonucleotides incorporated into the gene. For the 11m library, the
loop1/2 was extended by 4 amino acids (Ser-Asn-Gly-Ala) to provide a sufficient overlap of the
randomized fragments. For the small libraries 2RL and 2RIA42, randomized sites within the loop
region were generated using one oligonucleotide containing randomized positions incorporated
into the gene covering the corresponding region. Diversities of IF-5A libraries with 9 and 11
mutations were estimated to be 1x107 variants, the theoretical diversity of the small libraries (400

variants) were fully covered.

Example 6: Expression of OB-fold mutant proteins.

Both naturally occurring OB-fold domains expressed well in E. coli (10-20 mg.I" of
culture) and are predominantly soluble after cell lysis. These remain soluble after heat treatment
(15 min at 85 °C) and bind quantitatively to Ni-NTA beads. The OB-fold libraries were cloned
and expressed as N-terminal Hiss-tagged proteins. A set of protein characteristics were recorded
addressing protein stability and structural integrity.

PCR libraries were cloned into an expression vector with an efficiency of 90-95%

(determined by colony PCR) and genes were expressed as polyhistidine fusion proteins in E.
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Al so, see Figures 2A-2B. Approximately half of the
clones fromall |ibraries of aspRS-OB expressed well
WO n00Z13191 i . The nunber of random zed positi oNBCDNZ2(02/000125

(3-sheet (i.e., the nunber of amino acid positions on

t he binding face that were random zed in order to

construct the 10 library) appeared to correlate with

t he percentage of expressing variants. For both

libraries wwth 13 nutations, 13nRL and 13m -45% of
coli. 48 bE9GESliiks @éx@tséﬂeélﬁed%xpéx@ﬁésmwbblubﬁﬁﬁ and K{-BinMing. The results are

cont ai ni ng 9 nutations on 13-sheets 1 and 2 show
summaszsd LM 4 n 5206 of the clones. The library which
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Tabledonbi nati on of random zed positions on both the face

and the extended |loop 15 (13rRL+2) dropped the nunber
13m11?)f expreSS| ng cI ones to just 30% In the case of
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2 17 20only, [o@r e eXpspssmd amdermOT T NeSE, - (wt Y 0% W6E
soluble. Al | F5A@GB nut ants were heat [treated|at 80C

3 af 1 el | ysi 836 Thug nakdnpletae | p20ans0l &bl e [@hd Ni - hiebdi ng
mut 89t s weP¥ al sq heat stable. A few nutants \were

4 i q:ggd fo Bﬁr epar ae trelaexpfetaidn and |gur | f| c 1#9%8n. I n

addr+ A revn Al nirifiecatian nf aspRS- OB
assemb?\i Ill'lﬁi r\.élrl :frél ents i zl C auu.l A>3 |~JU|'I LU . 9 " | LIL] A\ A} \JP‘IM A =4
ﬁzu?ant’ R R perfor nmed. Table 5 shows the sumary

of —expression, _sof ubi ity and N=NFAbinding
experiments. 52 WO 2007/139397 PCT/ NZ2007/ 000125

4m anytPm Bbkaries press. / Ni ckel fold library screened
Fragme@x xp pasesligon |setisensn. | Sewnlasi | i { Penedipensndi [pptatipeg) | TBembR(Size
21 (44) g}lggg_@, SpRS 13m 96 43 (45)16/14
4m ) / c L
T I/IJ\ 5/5 gr.&élrg 20 { 2\ élrllo /E%n\ 4418 3\;{2, ('7” wt Rl
- J 1 d
28] 957 (73) 158 om 158559 (NE.LE rgf“&‘i gg% (¥ | Fl 8140%1 m
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5 4 FFrifndatiit)| 092 10 (E9) H 4 2 Sin&© O 7 29720 {ikdp
13/ 16 portlon incl. B1-3 | mutations
in B3
3 059 006 aspRS-OB wt | C-terminal -(wt) ~180bp
portion incl. B1,
B4-5
assembly 4m library: fragments 1-3
9m
1 005 056 aspRS-OB N-terminal 9in ~150bp
13m library | portionincl. f1+2 | strand 1+2
2 068 006 aspRS-OB wt | C-term incl. B3-5 | - (wt) ~200bp
assembly 9m library: fragments 1-2
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2RL+2 32 23 (72) 18/ 26 (69) 14/18 Between 32 and 192
colonies for each library were screened for

wez@rasshon, solubility 5 and binding to N - NTRCT/Nakiog/000125
5 shows the nunber of expressing clones, the
calculated ratio of expressing clones for each
library, and presents an estimation of the solubilit
and N -NTA binding properties of expressing OB-fold
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r n The gene for wild type aspRS- OB was
assembl&lti%%{e 1?’?1?% fra%zf&%?#ﬁvector PpRPSP2 upstream of the

1l gene generating a fusion roteln wi th aspRS- OB
?S\l@mm eﬁxbgaraﬁ@lsgwtwnafpr QSIQB B issthavaia Tekle - ﬁpgwb library
the PCﬁZﬁ?{l%Ijg ed g?ﬁ@%%%e%gsv %@gc S’tgféeg le?%iﬁoﬂ%putes%gésjggte& t‘@erﬁ: fragments

were gamu*atv@bseBCRpmmrpmﬁtargt dl'@onmﬂedtlkies @R piodhds wetpythéredssenbled to

h 31). | h - 3 . del .'
the fulPRAGR by g Elran IR Yarie B iRl iaien, librs ¢ 006).
Also, e FIgﬁl&s 2&2}3«“&9@%%@&? 9411 PORE MNo20OF 6140 1idbarick af %RS OB

expresgfrél%}%s}p&] §0)( ’lql'l(;)qqlgm@pl es‘t}g?f@g{galnlgclyrglt%r@q? ltqc?sggﬁxl nsp{(gg > C-glgele‘? <$ re.,t el rlumber

of am1ﬁ@£c,tléi ﬁ@éﬂ%ﬂs ofl 'tMlﬁdin%@a%e WS eleQah dWuliSRER o§<fe?$d Edn¥irkf the
bi ndi ng assays (48). The construct, pRPS

hbraryo\, @Lmealied itmeprrirte yith dhef psrceatagRS! OBTHAISS VRGNS, dfqaréldthl lﬂttr@*les with
I ls o Th S
13 mut%g}oqs r%%%ﬁd ?? L 4Igh aogthgl grg.\lt%n"t prot Sé%x&xgersg well. TFQ 1€
contaifif@ P ajutmipne o Bsﬁcmseﬂ andl’hdmv es;@cambn nﬁiﬂ% bﬁtﬁe&tonep halgeibrary
were h ed f.or t t . :
which Gt P PG fos FREmarey &1 B A Ter e b uy D ores

81%. HB®eter W6 cAbinSRA oF Qéﬂd@ﬁﬁ@d ﬂo@iﬁ@ﬁd cirﬂ%tlb HeWRR ink iR extended loop
aspRS- OB and pll1l (See figures inf ra}%0 Thi s showed a
(13mR§ﬁ-§ &t 306

bﬁr@pmdgth@nula ertof EXpresspieclangs i1 j the fusion

%%féa@e 81‘ f& ﬁggbrs StJ 'lfiT i t%hoﬂghﬁttﬁ sfugé? v&gi*es%?ééﬁgg ata

unct [ ona on the s
compauihvb]tyéow I@e,pl24g end af fhheeg@-26Vineemgolekloe i ouwntitasty@d-81% of the

fo bi | d t R th thi h
mutan e B b o P R gy T e ST BT g these
~70% ¥8RRoNGE. WHS THSAQD afu€ahtsWdrb had Preated at 80°C after lysis. Thus all the

soluble and Ni-binding mutants were also heat stable.

