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WD 2008/ 068637 PCT/ |1 B2007/ 004388 1 OB- FOLD USED AS

SCAFFOLD FOR ENG NEERI NG NEW SPECI FI C BI NDERS The
w@e@sme68637T nventi on pertains to the field of pre¢cEIBR007/004388

engi neering. Mire specifically, the invention

provi des means for obtaining &table nol ecul es that

specifically bind to a target selected anpbngst a

OB- Fo?m VUBEIEAY SI{AFI&()E{N‘P;OF@TEIINEEQN@NEWESRE@IFIC BINDERS
proteins are not adapted to therap or. ev
bi ot echnol B BEeer]salentipnepesial té?ngl %‘Sfid porfol?rtgf%ﬁn engineering. More
spe@if@hlmﬁ ethé rigvdnsioh raeitien meefid fari @ndinmgdstatdeonpoletidess thae specifically
bin&ﬁé’ gf At sctalggteg gﬁlloggstt gflatjég Wﬂ%}{, bFﬁéa?M??angﬁ jLeins with

properties properti es,
recogm ti ovosf matiiabapepteins ham ghpts p@@pﬁeﬁcﬂpy thergpeutic or even

bloféfcfu?cﬁbé&l' gse’f THR a{'ﬂll@ﬁ%d r@?@%rbt%ﬁp %ngl'ﬁ@érlﬂ?né/ to deﬁne efficient and
I catl ons, antib |e§a%ave een eca

corpmEhASIG R FAOAIRSIEY OB PRBTIPY S DO R NTA ik Eeyired properties.

Anﬁ’)'ngft t ﬂfb}&fﬂﬁes}freddggﬂfmﬂsof s lighhdasithridgleispacificity and affinity is of
nucl.ei c_aci ds

BB PR S B, L S LK it of
extdhiofdinaryl adaatabllﬂx penbindingt verpr diffivroat béndsu ot lefands; e$UfCh as proteins,

pep[ﬁ%%ctfﬁ %ﬁc g@ﬁpl ﬁ\%h}sy RN RHevED %;nﬁbodl&s B ftlﬁerﬁ' @E}twatlve fragments .are

ese reasons, ternatives
oftepndiffieyds @51 ﬁwesw@@fequy%b@ﬁused%ﬁ/@msﬁ%ﬂeﬂ&%&)mplexﬁy and/or their

1ns§f‘ﬁ@feﬁp|s@abﬁl|it t qigp Sth@ﬁ%'r@@@ﬁsﬁ dal’tﬁrﬁatia'e§ agbhmdodidsahave recently been
i on/ se on appraac al
deV%Pﬁé abHng as\:;:a?tlglﬂ é)rgtleglﬁggilglg%er%q: Vid flbg%qvl\glélatom1 IIButa‘uon/selectlon

_ap;ﬁ@ichl The alml vafs tot haintait fBacibin pagpedics Sfi @ntbadied, while getting rid of

thelé i lg{d%%tég%%%%&c%?ﬂ [1£§f ggé lﬁ'ﬁ%’ gtzr!rlg 0851‘%09&%1%8&%&1&31“ et al.,
200%@j Mefhopetofind aFagies B@Q‘hg tsr O/R8i Mmajarify, of targets being proteins and,

exc@ﬁtﬁﬁ'ﬁh#%ﬂﬂl alﬁ%&lﬂ Qif@ni ¢ conpounds. The present
vention a| row ding tools fg{ngengisn erin

nol ecul es Tl'g:gpvgéq:qt 15&%{}5{0goall’tn§ atdHP e or engi%eering molecules

wel 'a&Hp@&h:BQh&ﬂMI ot bm@ﬁnolagldalaisb@ ahdatsle mcdbﬁxﬁespecﬁﬁcailyl and with a high
to variou

SRS e et sefray Smighat S AP Rl AR, PSR ERLEBr any ot
biohgival moécnleo Jiocthlis aind, gbe lirventbos hdmesteatpmthct hepqthmthat @ particular

prone?ﬁ/ %tr{:&ﬁltee Gab8 GJ%BHMI&?H /dli ?a%e%lzﬁ?ﬁét&ﬁ&ih% rfoldp(@B £b18), might be

ure, nane |gonuc gosacc arid

mo@nﬁﬁ@b{;g.r@rgiomlgq;gpg pbItiep res,xﬁugﬁto bis birsing iface. b\yhlle at least partially

mafn@d‘ﬁﬁ@t}?@fa‘vgﬁb&f bib s[c@ﬁbl‘ﬂ)g%e.@f)f tHeSpaldnit @idiginf (@68 high stability and
25 mai ntaining the favorabl e

fol at | east partially
0 P%)Eﬁ%&? propertl es of the parent protein (i.
hi gh st abl Thet Ml@ndcleif)wdedolr@sz&:f:har[dednndmg -fdldg(OB- fold) first described

by % gl}glla.f or!i,f %33' L esoiu%ﬁgfﬁggl'l q&né@ﬁﬂgl ) '(O%ls dra.nked e 28" most

rzin,
represexftcm frdd iim a ghitveliof Gdgenomagl (Qm et ahki&ﬂ)(l sThip @198@ Iﬁve stranded B-

barf@\%éﬂpea %fWﬁ@pﬁlﬁk@c hé]lxa jah\seNitle 28 DRNRESerbied @Psequences
his fold esigrand aﬁ 5;‘10 bar
ThecQBp@&d memtsﬂﬁ Baskis el inding facg ﬂP?éFPR er H@gf ety Pthe types of
corhp¥unds }&hﬁecﬁis\b%r ﬁdcbgm@éddsﬁmf 1C&§)I;]IATFIH\IQJ.?olfg0|szd:charldes proteins,
esent s shee el ace. t hat
mefliEoRRsand GRERCT iyt A i ST Shfal ERREGHS from ifferent proteins
shomd that theclngding exbre sss BNAys dedaial aRM&, same position of the binding face

%’ ? ccharides, proteins, netallic ions and
cata

ic substrat es. A study of several 013-folds
from di ffcsasiid h pﬁr@@@ﬂwﬁbdm@f@@d (figare lpheAshaclichg! k98: Gao etal.

19985 RAbRYR e|t %13 ategk. aBu tha. SZ@UB) HQ%bIbhgsﬂthﬁ didze d7i saghlinghromosomal

] profeﬁrl%gﬂlj?rg thehy %S\B%qp%il%c %{F%?aemi&;gs Jobis 01 ocg?c}arzusogadg%nds double
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1998; Robinson et al., 1998; Su et al., 2000). It

bel ongs to a class of small chronosonmal proteins from
w0 baslggsat t her nophi | i ¢ ar chaeon Sul f ol obus PCT/IB2007/004388

aci docal darius. Sac7d bi nds double WO 2008/ 068637

PCT/ 1 B2007/ 004388 2 strand DNA without any particul ar

sequence preference, while inducing a sharp kink in

strahﬁ‘ @Nmﬂ{o‘a@ l@.hi‘ Qfﬂlcﬁlar @équené@ ferede, Whilé hxﬁﬂi@htg i Qharp kink in the

a role
o e Sl I S5 R A i o e
ro@ﬂp&érﬂp&rat&te 85 Quifolsans dcidecalbrimmédptimalt #b8FC)] Sa¢Al is extremely

stabh%ﬁ{f{s‘rgg Lab gt%lﬁ%[ége gﬂio(?%l d\§llblwf1tlh i 9-['_F51t gfalrg%; g‘anhﬁv dfold between pH

0 agridf @hdmtw guanydinbieh hydrogllotiel m,delaeca denatyration epcust Wﬁgmbly with a
midpBE EShddhitat I\I/ltb & ?SMrﬂeﬂ%det (IQI@UP«E?H At 11996 P CoatrBM to antibodies, its

enat ur ant tra
ol oot § iy SHele, ST 8de SRR otein of 66 amino
acidsl Wi’ﬂheonesﬁﬁﬂzﬂlrhlsd&nﬁmi(ib ﬂmomfdld; piiddeésnatf ha66 adisnldide bridge

g gl 5957 RRvEL YAl BBT Bl Pug By BhetEalgpeg (Moatee etal,

1995996y erpSduetic 1avehanat<ed0f1<5rmg o@fsomurmqv@ebééer flask culture of
Esh?}%cc* szc%g Ja{s{%f ggcfga EhmPn fl]agggghnvg’ %@[P@%Eﬂu?zﬂ studies of Sac7d

rotei n ‘per Iter
andfltsazikseclmrml@@eo‘-?507¢§4ﬁ’@? Slfalabisaplf %’é’ﬁ%]éa"’r%e%‘@}ﬁ’@dhat the two protein

cordsEHERNDAS Qgpcﬁﬂﬂe ha ith:e 'bmcﬁ@é) {0 the ShihUE ot of DINI @8c@f mainly via a
Sac7d ~ a

i e P b a6 45T DN tinon .

1998y.e superinposabl e and that binding to the m nor

2 o0e o RS TPLOI U g ML i

of SRoBd hy dnvigno ditected p_t@emgfgzgjutlonh@r(pqghgh@ Breodpetiqn of random mutations
in 2SR ? Bf résﬂfne?%ﬁlv@ﬂ lid th¥ 1{e@né Bﬁ‘l@g‘% fd]ﬁmkéﬂﬂﬁ' Mlectlon of the variants

,Eem icity of c/d by.in v eﬁ:ted
whig @msittp@rglvwaeafgﬂ\/lmé)rm%d ¢ [V GROBH 6 fpAUCied & large library of
aboU8 QUpOﬂﬁ'lantsnccﬁrdﬁ tlf rdndsindsigstiturivad ved1imsitiis of the binding

intell;tig? anﬂ 73\1\7#3 I'J.'lbf 0| bLéan/EO setlec Q/[%rt(i)ar}lt%blé H)ebind a defined protein

target, ehyi tibdspmet dheplaylvlémﬂs: Dﬁ bheless fmrthltec yroteid targesy were obtained, with
afﬁlu'tlgg ﬁ{ %e%n?x%?ﬂ‘?ﬁ%oﬁrs]ﬂ%% AT @&ﬁi %ﬁﬁ&aﬁcﬁpﬁ@ dh{Mhtdr® extended the

om Su I oOns resl ues bi ndi n%
p0t¢nﬁlalabmdtzle agfa Bele A . andtH gesiduss aFiesp agw hibeasics svsge pgsd for selection on

onet%? |t1§‘é3}%reV1%ﬁ§ BRdcts RIB-NDakd %cﬂicdﬁﬁddﬁ@@ﬁﬁ Elfﬁrﬁtyrin the picomolar range
ar

sonme displa
wereftganesh ehy DA gETLoRaRBL ASTRRNENSO (n rBFingy, p ggneral DNA
binde? (Bhe7dhwasl be @volasd mwadsa spevgfic piatein bireteo haviag highaspecificity and

afﬁ{n&y 'llshls egitl(%;ftc'rat%(& r(;gl%gs %,Hgoof B?éﬁ&f F%lthzﬁ bﬂgdefkgfo?(/ﬁ&lagQ any kind of

) residues. | €S were us
ligahd cars bé derivedrfram Sa&7dometi Qlirdoldmenteimasfor exagenls by using the process

desg@éa%ﬁl)orea&gﬂgggw fic binders with affinity in the
pi conol ar ran wer e _obt ai ned. . Hence, |nt§entors
E"éﬁ@r

have dermn%tfiré‘t aweehaf thes presetsinygnton’ is ¢ YRyt an OB-fold
proRin)d8r a (sﬁ&ﬁx? )m(ﬂ&ﬁlleb &'oxewBﬂaitﬁﬁig t vt Sa &oﬁ)}bﬁﬁt(frlat mutation/selection

L ficit
sorkiaEe BERORGTT APTOCyoUPHRE 8 bt SRt BltbRdfo which the
starting @8-6old protein dbeshdtibimhy. e k knal tapget dllﬁfgamtcfom theptarget of the OB-fold

progﬁ{ luyfi%d %El%ngtﬁ%ﬁgdrﬁgl%cﬁg hef V‘% gcﬁg) sP rt&t %'Iéb? offtﬁE startmg OB-fold

usi n escrib
pr0t¢€l‘t il bpeliss s matwgttaragtpewhersas ﬂlﬁéarg?fésSémn hevsglectionstep will be

desig%adég 3§ ghet *Iﬁrg@ﬁ@f iafera. @Baﬁﬁ’éi@rre@ éﬂb@dlﬂlentﬁ?ehe’itaﬁgea Iof intgrest is of a
ain i na
chem}‘qaipgtgfg (ilgfrp{g@f rew thgg)grtlbea%ag vg Zsar (gcglﬂxgmg &&r?ﬁe@a\rs /);mclelc acid,

binding to a target, especially to a target to which
the starting OB-fold protein does not bind, i.e., to
a target different formthe target of the OB-fold
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35 protein used as the starting nolecule. In what
follows, the target of the starting OB-fold protein
waowdos/otss3Tal | ed the "native target”, whereas tPEI/IBE0Q@104388
used in the selection step will be designated as the
"target of interest". In a pr&ferred enbodi nent, the
target of interest is of a chemcal nature different

dfrﬁ&mlfb h@ﬁ oPdughPy. /rlﬂbﬂelbg ﬁhlgg f;gi’ecte?fi:’tgg %ge/:né (@)ﬂi‘%gbmls hence the

d
useaqfdar}.rgﬂ%fqﬁili Ccprgtghl B?tugag}éot?mq,lgg OFﬁ' B ﬁ)am aps o3 ts}lacl:'tl gam%lecule for

obt&Ree tthmhgm hae cpmammnail muetationdselécsioheappeodche a amdecyfe specifically

1y | -
il 55954 B L4 00 e L, T o an
fold prmlnataarraléy bmsﬂmm foom/PEeiEioe BS Orstabpe dadlpcule %P‘éélﬂ}lfga through a

conith ftb{lélCrﬂht!aﬁon/@él&qioﬂgapbﬁ)a@h t Af@Rlcud prﬁgﬂ'l%]l‘ly bidMgato a non-protein
nucl el c aci d The Use of an

for ex
targop(far ¢xgmpl ‘i)rad"tué ‘%d? alsp V“B Pﬁﬁﬁeﬁ’@egﬁﬁt BVHEOei n, as a
starting rm&@edihg td e padxend invdigion] the phgise 4OB-fold protem designates
i nat ori mut at i on/ sel ecti o p r e
anysgggfp‘fqtlg& Y ICB WRHEE 8T SRR po:]fo edl%ﬁﬁ) aﬁf rhavﬁ[g"?:B ofotl fopology, as
desenttsedye(Muarziny ¢ P23 )and (iAdjusj 2008).sthip tapolagty qonnr@smﬂnés éhtm architecture

\Y t t -h
IR PR Pt g o gt ot
Refafringhtoc Siep LA rupteino fiEncdyrs 6#883’1%%. Reaﬁh\?r )o|ﬂae OB-fold
top&l@@:@ l:&géé ok to 1k 218660 ifHg dahily (QAITHI dhtabh&Q@érs@ﬂd 0.0: Released May

200§t e 538 B 20 TP 3R B plbpritid

rec@apipait [ﬂbteﬁﬂlﬁaver[gjthb)sama sequehcods 4 n:ﬂiuall padteir), or an engmeered protein

(l1k{: F;fgg:e{(éng?l ? fr%Erngg&sW 1?2{%1‘% g)iil @bfnug i oﬁo@e‘?ﬁ cbinpAtihg4n OB-fold

domain rizepoadirst prathie, 2nd (aster on@iletyaﬁﬁony apoRTH Paeleiya dlen-limitative
exalPl AOB1Ad %rotgﬁk Stk alYay usePRRbrdiskhthd MveBtib®h@ Sac7d, Sso7d,

otein can be eiLther a nativ |
the NotgrmingbidoTBgiiof SEP  epasorinisin géﬂef‘)pﬁhéfa?lﬂ Al ibp ghiga-like toxin
Ile t(PBBS 26852y, eﬂiéeﬁﬁlﬁaraS\Ie’iltxﬁpmllJ;&dtwﬁﬁ@tI&ipﬁ)je -20(NAR-2, PDB 1tvxA), the
ngi neer t or
VLS 5 BE 3 ol G S0Py 38500, % i
don@Ba fof ISRE-Q ¢Ruusself etaak, 4997)r the Iy b of &h @obr&h@gae]pke toxin (Kitov et
al. @O%y?é{lgn’gr 1t erﬁg areﬁt eiO@k) Hoold- gﬂotcﬁtlbm bi%ﬂﬁl%ph(ﬁﬁam of the

can_be used_accor.d Ing to t

humap, dnbexoprefeia EBclhdk @éoqtdal 2002).Nhe o - ofa | InQFEARE rpy(s?lsrl%phatase
EPEEB (Sﬁﬁ? 48 @k @l.090@r), 8t any 13991&‘) proftéiﬁs tibed n Aable B the article by

(ot by ichCR D opRE SRERRR 35050l TR h0aA asp- (RNA
synﬂ’i&t&ﬁde rauli) Bib8aA N\ spr dﬂdAnsy@tlm@g)a Bf kd\’kxktlub?_am)arllylA (Lysyl-tRNA
synpﬁg B( P% 1?}8@ (Rgﬁca{\k%rg%rrg%ﬁlﬁﬁ 3%?52' s’ﬁb&{lit SHE[_’H%) lqugB
(Reshcag@nl plk)@elm aeu 4k tSGbUIét Human), Jdomos, (Repdication protein A, 70kDa
subSMt t(k??WBT Yragﬁleﬁ‘ﬂ ‘Hurddf 21@tct(h€10%lréieﬂ19§1@u@\€m@ iRdON@ova), 3ullA

man Y-box protein Y
(MM%ldﬂ%lh%*@qA@é‘qug (75761 g oplwes%% fRirhises Z@Xﬁbga?s gubunit, 5.
per(ﬁﬂ? dibBpD E(Peﬂlllssm t%QQll$5 sQundt A TH bbhx&i)prBoipermmd)J 3¢hbd (Cholera
a

ronit, £°fhdege UG WEIE e, E LR O i8R toin B
pertdiA, Es yolih dbes 6TIMP-2oHunan )l Haad\ (SupspantigeAPE-C, pyogenes) 3seb
(Suégxg{‘nﬂgetnzsggﬂ P aﬁrlégg)alf%ﬂ&: Q‘Pbﬁ% shd'clk{sk&dx()hﬁéstkat Bl%reus) 1 jmc (Major

I cation proteln

coldhigsatesblospld, ThiGlation SR oRBistoresh o Aeps b, 1510 (51

RNA- bl?g%d&umngf Pl\{ﬂé@gﬂg\?(&lz] nhqAReRitiatioh i @ihs[li’u@?efaﬁtor 1, elFla,
subuni ragne ot,C
Hufbpa) o e HOEHHAF RO FHPBL BEIr Co bl coRb {HRORA® (Mo-dependent

(M tochondrial ssDNA-binding protein, Human), |prtF
(Pertussis toxin S5 subunit, B. pert ussis), |bcpD
(Pertussis toxin S5 subunit (ATP bound), B.
pertussis), 3chbD (Chol era
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Toxin, V. cholerae), |ItiiD (Heat-labile toxin, E

coli), 2bosA (Verotoxin-1/Shiga toxin, B- pentaner, E
w@ei0s)pe86Bbr9 (TI MP-2, Human), | an8 (Superanti geeT/BREITN04388

S. pyogenes), 3seb 35 (Superantigen SPE, S. aureus),

| aw7A (Toxic shock syndrone téxin, S. aureus), ljnc

(Maj or col d-shock protein, E.coli), Ibkb (Initiation

tran%(f\x%ﬁﬁu'n@ﬁ 012k RCMBHE D &.col), Mﬁﬂpmw]"guan&lﬁﬁﬂlsféade Chlorella virus,

oD Reh TRt R8BSO 1, g S

nucleaEEQ S Iamréusﬁl hjp(DN/& msllaise dIuV%asuhmmt,’]_N-ﬂeﬁnm,al Eom@ml, iB)coli), 1pfsA

(Ge&e tV apl{é%? in, sfégngrﬁ%ag\é%c%%%gﬁ%% dg}% E’Egﬁ l(gggéﬂ\é %&éﬁﬁ Filamentous
bac(eRhlPh@@aﬁﬂfl MiB)adepelGers 32Hroent (2p39) par@; Bap'eevplmge T4), 1wgiA

(Incﬁgémé § ﬁlﬁﬂ SRS @N'%e;le'vgﬁz%? aﬁ@ckﬁﬂl QHlBﬂgiiﬁlcT@y,ro;ﬁlosphatase T.

rmgph(;lyt@e Fq@ggzggﬁc at n&ﬁ:fp&% %o%nsi%{gir}#q?ng é‘Jr(H% ri)ﬁ»§1ns can be used as
starliRg sddledul@N&el fBF plupbses ilPsehiclo tavicisy Baotter avapdeigsince mutations in

thelgg%ggdér}g %E}h ﬁé‘gﬁflﬁe ch g%;l)%ltﬂ?l Emd rg:ikg ggltgr 2 e(;omp etel§ 23bolish their

toxicily.e, Bacteriophage T4), lwgjA (Ilnorganic
pyrophosphgat ae%@mp?ﬁec? elﬁe‘ﬁio?é a(‘f‘e)tall aiﬁd }%DrerérhﬁéHtha'ﬂJaﬁ below, the

pyrophosphat ase er ng can be notg
comtheaton. mfaionaekeiians 2BpraTHH &Pnfdfgts FinoMbERMnS Cambpgtorial library

corﬂé%dﬁ% tosthé‘rriﬂd’(‘:ﬁnfﬁiioﬁcdf' £Hurib@off dhbsdiﬂfe@ﬂﬁ%of fheVﬂﬂarﬁhg OB-fold
si.nce.nmut ati ons

oxi cit s to, be avoid
protsimisshie et dadeRt-isRce! EiRYET of RIS WByolufth i B Binding of the
proefiewithi Inelnhyve Ligandy, dojibetdby a atletticly irt $péd fibraty) of variants which have
thetoxr'ﬁﬁ%) exenplified in nore detail in the
?(Sbg iP nftafi part below, the conbinatorial
mut at i on/ Seasetri deci ST thaahesephFiventon s bencai hicagbpatorial library
cor&%‘dﬂ@t@ﬁh@l‘anﬁbf?ﬁﬁhﬁn of8rth @?P f@rﬂﬂy 8o t20eand more preferably 11 to

om-zat | on of mber o sen resi dyes o Q. .
16 SiEs 7 VEPRGIN 1057 IR Pk o0 RHERAPY PAloBTsits Ggpnd, possbly
confMincd WithtiBé delketio® o dues4 Iréwdlie‘d &dd/loﬂ thdimsbitiodi ofgl of 50 hresidues. Of

coué'sgi @-Ee?l‘ ol &ng r}n@gﬁa at I éfloféif proge?;lil’%&?ljeln sg%xﬁ%es even in cases of

proteis viiésinukipledapang bnaelmg/m diffesent digpedst th@fmtlerfecqobeéwem the OB-fold
donkddY %ﬁ'tﬂ@di%n@%@%amﬁ& Ral Aohiin |T}@'5§E1Me% frtlsan will find in the

correspon e random zatl on
sciepfie dtcrie Be msoaenry dAITEian torideRHAMe repupginvelyed in the binding

of tﬁ@@Biﬂﬁé pRteih RALHItO ARG ngah@r‘m@ls aﬁkfof@dh 10Baté D krflB-strands B3, p4 and

er and, Iy 20 conbi ned
BS %dtlﬂ Viﬂdélagill 48#}&6%%?{51 gPr§§| nd/ or the
I nserti on Rakticuldraonibinatsrial Uﬁsane@‘accardmgste the¢ peesent invention can be

obtzagescf1 tﬂ%ac% i 0f agﬁﬁo%buér}zc%]gzz Jgu.f ot its ﬁ@rﬁgl; gues (glgure 4) such

ates, even 85) erns wt
as S;kofirdilslssm) foogi Prgffolebudi shlfesasias. | , librasies @b@prfeé@glth a truncated

fong%tf‘ﬁgﬂi ghﬁl §Bnmbed EescGamBhN( Pﬁ@ﬁfetetb@ i ] 9}9'3? eSS ﬂéi'trlﬁf&he present

thi s’ domai n. Theskllled artisan will find in the
lnv%ﬁoéntlflc literature the necessary information to

identify tesupefinposing Isékké@dl\seqhelnﬁestdjﬁ 3D Btilucn@reQBfO)‘B fold domains

L

Ja g Iited) (Nootegddme)et al., 2000) and
DAEf‘rﬁtE C@'t@f//&%%{@é ﬁflbgilL té/g r(ﬁo'lrﬁsaxﬂf apdi .@(ﬂ)d),o thd'§nventors have

hventi on hSacd rom
idersifiefigho positisns wbishIcoald bfsmOérﬁe\ﬂn fph Ob&agn%m lhyaaes according to the

preieﬁt QH'El@n(ﬁ]) TakinB as a%t@&%@@iﬂ}%&‘s@q&nﬁé S RTUfFISHQED No: 1, the residues

g e stdagid o G Bllrbhe L HESICEIE, L iy, 17 k.

