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WD 2004/ 022746 PCT/ GB2003/003860 1 I N VI TRO PEPTI DE
EXPRESSI ON LI BRARY Field of the Invention The present

WO navgorizan rel ates generally to reconmbi nant DNECT/GB2003/003860

technology and, 5 nore particularly, to in vitro

met hods for constructing andscreening DNA libraries
for DNA sequences that encode biologically active

mol ecul es. Backg(oudpefribherdoR¥eitol oM skaRt at i ng an
unknown gene whi ch encodes a desired peptide froma 10
reconbi nant DNA |ibrary can be a difficult task. The

ﬁd%&tﬂy ‘kg ation probes may facilitate the
protess——ggt—bﬁelr use i s generally dependent on

know Mye pteski@dftendion pdittd gomendly tid eecoRBLRACONGS tetii®logy and,
gene which encodes the protein. Wien the sequence is
frsre RAGRAlaTIDNA ir vigioapstbedsdancanstrastpecsd serepmng PNA libraries
%&%ﬁ%séeﬁ{‘enc%ﬁﬁ{ encBk db 810 lc?fl)}?h(%q QﬂX&l&ee” used to
screen or sired protein

anti gen. ThIS 15 procedure has been useful in

screening small libraries, but rarely occurring

| ofithe bnventianr epresented in | ess than about 1

BB Bho IS PR, A S g

|'és or s

[’@c‘éﬁﬁﬁhmlﬂﬁ)li\lm Ubraseéaperiantfficunaki e hrof@rblidienioh@Ppobes may

cl ones at best |aborious and difficult. Screenin

fagilifate the progessebut pledr yse duganethlly Wepehsgrl asemtngat least a

'TSME)%%% tlgee | Qéh%g olf ﬁuea%Aﬂé \%ﬁi%h eHg &9 tH qugt%t %%wgthé Qerq%lleﬁ(ce is
BECUrririg sg % ed

@6t IsRivas DNA l1®faueﬁff‘>i1ﬁb&ilﬁx Se,sseaﬂ iang emplfebmdilhﬁec%@ﬁldt dn@ibodies
encode them In vivo nethods have been devel oped to

Seyedeaen|uapdle Sorash alaees, 0r§9@ﬁl€é§01dha§e91@ﬂ§mt@y agfigen. This

BP oe E&%Q F3s nRJsQIglmndﬁ%reemlIﬁ' 1l lg‘fgnefs Bﬁt&?z{}aﬁ%cuunmg sequences

age
fnthscechrt Gepr ék%nﬂ&dﬁﬁfeﬁé malh algel lQlfl 102801ids| AT HeaSe with rarely
bacterlgBhage coat proteins and their expression in a

peTBRE Nﬁo@pleculéw srymhgtlcp pentides. ghs b@ as,sﬂmmmdemghng

ti.d t f th
PRECriRGar sRestiohe” b TPCeRhsr S PoRRRARBER Bl bfgerine
%le@@[ésl}ﬁk 23 ﬁﬁ&l fh'é develbhment b9 ﬁ}"éthoag H@ﬁg&%d%@ 8ddress the

1317). Libraries of fusion proteins incorporated
mta@omég@ ely coawiTing eerupeces.aivlich et tased 431 the |cm§ehqetm:necrfs

BT BRI SR SR B T Bl R R o TR s T P

ae¥dldpcas keesplapirditiien, sudiRé phde@dispny anBEp§RIdEE bih PRsmids”
repeated, resulting in the enrichnent ~of b1 ndi ng

weing &ack fusions of peptides.
Phage display is based on DNA libraries fused to the N-terminal end of

filamentous bacteriophage coat proteins and their expression in a bacterial host
resulting in the display of foreign peptides on the surface of the phage particle with

the DNA encoding the fusion protein packaged in the phage particle (Smith G. P.,

1985, Science 228: 1315-1317). Libraries of fusion proteins incorporated into phage,

can then be selected for binding members ageinst targets of interest (ligands). Bound
phage can then be allowed to reinfect Escherichia coli (E. coli) bacteria and then

amplified and the selection repeated, resulting in the enrichment of binding members
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WD 2004/ 022746 PCT/ GB2003/003860 2 (Parmey, S. F., &
Smth, G P. 1988., Gene 73: 305-31 S; Barrett R W

w@00al022744.992, Anal yti cal Bi ochenmi stry 204: 3BT¥F/884003/003860

Wl lianmson et al., Proc. Natl. Acad Sci . USA, 90
4141-4145; Marks et al., 199# . Bi ol. 222:
581-597). Lacl fusion plasm d di spI ay i s based on the

PN & Bg Sabinfitht @. Bf 1988 Qe 733 05e18eBagét RLWAeak] €992,
of random peptides are fused to the C-termnal end of

tAnalytisel Biockapisgx 8P4 a3t nVilligmsoacgs abs PropeNatl. Acad. Sei. USA,
REM STl S MBLERT P BRRIFLT S e

pept i dﬁch@t@ﬂon@ﬁ@fﬂl&l gisplasiy ©xed onl ﬂﬁSBi\IAQﬂﬁIll@g(ﬁﬁh@r of the lac -

rel eased fromtheir host bacteria by cell lysis, and
pepessged-igpries oftrandon perfiskaedussy t%¥ |<ﬁ1tftr9mnal end of the lacl

purificat I T
ML 80000 1OPRR ) TV bARR RSP0t SR 08E DT EEAR v

Ehe Bebisedienedsast the pheatid, Gintieg a Qtﬁ‘plleIpEytlddﬂEa@-@bﬁtﬁde&d)mplex

popul ation for additional rounds of screening

Nihegg, casppleyes arepghpasedign thaighast basgeaig. bysell lysis, snshpepndes of

89186, egh by
tglegt 13%1%*(0 ?%3 afﬁlrlt}galglrf{%gt?ﬁ éﬁ Qtjl rx}ﬂﬁg)ﬁﬁgeﬁl rg g dclr tg]ggt ?’hg

q‘:)ll)ershﬁdi‘d thueisbRest cah tlhdhtHeQdﬂﬁﬁbﬁt@eﬂ)Mo imteli bp srecﬂﬁ@:oﬁ &fdnao
the potential 15 cellular toxicity of the expressed

palifide seieeied @opdationdieg a@tlwéxqqmgbpf Sorsening (pﬁglrwdgtét al.
ﬂ%é; B ARS8l rf?g A tfl%alt869r1%6 gPr to incorporate

ovVel” "am no - acl ds € expre sed peptide. An

ent i r gihysd thcwrial membboa@ MiEnifed Hiyane Hasohaenbeaestht &ate
based on the |inkage of peptides to the RNA encoding

tCh-’@mdth’Yr%lulght mpi&ods %fogtm@qr\mlﬂmgamt bazterRi heerratial

0 _been ,use
SERP R P PR Raiood SrddiBe S BLE BY ¥ nfliintp
lintrdduc€podttransid@Shl RiodFicali@dsl or 0GAChrpSIaie nobWAmifd acids into
9022- 9026; Hanes, J. & Pl uckt hun, A 1997 Proc. Natl .

Allt,fa@(pr®§¢dpdDSAe 94: 4937-4942). Th| s net hod suffers
from t he |.0 of t

and ¢ R entRe i T W te Sbrcih Frs eSS R BRI tinkage

DEbERIdO T GOMNA eARRlindBES (IRYASIEtHe SibokdiBE YW0DI/0505
priejggnt The in vitro nmethod descri bed byy\él fflthgsbe

Raeospmafdisplgnips o dbeeyasedrfor thowslovioadf siglechaieks agibody

erns

T5eReRr AT RERRIELE cod TP Ay s S B o022
Wob G FlarfeREy. @OPREIEhIENE. - 199 PRRIC Hes. &@@abéleugfax 94: 4937-4942).
nodi fi cations, resulti ng fromenzymatic acti Vi ty -of
iIhdsanetbod SIaﬁfQ;s from the lower stability of the RNA genetic material and the
increased degradation likely under certain selection conditions where RNAse is likely
to be present.

- The in vitro method described by Griffiths and Tawfik (WO 99/02671 and

WO 00/40712) addresses some of these concerns by cmnpaftrnentaiizing DNA prior
to expression of peptides, which then modify the DNA within the compartment.

Peptides capable of modifications, resulting from enzymatic activity of interest, are

then selected in a subsequent step. However, no direct selection of peptide binding
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30 then selected in a subsequent step. However, no
direct selection of peptide binding WO 2004/ 022746

WEOAaB2003/ 003860 3 activity is possible of POI/KB2003/003860

pepti de and DNA wi thout nodification of the DNA

encodi ng that peptide, and by rel easing the nodified

DNA fromthe conpartnent. Another prior art nethod,
aotrdtyein thoskilsip lodsotheehtidd angyDN Arwi€ioTy modifitesar ofxbe DNA
W9837186. This nmethod relies on. cov n I|nk e of
sRerdns,thappende B dgsleppnase H@dpﬂ?q@kﬁﬁg JesfompEmegt.
phenot d
Dr ot of fotugy pOCHI Lo, EhAIcRE gy %&%@Eﬁﬁ e e ioe
e See8 ¥7086 sTids ardfodreliss@nabvaltdti imkbgedfiprgem toMN AL yetain

proteins are required which in act in V|tro wi th the
inkagg Q& B0tV te Rhenpdrgede rﬂ[‘e( elp actiguyqf g cro ng

d
T e
ftliie mchhﬁlué AtitstlyhgbtedB aidveqidl which eteiacad:lvrrarwith theeldN A

whi ch canhgrevent the recovery and identjfication of

SPRICBPHENIFY cpepsies dienbfely %%lé’ﬁ)eél@d seppRdly sahpipicasanyst gifablish
fa oy ﬁtq}r}f%%c?%tﬂl’aﬁa’ o{)vﬂ rtegn ?1% n‘Raftho%ﬂé?l 18 51Jn By fact that
P I braries in a escr

alowBlA Wrhehicaln naldifed théle&tn prS‘ﬁdne tHiei redovefy dmldndhnmgicatlon of
activity, as well as for enzymatic activity, and that

ahg @%ﬂ@gfﬂeﬁﬁlmf@@feﬁ? oducti on of conplex peptide

str UCtTW m‘ﬁ’ﬂls aqle% f mcﬁ!a l\/%\%tng zz{ ﬁé%\ﬁ?{tﬂod@fof 'c&t@ﬁl‘étmo
genetic nat ehcod ing t ntere

pupticd Iybr @Ifledlh%ddm\@ﬁm the meliels peasided abmenmchman allow d11ect
therefore provides a nethod for producing an in vitr

selepfégt @fd@n@eg; PUBdY R Welbasdey enzymstic sthgtyaaisl té}afaqlkwfﬁment

e €. i

ons‘t%ﬁ{)}](l: ??cc‘on%%%x %&t{ﬁﬁ%&ﬁcgutt%?,%lln%Cs(t)lrlrlrs)arllown%%g%\te?} ?f PG
@bneticanatprigiintbdigg thePRtideosfahterset. conprising: (i) a
DNA target sequence; (ii) DNA encoding a library
menber peptide; and 25 (iii) DNA encodi ng a peptide

h lently binding directly or

Sn%é@“!] ifthg%]ve%% ﬂDI\lA target sequence of (ii);
wher eiTihe padsentBhifention siier¢fote poddencadedd poqiredutigy 4 in virro
selected to have cis-activity; (b% expressing a
PEDiGE xpyession HRIETE: 9rspTitieg 3 PRiERIdY af prptides, Pdrelnpashgrptide is

linked to a DNA construct encoding the peptide, comprising the steps of:

(a) providing a DNA construct comprising:
(1) a DNA target sequence;
(ii) DNA encoding a library member peptide; and
(iii)  DNA encoding a peptide capable of non-covalently binding

directly or indirectly to said DNA target sequence of (ii);

wherein said DNA construct and encoded protein are selected to have
cis-activity;

(b)  expressing a plurality of DNA constructs according to (a), wherein

said DNA constructs encode a plurality of library member peptides
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30 said DNA constructs encode a plurality of library
nmenber peptides WD 2004/ 022746 PCT/ GB2003/ 003860 4

w@owh/02d1aé each expressed peptide i s non-coval BOL/GB2003/003860

linked to the DNA fromwhich it was produced. Also
provided is a method for producing an in vitro peptide
expression library conprising a plurality of
pepti des, wher é)iamaehehprpsspd 'peiﬂidesis homkaaldndly finkedNAhS DNA
construct encodln t he e, conprising the steps
of : (a) prtw I‘Fg”bw %ﬁ?truct conprising: (i) DNA
encodi pecTpus) d@'@lﬁﬁ s Tihrar
encodi ‘%lgog d&%{dﬁégllcapaqpeﬁg?&dlo ?1}:2{/\21?&?&[%%/ bi r(fissr%%n library
tcOmpalsbnlgfaqﬂmfahtynﬁl pepiiient whel:@inwhelt péptids & lihkiBillo the DNA
construct and encoded protejn are selected to have
&P%St%i’(?f PRGOEAE tk‘%Pep&dﬁacﬁoﬁﬁmém&th%ﬁEP% ¥nal agent or a

ca fy .1 onal agent to
sai d %R?A gﬁ&lrgﬂlgt 121%1&2@%1&%@@%& d bifunctional
agent is cgpabl eNA dncasttinglglibmryimem;bezplbapﬂée,emdoded by
said 15 pre a plurali
of DNA consqlbcuté é@@&?ﬁ%@})%u@ erhnfovalafiay bifdine to
constructs encodg,:f,Rf; aggéﬁy Ilbrary menber
peptides such that ea pressed peptide is |inked
via sai d bivwheetisaiddNAgemdtruct md dneodproteomrakiledied to have
was produced. 20 The present invention extends to the

‘pepti de | i BA%RSteEYpr oduced by such nethods and to the

DNA ¢ C(B)St r gfltuﬁn&@ %H:Lu'l 1oﬁé’i%?ﬁ1'ﬁgzg hasts A 4 P& Bl@%? '3h1dmg a

i nvention al'so provides nme of scr%e Ing in vit
peptide exjifunstomab agembmanmdeBNAf combsteudt 0¥ ¢t winarein Isaudo ne

aspect there is pr vided a neth entif
and/ or pur |tf1§}l|nﬁ%0n§ PRSt IsqapBlap 1*13?1}:}% teybeipeRiyde ' doded by said

properties ).l qVitro 25 peptide expression
l'ibrary prg%ﬁggg? écgrdlng to the nmethod of any one of

the @eecedixpgssih@h phiyralitp oPDNGA C@s&tuth eastdihh® &),edserein
of (a) screenlng_said l'ibrar andﬁ% selectin%ﬁand,
i sol ating tAE PEASPAMTUCY e by of lifyary ek gpeptides

aspect, thegg, | gﬁbl glg?s‘éd? @F&eﬂ?ﬂnl? dy ?%{ig'b AARDnA agent

speci fic ligan pept
to the DNA f1 om which it was produced.

The present invention extends to the peptide libraries produced by such
methods and to the DNA constructs used in such methods.
The present invention also provides methods of screening in vitro peptide

expression libraries of the invention. In one aspect there is provided a method of

_identifying and/or purifying a peptide exhibiting desired properties from an in vitro

peptide expression library produced according to the method of any one of the
preceding claims, comprising at least the steps of (a) screening said library and (b)
selecting and isolating the relevant library member. In a second aspect, there is
provided a method of identifying a specific ligand binding peptide, said method
comprising at least the steps of (a) screening an in vitro peptide expression library
produced according to the method of the invention with ligand molecules which are

optionally bound to a solid support; (b) selecting and isolating a library member
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conprising at |east the steps of (a) screening an in
vitro peptide expression library 30 produced according

wo eootlozz7aet hod of the invention with i gand noP@r/GBe®3/003860

which are optionally bound to a solid support; (b)
selecting and isolating a |libyary menber WO
2004/ 022746 PCT/ GB2003/ 003860 5 binding to said

ﬂ)a'rrdjm tomaidelzalgeemoqule( ad (cxisblating gmetmptiqlfe‘f&hich dindaispdeifically
bi nd eC|f|c [ p,said et cule. |In.. o
S B tie iy 1 4 b R8PS bt st adpthod h feyitvipe
anGoP ur@Hf'fﬂngl\B a8 hRaRE bRy tdeind BEpahtid DA ‘@aneIP berﬂﬂence
a spe tar get Sequence conpr|5|ng at | east
tcbmpsﬂsnag st Bhst(thd stpprsmf (&) prgvidimgian ix vitrooexPXqsFieB :hibmny according
I| accordi ng 5,to the i nventi.on wherein said

it en&PnﬁYl}?feéﬁg ﬁm%reqt}dr {0y Pfafeig of (i) B liGragRgmmber peptide
rﬁg{?ﬁlb G A VG a ONRYy Qh&‘@h&guﬁs‘ﬁd BN ta AR soMREERIIT (S & e

DNA tTarget sequence of (i) Is the target sequence of
itarpersegugneé by 1n$€&b8£c(1bb sejecaing and cloketinp g liderdry brea'rbyn mewhieh the

n i.ch th ncod rotein bi dstos ta
SBEteH oy B S T R B PR P A E e BRI Seh binds t
§gﬂqm%aggggﬂﬁequence 10 In addition to isolating
and/ or identifying specific peptides fromthe
| i br adnedditiof ta iselatmg/aml{mode;ntmfheg spmefemerpgdmmmﬂx lotfraries

t i.nvention nmay he us d.,to.lsol ate and/ identi
O BpRIRi0eoE TG CeBRETE O BH1E A EnFpoRRE RE vk o andlo

%’ién% %WA%&I&&H}H?%J@EI% p%?tg&ers%n;ﬁleﬁibgéﬂ/e 1 gives a

schenatic representation o thod by which a DNA

construct of the invention may be linked to the

peptl de that en odes. Figure 2 give a schematic
ddese ¥hod of the invention by which

a DNAF@%RQ*I %gve@ 5%&1%%@%/ r@s%neeef{ 6F & fifliod Bl &lhéh A9

DNA bi ndi ng “protei n. ure 3 glves a sch

copteseof tht inrntidn imayvbalmhaadgettheslmpuém thext Etpamdfes c 20

DNA bi ndi n rotein may be isolated fro |brar of
the i HUBHE | c&gvea%ﬂ@ﬂ?t&yrﬂpﬁﬁ‘?}‘é@loﬁ mﬁ 16 mvention by

"w%"i’éheé BN@HHH&%%&“%%%% Q3N PHA &L A Hi?lmt}’ﬁ bnllduﬁk?gl%téin.

to 1ts coding cI's action an he use o
bi - sp&dduire 8 gbiendiscigemaltio I1qnedeetat15n gfihew 2 tateersagianat grecific

‘cis actjvity: 1:1 mxtiJre of t di fferent sized input

nemoré'élmaaﬁ ezl madibey 8F thedaysdienei t her

anti b rslé%El t ) ffidifimay b
sel ecti Ire N%nt I - urraﬁ rége aﬁﬁll %h&g %Réwp Hmay be
infokd fo 1tsa1ddmg DifAtthrougke kg cattllcmnar[drtllamd of\dbipppdifidbinding
ant i body.

molecule.

Figure 5 demonstrates cis activity: 1:1 mixture of two different sized input
DNAs (CK-RepA or V5-RepA) selected against either antibody. 1-Marker DNA; 2-
PCR amplification after selection on anti-human CK antibody; 3-PCR amplification
after selection on anti-V5 peptide antibody.

Figure 6 shows the specificty of anti-V5 antibody binding clones. ELISA
screening, read at 450nM, of the seven clones (1-7) that show specific binding to
anti-V5 antibody. The bars in group of four represent the ELISA signal of the clones

screened against from left to right; anti-human kappa region antibody, anti-V5
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Figure 6 shows the specificty of anti-V5 anti body
bi ndi ng cl ones. ELISA screening, read at 450nM of

wo b@4mezareh cl ones (1-7) that show specific bi nPCTGBR@3/003860

30 anti-V5 antibody. The bars in group of four

represent the ELISA signal ofg the clones screened
against fromleft to right; anti-human kappa region
antibsydBSAamtd blwEk. \Wn2004 G2l 12PEHheR2qass (IR 860V S 6 also
anti bo (?Y BSA, and bl ank. A negative control that

RETSPHE LQéxpress CK nor V5 is also presented (8).

Fi gur &;o(,sh @Hﬁvscdﬂlthi%r KipSHBRLNBL AN Om%n%rﬁm peptides
signal s for peptid recovered after 5 rounds of

salogekd effeafaiunds ofEse@lcmm aainse ﬁcglcdsgzu ppEsingix@mple A A. =
5 cl a9,
Elom?ecﬁaneql?ftelflé 1§ Fe&ﬁe]IgOe clo&ega i é’éoé’tellQlce%ICOﬁfWI’loe G.
El gyurevdonhens OD 450nm signals for peptides isolated
aftér 4 rounds of selection against anti-V5 anti body

i n Ex&ipires Shows OP 4P0ohZignBls for peptides iGplateB sy 4 Byunds of

A UoRP T DS U Ui T OB s, AP GUFd JoB<EaB O =

$389MHSLgARkS PE@Edesmﬁg@%feqeﬁ@;ps%a%% aﬁ@@eﬂsaaha cAnﬁfA@rH4

rounds of sel ection agai nst oval bumn. A
Oéptide. antib@fips.D. = C8; E. negative control Peptl des

were teste aai t. _qva bu ant.i -\V5 i b
bl ock§$%? gﬁ%oqr ﬁ“é%&ljﬂ sighgls E“Pw?@e i§ Peéff%{ms%%saan&f“
E&ﬁﬂ\(%f bscth agéil:é’t o%uﬁlﬁﬁ & =Se|.agtd o O BEADE CS: E. =

BSA- mecopr op. A. ti-mecoprop scFv sel ected on BSA,
Pegativie @&ntgd»luPaitildesmere t@ited aatnst oredlnpriopargic ¥§ asebeiytand
E‘E)ege opr op BSA 2.5n-i T\4 ox-glutathione. C. Anti-

iffBlﬁtes(Blﬂt? iQel ected on BSA, no ox-gl utat hi one. D.

Anti - M@ﬁﬁ@ghé&ﬁcﬁ%&%ﬁ% oQRFIBRORHAR-BRANONn BSA or

ox- gl utat hi one Brief Description of the Sequences
BE@ -tbBcdjosp. ]AtAmtﬂ:ib,eud;ﬁop scF23sele2@dton B35, @ninbox-glutithione. B.

SRR SRS FEORTH e HhpAcloeeRy C. 291

%%?}k/ﬂ@%%%/%v %EfgtAé_d%ngﬁA 13 SheNeahible. 3L IURNGEBcHhrop &Fv selected

on mecoprop-BSA, no ox-glutathione.

Brief Description of the Sequences

SEQ ID Nos 1 to 11, 19 to 23, 26 to 35 and 45 to 47 show the primers used in

the Examples.

SEQ ID NO: 12 shows the sequence of the TAC-MYC-CK-REPA-CIS-ORI
construct, SEQ ID NO: 13 shows the sequence of the TAC-MYC-V5-REPA-CIS-
ORI construct, SEQ ID NO: 24 shows the sequence of the TAC-V5-REPA-CIS-ORI-
408 construct and SEQ ID NO: 25 shows the sequence of the TAC-NNB-REPA-CIS-
ORJ-408 construct.

SEQ ID NO: 14 shows the estrogen receptor target recognition sequence.