A few mutants were picked for preparative expression and purification. In addition, the
large scale purification of an aspRS-OB mutant was also performed. Table 5 shows the

summary of expression, solubility and Ni-NTA-binding experiments.
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t RNA i nmobi |l i sed on magneti ¢ beads. Unbound phage were
washed away and bound phage eluted by tRNA digestion

wagiong3BdaseA. The nunber of eluted phage wer ePCTHaR2007/000125

counted by Dbacterial infection and conpared with the
nunber eluted froma sanple incubated with beads 15

~only. To denonstrate specificity of binding, VCSM 3wt

Table

in a>1000 fold excess was added to the TDP sanpl e and

the nunber of eluted particles was counted. The ratio

of eluted phage from tRNA to input phage was

cal cul ated for each sanple. The input and results are
rized in the followng tahle 54 2007 139397

OPTM p¥3Y. 7x 188" ut pUPIHBm gggas 1, 2Ry ><‘V1&1ob5nd"z:%m

PT/ NZ2007/ 000125 | Tabl e 6 |\RESKE3 (0B3wt TDP i nphiekel . Ok

ot t—fronyt RNAL1—7x1069 4 ts—of i
4, t)?%h(l%R% ”;4(%0 tR 2’lout/i n X 1ougﬂ)4x 1 tﬁ) ‘/?ﬁnt
aspRS hepl@ (oufPfn) / tRRA TWO 1@451 5. 2x6/10" 3 (4éht )

quoﬁment q%lA (outf1sn) 7 bdasks I.424/890. 4850 ot/ 1n)
TOP#—VESHIS—134-dnTherecqyerywas—abett—26p—+otd
2 i)

hi gh&r f of phage diSpl ayi nd e _aspRS-OB (2.4 X 10-2)
whewRLcompd¥ ed to pHage onl[y7¥5.7 k 10-4, [see Figure

IF-5A

8) [ond NI S 16Y Cated[ & St gni fiEENT affAmi Ty @FTVWesn S
th d:sp!:uarl asphpRS- OB for the i mpebilise 4ncn t RNA

|n| PRe casd™r ves Mz wit Y di spfyed pitei # the
raf 3RL of eButed parzfi cl es fln®ln t he| Weads aliBne| 13/16

co red gzlmmol ised TR Was VERY ST ITeofT | 14/18
(1 1. 42) indicating-that the phagel bound

non-specifically. That ratio was rmruch higher

(Fetd Q) $8hndf195 BRRRSTERd Y2 sc?@én%% %reeg}aresslon Folublhty

denonstrating bi ndi ng speci ity o mal n

and blrabt;gtpmwNTHh dselesebats ﬁleailgmbnrsctfreapesmm@ctlompiﬁscmﬂa@d ratio of
GbhQBL Labn 1iBEAY LanH0

expressmg s h library, and presents an estimation of the solubility and Ni-NTA

binding properties of expressing OB-fold mutants.

Example 7: Analysis of phage displayed aspRS-OB

An important criteria for a protein domain as a scaffold for library generation is its

capacity to be functionally displayed in a chosen display system. The experiments disclosed

herein used phage display. To assess the viability of this technique for selection of aspRS-OB

mutants the display of recombinant wild type aspRS-OB as gIII fusions on the surface of

filamentous bacteriophage M13 was assessed. The presence of a pllI-aspRS-OB fusion in

prepared phage particles by Western blotting was analyzed. Functional display of displayed

aspRS-OB was studied by a phage binding assay using asp-tRNA as the target ligand.

The gene for wild type aspRS-OB was cloned into phagemid vector pPRPSP2 upstream of

the gIII gene generating a fusion protein with aspRS-OB at the N-terminus and plII at the C-

terminus (see Figure 6). This phagemid vector contains gIII under the control of the phage shock

promotor (psp) which is activated upon infection of the E.coli host by helper phage (31). Helper

phage VCS-M13d3, gllI deletion mutant (44) was used which allowed multivalent display of the
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10 di spl ayed on the surface of phage. Exanple 8: Libs
aiy selections Selection on asp-tRNA The | oop region
whedonassIbet a sheet 4 and 5 in bacterial aspRSPCT/NZ2007/000125

ant i codon-bi nding 15 domains is inportant for binding

to the tRNA as well as for specific recognition of the
bases in the anticodon (49). Thus asp-t RNA was

considered to be good target to test the viability of

an aspRS-OB library. The library aspRS-OB RL was used

target Blofs® All c6iBd @i gTH phrotkins (09 ebsies) vl bk RRionk e B @4rb&@rotein aspRS-

diversity and therefqre contains copies of the

OB. Niylfigalent daspley yras vewsl todpegease sensibvey inpinding aessyeldSict ed
thdd agrie! 82 Lhtath V\%@é&%r as%g-g)}% b 0RGncli o £ coli

mut ants boudnd to the 5 2007/1
TG1 celsT/Riz260itingGotes was Rfegtediby thedst3 lelper phdgd-ahy renslncing garticles

e te t he bi opanni rocess., An PRS- L
(1D SeRTriEP, sk b RARCBRoBLAE &% 1Rl e Olor Boplay of
the targéﬁl@ﬁﬁ&in}hy@dﬁteﬁgangﬂ;&ié L@in@mg&nﬁlgbﬂyl’ﬁgﬂmﬁ&h@@hiy)t aflii gl say@sce
. on. phage, ter four, rounds_of panning, a significant
localizgf| PRtafs fpe W—O%érmgzg%ﬁ%w@g@m Ppwefia sireng shenal at the
expected si@8 tdR e MEBA Brdifn bIRYLpRANIBGE - indi cating an
enrichnment of 5 target-specific binding domains

('Fo tgsirehather the) dispdayedevild typm@Bribld ip stk Buictionahon the surface of the
' ] d. .seque S d
phage 3G SRR L0 BERMRG ROy 0T R UERGER YR Breee
samplé¢ disyayieg aspRSFOB. i THOP sgmplo daplyingNApK FOBuwes ihO)batedwiflRasp-
sequenced cl one 5 fulfjlled.,this consensus
tRNA %ﬁﬁﬁ@ﬁéﬁd QP g DSy H@%@ﬁ&hﬁ%mﬂ? Wagedea ind bgynd phage
eluted b ER¥ AalipeaBoraGdish RNGiCAL Ot nuidber olCPREEPISES weBSHIBA SSurk& by
In striking contrast to the wild-type sequence (I AKS)

bacterighinésstisn gskrorparayith e ppmberesiited smrsumplsiguehatd Wil leeads
ol 3 Gty PESRGRA i OIS SO ol ML Bl

the TDRqaeplandtthemunhberofidloted patticish age couméph Biteiratis of elited phage from
oo g0 BB o L g LB et

the folthivipg &aleng t he correspondi ng nutant domai ns were
i ncubated with i nmobilised asp-t RNA. Bound phage were
specifically eluted with RNaseA and counted. The 15
recovery rate R was cal cul ated as
[ (out put/input) B/ (out put/input)RNA] where
(output/input) refers to the ratio of recovered phage
(out put) divided by the nunber of input phage, .
subscript "B refers to beads only, subscript 'RNA
refers to inmobilised asp-tRNA. The results indicate
that we have enriched a consensus sequence wth
enhanced binding affinity for inmmobilised asp- tRNA
froma phage library derived fromaspRS-OB nutants
(Figures 10 and 11). 20. Selection was perfornmed in
t he same manner agai nst immobilized t RNA using the
| ar ger
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library “13nRL' which has nmuch greater diversity
conpared to RL'. The enrichnment pattern is shown in
wo-2@ana9397 and i ndi cates significant enri chmentPEFf/NER003000125

rounds of panning. Sequence analysis is summarized in

Figure 12. Sel ected sequences contai ned a high

proportion of positively charged am no acids

suggesting those nutants were selected by binding to

the 25 negatively charged asp-t RNA backbone. The
TableBut ant with the greatest nunmber of basic residues

(D07) was found three thces_|_,1d| cating a high
abundance Vs 1 %319‘?1‘ ected clones. The phage
bi ndi ng _experi nenti on i |I|sed asp-t RNA nonocl ona

input_phage sawo&@suﬁfepdrbdoﬁron1 the sel ected clones D07

and D09 showed that these clopes were recovered in a

ompmmﬂﬁpgﬁ@§eueral tifmes higher than the wld-type
only aspRS- OB HoAal® sUdgedfi ng st fonger binding of the

ompmﬂhﬁ@ﬂé¥§0 ﬁgxﬂyta U4 §x08SP- 1 . These phage bi ndi ng

beads&ﬁﬁ&'rq!{'f'lqgrod HL,; ﬂ‘v_lﬁ“’" se—npasurenents but 56 WO

200393 PP H001257 i ndi caté a successf ul
tRNA QUi o i7 bes |2 Bempnsit at e t hat aspRS- OB

quotietiheads i es| can be Ysed to select against an
(out/in) {{RAWA | | sEG1EHY get| SRN1AG phage di splay. The full
(out/iny equences| of the delected clpnes in Figure 12 are

quotiehtitBN&d i n| Appendi ¥ |1, and ar¢ designated Ul, W2, U3,
(out/in)Mbeads, UB].42)7, 90M8, S68,|S81, pMB 16, pMB 17, pMB
(out/in}2, pMB 18, pMB 15, DO5, DO7,|D09, D04, L14, L8, 5

TDP / W&S-M18, [ BM.4442, [6, [5, or|L44. Exanple 9:

Selection on Lysozyne Lysozyme was selected as a
target to denonstrate the proof-of-principle in
The reedvstis varpbant 200=folbhighenderahageidisplrying thormspR HOB/E.4 x 107) when

o35 3 I P AR BARLELI SO A et

the displagekaspRAIOF f@whd inabdielieddsfhreaaNa. Dutibesself vasdvialwithout

it S AR, BOTR) SO, A S AT U el

tRNA RRA9&y VRS PES rﬂﬁﬁdlc@h f’tﬁﬁtt’[ﬁ‘é Edé@ bﬂﬁ{cﬁho‘il%&qgcé?fy That ratio was
wer e er ormed before Clones werée random

y
much 1§t 611 R ASISeF e8RSO displsyingipaticies demorsstog binding specificity of
Qﬁh ha
this doM%ﬂPdﬁ)gg Werl\g ur g étgﬁtefgﬁg raa{regg anlg %gbl ngonally intact when
&qﬂq&dqmmﬁmm@nmoﬁQMgapproach on | ysozyne i mobilised on a
96-wel | ELI SA plate. Bound phage were el uted and
counted. Qut of 22 clones 9 showed phage recovery
nunbers above t heuhagkd: WipAy-plelkibhs OB wi |l d-type
and BSA (clones L4, L L6, L8, L14, L15, L16, L18,
[Elegtionpy PRI . These cl ones were sequenced.
f 14
e lER o e Belspost T ot PR SaclaPasphLEhl b e
domainsisreportsit fom bipdengdb tresBN20ast welbasdor Sevidic trm;bgmdam ofthe bases in

the antkcrc])g})n Elbz dTl?ust g-IERﬁAO a%rcghﬁgergé tocbeogr(]) gtarget to {este[he V1n§111ty of an

aspRS- OB hbrary. The library aspRS-OB RL was used since it contains full coverage of the

theoretical diversity and therefore contains copies of the wild-type aspRS-OB fold sequence

which was expected to bind well to the tRNA target. Even if none of the mutants bound to the
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sanple due to enrichnment. Two nore rounds of panning

were perfonned and 6 nore clones were sequenced (L32,
wQ3®7/18847 L42, L43, L44). Three sequences natPRE¢ENZ2007/000125

sequences of previous clones (L32=L14=LI5,

L33=L8=L21=L43), while L44 was identical to L5 in the

bet a- sheet region but showed a different pattern in

the loop region. L34 and L42 were new 25 sequences.

The nunber of clones in the selected pool after 6

tRNA DUASThE R B eahsu DY s&l@ct&ﬁby/@lé YiopShrhg prabksC AKRKSIES-OB RL
a significant extent t he ni ne sequences, shown i n

gene lipragy,as generaiggas|before, ctan@ﬁ éo pRESR] wldingraly) clpges(and3,
monoxla?e]‘ic}?l Eﬁﬁl)azed-(gm a'gé Ak f%ﬂldrolu HEJU agsff%mgﬁlca'hf’ enrichment was

s In an ELI SA app oach
observnd Ia$ repmbamd lohi thpkaip ofGtput ghagd jo lnﬁleisﬂulags— shilioainlg éhertrichment of

targen el Iy e SRl g RO P it sefoted

fraction@@@ bdquence@NThekuenmes slibaedtieconkdndusd M@@G@R?&‘t@4 amino acids

o e R Bt ) BB U, e At ot i

conseﬁ‘sﬁé é@ipl%?lyi%k%ggﬁgﬁg{a% ?ﬁgrEéSle%I}éﬁ?gl?[ét"@ aﬁ?@'&cﬂi@osmoms The

consensysmyfrme isAg s@ﬂ@mqntraﬁlt@me@wmtyp@mnwe Kmléﬁdvlluslss@ggsts that
ressi on and

the ne@%to stég%hg sk e%&'\lﬁbregtr%@g%in%s e? 6%{55?9 rhco&;?gfon ﬁgéhe Wléd-type

domalh_llb"hJa INChs h&ﬁ‘ir(dsa iy ph@feﬁbu&h}ttg:é)@aléldemtmlm Bonciona it e preparations

where K5 Pes B B LAY REB i i vl EToAS- Q8 g 16). For

thi B8V Phab dfshE§ing ERAOLR ﬂﬁ‘f@‘ﬁhitéﬂt%@ﬁh Y 3 st dvith
Seﬁﬁm Wﬂmghe}ga?nghe uns??gcted nutan? 13rrRI_18c did '

1mm0mg$ed@ﬁmt£ NAh Boupdpitage wege wepifically dnted glithdiNagemgpdequated. The
o R3Oy 01 BB o RO BB g et

to the tagio ofreedesredphags (mwm) difrided byvﬁﬁvhiunﬁpemﬁlhplﬁqmalgﬁ NebGbript ‘B’

rfers [ R385 ol S RRDBREY SR uBomb S e B fls figioate mat

we havdknkiae] epdoﬁ&SéﬁQﬂs JegBaRaNGH enhﬁlca@’@llhﬂl)ng aftiet ﬂﬂhﬂ@mhsed asp-
co nstg%%%mas cal cul ated to _be 3.6x10"5 M gure 16) .

tRNA $1985% Lprapedariyed SomaspRS1QB miangy (BHvEsi 8 g 1) ar ge,
SYeLdnsh inas bliBbdlel 5 tHefsad RiahRdrGoaitst i ﬂkﬁﬂiﬁﬂﬁé%ﬂm& Rising the larger

_~contain random zed codons and démonstrate that

libraryt ‘A 3mBET whish hasrmueln grepliendisensity cdmpnared locB& .| The enrichmentrpattern is
S net.i a

shown d}l ?}%u?e Qgﬂjd ﬁéﬁé’%g? Slglgﬁa&{t 31{] eneglt rl?ég?é‘oo ds oﬁg%snnﬁ,] LISdequence:

analysﬂ;l ib Su/mmgimﬂﬁm Bigerd 12s Sebetudngquehcdsitontainbd alh}ghfp@tbpomon of

erlng .functions of choice. Selection of nDdlfled
pos1t1\6:h330 é{

CHs SuggeSTREcBOTIPE NS Biesk elsstod pybinging pdae

ne gat1¢él§ Bllla@g’edl aﬁpmrbiﬁﬂﬁ%@ drhd hegt Wah 't}ér§r§até‘§'é' ﬁﬁmﬂi@‘b@ basic residues
desi red characteristics, be they chosen 20 bind mg}@i -
€S. e

(DO7) jviqs &umd thremEmey indieatjrea hieh aburidanqeyin thespogbpfnsieeied
phage Bﬁ{dﬁfgréxpérﬂﬁer& %ﬁl%f)flﬁgéjé)sﬂ-tﬁmdﬁl&%clonal phage samples prepared from

the selected clones D07 and D09 showed that these clones were recovered in a number several

times higher than the wild-type aspRS-OB domain suggesting stronger binding of the displayed

mutant to asp-tRNA. These phage binding experiments are not precise measurements but
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domai n of Aspartate tRNA Synt hetase (AspRS) from

Pyr obacul um aer ophi | um was chosen as an OB-fold
wae@lfiad3g7 t o denonstrate the applicability of EBF/Na&R@/000125

to serve as carriers of diversity. The results show

that this tRNA anti codon bi ndi ng domai n can be

converted into a specific protein binding nolecule by

appl yi ng the methods di scl osed herein. 25 Each

mut ati on i ntroduced into a protein framework can

indicat® @ k@iebishl] s¥ledfoh@Bdcebd Mdfdeh@Bhaehiihat aspREDB iBraftdd bk tu¥ed to
and solubility. To understand the tol erance towards

select againgldndmandbilised rgst Seiag Rbagedispiae like filbegrensss of the selected

clones ﬁpﬁg@e%% e dd ﬁ@@% cﬁﬁ cP£re‘aQ LUPRS, o3, ML 5 8%k, U7,
areds, were gener % scree or exrf)reésn on ‘an d

U8, U% 863,881j pMBd6, leabrbnvMBﬁ oG SnplvIBA 6.5D04, NS aP DDA, Livd, L8,

S rsity were planned and gener at ed.
IA-LI%BE%—L%#&éFﬁ? es contain all possible 30

conbi nati ons of nutatlons t hrough random sation. It is
expected that a | arge nunber of nutants 58 WO
2007/ 139397 PCT/IRrpwber?-08¢/495" KiLpoziee be tol er at ed
fL%oiy%W&’s%eBﬁte@ Li Q%gé b RBrh drdsdhate iR ﬂ?bcﬁfgof%nné%léﬁﬂ' chbdsthg an
due to unfavorabl conbi nat1 ons of "am no "aci In

OB-fold amutirg dbmeingfrava g nalwe ﬂlhlelrymh@b lbllreis tonartothsr progeinie Hew egis white
fr ont I

lysozynple I&%ﬁﬁf;g%ﬂbl ? é:ﬂ il (9(1,1 accérm ﬁg g@uﬁﬁj %8% ﬁ?saa b etr of

medlca(llbeltnporta&it hﬁlﬂﬁiﬁhdn‘l(ﬁ))gl&ﬁd Aefter fout Feentivoefpabeinpes ﬁ]mﬁi‘obﬂleeﬂs

d 5 was .gener Li.brari es conpri sing set
IYSOZYWﬁ’teé‘W]EfH%“ t26Hp %ﬁée TR GGT AQBRBITEYS molkrogndy é>annmg
were phi@§hel SR IOy S IR ISRNES Atcd Gnd At Gled $GTHRRIIIG lysozyme.