(McAfee et al., 1995), are also part of the present
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i nvention. By superinposing several sequences and

3D-structures of OB-fold domains using the web sites
WOEHBI06sS82 (http://ww. ebi . ac. uk/ bl ast 2/ i ndex. P€T1B2007/004388

(Lopez et al., 2003), T-COFFEE

(http://ww. ch. enbnet . or g/ sof¥war e/ TCof fee. ht )

(Notredane et al., 2000) and 35 DALI lite
K24 hwh ! Vial\mmmsamztgkﬁmmm 1336)N$Hd(}jm gm P40 kR42, A44, S46, E47,

entors have identified the positions

K42§ﬁ}&ﬁé@ qug! nodi fied for obtaining the |libraries

accor di ng Stidl whie Sagtdeasenteférancenthieansidieakivingh gan be deleted are: AS59,
R6d. %ﬁoa%ci% the sequence of Sac7d of SEQ ID No: 1, the

res whi ch can be random zed are the foll ow g )
V2, K3, K5\ superimypositign of530 stucjureg pf, l(kpg_otelpb or OB-fold domains

@i nc?t%?é %@%7 Binb HR2QRY @4 IB8LI Qhﬂﬁ?fﬂwv&w#lzloav&dam&eracuve html)

7
(1ol gindpipmter \S) aberclepal i B OGNty G4gh o datious sizes
whigh hftseprobsaidy atdi@volesd (ks bwhimg'loﬁ:lmnﬂe(sde ffigtieed? )albis observation is

cong‘f?ﬁgeﬁ }Nﬁﬁ gé)gevcs?uslybpb ?‘%‘? Hgtagﬁ%_@gﬁ?@gggﬁé %c'?c{ is35e of the proteins
havirigrib¢ sitbirtest 18aps7 tdndomsinseytionsdn weid lgqm@amAdvmtageously be performed in
ordérh% g bta ] a%g% g%ﬁlcldlgr%a Bda/g{e@t £r &AL | BiRdiRE A1) cerfaliP |11rgfhnds families.

rev hat th ki nd of prot ns

Ad\watp@ewbpsHWIqufohéo d4p 2BYno agid; 1eH H‘ifs‘fanp‘l’eoﬁ Prne 18 oop 3 (as

1deritfﬂéﬁ| 1ﬁ§1§’gdré‘s ?BQmB'E)d T&ge@fnﬂtlé gflﬂfbsre(g&meof r@idlles 2P.to 30 of Sac7d,
servat i Istent w

prefﬁm?f)f gﬁt&&eﬂ d?%glfe,&r %u gnc? ggogysertlgpﬁ 8& qsg C$§ 130 3501d er51dues can be

perfohedirloep As(ad Mdendticdin fipges hbrne3), fbo@gmple anth@meglon of residues

35 £on4§(f b 55’33%? hféf&gf&lg ﬂe%@e%b&ﬁﬁu&dyﬁgﬁ@ggoﬂﬁll Ms&fons of 1 to 20 amino

brari_es part| cularly
alduwaﬂdle perfermechii lagp dfasddentified in figuread b faaﬁﬁquel‘sexalnple in the

re @gwg&gﬂﬁggﬁ&m éF‘S"ch@l ' &@ﬁrébﬂ}ll getk@erl%esﬁﬁie@Q andl ld) In order to avoid
sl.aues 3 in 0
aanqu@luglélg' |lblsg%e12)speq1§?%mpé% % T‘}‘ﬁe?ﬁééﬁi%ﬁ‘?@fi in ?‘dgures la and 2

resp'eeﬁ‘l'egijd esrredpoidtod0opy 1, S&ﬁﬁl@l iderpifietien diel 1‘¢v1b®tameia by Arcus (supra).
residues 2/ a |nser
resi dues éééﬁ‘fobd(éjnglgd 6é’raf% ae%o(a mém 03 g’ a@? %mbmatonal

librany coirrgspoeds tdbthamahdR)nizdtion o antd, d3l h4,t1I5e 16,e1§ anl &residues of Sac7d

sele'&%ﬁ'a%ﬂog%st g‘% e 1%9 @1?@227 Csza?f%@flé@é Wbetg|enss, K39, T40, R42,

resi nsertions. o

A p KaRain hoar S . 1A 190 16 s SeciSd amongst K7,

Y8, iemralf Ked, w24f V961f1€§8 M1, 300, P33, K39r ngamJ @a44nant I546.
era

regi on of resi pr.e
bet ween r &g ﬁuB@%Teéln Téma?oﬁlaf)a@tgfﬂ % Sfal & Ogeh embodiment, the
randuoihizeltelsidues tompridecatdeast gpaesifliasdK7,n¥E8, K6,0W5243V26 M9, S31, T33,

R421 A an(a g ({fI 5%973 W Eq&ﬁgceﬁbréry}cﬁéﬂ I% l% %?rﬁ)%‘a rhé&ﬁl ahd designated

correspon
in the\;qxewnamtalcp@t }jy: Oy @gs‘ll@gngrld correspends ppgt eoraéldomlzatlon of the

resiB@st KGUNRI k@ods mens, 0hot Be1i '["3@'1(423%44 RBd S46 of Sac7d. In other

Con}bal}n?g(lgfnllﬁatil {‘a:rl(a;rﬁ agﬁor(%;_lg rt({ gﬁg é_xrggg(gglggti gne, ]%70 oI-}hrgF additional residues of

Sac7@Ssdleitebambngsak2d, K32 het T40larg niyogsiiddfrized(d, wd@heﬂ@ﬂ:ferred libraries

2, W4, .V26,. K2 9 T33 K T »
acc&églg t§4téé 1@/ﬁtlgﬁd§%4g2 SC%‘lBeSCi?, éﬂxg xge %gntilzégri 325 2brai)é 137, which
corespobds te thedwedomization eﬂtlmmﬂlgs@s K7, Y82K9YE21KE22K34, V26, M29,
S31K2133 Vlgﬁb X%@ pre§46'\/819,8a§§11,anﬁ33hb#§1%9 14°T4Quh1&14%orr&$6nds to the

erred nmbi nat ori a
ran%@@@l@hﬁd&f: ﬁ%smues e Y8 Kl 8ail z’é&z’rwgﬂdvgém%é}%g%ét T40, R42,
Add 8aPd44 drsacesi dues K7, Y8, K9, W24, V26, M9, S31,
T33, R42, A44 and S46 of Sac7d. A specific library
according to this enbodi nent, and desi gnat ed
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in the experinmental part below as "library 11 ",

corresponds to the random zation of the 30 residues
WKZ008N&863K9, W24, V26, M9, S31, T33, R42, A44rEniB2880004388

of Sac7d. In other conbinatorial l|ibraries according

to this enbodi nent, one, two @r three additional

residues of Sac7d sel ected anongst K21, K22 and T40

are al SO rcafruims’@'e; S@om'ﬁim@t(ﬁiahﬁbrdﬁy ebeired byl fahd@nizag 11, 12, 13, 14,

15 gri ﬂaﬁetsa?f B%‘oﬁd se erecnetd.I 1%?181?%?} Sﬂ?e_l_gees% A qg‘%\téd’] af Bgsitions which are

equwtdnemhnstshstt@i atome,risaldo pit af th@rprcﬁfent ingentiogi Jaid squivalent positions

can\{?é’ cféﬁtéﬁéf %%alﬁ% th\é\zlgl %gGSsoW%cha%? A§3111 thgsligSC§4ﬁpoteM4)ata Bank

brar ICh corre
(Betlbaft bical., DAARIDIAA) 3 BY comBanags ity é@sstwe?mrwﬂh@at ac7d (figure

a):K22, W4, V26, M9, 831 T33, T40, R42, A44 and S46

Vol Se8°y 1§ 2908 05ges 261 2B, 9ok naa By 40 B 44 46
ranté¢mzizng8119 1, 22324126 28529r 3163BeéDdl4bs4a)f 45 47
Sf)g??l 2?89(9\/\}-116 e, ﬂgsﬁonllgig%(fﬁs dlﬁéz%%ﬁﬁt 90 e us%d for obtaining

are | st ed

combsnagdria lrlmr!eso%fs ddserllpﬂded@fw Exareples oh suchaproteing pigad

foumﬁll Tag[g, can be identified by using the file for
Ssofqd(charm A Tm the RSCBProtein Dat PPaiify 9 Secondary

lé(ﬂpsed in the

(Berjman et ajame 2000) (
3D-qtructure with that

8 9
9 21

Lbf 4A) sedesd by ¢
pf Sac7d (figure

D KP&@ssiol g

Adcéssion

aber $aNdstber/

2%a2a. (BKA BindidPpratsin 3
22 24 267dp8 29 31

| S13/31088 adi@ocdidariiéd
33 NOBUAAABOIAS 4]

4By A0

AR541¢178

pr ot|eiSege: iBNAbodiogizottio

obt dini_ng
aboyve.
fol |

10’¢kaonhi nat of

S&dfPldbus aeidagldayiuk ¢
i aNCBE: KP 259048 o

> pised. f

5 descri

0b4JBQ1
hed

@%ﬁﬁ@lwr@Fmsb ch

Acces ssis'g (%?:7%§%‘ch}’ﬁ°mﬁ ufrb

pr Ot CI 1

NCBI|: SA/KK
aci d
DNA

7)

shi hatae 059632 7b)

pr SYelrhig ’05? i

QXS l\ 7Y

e L6

inlr eq
L=ivavy)

in the

j O9BAA-

bi ndi ng

=2 1\

\.vl
em Y

:J)K%'/EF‘ usk'o’l

N a1~
JUI

b PROSIS G

| RBiS0

mal—darrus—m
biSehir PN Abipdieg piotein S
NCBI : Q96X85 Ssh7b (

/e I\IU:’)I
l f%‘l’ efalﬁ%sffwédau
PNANGPH Bi‘*ﬁé’%‘f ot (

YF Z953

| PEDBDXT
bi n Sul f

U039631,
6 ps¢IDBP
oW E

pr ot|ep7ss (BtvAfdldok ustemTh)

NCBI -

P39476 Ssh7a (DNA:

NCBI

AR

|nd|n0 protein

ofd ( DNA-
PEHH 3T

Sul fol g

bioagh3hg
7@%0170,
HQRUWIS

Tabfeh itb q;x%ﬁap@ég 68Lac7d %mUﬁ%’ues BAAGB 274 1ROLGRO abRRdine to the present

anCIltIOIl

Alignment of the OB-fold domains of the Sac7d homologues listed in Table
1 is shown in figure 4.
Other particular combinatorial libraries according to the present invention
can be obtained with the Shiga-like toxin Ile (PDB 1r4pB), for example by randomizing 11,
12, 13, 14, 15 or 16 residues selected amongst the residues located at positions which are
equivalent to those listed above for Sac7d, said equivalent positions (figure 3b) being as
follows:
Sac7d: 7 8 9 21 22 24 26 28 29 31 33 39 40 42 44 46
1rdpB: 60 59 58 9 10 12 14 17 18 20 22 X X 27 29 31
Other examples of particular combinatorial libraries according to the present
invention can be obtained by randomizing 11, 12, 13, 14, 15 or 16 residues of the human
Neutrophil Activating Peptide-2 (NAP-2, PDB 1tvxA), wherein said residues are selected
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Su fol obus sol fataricus 059631, p7ss (DNA-binding
protein 7a) NCBI: P61991 P61991 P80170, @QUWS8 Table
wa 2008x0688p1 es of Sac7d honol ogues which can be BPGETB2007/004388

according to the present invention 15 Alignnment of
the OB-fold domains of the Sat7d honol ogues listed in
Table 1 is shown in figure 4. O her particul ar

am&%@fot'h? %sﬂde@loc'ateh ra@ sﬁ‘@or@ﬁﬂﬁ&mm’e @qﬁ@al&:hﬁtoﬂh@ﬂﬁted above for Sac7d.
I nventi.on can

ed with th
Thepg gqlclpﬁgntlp%ﬁébns cplg?m igﬁﬁpgpwopaﬁ&gﬁbﬁ ﬁalclilge of f%lﬁ protein with
thatlo'f Sa&?ld (flkaredc) e tiesfotloeingsel ect ed anongst the
[ ONIEST| BR ST A 2R R 2sBbc i ang 39 apulyalignic
% |'i Sted aboveé for ui va
poshthAgr% (F6 QI ALY 18I g 24 5f50I5i70\§/§ 65263465768 69
21 22 24 261282 Bdrtiddlas Toftbifdorttd Hbraribd Ad@&ar@f-hg590 5t$1e present

9 10 12 14 17 18 2 1 Oher exa
invepsion; gl ke obGiASAN|itY rtﬁ%MéiY%fze&Pmeé ?’a‘?t {}E o eo(% Azotobacter
vzneﬂ&iﬁﬁﬁ@’DB 269j), Teeatangie barandemddihai held, by, Iéﬁﬂdamlﬁlrn:gdues selected

ok e s R ot S ErilpabRiadiBtedabove for Sac7a,

whatkiarseidreqeiatnt pesitionsg figure 3dpare@s dllons: 2008/ 068637
PCTéac%?OWWg 28821 722’5‘%”%‘ 2‘8“99@?' @Ble§9| Qéahgdmt 46

pOSItIOﬂS are eqU|va ent to those |1sted above

f orlh8is 7. 61Tffé’seg6eo§7| B8l édt FPodht |96n§8 Hbx Hienkls bip 112

conpar i SO'TH% rbdegt ﬁ@eﬁﬁdﬂJQEde)@Tdi’ﬁs ahé u@é of Slcﬁm‘Mriaﬁonal library as
MUEN S o e T e Ty e
preééﬁt %ﬁt ahéﬂecuﬁlé. iASdnéhlefrd 253 ‘SPechc Mind3 oS terge6 9f iibirlds to it with a
51gr}a$1 éo F510 S%rlt uPeri&P ﬁp 18%%10% Hol%cﬁ[ei %éﬁﬁ&oﬁrgiﬁ]&ré@by using a

vent Ion can

coniMimhapdribd rithmBl mprdgnthQ)tlm mventinagpreerably diindsatet #y target (also called
“tar%%tn@ﬂ %’E@éét”)(@% d fﬁ%h)afﬁxfu%" i@X%anm ﬁnkaﬁﬁlfi}ngéﬁErzthﬁg 186 5M when the

residues. sel ect ed
target glpggthiq)gataearogqm,pggi‘ betisr dhaphil CH"MaYVEeIé% &égeénlts g garbohydrate
mok&ﬂ§&‘o}¢ eabove for Sac7d, 10 wherein said

equi val ent iti.on d f

Sacre 7 B 0503 Frh8festt 1S 5pAtesclo; Fipegine a molecue

spetifieglly bi6Ging To G2taBBt, BPnRRisthg Ve af e@Bg] 0ba todbigtonal library as
T I '

g TR TR BTS04 G RRELL S DO i

By fariantigs hetein megans a@@@@mei)%ﬁ&mﬁh% Bbragy. pen aunﬁ@‘etnow%lch is derived

froth ¥el@drting OB-Rd pioteiR 'b?Sﬁﬁﬁtldr@ Xﬁ its Bmﬂ'ﬁig%@t@' eis
consi der ed aﬁaﬂys ecific

bi nds to A4S ﬁ‘glfl@?ﬁﬂ atioge r%esoé%ileaﬂt g% Btme(ﬂres(egt invention is
that1i0 enabld3i thel ehgllfieérmg.ld)fEa whilezhlei whiehgperdficadly hipduwi mearget of interest,

w1tlbyg€|gﬁgt8$ r11'1'[% at18 e¥1%1ﬁ§ t‘&gé gar%@ ( a(fq eg(gx?lgi ”M%%{gt%of interest can be a

peptifle, i anpretedis tdn) olmqsapcaamrﬂegh laﬂd,u glipgpeptide .a caxmlwdgme (for example, a
sugﬁgfé nggbé -hehi& DN douniddiniand DA, 4 m&t Irﬂt&es@mgly, the target of

t
1ntegez§ gt bg 3 natugg:ogégl ng%aggalpmo eculet lelte& to a\QIh atoms or even to only

one atom. Examples of such small molecules include any kind of haptens (ie., small
molecules which can elicit an immune response only when attached to a large carrier),
vitamins, or metallic ions. The wide diversity of molecules that can be used as targets is
especially interesting, since the OB-fold proteins binding to these targets can be used either
for the same applications as already known for antibodies, or for different applications. For
example, OB-fold proteins obtained according to the present invention and binding to metallic
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20 nol ecul e, for exanple. Another object of the

invention is a process for engineering a nol ecule
wap@sioésesnl |y binding to a target, conprising BCHIBRPO04388

selecting, in a conbinational library as described

above, those variants of said® OB-fold protein whi ch

specifically bind to said target. By "variant" is

10nsh@:ilﬁbf1 u@ﬁﬂv\% blardﬁiddieftﬂoﬁ ;b@&e@f&él ft]g dxamiphetd ieltove yheavy enetals from a
rotei.n 5 romthe starting
contﬁgg %‘Pt&”ﬁlrsélfléiaﬁsodéo 1§¥| o n its binding site. As

al ready méfitei shilked aathﬂauean opeamyf techriquamoizthe artsto gerfpra the selection
stepP ]pF %ﬁ%rdc@yﬁe Qéd\l\z So th@%%lvén&lo nﬁl@’(ﬁstot f&ﬂlg 'tHée%rbéiﬁng step for

speci fi cal binds.to
obtgipingragprotein Withip d/qsrrt:dj arapgrthoSel ?%Wé@?@#ﬂl@é feR Sﬁu ﬁ%@ eSample, phage

dlsﬂliy & rhitH, 9985 Eﬂ{N&ﬁ yQWildof elt ar, @@Olpfrl])ad:telﬁﬂﬁﬁsiﬂay:@h:orglou et al.,
1995) |yeﬁg¢ig%{1qud& cgr Al ey 3{‘}8%( %Pgacc ﬁqéﬂa% (@6(165 ang ' Pluckthun,

1999ygar), a single-stranded DNA, a doubl e- stranded DNA,

a RNA. Int est|nl :

nat ur al orﬁéyn ﬁcia)éﬁmﬁrﬁ %gé u@mtﬁg?én&{tggb%%&?lpg tik selection
stepatsngs it r pesfoomed @ompleyely omeiten and tl@ga:p,qu@ge@p mgpyhlimitations of in
vzvoS%téms'@D}%“ciﬁll?Sreéd?&BEQEe AR EiRE) (@fe zth@pf zﬁ‘ﬁﬁg(l@@ Schaffitzel et al.,

can €licit nmune re

1995 e fkied 2526 Nl 08 eGSR Y BeTO AL & 1 ghe aricles by

He R aldussigl ((2062) The Svhdffitdilver sli (Y99, oplieathezsartibles and manuals,
35 especially interesting,

protgfztglégortq%&)@m,g&bd)s%pg?gpﬁg bi nding to these targets
can be usdd = ptefigred émbodlmentsafrﬁmpmlccﬁattf thesingention, 2, 3, 4 or 5

0 or different
rougﬁs | Cat l!ll(%lnég@ EI% WSS&EB%I%% prot ei ns obt ai neci1 ) )
accor di ng A&ﬁqsﬂebqérléélﬁﬂxpﬁﬁméﬁt@l At AhiPBFGsaRFPTEing to the invention
can f@i@kbmﬁrl%oa F0ARL0K8P 37 1&%@5&1@8@3{2@8}43@&4&&%@ Bné @RSsetanl molecules

T S R e A N ———
stepS @uh bepeMxﬂedtae(ﬂol\Fm£r The Skl |l ed arti san can use
any teChnﬁ A.Ii h§ Arh I(Sf lpgé’léc?{fbtyh?ibﬁgn?étdxﬁﬁaafl are reversed-

step of t cess accor nvent1 on
transaritpdrahd amplified by PORn ami;tl@treq@lltmg DN&s@hg %ipmdﬂgt%expresswn vectors;

protein W' dif b%cféﬁ? (t&d ef@&rﬁﬂ%r tcBmp@@hﬁ‘BH LRCHALSARed by said

can be, or exa a pl ay th,” 198 NA
EXPESEAN HW?WF%W%@% %ICP N%’e@ 3 1%\69@? nLﬂneﬂ?@pﬂf%‘Z}“ and
( Geor gi ou (gf) prdteins eX@2A9d frﬁﬁﬁtd scspiabylon&oate tesggadfor their binding

W tt 199‘}7% d
to t}ﬁ targe r or ot %ﬁéloé%%&@%esﬁ@ﬁa%fgaﬁﬂg :&geul kel) ly

adv ant agedﬂs diaes papressing thg proeinsedeich |h@vr: theest lerppertles can then
be éxao%ﬁto érodtciceozc;é&r ﬂﬁ&m“f@gpl et #&f e Chdihg s@g‘l‘ijentcgtb? the engineered

nts man Imtations o VI VQ

prot@@gmlpeaqietml by pq@e@cﬁ@g Fhe@egﬁa@cxg ipg@)of G%e@qusmn vector, and the
gend @HSRIIS tHEOPRtciPehhlish bé @lse®Ffordhrther eh%ﬁﬁ):nngg B thekirble@d Indeed, it

B AR A RS 5B B emion o
conSielvd frhultiArkctiedal Proteipnd QﬁQihg arledsn one hagetatg imoliety aaddnother moiety
w1t11 gatfiﬁftlg ﬂugr g‘}e(}jlggen%}f%&r 5{1}9 (r)][H P%r{d Qg g@@yo;m&l &M be made, for
exaimpleg rttuoagh tﬁe canstrhctien ®f a dushelis pmtelgecpmrismg Asea ﬁrst moiety, the
isol Rl 84 gﬁ&a&)frliédk}ﬁél%@e dindRk Bhst £5ecRS ﬁfdl@f dT}hE‘ sédi’oﬁd moiety can be

experlnenta part t he rocess accor di

n
advapiaggouslyeel eetgﬁ ag}%lgstce@ﬁﬁpp% anarkers of ﬁ@ortg{ g@tqﬂas (such as PhoA, GFP
anditBO|iR¢), firapRatic prdtaiss, efcl Alcogrdingao arvasiantesfahe prjcessidfake invention,
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specifically binding to the target of interest. For

exanple, the isolation and characterization 20 steps
w@amwshesoper f ormed as follows: (i) nRNAs from aP@DmB2007/004388

sel ected by ribosone display are reversed- transcribed

and anplified by PCR, and the9resulting DNAs are

cl oned into expression vectors; (ii) bacteria (for

sevErsPBRU& s a?@liﬂ@dt Qﬁgetﬁlf(él)the’iﬁﬁ atfiaes brtein, doxhjar(ﬁ@hdlon covalent links),
expr essi on vectors risi.
in GF AR PSR SRR O g st R s b0 Ty SRRfTdtsn
ext r act ed (Duhelrmbjactsl dfiath¢ émieatiorc h@nps»t@m%obtesmédhﬂ‘%lgh a process as
des%r} erc)i A toveé < (garn%lﬁa} %??tgxgg %%cl@%ﬁ%ﬁfcg d QJ P{ll(]?ﬂ'a?lalwhlch have a
sequdnon esleeted awoesiSEQ EDdrest 2iths. A R %fa‘hé Hr?ﬁémo’é‘é’fmtlon as well as
the %P&%ﬁﬂd&?f%@ 1DNes: 40€ grown to produce |arger

amounts o protelns d|n eq t

engi neer ed NeJR¥RMEIR l%g’ﬁtiﬁre‘ ?ﬁ%@‘ﬁl}ﬁﬁo%‘é‘éﬁ%%eisﬁﬁd examples.

the pertinent part of the expreSS|on vector, and the
F.SO @enelencoding this protein can also be used for

Sengi neering of the protein. Indeed, it can be
advant agediigured : g Schetbatimieepresitationeef wid d¥ighSec7d in complex with
' concave

douB[e1 s?x%flﬁD A g"ﬁ’f? Epr Al eP @E’lﬁﬂés &Ptlélﬁ‘atl QB-ﬁNNqﬁndmg The

nc aV|n eas one taL ﬁ g
areamif defjnednyithrigsidugs ﬁfﬂp‘éf? in \M&hg get 4hs dlat area with“those Coloured in

me(il{lﬁﬁoilﬁfsge?rﬁt gre@NENRdsidue®lat HANt Bétheen Ml&f%g@fnsaﬁﬂ theitiyding area are
can .be nade, for exanple, through the

COI%?fi{ rBﬁ‘i‘P’ES‘rgrSY a fusion protein conprising, as a
first rml dti g_uretzhécﬁanmoteptesehtm chlwoped g8 iandd of various OB-fold
doﬁI SOoHy RSégdPlglt) dAt e ‘?ilés %H qo%ér%x#m%ﬁhﬁ S%S&@rﬁgosmon are the

ag EOUS

follewzqgmalszp tae-k Sae7dr lfVeiﬁorltdékAprlbﬂQal Fespq §§R¥hg1é>§9 PHR9AA, 1bf4A and
lquEEPFoxaﬁgrlt&l?)? the HSire, dnlﬁeﬂ@@?ruétm‘é dITSAt R fésreplﬁie(ﬁted

ccording"to a variant’ of the

roces
i nventi on, F—%‘Q@O‘@h@@%‘%‘}’eﬂf@?ﬁg 366&%8%1’05&%%%%” of a)
Ssobd n@ﬁﬁ&uﬁi ild:i misfagt by)(ﬂﬁlgwlike( abtihellei @tracthtesifiter 2bosa); ¢) human

K
Nen.&ﬂpbt r%%ttvaflag :}{ﬁ;?glg%g m o éucr%ure tfé %%VXAF)'I; %ggfbdérﬁnn Binding
Protjire (hédg)idfidzsiob@rvevindlopdic (ssruoture fiks: il hjdn¥aerabeng: dor protelns which

cong{)f% %H{i]iﬁoﬁzgto% &1%&5‘19%}0@1 tRE OFRFId ASmafE Bhly HE DB- fold domain is

n particul ar, proteins which s ecifica
show ipgherfiguedl hﬂrﬁt@ﬁturﬁawelampeﬁg@tm@’ﬁee cdsg ALI Lite
n%%?ﬂh@ ;J}@t%m 2qliéhcBs, Wit tHeR Huniberihf én fHeaSEBI fild)\wentliown in Table 2
as wel I as the GarA-bi nder of SEQ I D No: 47. The
be?%ventlon is further illustrated by the foll ow ng
figures and exanples. Figure |egends 10 Figure 1. a)
Schematic representation of wild type Sac7d in conpl ex
with double strain DNA (PDB code 1 azp). b) Residues
participating to DNA binding. The concave area is
defined with residues coloured in light grey, the flat
area wth those coloured in nediumand dark grey. The
residues at limt between the regions of the binding
area are coloured in nmediumgrey. 15 Figure 2:
Schematic representation of |loops 1, 3 and 4 of
various OB-fold domains. The RSCB PBD structure files
used for performng this superinposition are the
following: | azp (i.e., Sac7d), 1 tvxA, 1 dokA, |bqq,
| csp, 3seb, | br9, 2bosA, | bf4A and 1 qugB. For
clarity of the figure, only the structure of Sac7d is
repr esent ed.
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Figure 3. Schematic representati on and superinposition

wWth Sac7d of a) 20 Sso7d (structure file: [ bf4); b)
wohiogmedoske toxin He (structure file: 2bosa); BOT/IB2@IN04388