SEQ ID Nos 15 and 16 show the DNA and amino acid sequences of the repA
gene from the R1 plasmid of the incFII incompatibility group. SEQ ID Nos 17 and
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ORI construct, SEQ ID NGO 24 shows the sequence of the
TAC- V5- REPA- Cl S- ORI - 408 construct and SEQ I D NO 25

wGebhams227The sequence of the TAC- NNB- REPA- Cl S- QORUF/GB3003/003860

construct. SEQ ID NO 14 shows the estrogen receptor

target recognition sequence. 730 SEQ ID Nos 15 and 16

show t he DNA and am no aci d sequences of the repA

8 sleovh fenset idicRlofMhaCs DNOY eltment andfeki sefjmaoefat e lsahy

group. SEQ ID Nos 17 and WD 2004/ 022746

BEI9EB2003/ 003860 7 18 show the sequences of the CI'S
{

D NoS T NOSE RsPHARE oA bR RortEs so BRI AT sclon

{isBahsld 5afSEey IEbes? to4B slion ts aeqieseds of Shofed Solied i39

to 43 show the sequences of clones isolated in 5

Exempled- 6. Detail ed Description of the Invention The

present invention relates to the construction and

screening of a library for a nucleotide sequence

‘PhidghdaedptoropPRtlndentidn i Nnterest in vitro. The

constructs 10 encodi %ga the peptide of interest are
desi ghBeIPEERH inveation Trlatesdp thascngtrpdioniand syReiae okq Kbrary for

?ﬁé&lé%ﬁ(%’ { guen%g' gﬁ?c%%%%d’égta gléqb(?fq[afevés{ » \Jzt?‘%l\&fn% ?cggntrﬁéts

whiodihgtthe ppeieiofintwvast aps ddbismed sudh. that the expradsed pepitide whsws
transcribed and translated. In vitro expression of the
eigastivitictor thesigpgtrict. nC’élaﬁHYlﬁng&Fﬁn?% tb%ltlllafé)ftﬂée papide to

PR S0P 50 ONE AR TBAENLS By i e

treaehibayaf tréf@a&&/ I 166, emp{’dsﬁlbn dder coastriat ie@u\lts‘ 10').rbindih§ of
POSSi bl|lt% in vitro non-covalent interaction
€

Bemeebde fortbe DN anrgdingehatame peptidedpeledile BY] BOR-Refedent
ﬁﬁg";&t 1C %&1 ydllﬁég kl%g‘}eﬁle %#SEI g%% w@@%}@ﬁ]% Qg 'n@?allow for
ry screenlng n-cova

ﬂiel’lﬁ)lsﬂgllllt)ef)ﬁhs;zﬁ OnERcASRENC irﬁérhﬁi&mﬂi&&beeﬁ@ﬂotbﬁ ahid sk PNedit

by 20 nmethods wel | known to those skilled in the art,
enpsHengnd Hleedigneeifisallioexchilen pprhapicrastians Gomnaing agy peactical

conditions, for exanple, the addition

8?68%%2\?\1})%& éq?%&?n or high pHtriethylamne. In the

pr es eNonGasdentditding Gfdrs exambecigfontbm-reoMsd distupted by
bi ndi ng woul d be the non-coval ent interaction between

etheas meﬂdmﬁ@nps@ 61%:@ pkiBerbinghe miysuglppetha pdditiop afen aurgpriate

' Wt]vent ora éil%llgenitn iofil co1%t10ns ogre}rxrggpl%etth\é\ggéltlgrb 5t BNA pH glycine

or high pH triethylamine. In the present case, a j[yplcal example of non-covalent
binding would be the non-covalent interaction between a DNA binding protein and a
DNA molecule. Conversely, when a covalent linkage is formed between the DNA
and the encoded polypeptide, the displayed peptide or protein will not be released
from the DNA by ionic conditions and solvents that would disrupt non-covalent
DNA binding protein:DNA interactions. For example, the bacterial replication
protein repA binds non-covalently to its target DNA sequence oriR and can be
released from this target DNA sequence at salt concentrations greater than 0.2M KCl
(Giraldo R. & Diaz R. 1992 J. Mol. Biol. 228: 787-802). This salt concentration

would not affect a covalent linkage, which would require much harsher conditions to
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wa@eovdioed7acs and sol vents that woul d di srupt

25 and the encoded pol ypeptide, the displayed peptide

or protein will not be released fromthe DNA by ionic
PCT/GB2003/003860
non-coval ent DNA bi ndi ng protein: DNA i nteractions.

For exanple, the bacterial regplication protein repA

bi nds non-covalently to its target DNA.se?uence oriR
saichse die dowvalentdy baddreteimaivithitke naregead IDKAT dagashiodhat

salt c trations greater than 0.2M KO 30 (G raldo
FSCO&GIB@;%% 1992 J. Mol. Biol. 228: 787-802). This

sal t qoeeamdit dtveRion MU BesN achil/fteahd RortekaledRbinding which
I i nkage, which would require nuch harsher conditions

elowtheovadabxptide PQTOEBREOSMBIBBETIateg]l With dzesieNpheonstruct

S ET bt Bie RS ettt et PRLGR IR Bl
glﬁcl%éi'iﬂ%’lﬁ& SelpBd@Gth ih byt @RbL MARres 0 Ae@Bbarked HoAth st Ring
w

' e encoded peptide or protein to remain
agsiocd off dteinl PN A ¢eenibigs c fasevangle, 1B agsediatipntherwednithe

Bk i BRATS BB RS ikt P RN TS of MnbidEmur 5

inhtad, pes bnd BolRCuSRIERALE Qllpfté @Motiik®r P32 hogs. The
m xture of protein DNA conplexes. For exanple, the

assauiamiethodbef the drvenhien may dissiidregrecamiad b eminediahyatter
may have a.half life of up to 30 m nutes, .up to 45

AP Bon B8 b of e, B 53 vREPAS Bt Rod B8 g e o
BlelYPhb@s bRup RM@nty Haer S 61 B6RI theh FRLRO™E:r Rdur heer.
invention may therefore be carried out imediately

af t er Sugwissighudteradorepthe tileentipiy dgqcybed)lpertiatd@m,onﬂmtes that such

exanpl, e to one, 0 two t i X, (o)

EheRa geptfiet Sy BRGin Pntg st B ot porf i pe D4 ©

£ R OMAESppBEE T thSPFeREcE R Bih¥y DNRESRLRs. Theinvention also
i nvent1on descri bed herein denpnstrates that such

demousthigsepdticdeserd dinpagst eirmeengaotemeand (PN Ags ek tequiredite o

SReERGEC I gETar: B TR a e PR BieP L fnd
AEPRNSHORIER shifRtent VAN eld kDK BIFe HREVREM iR r\)ﬁ‘i‘@éﬁbr&QQn

DNA I's not required to maintain such cis activity,
andi s¢lédtonaysieom- coval ent i nteracti on bet ween DNA and

bi ndi rotein is sufficient,to.all ection.of
pept i deebfegh teproret b eatfte weRafhal DA Bl iegHSs cach of
Wﬁéheéﬂcog% %ﬁ?@!@% dxBres i@ iRHRSKPide Eb}éﬁéﬁsidﬁnibrary (library

i ndi vi dua I brary nmenbers, 'each of which enhcodes

aepEpt peigided alxeplacedrie s suitabiln DNfecqsfrtétd  he X)W A sensdimct into
L A e IR REP e 0 R ey v
allow expression of the library member peptide from the construct and to allow the
peptide encoded by the construct to bind to the DNA construct which encoded it.
Each peptide in the library will typically comprise a fusion protein comprising the
library member peptide fused to a peptide involved in binding of the fusion protein to
the relevant DNA construct. | Such fusion proteins may comprise further sequences
and said library peptide may be joined to said binding peptide via a linker sequence.
A plurality of such constructs, encoding a plurality of different library

member peptides form a DNA library of the invention. Expressing such a library of
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which the DNA library menber is placed includes al
t he sequences necessary to allow expression of the

wo 2iwpaeyr4érenber peptide fromthe construct andP€DGRRI0GNO3860

the 25 peptide encoded by the construct to bind to the
DNA construct which encoded ig¢. Each peptide in the
library will typically conprise a fusion protein
O mh eaudestrbmlts fin theaoy-coeaterbipting otiedividueliencoded proteins to
peptide jnyolved. in bin f. the fusion ote n.to
PHEDNGY wbith enesat S p Lo vighbru LG begr BeaTRbSh g
QL%HH%’J&:& Sn W %}@&‘hcc’?‘ SOMENESBer BRA 1%@1'6&115&5, tl%’?én}éo@@@ﬂlétqgembers
may be joined to sald binding peptide via a |inker
o€ Ched[hrﬁry Jhe Aequieniceainicoding thespeptide bimstyr member rerersotinrg
a pIu ality of diffe ar menpe epti des, for
SeRiohlar pioded Prsvein wal TTksathie i bro e ARe PR Bieh TS b0 Ty
I 0
e @Jwﬁe@? R S ST
ibivlbgicallyedctiea ﬁmniﬂdsxpﬂlgﬂmvmg atbondindactDNY tatthe Ispeetfmdtbed'y
e e

i
PR e B O L R SO iBP ) st Pfltadon
pné sdentificatioa of thieddNidcancading e Hecrpmembempeptité.

therefor be pre in the aich is bound to
{ hat pr iiriores & tht BB TONeY e is Tedcloma Redglatiey of
18&1%3 3ch | E(ﬂ ?ructtb'oﬁi RRLLAPNY 1% ?eﬁhéﬁ(,% ch@dig a peptlde to

aving a brnding activity he speci fi

Ible h&@reysed 1] Hﬂ)lbrarji)hﬁlﬁeqp@mde apd et cngtatds appm@paueqbeomotm
al | owi_.ng sel ection of peptides of |nterest

éli@&ﬁﬁ‘ll(él Her anchstap papals-c O AN Aditway 9f thedhyHteY Wlﬁﬁan‘fam a
'ﬂggﬁt %?Q!%(i}]l I?ﬁﬁarébl@&hléso gurélﬂ '3? DNAF @(?__ﬂsﬂﬂctgfare SvitNAeach
er p

ncod rary me tide. ur poses
@hcddigy & Hvant Ilnennba fabiAdé idysravide a@hiriﬂay ef differant library

popul ati on_of nstruc Each conﬁxruct

@aﬁmbqr% & e@rﬁﬂzw DOy e @Hi%ﬁ“ﬁa agleat 407 discrets DYa

?ﬁ(cﬁ GR&E FofSxdhn pﬂlé I BR% lfﬁ?ﬁf?fqﬁa pc%majﬂﬁo?é'@mﬁ 269 more than 10°,
con al ns quro ri‘ate pronoter translation start and
Sh@p tigingiodl smoreXhEBNA) Iobnmrfythefl 10 HeliscreeePNAomoldchiles.
contain a 15 plurality of such DNA nol ecul e

pl ur al P3Plige coMEssEHatrpyds defied aﬁ@@w@éuore%ﬁwpﬂde sequences

1%9 eﬁgﬁo?n Ifl 'llgfa P ¥f ﬂﬁ@ﬁf)]ﬁ?@?{/ Q%ﬁg@d&.‘%ﬂé{;ﬁ@ Abr ﬁ 7 of the

er ent refera
@Mehﬂ 1bf/éiﬁ1‘;b11\l\hdrdzfof50£rmt:aﬂnpa£és d lelaaty cﬂ%pﬁd@ﬁﬂﬁtlﬁar@hﬂéﬂ
mol ecul es. For exanple, a DNA |ibrary nmay cont ai nor e
MR ptich ¥ }

©hE#entbebourd iethe fRsPded tham- FOu exanRle.< RIRAAC
A58 TP AR RS RGPk 03 8 e
Photpmp thdhecongligRigedibrary peptide sequence, expressed from a library of
DNA molecules. A peptide expression library of the invention may be any library
formed by the expression of a DNA library of the present invention.

A peptide library member can be defined as an amino acid chain of variable
composition of at least two amino acids in length, 01; part or all of a naturally

occurring protein such as an enzyme, a binding molecule such as a receptor or an

antibody or a fragment thereof. A suitable peptide library member may be a peptide



10

15

20

30

expressed froma library of DNA nol ecul es. A peptide
expression library of the present invention therefore

wep@anprisces a | i brary of peptides which are nP@F/GB2003/003860

coval ently bound to the DNA which encoded them For
exanpl e, a peptide expressiogp library of the present
invention may be a library of at |east 104 discrete 25

previngiraslosaahinoamisrdosinegitian| The aestidsed tvideble evjaades,

expressed fraom i prary of DNA nolecul es. . A,peptid
SRBRESTPE £ T Brbe it aveh P B Bet B ERBPRFy
fiahiRes BYohfRieHRBESURN THesd@lfdWh delqbéREY mal vhiyan length. The
present invention. A peptide |ibrary nmenber can be
depiideef wsiabla oa rindomaeintgpositian mayfbevnsertahpevarious positions in a
onposi tion of at |least two am no.acids in |ength,. or
Sapbrgrotregiod safa hri-SPab o BRuR M pRoElR & fmen
aBer88Y. EMEeYIEBtideAnby BelinBatdMhRGHE SarSdisidtedS s@ floREGRE OF nffie
an antibody or a fragment thereof. A suitable peptide
Ithdor @nrcg, foe ekamnplertiyo bemaregepes. de WO 2004/ 022746

PCT/ 003860 10 .havi random am no acid .
composs DREnC ARSI ERHHHHE AT AL DR Gsierise DNA
GABRASE b 1iBRArFRYMDEr HdpAnk 8sl R¥arlsToMhe RNEAHRd depiete to bind to the
sequences a the N~ and/or C termnus to constrain the

sneoing PANA Tinstrectk do aditeyodidsenreding adiprary megrhgt peptide, a

TGRS BB SRR SOOI e

$6aT10A dncstitda fsptide COGBRL &fbimin@aﬁé&l?%y e the DNA
protein or fragnent thereof. The pepfide nay be
itmgetrfegeencat o t he sane protein scaffold once or nore

t han once,,.for exanpl e.two.or tines. A ‘

const PHce e B Ravs R JEChRA GRPaRIst g Tgypeoded
GROBM € clid¥n tARE e disn@tiRity.| PRANY tNEdHREdediRBleifi®asaRdability to
neans for the encoded peptide to bind to the 10

énubgfienidicaiyosbnBNAwolechle vaddi encoded . Bivrexampdal iciseactvity
v Qi gowBibieode B b e Ferice § Hebirt Sl cireety

e BNAI PG Ak tﬁ%ef‘shegﬁ%%?tlﬁmm Snffud? NG S dagEatier

or indirectly to target sequence. According
ttloart thehptaesse mquemearithather PN dNgtrednst ruct and t he

encoded 15 protein are chosen to ve ci.s-activity.
That - 118 SO BRh EbEE o BEGPR PHASIeCge 4b I §Pens Ofpf RAVA
SREGdk H@bi¥etd Qs-hbg N TRAt GABNE oMb &R tRNGBHEHAdoded BY the

exanple, cis-activity my function to allow the
&N Actedstditodiane cisepcpeiby, iadé thteoefhierid bapleoiifsieoeddiyg sequence.

A TN UG T IR E T3 T T T
of the encoding DNA inherently confers cis activity on the encoded peptide.

A DNA element that directs cis-activity may be provided in the DNA
construct together with the DNA encoding a peptide that interacts with that cis
element. For example, in the case of the cis element from the repA system discussed
below, DNA encoding a fragment of the repA sequence comprising at least 20 amino
acids from the C terminal of repA may be provided along with the cis DNA element.
It may be possible to confer cis activity upon a DNA binding peptide that is not

normally cis-acting by including in the DNA construct such a DNA element and any
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than to the target sequence of another DNA construct.
20 In sone cases, cis activity nmay be provided due to

wo b@4pezgence of a DNA elenment that directs PCT/GB2003/003860

cis-activity, i.e. that allows or forces the protein
encoded by the DNA construcf{;to have cis-activity,
and therefore to bind to its encodi ng sequence. In

dltier sepses nacessmﬁf(ﬁtl'e abith. f @resampleePNe'eenmaingatpeptide
required where the nature of the encodi

o ATt Jibdhe eis glemreat usedinaye ipglud éﬂ%@g@@mtm

pept | RS eleh®endmby ¥e bt of th
may bg*%ﬁ}‘%gfé}é’% r?%ltd ﬁgﬁ E[])hll\lgfgrgg%)ﬁgt{hrtﬁitl te oggt][1 eryvvl o te
DheA biwlienspdiagFer qxempled ehetDidA biimtieg pqitgleumagylbetrhm which
cis .elenent. For n,the case, of t

Cis.
PBRETS TH SPEIRE (FLgROBsSPEth i BRdedadioTa. Rl RgHely. the
f u f ty
BISE PO Ha0TED el Sl e pRUAREE AR ad
bepapatovisdithemt.ong with the cis DNA element. 30 It nay
be possible to confer cis act|V|tyuona i.ndi

DNA bi,. d
pept i desuitrble INA gyment giasbe ppy elewieniowiugh allgws ?llc(ili g SangS

a .
O R TR VTR S S AN LRI
ﬂhmﬁﬁlsa)rmvéled intteanalatibwand Forscepampifehe DNA enstrdétrig delay the

peptide t |nte acts th the cis elenment used may
@é)quﬁfé‘l”b%! eﬁset fhfé é%&ﬂ%?prt‘é‘ét Alternatively, a

pepti de .t | il ¥pRffically t
part o yt@@%@fﬁr‘ ﬁﬁ%gawﬁggt%%&@ﬁ gxarr%bt belH@ he DNA
bl ONAgnplepile ddichagroedadeiphaphe aked @ adbh%relsnwttah@rding to the
sequence t hat | nteracts _w th A cis el enent. .
AFESEAtnieny Ong gramplRal B.SW&ﬂbi?gSH PIRENTR 1a53ﬁ3e fepA-cis
ol t

SRR D A ot Y ST e v
@dit}pselh ﬂﬁﬁﬂtclsV%qMCabhﬁMB thﬂ’ rhdldepmdsntcteﬁmnalmcm evﬁ tteylscnptmn
Such a DNA el enent exanp

Tike artn pirfle RN heleendbe o i ?ﬁ%wgﬂhp i dindine peptide to bind
g& ﬁﬁ;ﬂlﬁ% 8130 ué BOSRE L 1t1§rt1%19t Rmb cl Y e%gbgfalg%’cﬁt to

pro UC I on an ease O
pept i Geferibly, BRAIsEDEABIEMsh ivgll balbk dm&teﬁh%é iretheddéd construct to

tide to bind f [yt DNA
ﬁﬁq"@kaéﬁe%a@%%epﬁ%!ds'@%%s@éugé’oraé%%m @pahigry binde o the
e
e L L e
@8 61kich ®efokdthBTRNEA @ely&lelrasb edaoltes théicis hatingsgegtiane. RNA
pol ymerase is paused | pops in the 5  cis seciur&g
y b ed to the

pri or Acgoudife toes Iéféff‘é‘ﬁ Héfﬁ’flthne Fhisi inding Rerside ma
tﬂl@ﬂ%&%tﬁtc{ & Pectly or indirectly. In the case of direct binding, the binding

peptide binds directly and non-covalently to the DNA target sequence. In the case of

_indirect binding, the link between the binding peptide and DNA construct is provided

by a further molecule. Such a molecule, for example a bifunctional agent as
described below, will associate with both the peptide and the DNA target sequence.
A suitable DNA construct may comprise further sequences, for example

suitable promoter sequences to allow expression of the encoded peptide.
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The action of the DNA el enent therefore allows the
encoded binding peptide to bind to the DNA target

w@egueeares i n t he construct fromwhich it was ppoUG8e@s3/003860

Preferably, the cis DNA elenment will be be | ocated 3

in the DNA construct to 20 {fe library nmenber peptide
and to the peptide or protein capable of binding to

t he DNAckanpletof segstende whikhi css-mmiyity ekistitis theesms acting
sequences nmay be trapscribed and translated before
FIRSRRACIIS i RegKDRB LoD REVEnsIeHREY 175s SIS cdspects of
AGE NN thaly Be LA RN B BredelY BREMRIH astelBlabled Belo%.

pept%lysg%é maayg/l%ge ﬁls n'kledﬁé?%eteﬂe DNA cagns?raucet directly

or i ntiunecdusyplashrid¢ inelude sejueficed ienaxlingyiepdiand cistIPIA elements.

bi ndi ng 25 peptide binds directly.an n-coval ently
tlge Feped we@c&ragétwslgﬁ eent PWSf%é? é 69{6%%?&@&
U R OOmal BE abiig fp(ﬁmé\ffeesrémte smi{g dir1g oP AR indRle R ANA
construct is provide by a further nolecule. Such a
aiffeeentlpdgsnfid strénanpl e a bi functi onal agent as

descrihed below, will associate with both the peptide
and t HeS gﬁw@%@ﬁ% Shoas R et B BNRCEshi s KNA
d ﬂ o

TEMSRES, SRl Nof SRRSO ol e SYAPD) o b
enmixibeidn € phngte ptidD TAQ0AT00R 2iéd 6 e RCTAERRO0 0BG 6ide 12

One -exanpl e of a syst i ich cjs-activit Xists |
FerapliorWEh Toebe ;P’éSSl‘ﬁM%Q?@(ﬁP%ﬁ%%@?@H ¢ fieadida to ori
GLRAH 1§ @B Re Pl éerbwefyqféﬁ?gle_rtgl inalSHThE Rid H8 BRGE A%ding )

this systemnmay be utrlised in the present invention

asquexn @iravkibr bedlo)00NU Bectotislopy 8&21i3@323080; Rateszkier and Pittard

sequences encodi ng repA and cis DNA el enents. .5 The

18N St d SArdr Sr 4 BNACE e Afaip} SSANCIFiA Agides: 16

gaeskeust of the invention may be derived fromthe

same plasmd strain or nay be derived from different

pl asnilte sémpatitslity lof aiRepAckjened fibmad plhdiridreiifa cissequence

system acts as shown in Figure 1. Briefly, RNA _
Bapyaethes glasgudeanshegepfly dskpanned bypponsioripg &ordag iidsragion of
i @l term nation of

?f %Q@F?%%F%ﬁgggﬁﬁggﬂkpégs transient C-termnal repA
pept i SeitablOteprambiedts antl tsbueh&s aad disims AidbdnyenBNAclude those of
bendi ng. Rep i de then_binds _to an, ' '

A pept which is a )
dherlnple@myles plaweida gk hedpdmiicoke ey Msfaanddasl ! Bigpgidss which

USSR SH SBRIERGE 853 Syl g SRty
11298tidn oBaetcaydetihg repBlproRAOANRTIER ctMh a6 ArBacerail.. 170:1311-

1988 Nucleic Acids Res. 16: 15 6493-651
1318; Prazkier J. et al. 1991 J. Bacteriol. 173: 2393-2397).

4%ﬁ)eciﬁc plasmids which
may be used to provide these sequences include the R1 plasmid of the Incll
incompatibility group and the incB plasmid pMU720 (described by Praskier J. &
Pittard J. 1999 Role of CIS in replication of én IncB plasmid. J. Bacteriol. 181: 2765-
2772). The DNA and amino acid sequences of repA derived from the R1 plasmid of
IncllI are given in SEQ ID Nos: 15 and 16. The DNA sequence of the cis DNA
element from the R1 plasmid of Incll is given in SEQ ID NO: 17. Typically, the cis

element is 150 to 200 nucleotides in length. Shorter or larger sequences may be

used, so long as the sequence maintains the ability to interact with RepA and display
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The conpatibility of a RepA sequence froma plasmd
wWth a cis sequence from another plasm d can be

wo e@dioar4elet er m ned by nonitoring for the intePErGBRIV3/003860

of RepA with the selected cis sequence. Suitable repA
proteins and sequences and cijs DNA el enents include
those of 20 the Incl conplex plasmds or the IncF,
tin@B;jvityn d¥jnok neFatmme, shele &y ﬂwbplmsmsd:s delgtipphwithinghe cis

di st antl%/ rel at ed

ety alst FaupRtectrugmof e Rbh HA0LRAS af bhleotides

ashige K8 r&g&&lﬂa{cgﬁ koletti et al. 1986 J.
Bacteriol. 170:1311- 1318; Prazkier J. et al. 1991 J.