i braries of nodified OB-fold domains for expression

Monoq‘bgml rlsize aamPI@%/W¢116 thegepseifageshrndistrgies wegopnsiertalran thghapateyize
I

sincind 2 b SRt Pl B v Pt i

Bound\phage Wevhlmdtmdfcoﬂudechc@utrcﬁﬂé Iclonas? dlawmdspllm@ recbvisyy meers

above i Sacher B S pRE AL B S SR LA 18 Leid 1 e
L18, L@gemgl&ta 13). tEHegedlomds weté Sdq@iced ASEiendl fdrisbmalof &% clohaiRivere
were constructed as __phage, display |ibraries.

ldentlc%%@%w%&r* aafFdPs}8 gndk2 b agrpwing<ows,honurpher pERw e clones
C |
tosix. S Gun e Ay AL DI PGB lonkl Hth (Ve s dfepcg i the
samplegfue tq ot Pes moraonsndstHgastiive wsiemperiofmdd ands mereylones
I. X
were s?%uleilc]egg %fé}g%f‘%&ﬁ?%@ﬁﬂﬁ% r']lglgge ue% rg%tgl?ed s I%egges of
prev1oﬁ&ﬂ<bm§ CL3TLOH=L. BY) A6A+N8HLA ked3)] While DM& wasehtidaived 3 inehe beta-

shect iR USRI BTy b R it ' H A 14 Grbre

sequent & THInSRIbYofRfodel & @®E BERSTtéBH ot afidrd) undsh@s 8e Qé'sﬁm@@ to be very
reports of the display of an aspRS anticodon binding

small agdpaysedito a Henikennt erdentdy the Phaepsuenses shoandn Sigusg 1% panel E.
I P

Cloncl G005 5501 SATRD, 54360053 TP ) By

studiesafi fae &LI$ A @pprodchgsirgyndfivalere display (Figure 14) Results showed that all

clones bound to lysozyme whereas particles without a displayed aspRS-OB did not (pIII). Other
negative controls included the wild type aspRS-OB (OBwt). All analyzed clones bind in higher

57



10

15

20

25

30

20 di splayed protein as well as the growth of the host

cell. After synthesis in the cytoplasmthe protein
wha®7tse3he stable in the reducing environment PET/NEA2007/000125

cell and nust be unaffected by fusion to the pil

phage protein. The fusion protein is then targeted

t hrough the oxidising environnment of the periplasm

for phage assenbly before the whol e phage particle is

rel eased into the nedia. For any protein this process

numbdm(\mghw@lj VK RCELINS e X@eﬁﬁeﬁt@ﬁtoﬂ?@ﬂzﬁﬁ@ fRAto ANaSEA & L
and in 25 case of. a scaffold derived from an

demoné'ﬁ%t%éa%cﬁﬁ@rwﬁ bifling iodVsoZznadiAn ghaven inddgurp It cnss A6 jand L33 did
not biffUSkrNaAl so be considered. Detection of aspRS-OB (by
Western anal ysis) displayed on M3 phage showed good
expression. Detection of aspRS-OB |ibraries RL and the

| arger 13 0.0 Western bl.otiin showed much

| ess effi ?%Wé %§S%V%§“@ﬁaﬁﬁgﬁ%gﬂ 1&”%%@3W@%ﬁ on can

belonexdpl @i18gd.sPY6,a 16 G 38 YL2H viadre Suibslonbd SitdTht @gﬁ‘&sﬂoﬂ vector
ndom | i brarie These data suggest

the naiv
and expegied @ 9& ﬁﬂ%P’éﬁ’&%{lﬁ fon Ysmfpavé?zameémﬁm&m '‘gull-gowm @ssays.

As sh S8 Q11588 :
PSS B S B8

m‘ltantsltim@me%l & nptng- Horaomirioed h1n|dmgt0é iseledied BOJants Fhiysozinsn L6
i 51 L b A S Pl

binds mlljmoaﬁnesftwashmg lodthr3060hM NaQt. h€lons L&fwfaQ Egstessed and purified and

bo drate di domai n cel I ul ose_bi ndi ng
its ingigg PR P S(%iz%mo it ?ﬁ?@y%f‘e@?ra A e g nance
(Biaco¥é®)UiTHe Bﬁlﬁﬁllgtc@nitﬁh Svak RhIsulhRE tPbe 3.5% D AAGPLLe 169,
increase the ratio 5 of displayed fusionto

ey aerperimants tamenstetethedpetiont disge rymshetivd ibyasios af @Bnfold
domal%én\?lg}_éﬁ bsﬁfialﬂ ehaBRized oIS %ﬁ&ﬁ%ﬁ&s@%%eﬁ %gnécpib%g rr{u%.nq %)rotelns

ection on asp-
from tfmi: Ebnaﬁgswe Xipbleiane lﬁQléedo rFunbtmnahdhspley bﬁmg@B fa]slplotrﬁmAs

PR I T TR AT I -

funct1dn|§ ef c}&ﬁﬂiﬁ |SeRkctibn b@odifiad QB%RT@dﬂﬁalﬁse GURINOB-f¥dSibraries, using
bt ai ned representing nutants with hlgher affinity

phage digalay mpERtedy pkheas VB Yshhss sEr F‘raﬁt&ﬂﬁlcﬁd)e they chosen
b1nd1n§ iﬁ?&ﬁétfé%@ Blsenzﬁﬁﬁtléj §d’tith? d A@ g@lﬁ@ﬁ‘&ﬂd&d hefedi) ?l{éctﬁl\ﬁ( Khtleoforbinding

different fromthe w ld-type sequencée and
doman@; @fh!ﬁ%ﬂaﬁé'@ t&NﬁO%fnlth%b f/ASP(Rﬁ’& fl@eﬁPJanbmhacadepla lutgg‘esst ¢hogen as an

i i . d backbone. . .
o o850 RGBSR A A SR, A B e
The remilts whav fHaethiHiRIN A mtmbd@ﬂ‘ﬂanﬂmg doinhinl can bb eordvdned inena §ecific
nces of unsel ected

.the.. cystei remai ns._ unc) ear,. Se
protein hinding X’Q;ﬁ‘jb\gj’y F%ﬁ tP@%@O?ﬁh@Si@%& SeE-RL |ibrary and
mu afitSonfliftesuetPRBSa dﬁ%ﬂeﬁhfrﬂﬁe\i«l}}ﬁ cﬁﬂ’ﬁ@t&ﬁ’tﬁﬂ@ a?f@@c%%g& @hg and
ter selection showed variation of t cofrespon

thus ltqmbﬂé%aﬁiago Haikib shorenderstgnd diecteleranpe fogrardshiautptiens ot §hpe>rotem
framevfdtk ngfanﬁa?@tfhteﬁﬂiﬁg aRRLY R&ts, or combinations of mutated areas, were generated

and screened for expression and solubility of randomly picked mutants. Libraries with

unrestricted diversity were planned and generated. Such naive libraries contain all possible

combinations of mutations through randomisation. It is expected that a large number of mutants
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20 Due to a very limted coverage of the diverse
library 13nRL, a consensus could not be derived from

wo b@74smbt nunber of sequences of cl ones sel ecPENZZN07/000125
asp-tRNA. This is expected since the practica
diversity is about 108 cl ones but the theoretica
diversity is approximtely 1022. Thus, the diversity
coverage of the phage library is only a very snal
fraction of that theoretically possible. A

will nalbgmd)lfeﬂafba wor ressvhesf athepasiilityy fllding bedohaglit, aak Wamle
observed in all sequenced 25 clones (9 in D07

combipgjEons 8? HRNOGYYIS {NRATECH AT 3P IsE sr0lscy fonlflbrpﬁsdﬁé’liV%frg)m aspRS-

OB coa’fmﬂgw faﬁ&érﬁ aﬁﬁm 4 ﬁ&éﬁlbn@ h{‘fﬂb 'Bﬁldh& fa&e 1968 @le DeBl s}ﬁeet (beta
charged RNA backbone. occurring in

strands (u3) alirdﬁ mwthSIO(OD(bEtwemAtyarsla dg:eé tSSwaa rgenmtodt hibtaries banprﬁsmg sets

ot 5 28R L O] AL b g B 8 o i

naftecdcemeaing hibagies stmpdidsd SBofidld@hdin Qe exprbisiieliang s@lﬁblhty it
ype domain. This supported the

h h | d
i R Pt Gt SO oS 1S
and soRB1d MR/ 0180 ButdARORerB pRFIcR % fold ﬁ&ﬁra%égiﬁgﬁated by NMR

target occurred and indicated that our OB-f _
and CR spgatiope@py s This showssthpt adgrifieany p@ppmon@iﬁ thihlaloreryzmtisableefor
select118h ggﬁﬂ%@ b @Qé&g %%rtéset d ig#ﬁ% tdl? ﬂlb?ﬁ'fes Y §1%§X,r§1d%,[;r@gre %%HgﬁLucted as
phage slespbuy éllbrarl@m nﬁlse m‘ﬁct;mafﬂlwrgltyaof lﬁmﬁievvamﬁ&dloa deffroneclenes

repres?rﬁlélgatvggleﬁ?nqi]ﬁaé;gaﬁ 8F %egicl(g?g gqe@ﬁ‘gagm{tlﬁlrl%f Illerg)(rjétlrc]:gl (}wersity) of