Neut rophi| Activating Peptide-2 (NAP-2, structure

file: ItvxA); d) Mlybdenum BOndi ng Prot ei n (nmodg) of

Azot obacter vinelandii (structure file: 1h9j). Nota

bene: for proteins which conprise additional donmins

Narfé 1 T 6@Rhefl | @BuicBE€ OB- T ol d domai n[ s@jukdcd he OB-fol d

Sacogel ﬂﬁ%‘? _.,im@m AAAgEITe 11 gure. [NRVASKEKZARADEREVDTSKIKKVWRVGKMVS
superi nposi §i ons were obtai ned us| ngrIDAGKTGRGAVIKDRPKELLDMLARAE
Lite|25 servers. The protein sequeReEs (SKA TR Wdreily

Ssondimberbfy | NNCBEPBBRY file, are shUiVKERYRCABIBVDI SKIKKVWRVGKMIS
bel oy. WO 2008/ 068637 PCT/ | B2007/ o@ﬂ%@éGG%Rﬁﬁ‘ﬁ%Kﬁﬁf@LLQMLEKQ

ref [|SourcelSequence Sac7d J_a7n N

ToxXiVKVIKE RTRCEERETH FARPIT MRV GKIW MKKMFMML‘?‘AEVSVNAMAADCAKGKIEFSK
Tle FTYD[)I\IGKTGR(.—AVSEKDAPKELLDI\/LARAE RER L SES f;@E el K i
Sso7d 1bf4 INCBI: P39476 (SEQ ID No:

NA_E%‘}-\';V" :':' SCEERERPICRBE K8y VWRVCKM S | MSLRLDTT PSCNSARPLHALQVLLLLSLLLT
T YDH GRGAVSEKDAPKELLQVLEKQ  KKLASSEKEJTRRNGBKGRBESLDSDLYAELR
Toxin 1 r4ph NCBI: CAA90631 CMCIKTTSGIHPKNIQSLEVIGKGTHCNQVE
MKKMFMVAVL FAILLVSYNAMAADCAKGKI EFSK VEATLKDGRKI CLDPDAPRI KKIVQKKLAGD
YNEDDTETVKV EYWTSRWNIL QPI | QSAQ ESAD (SEQ ID No: '

modgT GM\VIPKSSTEEBESERAEYEFNND  ( SEQ Ve NAEVDILEE
1t vxA NCBI : | CAG33086 MSLRLDTTPSCNS @ EVVAVVKAP

TVKTIETGAV
ALAS | STKGQTIKRNLAKGKEESLDSDL YAELR NAEVTL ALOGGTEITSMVTKEAVAELGLKPG

CMCI KTTSGA HPKNI QBLEVI KGTHCNQVE | AsasavikasnvILGVPA (SEQ ID No:
VI ATILKDGRKI DPDAPRI KKI VQKKLAGD ESAD (SEQ I D No: 30)

Tabq@ﬁ’:@ré{éﬂi'l:s ces %ﬁéﬁ%{?@ been used for obtaining the superimpositions shown in

fig E@ ond to the sequences effectively used in the
st T Sk whlch could advantageously be randomly
mu ! PPEYATR ér&\}‘A PE KPG ASASAVI KASNVI LGVPA

(SEQ | D NEigurg#) A‘ligtmlnent;l)f tiy @Befohd dammpinneicsvernl Bae7ddpmologues.
been used Pﬁ%ﬁ(re 0B Ak NG rkiiisS Hpecflé mﬂﬁt%tetd' Q&ﬁleﬁ(l%%vv@ndo@mg Sac7d.

flgure3 quence ‘T ragnent Ini1talics carre

Positipns h@dgm@érf@tegle dibrasy il vagg &abﬁéeédnub#ﬁckhédd@%’fﬂ at Buzed positions
for fiblafy W6 8< 1AK:116E 1L ERY r@llé&ﬁ‘lclé@ﬁdiésl 366 al\M}b}@x’éseﬁlwdﬂ \dlth thm arrows (see

vant ageousl y b ndoni
textpgg tgp%ﬁgq%ﬁnégq n%Bgﬁarger_q%{w é:ogespﬂpgsg ﬁ‘ﬁa?ﬁ cgtim ng hsgquence of Sac7d
(whixdBt thelCdteel @0k liskenf. several Sac7d honol ogues. Figure

g:ac % n €s yP_qéllﬂrﬂ S'a) ci{IAt nglgyﬁxﬁﬁr%j aésﬁ%uﬁk‘}%uxe ﬁﬁﬁ’iﬁé 39 selection with

library 11 against DnaK, PulD-N and GarA. Pools of selections were translated in vifro in
presence of methionine %S and were tested for binding to DnaK, PulD-N or GarA
immobilized in an ELISA plate. After washing and elution with 0.1 M triethanolamine,
amounts of binders were estimated with a B counter. Competitions were carried out in parallel
with pre-incubation of translated pools with free proteins at concentrations of 1 uM and
10 uM. b) Screening of anti-PlulD-N binders after round 4. ¢) Test of binding specificities for
six anti PulD-N binders by ELISA. Interaction between binders and immobilized DnaK,
PulD-N, GarA and BSA were compared.

Figure 7: RIA after five rounds of selection with libraries 11, 13 and 14
against PulD-N. Pools of selections were translated in vitro in presence of methionine S and
were tested for binding to DnaK, PulD-N, GarA or BSA immobilized in an ELISA plate.
After washing and elution 0.1 M triethanolamine, amounts of binders were estimated with a

counter. Competitions were carried out in parallel with pre-incubation of translated pools with
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Positions random zed for the library 11 are | abell ed

in black. Additional random zed positions for library
wdadooanesebabel | ed in grey. A igonucl eoti des useRCHIB2007/004388

represented with thin arrows ((l’see 10 text for their

sequences). The large arrow ddrresponds to the coding

sequence of Sac7d (whitout the C-ter TolA linker).

freé:PGIlllJ-BI Bt lme Rl A, Adi0@MITLO0D s B)A afas eusedl casr negativelsontrol for
ry 11 agai nst DnaK, PulD-N and

bm‘%ﬁgﬂFp‘ﬁg% c@lmp§gf18%fl?rbe s were translated in vitro in
presence dfiguret8hBemqienecs35 Sight selonsedbinders againgtrPBPri Thy sequence

of tL? wlaaat%? SHQ"B’ s E)Wﬁ-:%[ gltg{) oﬁn?ﬁébﬁéﬂué eﬂeélﬂ‘ue@rbogklllcﬁato the wild type

er vvasmg an UthﬂWI

Sacyd j andh Ringewniise represenigAt By of dpt: n%‘éﬁ“éor*ﬁleﬂ@t e\gqrp nefoggpmmed in the
subMtﬁho@scﬁugmﬁ%U‘ﬁlghhgm%réﬁl ons were carried OUt in

Pree prot diiue " Eipesi and Budichiof Wi of SR sifpbidd binders.
ProﬁﬁrseeéuerlgaMi @nh i15% SDB-MAGE nsmmesl wfthepomaunwrﬂllarﬁ)blue a) E. coli
cru% %Igp{ %er IEIIQ%A&? ?1‘: °bC bteilfafe{)qgarve%{ A o, g{}bn with 0.5 mM

eraction vveen I nders an
IPTGnarsblykéd: eulo@ﬂnag buffen by phible fraefions Hf gryksgxasts prior to purification

of Bﬁ’iﬂﬁ@{ Iecg Pz %mziersRhﬁmafoh§rstéﬁ YFIAQU ﬂlﬁndbﬁhz%@' fietal GBn  affinity

rarires 1 0
chraeR e gEPBIPRE 2 ABE i & ds%w%ct i ee@%%’& - i1 Joided samples
werdRihivaiehie 135,51@nmcw\afee test ed for binding to Dnak,

O A TR B S P e i

rescaancesr) tagalybis oa )ribker lsmmrsmfdmdm@wenb fmllpweé U(smgzasBIAcore Biotinylated
Pulﬁ%I Q?st'a":s‘ m n%ﬁl iﬁd)ﬁ@? Btk 5{/1Hﬁfjclﬁb‘5nd @oﬁ@%%&sﬁhjected at 50 nM,

atiton of translated pools w

25 nzMos;Z w632 Pol, FEHoBY) DY4BHEIM, A ﬂPWeC%‘l’@‘N“dF‘HPWMCd PulD-N
washtbe@M cdiRfbl QM‘( nl)%@mﬂMbuﬁ YREred add af sigpdifionecell was subtracted

control for of etition done
o B Shgheh b e R eSS\ 1 ReF ARG oo P to sty
datd:’WkD-d\gloB'eheﬁtaﬁg peovedureob) Theaffinity waspdsSaedsired atséyifbrium using

conf35 1 e A SO s o n Tu

3. Positions that were programmed in the substitution

schenme ar & _%.‘tl_r_g_rlhl @H&%gil 'sﬁbﬂftl%é’ of &Jﬂatt ﬁ?e fad Eﬁ‘rﬁﬁfn@ss_ $4c78 recombinant

and ur| i on._.anal SI s of eight selected Rd%{aﬁ . £ wi
profisdstormingsy by PUiIgED sCRnNgoFARN R e SHCRRNGal @hsorption o
SacP@UIGSE 40, Ridrel 33aahd blode 6, &)3 réporeed|dt 1°C/midleat @xtrotait concentration of

200G AR, B3 A U T B i s, e
expbrtifbrtal exzessSodat bamacity autve dt’lmkolﬁned M&Sé)eetxﬁﬁt%(ttosa pen byo- State model
(thl% (ri:lélg ﬂ/ﬁlbrﬁ méﬁ'r}eﬁ%ésb&} | Ze Qﬁerﬁ%ﬂ%ﬁdgfﬁf@ Ip%a‘tﬂse@éﬁ afd £i®En in Table
4. chr onat ogr aphy) purification of the E. coli crude

eXt r aclt s sk q 2f ﬁ)a%bt@ﬂ} bl6Y for Heactash D as mived ®ith E. coli crude
ui val ent e 10

extr&@ ung flops ér?llaimcmlwﬁ@iaéasagp §§F§1t1%lgrs egc%urmcgé% ﬂk i’XlD-N with
clodeb6 trﬁﬁlobﬂmze@)m an:aluymi She a)ﬂub'h:efréqtmatof a8 Fotobierglagtgontaining PulD-
N v%ggr%e%%gg € co g%lﬁ éﬁ%lﬁ‘l H f@y #)Igg’ 9d ngg'l-g‘hg, the pH was

on a S rep avidin'c
droppedrte 265 Wab aj g’iy@m -H§ ] utfe Fragtionpwesgnanalyzed op m15g/o SBS-PAGE and

stalﬁé\d h]c%oﬁ%@nﬁﬂﬂar@@)lﬁéMCEA cElll QWr&® Pul‘ﬂ Nh Wfe protein used as marker;

lize wa ed to cont
Fragtﬁf@éi ions ¢lhted lf‘faﬁﬂ‘il’JrF?gfr‘UE é‘&ﬁ(?oélgisl%ﬁ%eft%h%i) A‘é‘pr s iroyghs

subt r act edFigure 13: Binding of Sac7*40, Sac7*33, and Sac7*6 to isolated cell
envelopes and to PulD dodecamers (PulDD) and PulD monomers (PulDM). (A) Increasing
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to the one obtained fromthe neasurenent cell.

Bl Aeval uati on software was used to anal yze 20 data
wowRaoR/0e86gt obal fitting procedure. b) The affi NPCTIBAE7/004388

al so nmeasured at equilibriumusing conpetition

Bl Acore. The deterni ned parar@ters from both

approaches are reported in Table 3. Figure 11:

am&msr&véensehtaabbé frbﬁlsstl‘afndwt\P 3 p’r@&ucﬁﬂngwg mamtsssa@w) -CS and PulS
recﬁ ant. _pr eemne i fferenti

werg db a \éﬂélp %Fﬁe‘@ d;lgP rﬂéea?ra %?0W6§ Itl?en ar}al%ed by SDS

andAmnfaoBibttig @itk GIP, antibodes.3B) FandWcsltm bl@tingpethe indicated amounts

PALLE g t
o PRl Thodr LR BB LB PR imras n
antlbafd:lhs pgamséPhosanpl e, the experinental excess heat
capacity qyrvg {4 hp&huétidﬂebf was7-besA {EHiknked wahaanmomthout IPTG

t wo- st at e "node n I npear re SS
indyadon A 1Geit REFeiA) ISP ERLRE PO NP e g i FHT S protease-
defiien8 OstFaliy UPAP3 108 ac)anwafgt qKI’HAIPD}l f ON) dsacﬂemhm kefvels detected by

mm%uné)lgk)%u?g] 66%%?&8%( %{glgo Ctr Hld a.m%xgl{l@ﬁ{t lfséeﬂgex‘fxlagp §B) Levels of
secqetlom (% and presapice QﬂRlJDD\dQAiecahners (]bﬂ@m and;Mpmezse@uB},Ma detected by

oﬂmgnn% ‘p_]‘f‘e%@’gkiﬁeé LAF hoRRafl &N &tra&@khﬂ??ﬁl‘[ﬁ&ﬁtlbodles Arrows

cont al ni was |n ected on, the col

e Mg it Seuare ) g S PhgA. (G A B, bu
wititfdt WEG isHepegd to 2. 5 V\Ath a glycine-HCl buffer.

Fractions re 15%

st ai nled V\Aﬁ\gu—éégngé ‘{(P‘}té’ﬁtA ﬁﬁé)b E%IPI‘ééNmS eluted during
cycRXN6.aclkee Fights- 19, RﬂUP@Rptagtpl n used as rrar ker;

Fract| ons.p %urgtlgd(i.(;r{lﬁéiftivg dlg-lﬁﬁl&@qes@s% @II‘E ﬁ*t'er five anti-PKnG

acidic pHT owt rou |gure Bi ndi ng
and@htiSpsozyme selsetion-@glesand Sac7*6 to isolated cell
envel OpeS r@g}% l19: Eﬂi@x d@&l@ﬁﬁg%f%n V\gsla §i ARUIFRnG (B) and anti-
008/ 68

I ncreasi ng 637

Garrécfﬂ)r%’z’@@?bf@mésﬁef S.L?I%Fﬁ’ﬁl}ﬁ?’%le%f cel | envel ope from

strain PARi@fepIdati-lygoRudDciond feqidces dBuriiedCaftandive selection
ulS were I ncubated with Sac7*40-GFP, and the
nbrane fraction was then anal yzed by SDS and

i munobl otRigurg 19 Aligi@Réntaf aileodthesder With Sagrd\West er n

blotting gf %ﬁrggd %Elﬁgn HTRYR Frer We 9@/ buRNYLLAR&ion against Fe

pr ot ei ns strarns using the three
fraggagnv* - PhoA chineras and 5 antibodi es agai nst PhoA

Fi gure 14:piRiedort SeRen@dticSaspreseh@ios Nofmar asundi bf Mudome display
wi.t hout | PTG 1induction and their effects on secretion

seleseP-Pul D nul ti meri zation in cell envel ope protease-
deficient strain PAP5198 carrying pCHAP231. (A)

MEMEOA | evel s detected by inmunoblotting (wth
ti bodi es) of the sanme anpunt of cell extract.

(B) Level SThefexperimertekdatawhich follaw fvehepr ebiginedisme the material
andqgéiﬁ&cﬁ'qéﬁéltfeﬁ%m and nononers (PulDM detected by

Mof phenol -treated and nontreated cell
M ul D anti bodies. Arrows indicate PulDM

det ect ed vq;éﬂemytmopaﬁmlbldldsgpt nrent S i ndi cates

Sac7d- Pho but th I T

Fi gure 15%%535) 53?4 E%fger DT W EEn{gal ne 81%% ?ﬁGSA) or Fermentas
(LitAiRiis), Odigonededtides rvpre fionc MWE Rintech (Garmany)guyle PORs (polymerase
chaFlTréj SR)I‘FS? 08 - peﬁ’oﬁﬂ«%ﬂe uéﬁgl\%ﬂ? gﬁ)tl)hﬁérﬁé% {fegltOnbi¥aeAEin the text. The

ts carried out after
cloning and expression vector for the wild-type Sac7d and selected mutants was pQE30 from

cyc

Qiagen (Germany).
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and anti-lysozyne sel ection cycles. Figure 17: ELISA

screening of anti-lysozyne (A), anti-PknG (B) and
w@eosA686aT A (C) cl ones obtained after 5 sel ect P@NIB2007/004388

cycles 20 Figure 18: anti-lysozyne cl one sequences

obt ai ned after five selectiod3 cycles Figure 19:

Al ignnment of a GarA-binder with Sac7d. Figure 20:

Conpeti ti CanE{eki'é/éfﬂ{etBNAtJm@o&thtHewMts@é ssefdction

agai nst F msnt chemat i c
repr esent egcer Bﬁﬁ’g gclll tYIEFoiﬁ‘i-@ WS §Frée§ated by assembly PCR
usirge! edtel 0n51xEX%HbESlgTheobgmmblen&dﬁsal dstla WSEQ f oD owNo:  9:

AT A FOTE i Nt erg s Gccac

AARSTEGAANTT; ol ogy Iﬁﬁ%/rres and(SEQ@ fers welH® from N 10:
GAERE TR bﬁrgﬁcAé’ﬁf@T@rT'f@m@@TﬁAmm AATTTCACTTTCAC

|gonuc eoti des were from otech (Germany). Al l )
CGPARACHdNer ase 3ZCthain re ons) were perforn8d 1

GALA&}'MGM@MCa;JAzGM@A&TCLAIA@AAAWD@G%TGWGG@WAATGGTGAGC

Tridfef ARAEoAlA SHUEAART Uac ka0 (B0 g GBaPS Nor 12

CTCWTG&@GGCM@H@KITXB@G?@WCG@E@W@G@WT@ TGCCGTTGTCGT

CcG ixzt hesi s of g-ge DNA enc@gg the WI ligh type Sacm) DNA 13:
equence of e Wi | d ener at ed )é
AgeoINT GEgHC M}Tzﬁ@mTM ’gTAGCGCGTG GGAAAGCTTC

GAK%O g S(EgrﬂﬁNo $¢1TG$}?1@G®IMA@CTTTCCGCACG) The purified PCR
ol SR T
progiiat SQUKag q{)a g@gecp%%&%ggﬁa n usmg t ollowing primers:

SCEATCTTCCTGGTGISERCTTCTTTTTCTTABCCT TTATATTTARNGTTCACTTT 15:

R a0 o

AGCT T TN TEECGIHOGCAEGCGC TAACATATC).

Thegﬁcwc%%g iR W@m CIRSASAAGERd HindIII
restGAGIEATECne @il crester AR G TARSA T RO PRI PIRSSions-
AACCA) , SEBereRdtinloPchidbindtbrialli¥rdfst TGAAGCT TTCCGCACG) .

e o 5 R S, B G g s 1,13, 1
in pfiormat sompatitBeavit( SBG3onie Moplag.shibraries were mamly constructed by gene
%é%ﬁ&%%@%%ﬂ RRATAERANGg aNbmitsii&tion of four
standards and three degenerated oligonucleotides encoding NNS triplets (wherein N=A,C,T or
G, and S=C or G), a DNA product including the 5°- flanking region necessary for ribosome
display and the randomized gene of Sac7d was obtained. For the library 14, the following

oligonucleotides were used: T7C (SEQ ID No: 17:
ATACGAAATTAATACGACTCACTATAGGGAGACCACAACGGTTTCCCTC),

SDA_MRGS (SEQ ID No: 18:
AGACCACAACGGTTTCCCTCTAGAAATAATTTTGTTTAACTTTAAGAAGGAGATA
TATCCATGAGAGGATCQG), SClibl (SEQ ID No: 19:
GGAGATATATCCATGAGAGGATCGCATCACCATCACCATCACGGATCCGTCAAGG
TGAAATTC), SClib2 (SEQ ID No: 20:
GGATCCGTCAAGGTGAAATTCNNSNNSNNSGGCGAAGAAAAAGAAGTGGACACT
AGTAAGATC), SClib3 (SEQ ID No: 21:
CTTGCCGTTGTCGTCGTASNNAAASNNCACSNNTTTGCCSNNACGSNNAACSNNSN
NGATCTTACTAGTGTCCACTTC), SClib4 (SEQ ID No: 22:

TAATAACTCTTTCGGGGCATCTTTCTCSNNCACSNNGCCSNNGCCSNNCTTGCCGT
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No: 16:

ATAATTGAGCTCTAAGCTTTTTTTCACGT TCCGCACGCGCTAACATATC) .
Wab@s@es3pr oduct was cloned into pQe30 expr essPONIB2007/004388
vector using BanH and HindlIl restriction sites. A

clone with the expected sequddce was used for
subsequent expressions. 20 Ceneration of conbinatori al
TGTCBTOGES), The proserps was t hgggane for Ihe generBbi on 23:

BN TR e BTN

GGGE}GAVC): ommwslcémndding gildeypes ynipléts sinsteath f PINSatripdetp| af positions
cor2spondin Wi Bigl 9! 8-SheP 456 Y184 gfgnfﬂ' §at70ReRf used for the
“F PAINg: on Jar o ?

S”and ‘three degenerated oligonucleotides
conggnestidin of likvages 11 padet X r¢spretivelh N=A C, T or 25 G and

rsggl 8:1 S)e ggtggruﬁl ﬂﬁa@%otg&?hiﬂﬂl‘aﬁ&i b Eb&somd beadbekegble to potential
igonamdRTBien B obe st Aeb e SHUERoE B Y e 5P Fsponding (0

a palrl40f theer. fealil ;@mbmgrolm egaded lie diei glasnideRD Visedor (BiBz et al., 2004a),

WasATA%éA@&W?M?‘Z\C@H%&GA?A%GA@&%C@éﬁMB No: 24

GCGGAAHBSC{ASEQAMABCTIS"ATAGKI}GCCTCGGGGGCC) and tolAk (SEQ ID No:

W%wwy%gﬁgwmm&ﬁ@wm latter
AT A TOAT TR ESSSTRTCAC AP SRl Aol aibrary was
asseg’lbla_%TT@)A liskdr %2 HCIEQsdcdhBNp us#y: tolAk and T7B (SEQ ID No: 25:

AT%A&%&W menmg The final

asseﬁirblgagaaﬁwfﬁ@f CGHASNNABBGNNCRESTRTTHGIOBMIACBENRARERIN necessary

o R PSS SRR 0

SchaTitzDerd0dP89B637 PCT/ | B2007/ 004388 14 TGTCGICGTA),

SA i b5 ( SE@LbRnlisda selection rounds

CCATATAAA CATATCTAATAACT

TC " GBOOOAPE) IoRFpRrSCRmETa: REPP e JSE PIEL grere used. The
bloﬂlﬁyszltﬁﬁdw@s‘ é\mﬁniealw @tsbation @IS 10 NS solation f Pmakli KprA®r PulD-N
w1tlb§ 2{.} (%ulgrm%ﬁl,‘eexcgss o&%ﬁfgﬂt ?{ngh?da/ %S(b%rltjlgleriélgds l) ?iﬁﬁ&%@ féﬁlrf@ ~NHS-LC-
LC-Bistiredtierce) in. PBS dnhiee domi thh The thasinytasec proteins plezsy beffesrexchanged
usu{ér g?&glqed&gléi%%c%ﬁ% &blﬁnﬁso R qi?{,ﬂc@l uhilﬂﬁ@&j Sin TBS The degree of

used t
biotirhyilafidni wiksedeterounedetiingniar rlrg%é)éaaS%fll.‘/?ﬁie&m@faSthén % to o‘PPleculeS biotin

per g{&%ﬁ'ﬂbl@&ﬁ&&@ﬂﬁ%@ﬁ@@ tar ttpﬁﬁelﬂ!s agfd BoupBRY iMabilized Bewtzavidin in a
S n

Ma)g@riprﬂlatf é&@iﬁ@nﬂﬁ\/\?g&msm nrg%)some %1sp¥ay wgre rfgpmed at 4°C essentially

as dISEHVAICARInAAAARBOAD)T AVItA T SR HXdHRABON). Bndﬂy,odlfm( each round of
08 Mt RN s PRty P 1 i i
SDAaMRIS and S6diibh griniess.3The PCRiRDPAest veasi @ﬁalpﬁgcqggg 1y:1qsg}n Extractll
COll[rhlkl) ﬁﬁ%ﬁeré&i é )’And Eée@ 3ol & PCReasiénpdlf?‘WthV‘PcﬁAhﬁIi&@NAef?agment (see
aboy@E@p[gegﬁrateggx full length rlbggosfr? nHlsgla? con: rutcP Lv new‘ijy ac?d]éﬁ 5’- and 3’-
flanRinpGeANS TAMMIATAPACTISACT ATbACKIRCACEA foofphé extresnities of mRNA
durl-{lg 1tsfman1|pulat10n. The number of RT-PCR cycles were 35 cycles (round 1), 30 cycles
(round 2), 30 cycles (round 3), 25 cycles (round 4). In round five, the selection pressure was
increased using off-rate selection as described (Jermutus et al., 2001). For this selection,
10 nM of biotinylated PulD-N was added to the stopped translation of the pool from round 4.
The mix was equilibrated 1h at 4°C and non-biotinylated PulD-N was added to a final

concentration of 10 uM (1000 fold excess over biotinylated PulD-N). After 2h incubation at
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15 assenbly product corresponded to a library of Sac7d
with all the 5 - and 3'- regions necessary to its use
wo 20080688850 di spl ay sel ections as previ ousl yPCT/IB2007/004388

descri bed (Hanes et al., 1998; Schaffitzel et al.,
1999). Ri bosone display sel edbion rounds For selection
experinments, biotinylated target proteins were used.