Bact eThotis et RB30q:REIF) cis Spipytyfof thepieps prasinBiasikier and

ke o E BobigrPdY | 565 228 e PRTYA s\ prentioaliPerbore

51@& 131RhaaAM ¢y @Mﬂi@& cbA8sEel 1R DRYA BiRaliothe rlrpAgSequence On
tard J. 1999 Role of CSin replication of an IncB

| pflaalsng dle ds sd@aetcer iho[RNA §alynR765 wilk b7 phused redloBiiizg tha@ncoded

am no e nces of repA derived fromthe Rl
B’l%@%‘%&&a ﬂsq ﬂﬁleﬁtahqﬁésﬁ‘l%‘ “in SEQ ID Nos: 15 and 16.

The DA ReGMSRGReR of G r&deft 1%t10%| &@WAfb'IMé hetefflitself
plasmd of Incll 1s given in SEQ NO 17. Typically,

tdrapigies R&@Asirerfmgmmgoﬂ\ﬁmmnkﬂl@@@f crap)able of Dis binding, including

PG e THe e Btndaes T SR reeah et PRy medd Rl Bapa

Wefnréntgqﬂ'ﬁng @Hlbgﬂﬁ{@n@ﬂlé/ﬁ\l%otgf% p%%ﬁé@se%%p%%%r@&%ﬁége

, cls activit M nor vari ati ons, such
ﬁurke:xmnpkctth@nsRcscqmb@tIulcaitsrnwwmaspectth ef the $ness1®aneam@en, the

| ocontenplate uch as mmdifi atlo
BbP Brodeamoiih st e 4 TR HEIU T g elant DNA
t VA
SR ESREpeR e e TR od UM ol e

Baetck bf dlese &i8bodiRiEsS- IZNAZ])roteTlhbmdmg 1Dhll@eo$ firetietithe phjptided
t here be Ioc 3 DNA co ruct to
EHOdo By B gne Rt Fab g el o BediAdShRt. In
kﬁﬁnaﬁ% ?{c@s ofttnggﬁ%&lohya@%am E"nll(ge Q@taﬂ%h’ﬁ@xﬁ the DNA-
OW N

e enco protein to DNA f ar get
ﬁmqam bmehngl mayohcmﬂrrbﬂdhmegit thefus¢ bfa pq:esle rlletg—DN\Aenag; on,

e DNA b| nd pr ot itself 10 conprises RepA or a
P Rl 3&3“ {on st ﬁﬁe‘ﬂ‘é‘&fs capabl e of DNA bi ndi ng,

i ncl ugj Hg s@é tﬁ%?a[r%% ngua{ee& %é&ﬁ%é'\ﬁ\%md@%am@foeﬁme

RepA capab to cls el enent
tdpiablearfidiretingethi: DN AeariAecquengeandsthe lﬂbmnmnahmpmo seigs afirepA.
on sequence, for exanple the ori F sequence.

arehed sPALFRGE Iﬁ@b}&:‘flén%’f COpBIsh A SQRIEYS 150 ﬁ@ﬂwce»t% & fragment

or variant thereof of a repA sequence which retains the ability to bind to the DNA
target sequence used. Where the repA acts as a DNA binding protein, both cis and
ori sequences (Praszkier and Pittard 1999 J. Bacteriol. 181: 2765-2772) are required
for cis activity (cis) and DNA binding (ori). In this aspect, therefore, the DNA target
sequence is an ori sequence and the peptide or protein capable of binding said target
is a repA protein. The position of ori in the DNA constructs of the invention may be
varied. As described earlier, suitable repA, cis and ori sequences may be provided by

one or more plasmids. For example, suitable sequences may be provided from the
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DNA bi nding protein is provided by an alternative
protein with the rel evant DNA 15 target sequences

wo ewagmi7eed by such bi ndi ng protein incorporatBdI/GB2@3/003860

t he sequence. In each of these enbodi nents,
DNA-protein binding is direcigin that the peptide
encoded by the DNA construct will bind directly to the
dmod odinplpx PliAnt dneit the bieF, InaB, théhnZﬁmdéméébbﬂa$n©$ The

ntion, descri bed . j.n.no .
SR StaneBieth g Shp e Mo traes of fredligatienar seR 1R s
A&RL §egﬁentc§gor %g‘n%t t1éRoPinhyiBE ‘iﬂcq)tﬂﬁli IRAPNA BEHREL of the
suitable linkers. I'n one aspect, the same sequence nay

mnenemore PN Avdodgirusb o fithe hezep@cpn indp inchadgalsioppddte bii seliusgee or
ta segue nd ermnal .amno acids, .
oS e LA ISl i B o 0 R G4 e

gL repA sequence, or a fragnent or vari ant
the eof of a repA sequence which retains the ability
t o bi dtle RepAheo®AIsRS irt a:pgxelan@eﬂimleﬂmepltssetdnvwienenmo
e A .acts as a DNA.bi nding, pr teln
st begprthoskmisht BhBOR P At Roueh yevisi s Eftap of Repa

%mtal%z ﬁ% a%?l?tg)to Bind t6 ﬁﬁ%bfe@t@d ofiQkeqdnge. aGhdhWaki¥nt(dFifSbment of
DNA bi ndi hg (ori). his aspect, therefore, the

BNAAtmmmpluds edhstntions, s"oxaaxamplfs egliehd epdn a0 tamenqo@qm \dléhln

* Bheohuh St Radpes Sreoch Vi oRE DRA B b kT L on

ts eh&:v eq ts{u%lé@é(glﬁ&lt 3PRVA | th 01*9‘5111‘391%%&11%% SERE /@ r Or1

uftable repA cis and on sequences may be provi
eet;uemes nmledqoﬂhasmwkmm m@qnesenﬂnpvlkl typeiplasibide as d@pmh@césbove

. b ded f h 200
SehiceBnbus) BSBEUTORE I 41 ComlEIEOp o gt Frpgaents and
LG &s %R t){})@%lﬁ schideAney 418G hE Me‘al ﬁﬁl’&hg #s su-Eﬁ%u %HCCS

sequence of the on'fromthe Rl plasmd o
giangainithe SEI@yI D bbl@cogﬁsed HhRepAs.eHurtnes ejs a@hnglrlhn@gmf the

&{ﬁglrésﬂ%'f@gla fy }Alllpjmn El uded Lﬁ@? e%mptlﬁéﬁ? ﬁ@%‘% :é%%‘lbo{’lgé} oteins is found
foﬂg) éégl‘?dﬁvﬁﬁ’% GG oS tassAe Bﬁ@%%Ag AR f be ﬁﬁmﬁ in different

gment thereof Ich Ts capa bel ng” bound by
bhaeria ppeqiesotisilationbefiangp A Saily fﬂlaanﬁeﬁndm ifootedmplesed i n
ccor dance sent jnve

| .
SHBPPREC S Pta'glhéﬂ Bhiliparigippifi %ﬁwu SV groyide repA-
%ECEF | WRIA B3 cffid HE %%ﬂaer%e Bﬁgﬁﬂt 11{@11@51%@%\/5@8 temperatures

Ity to bind to the select on sequence. Such
vaextemtes@f silt,ghentulgiir déhcReppionBy Sicichedbers of the RepA family
substitufions, for, exa 3

> .
JOUsOSFARPHEC U & isalHng L}ﬁ@@h@@@@ﬂt% Baind 6 et mecules
YiRid: A0LS e TRInY @nBitil€ SRtdbid o ERubidad f3rQist Ecdibination with

selected RepA proteins can readily be determined by monitoring for the interaction of
RepA with such an ori sequence.

The basic principle of the invention may therefore be described with reference
to the repA/cis/ori system, as shown in Figure 1. This shows an example of a DNA
construct of the invention. This construct comprises, from 5’ to 3°, a promoter
sequence, a sequence encoding a library member peptide, a sequence encoding a

repA protein, a cis DNA element and an ori sequence. Briefly, the DNA sequence is



10

15

20

30

war@4persent

sequence. A suitable fragnment of RepA is an on binding
sequence of RepA. Ori sequences include those which
in wild type plasm ds as descri bePCHOB2@®3/003860
Typi cally, such an on sequence is 170 to 220

nucl eotides in length. Fragnmgmts and 15 variants of
wld type on sequences nay al so be used, so long as

sauseribad Sienuiba pexmotarl R Arpolyracragsi toiRNA¢ dhpeho ependent

KRB B enareey i SR ferie A BN fibdie v

aNeig Yhi®harP b L8 sBfuche. FNslovNthe km@ﬁeu%mha 11Bfa@)ad
ost range i.e. one RepA plasm d may f ound

geptiderterbe trapslatedr The repperpies isitha ablg ’@rblmi togthe epAequence

faml lasmd fro or exa 0. th hilic,
St oSl e en P RS b Rr Rt b act o um

woul d bR pideerfe@RAboGInFenE NibrddNh kit DROULE by @k fused to
under the current invention at el evated tenperatures

tre repAr eiresd ofi DA of tl}@kmwzﬁﬂ Blmlpmm Odasae Rt at at. i1 8B% Proc Natl

AR SETRory: PP AR R ds P e timer R e WA g AP gER

@Edd:éﬁé@(ﬁ)sof iHRR8T mEH B ofeH e B e S8R @F DN SncodiigtaAikxeb]® hinino

sequences for use 1n conbination with 25 sel ected RepA
peidtlimkes tethe ¥ eadof fhelepAdBNet,mnderdth gontemiiof air apmgorfrinte

the interacti vvlth such an or

e T s RS oGS Al AT e e

g@i%ﬂié ﬁ%ﬁlo\'ﬁér‘é Br erlélfo%%‘ %se 51911EdB: thERAY kB APk B tRM

as shown in Figure 1, This shows an exanpl e of a DNA

pomsetenatthofl 71 hdox S]R/@pnonmtﬁrs Thiosgstontlsars. dde prongiet dwyld be

from5' ronot er uencge, a sequence
SRYEEEM tfle PPIQ’PQ?I@GE‘E%’SQ?G tﬁg’ﬁte?(glgsseg sequence encodi ng

a  remfe RGN Binflly &F febteinPV 58 BERMH b 8ex@fiple, not limitation.
seqguence. p%%lclel yy, F? eln Ssequenceya!‘ll;dgIy V@ngigf[(r)l%zl?nuamn

PlﬂTdr(%ﬁﬂﬂﬁd 00386G:entl5 bindarsds adtag PNArhindieg proteint euldle
{%mera e to RNA. The rho dependent term nation
ipjt ”f)‘feg in the cis DNA el ement causes the RNA

p0| YR 286G HeP emB@(!{ﬁf%ntahoﬁ Risichiy DI\@I b1BH§1g5p?&Hi%§‘ Gfy be
This allows the repA protein and the |ibrary pep i de

tontpetet tahating eid-actiity (segigme @ e Thisinsayt teeachmipédby wsing such
bind to t sequen 5Iinkin t he _encoded

PEEG oD A CES et SHHse b Brgt mdncetty, in
%Gf‘ﬂgfﬂaﬂ&'ﬂtmthl seQALSs WRADE: %r%ﬁ%ﬁ@ﬁ? (ﬁ%n RER. fus %‘ilwty
to the repA, Cis and on DNA of the In pl asm d
(1Wéza|cohfeelted a;h a 98B Protein Mat HoesAotitorBailly @8An83: by mcludlng

SN T
PhNA&PER A Aen a shitiead bBe@BdYDbe included to ensure that the DNA-
binding by the DNA binding protein is cis, that is, an encoded DNA binding protein
will bind to the DNA construct from which it has been transcribed and translated.

In one embodiment, a suitable DNA construct may therefore comprise the
DNA element that directs cis-activity (the cis DNA element) from the repA system.
Such an element may further comprise DNA encoding a portion of the C-terminal
end of RepA, preferably at least 20 amino acids, more preferably 30 amino acids, up

to 40, 50, 60 or 70 amino acids from the C-terminal portion of repA, wherein said
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10 acid linker, to the 5 -end of the repA DNA, under
the control of an appropriate pronoter and

WO e@a®katé on sequences for in vitro PCT/GB2003/003860

transcription/translation. Many suitable pronoters
are known to those skilled inéthe art, such as the
araB, tac pronoter or the T7, T3 or.  SP6 pronoters,

dingntyat obienaris capphie b igpeiEte WhbthedPDé cleupent métvn e
AP REEG: SSETGRR BRRRRESSE i ISR EPhs

Mev03, iamdngéti odiers, cOhildde usdd @ldet @ cuabntGavedtionMygFall E. J
bi nding cis acting DNA binding proteins could be used

iBactasios 980 v 16r:42P1#33; Peibystare Ielid dirinsiiey, NRoMlog Mycrobiol.
' i-Adi r S e nvert
A5 P, A LA B SRPSLL Shfon s
a:@higﬂ‘ée diilldytypesdeg@ersetcdhcodifg ie0dcgirfb fra@afAY RepA | degenerate
bi ndi ng the DNA target sequence, either directly or
isaaianees angoding fiaempnts af WA tiietkepdeefursreansespiicefing yariants of
confer cis-aehlvi . PO e i . ctivi . .be
S0 BB AR RNiBBoRE, o0 5y ATkl by TR i Pegpen
agdorpdtaetSntoyhd DMIAUSHnBGucti BudihearfahiB r6QNGEIEE tutdtifaNdn of 1, 2,
el ement that directs cis-activity such as the cis
& @rfenninogeids wathieiha 28 pgtemacidbckminakoidtapdt may be
i ncluded fo, ensure:that the 25 bi ndi byt he .
oi na Hoariot SR & Bhns i G e P AE gy A6e ecion.
blLIADNG, fE@e@icapabld bt cobferting 6isbb@viNh £AASEE dingl Jrofin
which it has been transcribed and translated. |n one
eablddierised ; a suitable DNA construct may therefore
conprige the .DNA el enent that directs.cis-activity.
(ine &S o CRDE rE oo Res P BR 8 Gs B0 Biapoqeamete
loEBRIMisidB Yhe dstrbB@T re€PRISA HiinLASAShTDBD)REA bé 8dhvefted
the C-termnal 30 end of RepA, preferably at |east 20
anforiccinedtisg DN bendirgepreteirb e 3estengien eecapiot DN Aupinding domain

SeraheBind bk BRRPIRTOER £ B df oo 10hm tobind to
ke feBARABL OR3GO ed TN A Io3EFERRE rQkptof P dt SIFORREN Ridef

interacting with the DNA el ement within the
ceqrenedoyith 3 simalar affinive (0. addrisl the pareot wplesuls (elurdoshehal.

JPRerEo RS NI B ol RO s P SRR 1125
(VeFald ofe endbodBa&dteiht BNA %ﬁ&ﬁlir%&ﬁis%@@éh@@ iﬁagédigrgegerably at

Der byshire KM & Grindley ND. Ml M crobiol. Sep
ther¥eandy & the Db crendondi at deastethe st 2bamiotaisls of expenthe cis

[ ntion. na rise wld type sequences.encodin
TR R B AR D R phsc BT e B ug et Foccpor
et Enit AR NS g-mA@GW@&GRe@me STOURNCTAAA
encodi ng variants o

ATAAC ACATT CAG-3’, SEQ ID NO: 14) which replaces the repA ori recognition
sequence. The DNA sequence(s) of interest may then be joined by a region of DNA
encoding a flexible amino acid linker, to the 5’-end of to the estrogen receptor DNA
fragment, under the control of an appropriate promoter and translation sequences for
in vitro transcription/translation. Expression of this polypeptide directs the estrogen

receptor DBD to its target sequence, present in place of the normal ori sequence, on

the DNA encoding that polypeptide. Protein-DNA complexes can then be isolated by
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such fragnments of RepA which maintain the ability to
interact wwth the cis elenent incorporated into the

wObdh4o22786 r uct . Such variants may incl ude subspPCT/GBR@NR/003860

of 1, 2, 10 3 or 4 amno acids wthin the 20 am no

acid CGtermnal of RepA. TheyyepA famly of proteins

is used herein by way of exanple, not limtation. Any
Eiptuesl carvetiatget pyosdin. & ibound progeinilNgA compleses eante washed away,

08 RSP LB Ral P B DO o
ARl 8eovered BYACIE 60l BiicHed fhifieer B pe@a@iing S&RPA FhrtdNdycles
bi ndi ng dormain (DBD) can be converted into a cis

at tri vigyo PXreliioansgprpieot-BNA corhjglex eaptture geing meatkgstsslesapivad
bi ndi nB, domain fragnent (am no acids 176-282) has
BEEY’'Ex%pressed in E. coli and shown to bind to the
speci fif Gindeu-2 sk 1a0ssHdNAviAeph A8 8thel BERPbRHIHH &€ ns
HRE nucl eoti de sequence, with a Simlar affinit

cnEn by usiog tleecipRNSn¢lemohtend lascqidnce oizdodmig ajleastabe C-
1990, Biochem stry. 29: 8377-8385; Muder. et al 993, .
AR Iak2 GEpanec Ot i, of PRG3R e s RB peiept Sebing
Q#@ElﬁmggimAtCBh§r@%quence Is fused, preferably at

the 3'-end, to the DNA encoding at |east the |ast 20

am no hagnadlsergmbodiptent, tlibeariss of raDmisied ddha. binghel prieteimnaich

up to the on sequence followed.by the estrogen .

AR B ST RGeS ST QR DR CLR Rl P LB R B0, Wy
3 _ ,% Bl APRNEP A I R AGidihg 6\ Ptadgot sffentdbMNiderest (see

14) which replaces the repA on recognition sequence.

FreurOBA s tguembetisgntothe jonit reeagwitionesgquened obrepponaielr tgplaced

regi on of DNA.. di flexib ' id
By RiBES B e ok intelrny o empiod g o fR sl apensriy o
ﬁiB?ag? B fand SHAREA 2B EinEQPrb@lns OThAPNAPRAGRE pAHENnPTRAEPS R act as
and transl ation sequéences for in vitro

bothrthe tibpry oembeapeptidts amd. thEmotadasiapable bf binding the DNA target

REath e b e b DY RSSERTITE Foup Aol e PRESTGPRGL on
%@ﬁﬁ@ﬂﬁﬁgﬁzeinea,rh@ A BACRA RYtildak s&?ﬂeﬁé@@hﬂcﬂ @an be

Pr ot el n- conpl exes can then be rsolated by WO
20040222 54 6n ROTHh<ER2M08/ 908 86Mich 47 acaiptbody and atthesy ged, to

B ige a2 unl Bro v o compl s, cn bvashed g
e B 3l gl shuen Dgatel pravgr o
Puptdagion of thigwlymhtidadivicty the e fmgsi pnteant the G gt seddisidce of
?1%?1%&? in(re(s:gﬁtirllj Iral(eelceugti tﬂg ncgrrlrelgarll %glssec(lju%?lger, iog%ge BN&r eenvciogi%gltgdt
polypeptide. Binding to the target sequence will only occur if the randomised zinc
finger domain is capable of binding to the sequence of interest. Protein-DNA
complexes can then be isolated by capture with a binding protein which recognizes
the peptide tag at the N-terminus of the fusion protein polypeptide. Unbound DNA
can be washed away, allowing enrichment for DNA encoding zinc finger proteins
capable of binding the target séquence, which can then be recovered by PCR, and
enriched further by performing several further cycles of in vitro expression and

protein-DNA complex capture.
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It wll be clear that this approach will apply to
ot her DNA binding proteins sinply by using the cis

wOR4pbnent and a sequence encodi ng at | east PEEGB2003/003860

term nal 20 am no acids of repA, or equivalent

elements froma different ciggacting systemin the

DNA constructs. 10 In another enbodi nment, |ibraries of

r ando#ss z‘:épﬂammab@wdthﬁ@lrpﬂim pintide maydind Gizecly s theilfyétarget
rotein op-_hel

R T tmapion BROPar ol BB Mg o isinsipiest sougpepaei o

fGhBenad 11{d‘i’1rect$)p©0ché DNPDtaBéBt a ubfced fdrkaaple SO Bi’f@lﬁ:n@hal

intérest (see  Figure 3). hi s enbodi ment, the on

nganb gnd Dptmmaﬂﬁqlﬁli‘h‘?s@gdﬁeer%merﬁﬂy be replaced by a

targe e of teres and the majori.ty of,the.
Fepa Bt Se R ley e AGpUgKia g P RE e L bind
2irB41yH tb RGEDNRY t@?g@t 8%uentlgs foMdb A NGEnAPLiBIARS member DNA
theréfore act as both the Ilbraaﬁgnenber pepti des and

smemeéi)e]fmﬁelcatpg}mo@a]éy bpa mglcn‘goﬁ Apmeoding g@(emble amino acid

f }1%% :{111% ¥ g}eec‘]OH lolncg‘}lﬁ ag}&gppfttg I%?rpg)/te%%%dtbelnglf ol sciqufeli;]ces for in

Ditr cﬁt‘i‘gmscﬂiﬁlcﬁ‘l/t%ﬁﬁah&? TIHY fSAAUBO DI A BHing aRe Biading peptide, as
recogni zed by an anot her capture roteln such as an

tretanbodbyl, peatide Iatllllixtﬁéll@le@de the DG\ tatgst SInceaecOntioepllxtat the

S35k ol 02 b8 pRDeRTRN A5 En Y oh 0 chlBu 8 Riflug e 20
Qﬁﬁlﬁ(ﬁ&l&@(ﬁg%A SEAUEREEDNA dIdth&ft Sl not X Brie@&EEORq@nce of
this polypeptide directs the zinc finger protein to

tdpe. tElnegléNAsfergqemee@fe mayriteen ezay, coprpgise a DN A tag agehefDNA
t he no op segue n t he enco

BYBeR F daSe By (e PRP ot bR quanie TP RNA
9&%ﬁcﬂ (fonH‘ﬁné ﬂﬁ%é@d%bﬁ@edzﬁleﬁmﬁ%amg@dl a% the 3’-end
capabl e of binding to the sequence of i'nterest.

Ritht by waphfexanyiphedisitatian, mhksaulbesicheb fuexgstsin enpiotine

g aPronB 0 Pl TiRbre ot e RErLONan et ey PEREFwitha

Bfﬂlﬂé%ﬁ)ﬁﬁl! &%m BRORMBELIMAHIERT 158 NRSRE SnEWRY to BleltavENng
enri chnment

for DNA encoding zinc finger proteins
sapahtewbich Imatydble ngtheldé en@o@@t DeyLienagetio efhonsDIY Arfragnemt:
an |c

Bg«; Crgq\{ﬁraa Qtj%ﬁugq: log}?é ?uwepaé & e&*en{ ug: mhsteqri%ltr)lxtional agent is

AR AR0CanREQIRIZE 2B G AT BleSep G APt b
S e B0 57 S Bl P HlephaRla il be encoded

thiae 57 e0d nfjthp PV A degmayt. By rvchydif esanply nboextchisidbiNte

L g OIS, o AL B LB S0 0L AL O e
gp gfl 152%4 clyr}) {rl]‘lg DNE, IANANDBEDIELL SEANER R oghiig WAFAMHGe Vg2
encoded in the DNA. It is clear to those skilled in the art that this bifunctional agent
can be made by many different methods such as cherﬁically cross-linking the two
elements, or by expréssing the two elements as a fusion protein, or as a bi-specific
antibody. Said methods of creating a bifunctional agent are given by way of example
not exclusion.