17 rana@mpmne@n /The diveRsilylof RINQWEIE 106¢16T t4akh@onk boki i) 4 is expected
zynme in a phage ELISA experinent. Exam nation of

to be fgﬁx; gRivEsddysr 141 elqoawétef BoRsigTELioh At equRs inge i apiomiy pised

lonestobhfBnedANESYERy LOME 1ibiafeS. This suggests a reasonably
sl I nunber oirt]y f@féréﬁf clones in the 10 sel ected

f Phagfs display Sethe moestenyhordy d$eﬂfdesrp@(ytte¢1m0hg$ andthiug ftverible for
L B8 LRt BRSLARY 1 ol 0B Bicodon
bmdlng deintaincin t}EQ;m%MH dfh pthea or the Id(ﬂslplay of eﬁjll diser OB-fold cﬁ)nah}’hngeneral.

nes qut of 9 osi tion 1 Is _a valine in 5 out
Displa§ gl g on Pﬁh@%fsr?wlfﬁ% SOVEH éteaagaaf migd §iieds thegaigerity of the

displaydSiréke 28 RRAAE $hel PR FARESost RIS 1 At @yﬁﬁeélssln@ﬁb cytoplasm the
aromatic residue (Y, F, W in 5 cases and fi 'y

proteimbasite bepials i e gedpeingenyinosnant ofibg celhmsbinust fye beaf&:cted by fusion
r

to the Mﬁgcgﬁgéglﬁ] ﬁgﬁ? %E@P i’g"é‘é}ﬁtﬁ gl?gllr %ﬁ%o% gﬁle%l;gﬁ%ngg 9nv1ronment

of the p¢ripdasch fbr ﬁhag\e’/ahseAdeLy bafole3Re wh&e phége paBicld # 4eleadbd into the media.
striki IS identity of L5 gnd L44 in the beta :

For an§ pisiin Wl Ped Srieles e B SR eriouBrhel TG Gstages, and in

case oﬂ@scﬁlﬁﬁld&leﬁeéd from ah lanfiddden b deeCRMaid Sind g WEN&E nucl P E&ds must

bvi ous _consensus sequences coul d not be derived

also bep?%ﬁlésqegi bglection ¢foepR %&Pefbé@éf eern apalysiyelisplaygd ge M13 phage
showell 'gQ{)@é)bf)ré%FK n.! DeteSHEH bt o Sed: dﬂlgrgﬁgs;tg@ BiEth (l)eggé}' 13 also by

Sever al ones were exp puri T
Westefnigoiting)showed meclaleds efiiaieytzdispligyorpphiage.d B obsepeatiomeat lse

explair‘?’e!zloo\gllI a'}%g%é‘g‘%’ée”% u%];table mutants in the naive random libraries. These data suggest

proteolytic degradation of unfavorable mutants in the cytoplasm or periplasm of E. coli, an effect
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the clones to | ysozyne. C one L6 bound even in the

presence of 500 nmM sodi um chloride indicating binding
wotowrassenabl e affinity. C one L6 was expresseRrCENA2007/000125

purified and the kinetics and thennodynainics of

bi ndi ng were anal yzed by surface plasnon resonance

showi ng a Kd of 3.6x10"5 M Considering the small size

and the conposition of this naive library a binding

25 constant in gMrange is a very significant result

observadBefofd it kfdan oft Xifee2 -UembinTtomh hiokdn F\Q‘SD} ’flﬁé’ also correlates with results
op t|n1zat|on by affinity _maturation procedures.

from tmmsgoq 1n smv@méfrﬁ@vﬁs i Werkier sigraltelinhagodisplndngiiorgyies were

| Qi
o 31 USRS WA BT 43087 SOy ope. )
L1brary ﬁm@@ Oéﬁ;tulesl@rms weuldareeg maﬁls/ﬁactohnmwm tsfnoreasedhe ratio

or dispys8 e el 0 b S oSl migha P ORYS o H s and nota

phenorh&ébnrdbs@tediat@Bifsldyieidly.on medi a and shaken at 37 Cin 2

L baffled flasks. The fusion protein GST-L8 was

purified frombacterial |ysate using a GSH affinity

CSdnBr biksp-Bingsci ences) . The GST tag was renpved

using rTEV protease and separated from L8 by size

SBhegebindingahd setedtion captimens7&: the h@ilvepgangpt-agp4RSA iBlcated

| t u thlrd

succesﬁ'up&givigg&ng)ﬁél 1§§a r yas E)I%;arglof c{enge 3{6% S O lipgage Brom the
small }éTx tibrasy @ cor(s&%hs iéhyhaﬁﬁ Vs @b’gainedaépres@ﬁﬁﬁtemu@ts with higher affinity

Bi Q |enc%%4gnThe r|f5ed protein was co i hed wth

than theypid PR PRI Sy filens PRI FHRCIIRERFe Y g GFrigRd consensus
sequen@P RVIRXG O® ®asldiffeR Rém e widd-type s@qtfeh&aénd(é%ﬂt‘ﬁﬁl@ﬁ Q%blﬁ{?ely

of L8 at 37.5 nog/nL and | ysoZyne at .
charged aming\acidy saggestingbisding grthgiesaicely c@alml Rm backb@e The presence
ot UL i A EARED S 8 g r
cysteingirempingunaeapp format. A single large crystal grew from

BB L2 S D P GRS
sequen@éﬁ ﬂﬂ@’ﬁ el'bnbsnmatcﬁrhb e ddﬁﬁdﬁsuﬁé@ﬁ@ded dTter G1ERBH @E(ﬁ%d&%datlon of the

g er a streamof cold N2 gas (110 K).
corres LN Eeodases demagiating gelaction &on th%mon@ﬁ Frjbes than for genotype.

Due tolaOfef} lifeAORAREOE ¥ d%ﬁ%rlﬁ)}éﬂf 15081 M E&ﬁ‘@ns@t?k&ﬁ& g&s’oe derived

gi ving dlffractlon to 2. I mages were | ndexe
from thesynyly @M@@@qu@a@@fms s@ait@bm@pﬂgNﬁc alhéspis ckpeckedrsince the

pract1c91a(§1éer51ﬁp gﬁ&h'l@nclgﬁq%tbu’?{h eore cal daver Ey %}rg]ﬁ%%tél;nu 9er1y ¢ 1 hus,

ecu acerre

the dlvelmtp coatageioff gqetphtag’e ]113&5@2@ @ly(aRBEy andll ftacti9a by thantheérBically
ib fold cog n|t| in from e Pyrococcus

possibigo - REHGFSY SUARRSE BgTY gﬁﬁtrﬁ%@&sm §dyin giggquenced

clones i MOE 1550 DDYO6 ZODOD LGRS a%Elel:thﬁPi&ﬂ&lt%[yec}fa%éﬁ%ﬁJhes

t he asynnetrlc unit "al on one domdi n
through binding to the negatively charged RNA backbone. The motif R X G S occurring in two

mutants (D07, D04) suggests an important role of the loop in tRNA binding as it is the case for
the wild-type aspRS-OB. Binding experiments with monoclonal phage samples showed stronger

binding to asp-tRNA than the wild-type domain. This supported the conclusion that a selection
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second OB-fold was placed by replicating the conpl ex
in the asymetric unit based on the position of the
w@ewona3hysozyme nol ecul e. The structure was PCT/NZ2007/000125
iteratively built and refined using COOl, CCP4 and
PHENI X. A second dat aset was coll ected using the sane
crystal at the SSRL, to 2.69 A resolution. It was
i ndexed in the same space group and phased by
nmol ecul ar 25 replacenent using the conplete unit cel
upon biAdP fb ke BIEIRE tHEE Wbt an@%du?ﬂté&&h?t’lﬁr OB fNESRADId is well
was done using COOI, CCP4 and PHENI X. 62 WO
suited fogdisples 98 Phageepd EERUorMORI2e essTabl e 7 Statistics for
X-ray crystallographic structure of L8 in conplex with
1 so ne. Honme Source Data Synchrotron Data Crystal
- Ketaotont bebs@pmee Group P41212 P41212 Unit Cells Axes

76. 585, . 585, 166.150 76. 759, 76. 759, .
s 133 TRy U st OB b Sk Dy et eyciab g of panning a
numbed Of c198ks Bak-istlalddead hﬁ’eﬂyﬁﬁ?&l dehedBe A Br 3111(1 533 are&m%a:t molecule.
34.85-2,.69 (2.76-2. Z Total Refl ections.