4°c14§ﬁ1|\1/| a%ﬁat*i’c%xptth@&’érﬁéﬁyodbrﬂiﬁé(eﬁG{hfmﬂmﬂ)ob()&nb-lbﬂwbﬁ)t bamdob totinylated
sol uti on

Pull AiereceRuE Bihsl RoRLEREH WyPath Bt MRpfogtetd) 15 min a
4°Ch B&@dmaére v(aShlécf ard\HBN/Cwak BoBiteak asnfor Biedlirsefour nolmBS e number of

RT%&%T Iieéx%%an eg tﬁ)ls %thl rgxﬁcﬁgf%]é%flgesaxﬁgre@&% ©f selections were checked

(gﬂ I ng Spl n col unms
by memmrﬁgehe;ene@ms pf B?feﬁ produqtg§ontieund éyrauad of

?'Slog 'ng;/ ! Zgﬂlﬂ%‘l‘ys‘i'ﬁifstgﬁhgﬂ rﬁbg@%gﬁsbmgedt{l&ﬁig% assay
rom ol ecyl es_ bi qtin

mol ecul e. AHISHPH R Bropadsy &¢ e‘ﬁ?%f’% A veRe eépegﬂ'ﬁ%&t gra&mmmuno
assdyb'f"é!@ Ql'e!l;drib@d (Flahés @valdi998nusing ltsi’lﬁxcttE}OCcrathd tlr get (pmugng in a Maxisorp

and, sel ecti o I med at
plaig an SSep P | M S 0dd e s f R eRyliEs SpRBEUBEIEY W

sone nodi fT }md{Tm piediigss Ifpm sleated peadh wear plnest lntO pQE30 vector
usin %\%ﬁfﬂ g\q ll?dlfﬂ Ilégt?igtl&ﬁ%s‘é%ﬁ tﬁ@i’é%ﬁ tlfg%ﬁ&?sr bv@ﬁ:dusteQ to transform

usi ng
E. cphie DPOR pﬁf@tju Slongs swere isked dirom %etNu‘E‘F]ééijHOCBHtFa?C ?qp-well plate

conéﬂnﬁ@ | usm (JYBcBerRMNRGRE ) wand 106 fg/niloampicdAGR, ds%eglicyse). After

AR 8 RS ELBLERD s o

wasthfeB to &Mdﬁlaﬂ daotier-deapavel’ plate| cankaining rleyind Y Tt ;edium (100 pg/ml

ampé%ﬂ}ng] oo wgl? Slgl'feo nﬁﬁm%@ gl%nqﬁ&b%%g%ﬁg??ﬁﬁfr'm%ﬁ{ sH'aEﬁng (250 rpm). The
exprasstbm wap indRTedEith clmd@lannecrfé) 3aM %T gnd ineyhetion at 38C for 4h with
shalfl}{% 6?%) TH)O efls Yere ﬁglléfé/cp Wag Eé?l‘ﬁ”ﬁ’a &lon s?t@p €YZI08$ and supernatants

In round sur
discgEioR oLt g a3 Gl shkin
250 ﬁrmﬂtwimﬁt thhn. 2502@10«11) TBSopHt hit 26 edMcTHSHRCl, 160 m¥ dNaCl) were

s TR AR S S By S ERF P E11SA (e
linked| iinniunosdrbeht] dss@f) steeaimg, A0Mpbiobteaely Fepesentan| \meqq wgg to test the

b1ncﬁﬁlg %ﬂ t&rgvtaglfot)er@ coa nl‘ﬁﬁpﬁ Wl% Sfatél- Oy cfe%&:ggn fv@a{sq)erformed using

ess tiny at ed Pul

After 2h i
the RGS\Hiv eu@hwlsSEBY PayeaE (Y780 ha gleterts aréyvsﬂ 3 (His)e-tag from
bind®94 b h&Nthe t(P8s) {Jﬁf n@éﬁd tﬁx%gpb@l%@ﬁs and BM-Blue substrate from Roche. All

NA-ri b d ted,.P
incufgien SRt HFE GER-95 10 TES RHGhBon b LTRSS 40 RRPeslones were
seqlidmaebby fandwe] sdfuending aichni¢@s. Beads were washed and
MRNA was IPSO| alg &%10 ?51‘ SICFE%H | rb tSﬁl@ {ll‘fa Q§IIOI;I- §0 ance

nunber of
sel ecti on Tomen@msh@ scresningofdindesnbasad po thaietime of dgsqs»‘yatlon from

Pulﬁ%' 4184 gr{gerg Qﬁpégﬁﬁrﬂ‘l% 53fnl 5@5‘1&3 SR o4 U&‘JlﬁDHS@cn%tfdi’Mn #ive hundreds

roun sis of cte o] |soI o
it l575.61 A CLFIIEHE PregHITP UL RS, ﬁi%»‘@f!ﬂ BhaYgehugose. 37°C)
in deRp tveni Wate Rlséd (tb agbeilaEufs mlaagaye (%Tdee@ pgmldm@phnes 37°C) in

NN i T

~ wert dngibhtepriot ¢9ln at30%D [@B5Otrptndr CellsowiecharTesRArby) eadifigation (2500 g)

dLérg{&x?SelVE;&'t Sgrag&:g‘l ? dﬁ{&fﬁ«eﬁé 8y ergsdsgér&d%@@elvseﬁi 0I5 ml TBS pH 7.4

restriction sites and
contaersug 25meM ingaidagels, RegBusigeand; Benzongrst QYayagen). Adier 1h shaking at

gehRAdSdphlINwaé) c@ﬂ@ﬁui&@r f peltdt esdllf debnisPSupernghtahtst @ere purified on

L hocul qt end ds8 Bl %]tl Sast Flow Chelating Sepharose (General Electric)

microspin columns containing 1
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containing 1.5m of LB nedium per well (100 g/ m
anpicillin, 1 %glucose). After overnight culture at
W@7@8m6d6B7 shaki ng at 250 rpm 0.2 m of each wedT/IE20@1004388
this master plate 15 was used to inocul ate an ot her
deep-wel | plate containing 1.18 m 2YT medium (100 g/ ni
anpicillin) per well. The plate was then incubated at

eq uﬂﬁ)(;at%&é Kwithh TR ?PI $h%§h{&ﬁgﬁn§gf@ mMMnidakoR. ReXipresswasheddstimes with
I nauy I ]
the GRAE Py A BEEORIANES el&*ﬁ@%‘?}b%%%&nﬁ 74 and 250 mM

imriidhtdgewere pelleted with a centrifugati on step (22509)

%”?hsgge[riﬁ Bl SoadiS5ahE 3r RS B deRY dSHld- E%‘Acﬁd

20 250 r prhok dHa@@erimd mi¢reealogmetry @xpem@rmﬂﬂ?e hmé@@ Wﬁw expressed
in lﬂ—lrl (FEHQ is ﬁ Wll}ﬁgs):al\éﬁahﬁ uﬁﬁg&gs d&setibe 86 W SFf®18illiliters of an

ete a centri atlo step. (25 Fo | SA
Ove(léalztywéculmr% (L8 Pt IO BT é@?&&’})‘n’s]c})e&‘f% 3759 yete used to
ino@flat@ar Nit&U peIkFat @V, WG dime dinipicilins 87t E)&plrdfsdmngwam induced at

onkar 36 B SUERH o7 753 il IR o AL RERVBE Bl or 19m ac 307
(2561Rn k- diylls gyedre ha@estgd by cehiaifughtive gind resvsgendpé in 30 ml TBS pH 7.4 at

30° oSHn%ﬂgé tZtSalgl\/f 1B{Hna§zogé n@%ﬂ? u@@l@ Kedt B&th( 5h S We=§tA Emulsiflex

prot el ns an e substrate from Raqche.
horpggenizexsasbesi | dskris pepsdiseardedowith pegoisifyeatian 188 piqtemsywere purified

on W 5hn 0 HiVeapWeIRNatRiS. c&gﬁint ey @lliBlaGsde Svithe TBS @enmnaﬁﬂalhmg 25 mM

lml’%]é?.@g?] i Eﬂbtl e nel g)glaF$ ! %BMJ ?rég%ﬂ)alﬁ.@gd s tdaz&e 191' oteins were

furtﬁ@f porified ib? ﬁﬁ-&&ﬂus[tgl ohroblamyalﬂiybalsedslmerdd:reﬁ 26160e gel filtration

1
cohfrﬂn gb?%al cgll'e egu @aart%p FEHA HB§ pl%,_’éﬁ'?ﬁ% it %IE?‘ES e?ﬁ?ﬁilM NaCl).
Andlytichl gdliltratiay whictdone opf Sd\ﬁAB\Teqyﬁtiegh&GEpHé@lmcm @srpgn Superdex 75
3. 2/gﬁdédfﬁ?f1 1%111&%3”%%}%' pER.7. d"(%al WERSE50 37 Gaplel Mjected). BPTI

sed to I nocul
(6. Slld@a)g/ Ribopwsiease A n (146 dPa)n éég@gmsrnogaér e @T g Ovalbumin
(46 17Nk efd A IbEEBD (52-9 KDE) @b‘reaﬁéd tab @wblefuldd. veeigivl geP'ﬁ(Iiraimh calibration
culqt ures were incubated for 19h at 30C (250 rpm.
Ss were harvested by centrifugation (2500 g) 35 and
protei ns \arfaceRlasmon eztonacdeepwel | s by resuspension

of cells 'Sri)}gbvg% easuret] an%aABIAchfg @00@' iRGtraredt % 25°C Biotinylated

i mm dazol g fer and Benzonase (Nova gen).,
PulDrwashiprkpared a3 for&de@wswerpb@pme\m@ %_Yeﬁtdr i%@‘él:lz? o How cells of a

SA%IﬁiCﬂr gisug Iﬁﬁﬁ%t(l)ei@%%xgﬁrobﬁi@@ bR}'&EiS/Ia&dVEﬂB-N) el kfmafél rgévssurements and for
inh B e S RaY e 20 Ro 00K U (PHmalea ) o iagly T he running
buffReWak Bm?{)lﬂ 048@8 mNMGIERES) 130rmMVENa@l, 01STBBwpdth 20)4

cont ai ni n e s&reemng'u%?ié 81' era.\algﬁé' o f 11K m%n% td ltlfg‘fl‘c‘off-ra‘[e were

W th the r-an protein
performeed chsmgtmlcn@(MACrBsnﬁed ‘prcxtelaﬁ dsezsabore) dilyied dé?i’omenmmng buffer

pridei ﬁg&idﬁs%ﬂgi{& fcs Rk R EmPBAS 'aféﬁ@@v'r@t@ #kohilmder s and
type ac7 5 For Bi atcﬁglragﬁ m crocal orinmetr

exper i nentlsineigmepsurrgagnds xg;y elermipptions, Wrérmed with size-
exchiftldn }ﬁirfﬁétlrprd)tﬁln@ idjetted af ccﬁﬁalht@tﬁ)ﬂd'amgiﬁg fioatl1 aM to 50 nM. Inhibition

me%ﬁgegliﬁ Sﬁg’g% gﬁli Eﬂl}l l ¢ i t er fg9$§5 at gfg/ncelngrh{lon of binder of
5 nS74)d didfeeent sembetm:atlom ad LBwhlﬂfN Bs Ia| Qoerpetltsulr tlm penc(eztranonlomgmg from

0.2 %%8% 26%}1 8{ % %?Q?og %Eg{%gﬁs*rﬁ@ swgél_ é)"f gﬁéj Q%O%?nésfor the binding
phage pas |dmmnmeédmfi mlot@dhvea%uss‘b@cq@ewz@wnrm Delj Patagyafpation was
dodaa{sﬂlgq;lmvmyso&evaferaﬂ‘m%%) on and resuspended in 30 m

4Mlcrocalorlmetry




10

15

20

25

30

35

30C containing 25 nmMinmm dazole. Cells were |yzed wth

an Avestin Enulsiflex honogenizer and cell debris
wowrge/oeicdtarded with a centrifugation step. PrecEIB2807/004388

were purified on a 5 m H Trap chelating colum

equilibrated with TBS pH 7. 41€ontai ning 25 nM

i mm dazole. Elution was perforned with TBS pH 7.4 and

250 mM i mhigfzatiel scRftihg caldrivetre Wi derfotthed withrd MiedCal VP-DSC

cal%%l?eg eqe é(?r#bru Irpg?wg% @%1&)%%‘% Fé%@aﬁ?ﬁg&ﬁﬁ §% ofRecombinant wild-

typeand varbmest St 7diveere HEy 2o overdighp ot A i SO1BY MES buffer (pH 5.6

300'\'?&)Na @Eaﬂré!{e} C@!im?fé% Wbkt fidh QP18 %m&g/ﬁﬂ & $STme buffer
using a tg() 75 " 3.2/20

pregsetiom dé&f@ﬁqdl st SaPupin [0 HBGBHPFh GoUGySHT NG PHor 4 lqading into the
calo?ﬁﬁméxecéllngﬁ 12§} FheBRferenct @elh wdsailledRvhbnkie k&nas duffer. Samples were

by s Pk B B R 0 Ly B Brmnion

evapath@ariipto ¥80°@htquiibrated| for 28 mimatc2°Cphedtedbat a constant heating rate of

st ndar d
MU Sy RS, R g v e
Orign1 D sefbvare Platrikiowast alor1998) providsdsbynihermppifagtarer. The excess heat
cap%f&%rplt%lﬁé’tlcﬁpf%' STERRY Wag %gtaﬁfédfah@i"’sﬂﬁfakﬁorpbf éwo %5se 11nes from the heat

densities of .immobilized biot.i

capmqy[fup]cqi@}, the hatfer refareacs theempgramy hg c?lﬁﬁ%ﬁst %ﬁncal base line
caldﬁﬁ@&ﬂé@éﬁiﬂrﬁlaﬂﬁhg 13 @Ondddtrarich §0th M fregtess af dat wifolling transition.

r es&eﬁgcgt@igpv e!i%@ heﬂg@?nl gﬂﬁgg s byl fsei‘trlory\%ﬁ")e g’rﬁ eo%s_% rZaelgglgzaQe the results

of mndutehxethreenkarmget@f (i, MféasAHag aegression of theedxcessftfeay gapemty curve
r.far Lng mcro IMAC purified proteins
g AP ARY il

ute 1/ 20 |n runnlno buffer 30 prior
i nj ecti onda cfjalkaling plospbataseriusigns 3 f| ow rate of

60 |/ m n THien Ehé?s 'Eﬁéb%ilﬁ[ rBi‘ﬁHe‘és fﬁéreaPCRnldmphﬁed with the primers

SCHRA (SHOpS el ﬁ%&ﬁ&%@@%@?ﬁﬁ%ﬁﬁfﬁ ITC) and

SCHHoAR GSE’Q/lID(NdEOZm MTAmﬁTGAGGSFCTMGﬂFWEA@@mCAC) and

u%%ﬁdgg %ir;érflslegtﬁ)( (%rg%.l[ E‘j{eﬁﬁ aﬁh S%LI ﬁ gé 43 feex"i'remltles respectively. The
PCR qrodusty aitere digested PuitiD-Kprd sangd S@q}p@tdq ¢loned into pQUANTagen vector
Qb?cfﬁ%ﬁ‘%mrﬁfﬁ Iy ?&hﬁ@?ﬁbéﬂ)ﬁat%%sgﬁlséh % AMA-Rrmthul Mfdhe Bmder Screening

ow'r at he sl ope of, the sensorgram f

of glkaling; Rléﬂsﬁbata% age glencre s ﬁmé‘asraﬁde’ﬁraat%% & fﬁﬁfomed using

DHSRE. ¢on Q‘sﬁﬁinrﬁidl @btradtioksl iom\the %drﬁlfzem&bﬂﬁiafmm Beisfly,dmisitive clones
usi n ev core t :

werS o5 HRBb 087 L BRI B50 09 MBI SR el gy e PS4 £nibkd-3-indolyl-

phosptare) iforgtheia labaline phosphats ageritfyoEightimallitdys af an evestight preculture (LB

mec}{{i’mmrgg HERP gﬂéﬁ?ﬁﬁh a5oELRE ! Red thﬁl\Sl:uSIHt%' ¥ c(dﬂhi%! %feioo ml (2YT

sol’'utions, of reconmbi nant w |

mediw, 1&4) ig(ml ammigittia, herdipairssivgy plpsghae RHghs. %7t°CA dnductlon of the tac
proBRt WAk dekk WithMaditidH ot ers tRHPEB whdR @D Wadhbout 0.7 and the growth

Prot.e l e th d dt
S TR 31 Akl Pttt ier Sy RypBaded in 40 mi
of TNE bifferyB0 l‘nMélhtsl-HCBpHr&O Rgcrpsd 20%; @5 ndddEDGAL Atlang/md lysozyme).
The?lyfq%rézlaqqg\lfsl%e({?k Was %egﬁengg%% 1nc-£B§10rn %fetilg gﬁsﬁ)eﬁﬁhh fééiﬁfo min at 4°C with
gentl¢ apitativae Cell debris tveane disgardedhhy csnté@gﬁlencfpr 36 npgjat 28000 g at 4°C
and%\ﬂﬁérﬁatgﬁg blee ﬁR&g@EHIQﬁ’gW@ 45 Eﬁ?ﬂﬁ@ﬁlﬁﬁn@ PridPstbfagd 30B0°C.

ted for 25 mn Eil( eated at a constant
heatl ng raYestgn blots using al alm osp atase tusions

A 10 ml overnight culture of DH5a E. coli strain (LB medium, 37°C)

without any expression vector was centrifuged to pellet cells. The cell pellet was resuspended
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1 deg./mn, and the data collected with a 16 sec
filter. Data analysis was nade with the 10 Oigi n7TM
W@ ofoBneiog7 (Pl ot ni kov et al ., 1997) provided byPCTiEB2007/004388
manuf acturer. The excess heat capacity function
(Cp, excess) was obtained aftd8 subtraction of two base
lines fromthe heat capacity function, the buffer
in lrrﬁf 1FBS (B Bdwumgmain an Behilﬁ‘xa&’)] cell B}%Bd)ccmeerd atabomaemperature for

| cul at. t t
30 rp}no?ﬂd( ﬁ% s‘é?%eglﬁlgg S\%ﬁceer Hgg%%? A @Oﬁg f‘raé %S gletg r&%‘bbg Qell debris. The
supdinetanpeyntheh os@hfoaseia diutén ofpuriffeddudPAyg Samples wersrgepared with
a C%E@?leuﬁ{e %ﬁéu@eﬁﬂ{m{ Qn(f”éeva%lgﬁer ﬁh’tlitp%f 1%E:d PulD-N corresponding

I near e- par anet er

from A g5 410 i PUIRGN axlsacH krabp IS piE Raefied op @egD%g%‘uﬁﬁ%bmlgfatlon
rol%ldgoa»feltev‘ﬁax%tféﬁ&l BALSDSCaasty HCiitrofeliosal ikémbrge (Hybond-C extra,

o+ i % o5 BRSES O Y LR 1T Com

Tris2ACI Armmem QCCRGERAGET BHAATE @enabrane 9@s SGPhiosrbated with

ol S SIS 1T TIREFLCTFAR i s

agitgtion. aAfie3 wasking rtheri merabrane.e dgfectiany vy dO’Fﬁ gwitlpgecipitating substrate
NBW ASP 8&% atH alstrad K BibrkdiluedadinSesdtion biffel PIBANM Tris-HCI

en vect o { Qbi ogene). Thus, alkaline
PH ﬁ éanMé@ﬁo the C-termnus of the binder.

SCV een' ng C&fstrﬁéti@@ dndexphesphef GEJQE&H fleore$cenipsroteind fusions

periplasm.g extractiq. . o

! ol ot By EhepABE AT Merer T O ek T g PR sites ino o
pQEENdalved Pidsefid yhFR3660 X ¢ongnining mlmgeméoee@ﬂ? eeheadegion pwoding for a

t . tap
1o B M L OGRS L Iy, Ty e i e
bindgriimkeheGBRé51sh imseorﬁcwh/ ROYRGS Gips {44 11 th Petégping. The sequences
of19dﬁ@fdﬂhlgch$na§rv€e%ll:ﬁéék&16 ¥+ BNABGjubiBing.00 g/ M anpicillin,

redt um 13‘3‘1)@95%&%%%3?5#%59%0“ CH 5455 9 08T B, ncer e

samgkdoRdiBionSFGor bindels atdner(i. @f withan {siA Géndoa simo¢xaalusiers chromatography
tp8one with addition of 0.5 mM I PTG when OD600 was about
7 and the growth was contlnued for 4 h at 30C .
Ce| | s wer dsqlat al Y “||0!)_ G u_r‘._,.v.v__i_,_l A8 IMED RC 40-eGFP

chithBa40 M of TSE buffer (30 mM Tris-HC pH 8 0

— sucrose 20% 0.5 nmM EDTA, 0.1 The .
ysorymi o Bissbikudsssarrapids (it Lo JI58F carpane the plasmids
pCISAP %%ﬂD)f Qhd 2QOHAPS80 4@ui)t (Gugleoit ectagilt; atlbef) or plasmids

pC}%h gﬁ?@d ?o%gg@{lfj E,f gt£ gﬂ@% aﬂlg el r%%g%{bt WQI% Jsgcli fgrQhe isolation of

the fndntterasd vesiales glultared . wisse rgrovemite axgonpntially Isitasfr é@@saat 0.9-1.1) in LB

meckar%c‘(hflﬁ%ﬁﬁjﬁ kahl‘?ttaﬁn h}?}g @gﬁ%ﬂgﬁﬁgﬂg@@%aﬁ?r ald‘rr]ﬁﬁblﬂﬁf' 25 pg/ml

dvern
chlqrgmphcmlcq_i,)m;) 30° wﬁbu&pgq;p,lg,s @E?ﬁ@s dihg pmepabrang Wg@ns were isolated by

cenﬁﬁﬁﬁdtio%uﬂgﬂ 0b@ xP ﬂnegO Qﬁin%safter-r Flﬁbélgﬁ‘ (?;75{881e|5ﬁt8eg\1“?§)n of the cells and
suspen
oty i1t ngéﬁ?igﬁg? S T AEs Ragepnesagrtion LI defml

occur red a[l)lﬂfeﬁmrrqtla’mimies af tiiecemtmbran8Fesitles avede tdcebated for 1 hour at

roojn %ﬁ\%&ra uIf lww%sz)d: Srr%f %fﬁg%qlrﬁited %% Q%Igﬁfsﬁﬁ q?o{gh{] Atger centriﬁagation

super nat ant was
(80980 ixag fatiA0uming thopellsts wﬁneewjaspgfl pithy, thesame bgffwe p@ntrlfuged again and

res&é@rﬂﬁﬁqg ¥ dabhe, V%l&rﬁ@ SFIQ:"Broféﬁ{sliH%a&{ sa?t’tﬁl@ KRl %ﬁra@é&ﬁb SDS-PAGE
I abl e quantity of unEﬁN{j Pull} r %&% ¢
andf prgpsterred ogte éntM@HHlQS%I cifisEAn 50 pF séﬁﬁ fiien protein was

perfoRag@ by @fimanShISHagwith"GFR prifagy aitibodies. protei ns were
transferred from SDS gel to a nitrocel |l ul ose nmenbrane

(Hybond- C extr a,
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0.45 m Ceneral Electric). The nmenbrane was bl ocked

with 5%dried mlk in TBST (20 nM Tris-HC1, 150 mM
WONaB/068887. 5, 0. 1% Tween 20). The nenbrane wasPCTIEBR007/004388

i ncubated with soluble perimasplic extract of fusions

diluted 1 to 15 in TBST nmilklPor 1 h with gentle 10

agitation. After washing the nenbrane, detection was

done with Q@ RhioadtdSasiysinedhenoUNBAdRIbie 4 ¥iRder

ESP{‘ g?at(i UbSt : atfrglllllgétﬁs B{;g&@xdé i lf ec;i%l Ne rxg%rrHa%’}ed against a
0.2 Mg@hﬂ)bnat@omfffamﬂ{ iSoh (aﬁMdbiqulemdowas)ﬁnJ@téd (cgr @drm! HiTrap NHS-
actlgatgtgrﬁﬁc orf{lmgr e%' gﬁ ]filgétggﬁn%fe-ﬁh@ug%ﬁ r}ﬁgh&p GREH W ml of 1mM HCL

ers were c one an I'Tl sites .into
ImnebiligEe0 ogewrratedt roprmsingeraFPEE ) miisa Ahich yrasag &%@lum and
deaétWatlﬁ y ?é?ﬁialﬁlnlg%gh@@ r%ﬁﬁspﬂitfi@ ¥ 0f etBandldrdak [90.6 M NaCl, pH 8.3) and

e o ST Houb B e CapsBhr i

equmbfrzhedi WRGI HSHipt) $.0t @0 mM Thie, 500 evfi Nu€l) Fik was ready to use for
uré,equences of individual clones were checked by DNA
p cing. Expression and purification of binder-G-P

f usi ons wehdDadpeoteindess exheessedusignBLE LR Y iforeg!i saingFansformed

M T L e g

ins 1 % glHCsRe 3 A )erieis Used; topingeydate 11 culture
(2Y99100 Kphsl %bﬁhl[ﬁs A 0bxpr&adionvea ikluced at OIRGS) 1.0 by addition of

1.0 (Ig\mlﬁjfa(aé}:lsv ? %ré]{éj lz]f:uba?f‘fgw g? ZQ)JCD Q%Bégm')‘ dcéiW? %Qrvested by

cenRBHARIBR 1drdpdsypeijed ﬁiJBOmiuTBStp}hB Q. QﬂB;Gyveaantyzed with an Avestin
EmglC?AXEI?omo%l e}‘%‘ﬁﬂ éeﬂr délﬂﬁ %%1%' &E&ﬁ&e@fwltﬂg gzﬁfb% step. One

were grown to exponentl a §
mililppeead achadt af t_h)s sqlulp_lB frq@t;gm 0¥Rs (INjerted ron thg bl clone 6 immobilized

col R bk 'oG/gra?eOM @PmhIAh R W&h's?é&ﬁé protéind Wegd Whshed away with 40 ml of

anpi ci e at 30C
runging op Beaara D res e b AR ASOIe L e usinigr 400 MM glycine buffer
H|§§)| 20a8MONaB80). Pafityr o1f ttig @hita@hproldt W Gheckgdfbyr loddingifraptions on a
SD§ ter French press desintegration of the cells and
rssolved in Tris 50 MM pH 7.5, NaCl 150 nM at a
final condaniWetdrphlottingd50 g/ . Different quantities

of the ”E%Ht@r”ﬁle}ﬁ%fdr%& ?? E%b Pélfl%ay—eﬁulflﬁ (deKPB‘GﬂagGullvout et

roomtenperature w th e puril

al., f 181%h qsr BUEPS @QW@%& i(GudreutoRt 9(1-802@&8 xtoéeth%rr with Pul§

C?Q\I{S‘SO? (Hhfiep et hiet BITHIRerdprdiacedhsd befbRee Mdtralssl Werk resuspended
cen