The bifunctional agent may be bound to the DNA construct prior to

expression of the encoded peptide or may be provided during expression.
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agent and optionally a DNA tag (see Figure 4): 5 1In
one enbodi nent, DNA encodi ng a peptide tag which is

woodo4abd7es t o bind directly to the DNA target BETGBR®3/003860

is joined to the 5 -end of library nenber DNA
sequence(s) of interest, optjgpnally by a region of DNA
encoding a flexible amno acid |inker, under the

cont r @he ﬁfsumrpratppne prenataaspitedwhe tr anshated framsthe DN construot

s BPGie Frb EiHORA e S FBR B BURE BT ad cgpbe
B&%detg’ft‘ﬁg 8€boRE Rlchtift 61Shb bﬁ{ﬁ&thﬁ‘lddgé f)ué/l tB QelEzik% o%ssenom

target” sequence. Optionally -end

RNok ar BNmeprﬁyane@kWr@aqhmb |Tshlst dneaatﬂ\mfuaumm @t@n -DNA

| east t e | ast am no acj ds epA he ci.s DNA
PaRISK v Dofs ot sEHE Bﬁwaﬂ}t@s@n@ Dl Rssdfe « 1?té36}é\“§erﬂ'8

%& @ %tl?@ﬂﬂ%@ﬁ&laf@ger@ CTRE Péé[ﬁﬁde ¢ 51'e§L9e & t@%f&léglﬂ\ed

tag may be a sing I ed base. For

exdaveptd e but/\kpemﬁpalbpm tha @Nheaxigeﬁit@D yBﬁ)NAkmg tlmm;ms»tenmtmhe
containing the el enents described, the DNA nay be
DRy GerHpick s Magnfis RaSTIRLe toael) o5 f PEEpREgpprticular

kfo'ﬂe;t@s | QesdiBLE BHB@/S BB ?osldgnhﬁ'@ rt]feséiﬁb@ln%I\IAP@A QHith is

rtor toin vitro expression,
finlaghtenhs poeyinb Bymisiogch hifinatienadbafant m‘t]neamhﬂn @Ageleht bindiag

uncti gn of whi cogni ze and, bind to.the
L%W@é@ﬁ%%@ﬁ@éw #e FayA rs%n%rtw& Iﬁéy Be mgpreasily pepgrated form
E){%roﬂeﬂl \91tlﬁkfhtt 'tlfé 1k 0?'&@111% A9 20 one

ffuncti onal nol ecul e. ot her unctl onal el enent of
this Blcftdamd]NAmainpRg&md:am thembéalsnldtedg)ya:gpmte dftaathr g@aplrotem
recognj ze and _bind to the peptide tag i ch may

Erbaeprotgin-Dhe eprpleescpn ppa/aEhg aagAHonng gg}l%&gﬁnbfm
mlllc%&lﬂ%fpegﬁgéﬁ%g p?(ﬁemg BintdiLd LWI‘ﬁElll 9%61%9@%09&% WPCR

conpose ragnment recogni zi ng t

bhdiatrehed firtheoby pirfitrining segeiahfitrther Bks ofndvianekhessifaimd
fragment recognizing the peptide tag 25 encoded in the
p)rqﬁemﬁ%NMO@uageércansret HOREEMSIPAT RACT R dLET NVt hat t hi S

bi fun
SRR SRR R R BEO, PN L B,
etanpa by cowlendpindiRr ess bifighctibeal tagentehetnard ol@aeml Such a

fusion protein, or_ as a bi-specific antj body .Sai d
el ASH SN ROTSGamoRs Plading ielmant thgkrruldresogniseihe pyptide

l;
Y%éerl]lgwﬁé E'B?P&\gaée&lg gfs{o@ ?kgiéﬁ&e e%ﬁwg.?ﬁ% Fb%ﬁ%legﬂl@ in a unit
expaiaBgi theDOA ¢vediepcloddisplpeat jegdeido Bynmay dfexpmple, detd

during expression. W 2004/022746 PCT/ GB2003/ 003860
hionityren, e RoRy AT BEA i GosnRoReshof RohvRfaiens e vegps other polymeric

E&ﬁﬂédn%g,ec"‘Apgglg Gt ISJH‘?g Y RAIRN UL DNA construct of the invention

may therefore be provided bound to such a bifunctional agent, or bound to a DNA tag
as decsribed above which is capable of being bound by such a bifunctional agent.

In all embodiments of the invention, the DNA constructs include appropriate
promoter and translation sequences for in vitro transcription/translation. Any suitable
promoter can be used, such as the ara B, tac promoter, T7, T3 or SP6 promoters
amongst others. The promoter is placed so that it is operably linked to the DNA

sequences of the invention such that such sequences are expressed.
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whil e bound to the bifunctional agent. The peptide tag
is translated first, and can be bound by the second

web@aped740f the bifunctional agent, prior to rECE&B2000/003860

messenger RNA or RNA polynerase fromthe DNA. This
creates a functional proteiny,®NA 5 conplex where both
expressed pol ypepti de and Dl\% encodi ng that peptide
are [ThekadiA eheodigithe tibraby fembti wepéitiesagenbe prodeced by any
peptide tag nDIecuIe is therefore linked. indir

BeiICiieRFASe AR PYHCHIRr speh IPNA hay epmpriseayys iy atpf ﬁmw’gPNA
%B&&H%éﬁ{)ﬁ&sﬁum P&\'éylﬁﬁé?ﬁtﬂﬁﬁt in this way, It is
ssi bl 0 scr ee f3r >4 protein having particul ar

pr opefTht &NA asnstesionhapsiso bsdodwamaichcidibmketowithignhe &ypressed
t he encoding DNA which is 10 Iinked to that protejn.

Bysiuspioirine B miilarohdexiblgeming e élpkftfﬁ’afﬁ’ Regpelrded to join the
1\'?)53 bﬂgiu%fﬁéo\fﬁg/ﬁeh%% Rleqt b? 11?5‘1%6 he DNA
construc re eaS| separ form the

pr ot elAn:cM\ildh’@GU&hd ineerttionkwith refareaey 1aghik @&f&li#& embodiment,
Pr ot ei n- DNA conpl exes. can then be isolated by capture
BePtider i myRieinsrpYesTipn libigrps wﬁHedpﬁOdll%PﬁLWOé%ﬁ 1@?&6@“ be
3 r
%E:%%gd Wg%qmg%@}{% ;cl?el deRit eclp%stﬁ g& S&Q{{gr esgh% fo @E@teﬁs
then be recovered by PCR and enriched furt her by

perform ng several further cycles of in vitro
EXpFIEsEing s [Eiary 4 et Ot conpl ex capt ure usi ng

met hods S n i,S
oo SRR BB EK B S0 LyppareRtanll
P¥aiR @phible sﬂMaﬂi@g&o thermiNAGar g&’@se@udﬂcé wOch honeik aaenbNA
such as a pol Such a_20 nmer can _contain npre
PHENDPIE e Hmy/ﬁa §v airegiamof DR elt@@éma arflexiiapmmorgeid linker,

%ﬁ@f%rt Ecorlt®Pof :—ﬁ'l %Jg)m&%te?ﬂj In'o ?laﬁ(ﬁ](mtﬂ'astpiélg%tﬁ(?rg, o® ribosome

e expr essi cule

GO dieNgarlt Aed SO\ cedDe, Cihl’zhgnﬁlhﬁr sliispleayent \pepexgessidyof the
way of exanple, not [limtation, said polyners can be

@ewpbsl&waroﬁrnwayfewwwi@g asptméSP | Inghe @taﬁmle plotby Aeh protein,

@br@?’?% Ch hg‘ ﬁR‘\%eyn]?]g %Sﬁgectﬁ% t%g IBISA%mg protein

DN ] &%dﬁzighmaﬂ‘kﬁboS UThe éis Bhd bR Cs‘éqdéﬁ@ls nwﬁﬁtmclﬁﬂecbmuﬂtﬂ
to a DNA tag as decsribed above which is capabl e

f
perseycbuns g s et e gt D Wy Said DNA
“?11&%1}118{5%5 (gersbgblea gebe SUlth I z?z v%tpoe tr?Dnl\sléngtl?(ﬂf &ndl'{%n%latlon

e prorm
sequences for in vitro transcri ptl on/transl atl on. Any
suitable pronoter can be used, such as the ara B, tac

Brprestien and gis birgling: of SpP¢A ﬁﬁmﬁét@%ewaﬁongst ot hers.
The pzo%e{o all%womsa gc%‘éflt? at% ed b fcialqpa%rsc?r?m%éﬁh aﬂls(lgg%n

to th sequences o FVaRET o e
SEAUANEDS s@h&ts@lﬂ’ﬂ}s@&da WQer004bH22474673. Ann. Rev. Genet. 7:

PCT/ GB2003/ 003860

267) may be used. Expression of the peptide, such as the DNA library member
peptide-repA fusion protein, in this environment, will result in binding of the fusion
protein to the DNA encoding that fusion protein, provided that both cis and ori
sequences are present. When libraries of peptide-repA fusion proteins are expressed

in this manner, this process results in the production of libraries of protein-DNA

complexes where the protein attached to the DNA is encoded by that fragment of
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20 The DNA encoding the library nenber peptides may be
produced by any sourcible neans. In particular, such

wOpbadear4conpri se DNA i sol ated from cDNA,  obt BETYEB2M9$/003860

DNA shuffling, and synthetic DNA. The DNA construct

may al so encode am no acid Ipnkers within the
expressed 5 fusion protein. In particular, a flexible
aN M droacivlich |11r1\k@rexmsqgietherﬁ@bl @nglrg(su})mqﬁeqt welectimgepf both

AR PR PF RN Pl TP nreu 5 T Gmptexicy
BY 8fc&d 151D eflhBEY by the 8PbisdnaRlive BT Bt Ih&X BHRSREE Ot least
ITbraries, linked to the DNA encoding them can be
@éﬁelroé‘i ENAafu@glmm ifctes evint 1hrgtehbbnaess, caeasty be igenerated.
sel ec

T e G S

Bf: otﬂﬁ%ﬁ gidisinPeoteinenterie B6hst Ba RRgadingtd peptide
capabl e of binding to the target sequence, such as
&ausesiption/in nlgslm leaﬂtlnnl and c1|a1’0<mctsmgw E)Mlplmﬁféurté‘dt opmpgunds

a fle m no .ac

i Eafire R GaRisae b foioekr S iR i A
translation, or ribosome binding site, start and stop
codons, in a manner suitable for in vitro expression
Stlethm ofgeppindde Iofmrmy menbers and bi ndi ng proteins.

In th ) |
Dy | Ao a0p St PR RES aere b R T R et

B’fx%hﬁbﬂ‘ma%usé@lrto Aciké PRt chRe R Abers UFehcClitsragN &FoP Bxample,
sequences may be included in the 20 construct

tHevirtstyaman tof sctdenedofon peptisice mathtaspartiqular etivitiser aogfaracubiA

t d
L Py GRS A8 S0P L0 e
B PO SSAnDle, aa'f'ﬁimgl & a@’u{/‘l@}} aﬂlcﬁﬁlem@:ﬁdnﬁf@ rbhif bl ®accomplished

proteins. I'n order to allow cis activity, a coupl ed
baoieans of a ligemd spedifae footiie pratesi eftinerest, 236cheaswdnraptigemit the

sheh e the o0 ciliact Sicton (o G e e
{dsdBe sFHEH oS ENR AQNAel A, BF Y IRARE! for Eﬁzﬁﬁbl@ewftﬁ PA

usion protein, in this environnent, will result in
b10lmah|ykag:d_dfgandh folfonst dy captuet @itma Bimeptteh\edlﬂl’déafed stmﬂaqqgn

that fusiqn protein, OVId that both

seguei et egen: Buaind weh PN ormatste o By el it
ftl‘résﬁé%'ﬂd RS & ﬁ%alfﬂrl 84 PSS ERSh. %Qllb\@m& Qitﬁer‘ﬁ%ﬁﬂ Shaseldpi$
process resu he production of braries of

polatien mcObdioncanipliad esmplrrsert tmnqmed)bg mslang,amkiévcbund)

t he

complexes 1|sg1at% (211srupt gthrt]ggfld Elgallﬁtelactlolls by altering pH in the
well, or by other methods known to those skilled in the art such as protease digestion,
or by releasing the DNA directly from the complexes by heating or phenol-
chloroform extraction to denature the repA-ori DNA binding. DNA can also be
released by one of the methods above, directly into PCR buffer, and amplified.
Alternatively, DNA may be PCR amplified directly without release from the
complexes. Optionally, DNA not bound by the binding for example repA protein,
can be protected from degradation by non-specific DNA binding proteins such as

histones, by way of example. It will be clear to one skilled in the art that many other
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was expressed, thereby allow ng subsequent sel ection

wW@pRoobo21146 pepti des or protein of interest, andPCTreBDINA/003860

encodi ng said peptides. The conplexity of these

libraries is enhanced by thezpn vitro nature of the

method, libraries of at least 1010-1014 DNA

fooagprenfic PNA bindinggwetnins apgldbe [ustst fr tlas putpase. dasthey be
enera t hat, prevent nuc tivity,
Spph B o SRR IR Gt nBr SpRIREPRAL P
IR tEIAG bl i@ ioRemaY 86 PredettidRAng tHeSelection process. Examples

transcription/translation reaction and ci s- %I ndi n

B ammbé@ccmﬂposuuds mblude detersntsdilocking protRinsiaich ag Tl

POast SR 1 AR DEp IR K Rog P e R e o
pe pti ql@c@%‘i’fm@%‘éh@d‘cdmﬁl%ﬁé}’l eﬁﬁlﬁgﬂ@@gdthblﬁo@nd@mo dn@fepeitaig
present I nventi on may be used to screen for

plaer telactibmpravediye psovidesahenticliyant pf clpoges caradipg e deslm@

| ibrar ned pepti des | ar

SERIDrRy VB IReT By aeedpF Ry e Hitey SoRe an

P&ﬁﬁe?&h&‘i OiNA e‘i‘(QﬂEiee‘?h%QDT@A ehtd BELHE pERYIRST is@le8CheFbd 1s8med
brary 1 for exanple, affinity or activity

end apphted by,éemaqupésPCRh ihsomnlmhmgmiormbatsd]mndmf

ng]ggt?%Ofld@Héﬁg%)g/es rf%%:q{)? %8%1%[’[?& F%g%rugc% g{ %equlglral nesting of
'P@P@fn%bs‘ PR eﬁ@st él@%gﬂ/elaﬂgn?mﬂagg@ﬁ‘ﬁel TRYItiPR HITE§epd. erb

on a solid surface such he surface of an ELI SA
péatver KAbTIAI fromosu¢indsmdged urmhe;cufezsnecamachdheeprlmls fo be annealed

blotln tedI| ol | owed apture. to a .
shppoRarnitaRe N prtac Y Reabiislh Dedeune e
abh& uc@wlth%@@rk)‘mﬁfd Q& dir; DNA COW' exes had been
i ncubat ed the ligand to allow |ligand-Iigand

i nt er :I!ln:bln&‘)atsped:‘toﬂhb O A gowsitiuhendgw thaenshdskprotein may be

sol i.ncubati on,. unbound. co xes .are repoved b
Bene eiRdtgoame. Setha peas S TRy S S iR ah el s desegibea

ab?f’en gnaly 'bg 8¢k 111”41@ Ee‘”i‘)(a‘fa'tl%‘ and¥oBLibL6E AGLRR ﬂn@m‘bgleof 1ntel est.
, by ot her nethods known to those skill

tSlneh atdg mal;cdds@be psedtte dsld thit ety manbas, for eane be asolm@

t he directly fromth oppl ex by heating or

ﬁHléHPé‘i or B 19hg %/ﬁ“?ﬁn&gtl];‘%\tg?(?o‘{ﬁgp‘tr gz’ﬁﬁ"t“br e the repA-ori
b, Rekre AN £&8Bn ﬁ‘la§ fhe k%@reeﬂg%é Eﬁﬁﬁ)g? QYth%gfes@flt hb&tion

met ho above, directly into
anyl 111<Eludsa‘:lthe fibdliee steqtoif vabaoting DNAisoiaying eheRER vamditirdriy ek mber
W t hout rel e fro compl exe

B Al i BRPSRUCE ORI e ) HAPTGCT GR ke A RNA

‘ eﬁéﬁlﬁfﬁgﬁéegugg’mgo taRERA HERkBL4f rom degradation by

non-speci f bi ndi ng protelns such as
The invention therefore encompasses peptides and DNAs that have been

identified by a method of the invention. These peptides and DNAs may be isolated
and/or purified. The peptides or DNAs isolated by a method of the invention may be
modified, for example by deletion, addition or substitution of amino acids or
nucleotides. Suitable modified peptides or DNAs may show at least 50%, at least
75%, at least 90%, at least 95% or more amino acid or nucleotide sequence identity

to the peptide or DNA isolated by the method of the invention. Peptides identified by
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hi stones, by way of exanple. It will be clear to one
skilled in the art that many ot her WD 2004/ 022746
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proteins could be used for this purpose. Further,
conmpounds that prevent nucl ease activity, or reduce
non-specific DNA-protein or_ protein-protein |

ianethed of hAdnveriiobmap be swhifleduer ¢jiveneandérstabily purposes.

0 . of [ I 0 i ngl
P £l ST PR oy PP PR Bl B M E o 1
RPRVEIRE se@timbIfilife oS R JBVehk Piotdabe 4tBIK) PefteRRalidentifEd by a method
aurintricarboxylic acid. Recovering bound conpl exes,

roé drephv gnfiongnayHe thedified nheratigplayegystamis sgch as phage display or

the, sel ection, procedure..provi des an .enr.i chpent of..

B GiiBe i Bt SR e L G B B S BRh it
Reqienedsah@efolara QS RG Wit ch fn%K:RB RlcofloRit Mt @BSHsBcts of the
expression. For exanple, the encodi ng the peptide

afiventipie pied furvgy saseenpd b fande dorirample, avpliaf iseqnepse shpwping

JEPERe sir e o B oo SREB PRt e By Rwer
Weptidds S0t en thcahetNeEtdriige Bl entBeMAr b Elisrar P e8Iy
are 3eneral|y damaged after nultiple PCR steps. To

nelege@eptdia fr om such damaged nol ecul es required the

primers, to be anneal e a fromthe ends of the

Const At T RB) ACa aRrT AN (R ER i o ay be used
Q\Qﬂﬁérétl}éct@ﬁéiﬂ SfbeMRE Yof pepiTids AfseSR) tBE bis@Btind DNABinding protein
aspect, .the DNA construct and/or the encoded protein

ey bp ecreansd fungderrtbid enboflimedntineludingag. Such a peptide or

f Pl d i bed be. d
o ¢ Repd e e e o AR PP ¥ st R e
| Nt er @St Antildeds R ah@EhdyEdagilenR, e ckafsle tsﬂxgtboékﬁiri Peantibody

library menbers, for exanple on a solid 20 support for

- dwgmientst hleess cprsésiion thermptibestyshedesand lighd chain ¢hnabl¢ regioan

N R TR .

sedi&ald.ng and isolating the relevant |ibrary nmenber

peptide, allow ng the peptide exhibiting the desired.

pr opecii) apdemdDalAs agrhentObhinatenaldy déanegringaotepespsdlated from a
e identified and &unifi 5 The invention

t b )
R PER AT g B iyt Blleredo s Pas | have been

i dent igh) @dnddm Be heghe@testil@ YR drQpladiRes ?efgibn of a known
pepti des and may be isolated ‘and/or purifl ed.
Phacipephérdes theknDNAPrateinl saquetcdhyctaasretchtidldp fvhichesonstrains the

AR PR T S A L B
example, not exclusion, CTLA-4 (WO 00/60070), has been used as a scaffold for
peptide libraries.

In another embodiment the invention concerns methods for screening a DNA
library whose members require more than one chain for activity, as required by, for
example, antibody Fab fragments for ligand binding. In this embodiment heavy or
light chain antibody DNA is joined to a nucleotide sequence encoding a DNA
binding domain of, for example, repA. Typically the unknown antibody DNA library
sequences for either the heavy (VH and CHll) or light chain (VL and CL) genes are
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nucl eoti des. Suitable nodified peptides or DNAsS may
show at | east 50% at |east 30 75% at |east 90% at

wOo e@s029%0%0 or nore ami no acid or nucl eoti de sePLEGB2003/003860

identity to the peptide or DNA isolated by the method

of the invention. Peptides idgntified by WO

2004/ 022746 PCT/ GB2003/003860 23 a nmethod of the |
iimseetad irothe Fayegtoa dftrilﬂsi epADNAY bedirld areappr@miteopromoter and
stabilit ur po . For exanpl ch peptides nma

PGS P%%%quat% W 1@5/\;%%63& ﬁﬁ%ig@rspmsbereﬁwdecy protein is
B ShROILSHMTBADN A %{cgdlﬂgg{aﬁ pRiéHen] E&ﬁa&%aéhtdﬁlck

des 1dentified e i nventi on

lmﬁccn:bﬁg ¢itled light atheavy c[haﬁnirat;eus yﬁ@ms@i&ba@&l}p&‘l&@e
di splay or 5 by sy t hesi si ng and screenlng pept j. de
var i an@)drom thesfame PN giragmeat contapige theagpAdad tsfist may

@gﬁ%@l&%s@%‘ﬁéﬁ‘ lmlgrbrrmy be incorporated into

ucts o invention and farther screened to
fi nd, (lﬁ)(ﬂmﬁ)aaapdret,e fagmant EMNAegesenicia tishawing
rovedﬂp g to a particular ligand. Thus in one
@ﬁﬂﬁaﬂﬁﬁ fran am@bﬁégvmof peptides for use in the

met ho L b f
St uotar Ay EBTRRE A SR Gun, b AR fuion piteins tht

lardofuaed/toahe epsembical dnd thaﬁUthmpﬂpb itlseeD N Agfive timemknmyn bieain.

used. Nu t ypes  of es of peptlde fus
tTileﬁLh@t gﬁ%@ﬁqﬁwmﬂw Bere @Cti#laf@eﬁns arfiegad gﬁ&nf@athe

URgesg-t hi s enbodi ment including: (i) Random peptide

sequences encoded by synthetic DNA of variable |ength.

15 (| iDhe AN A hdshtiisd by aaokedingnefhod @ielnt inyerftion, @xahpDEA
gl.e-chain Fv antlbod% fragnents. These consi st of

CREDURE 18 SelCRe HbTAramemPHIRAPLEn a3y Releneg iBoAesFoR In one
%R{B%ﬂ]]% et ‘%Lé‘ B‘thPydeﬁuﬁécP@ JJJ&L%%)H %ﬁgfeec uefh‘no{?? Sﬁfﬂ&gﬁg\% toa

asin al'n antigen
Q&N@olfsé@gﬂem tbiiohfis captabilealf pyovidiag forithgexpresionrng the coding
isolated froma 20 cell pul ati on containing a
aequepss Yy &e hopftsHeist: thE(\ree@r ReACRYRT 95 EpR IV 8E0%s eH}féﬁr@é soperably
'11%13\% Il%%ré L0 J’L%&E?%&&L@ﬁéi 28 tﬁ‘e o%q'é)~I ngfdeg'crlﬁgg ina

ein, nown proteln sequence acts as a

$élaﬁ°1cﬁr13h@ pe‘mﬁﬁtﬁﬂg tensthfandtien iméeirriaeAds®d papict.d& regulatory
sequence. Many such scaffol ds have been described, by

wegpense. sushafsl RIOMABE. ‘eRerbiilipked tpamodn@ReIRIL G BEPPSfioned in
Rt R L i S o
feompsttile @\ﬂtlhr’tge fegMfory sequence.

Such expression vectors are routinely constructed in the art of molecular
biology and may for example involve the use of plasmid DNA and appropriate
initiators, promoters, enhancers and other elements, such as for example
polyadenylation signals which may be necessary, and which are positioned in the
correct orientation, in order to allow for protein expression. Other suitable vectors
would be apparent to persons skilled in the art. By way of further example in this
regard we refer to Sambrook et al. 1989.