Out of P2 glopgoingirensereste b atly shrsvezetrotabledinting todrmgmp @h%Bléage
95 3rif B4
oL g, (ol e o MANERRI 0BT

twice, Oneevon Gourltings. FbisFggests@)reBoudbly ¢malbRmbekbf difisteat clones in the

e PRt P ey LI At e o
few pogifiohs showad c@nSihtetestiby sinflatified) for3xafpleddsiion 28, Which is an acidic

residue (D or E) in 6 clones out of 9, position 31 is a valine in 5 out of 9 sequences, in position

35 apositively ch'arg.ed‘ residue appears in 4 clones, position 38 is an aromatic residue (Y, F, W)
in 5 cases and finally position 85 is glycine in 5 clones. Also, in beta strand 3, there are
noticeable patterns ETET and PETE occurring in clones 1.16 and L34, and in beta strand 1 D
V/L A/LinL32, 12,16, L5,144. Also striking is the identity of L5 and 144 in the beta sheet
whereas the loop region is different. There are no cysteines in all mutants except L6. However,
more obvious consensus sequences could not be derived probably due to poor coverage of the
very large library and the small number of sequences obtained. Several clones were expressed
and purified as GST fusion proteins and analyzed by pull down experiments showing binding of
the clones to lysozyme. Clone L6 bound even in the presence of 500 mM sodium chloride
indicating binding of reasonable affinity. Clone L6 was expressed and purified and the kinetics
and thermodynamics of binding were analyzed by surface plasmon resonance showing a K of
~3.6x10° M. Considering the small size and the composition of this naive library a binding
constant in pM range is a very significant result and offers an excellent starting point for

optimization by affinity maturation procedures.

Example 11: Three dimensional structure of the OBody L8 in complex with lysozyme
L8 was cloned using Gateway (Invitrogen) into pDONR221 then subcloned into the
expression vector pDEST15 which was transformed into BL21 (DE3) E. coli cells. These cells
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Rfiee 34.0 (50.7) 29.6 (37.6) Protein Atons 3338 3384
rmsd, bond lengths 0.012 0.013 r nsd, bond angl es
wQa 26443997452 63 WD 2007/ 139397 PCT/ NZ2007/ 000RCENZB07/000125
factors, average 66.942 51.146 Table 8.
Protein-protein interface data for L8 in comlex wth
1 sozyne Buried surface area 840 A2 Average
anti body/ anti gen buried surface area 950 A2 H bonds
at interface 7 Salt bridges at interface 2

were ﬁ&ﬁu?&“ted\fﬁfb 00 oﬁéd?é'fﬁldﬁéudnr}h@cﬁg Q&?sh%ﬁe{? 2 8% CGRB TMYrHEPBasks.

I ndex 2.94 Average Gap I ndex

The fugignprdseit JFERES gf@ﬁpurgi@ fKI!Il bm«rrt@b@aqg lusingerGSTé sfimity celpmn (GE

Biosciflfeth 0P RRT M s Rl ISR ot nd RESREES BB Riisize

exclus{oB@htahtatdgraphp (87 CI626T piepIrideAGE Bicksidatds). IL.dwashed ﬁurﬁkﬁ a third
GGA TCC GAl
e (oA PP ORAE SRR A S %a?@%n@ﬁ SdoPdanical
grade, RERBRR¥ILAJE)Cat i on of the wild type OB-folds of aspRS
and | F-5A from Pyrobacul um aerophilum 64 WO _
2brmuidisd grotecwespapbinedvih Holluceels o8 whitglysesmue®eshe) in an

ool T A TG S 150 LA e
42.9 m@@al.GETBRAZS GIM TRIS SHoH0ES, GUmECRaCl G MK @) (The complex in

solution was screened against 480 crystallisation conditions using custom screens and a sitting

drop format.

A single large crystal grew from an equal mixture of protein in TBS and precipitant (7%
MPEG 5K, 0.2 M HEPES pH 7.8). This crystal was then gathered in a nylon loop, coated in
cyroprotectant, and frozen under a stream of cold N, gas (110 K). A dataset of 700 images was
collected using a rotating anode X-ray generator and Mar345 detectors giving diffraction to 2.8
A. Images were indexed using DENZO and data were scaled using Scalepack. For data
collection statistics see table. The structure was solved using molecular replacement (AMoRe)
incorporating both lysozyme (PDB entry 193L) and the OB-fold codon recognition domain from
the Pyrococcus kodakarensis aspartyl tRNA synthase (PDB entry 1B8A) as models. Two
molecules of lysozyme were found in the asymmetric unit along with one OB-fold domain. A
second OB-fold was placed by replicating the complex in the asymmetric unit based on the
position of the second lysozyme molecule. The structure was iteratively built and refined using
COOT, CCP4 and PHENIX. A second dataset was collected using the same crystal at the SSRL,
to 2.69 A resolution. It was indexed in the same space group and phased by molecular
replacement using the complete unit cell from the previous structure. Building and refinement
was done using COOT, CCP4 and PHENIX.
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057 GAT AGG GAG GGG GEC GCG 058 ATC GGG GGIr TTT TCC
CGC 059 GCG GGA AAA ACC CCC GAT 060 TTT ACT G&C CTC
WQO2@7A39B97 061 ATT GIT GAG GCC AGT AAA 062 GGTPAISZLadG000125

ATT TTC CCC 068 GAG GGG GGC GCG TTT GIG CAA GIC ACG
CTC AAG G d i gonucl eotides for PCR assenbly of
l'ibraries based on aspRS-OB from P. aerophilum 028
GGAGATAGCAACGGCGCGGTAATTCAGCTAATGGAC 029
CGCGCCCGTTGCTATCTCCTGAAACGGAGAGTATTTG 032

Table BT GCCGATGAAATACGTC 033 GACGTATTTCATCGGCAC 034

StatistidsPICRIPh T Crystv] hi€ $PuldACH A Y leZéyme.

ATCTCCTGAAACCCGA o “SyncHrdiron Data

Crystd AAT TCAGCTA
I gonucl eoti des for [PCR assenbl y of libraries based

(ﬁpabeFth@ front P aeMlei [ um Appendi]%}_« £d2 Am no

nnnnnnnnn unbering for

T CEIUAREAE 16 conel Bt Bt T bh T6E S0 nuperondo T30, 166344

Fnjﬂuceumgﬁﬁl?oc% gyTe [Igh obRRi gn- AmM no AcgoSemguence

atni o

Data W&K)‘ﬁl—WAEI TPNLHGTEM\WAGWECLADTG EKGVLVVDREGGACVRVHL

OACICTFDRLL

X1~

PR SREDVWVI KG VEASREY (83A2-BbSEl W LINKATZRL- 67 B3-76:269)

Vmﬁmﬂﬂ\é{ﬁﬁg TPNLHGTEV ¢GRS GAL RDL G- CRGVSVZHEEGAVVT VN

L AGKTPDH

L Engrseitastions v kG VEASBIRVGGVE! FPSEl W LNKARPLPI D U3

\ A/DI WM TFPNEHGFRWA I\II\G(QA!LL[\I\I ml\mCl(T\rr\ll\lr\Dl:mAD\ll-l\lﬂ

&%%IS@EI IINCTTOTE OO v 9.9 ]jsnzb,ugo)

™1 14

Y EARESREDVVVIKG VEASKYREKGVE FPSEFW LNKAKPLPHDB4
VYPKKTHWIAEI TPNLHGTEVVVAGW/DPL L DRGLAKGVSVRDREGGASVPVTL

LAGKTPDH 4.2 (59.0) 7.3 (54.3)

Wilson B Factor &5 65

Mosaicity 0.6 0.6

/ol 50.14 (1.6) 32.50 (4.22)
Molecular Replacement

Correlation Coefficient 66.2 71.2

R 52.7 38.9
Refinement

Resolution 25-2.8 (2.872-2.8) 27.5-2.75 (2.82-2.75)

R 26.5 (35.0) 22.5(26.5)

Rjece 34.0 (50.7) 29.6 (37.6)

Protein Atoms 3338 3384

rmsd, bond lengths 0.012 0.013

rmsd, bond angles 1.541 1.452
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LFKVFAELSREDVWI KG VEASKQRYVGVEI FPSEI W LNKAKPLPI D U5
VYPKKTHWIAEI TPNLHGTEVVWAGW/KVL PDGG-CKYVRVEDREGGASVL VAL