B
mhlsﬁ)&‘r Pé@Eloan@nterchitaf dfanedgmn) thvartie) rand evédralsubpctedite SDS/PAGE and
tr rr%g n?o ?Ifo lnﬁos% sh %’r@ﬁwﬂ%%&eﬁ qncuﬁt’)g Q{/lﬁﬁgerlplasmlc
a“Bf oB1 Gt T

anti b
(osrﬁ@t@r&smmxtrmm Bzammymgg Sq@y -PagA ¢ nyf«ras 'After washing, bound

h 1
P TSRS AR IR s it copcd scondny

tléP‘HFiﬁf@@IC%‘a’i?@’t‘le%enW 2 M carbonate buffer pH 8.3 (0.5
M NacCl ) argécmanl njected on a 1 m H Trap NHS-

]? th\égges\n tfal %Pﬁpgg%z( &aﬁsﬁ% a lEllg%)r X trq?ml gH %Jléﬁ the empty vector

or oithuplasuidatencoding tSewpdhatuckimins. %mfmme@ WAI‘et grown in medium
con\’%@rﬁﬁz{y rtg4‘%hﬁ1aﬁ&leuﬁ8 fatke production of pullulanase and its secretion system,

including PulD) and 1 mM IPTG to induce Sac7-PhoA production. Secretion levels were

measured as described in (d'Enfert et al., 1989) and are expressed as the amount of enzyme
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deactivating any renmining active groups with 0.5 M
et hanolamne (0.5 MNaCl, pH 8.3) and 0.1 Macetate
W@ 2008/0846B80Cl , pH 8.3) for 30 min at room t enpePEL/IB2697/004388
the colum was equilibrated with TBS pH 8.0 (20 mM
Tris, 500 mM NaCl) and was refdy to use for
purification. 10 PulD-N protein was expressed using

actibleg Hetdedd - whelel C&Isr@ixﬁpafrécﬁ%ﬂhoﬂﬁﬁdetemﬁ hntlsrseqobasn(m%) Cell

P3702 (Ch t | 005
exl3Sotedt Hog RETPELEY Eamhoipuriad A oo agajs: PUiD fd Proa.
arrpl ci | i n, Td %majlyzc dse eff8ate)ofidhe eSaed dthoo Chmm%ﬁ at dighet (plasmid-

enco edt) lIlev X efé%ﬁ? p%%gléigérmalz%gag%;l%%lce I%g% » ]@gérﬂ[)ﬁﬁéd Qith ﬂénkmg Pstl

SItealadd cmﬂettgci 0 kg Bnique Bt tsite éhe baMogenso the E?G“Pffﬂ?fldmg plasmids.
ThéRkbRbiBAEP IQ%M%P&Q 1% hihsEaflel it lv@ilth §GE|IAP231 (d'Enfert et al.,

resusp ended
1983), iptgdbe ieRveler, pgqt%se)@eﬁeﬁ%tg%fﬁl%é’ S {GhaP. i P Bullulanas
secﬁéﬁbﬁ‘ aflil $GRIsASFP DL (ith srewitliout peiat treattrr&h’emth@henol) were analyzed as

liter, and ,a hal,f his soluble fracti on was
abo’v?] é%’toéd“glr? {]Wgu(f{l}%bélllgnc(;G i mobilized colum at a
Res‘ullt@wrate of 0.5 m/mn. Non specific proteins were

~ washed avay é}n@ 14ﬁegs1lg gffthéﬂmgp@@erg%ﬁ ﬁbrﬁgd(nBymﬁ)

was el ute an a usin
gl yci ne bﬁheeﬁrsg(yn(lsﬂ e | orzg)(yemgaﬂﬁ@ l?e pp%ﬁll?l 197 by upg,Sac7d as a
scaffbldt B oPaRi®) Bind@s t6 Raskedidmdd aasiddesignog libeing by Rarklomization of

the d)@FqnggJAngg{g/ Xr\gaj\% Tﬁ( bﬁal oﬁt g,@g%lj 1 8‘] Es&h ft?g%{da eeSSO(i)lIlbIFty of the parent
Sacggggt%mor PU%D CS (pCHAP371 1; (Cuilvout et al.
to f

al ., 1997) tv S thec% ggg&égmalzg‘gjcp.g?@gﬁﬁgﬁdglgﬁgxs&ﬁﬁ 1Bkes are known

(Agbe@usmndgasamngmdm@nd ShemernROEt:; Gachhal» JPO%; McAfee et al., 1995;

Mc€ %t o ”9)9350?&&%%19&%1&1@99 Su 804112006) (eﬂgardolegt Aas&ding to these

Itaor Pefa (I'ntérchi m
strughres, &wml@@%ep S §53mﬂe§58f8ﬂ&e '\?15{31] u‘fng&rVSﬁa db‘zg face area that
matdhdsl %ﬂrkaﬂlﬁiﬁla@%@h@ chiges)veith DNan THio bkedingadea is composed of

SRSty D) BLESES y650RL 6 £15H) S RFATKG, an, v

A44ysi6) (figurd dbind. EsuaPhspeatins of éhie bindingayesashomis dbatdtsis twisted and that
it c@&?hgess t\&PJ]Qfﬁds g? ég% é?fe§ Dol c)ﬂ@&ﬁa%) Ry e98S ROONWRL, YV 26, K28,

di es, um nes

S t
M2PABYR I 4R Ad4e bag) and ti@%b\ervségenflﬁﬁ;glfgbhg?gb QA WBae133, K39,
T4 ALY, ReBLIRS Wﬁr T9B tdhdFR@Sz[fb dBared b thed@ tviag surfddba A bout a quarter of

I o o TR T A—-——

exppsdd oth ama&efmeda |rmess1szecamiqrmmwg@hem of 2h% afithegsdquémye of Sac7d
cougpgﬁ, é amélnl | (-)erhF: ?oldﬂl:%ua%ﬁ t§@thBl|F§p %H&ﬁt% Bgtamed In a first step, the

es Cri
inv¢rdorsrdeeided do eatlude KPBoyndaKa9 frasm éb@ﬂ%@@aesa% sctlﬁgle since these two

resﬁﬂ&uzm: 3t ﬁﬁﬂzbﬁq&lté@g 2&0&&69%@3&8@“@&0@7&@@6&&&%&& to exclude

activity det'ecte

ole cells ared
thergéy@épgcgqnﬁrapl9% @gh@@pp% )( i@e}%stepé’é&{rg pﬁ%{ gelmrv&ould have been
impdksiblead@Nb ﬁ@dilcb& olveraps alvhiditié Iﬁg rirhérs anﬁedlmgl(m below). It was also

posgg%gg %}%E}J ?)Wgﬁ'a g? OACHIn%-z%g I%E% o?f glgerrl}h %ngfaﬁe?ic tog dorFlaIIcH Svell with the
spheficaPishdpepsioglollaoproteansz eodit rlease shagtinpedd gecriénma@ate blndlng of their
exp@g@il lof)f)s‘? q"h\%,ttne SlRpHkiBE Sff ﬁ@éy focused on the eleven residues in this region of
Sac7d (K7, Y8, K9, W24, V26, M29, S31, T33, R42, A44, 546).

The gene coding for Sac7d is quite short (about 200 base pairs). Thus, the

library corresponding to random substitutions of the eleven residues could be obtained by a
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5 sites and inserted into the unique Pstl site in the
bl aM gene of the correspondi ng plasm ds. The
w0 e@emticsant pl asm ds were then transforned toRer/B007/004388
with pCHAP231 (d' Enfert et al., 1987) into the
envel ope protease-deficient lrain PAP5198 (degP,
onpT, ptr). Pullulanase secretion and |evels of PulD

onelstép PCRI Twiid havitdope |u@ihgtd ﬁﬂkﬁlﬁﬁlbf viirtd) dpgemonity olipsraicleotides (NNS

schq_rB%R}é'giuq%{ ﬁygﬁg@/ 811g_onuﬁl§g e,? gﬂg %h%or}sl rst%l qgr}]cg}’rg%gl ﬁbsmons were

encbdddr tayr WNS iriples yhal d)low hepréselnt;ittlon roff tallahing taequ £ Wiith this mutagenesis
strakeg ?% ltl%ao%et{eql grsR ?ssé hut Btzylot‘@(g%‘zr@ﬁi%ﬁ @x@e%d?by about four orders

or o aln I nders ious |igan
of magriwde g axpe.nmeara}lywhm% gressayi Grouwsrlibraye Indg PirﬁCF%qdmg to the

améiin"ﬂ Gf P@Raéseanb rb&mﬁmsdat t@lg%hélﬁtetthe ribbsdthé uisylagrwnithm the upper
solu Sac7 ot el n Sevy,

[t
esippieol by s Sorgo0ide Gk 5@ gandom clones
confifrRedk thathe dbdgved kesklue dlequent Is sEdﬁmtdShm pamhlcted (data not shown).

Thel\sg%:cv @g ZP gﬁ:)[r‘recgafggt?s tEOutla%SISfr?&{g ’%Bﬁfslgrggaletéonsl%%§ found to be

arowld 30% 0d&ice( the gﬁn@tlb@)l” digensy Mas goms(yiqrefb@élsfactory and the library was
usem%gfeeﬁ the binding of Sac7d to m nor groove of
I NVOo es a binding surface area,that mat Cpﬁ
di ng

r emar kabl yEXammple 25 Ribesome dizplay sW"c‘W“E)NRng fhrary,
area is COTHR&s epkolfins Sweﬁ’eeeﬁosfeﬁs iagueggdtk7, DéK, K®arA (both from

o 8 R A e P gl B v

PulDi 3damguir enesbans prétein fhat icanrohitet mdingaived fratsolutipn without ionic

dete((:r%}}?g @%?%}QO %églﬂg®2rg£nc%g%ﬁeﬁ'égé§én v ec‘lsél_d3 g'htléRﬁ zﬁﬁaﬁaﬂﬁned PulD-
N, ®46ppendd te He Ntterarindgsgian oa Prip. fl‘leﬁe ta’r@eis wreexchoygybecause specific
and lavad biﬁé@rs c%'@d(ir Y us&ﬁlzioolsl%sétﬁ’(%eﬁ)nﬂﬁ4Gaﬂ_§%nd gD Ridrtidr@ore, these

shar ed t hese t aces t rter o
progu. i duigHIt Saemstaioe on sibtig! SEdiare BRI Tgogtzipglfiese proteins
coul baegfortd-coktalllvaten trixdd ks sane wagap astbbdynfragmeents (Ostermeier
ol ag ggﬁ a massi ve random nut agenesi s of 25% of the

e l? ce of Sac7d could be dramatic for the folding

and the stEIISAI plgteptoated with tngntravidintvegra aiged 10nman¢b1h§q biotinylated

pro hl%pandttgeperfo%%feeﬁénsd SHef! ?&rtﬁuﬁd‘scef"@eclﬁgﬁ &Hﬂ:hﬂﬁ:ﬁt with specific

romt ageneS|s schenme si nce tﬁﬁse tmo
iy

bindass Fer Alctheselaidats was qhyeryed Ehiguae 6a)- Akl cassst R PR of binding
of p%HIsfv%thlEh&i ﬁrﬁﬁQOQM @tas&rtaltgetsembwﬁeg totRleA®. Was t hat

e b 54 R 52, B SRR ru-
N, the RT-BOR mdudtsaﬁbm $ebectqalr pavky wemrmiersdi intp IQQEEO bedtonQiagen) using
Bar}llt—II VRS HhE 1 ?ﬁ:‘tlgh %g@éﬂ &ﬂh@%s&lﬁgg Qg&’tfﬂéfs r\yerQ s&t:chﬁ) transform E. coli

e o rnding are [ th

concave Si

DHf ¢ straigphe randamly, glopes weregpielnd Hpmdieg élisll?sto 16‘?‘3“135? a deep-Well plate
conga)?ﬁgé el §rlhgtc<))f LB Cl‘iﬁ%ﬂnﬁ eoRvend t@lt(? Rl Hﬂpiﬁlhhhql % %ﬁacose) After
o B B L0k U 43 BT LAY e
wasYlsed K8 indRdate MR GythdvBRep-SR1, pldid Tontlidng AB4ml 3AH) mediven (100 pg/ml
amxggﬁ}erg;:p%g :I\ivgﬂ S’I' I%aec 7ads tflenr 198%bg?erd2aqg%c g’cﬁ‘ (?%%ul% 91%59%5(950 rpm). The
expsaskion was indneed wﬁthtth@acbilfemecrf 3 éml\d JBEG@@&I@mbetl@b@taiOnG dor 4h with
04

%QZ%@Q&;%@%%&%Z lfglﬁ%_téc!l 23@1 4 %?g tior r?steeg r(92§(5g§ thd supematants
dlsc‘@rdegoﬁ{%q:lg@yvegfe%xtr(aﬂqg ugﬁastqu\g)é(agergrpag w1th shaking at
2500 FHUSOARA, ltlﬁ’&§250ThE oﬁmpHOff 4t(be mBNTesEEEd 150 mM NaCl) were

addgg éetlf (?e%rls Were pelleted with a centrifugation step (2500g). For ELISA screening, 100
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encoded by NNS triplets that allow representation of
all amno acids. Wth this nutagenesis strategy, the

wao besnetosTal diversity is about 3.2 1016 (3211pCT//B20€1004388
exceeds by about four orders 5 of magnitude the
experinental |y achieved diverZity of our library.
I ndeed, according to the anobunt of PCR assenbly

ul of @ﬁhlﬁtsupd:&%rﬁ mgen&eatte tedtethei tindiogeond Pejid-Ay or BSA coated into a

Maglgen)%: rlé e Tks%gteg{%) I was g%l;t‘g{méds uﬁﬁ%ttltkegﬁébf-l?g Xntﬂ%g% HRP conjugate

varil an
(Qiagenh thmt detests pnlyshie ReS:(Hine- t@b ﬁew@aderré andipet th¢ ddis¥ntag from target

protéin Al @M%lu% Sutshate Rt @o@ltlee Alf Q@ﬁ&tl@ﬁtste%g‘ QR carriddBut in TBS pH

per cent correct clones t hout an a
7.4 byl e s 20her AbRIoges B B A0 4AALNES BeourPEirEulD-N and BSA
blnéhhé) Ritllﬁ@ﬂ th@ Ralue oBiawRd Yok BS)AlaﬁndllﬁQ shdaledostlDsNawssorajculated for

g A 2B ) PSS OLE P 5 coes o
roufd O{(fgurs 6k The Cbﬁlﬂhl@’lofiﬁ purifiggetienes IﬁmKthe@rl]A-N b@l@ﬁlofnr(mnd 4) was

test%/ ?c%tiﬁ% G &Pl%ﬁfglf%’:d%& b?/rﬁ,lggle Alél'sh%ﬁllﬂ? ﬁhu&%@ kHE binding was

from | a oxytoca 'S an
speeitic dpr @;eqypx@ﬁl@ ©f 28a¢lonesnfiom B)émflﬂﬂ Fﬁvgp]ﬁgoa high diversity of

seq §éﬂck‘§ IIQ&CWI iHohQYtiericO W48 fi@iEMBRNThan oﬁb@ rlﬁdh@zitﬁlg that a higher selection

sol u merlcf agnent was u
preﬁamuﬁg%e en g & e G001l WEt R P TG, it any of al
elevRul fapdontizes @ohﬁb@(d&atal\abe slivadeThbewerage yighé aif faxpressingl estimated

afteéwl nder@h%et%m ?t P %%ﬁ?%ﬁj cl{rgr% tgia?)hz)t éﬂ'}/ﬁ%l?#ﬁof e”lones was

abotin7@ n;g*élitati flaskecultwre @ﬂwmdquml at §t()u@) ddie Bpdrgepeuld be concentrated at
leas& %ﬁ 98 '35'&1%7‘1‘191 %hﬁﬁ%llpﬂf&@b&%rx%goﬁ@&ﬂggeﬁé‘d Hﬁ?ﬁleflﬁ’ﬁdm area of Sac7d is

ization trials in the sane way.as, ant
hlghlwaglm@t &0 pubstipitienjapd t %tth%ﬁelec“?t‘bwantﬁ @z@dp?aa@%g Q3 biophysical
pr gﬁéseq{dﬁkév%r NE ok euétgiled mﬁﬂﬁslsubjéd{ltxoshomﬁhhhﬂ the average affinity for
bin

ot i nyl at E proteins an ect 10
Pl Fromagndt es Patpg gD Fidd i FolgeStomed with a mild
(2h)5 peginidre strimlgald&rfﬁrdtm seledtiont (A7 k)efailed treinsreass th@lcasrerage c@ffinity of the

antit lgul(le ogfgﬁ%\dég 7? $1uCEQ§\%zafﬁmL @(_)ng?/l ﬁ?n{fh f%)g%. icgﬂons where low

nanam@bxr dissgciatiprRponstantsare yeguirgd cHenss) 'ghedpve@,tqu ép%lded to explore other
appfdé(;ﬁé};% olgymﬁﬂ ﬁé;{fﬁ{ut}t he selection with PulD- N, the

T- PCR produc | ect ed I
pQEBO vectl%’fa"e 3?535515 Sﬁ Y E«%ﬁgﬁl Sgg\ggl[agﬁolqdl'o{)]qarles n&lgraw 13 and
14)restr|ct}on sites. The resultlng ligations were used
to transfo 9
were pick %B%VE é}faiy 8\%({ foﬂnt ?té %Qgﬁg“tﬂe Q}egncﬁsbmdmg and
thuptoainereage timmoaﬁvmmah gumb@mf mfera_caoma b¢tumen IbmdeWeand theipdigands. The
pot&ﬁ{alﬂomﬂmg &Jgéi &bﬂestpgyng/ﬁgltb‘ Qm)mzaﬁfohﬁf lloﬁéﬁﬁﬁésgmd a 890 A solvent-

0.2
accegsible syrfaee+ $acdd heing é'pr}bqogqr@nt tg\dé sug%ﬂuttqgls* ]ﬁ&?ﬁ |dgi:1gecgﬁ) randomize
tonIrhﬁfee @a@lﬁovmldosmbai &K T10AHIA 2D (1ibrary 3 39Tbr RYT, Ke2latdT40 (library 14)

that, %?g{%ﬁ%‘f 13§%| CI |12|0ﬁ)§Mp{eﬁp%c\ﬁgﬁ ynén?tilgbaﬂg?ﬁm@lo? coufgi be that the
coneayar aadmgrarwam hotdwelbduiddt to bind raoeint amhy théreforg thts/luse of a flatter

surtlac n&ﬁ&%ﬂ;ﬂ&% Bﬂgl' a?quin?\ % %glgsef ¥o nAéQv m&ne%a&h@é@ @go(z%ﬁﬁants) were

h a centritugation step
con(stzw@ﬂg)heamfs urmr aﬁahbm:s eleﬂP@c%%ll@Gmn@MftS@V%}’v@P@m clones from

hbr A mbd e B dbsBueBrSIRE fdja <\! a0ds fRilam®l thatrbdicted, with a

aking at 250 r or mn, t f. T
Slight Apep derpppeni g0 S, Ly 8ot %\ﬁ%’a ﬁ&?@uesaa@“él? P34, and H amino
acidlflRIduss Wefeca pielovert regreséritéd aiatzemﬁtrshf)wg)ifﬂhe ipesterpage of correct clones,

(25009). For ELI SA screening, 100 WD 2008/ 068637
PCT/ 1 B2007/ 004388 22
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| of each supernatant were used to test the binding on
PulD-N or BSA coated into a Maxisorp plate. The

wa@ledsnti6oh was perfornmed using the RGS Hi s ant P@DIB200IRMB4388
conjugate (Q agen) that detects only the
RGS- (Hi s)6-tag from binders &3d not the (His)6-tag
fromtarget proteins and BM Bl ue substrate from

witlRag hay fAhle shityibadéletivs) @ps fovad eo bararduend- @i%6. HencEBhepHunctional”

.5 7.4 with. % T 20. 340
ol A bl Bt
t he val ue Ertmmlnéd Rlbosowdisphmsnlgcmwith lﬂBrNPGID-‘th protein,

GYyl.a4e@ for each clone.. A signal to noise
us' ﬁ Z}gugéﬁ or to 10 vvas observed for about 929% 0

CI ones fr diour Feungsg of s¢ f:(;tg)@ls Qveggyper formedisig th ﬁseol%brerles and PulD-N

as Pakdek |p‘?&ei‘¥1| %ﬂﬁ&hfrf)@riﬂ (vae peiidrired i g)aedllel eith( Kilraries #), 13, 14 with a
mll&g%fsqarme q%ﬁo{a ?%rutPNé) G?héd%ﬁpﬁée%f'\ll %éd B éA‘ fob 4‘6 @’ th slower off-
rateRUADradio Samueassay fof 'tBg pobbna%erfthenﬁftb Lmdndl (ﬁgw@aV)e@hdlcated an
emlf:hmle%hfogl §§{ El:tli{l(l)lgzl\é b?rﬁﬁ IStHE 't?'ﬂefe% 'Piﬁra?ﬁg UB{Hdhg\eculd not be

deteseddeen iromobitized He or @amteavwhv eFthermarse dhis PRl shomyegrthat 10nM of
free PuMd-Nd wa¥ PRIffi @ ShIKE inhpblt dbd& 3@%”&? te BRI si #1141 1 with library 13
j e

eI even random zed positions s.hown, 11. Library 14

t
co i9e 1 Gl PPN dgF e e e ReodibRaR ah
behﬁ‘i'ddln@skéw bettef] a3tV do@tpedfok ivst gufﬁdwmrmtawgmp hsypnificant inhibition of

aboff 5% i hs e Rl SkRRc R AR o PR nldbelie Welepiped for the
avetage affimiyrwitlathedlesign ubesiafot llblpr)t W.45ng/m. Al in all,
these Obsqaﬁﬁ%lg 35 @H%Mnoﬁhﬁtanhhpul@ Ncﬂlﬂael%rf?ﬁn‘?fbrary 14

Sac7d is tolerant to substituti nan c}p
sel ect ed vk Rafkence GuElPHE PRAETLY 4ed B 1a9i8R IRy & %%? inders

proper ti exsinddahe urss r@mr@ﬁ affiaities cealddadbyrsd i tbe’pdﬁlb%btamed from

Py S U5 el SR B i o
waspeoicdrimectheiekpression pldsiaid {30, end &. oali strain DHigpemias used for protein

pro&)ucftlofl atF%rt?rem%ﬁt fnﬁﬁlflélﬂa% hc)loﬂeg' lzvgx% %%_ kiﬂprbgai‘g EDBA prgcedure using

figure 7/
lnH&mllﬂzeldoWIEFle §§Acmﬂ g eelz |crtrﬁet ¢xigcBoFonpp| Glengs; arsignificant and

spedii8 bindi\ovr HACKRbEE h$ §QEdtad. ITHus CANBINABE SwékE 8equenced for further
require Hence, the inventors decided to explore

analysiser approaches to obtain higher affinity. Exanple
3: Desi gn Af oisesred €60Nistagenk radhigendiverkityaof Eiaddrs irtmainyd even after

{ { f
the %her)o{,néc}] 8? ts%]gét&n glfeu%)l %féawreve d)%t | ﬂﬁlr \fgnel%r{:g)lrum Bé/ sér?‘ed into six
families gwoomittg Bl theirntizenologics maéa aot slorve)bén wddition, Wd?et@ntlcal clones

wer@udd &l fw é)' c':agég] %ﬂ otk eclorﬁegtb%l’l'{gl WHiql¥ Gggkgm?g §&election convergence.

correspon random zati o rési dues had
Thepgidug Dond ehrandemized swoepen%wereaftfeverbsaéﬁfae% RS \»@lﬁa@ aliphatic and

arorh@tllce&ﬁé”chzhﬁs ad welhstdhhtbed @1 hydiophie Ssidteetiaiied A Olear preference for a
om esoglrv\@orthreaddlt 0 sitions:

partilpriczicor (gL D RBpISA b Fomg v TREY CfEpley ogtign R42 was
occlifiad bgartyesierid aboutlHz3DoRe ahmhed, 300bably raflespmg its wrapgrtance for the

blnfﬂ% ort]ei’rulﬁﬁ) &%ﬁflé il @8% %npeg ﬁlgéhoxtlgq %o ﬁﬁ&c&\ﬁge}%@(ﬁi BBthe native

resitbeecaflébe, obtsmre@,sx@claﬂma the ghree rnewSmsrtw@é t@reaqeé (Kapr g2 and T40)
con{fﬂaﬂ-’:'ﬂl toafthdrd ltlI Ethally NGE sévem rﬁﬁVI‘é Hsﬁfu@i WRfe feBafdd @t 0580 residues

var| ants onst

in e gy elancoyaenuorsed dfich g o ey iy SHRFAEIT Sresst that the 14
posftionfadietéd 4li wlatatt4amtont subsewtivivat t he observed residue

frequency was simlar to that predicted, with a

slight under representation of S, L, and R ani no aci d

residues, while P, N, Q and H amno acid residues

were a bit over represented (data not shown). The

per cent age of correct clones, WO 2008/ 068637

PCT/ 1 B2007/ 004388
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23 wthout any franme shifts or deletions, was found to

be around 65% Hence, the "functional" diversity was
w@onsiekssed sati sfactory and the library was uB€HIE2007/004388

sel ections. Exanple 4: Ri bosone display selections

with PulD-N as target protei 4 wusing library 13 and

14 5 Four rounds of selections were perforned using

these |i brafel Badeas Qcoﬁﬁﬁxlﬂtté\li irPRirgd drﬁkh@ﬁ inthe R icbli cftoplasm at 30°C

afte];‘_ Ii)fvg:r?_lé ?%ﬂg\wﬂa qu?f:%ﬁ[.ﬂ%ed pwﬁedr g)[alréorg%geggl\[f\ﬂ/ 8}10?4 Fmgfe s?éc'p IMAC with
yield®up 3o 200 argdesm tawne rht¢rcshakd1ﬁas;kamltsref(ﬁ|gut¢| 9dEhe prgiteins ran on a 15%

acr\gl ovd\?r§1§%fP%A¢l?lg%F at ﬁ’l @g t%n 1a¥he§ro (fl&hﬁe@%’dlécular masses.

rou n ur e I cate
Puriffedi i hdeencouldbe sprashfrited pp 1@6& ntg/m«h &t & signdagd (RS byféer with no sign

of ﬂ?ﬁbﬁ% Ldt%{l%ﬂ ?&nalﬁéd"gﬂﬁ‘tge 60! s@vé?@ltm@xﬁh§-9t qet ected on

’I'Zed or neutravid Furt
Showed ¢ ha\Z3-OrAn TP atopiFpBY Ao ek lpaisdhi 0t 4 2hd 41 binders
studigdiveie maReérid Qtke0Sad7lcalbbinderns glpﬁd:@ﬂialargdrtﬂhad prodiated in this assay