The vectors may be for example, plasmid, virus or phage vectors provided

with a origin of replication, optionally a promoter for the expression of the said DNA



10

15

20

25

30

i brary whose nenbers require nore than one chain for
activity, as required by, for exanple, antibody Fab

wo e@gneatie for |igand binding. In this enbodi neet/GBe@3p03860

or light chain antibody DNA is joined to a nucl eotide
sequence encodi ng a DNA 30 bpndi ng domai n of, for

exanpl e, repA Typically the unknown anti body DNA
lahdbomqnalls egemvatesofithe pwintoteer Tihheettemyay dditadun odndGhlpore
or ht chain (V enes _ .are WD 2004/ 022746
S99 B0 1590 690 o SRR ap Ao stges agps WE%P%F RE2
B%él@%sﬂ@ B} DEABNBPRIRIS! AhBRRORE. e‘Ve&BQ may be used in
transl ati on sequences. Thus, repA fused to a D%

Wittar, ﬁmyexampteeﬁor the poatbdtipn of BN orRN Arap disexktd thosfieck dro

t he DNA encod] that rotein The nown chai
aﬁla%”a%@%a?&% T bp B R A Srh S of bt Teor A afdb be

xressed wepsr ey &bfnbrérlll afzn&t@ad Mg&&ﬂt&@aﬁam DNA
gmant cont ai ni ng the repA and the rst

' poI y p@pinatersfand iothrer pxw‘cmcnn regatamysigiods 1f1kY bé sedented to be

BRens prdh 3B Rosk ] o SREE TR SeREnRh ot Smply, eas

ﬁﬁl%é@tu?ciud@ K4 ezteb%zde'd%ﬁl é(ncPf&D‘I‘ﬂ%ﬁMhﬁ, l@b@rﬂb@hﬂilednﬁsadh
10 are fused to the repA protein and thereby

bmmmielt ManhlaalmA)rﬁlmr)tetSheclud@(’rh@\met@llmhlnnem'15tmnoter which can be
fu onal Fab Li br ary can t hen be sel

e g SrenaiecieR o Ha EHbES CHTIEay T R
'SQ/@f@tlélgé Qdanl?Me 1%ﬁfo%‘é?%'1 Q@en@@fi&oﬂoﬁfotébﬁla& D)6 BE 'u@éH All these

co ing the selected l1brary nmenb

Bmotde alermymbeavaila)hdedﬂilmiaﬂ a vector. In one 15
enbodi nent.,, the DNA identified by a nethod of the
i nventMaspmaliangyemaisrs; seihagdaqtiy paometﬁﬁ: Psp bs diggefe ndesue-
PGP RRE B ol BHORLR Pl phoifo RIVARPHL T B for

bgangfle Giepviekmiep muvige lakaenfin irue fomg tapeanalrbyeat {MMIBIJLTR),
refers to a juxtaposition wherein the conponent

Hegens saepmag ‘élrtilSr{R§V) ARapoBeisi the SYARIPEQIMPALST: ttll*f‘el?ﬁnﬁ?él
LUBEER 0.0, AP LGB IROUEE oy SO RRAGNPR e v
TP gionght&e)] e HPY promoeess, pheieelrly the HBVthatrmy réfghfatory region
eXﬁEESSIon of the codi ng sequence is achi eved under

t Vérkpropetgsateseadivie flabltentegyyt-at ory sequence.

Such ??Q g?& rmx?‘ f{1 oﬂ%luﬁ% & 181%6 @ﬁl&[lng ﬂ{ésﬂorlﬁﬁl%%gtlﬁé’]of

the a or ‘exa
isest\eevihp ﬁs&lﬁﬁadbinulaleaﬁdiﬂsdwlﬁmﬁccﬁﬂ}ﬁi1@@9@1&&16¢s&t@1010g0us to

ans
'S sucrfl as the

eukaryotic genomic sequences, preferably mammalian genomic sequences, or viral

genomic sequences. This will allow the introduction of the polynucleotides of the

invention into the genome of eukaryotic cells or viruses by homologous
recombination. In particular, a plasmid vector comprising the expression cassette
flanked by viral sequences can be used to prepare a viral vector suitable for
delivering the polynucleotides of the invention to a mammalian cell. Other examples
of suitable viral vectors include herpes simplex viral vectors and retroviruses,
including lentiviruses, adenoviruses, adeno-associated viruses and HPV viruses.

Gene transfer techniques using these viruses are known to those skilled in the art.
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25 initiators, pronoters, enhancers and ot her
el ements, such as for exanpl e pol yadenyl ati on signals

wobkioglo221éy be necessary, and which are positi oPEGBR003/003860

the correct orientation, in order to allow for
protein expression. Qther supgable vectors mould be
apparent to persons skilled in the art. By way
fR@mohleus eoctarp fas examplsingay heaged th siebly aftegrate cbheammwtﬂotlde
viect or.s

Bl SRt ad ni G B O LR PR echPut! el Rprtetective
QRéDvRuhredtOR by Cohtr 3 rentidi ep\;@mﬁénana AR flowf Bdnsiche
expression of the said DNA 2004/ 022746
P@mﬁ@B2003/003860 25 and optionally a regul ator of

ter. The vectors n one ,or
ot co IR £ arkEr vy ruay popetS Herb B RAGAT PR e
neYeRIBNRR /NS th@?éﬂﬁﬁe BBy Hlfenﬁ)er baghRfak @bmain@%ggasiq grch as
a resistance gene for a fungal vector. Vectors may
USABA| or engymates asbays véheamqipeoifrizte subethiﬁaagiu@tfomxaofplem\mloul

S BT LRI oBhr BT RLT 2uO B g e
RYiaBleso be adapted to be used in vivo, for exanple

in a method of gene therapy. Pronoters and ot her
expr eds hpnlter eguleamh@dus&ngmaﬂ)@mgznﬁﬁeé B} eotegftbdtad theeinvention

at' bI W th the host cel i ch ex eSSI Qn .
B il b eapEipa Ster. SHhRErS: FALPY Bedap futher
@Ea[ﬁé’tbﬁie&ﬁe@?\% f@ﬁ&aﬁ@'ﬂ:w&ﬁﬁ&ﬁﬁ@ S. ponbe nintl and
O pronoter. Mammalian pronoters include the

nret aI IAdteativelynligandsrof mtereshimabi be adentified imidiaetendorniing.
se.ta a t.als such-as cadm um Viral.

SR ROl PE sSSP R ne RS B P SO Ph ol it DA

Qéqlﬁgﬁi@qydorv&%dHfdﬁﬁ?%@réém’@%eﬁﬁb& orhR 1H§e§1@0n Alld sEc!ﬂﬁ:%@mg of

prom)ters are readil Yy avai lable in the art Manmal i an

prdmdudr&NAs uhvesd Romctucina p@romngm@thoriaﬁudemdmal DNA

Ti ssue- S eC|1 clgvt ers are especially

ﬁ?oé‘FB?eFé’&aY PRI ARRERS. ey al so e used, for

exanpipge LRnfiB Qg@%cmdéé 8815 kg lﬁ@@é‘%e@n‘ﬁﬁd’dﬁed B8R press a peptide
term nal repeat (MMWV LTR), -the rous sarconma Vvirus

(dR8tfied FiRa pradimst eithe nﬂwalt@mﬁn pxmnpltaéwy mtrmhlcmgrmmpressmn

t omegal ovi ru | E pr enovi r.us,
ot aRsRetiaRo e el S s b Spusigh pymgererably
E‘tragm@{e? eul Rg‘}ticcdéll@irnké’ shdlasHEMMBRES QARE BRERER, Ylsm% for
regi on Viral 'pronoters are readily avail
lemaxmbie aé}atulox‘ﬁhms aKPoIsHDN ﬂmenﬁ uowmesrukalryotm ddlsseghengest or

P BEIOPRGEN UL A BECHRAL  Borar ool SEHOBRY BheHo Nt Uigotisbe
bR dified by insertion of vectors encoding for a peptide identified by a method of the
invention include mammalian HEK293T, CHO, HeLa and COS cells. Preferably the
cell line selected will be one which is not only stable, but also allows for mature
glycosylation and cell surface expressibn of the peptide. Expression may be achieved
in transformed oocytes. A peptide identified by a méthod of the invention may be
expressed in cells of a transgenic non-human animal, preferably a mouse. A peptide
identified by a method of the invention may also be expressed in Xenopus laevis

oocytes or melanophores.
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eukaryotic genom c sequences, preferably mammali an
genom ¢ sequences, or viral genom c sequences. This

wowdok/ozd7HOw t he i ntroduction of the pol ynucl eor¢Tie82@B5/003860

the 25 invention into the genone of eukaryotic cells

or viruses by honol ogous regpnbi nation. In

particular, a plasmd vector conprising the expression
cassef er def thahthe divteption isghors é@iuewa@sctm epbodigedtstvgll now be

vector suitable for iveri

BT MG ST e YREofRoiohis S Bt act R dibldifp wien
ggmﬁﬁc@%ﬂﬁphg&esga0§U|tabIe viral vectors include

herpes sinpléex viral vectors and retroviruses, 30
including lentiviruses, adenoviruses, adeno- associ at ed
Vi rus HRV vi ru nsfer t echni

st o ERABEEs o7 Foret B BnkRGRR St RoReeer e P ST R
art. WD 2004/ 022746 PCT/ GB2003/003860 26 Retrovirus
vectors for exanple may be used to stably integrate

Miztepial w@kmud@le gi Vi ng rise to the pol ynucl eoti de

t . R { d A
adenoV Pt dTTUaE BRECHy=TR PALLS B! FPIOPY gifdesgibed in
Shebeda ¢, & dl 0‘1\939 RIPFA. SRhlysi8BPFRERKIBA en:%m@"(ﬁ@estlon products on

expressi on vectors may be used to identify | rgands of
iagareseegsls, N4 purifiodtimowisieg phivaal/chlomefotry stokk splgpernsdpreparation

standard bi ndi ng assays such as
é{P@ﬁPﬁﬂg%nﬁﬁﬁﬁé%ﬂ@ assays where appropriate
subst RhLE3] 9\!11}665(3 B8 en@XATP B@l cBase@ Q] SIGNIADARIrich L&tPoole,
em ssion or uor escence. her functional assays

Coused, BE. 1 $8igonwhHentides worsi dbtdhhesl frard SIGMeGeheoshid | ve

T PRHR TB 5 Rl ABIBHEUE AROS S ROFBETbe0rbi foet Bomesa

PUE tso%tﬁé%s?ﬁt&{ Hmsﬁﬁe WsgRd, Deeﬁ Véﬁtrh%ﬂ Ta§ TN AGbBhicsRel Rore

DNA, for exanple by sequéncing. Alternatively, |igands
obtainetddras Nemalytgtanddintabs (@Jlnlmdghsfute tloni Tagplus DNA

es of it e t hods .i ncl, ud he .in vjtr,
B PP ER o STt e Pk I A Ertame it tlantd), o
QBT Ras PGS f@mglrnﬁsmp!qgfwér@ Ebiahé8 HohPBIO AN La Jolla,
sequenci ng of i'ndividual DNAs recovered fromsuch a
Satiéenianl. S hadi-hEnahigk ndiibe desafrorDNAmuselpgealsdiravaiztd
gtlonally be anplified. The invention also includes..
gQriosdshirgt U antisaRyqadlvdonad fios ¥sperekabs dngEaniyiggeshire
'Udﬁqt Jin{d 91—93 affti 2%% Qxfbcgnqi {é’a%mrldggshnfe K&X S%Ral Block

roduci ng an xpreSS|on vect of as descCri eé
ahmkmgl dgemt wireobeghdd fl(ﬁﬂ@hrfﬁ@sblsllderfﬂllaﬂﬂet Udbsi ent, or
preferably

Example 1. Isolation of specific cis acting protein-DNA complexes

The in vitro expression constructs were prepared by sequentially adding the
TAC promoter, the c-myc epitope, either the human kappa constant region or the V5
epitope to the RepA-CIS-ORI region, by PCR amplification. Such constructs can be
prepared by many methods known to one skilled in the art, for example, by
amplifiying different fragments of DNA followed by assembly PCR. In this example,
the initial amplification template was the R1 plasmid which contains the RepA-CIS-

ORI region (Masai, H. and Arai, K.(1988). DNAs Res. 16, 6493-6514).
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st abl e hi gher eukaryotic cell |ines, such as manmal i an
cells or insect cells, using for exanple a

wWhawulozarie us expressi on system | ower eukaryotPCT/GBR0I0S/003860

such as yeast or prokaryotic cells such as bacterial
cells. Particular exanples ofg8cells which nay be
nodi fied by i'nsertion of vectors encoding f

pept i g@ Brijesy |aﬂipé1ﬁ0ﬁ5}0naTh%Rhlb‘él @e- Qﬁ’q]elez@nl"f?@ é’ r@(Pt gnplified
T g R T SR P o

lo$ emltomé ym@ts@biEa)AH@R (SEQaDa1h QM@ORQREVE(SEQHD 02) in a 50ul
gl ycosyl ation and cell surface expression of th

pegstipel eontERpeds gt dhhlP sp - Sats J@@mus chtsmd%%rm@dnelase
?@}?fegcf‘\ orpbewﬁ'gel (@trét pfeng ![1];0 %jns?é{d%? étpgr?ant(a%)atrl;[;g Ie{rl;:PAFOR

ﬁb@iﬁxdi‘ umwmsacelﬂlm re1ﬂro$ftlwla@A/c@ilﬁ@tt§ﬁm %@@MRE’G p3lner
fdentified by a method of the invention may al so be

arpradsiodhe P nenderfdpuBon-eadingORbERgjAes or nel anophor es.

WO 20 Fe%c?tf’o%s %Té C%%ﬁgcp y ﬁ % gfp(? agorg ll_\r/gao%l{ %g%l{ﬂ; fb\?vitllc&&% of 4

i nventioh ers
lﬁﬂ%ﬂé@ancﬂ?§§d¢bﬂ@ﬂat |9m mﬁm@w@ewsb chyleayo0E, £xaphd; 60°C, 45
only and not of limtation with referenceto

iseronfls; g7@r @ﬁmms ’Qllmadrby asingfe aysleel Ogninpiss at 72°C. Reaction
t,he |
ceéé]ig* \Yege glﬁgh%ltoﬁeg gﬁ?.aﬁ Iagq n?ﬁ% gel %xuged Q}% Wucts dpurgied from

roceaur es

t@lYe‘ Jwﬂ ‘?nt@ r4@ ﬁ?ﬁ& 18 RRiker Gaink a BB cH8SLN kRededring SRR MR facturers
1989 supra.: analysis of restriction

emlmmm @etslt(hloha b:lbdG@luﬁ;rrom U8\ agarose gels, DNA
purification usin henol [ chl o m ck sol.ut i.on .
pr epar('%\)taée&ﬁn dagy a‘ﬁ%‘é‘gﬁﬂﬁ’ﬂ ‘%*Flf(ré% )5%151 Oﬁé“neééilﬁl@?eéllgEF -purified

E}g{%?%?e&%%g@%éct \Sf% ?3 &Hg;l gon uc%f eot el S%\;ééﬂe&%&glnhgg

TOKORE X GRASERITDS)A3 ahd @RIRE&(F(BEQd[@b@J‘)Im e 50l 116ac)t10n/&mnmmmg
aci ds, and S30 extracts were o | ne om Pr orre )
CeZdnpdsiN Fhsnpo awits ﬂia%wrra@sww gﬁ%ﬂﬂ@e 5%flct10n

%ﬁpﬁt%%ﬁi d%@gﬁfdragp s\%h%%qflésf}ggﬁg%ﬂagbﬂrmlmer anneals to

folgd y’neafdas?ehe/\mnmb’traacneni pfodaon Btirappagie tiee 3°rpart of the kappa
(Anst er dam _Net rﬁrl ands Gened ean

] ge 4
,saml}té%&%wa t betimpeanesls i %@&5 pi the pEmasy

b Aet. U S. A ), anti-human | gK antibodies from
f@n’%‘ﬁégﬁ% Cal's Direct Ltd 20 (Oxfordshire, U K.),

ant i - POR/eapodng sepnariéd amovedippendabdlastec Cycler for 1 cycle of 2
n%lrlrtte):g Ialgag ?SS Qe!conds at 94°C followed by 30 cycles of 94°C, 45 seconds; 60°C, 45
seconds; 72°C, 2 minutes, followed by a single cycle 10 minutes at 72°C. Reaction
products were electrophoresed on an agarose gel, excised and products purified from
the gel into 40ul sterile water using a Geneclean II kit according to the manufacturers
instructions (Biol01, La Jolla,‘Califoi'nia, U.S.A)).

(¢) Third amplification. One pl (500 pg) of 100 times diluted gel-purified
primary reaction product was re-amplified using 12.5pmol of each of the primers
VS5REPFOR (SEQ ID 04) and ORIREV (SEQ ID 02) in a 50pl reaction containing

0.25mM dNTPs, 2.5 units Tagplus Precision DNA polymerase, and 1x PCR reaction
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U K ), and anti-V5 anti body from Abcam Ltd
(Canbridgeshire U. K. ). Superblock blocking agent was

w@bdoaiozasds f r om Per bi o Sci ence (Cheshire, U K. )PCE&B2B3003860

1. Isolation of specific cis acting protein-DNA
conpl exes 25 The in vitro expgessi on constructs were
prepared by sequentially adding the TAC pronoter, the

- buftye(Sspiagepelnc e mivisrdanh detharand R aPraV SREBK @R (prinegiaoneals to

he V! i.tope ta the RepA-Cl S CRI
ot rrR e eRm e SrrBoh Sfodieb e el i, B4Ry Shiope
MROX. TR ORUSE Y pier bignANGo $kd 3'L&[d Jdfthd ﬁlﬁnﬁfytreactl@ﬁ product.
exanpl e, by amplifying different fragments of

foll O\B@(R topctis eveid garpehoution a Bprendod st Cy@@l famd cycle of 2

It Lif t t he
Rt enh i Brsrendi SR e Yol Sy SO FRbareropds: Gig 45
RE@nds: Kot & 9B BlnutddNAsIoRed b ]a@mg@él 166ﬁ)1-14ﬁnuté§Qt 72°C. Reaction
2004/ 022746 PCT/ GB2003/ OO:’-'/>86O (a) Primry

avmniuchl wet elatropioecsRe plAamaﬁl R Gei egtiort amsprfERts purified from

El:xtggau[ﬂtg a ?eigg,_l l g fgge egbwthagﬁcfl‘gljégléa tlgfcrrcl)iupréacturers
%ﬁJtl%fl&ls%P&%%:{ R, tE{u%ilala and ﬁﬁl REV (SEQ ID 02) in

reacti onh containing O.25 dNTPs, 2.5 units

Taqpl ié) Fyuethi adipdificiieh. pmbyuirﬁfr(ms;g) oBld)O(tuBéRliﬂLeatpCKNS
buffer (Stratagene |Inc, Anmsterd 051{2 t her| ands

. Th
R@Ammmg)rl?éﬁm%?fr?@alp gfqhs Pt REr NGB R REORDLRS) and

gﬁ&k]@ o B
-end- E@tlg)n%l% -(lJ-Eggo | ng OH{%[HH})@@ %@kﬂrnggg% Pgsn%mts
E]_Flug Redcisish DNIA Lﬁlﬂylﬁeﬁw&ﬁl@lﬁ){ PCRE!Sﬁcﬁfonﬂgyﬂﬂeﬁ(rStlfaﬁfgeﬂe Inc,
f 4 mnutes and 15 seconds at 94C fol |l owed by

35911@91‘@1;&1@5 Ngthedads). Abe p&&ohplasmpuiconipms thphwaapkappa constant

e b Y,
o ORI o 3%, TR B, ol GHEBrden T, 0oL
aGai@sE 3ged19-2Rcing &gk af dpllﬁf}ﬁd]lNAS(Q@mtheﬁllJ ad onﬁﬂg‘fDFt HEa.ney F,
el into 401 sterile water usi \g | ean
%@@mgam@j Wb Rpedakdilii 1981 dr @y uq%s’h déﬂ -6hd he éﬂ‘é@@i&F OR

I )
é?infe? n‘?ea s.lqg r‘%lllef g]e@el'd?)’f ltéol%p‘é‘a }an Jg%b%ﬁ? ﬂﬂnlggxr%)filam)eenéls the 3
g»afm@ tid MIYQﬁepltbﬁe DN AVEl CICREVI 2iind2ra@aksld towds3’-end of the

re-anplified usi r}%@lZ. 5pnol of each of the priners
a BEQOPI@ ) and ORIREV (SEQ ID 02) in a 50I

reacti i ' T )

Pr oci Lo BN g oI el Y e MiRl] Eucl®! iE g eyple or2

(ShiRs age nPsdcbids A8 IEfliamed N@Bberyuam@lis% CHBsChiREPEOR, 45
primer anneals to the 5 -end of the primary reaction

s@@s@d&,ﬂ 23hd mppierd flioked By apinele efcla Hemiagsat 72°C. Reaction
products were electrophoresed on an agarose gel, excised and products purified from
the gel into 40p] sterile water using a Geneclean II kit according to the manufacturers
instructions (Bio101, La Jolla, California, U.S.A.).

(e) Fifth amplification. One pl (500 pg) of 100 times diluted pCKV5 plasmid
using 12.5pmol of each of the primers MYCVSFOR (SEQ ID 07) and VSREV (SEQ
ID 08) in a 50l reaction containing 0.25mM dNTPs, 2.5 units Tagplus Precision
DNA polymerase, and 1x PCR reaction buffer (Stratagene Inc, Amsterdam,
Netherlands). The MYCVSFOR primer anneals to the 5’-end of the V5 epitope DNA



10

15

20

25

30

20 constant region DNA. The ORIREV prinmer anneals to
the 3'-end of the primary reaction product. PCR

w0 e@a2owe were carried out on a Eppendorf MasPE&r/GB2003/003860

Cycler for 1 cycle of 2 mnutes and 15 seconds at 94C
foll owed by 30 cycles of 94CG0 45 seconds; 60C, 45
seconds; 72C, 2 mnutes, followed %y a S|Q?Ie cycle 10
pivch epreesdsithe B2 gart REte N ¥R epBops Do {ldhie WeR&EV primer anneals to the

| ectroph sed o n agarose gel, excised and
'8%%8€@eQﬁﬁﬂWD8% sm the gel into 40FLl sterile
wat er pgRi ﬂ%ﬂct@n@@d&ﬁ%a@@éﬂ dut okiatEpeRdreiMAGtet QFéIBIefor 1 cycle of 2
manuf acturers instructions éBIOlOl La Jo

grihiteps b sedosisat §4°Q f)lowhil bl 3iwptles ofdt ¢.ofs. seepmdst 60°C, 45

- SGaeeRon Sroier bty B b Pt B B gEes B B Reaction

%%&ﬁc@fwélé‘gle@tﬁdwﬁﬁﬁféed SRR R, eRESd AdFddiRihurified from
IREV (SEQ 1D 02) in a 501 reaction cont ai ni ng 0. 25nM

dNT 3 int@ 48ulmdrtle whteq phing a RPreaetleanolh kiDisiecqpding nehasegnudastirers
I x PCRre Ctl 2004/0227 / GB2003/ 003860 29
BFfeiionss Pﬂpigéxgﬂﬁﬁgﬁfgﬂﬁ%ifééﬁ¥ Net her| ands). The
VoREP 1?§1}Hf1 a [1ﬁ@«ﬁf?) abge LP l:J. b?g éf ngn&fdl%u%ﬂ
n e the V5

react i pro ct an appen 3" part o
@Iﬂsh‘ﬂb&eﬂ A 17H5emORbREVh pf thrgtinn €AICS (BBEQt 0D andnd

TS B b ST 5
aftes P O B R g Mg S gl e

mrﬁlsuéﬂSm Nellhhﬂm&ld) e & AﬂBlrngﬁltﬁmW]ﬁbaés fb()t(ljmﬁ hemdesf the TAZC,

React t rophores n an

e e ONebd P N T OGAERCPRAE GG (0 B EROOGEE TA o

?)9(!1???1%19151\1{1\6 Maaﬁ)géncfﬁl'lef@ rtciﬁqﬁé:w ?% (E% (l)jf\lﬂc cording

e nanu rers tructlons La Jol | a,

Cal i f OR @actidnSware) carrldd qudon Edippbi‘ndcafﬂvlastﬁr Catlefor 1 Opele of 2

(500 of 100 tines diluted pCKV5 spd us
mzmatswdg sz seagieds ap P4 Qq’@llewﬁﬁéwomw @ 61@1455?0 C, 45

8%%%% %ﬁ%@phﬁﬁ%Wé@ kl’_aa g%gle c ?%E:Ogﬂlgﬁ% NMfeaction

@ﬁﬂdjlﬁﬁfv&?é&é eleatishhoresROhh fieagiosezehekdissd dnStpradueggneified from
[ nc, Ansterdam Netherlands). The pCKV5 plasm d
torgehimie 4D pksterilermiatek appa a Sisneelean I1 LE ap@gqh@a t%lbmmufacmrels

Cu & Ha W.
%ggﬁdﬁg QB“FQ%E@%LR%§5§HET@QE£$géﬁd the V5 g;:fope DNA
(Sout hermysd éﬁserﬁ@lﬂﬂ?%neﬁ!ﬁ%ﬂ@ﬁ fof eamaféaeﬁd?n }ngucts in (f)
RandalT" RE. 1991°J. Virol. 7).