WGAGRTRDBY

PCT/NZ2007/000125

LFKVFAELSREDVWVI KG VEASKLGHFGVEI FPSElI W LNKAKPLPI D U6
VYPKKTHWIAEI TPNLHGTEVVWAGW/I SLSDRGGT KLVEVI DREGGAAVI VQL

LAGKTPDH

LFKVFAELSREDVWVI KG VEASKRLVNGVEI FPSEI W LNKAKPLPI D U7
VYPKKTHWIAEI TPNL HGTEVVWAGW/FXL L DXGMEKL VRVPDREGGAPVDVDL

PBECTREHverage
LEKVEAEL SREDVVVI KJ V

66.942

SKCGGEEGEEE] FPHEI W L

51.146
NKGKPLPI D 65

Table@p Frotein-pageie infecihicé@2F0r DB @i 2dmpleB with lysozyme

T

Buriecf/s\éﬁé

EAFL SREDVWWI KG VEASKVGALG

AEl TPNLHGTEVWAGWWEL RDI GKVKE
IS

DREGFVQUTLKAGK
SEI W LNKAKPLPI D

Avera

antlbod /antllgenb eljrs.}l]t_f\ RIABRNMEL RDI

A MRDREGEVOVTLKAG

I\TA TP
—boanTBmﬂbﬁace
KAFAEESREBVAALKG \IEAQI((Y‘I’Y‘V('\IEI EPSEI

AZ LNKAKP

PI D S68

Salt bridgRiit Thiefiadel TPNLHGT EVVVAGAWRSL VDGERYKAVNV

Polar: NenenripptSrEm\inH @ VEASKGEWSGVE! FPSH

SEINSTNKA

EGGAKVEVLL

KPLPID S81

Gap VYPK TI—N\?FAEI TPNCHGTEVVWAGWYKGEVDMEE

T\ N

r\UVIV

2.94

Avera%e“%K%/pGéElL SR %\é\){\én}%%og%ntﬁg%}{fqgva -

El WLN
3.0

K, (su,%ﬁgWAgggl \L HGTEVWAGWAEL RDI GK

v%FmR

REGGASVLVRLT

\KPLPI D

FGFVQUTLKAGK

KVFAELSREDVWVI KG VEASKRGCRGVEI FPSEI W LNKAKPLPI D pMB17
VYPKKTHWIAEI TPNLHGTEW/AGWMWEL RDI GKVKFWRDREGFVQVTLKAGK

TPDHLF

Appen#iyFAEL SREDVVVI KG VEASKKGCRGVEI FPSElI W LNKAKPLPI D  pMB12

MYPKICFHWIAEFTRNLHGTEVANVAGMANEL RDI GKVKEVAVVRDREGEVQVTL KA
OB foul\I 1g0 — 5 ' sequence
aspRS KVI:I\ S REDWARE SATRHEAE DR CRpA A PLEF 318
WK T AT T OGE SRR AN EARARA 6 T BOETIVTL KAGK
IF-5A TP | l[ﬁ CAC CAGT GGA TCC ATT GAG AAA TTC ACG GCG
o AB2SREDWNAKECHE AR SIS/ECEOSET WA NRARPEPAD pVBILS
lgonwwmkﬁwmwmmﬂ@m@mmmmvﬂw

Pyrobagyévpraaraphilum.

KVFAELSREDVWI KG VEASKLSLVGVEI FPSEI W LNKAKPLPI D D05
VYPKKTHWIAEI TPNLHGTEVVWAGW/QRL YDRGKRKSVSVVDREGGAPVTVCL

RAGKTPDH

LFKVFAELSREDVWI KG VEASKWNCGXVEI FPSEI W LNKAKPLPI D DO7
VYPKKTHWIAEI TPNL HGTEVVWWAGW/RKL RDRGPAKYWVWWRDREGGATVRVRL

QAGKTPDH

LFKVFAELSREDVWI KG VEASKRKGSGVEI FPSElI W LNKAKPLPI D
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D09
VYPKKTHWIAEI TPNLHGTEVVWAGWMRL RDWGEL AKTVRVKDREGGASVRVTL
WORAGHTB3bY PCT/NZ2007/000125

LFKVFAELSREDVWI KG VEASKWNWWGVEI FPSEI W LNKAKPLPI D D04
VYPKKTHWIAEI TPNL HGTEVVWWAGW/SCL CDAGKRKWYVVDREGGAPVAVRL
RAGKTPDH

LFKVFAELSREDVWI KG VEASKRAGSGVEI FPSEI W LNKAKPLPI D L14
VYPKKTHWIAEI TPNLHGTEVVWAGW/SDL L DAGRAKYVFVYDREGGAEVIWTL

oligo AAGKTPIEEquence

050 LFRGAIIATHIAOO Td SEASESNERTEATE Q'PAWAWMA@ L8

054 VYPRKEIORARICIRN KT EXWACWASL GDYGRVE DREGAAVPVYLE

055 AGRETPHTT GCC GGT TGG GTA

056 LFRYGBH GRS JEE AMEASKGVGRGVE FPSEFrWTNKAKPEPID—1 4

057 VYPRETRAGEAJ 66 Gt BOEAGYWGELADFGDVKT VAVRDREGGAEVPVA|LL
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LFKVFAELSREDVVVIKGIVEASKGYKSGVEI FPSEIWILNKAKPLPTD
U2 VYPKKTHWTAEITPNLHGTEVVVAGWVGALRDLGLGKGVSVFDREGGAVVTVNLLAGKTPDH
LFKVFAELSREDVVVIKGIVEASKSRVGGVEIFPSEIWILNKAKPLPID
U3 VYPKKTHWTAEITPNLHGTEVVVAGWVAALGDAGDSKTVTVNDREGGAPVAVQLDAGKTPDH
LFKVFAELSREDVVVIKGIVEASKYRLKGVEIFPSEIWILNKAKPLPID
U4 VYPKKTHWTAEITPNLHGTEVVVAGWVDPLLDRGLAKGVSVRDREGGASVPVTLLAGKTPDH
LFKVFAELSREDVVVIKGIVEASKQRYVGVEIFPSEIWILNKAKPLPID
U5 VYPKKTHWTAEITPNLHGTEVVVAGWVKVLPDGGFCKYVRVEDREGGASVLVALSAGKTPDH
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characteristics as conpared to the naturally occurring
013-fold domain. 2. The opdiyigsed OB-fol d domai n of
claim 1 wherein said domain specifically binds to a
i fferent bjnding partner than the naturally
atrlF"ﬁa“?%-Si‘ol d domain or has nodified binding with
its naturally 20 occurring binding partner. 3. The

nodih iisethtéBnbdified OBRIddRMaif| BidRablddttork hdhiyAlywher ei n
sai d naturallﬁgoccurring.013-fold domain occurs in a

pr oPEFHriRg OBrigldsdasmain, yyhstein spid metidied 6B-falddombie gr oup
conghabiig of Staphyl ococcal nuclease proteins;
Bacterial enterotoxins; TIMP-Iike proteins; Heine
chaperone 25 CcnE protein; Tail-associated |ysozyne
gp52) ¥ least enataedifedamino 24dWSiREGT A B398 of the OB-

PCT/ 25, tein: ' i d- bi ndi.
pr ot of e e B ing o6 L BE b Eniilly Br A
pr ot ei VB-foldhletair, ke proteins; tRNA anti (OB-fold

nucl eic acid binding domain); Telo bind

t - bi ndi tein.al pha . it |
ong! A e 3a° oot iy i R phbodBR OB 1y 5
OB- f ol fdlddttomeimdindidFa3 andB 164% OndhQ0Bd al¥d acid
| i gase aden ndent DNA | i gase OB-fol d donain);

NAD-
St ap- SFF uetIE}i“iS a’é‘gﬁ?&gﬁﬂ%@maﬁ% QoEpeHebeEal t oxin,

OB-fold domain); EIF-5a (Eucaryotic initiation factor

5A by puishsdenc B ficl amsion@idMBsified & LaRI B) the FRRLB( GP5
N-term nal OB-fold 10 donain), CSD, DNA |igase OB
DUF38glomapHooRfeeiqa,  nRNA cap _C, OB _RNB,
Phage DNA bi nd, Rep-A N,

and wherein said modified OB-fold domain has altered binding

characteristics as compared to the naturally occurring OB-fold

domain.

2. The modified OB-fold domain of claim. 1 wherein said domain
specifically binds to a different binding partner than the naturally

occurring OB-fold domain or has modified binding with its naturally

occurring binding partner.