(11 ]Sﬁﬂ?ao‘i%t 2 r?% %ﬁte#‘q? B{] % B}(ﬁf%ahltﬁabedg r%E%tﬁgge goxg e\qgtlon from a truly

glolblﬂmt shape emisdd yvihe prgsendet afra niasresidug Neteaminal Bgac h| ev e
signifi Ca@z'%hzﬂ'{fﬁhl@beﬁm 20% of the bindi ng

signal . Hence ast one order of q%fmtude

gai ned f orIniorder tq @eg@@rq%samfh tflilpth}ghﬁ,ptt 1Ritigs, Jety ﬁlrght clones were

used SO thitfo lekPlediohsl4nd ENEAD! furlficaidin! dtiesy ipagifiedrprokins were then
ant | 1D- N bi.nders.fr

sorcafs] B LR ugwrlmb&wea%é”ot@%tﬁ Bub om g giRgated chip: Forall
assztyeﬂ dﬁxﬁc&rsSlnbc@gmﬁ&nmbatdnpg ons sbsegvedf dri thietblak swidcd cbated only with
step(t%VédlBolg\r}p gh?%cf 919 mOegttﬁ lnﬁ}% f)irnﬁ{Hg l’vla? ﬁéc)fﬁcl%m( ['Pgiﬁ“ftl 5Accord1ng to

ers fro was aha
analfisis efhthechissdciption phaBs.whge eloapﬁewhn@e sﬂm@eSéﬁﬁfrr@%We chosen for

detaieﬂ%%lqt)p(g?m%lnﬁﬁq o@th&ﬁbﬁoﬁléﬁ@bfbt%@ gp. used for
tein’productjon. Forty % 4ndl(¥ ual nes were . . 1
assayed byl hgpe FleFSSblOEﬁSocGedﬁp Hsth ‘ﬁ-nﬂ’fﬁrﬁ er purified by ge
filtredd>- Rinefic Eﬁﬁl\y@B dvdre peffbimét uldélfﬁl(dnlt aoh&ntretionsadrd analyzed with a

glolgaggqy@qtlgﬁdm@sag%ﬁneggn% efcac}f chyw&nﬁg‘s %‘%& found to be in the
picarojaeocke ﬁmmnfalmtrhmge (frmed 34 and 2ble/. Clones 6@dd f33rhad the highest

afﬁlu‘fn?g kY —11130f ﬂfl " zﬁ'fdg ?9@%1\/16 frééé)g%/ 1\«%ﬁy)b rl"ﬁs ee[s§oc'iﬁﬂ%' KR&i&VRBre sligthly

ect’l’on I gur

redyesde fstor 1 smderrhigh ionig grragthcountions 3&9#41\4&‘14(211 dndiafing that these

asséﬁzfﬂo'nb e\§erécrfb@re‘l’éc%stb@cdll@eésﬁlsfé@n@lhﬁgh&sslfod\&i) aKBOIIalues of these five
1 ONn

bmq?qr;l's f}\g%e E ggqe éhgurgt lﬁ)i) |t8ﬁ]gt )&)é/l <‘r931|1 on%arel éw analy51s &Ileba et al.,
1996404 Qsﬁﬂrcﬁlgex@eﬁmbﬁcsﬁlb%d clen\nertgeding occufted wissi @stegg wild type Sac7d

for I%)g}(ﬁl? ?t ran%&zeé éﬁ al%lgf%g%négﬂ{a? t?é‘ b}ﬁ%f . %Eﬁ%%‘%erved for the

selenteld| clagescivas gedresﬂt hf/ drugptly |1n@0@cqréf@rwalpn§ndm%ltbwesult of a pre-

emﬁfn%fa?ﬁl’ﬁﬂpﬁ‘ffagﬁd?orlﬁﬁbw cul ar residue could be observed
sone “positions. For exarrpl e, position R42 was

accupi ed by a tyrosine in about hal of the pl ones

Glorebaiblkyn [MT 9 dcili ndFoﬁ{'és] i pdért e F or KmkaMbi ndi ngeasitivity®
PelD{N. B80AG alll Rriodranmed fiati pnsQ.lbe 6% ict ~ 90-100
@ansérvat.7ao’ of |[the.neri veg reddduel cotll d+e0Dbsker ved)-100
i39c| udi ng74be threg.e"@N pgsit DEAS tar gel.ed (K21, | K2290-100
apd T40)2 330Ctongar ed 1o | i|brapyell. | Fimablo2only  90-100

Hvel naj h\§’ r egi dyesjgier feb%'med outy ok BFO 90-100
Ta I 'S‘un“_ﬁ?x 'o'f & §8015t‘1’6¢ é’ongf T §eterntifiat §39 r[fé%e;iﬂdsﬂon resonance.
serva

é{fﬂtuf’% a{ngp &8 I%eft %no e?‘(’gg ﬁr')a‘f%,som sU |tfrl?tm competition SPR

experlments om competition SPR experlment ana
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WD 2008/ 068637 PCT/ | B2007/ 004388 24 The binders

accunul ated in large anobunts in the E. coli cytoplasm
w@e0080&63aft er overni ght growmh and coul d be peeT/iB20e7/004388

to honogeneity in one single step IMACwith vyields up

to 200 ng froma one liter sBake flask culture (figure

9). The proteins ran on a 15% acryl am de SDS- PAGE ge

at the poslr Hel s@ﬁu@fé&ﬁ&ﬁa@%wf&‘f thédaeiidegatetedlad different situations (figure
rified b ders

) ggl ecu gﬁ%ﬁ%ﬁ?f& ’6‘0&%‘7 o anidn 3’; §fe ggef%n‘%,r %pge tPe fact that their
respsictive Kg \&l@ﬂ wané irptheciapietrangeofi 38nd Orpdbriln edntsast, uthons 40 had 11/14
ran \fr%rzec? s?c[u%g 1%8 %ona\tw%tﬁ(t:posg' (;fethg)&gclrfésjrpgnd had 31m11ar Kp values (=

| ones

1 nMDnGl;ms 395,51§ea¢<bd0ﬂér wndemisae rpuducsi with e%@ﬁd byt |had a 7-fold lower

afﬁﬁ’i't}n qﬁ(e?esﬁﬁé] GakI6fe baRAS rfoﬁrﬁ&g H@;tﬁﬁ'l'c%@ Byl Arekidues &96a9-terminal end
eaa o

but ;’5‘?%5?54 ?blﬁ Lfé{"t“érpé‘?ﬁ&/ ﬂ’t‘?f 15,70 SWRTISING 35| S§"eri]8t“§;‘f°8%8 fyms of Sac7d
alsosdxaq EMeadsest ahy199%¢. presence of a nine residue

N-term nal5d§ ???‘f#’{?bﬂfﬁé ]\Pl'n;zﬁ'%ee?h()f PulD N bi n.de!rs. I n
e C

order to i ones wi't e highest affinities,
fo rsawde iig hthypbiaitesoswble protsie dhdt amfoltls vathea (Fhesfs Bitsat pH 7.0, the

and | MAC pur.ificatiaons. Thes urif rote n r
therzb tabUgy 6 H@dms&ﬁnsé?sr%mgaﬁﬂ%bﬂ{% PMaCERy €l A P65 The therml
stabiilitids ¥ Ellléa ¢ 1epiexd Wek CRRLREN iRt oF Wilddybe Bac7d by differential

assaye ndérs, no significant binding was observed
scamnng haalohhmtrb'( Bupfder & otatceebramiéty uqulﬁmgsctfetb@ Pyotging below the high

copSBRIRIRBeh 5 ST, DB 58 LD ¥ cones e

fourk] @B osthbl¥ Svied aaﬁ%ufmlmteht@ra&b@mtw&ﬁfwetm moe(ﬁgure 11 and
chosen for detailed affinity determ nation of the

tablaphoomen 0 pvas edmazkab)y sralhle Witbse T yelue|lewes thag, thag of wild-type

930 90 B, A el K P S0 Pl B sl chone v

clor%! g Af.ent 2?@ @Io%tvé@'?}?, o@'&ﬁ)n@'@')@étﬁllzl%ﬂ'la‘x’ﬂst 4 CPabolt @kdnean T, value
inetic fit. e di ssocl ati on constants of all PulD- N

of friotedier of wbe Préiwim datz Baek i (Fraitee 2091 dASCascans wesey characteristic of

coof SRR RSO, AR L R SR B s

mut@fdd, £ £ b &M muthia), @8?@V@Idn@§1wkﬂe%ﬂd ©@Sadopt & folded structure as
sligthly reduced (factor 3) under high ionic

for ﬁiervehgt}mecﬂltﬂjcvatlwmnstrl(l 30Galpy NEheihpat qhmq:mr.m@e,t MAta,) was lower with

oS A SRS L ORRL 1) RS LS B RLER e 40 and cloe

33, l?ésﬁp@’&fv%l}y\ﬁﬁtﬂe Qf rﬁdtﬂﬁﬁﬁ’ox@f fo8 Woth dI8Re 20@nd %wn@ 3"3) ﬂb}he ratio value of
etition SPR analysis (N eba et al. 1996) .

the camit Hulff entbalpy (imtheshchuoge phacoaporsbi? dmfujdmg i) gaithe calorimetric
Sac7d

wh t for bDi
IR DK R R ——
stro?%l?ﬁﬁ{iﬁc%t}g@ i ru\ﬁﬁgdﬂhg lf tlge 486@hecldad Bl &ﬁ‘l%§pd‘iﬂ§d & hat of the folded

a newly 1 ntroduced function and not the
protegsiohomer dale &). G®nexi presantpdad fawertoplosimetee gathplpy with respect to

w11(géyp[e| &ﬁlyt 1C§ ?(g ?(iaﬁgli%ly; lgr?dj lg‘l&;[rﬁl%lol(&gbq M4$3%L: 1%%erv%%ons may be

rela%edzto % pattisl 1&901%1& Jf%l&m%%ro@npzﬁ a%Qhé—Qﬁs wharelthé padiein is less stable
.610-% .52 1.17 0.2 90-100 40 2.3 10 1482

(TmOof60o@. € is 6°Q hoghet @0 pHAT; datonaoshowm). Takep togeher these observations
shogv' tlllatgcg(_)r}e%%, 33 and 40 retained to a large extent the favorable thermal stability of the

wild type protein.



10

15

20

25

30

Tabl e 3: Summary of dissociation constant

determ nati ons by surface plasnon resonance. a: KD
wo 2008068600t ai ned from kinetic anal ysis. b: KD REl/IB2907/004388

obt ai ned from conpetition SPR experinments. : from

conpetition SPR experiment aRflysis. WD 2008/ 068637

PCT/ | B2007/ 004388 25 The sequences anal ysis of these

bi nders reveal ed different situations (figure 8). The

random zed positions in clone 6 and 33 were different,

dekymiet e | helf €’ t Hat Aflelkeal. meldpect i vaHakealmek Thele  B°

inghe shnme pandge ([130-14@4M . In tontrasw6.Xlone 40 1.9

hagz 11/ 14 raggorri zled resi3‘j]uyss in cpmon w4l t hose of 1.2

thggcl one 41ggagd had sim g7 KD val hes (Z 277 nM. 1.3

gc%%SQ sha ge} 10/ 14 rand@ng zed re>| dues :gl%zlhycl 2In§ 6 13
b%%& “1? lig In aral eters égl%ndy fr 8

g 3G residues at,i

T H R Gial naulsig) KL ety 00 SSHIRL pafh: AT

i's not surprising, as several truncated forms of Sac7d

al so exi st5.4 pafifeinetf RUD;N b9@le)s. 5.3. Stability of

PulD- N bi a t :
t hat unfolri_g% vvlpt]egf§ %‘7 th&? Bgﬁ%ﬁ;:bm %ﬁl ﬁm@{e?l Be used for
bioteblgoegical eppidations infwhitesneeidicy is @@@ab‘ésu ng at | ower

p}-ls l(l\/bCr Aoy aﬁstw@ltheselg%ilonsﬂlﬁndelﬂﬁ%mgb arit Wldlérblﬁ&ed to the N-
or clones

, to that g
emappRoBR s Wyt epa g R SRty pA] Fere produced
as péh RismicOprotesnsl i sC‘r@iiKﬂDHSa ulsim@quiﬂﬂleagert veetqpreata@ling the PhoA signal

pepBE‘f Oﬂxesa'gn\xgg h WIS gggrb £X t&af’lclgeedslg%rﬁlstthe bﬂ?mquogrﬁgéé%%o& and their

funétomatityt ssayedsbyy LS Ai whh RN et BSA-¢aatyse vatlsir Beund fusions were
quaH&ﬁ&F With %%@Qgen%ggxﬁtfr%ﬂféﬁﬁgﬁéspﬁ% suBﬁQJtce afld sp&a’t&ﬁﬁotﬂ&etry (data

remar , val ue

nottqhgwnbf Aphigh- le oveB g)a?]ggrow}d ayaS yolgetgfed t?)5|a|llowéae Bplmeras (ratio
51grﬁi|l/9£k§( ?@mﬁgrlo THis sh&w&Dhat the@hirgsd wsﬂeélmeﬁp@{t@mﬁ the perlplasm 2)

ST rh g S R8P Ay HAE, s s

couftt I wed &s @ kingleestdy BLISAnddDadtmnBeagien( Fr ei re, 2001). DSC
scans wer Sl"ot %\% B 1? rtfﬁe%g ' 51(91{5 3%9 aﬁg %P ﬁfs@ﬁﬁlY&téJﬁfe qju‘ijlb M protein in a

i ndicatin
confpigx maxtaee qfng)tgmg,ssuch-@s aq @@E polécrugg_%tmct,g&% nepd them as a detection

readbt ﬁ}rqgﬁnun§ﬁﬁ)?sd Iﬁ/ ﬁfﬁé é[Heﬁni@ﬁf @n dRERighe cﬁiﬂ.ﬁ@bf plab@idlade DH5a was
tructure as orinetric

e. T e
hareasicH oAy pehcTheo It IaIEE o8 AIolEd B Arersasligs MPgy of purified
PulDiN hveré Qd?d@ﬂ &d edch tubd. Acfiey S®SC EIXGE dndatansfet tolg nibvgcelhilgse membrane,

PulB'elg pggi Iq;gelcgy g?vl tBngi A}md&ru " Elél?igragf im leoeg%}%e ??’ 'the féempltatmg

chramogeniconds@de (WBT/BERP) imainounts hsiovoss D5-3trig(figare 12a)|0‘f1fh0ut cross-
rea&ﬂ/ﬁtpall“[ﬁ% %E&Jﬂfﬁﬁe daﬁ@fégﬁmgt%naﬁﬁpgﬁ F@tdn¥ %bgé}fv&ll HHIPELISA (figure

orinetric Py was QSG

12abnlih<t teetiom, of Hewsamavase oSt PUIPH . Wyp 8ot il i igher’ amounts of
end@ by ¥dtélﬁs wetd presdny, ddﬁfhn@ﬂitﬁ@ ﬂhbtaﬂhe wirdetslé r@ afd 40 were able to
one g{j cl 057@833 or{ onde h_gat of }rél ific.
discrRARE PUPOY B BRUERS pf BRI AR s HERo S it seseith
| oner cal cFd a&eﬂuate:smtﬂwb'pfyrthart hmdexs@ws coalentlyl lmrngrtpbzed via an

. | 4
amn%:?gcsoélghréé éaj:r(a\%g{)rl‘l ggglsan]aanea@ﬁh Bap I@ﬁg raégx%sé %E‘fhtécf %Qiu?rrn )The soluble
fractiof of di i colf caido gEtrat per@w@pndlag et ml ef p rcsltwm @reducg PulD-N was

the® 'frﬂ&c%d"o?t% thé ?&uﬁﬁab}a%tloﬂs-r%&fco‘%&e& dﬁrlh% 153Gin3], Sasingtand elution
data no

n.to
(ool LinpDisms. e PCEE PR Oess risams o 4t dhp column was
abld @o &rdpaﬂ@ePlﬂKI Nnprebdie ifiathoraiudee ekttt md sihaldiib iwas déne with high

spec1|‘F'1c1ty, since tﬁé’ grﬁy v1soblg 'bihd on the stained SDS-PAGE gel corresponded to PulD-N
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WD 2008/ 068637 PCT/1B2007/004388 26 Clone T. [(Cla
CHcai [kcal .nol-1]b OHH [kcal .nmol"1]b ¢ 6 67.7 24.4
W@ 2008/048697 33 79.2 37.7 45.2 1.2 40 83.9 36. 7rdlIB2007/®4388
Sac7d vt 89.7 42.5 55.2 1.3 Table 4: Thernal
unfol ding paraneters for w &d variants Sac7d a: Tm
is +0.1 C b: MHicai is +0.3 kcal.nol-1, AHVH is 0.5

(figkfll 2810 Ths, the, &ilikHYE teAbladers 0. discrBpiaiel PalD-) fibm thousands of
bi nder w specific are these PulD N

progl“ﬁd’éarssaga’é’nc&nﬁgﬂe ‘hey be used for biotechnol ogi cal
appl i cat i divample\éhbundisgpetPulDeNthindersdo dodedantericoPulD

answer t hq@&tﬂﬁﬁg%%ﬂﬂﬁs 1&%?&%&3 if the%e%%leé@d%E?d derivatives with

fused to the termnus o al kal 1 ne

the b@gﬁr@éﬁmgés fq:DH)W-N tedeen by ggi lt(gaﬁe;re aﬂng)reqﬁgp@e the full-length
PulDf Qﬂéﬁlei‘ﬁteg?a‘-tecpﬁf ﬂoﬁh@Em;(fh St rabmMbrang. Bill-RinpthOMED fughidodecamers

in t%r—-(%@%? der 4R BLuFRER mbfogtentiigh St PR PRAL Fpld not be

exchled that ticheuitopametothiged by taunhcefi thosl bihgers affegted! bjp ynutlimerization of

Pulﬁ'-' hSAs AR tﬁ'%l Bel bx?lhmESLA' SARLESINE When BRY4BLid 8hB0%ts of PulD-
Gant ed ronogeni c

conpmmng mogheragésp froap Fareli RARH0D A& THNP &I cEHABRBoweker frixed with

sat&%ﬁ{eg?z\alm ts %h Q}W)-taﬁfedhlblﬁﬁle@ 49Nzl 33?;1?! a3&K WIBIAdkr WS aining in the

P e e sy A st Fid 8 i G-
bindé$ evekg @ PRAInRshtdd mthe nReaibralea sfiom ZI)’AE 505 t(pCHARBIE]l tpCHAP580)
con eclfcl)g 21' lgl;a'gsg%?aln]& h%c g%/ ﬁlgL%g- rl}lla?nngﬁ} o%?he?lé%,t b@@ég (Xflg 13A). Thus,
binding gf thest GFPEih @A climnerat foonembragenis. Pulld-Nespecifia, @nd they bind to the
natltvg' e?(?deﬁ:éﬂﬁéx‘?@%e@étﬁl @Qllnﬁles(odegfrn&p ﬁ# ﬂ%@én%e tdrenP L@IEP Iﬂig The binder 6

r ot el ns, such as in
bouada oply vesy weally @@n@mbram@s confainipg iyl Kdstn agt how®-ect i on

[) 32?‘3.“ Iq& ﬂa{rzv;hregfbgg anﬁiunrk;]Blot Rifs B3edeto Wﬁmat% dinding of the Sac7d
S - . \Wa .
deriiisaat Sl dporplir. AhETER Sare* SRrRainiges Bryngpegfeaty to both

mor&ﬁﬁierﬂ:eﬁﬁcbasdmnﬁﬂo U laft martbfPEBD-CRUFR. N3BSr Althdughd these three

i S5l WS4 SRR PRI B 1 199

PulBi rfdnsa - mnoAh@Wm)r,Teﬂlas mnsme@ﬂmeéhlbﬂect riffpreat i gpparent raffinities for

dodgmmcraﬁgﬁétffﬂ ﬁlgﬁ%ﬁﬂﬁ&q@)to'lé‘wﬁﬁiﬁﬂéﬂﬁ as | ow as
.5-3 ng (iig out Cropss- reactivity. This
s uppor ted E"f"l‘é“ldﬁl]blpéllpcm &‘PW&I‘PPW‘%P“&@@P%S%&‘&WW prevent

Pull hiiltihér®Ationl gure 25 12a). The det ectl on of | ow

amounts of, P, done. whi

endogenouS! 6TR A NBr e preSeith SRLArely BT AD e e Sandwiched
betwéra the ReAssighal Béptidaraad 4k omalgtia phant of Bhoel; werei effipigntdy exported to
the Ebéﬁla W&S?ﬁ&@&f ??iﬂé hfth PioX L\ Wa@e hﬁ&{ BRI 8smic shock.
Pla

speC| eval uat e Specl ICIt furt
ncosh%%le oAt Bh@whmf%mezwsmr@eﬁnnma@n Gedi strain PAP7232,

in v@ﬁ’é&pihb (lj g@iﬁ@ O te@atéd ﬁi:&ﬁth@chfdrﬂldsbﬁfe AHShRg @hie@as were produced
o Sl SO the SOl ] SR e bt 90, ol
whe@é&@btﬁd)ﬂn@i WH)-HHO\AB\SaSI Wighout effectt Elﬂi'th.‘qnmord; heitleo Pulih dodecamers nor
morg{n?ﬁrs Wore %dcﬁl txea% egrogg%ég gl}ko?gtbg%ﬁ&@§§%§gc}ﬁ’lﬂgras (data not
showh). tTregbtafnr mcp-pmmsh atidyan tthese qbenemengaand 6 study the fate of
PulD in strains producing the chimeras, they were produced in envelope protease-deficient

strain PAP5198 carrying pPCHAP231 (to increase T2SS production; see Guilvout ef al., 2006).
IPTG-induced levels of Sac7*-PhoA production inhibited pullulanase secretion by >90%

(Fig. 14A). Dodecameric PulD was much less abundant, and PulD monomers were
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able to trap the PulD-N present in the crude extract
and that this was done with high specificity, since
W@ b@soeiey7 vi si bl e band on the stai ned SDS- PAGEPQEIB2007/004388
corresponded to PulD-N WO 2008/ 068637
PCT/ 1 B2007/ 004388 27 (figure&812b). Thus, the ability
of the binders to discrimnate PulD-N from t housands

con‘é%pogﬂﬁé%)e hg)_‘ie \gBlﬁncﬁtgﬁ'(aﬁr(gﬁnfni Filg}?d4%}31¢gﬂpi|neccﬁﬁrtotﬂ withow chimeras or
.0 nders to godecaneri c Fu ) ..
with |$9%¥ - QL)lm,i Wﬁr@tgtgegxaﬁ ﬁxetcﬁgm?rﬁ? gléevglét:\iglgi)elalugg% gatlon and cause

PulDe fioviainiey elegraidation Byt erevehipghpoteasdst | Siinilae gefudts WereDobained with
(hi nders, 6 O € ' t 1 ti
unigfie 8 FRiort ShE7 PG aHE SERB0PHOA, bEC ABNaffial ffulagpse seertion
(>50%h end rlb&ﬁrran@.mwaﬂlon eeqyrted puhap a6 Phedewappresent gf uninduced

: ane (while PulD-Nis nononeric) (Cham et
leVéall{]&,lggg%) and it coul d nﬁt bg excl uded.t h tﬁ%he ¢ ¢
epi t ope r dexsgle 8ySeloction-of Sac’d yariants;hipding ta other tapgets
by nut! i neftezindsi Bbraef (libtadDl4)twassused ev ebtdim pindees specific for other

bj nding tg native,PulD Wien .i i ng anmounts of
targgls % &%n%@ﬁtsﬁ?‘ﬁi\{%cﬁ‘“ﬁlé’%% 3 desgribetiboge. coli PAP105 _

( PCHAP367 SeleCHigRE8Ere oamred avk ki dntivprdicingtoseme disglay focusing on the
foll nggaﬁréteﬂ&: ﬁBNlaﬁQE.‘%ﬁﬂ%l)mG‘lf(lﬁlQDﬁ} PRAG (81% 1D UGErf12 kDa) and

remal ni n egel l'ets aftgr c?nt hi fupat.l on
lysqmgle(;@ﬁr&g@fg@mm %@pyclﬁ Q- SQHrn(lg:itlée_ 413%()9 e, the selection process was
con§tidted ﬁgg@ﬁuelb witleasd Wetheutngke 1aedi. mgired WsHdwsnhatrafieest selection

ro 10 CHAP3711 pCHAP580 ont ai ni a PulbD. .« . .
exelshet BER o Bk o I o) it Ot YRRy s . This
suggdstsgthatl 8R) selettios podls veéradinrighedlf withedmeSEpedifinder each of the targets
qpineras to nenbranes is PulD N-specific, and they
Bi'nd to the native, dodecaneric secretin conpl ex .
despite tHa pidesencéurther tavaluaiep theyguccere i Higeselgetion process, a

confRHAGE B iMBfudo Wealk! (RIAP wiB HafrRidesut GRIHgathB i tAgePProRins at various
.. (data not shown). A'far- sernlrgmggblot suseqtotf i
inhibpryronecmiatianhd here Ribs dgarigshoge el fiers sgnprgepgapshment for anti-
Pkndn Aa6aygezeme Ahdl ahtHPREDISAcEctidils Gvhetdas ik tlescase o NGF and GarA, the

eci fi t o, bot h. 20 _nononer.ic,a c '
resuf Sessf Pty 1oy Mo G Ay R FERES s shows that the
avetage @sticibated pffmitydonthesmtial kng owed 4nti-lysozyme variants is of the order of 1
to 1§3]§)gol -di ssoci ated (nononeric; see (Hardie et al.,
)) PulD (data not shown), they .consi %ﬁen,t Iy )

exhi bi t ed TdierangirlysazyBisparteRknG and qntir@arAs glection pools used in cycle
No.30REe36REA ddddiding BNBE BUISA Getvddy frbpaifigroc4a@l ntiero-cultures and
usin:ggl\PAéc tI)'ljg.ﬂ g)gs[és %g@%gﬁqgngﬁiﬁgng Ifzggrl%%ﬁﬁ nwrl]tlhbfPtTG for 4 hours at
30°CUThé reeiiltszmatientedSaEdurehd Aleathy stevathat tharevdre spec8acddnesrfor each of