MYCCRRERg 50 pmol of each of the primers TACS (SEQ ID 11) and CKREV (SEQ
ID 06) in a 50pl reaction containing 0.25mM dNTPs, 2.5 units TagDeepVent DNA

" polymerase mixture (20:1), and 1x PCR reaction buffer (New England Biolabs,

Beverly, MA, U.S.A.). The TACS5 primer anneals to the 5°-end of the reaction
product (f) and adds 20 nucleotides. The CKREV primer anneals to the 3’-end of the
reaction product (d).

PCR reéctions were carried out on a Eppendorf Master Cycler for 1 cycle of 2
minutes and 15 seconds at 94°C followed by 30 cycles of 94°C, 45 seconds; 60°C, 45

seconds; 72°C, 45 seconds, followed by a single cycle 10 minutes at 72°C. Reaction
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prinmer anneals to the 5 -end of the kappa const ant
regi on DNA and appends the 3' part of the MYC epitope

wObw4/0T41é6 CKREV primer anneals to the 3'-end oPCT/B82@3/003860

kappa constant region DNA. PCR reactions were carried

out on a Eppendorf Master Cygler for 1 cycle of 2

m nutes and 15 seconds at 94C foll owed by 30 cycles of
priGuctd SveseclocithphoBed o agserse igels excdd®@,and pnodugtsgsyyified from
fol |l owed by ingle cycle 10 m nutes at  72C. Reaction -
Bregish it Aesterdy Baer Bﬁﬁ%? Gaerigm bt a¢rardjag tybe manufacturers

25 the gel into 40l
gﬁgpﬁﬁ% \%a?)érm E%Lb%ilg %enec?eeanpﬁn kit according to
the ng) lﬂea@tdﬁseﬁﬁﬁbly PORL. 0#1@&[!1 @S’USng)Blfeé&lof th@redaﬁdrﬁproducts in

Cali forni a, ﬁé‘é Flftha i fication.
i) 50d (ﬁbasntﬁ‘%moltqf T i the PRECRGASS gﬁ%@m)dl) @,@d}e{éREV

0 o L O R e

ONZO pMyEiNTARs mixtufe (@0I1Y, San'(ﬂaﬁtmGIS rdAee& wifes (8 leﬂ‘dﬁiland B101abs
ol ynerase, and 1 x PCR reaction buffer (Stratagene

AESTlyAMEA Y Satn)- ThackAes prmgs ymesisdo edvspdRrf Bﬁlﬁ%ﬂrﬂon

BBRERGB e REa it 038 a PP R e og of e

Rattioprotifi@ (BYC epi tope DNA. The V5REV priner anneal s
to the 3 -end of the V5 epitope DNA. PCR reactions
wer e Bﬁ&lpwoamwe@rﬁaa@wé Al 8 EppRrdorieMagtprCeglerrfgy 1 gycle of 2

T I

de2onds3 Ozscecusrsé@ondé ,abllexnedibiby siagleich@b &0 eyiahtes 4107 2TCTNRéRFion
at 72C. Reaction products were el ectrophoresed on an

a@dn@tg avegfetlecteopbpisesdl amah gmapve Eels exisadfand gradusin putified from

nto. 4 eril e water, us

st st i s Be £ Gebfutt RTRISRIBRD hpfinfecturers

h@trd&kdn@(BQ@bl fL%rJ%H@ Céﬁf&nﬁz U.sify) Sixth
anplification.” One (500 pg) of 100 times dil uted

PTACP@AThitd apkmblyi RfR. r@de) pluS0 ng) dfZablpotthe ofactaic prodificts in (b)

S5 6 B B0 10 PALYA t5h BEE SHAI T AL RITIRNS) 2hg O TREY
cgﬂ) o*?gpif ;@1 B ﬁb&b&lﬁaﬂ}l@ Mm z@%tg %268 pVent

tion t r at agene "l nc,
NNA] polyarcsy muﬁhm (ZAC3 qnmmﬂ’rClhmaeMmbLtffer (Newi’n%ngmnd Baélabs,

LR i QTR e MCTACHEY L atncel o 16,
9 _eRBS L thOFeab fish M&}Jc? @é)t PREORNREV primer anneals to the 3°-end of the
reaction product (b). The reaction product in (i) is called TAC-MYC-CK-REPA-CIS-
ORI (SEQ ID 12). |

PCR reactions were carried out on a Eppendorf Master Cycler for 1 cycle of 2
minutes and 15 seconds at 94°C followed by 30 cycles of 94°C, 45 seconds; 60°C, 45
seconds; 72°C, 1 minute, followed by a single cycle 10 minutes at 72°C. Reaction
products were electrophoresed on an agarose gel, excised and products purified from
the gel into 40yl sterile water using a Geneclean Il kit according to the manufacturers

instructions (Bio101, La Jolla, California, U.S.A.).
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PCR reactions were carried out on a Eppendorf Master
Cycler for 1 cycle of 2 mnutes and 15 seconds at 94C

wo odosoeazds by 30 cycl es of 94C, 45 seconds; 60QPCHEB2003/003860

seconds; 72C, 30 seconds, followed by a single cycle

10 minutes at 72C. Reaction 3products were

el ectrophoresed on an agarose gel, excised and

pr oduci Fomtl hdsei@bllyfRCRN Qe {1INS0 gg) ofl aatipofHE redceiv b®&ducts in
wat er using a CGeneclean |1 kit accordin

to th
e airhdy oF Bying 59 paiok pleach ﬁgﬂ‘FE?iri@F@f’:LTAQé%@Eal B 09) and

. . AN 0
AN B 85 s Rl SRR TR
T2 DeeBEnp A p&lyﬁﬁﬁd@e ﬁﬁ‘{thhae(Zpﬂb iR 9 x PABSrea8ida budfet TNew
and. CKREV (SEQ 1D 0O in a 50l reaction containing .
GEnaaEanes BSsert Dbt 4 STAGCESVARE PERA 25egls 2 dgtides

PR o RO OB ED, P s e

Aid Itedndatmigadesction produch{b) €Nk @ction@réd@rcin @nis cailddnec-
ﬁ\@{’ and adds 20 nucl eotides. The CKREV priner anneals
EhEBREPEISORIKSEQIRA®) on product (d). PCR

e RS R SO W 9, ERUSPRL MRk o

%ﬁ@t@@brﬁ@%@cbﬂdsﬂﬂ 9¢3@3fc¢155v\@ﬁ bP4Ccydes SERIONM4S sedbikds; 8 C, 45
seconds; 72C, 45 seconds, followed by a single cycl e

i@pqiﬁﬂﬁljtx.e(g lamumm;folhg%g’éithyoqqmm oyda | popges at 72°C. Reaction
g%lc-{ug{BZVQqu’ lggt?c%%glesgdlm%ﬁg%%%s% & ur ?mgédea(ﬁ'ﬂ 9&2{9 seﬁ?%ea%om

ftﬁaegeﬂ; &to |40|§103té‘]:ﬂé- wate@ibihg a\@hesleatsIl RY aac&?@lﬂe% ﬂl@rindriufactulers
kit according to the manufacturers inst ructions

{Btiogdans (Bio10d) LaloligaCelifornia.d].SB.5. A. ). (h) Second
assenbly PCR. One | (50 ng) of each of the reaction
products in 5 (f) and (e) using 50 pnol of each of

the ppidpRfasiol 6ER: \(lﬁg@ahﬁl1]15@1})n/ﬂﬁﬁ’slé(§vﬁ'-:r¥act16§|3@1€| 2 dfh W set
a 501 réaction containing 0.25mM dNTPs, 2.5 units

TagDéepVeng 2 Potegidiagtesinblsmanientplate S@@@O@)led mgrd x

PCR re ctl on uffe and Bi ol abs, Beverly,

RRDSCE]P ml(t‘fms ?%ég\%waﬁg?cﬂoﬂf'neal s to the 5 -end of

tzbﬁl T&é%'Y@JCKDREﬁAC@ISCCBM éﬁgﬂééi {535,800t %‘1 eRtsh8SDNANSEQ
EV prinmer anneals to the end of the 10 reaction

m@dm@box(eeﬁouﬂ’m@ BECE VIR ERAFEISc@RI teatplate(0.6g af final
Eppendorf Mast er Oécl er for 1 cycle of 2 mnutes and

%n%l@éblaﬁé QA8 sbretl HhyomDletsyamming agifl npixcProgsega); S0U
SSRGS BT 175, 5 RRns ofel! oved

and the reaction was allowed to proceed at 25°C for 30 minutes and placed on ice,

then diluted 10 fold with blocking buffer (Superblock (Perbio Ltd), 0.1 % Tween 20,

200pg/ml herring sperm DNA).

DNA-protein complex capture. NUNC star immunotubes were coated with
10pg/ml of either anti-c-myc anﬁbody, anti-V5 antibody, or anti-human kappa chain
antibody, in 500ul PBS per tube overnight at 4°C. An additional tube was left blank
as a negative control. Tubes were washed 2x PBS and blocked for 1 hour at room
temperature with Superblock/PBS/0.1mg/ml herring sperm DNA/ 0.1% Tween 20

and then washed 2x PBS. 500l of diluted transcription/translation reaction was
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products were el ectrophoresed on an agarose gel,
exci sed and products purified from 15 the gel into 40l

wGe@diokmamat er using a CGeneclean Il kit accor dP@yGBR003/003860

the manufacturers instructions (Biol0l, La Jolla,
California, U S A). (i) Thigg assenbly PCR One | (50
ng) of each of the reaction products in (b) and (g)
addadstorgetb@bp amd inphbateldt rodm tidrepepatireeios 1 RA@3 TOBEQvdDwashed

R INER IR T -
PSRRI R e ST g B o

FITE fB%ﬂffe@Plﬁ@ @b@ul%@ﬂ&@hﬁﬁbﬂoﬁﬁ%ﬁ@ﬁﬁkﬁﬁéﬁﬁm blkidee This was

- end t he reaction product (g). The ORI REV primer
anmtetﬁl@d abl 3, Hededor énunuiﬁs mﬁbDNAeme@p@a’fecbwda@ci vqlppe of 7.5M
The react | pyoduct

FAERES xR G ogh bidats® Bt Ot absoputg pangl Ffiving
‘é@ﬁtﬁf&‘gﬁﬁ&h 118 kveRNwASHER REMADNS ctiied S¥acligldeled bad 1el;uspended
cycl e of m nutes and 15 seconds at 94C fol | owed
&07%/10)1/5&& 0bI D B cottbred EXOhdes rGOPlifidd in 3@1dcrmsl:$lpn§@(ﬂ1 TAC3
ninut oI Y. 'nIe,c cle 10 . m nutes at 72C.
R%]:a@tu%é}? %‘%@ﬁ@’gﬁg <§EP§ 'H'%}S?ﬂgﬁé%t@dl RERuEH WEr ose
A BLAr from the gel into

%%I tro}tﬁ%‘;él:sléggagpg/r %ag%gtg]aégn(ggu%k H kit according to
the manufacturers 30 instructions (Bi0l01, La Jolla,
Cal i for n| a, U S. A ) 04/ 022746 PCT/ GB2003/ 003860

 EoyfDARALL ke vl dPIX (50 ng) of each of
the r%@%émhﬂ% EE§51bﬁ‘cor{sm1ut§‘gh(g 17%1d@@91§%a1%§

of each of t 09) and " ORI
(dSEQbEDir0anipie h“ﬁfbmseé acd sadertion ek pdrimang afai @S aivi-diNiRs C-

FaEp Riposk ket b GRS (NEVEeE! RGP A VE] Bpageed dnd
?83 £l Yror M&:p anén% eitHe? B f %—c@@r xﬁg fngﬁlgd%:cm?ﬂhé ﬁ%thylamlne

nuc eotl eamto e react’l on
Wﬁl@ﬁh]tﬂhlcﬁrgfomﬂ'lalﬁ)tﬁﬁﬁﬂil apd BPErA . dihesainsthbds art escdibedhelow.

AN TN O T T

t I . B
ST PR 10 HEE ey M haClhef uERAEAAPIoLs ARS cBpendort
&%aﬁﬁISIOpV\@chMmBQpH)SCS)eﬂdm 94C, 45 seconds; 60C, 45
seconds; 72C,. 1 minute, foll

m nut éfgleghylarlz(rp tb@eg@f: 88 mulyp%tgqj éQ@H\%p %ll 1§th§?'anli§e £ 10
?Alﬁ% [ ORNRE %§ @%@%9?@6:9 Bhnst&¥R 593 gppendorf tube

pro S pur |
and 250ul of IM Trls (pH 7.4) added.

Phenol/Chloroform: as example 1 above.

Proteinase K: the tube was incubated with 500ul of 100mM Tris (pH 8.0), 10
mM EDTA (pH 8.0), 0.5% SDS for 30 minutes at 37°C. The Proteinase K eluate was
then transferred to a fresh eppendorf tube.

EDTA: the tube was incubated with 250ul of 10mM Tris (pH 8.0), 1 mM
EDTA 500mM NaCl and 250ul of Phenol/Chloroform for 5 minutes. The EDTA

eluate was then transferred to a fresh eppendorf tube.
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the gel into 401 sterile water using a Geneclean |1
kit according to the manufacturers instructions

w@ Bioaalig6 La Jolla, California, U S A). 15 PrPQOHGER2000/003860

of in vitro transcription/translation reaction. The
reaction was set up on ice,sqsing a Promega bacteri al
linear tenplate S30 coupled In vitro

tr ansairﬁemeconéxtyroﬁWﬂthethAemstHlmnoWhloaﬁ"mﬁmb)ktmw:d Rkre

gg&égﬁ%t kﬁ&géggi§%ﬁ lﬁe%g%tg%gg g?scr %5& n Ifixample 1. 10ul of

f
Kt Mhed B sﬁ%%a?%@gﬂi%hﬁ%@ ge;aeu&{% \ﬁg})%cg't(gﬁggrll) O and

AISRER (SEQPDO ¥ gaimer8@The (3SREN®immex; anﬁé)ils B3Dbasexypsamain of
th t d 25C f 30
iechinese aiop RRA SSERIRYS. RedhCapidied Ve fesiepihpiohed on
g d%: g%@@sf% %@1 (&l%égl%f Bld gﬁ‘é élﬁ%rll{%A @KLENL)A uogtajmn{@f TR0t

( erring DNA- prot ei n~
CORPIR A2 cam mléiﬁdaumfamtcammammﬂqot\utws amewgs.coat e d

wth _10g/m of either anti-c n ant
ant i bddi “%P“Lé(ﬁ? S WARRPIR Q5 g l‘g%g‘i’% C{eéﬁ&?eﬂ&éﬁ%ve Oﬁles”v%%?mg

as a negative confrol. Tubes weré& washed

IP g’(ﬁ &ﬁsnl#ﬁ’ﬁAq}’(ﬁﬁ '?{egﬂtcaﬁ%e fifed, OV AR %stu'ltocf‘s%l subsRes tﬁ@tq{epA

2xeRBS imndobicocdad niamnerlwhioits c@natedDNABO tenperature
wi th Superbl ock/PBS/0.1 ng/m herring spermDNA/ 0.1 %
Tween 20 and then washed 2x PBS. 50041 of di I ut ed

atsmgcrblﬂdnemheltaﬂmmmgﬁror 1 hour. Tubes were washed 5x
PBS/ 0. 1% Tween 20, then | x 30 m nut es@rybl‘ﬂgﬂ
Super Bi6 ¢k PIPBSKEIESHER RINSUHEES PeFGPISBAE g thed deen

bR o IR M e Ky s o

3@3&1 rh;g PCR'Iamph\ﬁ&tlﬁnc&[mrcbfngd cah b Prepafeg Hyonarky methods

m nutes and DNA precipitated with 0,5 vol u of 7. 5M
ARABATUARaTE k8 thez% eyl yreppisn b&ﬁlalpilgwé\é dfdireptedisggrnts of

I
FE3R AR 3L U8 SN M g Rk ptc
eS tspR N gRemid Whi2@lcomaing the Repd-Cif-ORdceyion @dadaNAl vimd Arai,
r,earrgjlgalfl ed in 501 reactions with TAC3 (SEQ I D 09)

Riaglegostredds Bepdp, ptP3neYld) Reaction products were
10 el F(‘&)t r O@"P?ﬁa‘f‘? glﬁpﬁﬁca%oilr ’Pﬁeaigéf’ﬂ'ﬁp T86.00G rgé%n (Jak PERCamplified

f101n a single colony of the strain ECO K12 harbouring plasmid R1 using 12.5pmol

of each of the primers REPAFOR (SEQ ID 01) and ORIREV408 (SEQ ID 20) ina

50ul reaction containing 0.25mM dNTPs, 2.5 units TagDeepVent DNA polymerase
mixture (20:1), and 1x PCR reaction buffer (New England Biolabs, Beverly, MA,
U.S.A.). The REPAFOR primer anneals to the 5’-end of the RepA coding region.
The ORIREV408 primer anneals to the downstream of the 3’-end of the non-coding
ORI region.

PCR reactions were carried out on a Eppendorf Master Cycler for 1 cycle of 4
minutes and 30 seconds of 94°C followed by 25 cycles of 94°C, 30 seconds; 60°C, 45

seconds; 72°C, 1 minute, followed by a single cycle 10 minutes at 72°C. Reaction
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Exanpl e 2. Separating the RepA-DNA conplex The two in

vitro expression constructs (SEQ D12 and SEQ DI 3)
w@bkeogaehr46 descri bed in exanple 1 were used i n BCT/GB2003/003860

sel ection experinment against anti-human G 15 kappa

anti body as described in Exagple 1, except that DNA

was recovered and rel eased from RepA by using either

tpfodfuoilslvmm': elgctnathlooeded o1Gay eganese gFL, ientibad andipreducts purified from

i 104150 A0 el Metse BB aignect ey LR S e o manufacturers
0 ci ne, 150V Nadl
%ﬁgggcgn%glgw 1?3 T_%)%la éal@ﬂﬂg\ﬂ i

m nut es yC| ne el uate was then

t rans{ey r eSetandaryfangsificappe @hend (S(EQag)Lmlﬁeoandue%iluteﬁ gel-
2M Tris (pH 8.5) added. Triethyl am ne:
lpnuﬁ%p@mmweqct@ﬂ PEoAL WS TSt Ewﬂrvémgdﬁ 5136101 ﬁf ?ﬂfﬂ@ the

PRl g g R R [ K 33 ORI 40 BT i 5005

aekdeen ccﬁﬂ@ﬁ@ﬂg/(ﬁlﬂlﬂﬂafwm 2 3Snéx Tagbeepl eabDe p(ﬁ§11161ase
Pr ot ei nase K: the tube was i ncubated with 5001 of

10K (B3 19, q9H xaP Ol reagtion e aw (ipglapddiolaps, S3gvehs MA,

R T

L&ﬁcm dppentkahet s whitbpe2ONA. TDﬁe OBIRETHDS ﬁﬁnbh Sr2hls td the
EDTA 500nmM NaC and 2501 of Phenol /ChI orof orm f or
5’ mldmgf@spumem@qtmnmed@ﬁ uate was then transferred to

gcfr/r %%%Eﬁgg%é%a d gﬁg% %’p A% cﬁ 3@%{}?2 asBNgy%lﬁre fOWyCIG of 4

wWagulehand d shbadsaffonna ﬁxtomatb@% cnbies 6f 9APPBOEIcoads 60°C, 45
foll owed by Ethanol precipitation as described in

mnéss &2iC, llmm}!te dellovesshyspengle ay a0 warutesamgi ¢ fReagtion

%@%C%dv trgpl}l%wvsvlec{ %I%I{A gag%g@g @ﬁéﬁda%ﬁ%r?e%@%ﬁed from

fbé%@ 11146 30 ulesQéHl@fwaﬁel hﬁﬁﬁ% E'Gbﬁibél&arﬁl'l kR a8dor@Rk EMe manufacturers
Reacti on ucts were el ectrophoresed on

ansltx%fa@mr(BgelmAIEa {;péla Cdlafornind{.Sghbwn) . Only the CK- DNA

b ok Az Sarisht Ol iaeh P ar DR bineo ffiyed Epimgritied
bﬂﬁn{a@a‘faa@tﬂ% ﬂgdﬁ& %vag‘?é Qﬂgﬁ’ﬁgﬁi’ﬁ{g f@%xﬁ'&%\f%a&f)ﬁ the primers

ecoveri ng and rel easin from pA can be used
WBREPEORG{SEQIIHIZEM& QRIBENE08 KSEQ FRPA) irl050 sitreaction s

Icgntam?r?gno ’%)mgl SI{H“PS " Llnltsmfaneept\§ent %%PA polyr?qlélﬁ‘ase mixture (20:1),

and 1x PCR reaction buffer New England Biolabs, Beverly, MA, U.S.A.). The .

NNBREPFOR primer anneals to the 5’-end of the primary reaction product and
appends a random amino acid 12-mer NNB library DNA. The ORiREV408 primer
anneals to the 3’-end of the primary reaction product.