3. The modified OB-fold domain of claim 1 or claim 2 wherein said
naturally occurring OB-fold domain occurs in a protein or class of
proteins selected from the group consisting of Staphylococcal nuclease
proteins; Bacterial enterotoxins; TIMP-like proteins; Heme chaperone

CemE protein; Tail-associated lysozyme gp5, N terminal domain
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Rho- RNA- bi nd, Ri bosomal L2, Ri bosomal S 12, Ri bosonal
S 17, RNA pol Rpb8, RuvA N, Sl1, TOBE, TOBE 2, and

wo BRNvige3et. 4. The nodified OB-fold donmi n of PCENZARMD7/000125

or claim2 wherein said 15 naturally occurring OB-fold
domain is froma thernophilic organism 5. The

nodi fied OB-fold domain of claim4, wherein said
thernophilic organismis Pyrobacul um aerophilum 6.
The nodified OB-fold donmain of any of clainms 1-5

whe pedtéinSiictbic £8dlbind BiRg, iAGrothié B hatadeh @ P-
st rg?d of the fold- rgﬁégggl _ 28&% nd??ﬂoglffgsglé%aé% The
nodiMerbkegpoteiisgCoMdika pereing JRYA._antb(QR-fald ucleiser ei n

t he ,.-hivadi = £\0 : - f.0l omainis
ot SoNUARIRRIR PElobink (SR Sinffl Wil b 1
ol i gdsmitcératialdsnaig; SSB i(sisgle-sivandod bsdinggmokemnfamily

| | t hod of obtai ni
ST BB S SRR e 7
conNAilfp@se 42en\N2DUEHdaR3OTNRGIMN/BB06(HO00125 a)

obt %}E’ni n():lénuc elc acid encoding a naturally occurring

0139PERE tp-togin (SfseBypersoal Sysplorensal thsing@B-fold
COMRbingin ,%Iﬁ-ﬁt(%géb?y&ifc &ﬁ'gi)gtior{)fa&gf 59 nlAGEARRLQr 2

strand of the | ,_an altering the nuclélic acid
suc kindiegtOBfold dovdes; GPS5_|QB{(§P5Mhéermimi OBefbld ami no

aci c&g% (3-S t bindi ng face and/ or
at qufggj?lb’ oné%nND 1‘“]$ aé%_td%ﬁ%%ﬁ;ggr gﬁ?’eegﬁ'gﬁ’e on a strand
of mRANArapsCOOBPRNBIPhdze DNA_biatl R &-AyNoccur ri ng

OB- f ol in,_wherein a nmodified OB-fold domain is
obt iﬁ%ﬂg%ﬁ‘gnnﬁ“at@:ﬁgﬁm%&% R;E;’é?m?leﬁ 1%oB1bespmal #dfmi n has
al t ened Jobl_m?b@mm eMarOHE! POBR o MAURNAl bihd.
occurring 0 OB-fold domain, 9. The nethod of claim8

further ¢ risin altering nucleic acid encoding
s%i %6‘%&1&29]3@1‘? dmepinieherim 1 ardist 2 shewsin syl nucl ei ¢
aci ¢ i | e i : ot ein
ite i T

5. The modified OB-fold domain of claim 4, wherein said thermophilic

organism is Pyrobaculum aerophilum.

6. The modified OB-fold domain of any of claims 1-5 wherein said
modified amino acid residue is in a B- strand of the fold-related

binding face.

7. The modified OB-fold domain of any of claims 1-6, wherein the
binding partner of the modified OB-fold domain is selected from the
group comprising nucleic acids, oligosaccharides, proteins, hormones,

and small organic molecules.

8. A method of obtaining a modified OB-fold domain of any of claims 1-

7, comprising:
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15 10. A nethod of producing a library of nodified
OB-fold domain proteins for display conprising, a)

wobaioai1sa3py nucl ei ¢ acid encoding an OB-fol d doP&i/NZ200r/000125

a portion thereof, and b) subjecting said nucleic
acid to random alterations, thereby 20 producing a
collection of altered nucleic acid encoding nodified
OB-fol d domai ns having at | east one random zed arm no
acid residue. 11. The nethod of claim 10 wherein said
nuc kedlgaiaiighueleradiisnatdihgasiumlg ocafiAOORCIM r esi due
of a s&rand of tge CB—foIq[ domai n bi nding face 25

and/ or 5% L FRFOGIE Zp RNy BFrSOW@ﬁﬁ’Flﬁmg@égﬁnd g3he\0
2007/ 13BAF FRETDE20HE0O8DH %opl2nd The method of claim
10 or claim 11, further conpri gf ng placing the library
of t.ered nucleic acid encoding nodified OB fold
don@ ?}Eﬂﬂfﬂﬁ#& n“&iee&foaﬁtﬁ Heh st Brenensies atdeast enccmpdified of

di spl aylingasidkdd; L - : ' n elr
surface. 5 13%&%9?23[%?%5@8%@%2}% CI& %r?%’é&“r%aﬂt he
nodi f 086 mopifies anisomid resislie oanptrafd afladbopasicopated. A

host | Si.ng: l.ei.c_aci d, encodi ng_the

modi 1 oo BB AP BN gt Vefamadned Ts. o
phage @figd ideinaiy inolbtuiak®inl whérsinRidesidiged OB-RdI fi ed
CB—foIde %ﬁhdo in of any of claims 1-7. 16. A
conposity? aé@ﬂr%?&?ﬁnﬂ’é‘gés ferepaped toagidnaspalbapesyringe

nodi fiesLiéBdofmeind domai n of any of clainms 1-7. 17. A

met hod of screening a library of nodified OB-fold

omai ns .fo i.ndi ng with a binding partner,

?o [@’Fil’%?t%fof g8 %%b%ﬁ%mgswwétsunmm@m afidhost cel | s
Or  Mich@ing RBAH hhdh R O-3RH AV ' feib0dyfi ed
OB-fol d domai ns  on ;he‘?r surral ég%d;/&]b elgﬁo%{ng%?llc ﬁ‘fqldsai d
poptiicading gt lgast pusamiselatid o pviteialthapaompritessaidi t h sai d

bi qﬂb&ge@@g_fb%d&lqﬁgr condi tions suitable for binding
of sal :

10. A method of producing a library of modified OB-fold domain proteins

for display comprising,

a) obtaining nucleic acid encoding an OB-fold domain, or a portion

thereof, and

b) subjecting said nucleic acid to random alterations, thereby
producing a collection of altered nucleic acid encoding modified

OB-fold domains having at least one randomized amino acid

residue.

11. The method of claim 10 wherein said nucleic acid encodes at least one
amino acid residue of a strand of the OB-fold domain binding face

and/or a strand of an OB-fold domain loop.
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bi ndi ng partner to said nodified OB-fold domain; and
20 c) determ ning binding of said binding partner to

waadod/1ssai fi ed OB- fold domain. 18. The net hodP@GE/NZmime0125

17 wherein said host cells or viral particles are
phage that display the nodified OB-fold domains on
their surface. 74 WD 2007/139397 PCT/ NZ2007/ 000125
19. A phage library of nodified OB-fold donai ns of any
of clainms 1-7, wherein said nodified 013-fold donains

a1 THRLAURRDS 14O orRHANACkHER @ﬁ{p@mglp%m Re A

nodi fied 013-fold domain of any of clainms 1-

di spbmpee digradmacles asig ggeding mogdified|QB finld domans into

par - i f~igleaim 20
wh e% E)S%lﬁatlog#f h-gFﬁGCeHP %ya?lgﬁf @g%lﬁa%g F%g @d?e%h%lg é’(?ld
bactlenaias on thegasatface23. A nodified 013-fold domai n of
any of clainms 1-7 attached to a solid support. 10 24.

T8 TP Bbletel i Aot eSO oS G POMAZR Ao %I s

beadsy ofyl@iss,1-&l i des, chips, and gelatin.

14. A host cell comprising a nucleic acid encoding the modified OB-fold

domain of any of claims 1-7.

15. A phage comprising a nucleic acid encoding the modified OB-fold

domain of any of claims 1-7.

16. A composition comprising a nucleic acid encoding the modified OB-

fold domain of any of claims 1-7.

17. A method of screening a library of modified OB-fold domains for

binding with a binding partner, comprising:

a) obtaining a population of host cells or viral particles displaying a

library of modified OB-fold domains on their surface;

b) contacting said population of host cells or viral particles with said
binding partner under conditions suitable for binding of said

binding partner to said modified OB-fold domain; and

¢) determining binding of said binding partner to said modified OB-

fold domain.

18. The method of claim 17 wherein said host cells or viral particles are

phage that display the modified OB-fold domains on their surface.
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19. A phage library of modified OB-fold domains of any of claims 1-7,
wherein said modified OB-fold domains are obtainable from

Pyrobaculum aerophilum.

20. A modified OB-fold domain of any of claims 1-7 displayed on the

5 surface of a cell or viral particle.

21. The modified OB-fold domain of claim 20 wherein said cell or viral

particle is a phage, bacteria or yeast.

23. A modified OB-fold domain of any of claims 1-7 attached to a solid
support.

10 24. The modified OB-fold domain of claim 23 wherein said support is
selected from the group consisting of beads, glass, slides, chips, and

gelatin,
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