It eni Y i d b - th .
v S5 MERHUE 1 EORA Vb RIGTTS 5 an, proporion of
posiifve icbjngwgvlegp rex pohelesd Idf:'.@cted athgbe Egﬂ% methpgd. Mﬂm@ﬂ@rd:‘lone binding
Gar@’h w&{ %oB’g?lharﬂh%'au@}fc%ﬂ.vfitgﬁrea@sHo%JsQﬁ§ QiSRRG RETthR| BBdErG sequence

shock. asm ds_encodi € *
OSRNEFL b §oE S ARAG R GRS ON I TR GRERERDAPKEL
LDME,GXIQME%_EKKG;? SEEID Nbeg"é)at/ieldsdu_ﬁtlo t h_eI chronosone. Al |

three chi ngras roduc in si a t

| PTG 1 nauchy SRR g Cpfinf SEREepl ot Hha 28 R Bhikafld fha o Ba,
whiclosydgestslthat an\siditional seleptor extlShogquirkddA ondes todetimbnate them. Anti-
Pulﬁf\]fleaﬁﬁ'ang-tlkfép% HEHify s%@b&h@& OEt.l.Jl |') dodecaners nor

NMDONOMEr S Wer e cfe_t ect e

[ ed 1 n strains produci ng any of Lh%
Sac 7* - PhoAhermonitive antidesoay e £longhwess)screspechatdxglpssed by Biacore for

the He§tCariticRfated Caffiffties MRhk Woniplext HisSRiploa NaHe (kN Byt @eparing 96-well

mic%clljlijt};rets.h'?hg % %es(,)tfclones selected were then sequenced (Figure 18). A preferential

test
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35 Pull) in strains producing the chineras, they were

produced i n envel ope protease-deficient strain
w2883t ar ryi ng pCHAP231 (to increase T2SS PCT/IB2007/004388

production; see Cuilvout et al., 2006). |[|PTGinduced

| evel s of Sac7*-PhoA producti28n inhibited pullul anase

secretion by >90% (Fig. 14A). Dodecaneric PulD was

seqiidhel JuSk as 8k BfafetLysaBe1 Blohb) iTRIARevidéRf €nddGt is represented several
) ZOOﬁgg6 637 PCT/1B200.7/ 004388 %iﬁcor re

ondi ngly nore. .
timGalal{ A {PAGWT CRRR oS ARS by SR SORET Bira g girino acid).
TheGieRBINg DI @ycle Mol H rSzaled-aRhenter diensins(noastiavg)t hat t he

chi er as el toné:3 A‘Edfﬂ’&én't @E@eﬁ@és’ {L&saﬁﬁi E%“%ﬂ alﬁjtw_HS) were
nmononer degradati on envel ope proteases. Srml ar
produssdlin €. weli.cpusifiediomeilavget sealelnyi MO Eeand thor passed through a molecular

sievgﬁﬁ‘ﬁé Prodteaéh dIsEHLindPsy profinafPI@nd0 ahd 25 mg/L of culture,

weho
e PG5 SR e - R s pgfed. Cumen

(prefimikiry ) dats eallicdte NEinitidsOf ghe drd€D) of BaMyBnM 8hd 3shMoliyerB3, Lys_H4
d(}ﬁf S@g?d Va{ﬂlf‘g ts binding to other targets The best
and Ly 2P TRBY ?)S/ 14) was used to obtain binders
speci fic fldre dirberantiysgoe, chylesls(Iryg_Bhg Iyapid4 and Lys H8) are
cunrgxgt‘rf$ chhg g%%rgﬁtexqseﬁgy' Igﬁijocgﬂ)ﬁ\ﬂ?eﬂg]ig orfdlr 8§ HtORSin¥Bef thermostabilities

red by antr-protein ribosone display focusing
and gffinities infsglutiedi ng protei ns: PulDNL (26.8 kDa), NGF (13
l(< ]l?i) » Pk;‘ GHe®lorfes li)@ﬁﬁl ned%tfg ofite? skleedon3nwill AI?(SBEZ Wf&neﬂ by Biacore
. up . .to cle . 5. ring.the 4th cycle, the .
andsséﬂlé‘?ﬁcg@na‘ﬁf g@e%é%\‘/%§ Ol}lg‘ifﬁtaﬁlcaéaeﬁ %'ﬂ?)g%ﬁaﬁiqtmlxﬁd Pigre, pfecisely by
Biadré.hout the target. Figure 15 shows that, after 4
sel ection ,cycl.es,. PCR p LS..c L« 0
the tar getE’f%nﬁ’c}? ngleg;lletlec 1°3néiggkrlr§7trdkg%"§€&%rlﬁ?ﬂl% ﬂJI é %ﬁgﬂ IgG Fe
fragmegest s that the selection pools were enriched with

cl ones sp _},fsiei‘ecfié’ﬁ%ﬁﬁccﬁn&efrst he targets tested. In

order to further ev Iua}e t he mgs§ he sgl(ia tion d

process, o FEunpels@ikrelirgmey MhumRo %Z‘bﬁ‘& e :i?é 10-Rad was
chemdally Slo@riflated iRthgt figfokadciiinidl-G@icimanlido)alidxansate. The degree of

.i.nigit ry_concentrations, These R eafr | . .
ol Bt B BEE B HEA By 05055 ) BBt P o e proti
molaatlé.- Bystogjated dicd vast bouRd 1ONimmobllized | maugravidor @asstieptavidin in a

. . e 3 Fo) .
V50 SEFE Rind LBty Ll O vRAOpSRI C v
librey glgrized, GomnBaed d ppdeseieed abpuplageuriounds platedastign fexg pgrormed to
isolht@Tbiddes. Wdtra%ﬁﬂﬁalﬁf@re?fﬁ\ﬁidih)@_ﬁé?é VISR MerhaAReE frémbusdi€o round to

order o % to 10 nM The anti-lysozyne, anti-PknG and
avold YnspREinbIBdPtSct i on pools used in cycle 25 No. 5 were
screened aczdhdivagok of tha@obd dfSéqueatdsodlebsedpr epar i ng
96-wel | mgcro-cul e . Usin a i ' .
super nat ar{% a tré)?lH‘li nogu%rl]%g_o% S 0(l;eix gﬁ gég@gﬁé%%t@p?sssﬂg bm_ders)
carriying af RGBHisGrtag @oQ@btaines. Thisitook wes trerstatediin yirrgiugiggan E. coli S30
i r SPERA ISing! &1 @ati fRAGS-His6-tag-HRP
bl S NN Vi ol b M ST i
conjygatce fk RIPAYR nFVAY sWahidetesieat itk dop d’l% ectigp sagajnsk passively
imn?dbi’ltﬁlﬁg F@iﬁ@gﬂi@ﬂ,@d’r{dhﬁi i6ding @Igfﬁ@l:j wik &%S‘Sfi/eﬁ hagailibd IS®A, Neutravidin and

met : art L ar one hi ndi A was .
Strquagfcg{l élaotgﬁawgt éﬁ‘éﬁ{@é‘g{ s%gﬁgﬁ glai g%s%o&}\g? E)Hlélegl 15 BﬁorPglr)l]ly specific of
Fc fifigrhéritsanki thaiethes: senp sigodicaitGRnutitOidELofl IWEEKdin or Streptavidin to

bin @%&&%NRAGKI—N YFQYDDNGKYGE GW VREKDAPKEL

REKKL, SEQ | D No: 4_7}1 W th Sac7d.
A competition ELISA wit

roughly evaluate the average affinity of selected binders. In this experiment, the translation

this translated pool was also carried-out to

was pre-incubated with several concentrations of Fc fragment before incubation in the ELISA
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As regards PknG a significant proportion of clones
appear to bind to BSA, which suggests that an
w@odwsnesssal sel ection cycle is required in or dBCT/IBR007/004388
elimnate them Anti- 35 Pul DN1 and anti - NG-
screenings are carried out. PAe positive anti-lysozyne
cl ones were screened and cl assed by Biacore for the
platbes twiah Feiffpginett ah§ iminbbiized.| Anshovanpl figurdi 205 A0VaidA0% of the

mgngil C(Blgé lf)e éf‘%}%%é)&/ %’@Fl o Car | na%dgl%ovﬁ/lch {:gsﬁécqglgia/[ l(’t:g?ssresip §‘uggests that

t fere then se
expd@¢d avkrageetf@nignisiasdund@o2a 68 0bS8 d3irs mge ofBsfbioity m@sr to what was

Obsgr%e(ﬂ}1qlp%[]§qqse§é&lgnas that of the Lys B 11 clone, is

'early evident since it is represented several tines
(al t hough Femende 405 prtomationiof theoterbnedpgy by dif ferent

cod 0 ns f 0 ITot iﬁ@reﬁ%@le iotéiRiaR6f the. abovbdesigibed m¢dhgok@§y, the ribosome

g e e et ) Lot Bt BAShe B o e

subﬁﬂdeﬂi}/ﬁrﬂd&)mewas and tapid trdtm@df numé&oug Girgets (auulll ﬁsulgjhlo_raryam or any
S
o8 7Ll gy SIER EORACA MR B
appr oxi nmatde [cha;nz@emm@l (.)]@bb;g)g hamlpe@n(fplljc gqlqlgpeél to this aim. This station
con{tgﬁﬁ@se ChdwepllY heé[ﬂl%/c%f)flhg? hditafifig dBlogkd) aed YreEéa%H) rtBerdic®ycler for

obht al ned an d t
LR N S e T T 1 X -
RNAS#d DN _dRnupsy s Well ano In)QSIhIB comeammﬂbnyelfmleid)amds with an
1nteE§}§ed}_§rc?§Ql%t%r}%iﬂeF "E}?q énég é o ac 1e\(e|‘ %%nd ?f%efé'étl&{] q’lthout manual

ar ac er | Se
interseatio st call. Meemyal j inteoreion t\mdémﬂynheerenh@ed between the rounds of

seletc{j(?l{ gpﬁglgb%lhédcl Kire A0 toalge]c feElaEéc?ﬁ th@eRPOtY bRl I\Iﬁﬁlal selections by

I ned romo elections wll 7also
riboserne ehwliayo (figmira ) ére éi‘?ﬂftl§§%1 (B &ernds Rgcesiaryatr PWI%IH fy binders),

fastRfiouse (thaiyn sfégi) rtﬁstrﬁhhdchp@&l d@irﬁ[dﬁbﬁe@OerTFH@E) &ﬁﬂ Vthéx¢fore time
15 Bi acore Sel ect| on acrd v

conBHAR g" 15 alaF T ETFEC! FRAGERARE 67 Trorse (g ioup tgpets by one

exp&ﬁmbmmlﬁim HedcelHuhare is gGereat praetioad mdve(ﬁMe:toSﬁerlf@a) selections using a

rob(ﬁr R¥ter W #Mor? lof')ﬂlRasglegﬁﬁ? g%?%:gh§m}feaxloh¥t;pﬁg§(%ﬂ]n§lnﬂ{ PQID target) it is

osucci nim I nam
possiblg rte eel@ft birgierst dgaipistup t§>n48 teeeetsran afdme Al oo, Nrésvgé&ee S.

D,smﬁmﬂglogt 2I L?Iﬁ Im)It eguIFes of biotin per pr8t|e| n

et T avi diTReonn G hy SIPATS |RpRaNeRTEG Ry §f aVs evolution has
accc(rh{bl%}:d avith OB-gs1ts @mﬁn@)mﬂludmsmeais 3¢ | alyptwdtie fold to bind a wide
avdgly SEEEREL eI i Pk Y & vbR NP Eoible suranded
DNAg afidprotging. d h2 wesohtde ¢o shquélatsa nideber af/thei OB-4pld family can indeed
be ccbtrﬁlﬁxgécﬂ?‘r'ogf DNQ@E‘@C gﬁ%n%gﬁ%. AL fe%@éﬁitlf)ﬂ ‘BS}" 1;10%99 év@lutlon This led

rou avol d ecl f nders- tion of

a
sucqenefulinis) the genssefinsridigh alifisity duginrpesi lcatYrbéraﬁf»‘a §>fr a given target.
sel ecti on,pag; ng[ga@;fdmgmgﬁces (supposedl y b| nder s)

Ca Y10 S g 21 i 3R it e
bindingl fack ds bllwmg}s tg sante nidllyORadld potedts (@yrcds, ROy shabdedathe design of
llbrgrles SRR éa?fahégr'euﬁﬁng the favorable biophysical properties of the wild type
protein. Different OB-fold proteins can exhibit substantial variation in the lengths of loops 1,
3 and 4 (figure 1b and 2), which are often implicated in ligand binding. Although most
scaffolds used up to now are based on randomization of flexible loops similarly to those in
antibodies (Binz et al., 2005), the inventors decided to keep the original loop lengths from the
native Sac7d protein. They first postulated that the lightly concave part of the binding area
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conjugate. A binding activity was detected in the poo
of sel ection agai nst passively imvbilized Fc
w0 e@giesss7 and no binding signal was observed BOEHIB2E07/004388
BSA, Neutravidin and StreptaV|d|n (not shown). This
result suggests that the pooBlof binders is probably
specific of Fc fragnent and that there is no
would G8i lfeblC ﬂdliptddowt globulti stapefof geoteinawised as dargets. However, as reported

abo%&%_lr dltoHn%;ﬁLog ({fsige ?smfueg qro%%ttﬁly a¥e\$ (flé‘ noP 'EHS&'t 'cﬁﬁlam better than

rans SO carri e
high oanqmlgmbmdwalrhat moterttiel hu@rrmgwr&pc icarrespopes éceaes@i\@at -accessible

surfBld'A8E $o of 9 JR'@O%& F8Rthe LpRal feﬁ'l?@ Itait hifibo gy@iotem associations
BPY!

several concentra
Eisignyto provide

bat e
7FEd3ha) Coproms Thunine |50 et BIUas oush
enoﬁ’éBT éﬂ P67 1M ASEsh to3gkt Filh(ﬁfoﬁqelrlﬁ bﬂ%@h\zwgﬂh nglagt;fgn/ty \f?i?hs rc]:xtenswn of
e 0.a % t
the BOERIA Dl BE R ar g WESHSHAR AR Bt e, |
respect i velelectidiivith Sesid libreriggest s that  expect ed
average afgeiéghsgﬁ be b?l{cfg:\ilg:1 g%ﬁﬁﬁ e&%el%f d'i‘ﬁ’@reﬂ—th ia?gét?'?&@e Qficcessfully

affinity is served f
carripd| @ tusmg, rl@)sm@man@ﬂ capraskia RleCtions trith ﬁ)é‘dtﬁﬁfaﬂlsagr naive scFv

hbr%;gég' %{ \gﬁﬁﬁ % E@ 6091%@16& e %cetswy &Bp‘éﬁnf}ﬁﬁéﬂtl@ﬁﬂes et al., 2000), a

) , e ribos a [

e oot Ao e oG o ey S eE PRy pR S ER orare. T
coulldtie dxb&m@lbﬁg&eameméfﬁc&nnfoﬂdmgl ebh 8 7d rdmparsddo taesbadies, af it requires
neitg%@%ﬁfl ﬁ%ﬁoar agl%}llt(l) Ire ﬁ'l&gnédt rsﬁ{t%( ngjr theo odxaegy ]assocélatlon of two

or exanp e Sta
linkpd ctricrurali fimaiont (as rfom She magmqms)AtGrév@af\mGemam Thechigh rate of

ennf:ﬁm&{t iD35niREeD i liberiB ey kARG ]jAQUtlH's%a@dlm(Bm' & al., 2004a). Finally,
tation_ conprises: several heating/ cooL |tat|n%
OUtRHtSo o sselections ragamst P AL rdaseapsirale  that t ul%gﬁ’g?se gontath sufficient
functonhl (ﬁﬂer\ﬁlt} b pRivRtel dﬁﬂ"&teh! windék lablehte rewsgdizd a&&ﬂﬁ&ﬁfg’l et potein. This
rmr set-u cl eanups as
Vahé@?‘i)&‘ﬁéfg?‘gnﬁgggdldg%&}ﬁeééﬁ??rgin%%edfmﬁ@g’mel c aci 8 s
W th an ifrbpgriat efdbelerreddpldate reader. The goal is to
achi eve oﬁla{a%kéqgﬁ%n (zgthm@ § 15&&1 MOBBHIQIIC BRHAEA! 2 (?lifhs PulD—N showed

interventio I nterventi on woul
that pecpmalercafbaitice san be ebiauwdd@ﬂb$ac7§é1bé@1q80ﬁ 8 aﬁfé\wyes are “among the

hlglfégtaclﬁ;télﬁ%d’\%tg a%yﬁolﬁ?lr&&nrvﬁlﬂ{@@ﬁﬁ ed ‘f(ﬁ}%leifﬂn@f nfturation step (for a
0] 0S.0
IR i e T T

remfu(kﬁblbj ntarsjes off easddladioﬁlk&oﬁrmaml 050hs’ dfiat rank PulD-N binders in the
upp?r r?&g??ecé cﬁéﬁﬁ?non 1111%1%8321 s%tc{ 101‘1 rf Cglzi“or g%tg @ot@ﬁqn{epaecrngfl@{(%bdoullme

and Varieg é%’l)eTh@ratfrsmf@ssdanOﬁ dg rnot anger & Ygyelenieosagcally assisted. Thus,
the ﬁ Hqﬁﬂegr%f‘ta%obﬁhon 608 e etxgﬁﬁrf‘ed'lfy the G‘bl%%mfkrda%hil&%f the binder that

vant age, t Per orm sel ecti ons, usi ng a EJ
matches ggometaially (o e taggqt sthoghregriging con dgmatione F‘b”é‘@f’? ¢
St at ion (Ve fhlé?ﬂéf@nitﬁ% @Btalnedidre hssocipRdsvitd € vey kigh epdcificity. The

mve&fpés E'flvet %al nzﬁ%wgatﬁeg 8 éq%%%?%% co?zn%ﬁiq gﬁga%gxbpgpéaanes) and the
appipatte ntimalunbbloef ort Safﬁlﬁty\Mthromamgraph)On dihgest@b binders were able to

dlscf\‘r‘iﬁx?agp ltl# t{&ﬁﬁ%‘c \fon'i)F% gfo%s%'x g% oftieF | gﬂgel l/'lgirlg Iﬁﬁng&}t%ﬁ@cﬁﬁcity could be
relatedgtgn@g rigigity|of j the iseaffold gb@aprgvemm é]lghtcad@gyaggn% fdifferent targets.
Furtherers, zﬁf‘&lf 180 UBL&s Dt bR dcreBhi) w&@@h@%ﬁft@ bé ﬁargéﬂ%@h’mﬁc in ELISA

were ab w that a nenber th
assagam MOIAUER etheoHIAPB PP RIS eBay TG 19 Bt N of sticky

molpdudései N recognition by in vitro evol ution. Th| s led
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successfully to the generation of high affinity,

hi gh-specificity binders for a given target. 30 Design
wo@R008a6e863d | i brari es The observation that the PABIE2007104388

architecture is polarized, neaning that the binding

face is always the sane in aB2 013-fold proteins

(Arcus, 2002), enabled the design of libraries of

Sac7d var imbﬁlbnﬁhapmtag Jiélds few odridakse (dp tapﬂQ@slmQ(l E. coli culture)

. th f
we @%\%ﬁ%{ 31'1 2 6?’( ?.Ihgg% de%l %}Qﬂd p{?%gltl Ilg: §r Ieﬁmﬁs dlffelrer:]nce can be
expld’m&dl Nt hsisothal aops f&w REraften @hduc(ubn glithe expreagien of the wild-type
sac/d ‘hﬁlg t?’f‘ﬁg id ué%éélﬁgtdﬁg td erkdr&?tﬂﬂs e %Eu%ron’%‘laiﬂ?@é&g Bnduced by

‘scaf now are based

Sacf/@rmmfz 4e ithn Fofcofi| genoBice ab owgdd 4% @i BaFrd) oA higding protein. This

llmﬁzmdntlg dbesech BiivarBhtsabugge#@2hat vialints A@ Mdeed 1dde tiettedNA binding
keep the original |oop lengths fromthe native
PrOE?dEWd protein. They first postulated that the lightly

concave parkie tbénﬂoldgnhhmdmbglt& obserwid 20 08¢OG8ERT compares well with

sevg%%tbgrglgrgge/}{%gfl %herm% yx\ﬁf% (?(aﬂ? %? §lt 2@6’51)0%1§idthl_lghermal stability of the

el As' used %
bindks's r@nmnet@dosaatmothet Of wddftmﬂj&mklaﬂiqm fthe jeast dahle Gk&i}e analyzed,

stlll{qfei}%r{eﬁ'asth t ﬁ%ln Q\llihoé’VTt Qf abb@ig3°0aik g)H 5 t6hz§”T by 8°C lower
nanonol ar erS hi s Ote t|a

r
compuralciOpBACE PIG 7a0 dampenit 2ot o Respi e JaHAT iy ycs observed
frorﬁfclcﬁféqatclcﬁ@oglﬁgalﬁndlellfbrzhr@ dekign td¢suiribad ab@m:g eothbined with the use of a

pro‘%H{j&b F%ﬁ%}l%l Dorigin Ol% %g%hg Eg%legati £, 7f ofyely g‘ﬁ@ﬁ l)p d(‘t%%g With the desired

recagwitidncprepdrtiésn provi de enough energy of interaction to
get nononeric binders with hi glh affinity, The
ext ensi on Rifding frevipe ted irteicelbi dehdntacrre@fmllywnﬂm gegretion

more substAy %ﬁrb{ R aphdA eRintep it BE wae! ieftd Bbu {o'mSaemeric full-
7d libraries S

ect i ans rs .agaj nst several
lenghh Plp corF A Bt g S8S B e Ao iy Wb cdpdR e pulD., indicaring
thatUhbi %pftb}ﬁ@&@ﬂ@lﬂd&cﬁaﬂsﬂﬂe Threoa@st) $&7*6-Phs Al teuind amy wiealdy to PulD

dodfgclfI | l%ﬁfﬁ%\{] 3@ i C %gaf@glgélfo %@F)aﬁlnéﬁ\fztr%or d%‘uﬁ? tﬁ?t % epitope is
part20B3haskad upmgmmftlmamatlem pd tsrigfficrentefsorn lwse veadgnized byl )‘5307*40 and
Sac%%f Jl@@orﬁ%tfu%n Hm\%ttsrﬁn&% %g thatbe r{ﬁ{ P@ss recEEfu%ed by Sac7*6 and

al ne nore errticle

SacEir arecidensieaber wﬁrb%m(dbt@d}% hovwga). {The deffer F?‘i‘% n ﬁ}é‘? fmyppo effects of
thedi (I Uinddes, RBeA filsed FRPhOA, ilggéseﬁﬁhtﬂeir%ﬁﬂ?ds\bﬁ'eﬂilﬂt e nor

the correét association of two 15 lin structural

domai ns ( asll theee S&F7Y- Fflfoagmmhs)pré\@nted FullD ehulametizatitneand targeted

the rﬁ&?ﬂt Ihgn%e&,g,l fﬂr QS%IP?%E fon P%lseﬁirélrgn&)el rotéﬁﬁ%nﬁgr)egﬁ |i)%éliﬁ\pullulanase
secretioputBarlidr seidendei dndicatgdi thet tha1D Nageimndeasatnet t ipgluence PulD
linlilxﬁer zht%rﬁ%dtgﬁ})@o&ta?'t f%(%ﬁf HoA §iMlerizhiiEinl QRa*-PhoXSHDhE Yause steric

eren ers able to recognlze a Sa
hindrapcse ends CopSSHHENt THISROSIenE Af oRhI P EoaRRIEH Ssretig Aqvels in strains

prodd 2 BhER - B0 FthAifed OerS' hewi vikénthe Qével 20 PRID Qﬁ‘d&duceék vals increased
sel ected bj nders Char edpél-a of t he seéect ed

and I I]aroffpﬁewgrealélg hv %OIV%V& Segretion could be due to the
pregeincowbloaty affeivnPaliledodaamess, ebsraiehedclusivh, Gaviagking of an essential

1nte(5%:l?18n rsitg %wt u%§t?at9f$ lgllkee‘? aftf ?99%'%9 %n&tﬁgr e@feg&?&;r?%onent (Possot

ned VVI ’ln wit need
et ahn2Q00) bnboyndeltimerssi on step (for a review, see (Hosse
and_ references_therein) inetic

et al., 2006
bi ndi ngs \,%qd?gmggstge Jevel dgyaci 3eor @aﬂ;" ga(ﬁgs lglfnnatlng 1nduct10n by
IPT&SRE ndt diddinRh heifleifect @A S¥trktion br PRHD nﬁx’hﬂilheﬂ?lathJ\but Sac7*6-PhoA

wasgélgg)g}r gltlt eif}%lc%g&? 3 %?gciggglﬁfoﬁs? Q{lgl ?4(%” b £ L aé}oggh it was at least as

(Gabdoul I'i ne
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and Wade, 1997). The rates of association do not

appear to be electrostatically assisted. Thus, the
whe@hk/oessBes of association coul d be expl ai ned PYT/IBRE07/004388

"prefornmed” shape of the binder that natches

geonetrically to the target WBthout requiring

conformati onal changes. 30 The high affinities

abuﬁ@irﬁ'afieﬂleabﬁeﬂ%ﬁﬂﬂdréd ePigWildh).aTwer differgh spraridsi could .explain this

o BBl b S AL HE g AT o
prevdnmsTtirib hoidtimeriatidh.nHoweedry ovhen o%pcd MWIOAaleIVelﬁ eare elgwer it cannot

conﬁh{éd %f‘f?cd%{;/f v@&nn%u ﬁo?ﬁér— %@r Hﬂ@rak%&etanﬁ”@ﬁ&gh multimers

pro el ns. r|n ent
assepptdle it allowy effiniend sseretipm| Eheeapraéertt% lqwegu finify f $agd*6-PhoA for

dods&tdrR! rLIDNR insRfRI&R kS p&béﬁﬁ%cr@ﬁ@rptﬁbbm $iddinglof the cRaperone PulS
targets. 35 Furtherno of _bi

e,
to Pully aeonogers ,aé)rgqqg%gltet Blée“f %qrbe& tag%eéxélgfztp gﬁq ?]utErLrpgr’Rgrane (Guilvout
et ASS20H; Hadiecat Iallg 1986, proeenselSacTi6oPhqi dssding ayuppemuits correct