PCR reactions were caried out on a Eppendorf Master Cycler for 1 cycle of 4
minutes and 30 seconds of 94°C followed by 25 cycles of 94°C, 30 seconds; 60°C, 45
seconds; 72°C, 1 minute, followed by a single cycle 10 minutes at 72°C. Reaction
products were elegtrdphoresed on an agarose gel, excised and products purified from
the gel into 40l sterile water using a Geneclean II kit according to the manufacturers

instructions (Bio101, La Jolla, California, U.S.A.).
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Exanpl e 3. Detection of specific anti-V5 binders in a
V5-spi ki ng expei ment using CI'S display technol ogy.

wab@4ioze7¥6 t r 0 expressi on constructs were prepaP€dGBR003/003860

addi ng the TAC 15 pronoter and either the V5 epitope

or a 12-mer NNB library to the RepA-ClI S-ORI  region,

by PCR anplification. Such constructs can be prepared

by many). mretthegds alrllp[iﬁm;ohOOﬁdﬂ gl @0 Ipkeef 100 tithes dihtted ﬁmcva

exanpl e, ampl i fl di fferent fragnments of
pismohae!) b*,fwmﬁsls”feﬁm% Oﬁ@nh of thetiiingera X apiARUP heEQ ﬁDtZBél pnd

SR SRR TP St DL A5 MR B s
2QqBedphB8 DN A6y fefaséGiittareRes:1),ad 184TR &hddon bufeer (New

Pri mar ngllflcatlon The RepA-ClS-ORl region was PCR
£ﬁglandﬁ@ ,B@mléy Mgl &40 "Hr@yT/%sﬁ‘iFARéJPsmrmmrﬁnE@Ls fe1the 5°-

354 RErE R B Bie TR B %E?%E'é%f° Gy he

rm\(;a loﬁQ{telr[eggtl on containing 0.25nmM dNTPs, 2.5 units
TaneepVent DNA pol yner ase 25 mxtureé&éo é) and | x
PCR r 43} feoptitngfifese Cqrniedho gl calfirpeBil st Mpster Beoley foy 1 cwle of 1

ERNMEIER. e TR

k&ohhe ot Je@@{ﬂsofollb{i/@d By a 6idledycle® mRites @E721C. REWtion
regi on. PCR reactions were carried out on a Eppendor f

weeskuets vEye Fleptréiorebed gz pleagafose geB@xebetandradigtsgpuified from

DRG0 R0 otk Vale2Sa 62N it ey f‘m&am&fmms

%ﬁh@@&r@ ;BY&'O@ LOydNanehesnas, U8G. ). Reacti on WO
2004/ 022746 PCT/ GB2003/ 003860 35 products were

e | ect (®phoFaseassanbla® Ry &mese (Yehg) ofeetlsafdharedction products in

TR A el B 0 P LB 2908

|
? or ni aQE% Lg ﬂﬁtﬂq H?%’)ﬂ%%él% gr? 8%@%“%@]2ch§?€% > umts
GE@@\@) DO¥A 1b6)l®nteram ﬁndutel(tz@d) getl -1x5>cmraacmceﬂbuffer (New

riar reac 0 t d usi ,
Eaehpsidiolgps. Begrs LS. A3 s e AR cﬂﬂg%%‘iz@ they™
| >
i e R A o IR0 5@%%%2% acnd of the
pectioe paslact (b). Xthareac(id® pibfuctande)is xalRER AGATH- RERA CIS-ORI-
buf f er &lél\alew Engl and Bi ol abs, Beverly, MA, U S A).
the (REQ REPFOR primer anneals to the 5 -end of the

pri mapyg I%Q&Edng Rvere carried out on a Eppendorf Master Cycler for 1 cycle of 1

minutes and 45 seconds of 94°C followed by 25 cycles of 94°C, 15 seconds; 60°C, 30
seconds; 72°C, 1 minute and 30 seconds, followed by a single cycle 10 minutes at
72°C. Reaction products were électrophoresed on an agarose gel, excised and
products purified frorh the gel into 40pl sterile water using a Geneclean II kit
acco1d1no to the manufacturers instructions (Bio101, La Jolla, California, U.S.A.).
(f).  Second assembly PCR. One pl (50 ng) of each of the reaction
products in (¢) and (d) using 50 pmol of each of the primers TACFARUP (SEQ ID
23) and ORIREV408 (SEQ ID 20) in a 50l reaction containing 0.25mM dNTPs, 2.5
units TagDeepVent DNA polymerase mixture (20:1), and 1x PCR reaction buffer
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10 product and appends the V5 epitope DNA. The
ORI REV408 priner anneals to the 3'-end of the primry

w0 e@an2me product. PCR reactions were carri ed PCI/GBR003/003860

Eppendorf Master Cycler for 1 cycle of 4 mnutes and

30 seconds of 94C fol | owed by, 25 cycles of 94C, 30

seconds; 60C, 45 seconds; C, 1 mnute, foll owed by

aNs Bgkland Bidlebs] Bemdrives, A8 . A2Q heFiéHCFAHhIP];ﬁm&r@dne}ﬂsto
wer e el ectrophoresed. on an_agarose exci sed an

Mecdwet §f fisrragtion predyr (d)-pihe %046111@@@??311@0\%? grend

I kit accordlng to the
ﬁgﬁﬁg Pgﬁggghaﬂgétructlons (Bi 0101, La Jolla,
Cal i f BCRi r@actldnSwAre canfiel) out oh IarE:bpafmirf Mastat nyrler foné chcle of 1

(500 pg). of 100 tines g)llu ed gel -purifie
P! G oot il G ol /Sl 056, Ehimspds) 60°C, 30

SR BB R R (SR B AL s
0225 RighetbRs pdiktSwersictestrdplgeep Yanh aphisged] yuxeisad end
m xture (20:1), and |x PCR reaction buffer (New

pingretn auBfied fbm, thgaelantoOphaterile vatex uping preneRRBREMHCOR

ccoé@ t%”t'ﬁg %a%ul”a%tutlé}g m%’u u@tQ} 8 %%}cr)flgg Lgayogg al{fgx%?aN‘HJ AL).

Tll@fs’aﬁﬁ(m%duafhﬁ (ﬁR dREMﬂ@&CPNNIEREPﬁ @ISORI-€08 SEMED 25).
-end of the primary reaction product. PCR reactions

\Ner e Bmpmaélan ot o apspehers/rangiaipnaeactipnl Eie ragtion set was

4% Patee Yol Reb RN IR AR B L st i P10

fFhfbetiBriol/ahhDwrd rbaction kitAgkRloswe!l e 10 ninutes at 720
React1on products were el ectroghoresed on an agar ose

geinl ofe4e9 §ez§:s ditutep Toduyd RGP LRI Gnteaplath - g of final
I nt using a CGeneclean Il kit
8%’(?%1"%%15%?4#? X\al?]vfe)act urers instructions (Biol0Ol,
Ll%_\lﬁ 151 A CGANBEIFE P LIS OIG-408) temP @t @A i Beonstruct
PCT/ GB2003/ 003860 36 (d). Fourth anplification. One |
PRUSHQIDAH aboee)t i nes di | uted pTACP2A plasmid (ref)

[ of , each of t e priners TACFARUP (SEQ I D
@ﬂ H’é)%etﬁ'%&ﬁg\/ac @@b& |n a 501 reaction

ANt B@0. 25MM dNTPs, 2 5 units TagDeepVent DNA
poI ynerase m xture (20: 1) and 1 x PCR reaction buffer
ONe\§ 39 rEnigI and Bi ol abs Beverly, MA U S A). The
TACFARU r _anne
or oo B} BRGetton 8o Ak Bt HERT At el e 1 PR glgged on
RE, thBe dildR& 10 reIaRtigs 2%MNfarvel/PBS.

DNA-protein complex capture. NUNC star immunotubes were coated with

10ug/ml of anti-V5 antibody in 500ul PBS overnight at 4°C. An additional tube was

left blank as a negative control. Tubes were washed 2x PBS and blocked for 1 hour at
room temperatue with blocking buffer (2% Marvel, 0.1% Tween 20, 0.1mg/ml
herring sperm DNA) and then washed 2x PBS. 1 ml of diluted
transcription/translaiton reaction was added to each tube and incubated at room
temperature for 1 hour. Tubes were washed 5x PBS/0.1% Tween 20 and then 5x
PBS. DNA was recovered with 500ul TE buffer plus 500pl phenol/chloroform. This
was centrifuged at 13,200g for 5 minutes and DNA precipitated with 1/10 volume of



10

15

20

25

30

PCR reactions were carried out on a Eppendorf Master
Cycler for 1 cycle of 1 mnutes and 45 seconds of 94C

wo odosoeazds by 25 cycl es of 94C, 15 seconds; 60QPCBGB2®3/003860

seconds; 72C, 30 seconds, followed by a single cycle

10 m nutes at 72C. Reaction 9§oducts wer e

el ectrophoresed on an agarosé gel, excised and

BMOSWHILS Aeethicl @G/ I gRogehangalo k/é\llﬁleéaﬂaﬁibﬁtd dtRand@t er
usi ng a Geneclean Il kit according to the

reHowva qyrlérfg atioﬁsltf’r“@@t"}’%@l svaﬁladdmgﬂo%@thy@@h yacuum dried and

Cal i.f

(RO B o el 30, 0% Bl DSH TAPE IR} hnfeifRieg B3

a6uti 66D wHB iIRcbibthypTRl praheie AT CH (SHIEIIPL Y CTACERREBQ 1D
I D 23) and ORI REV408 (SEQ ID 20) in a 50l

: 88)5. qa@ﬁiplbﬁﬁﬂ&qtﬁ}”ﬁ@ edﬁczfsnlmr@ﬁqq}w a o ggagpsef EAE gel.

¢ eact RoNTaRF EPo PReVPRE BB s Puord R K D o)

Heetfdn prodi® Mﬁ%eﬁ@hﬂ@fut@ﬂ@ﬁﬂB Sultsgertl® Wa@r usigpd of

t he reactl on product (d). The ORI REV480 priner anneal s
tQiAtqhe:k:Ge—l@ﬁwcaﬁontlh@aczordn@at@tthmmarp;rf@@un@ts ipgyuctivne(QIAGEN

d \/5- REPA-,Cl
TERTALREC DS el loakiPied Rl Bo TG i ok
Erpeadestd Manennfey 65 REolfaal I\ﬂetlc%\@we]i‘,@élarﬂd Bi@ld&b‘t@&/eﬁ? dMA,
45 seconds of 94C foll owed cles of 94(f

$b8 i Theoplagaid Vwcg@lpdsﬁed’z@lg a Qhquulpb Ca:iﬂzttraoatlon kit

Foertag e i oh TS atte TPl CXE OB RS G A £, then

AQRASEIOED1 uﬁlxs%ﬁ;%qif aRGtindD %Q@l&%?h@bﬁﬂafa‘s@@ﬂn&@ﬁﬁ t he
gel into 40l sterile water using a Geneclean |1

Southaohipeg, ToKy) Hellaveadufyadenslhorofosin reuu aqtmnsmd Bﬂmﬂl

pasITign £ e ) oppe i Vs waTroh TR gl eter

HMe €6 PER r(gcgl)ct %ﬁé @ﬁls@reﬁ@@lsu aﬁaﬁﬂ:o@ﬂ‘edtsﬁ sPRHERS S
TACFARUP (SEQ | 23) and EV40 I'D 20) in

wl@msn@mﬂ; Ioast Stmtml[hlxr»gn OXMOM%}I BiSAi QuifiotIsveen 20 and

t (20,1 d, | x PCR
R AT PR ) B0 O DSTH e B A6 the
@%ﬁ%ﬁ%@%tﬁ@&t&%‘ @N@hfpstl B8y 8id &’owﬂ\éﬁ'eaﬂaj o@th‘é Neol Fh@Notl site of the

UP priner anneals to -end of the reaction
PCRdpotiugtdhd eﬁ&téemd?wwohqmmiém\@nﬁ egthenttcontaimang the

S S SR RCt O PO SR e

' %Yé& éﬁta%fd ak destr meﬁ‘ HbRR. PREipfiRted W[g dis Qfsséwga {010l P¥eHater.

cycles of 94C, 15 seconds;
Cut plasmid and the isloated small DNA fragment «.ontalnmg the selected peptide

sequence, both having Ncol and Notl overhangs, were ligated using a Quick ligation
kit according to the manufacturers instructions (New England Biolabs, Beverly, MA,
U.S.A) followed by phenol/chloroform extraction and ethanol precipitation as
described above. Precipitated DNA was dissolved in 10pl of water and electroporated
into electrocompetent TG1 cells according to the manufacturers instructions
(Stratagene, U.S.A.) and selected on plates with 2xTY, 100pg/ml ampicillin, and 2%

glucose.



10

156

20

25

30

seconds; 72C, 1 mnute and 30 seconds, followed by a
single cycle 10 mnutes at 72C. Reaction products

woweog/ozd7ect r ophor esed on an agarose gel, exci sedI/aBao03/003860

products purified fromthe gel into 40l sterile water
using a Ceneclean Il kit acpording to the

manuf acturers instructions (Bio0l0l, La Jolla,

Cal i f dmAiF 85 atliodA BLISA gerrerdng efesidctnd honsautt colenigs yeres

SRR gt g et BN R S

baaidhPa: 3710 esﬁamg%@ P €30MVBS theS@lert] BhtQlths wektStrii@fadred
Promega bacterial linear tenplate S30 coupled in vitro

tntahsd of P Toh 2V @ln@isatandri 0peglotl iaowidillin aad grastm @s: Cadbeking
5000 t. TAC- V5- REPA- Cl |
360 s ol Pt et T shl il Chloages 3 0N S huy R BlS

* Ghe Sup Eﬁ%t&'h@w@%%‘i‘scgd%d a5 géllﬂs%s \Rf@l‘%ﬁé@%ﬁen(i@d 2060001 Bf nary,

construct DNASEQ | D 25 above onpl ete am no acid
fh4>M snmnoweg@gug/labmmsgrhlupraednlml\ﬂ @P”B@Ian<$sm>wn for éﬂiduttsrﬁié37 O

o B R T P g s

NPfh‘éesh & ﬁa?tant%ré)ﬁs‘é& & the EINHA 8%t QIONGY axiNbNGIGERKere coated
I mmunot ubes were coated with 10g/m of anti-V5

aithi 190dlof h1500In IREPDekeitheymiti-humaCkapma regieh #itidagdy or anti-

b%"%&h@é%?{ﬂggjﬂa%¥%w ot %%1{1 ?ﬂ%{(ﬁ)‘?‘h{f? lAP ggﬁﬁ%onal plate

W%BVP&{ %M@ o\(‘ﬂ}I Jbat%'d%ﬁi PR bIERLHee3ih: MDY BRS flMedTiween

herring sperm DNA) and then washed 2x
BB@kmg fm 1 hburdat rasnettmperagurs ovithpiG0pho £ 4°%andarael 84 % Tween in

S adde d i ncubat
tang Nelbaab Ao Foel her e naBhen &5k 555,
Teeq @Q%@"ﬁ@eéﬂ‘ﬁﬂnq}k FHE RS ad BNt oWRS 15788 Pv@b&Ed Wrtihour at
5001 TE buffer plus 5001 phenol/chloroform This was
cemh tanfipegadreatVells ve0der vrsiEdiixRBSee. 1 §nBwema0 and 2x PBS.

gr@ﬂ?q%'@m Lat, g@\é\%%]ghu%ré%m olg g%le%%nggl) ihg?ogl% é horse radish

g!el%éciﬁﬁ%gﬁ@ﬁ) ENR ¥RELARRNOL, 6;.@(91%9' WseliRidasm0ltimes in 4% Marvel,

[fow ng centrifugation, Tet's were washed with 70%
otldaieleen 2OcluulB 3l andeatidadh th wc%&ﬁpemd&tbdlfm Kuhdured tasm

%e?nl.l)ergt{ne %\%fl\é evge?éj th%a\é\@e% Jxeﬁiggzloi. lf"}o e[dwei‘elrl] 28(a)m<5 2x PBS. The

HRP signal was detected by adding 200l of TMB substrate. Reaction was stopped

with 100ul of 0.5M sulphuric acid. Absorbance was read at 450nm. 35 out of §8

clones expressed well judged by HRP signal from clones screened against.anti-
human kappa region antibody. 7 out of these 35 clones showed specific binding to
anti-V5 antibody, thereby enriching V5-peptides from 1 in 5000 to 1 in 5, i.er. an
enrichment factor of 1000 (Figure 6). |

Example 4: CIS display Library construction, selection & screening against

Bacillus globigii
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reactions with the biotinylated priners bTAC6 (SEQ ID
26) and bCISREV (SEQ ID 5 19). Reaction products were

web@aeophor esed on a | % agar ose/ TAE gel . C onP@yG82003/003860

recovered DNA into the expression vector pDMG K ( SEQ
ID 27). Reaction product wes@ gel purified and el uted
with 501 sterile water using a Q Aquick

Galtramt Censtiugtion kit according to the manufacturers

t dWe
pur 1 1 B PR ST 5P S o A S Pav e bR Ty GREpA-
‘@S%lﬁﬁ@érﬁ chudl BdoedBratédi then Qfﬂ(é‘@t@getﬁ&%ymbésn()ﬁ\l@l\g’atmn The
Engl and | abs, Beverly, MA, U S A). The cut

pdcazningtendionge P%fHA |ve¢joug'awgseé 11Q1mq;1cmample but many available

Gel extraca on k acco f.agt ure

Phut Eoa L hap AR bl @abdse SRR Al The inita
'P"(ﬁ@@)ﬂ"jelwdgloﬁ aﬁa- TUR ﬁ%l%nt%&n&mﬁbmr@ﬂe aﬁﬂ k@ dafidom
Phosphatase (Pronmega, Southanpton, U K') followed by

;bthermﬂf\?o@llﬂﬂ@ncﬁpoqﬂme Tiaanasen NaiNes welsawrilaters

preC| t d abo S
di ssol E ﬁlﬁgggﬁmg%\étﬁ las %Bg{ft &ﬁp%arcoénc?’%ma
BNk 20k $0u Ko ﬁMhﬁlﬂerﬁ@ﬁﬁ b &l BN TPROGEB
D agnostics Ltd, East Sussex, U. inlx TBS, O3

nvglymm@SAmthﬁE%mMéﬁl OO Cl, hdm ﬂ@dm&f?% 30mM Hiis-E1

Phs SR EIRSER 1 f R AR B s Dp RBER AR o b BT R
afacer NeqkEane 19thd NTERM{SMBR BBQACR DIivEhess i Tlunits of

enabl es recovery of the small DNA fragnent containin
tZﬁd TapDet pdypepsd: Bscp ¥qudhdtié. paypersranaiie (EB) for 2

Sheeei e’ %%é%eéé@ am%ﬂ@d%% LBy SR

#‘rgﬁt"rteggxt\éﬁstl&{ at 7268 ) @?f@a?t i Ll'll‘? wepd Qéétfogh&%@éd 01P«£\|f%

ragnent containing the se pepti d quence,
lgariosdiamiEng! Nabphostordapied | winileethb sergaindensvas Qizgpatcethmn purified
usi n% a Quick ligation 25 kit according to the
wfAFDaek WrEFs i nstructi ons (New Engl and Bi ol abs,

Cever M ekl ALboued DY sngL gD anlger

@hg)\lﬁﬁed Bt e@i mulﬁﬁdo@b&um&odﬂaﬁﬁm@ gk ML ANTOE, IodNER#at er
el ectroporated into el ectroc etent TGL

Ils
RObERUR R G AT GOPMIEGL, | OB (UL 20mM Tris-HCl

PBh P Sresb Ao AR SRS BRPO AGER GBI BT,
RSPREFZO03R 09B3G6D 293 hdORIR NS (SEQlIDo(HZ)) thie&ﬂarskﬂr mﬁmdfgo 1
of selected clones. 88 colonies were &cked [ to 4

drea BN FpolymgreseiPede e MINA polmarass mpireis (B
94°C, 40 seconds; 60°C, 40 seconds; 72°C, 90 seconds; followed by a 5 mmutes
extension at 72°C. 20ul of reaction product were electrophoresed on a 1% |
agarose/TAE gel and photographed, while the remainder was Qiagen column purified
into 120ul water.

Library-TAC product was then digested with 10ul Notl (NEB) (100u) for 1
hour at 37°C in a 300ul reaction volume, then Qiagen column purified into a 120ul
volume of water. The two products were then joined by restriction-ligation as

follows:
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overni ght at 37C, shaking 300 rpm 501 of the
overnight cultures were transferred into Inm of 2x

waY)o4227¢é ucose, and 100g/ m anpicillin and grPERGER003/003860

37C, shaking 5 300 rpmuntil OD 0.5. Then the cells
were centrifuged at 1000x g fpr 10 minutes. The
supernatants were di scarded and pellets were
resuspended in 600l of 2x TY, 0.4M sucrose, 100g/m

30BNEBrhuflaf fer i nduction the cells were centrilfiged at
i nutes. 1501 of the supernat wer e
3@@%1‘\4 T{P%gIé%A@A test. NUNC Maxisorp plates 3‘2@12

ot ARyt BIQQNESH 1g/m in I x PBS of eithgt

ant| - human kappa region antibody or anti- V5 antj body
of BSA for 7 hours at room tenperat 4Pl An"
n ate was left blank, only coated with
@%ﬁ% fis)l\%ére rinsed 2x PBS fol | owed by bl éc 1| ng
fBep1J0Iooy/eRermema)t enperature wi th 3001 of 4%uMarvel,
0.1% Tween in |Ix PBS. Wells were rinsed 2x PBS t hen
Mot (16014 dFEInat ant and 1501 of 4% 15 Marvel , o8Bl 1%
re added to wells and ingypated
Fgﬁquﬁg%?FQgtOﬁu/ng%\gﬁenper ature. Wlls were t%gn
wagbed 2xPBS, 0.1% Tween 20 and 2x PBS. Secogfaly
antibody anti-human kappa region antibody conjugated
to horse radi sh peroxi dase (HRP)(fi nal concentration

1. 69/ was di |l ut i n, 4% Naryel 0.19
Tooon Rsbeliis isgiedid An e Wit P sl Rt asstsses byee
I
JicBRHindliid 30 28 FORBARANU Srecfllit Jok'S0 @ L REONYARA A
dahsataedvdsyebpudifieg 220 Gie ld:ﬁrafyl\bﬁné ehdsadaegeRealotingrurifmd and

TPt Rk S P HBRL 5 AL RSB BAES
RO b 07 PRl »@feﬁ&ﬁ%m‘“”gﬁ‘g? TR

oh @B&MdS; ToNedeSReL s hiigutbé edémibrt @ 725C aDNA-Ws g pirdixdlin 4
t hereby enriching V5-peptides from1 in 5000 to 1 in
Riagenecolumps and thecivph elupigaoeleddor HJovaqtivng/selection.
Exanple 4: CI'S display Library construction, selection
& screening against Bacillus globigii 30 WD

20044 9221480/°CT/ GB2003/ 003860 40 Library

Construction To generate |ibrary DNA, a pronoter

| i br a2y PHQal{ T hepeeten wagset Hp ambglp\ubated at room temperature for 1

hour as follows:

REACTION L

Library DNA ' S56ul (7Tpug)
2.5x buffer 30ul
100mM methionine 2ul

S30 extract 60ul

1ml of blocking buffer was added to each reaction (Block buffer is 4%

Marvel, 100ug/ml sheared salmon sperm DNA, 0.1% Tween 20, 2.5mg/ml heparin,
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wW@2002/h23 46 vect or was used in this exanpl e,

Cl S-ori fragnent nust be generated, then |inked

toget her by digestion-ligation. The tac pronoter from
but PEEGP2003/003860
avai l able 5 pronoters could be used, and are well
known to those skilled in thgyart. The initial PCR of
Rep-Cl S-ori and TAC fragnents appends Bspl 201 site and
i &BBasdamat 10,0008 gy Natrutes, trensfersyieo tai fiesh yubeTthen plesedon
m xes were prepared: 101 of 1:50 diluted P2A-HA

Hi®asmi d DNA (25ng/reaction) was PCR anplified in 20x
501 r R

pol yr gy bl 2R M B e e Dy o Ll

(R340. ZMWeeiloml\An?HrWS*rkﬁbpemhﬂ & B00p2 oNvBIMgBO4{fer0 Thidwas then
TritoinX-100) with | Opnol of each of the FLUrrers .
TAdTHARYre BiREQbRife2sy aHﬁWeMERMi aSPR tempeyaiure fig)l hour whilst

@rlrlrlers and 2 units of 20:1 Taq DNA pol ynerase: Deep
SRt EDNA pol ymerase m xture (NEB) for 25 cycles of

94C, Al 9618 AE Tien@ohliifddd e CONOS] fof 2Gninf aaeeiangdie pellet
followed by a 5 15 m nut es extensi on at 72C. 20l ' of

g otaskad g3 berge withd el @f E%$/Qdﬂh$ﬁ’é§1é60 Bnmaxinggvith a pipette and

&gﬁé@gééﬁrﬁo% niri ng%’[lgltl] G’lth% ﬂgth\%js fg\ggi lv&%sl{xgaemrl%ggf ﬁ?? 1d the

'nto

%r@&ht%ﬂd@s@ﬁﬂ@d Rep- CI S— ori DNA (50ng/reaction) was
P anplified in 10x 501 reaction vol une contai ni ng

200M W@syas zkmmzi@uﬁ@rfiyn@f Eil@épgfﬁ?)iﬂ ¥20ph0 i5dhseslipmagetate

%%@40}1%6 113,}'11 % Q1 n%%"ﬁgﬁl ohes we(rfJ ceqtﬂ%%ede g’cgh68 I (@gtfﬁm\ﬂ
Biiiame afd ﬂﬁ%ﬁgﬁﬁﬁme(s%%@mea 9y tlaeruild@@nF@E\ﬁOéaEﬁd PHOB)and

prinmers and units of 20:1 Ta B ymer ase: Deep
ﬂmtphgwi/@éwmra@téd fﬁrﬁ@lﬁ}ﬁ@}e% Né%)lqﬂar Big w&:wré@lpmted with
40 d
e L e ks

N6300¢ &t 20NAEluet akeihe pellaeﬁdsﬁahm&&ﬁﬂesamt}ao J%ml 70% ethanol,
agar ose/ TAE gel and phot ographed, while the remai nder
mﬁufyg@@ef@r 3 shinwas PG, ¥00gdn betwesn gard) washy then air dried and re-

Kli T?@t rotduct was then digested with 10l Notl
(S'IK?F_Pﬁ f(ydlﬁ Y81 hour at 37Cin a 3001 reaction

vol ungopt REsycEIAIRA w4 ROR afiplifitd 010 VE0ularedctdh w1a{3%r1mers
vol une of water. The two groducts were then joined

(CESREVASEQTD 1 Yanil 3 GRAR o SR 3WwEiariozd 286 Tag DX

P y/m%Bézsgoﬁeepo\;mg ?)NA polymerase mixture (NEB) for 30 cycles of 94°C, 40

seconds; 60°C, 40 seconds; 72°C, 90 seconds; followed by a 5 minutes extension at
72°C. The DNA was pﬁriﬁed_, ethanol precipitated and re-suspended in 10pl water. 5
pl were further amplified by PCR using the conditions above but using tl{e primers
NOTRECREV2 (SEQ ID 32) and TACFARS (SEQ ID 31) for 10 cycles. The
product was purified using a Qiagen PCR purification kit and elutéd into 50pul SmM
Tris pH &.0.