55674 5 95l S RS oA s R ot P

Pulyi @l Sac?*6¢Phody. i Bothssceniasoarz0h agrepment @athi th,euF Ertbf)t "the epltOPe |
remﬁl z%lrﬂﬂﬁh B*@%e gﬁr'}gﬁs@(@@ rugsﬁj PLED nedrherif-A0 Uiug%Qstﬂaé that it is at

can expl ained by the Tysis
the tlﬁ%rfacéé)ét}Y@nﬁWWWWTSafter i nduction of the
expr essi o th c7d ene. This toxicity
i s probabl )Pt%’é‘lg@teﬁ@’f’?lﬁg’ﬁgt‘fpgﬁ regul ati on .
pat hvvays I Thdse Bthdoys fetdfieed7thokti ofithegvérp faherable Wophysical properties
reqlgﬁe:a in |qnma tgli%gg \(Ije Is%at?ol? Qe 5.&!1 odi%s. byl ?%ﬂ%ﬁ%eh&n{)ma well with

nits no seen or varil an
previbadly vropesed saltemhtivaside dantibodies haich  mNAfihadis &Iord et’ al., 1997),

ﬁbr&;i]é%ﬂﬁr@éﬁr et e 3085, rmdm@fm (Einébétldlt yzoebasem&edf%y are very well

I ant’s conmpar es wel eve

exppsendeinn galipin tﬂh“e‘fm?‘ﬁnll Q% tl{q@ﬁggaéﬁs t sta le scgblgg,) able. fp recognize a
prot%ﬁletaiéée W‘i}hlﬁa HER Bfﬂrilﬁy)anﬂfa Iﬁglﬁ‘spelgichynﬁﬂf they earmbafided functionally to
0se a ac n t
aifiGegiepvderana A b and BFF) T8 PRl el ned Hap Efflpauce, casy o
purify aticeiorhanilten This Dpens thé dadmfut a 6@tﬁbatof|cuwt5cl@ol<mlcal appliggtions.
8C | ower ﬁ?ﬂgﬁﬁ&g th&r tv@x%ft srfdll g{i‘ e /tHoee Bpﬁﬁféteehttlmes smaller than a

appears th spite the varia ,,. val ues observed
scFy poam i@ riespestivdlprinakeg ason idepl %ewéldareé rfa the giggipl T chimeric proteins

in @ﬁﬁﬁrbltﬂﬁgl aﬁ@dﬁlels caabidgel \Mfﬂlldé ?ﬁﬁ%t&iﬁﬁlgoﬁ ﬁ:asdﬂableeslﬂe It is also
n renopniil e or e 0] ene
ey e e TS e G R AT SRAETy Sy sn

w1tlpfrmlti?p1é sesifidiigsdAngthemadvantageaoltsmabk hilade&b budhaas Sac7d is their potential
abllgg 953[)1111_,;}1 g}&n%%gu't(l)p%ls %f?zﬁ §§8££t3’ e(? %bfe eI?aotural antibodies or their

Were gund
fragmemeseric full- length PulD. Sac7+*40- PhoA and
Sac7* 33- Php @arﬁQéJ RGtedhdt tﬁé’cagﬁgi%p 81TBe] Kindddd B b1nd to tar et proteins is
i ndi cati ng heir epitop

es re Cess
not lpmief st a1 LS M APHEINISUAFH Wm‘%htmggﬁ s Fppkpabindy obtained, in

addmaﬂ&@ AR ToRtHmiRA Pullhehbiwgha she bk deE:I)()péd) froi?usl,l.emm hiarallowed the
artla

d t t
ST O e T —
moletudsie wetghignilysokyme Sad#:34DaartarASac1738Da] REnG = 81.6kDa). The

exp?e%gf&? .lfttflegg k??&%% {flng n&ﬁz nl%llag@}eﬁg riddte ISW:IE %B?e?ved for recombinant

recogni ze are identical

antibodst ragm@uatﬁwmfﬁnlélﬁwmlnedrﬁ@ ofi the erdsrebaM withew Selection based on
lon%ké’ﬂova?ﬁé‘sQﬁffsra@fselehh&%edﬁé’@ abslhﬁﬁﬁgéof tidaeNTHis S€lekction step is needed in

hoA, suggest th ei.r e ver 25 All
ordfip @boRhEP S PRERA TS S S SeRDy BT fed:

nultlnerlzatlon and targeted
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the PulD nononers for degradation by envel ope

prot eases, thereby bl ocking pullul anase secretion.
wE2a008i06863EVi dence i ndicated that the N dormai n POEEB20@004388

i nfluence PulD nultinerization (Quilvout et al.

2006) . PhoA dinerization in Sdc7*-PhoA m ght cause

steric hindrance and consequent m spositioning of

Pul D nonongy sddr&8 o spiiflcedsrldbé Pulst biadas, e 1nventors have already
PhoA I.ne

Sac/*
LT Do N
stepVMELES A R CWiestatneblofsFarg . achiéB)ble ngvfusxen raftbinders ¢oilatkabige phosphatase.
An%ng eit%(g{ntp Wis th §eS e Ipftusﬁﬁg ¥0raln V%)% B4 écrﬁo%qgﬁ%%é' the way to in vivo

cClusion, an_essen
1ntra¢eﬂlafaadbca:ltza'8®n eltwiveh a@ebéqmms@a‘(eéh@@fc 6 fiknity chomatography can be
per%%%%% tlﬂ?{ferssﬁﬁf 1%5@51 %ﬁﬁ)@zﬁﬁw l(rffﬁezl&l@thonﬁige@élty ,by single step

chi mer as. uci n
purfgerion 30t s%fw%wat@r)@byméﬂ %engleﬁ‘h PHfdctIBn %;Pmieﬁ*réfup arrays,
bio§HnSors Of swWit¢Habies v Ve khodkf dug €dr exampkcr et i on or PulD
nultlnerlgg ? but Sac7*6- PhoA was al nost w t hout
ef fect un PRILS conditi ons (Fig. 14C), even though
it was at Theasttategy WOuR08S/QES6E 7prpEi [BZO0Pinder3sde to recognize
targgg’ PFOQHHQW }ﬁg agﬁﬁn&t zﬁﬁr 'fﬂ'é‘r ?&1&5 itydwad dddcessRiY validated by the

rent scenari os coul opser vat i qn.

abopg mesults.t Hee ﬁﬁ@mw%@ﬁ%ﬁaﬁqﬂéﬁ ererpndN A biadine Broigifriae7d and its
der%{es Ea)%blﬁbmﬁﬁnfﬁrr&c@ilﬁe tRloSRBtusal tyn@irélated| familRysi ofdigands: DNA and

en Sac7*6- PhoA I.s are
pro@gﬁpgpgcee]t g @ygﬁﬂsj}w {?Prﬁé}‘fﬁ? m)ﬁzgﬁetpe ﬁﬁﬁ%?&apga%on otf an OB-fold
for largiﬁn’o‘tatget} Rach anNampoagiiraandy hihnevesl. & iasseeforecanseivhbloythat Sac7d

f f
i g PR bR S5 s D
RNpr evsigarss dt pedifiom to Swdiopefentisl mae iy fusctionpd kapelgait giperiments, these
binfdtd Soulll Be BdeQOFQﬁRﬁ@rcﬁrorﬂat@%rﬁﬂﬁq degéiidh, I%ivé Nhlization experlments

correct targeting.to the o ane ut
ete afndecc obe TovaisblF bieghyaical PRpOREs Ogb '?’él?%ac $l2ge i, their fcile

fusidh A6l diTEeré (ﬂe}fb@lreﬁbio‘ﬁelﬁ@diﬂcﬂhtnr sl tsizmié]; add 19 ames kmatlér than scFv and

Icfc:enarjol hggﬁqgﬁe gs on whi ch protein binds

805 FFSBECHVS yﬁ’dﬁ’fg ! §‘°8 M WSPhoA. Both scenari os
are in agreenent with the fact that the epitope
recogni zed by Sac7*6 is strongly masked upon PulD
mul ti merization, suggesting that it is at the
interface between two nononers. Potentia
bi ot echnol ogi cal applications These binders retained
nost of the very favorabl e biophysical properties 15
required in an alternative scaffold to anti bodi es.
Their properties conpare well with previously
proposed alternatives to anti bodi es such as affibodies
(Nord et al., 1997), fibronectin (Xu et al., 2002),
or ankyrins (Binz et al., 2004a). Indeed, they are
very well expressed in E. coli (in the cytoplasm or
the periplasm, stable, soluble, able to recognize a
protein target with a high affinity and a high
specificity, and they can be fused functionally to 20
different reporter proteins (PhoA and GFP). In other
words, they are cheap to produce, easy to purify and
to handle. This opens the door for a nunber of
bi ot echnol ogi cal applications. Furthernore their very
smal |l size, three or nineteen tinmes smaller than a
scFv or an 1gG respectively, makes themi dea
candi dates for the design of chineric proteins in
whi ch bi ndi ng nodul es are needed whil e nmaintaining a
reasonable size. It is also
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25 conceivable to |ink several binders with different

specificities and, thus, to construct fusions wth
woriosiogdes7 speci ficities. Another advantage of BeEIB2007/004388

bi nders such as Sac7d is their potential ability to

bi nd buried epitopes that aré5sterically inaccessible

to natural antibodies or their fragnents. It can be

not ed that the capaci tym_ﬁFEREN(msiers to bind to

target progeins 30 no mte ggt
hi gh nol ecth Fk vga Bﬁ‘fmaqlh%{é’e%nal%pn% T adte a?r \é&ggmﬁd T. (1998).
Archhécﬁmrn@tﬂnonspecﬁdd:r@temﬂ)l\lﬁ intepations m:éne rﬁsn@ QM”DCOIQFIMV Nat Struct

B1of§‘aﬁ'7 bank devel oped from Sac7d has al | owed the
ation of clones ﬁemfl cally binding to_thr

targets, whceh You@P0d. RdoMdadgmags: anapshety 0 “the “evolution of
seqﬁ@ﬂcgrﬁxﬁ W&ﬁﬂzﬂiﬁalm 43R St BioF14,7793kg0a,  PknG =

|s ? I;E)a lu eI?thh eqt&\‘?gf(slt gg’rg'eg;d ]‘Ifl r@c%g’gtir%\g" Weissig,

H., Sﬁinﬁ%lbeI:i)N f a:pBemhs, P.The(2800)i The iPestembiData rRzikaNecleic Acids Res
28, %gfag der of nMw thout selection based on |ong koff

(off-rate selection), due to a shortage of
ti me. Thi BiszslBcKi, o‘kmgtl@pl’l,%wéeﬂecﬁwlnppon r» Brand, C., Forrer, P.,

nEu r af bodid)i e8eh-afifhity Sbilérs 8Rlekdéd from designed
Gr“%ﬁ‘??*ér%dg“% SERURY 48 Bo0Ah Phieh BIThICLIEUES OFlected fro s

|
ankyiiiFepsat meiRinsifanes NatBioterhpel 42,3 BPfders, the
i nvent or s Hiay eHakK!, Q@ﬁytutzgelm(tﬂﬂ rat esiumbp,yMcdu,l Bridmel, C., Forrer, P.,

Grug;rgﬂ)d}c g., t&!ﬂcg P?lgc;((g-lﬂ; ékogé;b)v\ij)é 1%gegargts%1ec{: 4" from designed
ank@din r@w’mretebymmesowaosmdm@lrzfse 67)5—é81k 004 Apr 2018,
phosphat as§ ?(% ,P?\mds‘?lﬁ?npl ‘*3%111'ds’lt)1 tublﬁhﬁ’ﬁ’ erf 265'_55) En%lneerlng novel

f usi ons for |n Vi etect’ Baves g
binding pioj@nsfrpmtnoainamuneglebuliscdomaing: N@h 1qt%chm%23a|1§ 7-1268.

den]?nst r gtB’dE'le{‘| hatr, ainti'Witerp aro f’(ﬂDg‘D)r At sGifceldisplay fbor screening
ertrorne W t these | N t rotein can e
n&ﬁqtqrpaé@ol(ygemq?c} ?‘Fé‘?stvatg@ ﬁ'@ﬁ d7s ?%%%&H fication.

Q her applamam s Gudlwbat, Us eGicheds, Mndharmgy,thHNasMuller S. A,

- ot.@i b
v BEQL  2y2 h, ASHRERES A TS8P g o e
secrstin RuEYyynd its uppsimresEBnt odrd. JoBiol Ehemt2$0g21738r3dét s abl e

to recognigeef a 9efuilRb@! ! Martie! 'K hRngu%mEy NiAt . a&fh Russel, M.

fine speci’ficity was Successfu
(199l ek e o e r D ST RE buglingsifor its cognate
chaS@8&, ul XN D Thgkérd Puls Q&;ﬁlnﬂencsétﬁﬂﬂl\ﬁm dfuhdtion. Meoli Mixrelsiol 24, 465-
are now able to recogni ze two structurally unrel ated

tanmilies of |i gands: DNA and proteins. Hence, the
i nvent or s dinfertr@pCheipome €. .iand \Pugsley.t AeP. k(|1 ﬁSﬂ)ngxport and secretion of

t;
o JREH 0By iy At
concei vabldeEnfG%a@ 8grsdl. maglﬁﬁrsﬁllagocb@négag%@d A.cP. (1989). Protein
secr@ﬁ&ﬂ) ﬁ?&%eé&tﬁ@"lﬂ&eﬁﬁ ERirdQb15kaBbRLE HRS mepbihedsroteins required for

R el P g eb P e 1 h O 83 e,

exper i mentBidmdridess S. P, radrShrivey lJd Wag206l9dDNoY baidingproteins Sac7d

and S35 R et Rl ] S DS B B by can
proper t i eSreife, tlhe@80b). ﬂalsrtberrmdorngmw linkagl ehatweenc progein structure,
stab%lgtzf QAfcd g/ieftlgcﬁfsem&l BisPH4 @‘7 6@r oteins and their

size (3 an Fv .and

t (C
A RO AT TR
assPARINA B As hal Haﬁﬁﬁomdﬂiﬁﬁ 82, 1337-1929.
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ﬁwk%wsfth%um@mm&{ otéi'hYBl Janel Bibd 316, 317-326.

£ e
Pl uckt hun, i's f| cientl
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P., Shriver, J. W, and VGHQ\IMAS H. (2000). Crystal

struct ur es, ofse bhen OB-VR PRI, Rr=0dt@ating nivderatl Haobeinibg, through a
B

confR g g SR aP e o B SRR R R otaret
and Szost ak, Th]e uid (f26iy . 1, Tivberege seid ndRhibinatdrieh|raytati@n/selection

appﬁ%{cﬁqt%gg@gh 3 hgh'ggylggérﬁég gg lbf:%g% Pﬂsqeﬁlp%rhﬂl%%mf 'r&%Fdues in loop 3
and(ax, 1 K0 15 Kgmldmjl mgnncRac@ resigugszin Igpp 41;.&‘??11/01['1 tq_ZQnraIp;lom amino acid

res%uesmjr&) ju, H, Lohse, P. A, Sun, L., et al. (2002).
rected evol ution of_high- a{flm |bo

usi ng nRNA-dil8pl H5E hedldil o §1 9 o W 1nmsa1d combinatorial
mu%?%@?&[ﬁgﬁﬁﬁpﬁ@iéﬁ 82001bi¥a4388Bthe 46leGhbfVBto 4 amiigeacdd reaidues.
0 rotein,.a ar 0
obt ai ni n g,4 tmr(:gr&aﬁlag)rlal:glm Iges:gg*u? ﬁ% tt(g ttllgeolr:1 1za%1on of 5 to 32,
prefepabiy & ¢ty QOaandIhlem,ubrefe&Fkér il ite 4b Irgsidrien @i ey bmdmgtlategfe@e of an OB-
foldor tE}?WHﬁ 4yl wherein said conmbinatori al
I on

roach_i.s, combined with.th
i nsertion 5ofT hi CP@b!E@tQ"@g Ebﬁ%ﬂéﬁf Aokt fé!“h@s‘i%é“‘i‘gwan insertion of 1

to 1|5Cl§ﬁ’d<§n aﬁx‘ﬂﬂf &Vid ﬂesldﬁeg-fn Tosp damdaiian dnseetich dfelstodlfegnddm amino acid
J,esl.ques

sl o eSS BB A s S i
conbl nat oré. drhe donttdnhatoridlsiitrexyt dfoclamp@r araclain 5, odrenéingble OB-fold
pro’f&mC 6?’rb aﬁ7(§j SFi a;licg?l @‘Em sh Iﬁbzﬂmagﬂogcﬁ&gnysescing&ﬁd ort- Sulfolobus

rar orrespond
solfuanitanior ABRR foin SulfadoB s tokqgaif @rrgghv frgm Sulprdobugsfgibatae, or Ssh7a

frorﬂ%grl?f)ﬁsf ﬁﬁﬁcglley 0 (%ﬁscfr&@S&l?&’b%%%l [flariche bi ndi ng

I nt ace

tein its n
| i gand. 5.7 Tﬁge Mlﬂ%{gr&ll (1311 Y 19 Ici,anaf Cl\gﬁiﬁl‘l 4corresponds to the
randohizlesn 60F@Iduss Bf SaeTd sedexdd anomdst V2, K3, K5, elfdosn K9, G10, El14,

T ERASEE B Tof S, 8. B DRIt o Shgtnar, A
S46@E4V,ri§&,tD4t9|;1A6f) afid P61.20 random am no acid resi Ejues in
loop 1. 6. er fie n&[ﬁﬁd H%fi’%l' fﬁgra!rﬂf by BIcYaiff 7C|\§h1@h4c&"responds to the

claimb, grotelnls

randbaoizatiqn ofnh 1SURS B, dhubd.d6 dbeni $iEssidyss 0%$a°§gé?1&°tefira8wpgst K7, Y8,
K93 @dz@busm Yok R ANI2915310T3 DB 97 THO qmz&»MMgSm@msw and K48.

PR LK I HECOELIC RS L S
randéthizati@r oL UK. 12203714, Theor dérbésichies of Shcld fplentgd ahongshikid, Y8, K9,
A I o e R e R BT

E14, T17,10KZhe ce@blnaml llb{@@' of;gl:pm R;ggl wmgb thes@g_ldomlzed residues
condptize oPRGst NBFesidaRs K753, KA W24R426, R, S31, T33, R42, A44 and S46 of

Sac7d.

11. The combinatorial library of claim 10, which corresponds to the
randomization of the residues K7, Y8, K9, W24, V26, M29, S31, T33, R42, A44 and S46 of
Sac7d.

12. The combinatorial library of claim 10, in which one, two .or three

additional residues of Sac7d selected amongst K21, K22 and T40 are also randomized.
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S46, E47, K48, D49, A50 and P51. 8. The conbi natori al
library of claim?7, which corresponds to the 25
wo anndoesezat i on of 11, 12, 13, 14, 15, 16, 17 oPCL/BB2007/004388
resi dues of Sac7d sel ected anongst K7, Y8, K9, K21,
K22, W4, V26, K28, M9, S3141T33, K39, T40, R42, Ad4,
S46, E47 and K48. 9. The conbinatorial library of
cl ai m 8, Wi chhecosmbimponds libeary hef ctaindd?j xdiidhoonésponds to the

1,. 12 14.,15 6 1€ $iqu 0 a e

randgizdfin ine fiages K7, M37 KRS Ba Chaga Vol BROPRAEG33, Raa, Ads
and$36,0f5387d. K39, T40, R42, A44 and S46. 30 10. The

combi nat orl4a|Tﬂe QB@BMafBEaF'lﬂ)MF&%f 'c[hnWlehvﬂﬁ@l corresponds to the

random zed resi dues rise. a Bg 5]
randgmizatgn pighe ygsiducy 5, YRp89. K3, & A3 gﬁl 3. T40, R42,
A4%nd ghamsgfdsacia The conbi nat orial I | br ary of cl aim 10,

ich corr nds r.ando at |

resi dues K?; 5 cokg"nat‘ﬁﬂf‘l gy ‘rilla gngleZ wheggn 1 to 15

randungl aﬁﬂﬁo atid r8EdSacie instted Tin ﬁlecmgimnnralrwsp(aidmg mﬁlpyamﬂo acids in

posﬁlgg [ ues oépwl}d& sgi??ﬁﬂ to aerg}% rg jq7tr 8%2%981 %an}’dg:]lgio_rldfsorandom amino

acidancsidsbare usedoniny the, region ZOUETOBEEE 10 FSTIMIB GO G Bektion 35 to 40
of $ht7d DorefbRBIF BEEWe@@N?ﬁ' ald G3Rraator af tocloetaiid, anYihb led residues are

corresponds.to th d
inseytgd 1R9P eK@gloangTees rrl]g/gg] tﬁ%gg%lés;]—gérbgﬁh A3,04 1’2 of Sac7d,

prefep®ly¥dweén Baarkd G104. The conbinatorial |ibr ary of

The rest aubs TS cSRERERBANSR QDS of BalARRM £34dg o 4 amino
acidT8Sidud®]ecRA2mongaA $th R 68466 bhndGEEY dre deiptedrhe
conbi nat Or1'7a|Us!: o? 0§1b‘?ttat1%HM [¥ral/ éHcHﬁh%ufooaﬂ}Aof claims 4 to 16, for

wherein 1 to om am no aci'd residues are
engingedng @glqquu{qf@e?lﬁgqllyrble@pg EpEgitng to the anino

aC' ds i n621%80$\1 btd@@sszﬁr egigferiifs 5&1&)'léibul¢)l§1ﬁ:fcﬂoahj/ )bmdlng to a target,
I ween
comgEie LLPRAb eI BE Pt ragraiprep BReL AR A s 4 o 16

varituts toff @alde}fDld(pl‘(ﬂﬁn iwhigholsind tosai@frged. 40 of Sac7d,
preferablyg B NSy Ao 12904 Q‘J'r 117 LR tﬁ@ﬁﬂ'@&gsogf claim 18,

aqlno.aC|J'reS| ues arg inserted in regli o
wheseinrsagch tmgétnig a pentids, anﬁrﬁ@naoandghg%awylfkf ofh sipglegstrppded DNA, a
douBle-spARd&H DNW %ﬁ%@@' é/mgtﬁméﬁ&ﬁ] df% cﬁﬂﬁ')h%@te 16. The

\(,:\Acq) rerF) IePﬁt 2r2|tog The d?ﬁr)%rég/ ?5:1 &i? LS l%}ﬁlenig’s‘é’ﬁ]%r&neﬁald selection step is

perfaf’fﬁétgsj'zrl%ﬁxmaﬁ&blay%l and E64 are deleted. 17. Use of
a combi nat 102@8 plrc|>c%£sa(r>fy clg%‘fa dingniR ARy 4°(Ir H‘/Hn@ of selection are

to 16, Fneering a ecu e specrfi
perﬂormctlhgnbosomet(as}@@x 18. A process for eng| neeri ng a

ol ecul e Sﬁeq“hé be%laésyof ahpde @ﬁnﬁ QO%r‘i:Pa'irﬁeztl furﬁfé{:r@éﬂlﬁﬂnﬁﬂg a step of

. a_step of selec inaco lnatlona br ar
isolaféngoandi GhgractsTizing adPOIEF‘HF greciqay pgdingie S@H‘rtﬁ%%% ‘s of
said OB-f 023dTBé ploRkss ofldiagh 20| Whlerdeth $iad Bolado@eihd chddacterization step
The é 9 g of clainms 1, 2, 3 or 17, or the process
compyises the fo @ing steps:
(i) mRNAs from a pool selected by ribosome display are reversed-
transcribed and amplified by PCR, and the resulting DNAs are cloned into expression vectors;

(ii) bacteria are transformed by said expression vectors and individual

clones are grown; and
(iii) proteins extracted from said bacterial clones are tested for their binding

to the target.
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wherein said target is a peptide, a protein, an

ol i gosacchari de, a single-stranded DNA, a
wa@lewwBloesedt r anded DNA, an RNA, a netallic ion, BCT/EB2007/004388

car bohydrate. 20. The process of claim 18 or claim 19,

wherein said selection step 4 25 performed by

ri bosone display. 21. The process of claim20, in

whi ch 2 34. 4h@proﬁe$’sQiMid182Mr daheld, ifmtharcemprieimgcarslmncbf making a

0SOmne o .

fumg% pg}telgl Cé)ln}ﬂrfﬁ{lgp Pﬁ?étngt m8 e?ﬁj rtil?es }sﬁpa?e% ﬁ{de%ﬁ%?c?érlz%h Fhdlkcule, and at
least 8 sécand mepietpd characterizing a nDIecuIe specifically

bi ndi ng tgssgjd I&E&e&f claat 23 whiRén BIi@aERastbchld@hbiety is selected
22, wherein Salg I'sol at1on and characterizatiqn, ste

amangfipengeses, henarkst | BRtIES: s thepapeuliq )Prafefsss 4o rRiBdegdoith  different

qméﬁbgggggnQMdEHQQ§&, .display are reversed- transcri bed
and anpl i f

cl oned i ntzé M@& ﬁmegg}r%l}ggl &eul Prcmss aacgNgsﬁlgd{ any of claims 16 to
25, ichansttozedeth ﬁty&t aas;récé'ncp)lﬂﬁbmde rio RedlD parsd &m thatt i sequiense is selected

and (iii) proteins extracted from
mmn%ﬁ&hgg%?erla C ones are tested for their binding

t he tar ge27. (NproBOBYIaBed thregly thepowessomsssiang wzanzzpf claims 16 to
25, IRBaREPLASR 11 ¥ épeé’i%céll indd 19 GaA, hnd i Bfat RO BRfuehdd g SEQ ID No:

step of making a fusioch protein comprising, as a

T-first noi ety, the isolated and characterized nol ecul e,

and at |east a second noiety. 25. The process of

claim 24, wherein said at | east second noiety is

sel ected 5 anobngst enzynes, narker proteins,

t herapeutic proteins, and binders with different

specificities than said first noiety. 26. A protein

obt ai ned t hrough the process according to any of

claims 16 to 25, characterized in that it

specifically binds to PulD, and in that its sequence

is selected anopbngst SEQID Nos: 2 to 8. 10 27. A

protei n obtained through the process according to any

of clainms 16 to 25, characterized in that it

specifically binds to GarA, and in that its sequence

is SEQ ID No: 47.