Restriction-Ligation

This was carried out in a 30l reaction for 1 hour at 37°C to reattach RepA-

CIS-ori DNA to recovered peptides for a further round of selection.
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1OxNEB buffer 4 171 100nM ATP (SIGvA) 151 10ng/ m
acetylated BSA (NEB) 1 | 5 RepA DNA 401 TAC-library

wORia441746 Bsp 1201(10u/l Fernentas) 51 Notl (PCrGB2003/003860

NEB) 51 T4 DNA |igase (400u/1 NEB) 51 10 Water 39l
Reaction was carried out at gyC for two hours. 20l was
assessed by gel electrophoresis, 301 was PCR
anplified directly in | Ox 50l reactions, and the

SQENEBPulfer 4gen col um purified and 15 PCR anphlfied
| ions with prinmers TACFAR4 (SE 30)
IS%HQ%?E@(%@% ID 02) for 30 cycles of 94C, %}‘P
sespnelsice§RiGd BOA §NEBNdS; 72C, 90 seconds; folsuowed
by a 5 m nutes extension at 72C. DNA was gel urified
MPAD@agen col urms and the 2001 el uate pool édl for
%ﬁ&%@{bﬁ%lse' ection. 20 Round 1 Sel ecti onlgulx 2001
reactron was set up and incubated at room
gpz;ﬁ)ﬂ@t(}mﬁﬁ He@hertas)hour as follows: REACTI ON 1.5u] 25
rar

561 (79) 2.5x buffer 801 100nmM
h@ﬂf{ll@#{uhEE@D S30 extract 601 30 Im of bl ockilag!

ach reacti on (Bl ock buff s 4%
%la I&& I%A?%Og?ént?ﬂ”ﬁ ed sal non sperm DNA, O. 1& feen
RWater2. 5ny/ M heparin, WO 2004/ 022746 PCT/ GB2003£003860
42 in TBS), spun at 10 000g for 2 mnutes, transferred

to a fresh tube, then placed on ice. 100 gl Bacillus
gI obi gbul V(/a galegmp ificd’ 31[?60 SI 10>\<N?C7u1 reactlom Wvﬂl pumelsF h1

TACFARS.I (SEQ ID 33) and ORIREV (SEQ ID 02) for 20 cycles of 94°C, 40

seconds; 60°C, 40 seconds; 72°C, 90 seconds; followed by a 5 minutes extension at

72°C. DNA was gel purified in 1 Qiagen column and the eluate used for Round 2 of

ITT reactions/selection (58l used in R2).

Second round selection was carried out as for round 1, with the following
changes: Approximately 3pg of input DNA were used. Block buffer was 2% bovine
serum albumin, 1% gelatin, 100pg/ml sheared salmon sperm DNA, 2.5mg/ml

heparin, in TBS. 10ul washed spores used in each selection. Recovery PCRs used

TACFARS5.2 (SEQ ID 34) and NOTRECREV?2 (SEQ ID 32) primers. Finally, pull

through PCR used TACFARS.2 (SEQ ID 34) and ORIREV (SEQ ID 02) primers for

10 cycles.

Round 3

Third round selection was carried out as for round 2, with the following
changes: Approximately 2.5png of input DNA was used. Recovery PCRs used
TACFARG6 (SEQ ID 35) and NOTRECREV2 (SEQ ID 32) primers. Finally, pull



10

15

20

25

30

TBS/ 0. 1% Tween 20 and was resuspended in 100l of Bl ock
buffer. This was then 5 added to the Bl ock buffer and

wW@bdoamext4¢ o bi nd at roomtenperature for 1 houPCTEBREB/003860

m xi ng. The m x was then centrifuged at 16, | OOg for
1 mnute and the spore pell e% was washed six tines
wth 1 m of TBS/0.1% Tween 6 by mxing with a

phipeglt BCRNGed TAXFH NG HY ID65) nd (BRIREY (REQ [0102) fifv@ers for
pellet was finally washed in 1m TBS and the 10
dipefisat ant was di scarded. DNA was el uted by

i ncubation of ‘the spores in |201 0.5M sodi um acet ate
pH5.5 for 10 m nutes on a m xer. The spores were
@uund 4f uged at 16,100g for 1 mnute and the
supernatant - was neutralised by the addition of 1201
Tr I's Regnd 4areg carriedpupaeivn FyuoriGl gxasrt thalcanpeoigately 2ug of

élg. t#bté\fg %is/ gsoegleféog'% geltec 1onV\%8C(P\/regi$€kt g%e%g%%t‘ ES]%@ I]%Q)g) and

@tdmn@tRE SBERSIDPE) | eingds. #inalllGpulll GEhghPCRAsedi TR BSE
and t he Bg%ef‘@\?vashe)éﬂt hrsee rtlal ﬁg% Wlthg(; 75mL70% BEQ

P and ORERRY (PEQJPHE) poimess for Al crdesat 16, 100g i n

bet ween each wash, then air dried and re- suspended in
20l water. 101 recovered DNA was PCR anplified in 10 x
$Qundgaction with prinmers 20 CISREV (SEQ ID 19) and
TACFARS5 (SEQ ID 31) and 2 units of 20:1 Taq DNA

pol yn&oasd 5 vpsspirigdwut oNar pomgder ase mi xture (NEB) for

o0 sodohaeteditia Ebpg e RRm S e i IRERR Rige Bipcrom
The1dBNRayBCR Rl ified hithetiai MtePTACH QsEetladZ@@ﬁmer and

re- susgended in 101 water. 5 gl were furth

MTRE BEVB;(SE@FEDJ%Z)@@@&@I@MI@NDHW falﬂmv@ lbuwul ifiatign

g R PP e BBl iR e
?la@ S| \ﬂ@&t%ﬁd\iﬁdlﬁ A IRRVild bhe@ﬁﬁcm ifid3kien 2kl ehAld]

ris . Restriction-Ligation his was carri ed
Lﬂcmlﬁatlan,smdlgesé@t POl Way th@n Heated ato amltaolyrdmteécpﬁ/ I

BRSSO R B0 ARG H SR bkl St BagPse

43TH OB MRV hSitiltn Blates LA THMLAREY 63! EY9C. 1- 51

Individual colonies were picked into 200ul 2% glucose, 2xTY, 100pg/ml
ampicillin medium in 96 well plates, and grown at 37°C/200rpm for 6 hours. 1001
was transferred to a deep-well plate containing 100ul 2% glucose, 2xTY, 100pg/ml
ampicillin plus 10pl M13K07 helper phage/well and incubated for 1 hour without

- shaking at 37°C. 500ul per well of 2xTY, 100pg/ml ampicillin/ 25ug/ml kanamycin/

20uM IPTG medium was added and incubation carried out o/n at 37°C/200rpm.

ELISA screening

Round bottom 96 well plates were blocked with 4% Marvel in
TBS/0.1%Tween 20 in PBS for 1 hour at room temperature. Picked phage cultures
were centrifuged at 3000g for 5 minutes and the phage supernatant was assayed in an

ELISA. In each well 50l of phage supernatant were mixed with 5pul Bg spores in
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10mg/ M acetylated BSA (NEB) 0.3l 5 RepA DNA 2|
TAC-library DNA 01 Bsp 1201 (10u/l Fernentas) 1.5l

wOldos/06d74€Cu/ | NEB) 1.5 T4 DNA |igase (400u/ 1p¢iEBB2003/003860

1.5l 10 Water 8.7 20l was PCR amplified directly in

| Ox 50l reactions with pringgss TACFARS.1 (SEQ I D 33)
and ORIREV (SEQ ID 02) for 20 cycles of 94C, 40
$8pb#d Spvine Gprualalbenom d%; gelad, indIBSeridnddatddoihibhettkbg at

?9511 %%%ﬁre%f ﬁﬂ%ﬁrgﬁae P 2 @P’i%"t?@h%m & ¥k 9@1& %@ﬁg 'Ja?od
;Fw;:efl E}'?Ag?t Sk 13860 v%é Blmilg&8id Bkeiden ?aBH \WRdh Be ore
roun ec

econ tiron s carried out as roun

W dubati diewfte bhtOWM Iohor&Radiflapgesdasbrephjoxated tetibod3 §. Zpﬂ‘g/ml in
in )out DNA wer e used. . Bl ock buffer was 2% bovi ne . serum
booHiRe serug gﬂéhummnl 7o golotp it TBReHreetores Wasp insplated ingom

Sqnrele ol P BE0 i Dol B0 b N RO RRSRY LS
IBS/@aneh Wéﬂﬁmﬂle(@&@s Wara3@Zansfilediits .a fidsh@ldte/ , Thpypdres
t hrough PCR used TACFAR5.2 (SEQ ID 34) and ORI REV (SE

ml@@)en presliasrance siith TBS agpdesqieh sabomubﬁfaresiempplaewdwﬁa

fsg'fﬁ% 5 nge }ﬁ@&ﬁ ?nenlt g’tgé};(e%swxitl? P SM‘;H?O%‘?ndvﬂlé leh%ﬁhwas

Wasses€dto a':ie@sﬂ\tﬁﬁ Y)oﬁ’%d yl&&cfoﬁféaa'lﬁgllﬁ%nﬂﬁﬂﬁld@g a&th for
and NOTRECREV2 (SEQ ID 32) prinmers. Finally, pull WO

selededpatiles PGP EBZOBBUBUB860 44 t hrough PCR used
TACFAR6 (SEQ ID 35) and ORIREV (SEQ ID 02) priners for
10 cycles. Round 4 5 Round 4 was carried out as for

IEXdRh1S5. CECERplay Nabrap RoAX TG0, Yele@iodf & stRRbinsINAinst
was used Tor the selection. Recovery PCRs used TAC3

@sHcY$ midbydyand

Library Construction was carried out as described in Example 4.

Round 1 Selection

1x 200ul in vitro transcription/translation reaction (ITT) reaction was set up
and incubated at room temperature for 1 hour as described in Example 4. 1ml of
blocking buffer was added to each reaction (Block buffer is 5% skimmed milk
powder, 100pg/ml sheared salmon sperm DNA, 2.5mg/ml heparin, in TBS), then
placed on ‘ice.,

For the first round of library selection a 70x11mm NUNC Maxisorp
Immunotube (Life Technologies, Paisley, Scotland U.K.) was coated with 1ml of
10pg/ml of polyclonal anti-V35 peptide antibody (Harlan-Seralab) in PBS for 1 hour
at 37°C. The tube was rinsed three times with PBS (fill & empty) and blocked with
3ml block buffer for 1 hour at 37°C and washed as before. Library protein-DNA
complexes in block buffer were added, and incubated for 1 hour standing at room
temperature. The tube was washed five times with PBS/0.1% Tween 20, then a

further five times with PBS only.



10

15

20

25

30

NOTRECREV2 (SEQ ID 32) priners. Finally, pull through
PCR used TAC3 (SEQ 1D 09) and ORIREV (SEQ I D 02)

w@erimmes46 or 10 cycles. 10 Round 5 Round 5 wasPCHGBR@d/003860

out as for round 4. For cloning out as Ncol - Notl
fragnents, the stored the reggvered DNA from round 5
was  PCR anplified with biotinylated TAC6 (SEQ | D 26)

pri nerDI‘éAdVaSN@itREﬂ}RESIQOL(1$EQSO®U®Z)CetaB g &2 fon 1 Gnigptes on the

St roneREd vtk by eoChed st i e gics™
IREHREd FRBndiRutds atpl|6alt0©g @ﬁh&@as%l&&pﬁté&ﬁitﬁ\ﬁbgb Barrler glycogen,
Fol | owi ng phenol / CHC13 purificati on and et han

pt sclupietaiMemmeoniamdicefetst am tida \masnetshrfmhanglat)é% imas pelleted
' L m |y di t ed, pVI I '

e Thdb b The o iR as g pes PR Heho Sl B Sfbsior
GhiGRS S 16 ?O@E\{helil-@&gﬁm d1§:HP&thl' 1|3J<h§beﬁﬁe"ﬁ 82080 dater.

i ncubated ‘'o/n at 37C. 20 Individual colonies were
pi cked Ophtegoded DP0A ghuBOBempRitiey in 100guUImeactianpyith prithers

b CREse CEQLO Rty B s §7m240°'F 281 Tag

l OFLe Yot B0 ; &15
%}é‘ylo nwl\/ﬁ%K%epﬁel per pﬁgé]yﬁé%waeé mlil{ﬁggpg%]%at ed ;y éqf

I9EEC, 44 dehonis; 661CakD necoatls; J2E, HORtompisr follelved bf aZxiliMutes
100g /m arg)l cillin/ 25g/m kananycin/ 25 20M | PTG
SREREAT AnL 5 08 elerc e B GheTE slerirephoseied ora lat

STECRIOAET BRI SR SR FRHRRIE 1 b, o

Rﬁhshéhtﬁa&df t0Rep ANONA. @id reaaptificdfperoahd teo aPiakebedihagemple
cultures 30 were Centrlflé%jd at 3000g for 5 m nutes

dnwincherbRage SHRPhH ane ORIRENSS PR niogs) SA 1 n

o sparend tind RS IERR oA T: LTt ths pgprimer

‘b%rb@s/dld%em&ﬂrmmkahblém with1he HEbairigchangeEBE&naN® antibody
i ncubat ed whi |l st shakin roomtenperature for 1
[seefing cpRecnialipy \%@#@%&gw@g@l& Ingug RNAppies FBEPYMEdELY 41g.

1%@8911&0%1 ¢80k ag %!i QL a@,tfm3 %9 c97f\9{th erfioﬂ ‘ Cll nges:
e TN te o ol

ore |ncu i oh W

WF&{@@H&}M ;pg%mp@kasmmms@@meo@w pord )ﬁs&i ?gcmﬂ

bovi ne serum al bumn, %gelatin in TBS. The

<PBRED i rad NEIRBEREVA(SEQSM32) eripersaFinally,frol thrOIu@ku PCR
usec{ "FACI%M @%Q I-B1§ S)Vav%ldlogRlW(StE]?ffb %S;t}?nqerg for 1"(\5I cycles

Round 4 was carried out as for round 3.

For cloning out as Ncol-Notl fragments, the stored the recovered DNA from
round 4 the recovered DNA from round 4 was PCR amplified with biotinylated (SEQ
ID 26) TAC6 and NOTIREPRECREV?2 (SEQ ID 32) primers and cloned into pVIII
phagemid vector and electroporated into electrocompetent TG-1 E.coli, as described
in example 4.

Individual colonies were picked into 200ul 2% glucose, 2xTY, 100pg/ml
ampicillin medium in 96 well plates, and grown at 37°C/200rpm for 6 hours. 100ul
was transferred to a deep-well plate containing 100ul 2% glucose, 2xTY, 100pg/mi
ampicillin ptus 10° kru M13K07 helper phage/well and incubated for 1 hour without
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TBS/ 0. 1% Tween20 and the spores were transferred into
a fresh plate. The spores were then washed once with

waBp4an7descri bed above before devel opnent w t hCTFB2003/003860

substrate. The devel opnent was stopped with 0.5M H2SO4

and the solution was 10 trangferred to a fresh

flat-bottonmed plate for reading at 450nm Bi nding data

fsheking et ¥ CedOpdpter vel of 8x BV uigm Fingpicidliny °5Eg/aﬂ1kla&amycin/
sel ectio

s@t“gé ﬁ"ﬁ(lé 1 2 m gxlta*sjg an@@ﬁ%#e‘%gj&ati@ $QNEiNLe fo1 16 hours at
%@Bét\ﬁlﬂfé déh%ﬁgé@ Rb! I?Qct%g% i\%@hrgse@&e sgﬁtg i RickXAIY1Se

Roun

tdaﬂﬂﬁ@ &t JU00Q st 1r0aﬁ151h1&rs la0#P T RachdnOMop dri)ifilp@ a6 bElRA b¥&Sria and
set up and incubated at roomtenperature for 1 hour

syltgesepemaant yetkai8A4. Im of 20 bl ocki ng buffer

Vn\?f K ad&l T\&J}\Ie I\?%%}g};} %i%% ( BélsocC aFF@u\{nflg LQdMgB}%% an!fl-{}? peptide

Zaalﬁﬁ@d}n‘ih 1epasidl, PB ol B hoﬁrhﬁ B7°(PITAE @thtO®Wad GBshed FOT
the first round of library selection a 70x11nmm NUNC

I%%O@,Ldr‘\pell PRfandblesked for 1 domets 3C ogibe¥Oubaicl 28y BSA/PBS and

t t.ed with nm  of 5 10g/ f

T v i P SO 85 DLt el Crania &8 pielp cact
|%1P&§teﬁ&ﬁlg Fohpwtll at, BISLPBR)End MRSvadS biddeed hbl’hf a&%om
times with PBS (fill & enpt y) and bl ocked with

ttopkratied. flde plase was wethed dvo Bm@s auiidh 2089 Hedll &BS%t%rTeween 20,

T R ik RN PO kR 1:2% Qe ﬁagg{eﬁ it FO0RL/well,

t1esm>©rcamwdeanuTm3Im@ec WSeanB S8 shdny- Shidn{R ) WM 29 BQAhJPBs

.PBS/ 0. 1% Tween 20, then a 30 further five tines wt

Pasl bwluyat oA et ORE 206 IROICBRGISY 0088BEs askdoDNA hagdate

| ut 01 1M Sodi t at f N
S ELLORRL oRe Mo & FapRar abratts alth 40 TG0E 4 S
_ﬁfeltr‘ém'éﬁiljl%lﬁ!zﬁnﬁ) sﬁﬂ@ﬁﬁ‘te %hﬁ‘é‘lo h“l%wl@on 44 §tg§;§eﬁ%1ﬁpf00 ul/ well

5m nutes at 16 precipitate
&Y HePOg Blyct@gé m; 45 OnfR Phageurré DNAS M Ehift p@ﬂm‘eeccéoms ayere then

BRTEbBg T Sah T R ON A A BB e eRB SR GH g b amino
Qerieqd e %? ﬁ@@éloﬁé@ﬁso’i’a’cedﬁs@%@ﬁ b@ltowl ﬁomsgmﬁﬁmve clones

vacuum dried, and re-suspended in 20l water.
rveu:@g@nﬂedelﬂmlwakufé’@Rlumqs laind phﬂgemartiokesaﬁémpleaam wm}n PEG-NaCl
ané spem{e%l in 1ml PBS and 50l retested in ELISA as described above.
OD450nm signals against anti-V5 and control anti-ACTH peptide antibody are

shown in Figure 8.

Peptide sequences isolated after selection:

P1C12 (SEQ ID 36) CGCPTMAARVRPVLNSKH
P2H1 (SEQ ID 37) MTTVPVLMISV
P1B5 (SEQ ID 38) TLSTRHHNVIDRFNLRNF

P2B8 (SEQ ID 39) SIRTLTGSTPAQFDATAD



10

15

20

25

30

NOTI RECREV2 (SEQ I D 32) and TACFAR4 (SEQ ID 30) and 2
units of 20:1 Taq DNA pol ynerase: Deep Vent DNA

w@odognea7ace m xture (NEB) for 30 cycles of 10 PELGBA@®3/003860

seconds; 60C, 40 seconds; 72C, 90 seconds; followed by

a 5 mnutes extension at 723 50 of reaction product
wer e el ectrophoresed on a 1% agarose/ TAE gel and
Exomple 6. 8edettionvdov@bneih banlipgipeptided froxh @ CISGlisplay dibrary

DNA S reatached RepA.DNA and reanplifi
P and Do ek POl this e Ay bR GO piges are

(:%Egézl &2 viddin H)dth%rgﬁ\s{elé§§%éa%@ %ﬁd%hﬂ@fﬂ? of glﬁ cagfend

select on was carried out as round 1, using
himéecshatmmmmta@mthmadmmgasledmmndtseaenmodmahqs Ieeaxnpley\aetdwted

the ollo CAnti - V5 nt bod
lf% W,eﬁ% 38}%@%&2@ Q 61103‘@73 11m|aﬂélupf mg
RQH&(Q% iy gﬁl‘é? Lvééptﬁig libr a-ﬂ?‘ l:@lfslu ﬁ&ﬁﬂ%&s@aﬁ%‘ RN 2MBScRBET hGample

out- as the foll owm ng changes:
Aplﬁmmxomﬂseif yeldglomfwam peutledDNA asaissaidbed in Recpled yifBQROLg/ml

59 DB SOV R ARy TR EAEE G UGHUPR Ssed TACEARS
(SEQ kB 33hin %3»% O (%?‘N IR0 e @EéW@DﬁWﬁ&Q round 4

cycles. Rou was carried out as for round 3. For
elae BORgampﬂﬁﬁ@iswisln: biotihgated TALHNESHEIEID ﬂﬁ)@rﬁtmEH{ERIhECREV 2
recovere

S U Sy SN 80 AL,
blRc 8ot 3ty MLREPA%W% okt P 32) primers and

oned into pVIIl phagemd vector and el ectroporated
i nto éldicidnacotméisende fickdd iatc20pl 2ssgldeseriiad 10Dpg/ml
exanpl e 4. Individual colonjes were picked i nté1 20012%
1

gnnmcel%l@ mezixw in %wﬂﬂa‘%mﬂ @p}mu%%@dzwmﬁw Qs 100p
f
IQ\Jagdtr Referl? v@etll pﬁZtgcg’lg F‘@p O%[,ll 9"@?2 a%%en,l%g 1 68 g/ml

rans rre eep-we

Eﬁfgwﬂliﬁqzﬁ@, ICQHWMHKQQ helpegghieilelliand phaubatdd Gorkirhour without
ML3hO7 Ig\%er phage/wel | and incubated for 1 hour
whakire at 2608 povel bolRE TGO Bk mb emeBdllinaZs fmkkangmycin/

RTINS foer A
gt Lvhil6 3hALPRy £OODiAY SFhelefb] ckituRQUWiete &un i3 Aficrofitrk late

shaki ng at 200r pm Bacterial cultures were spun in
narciesstat 20@0gfoatl @ minates itel*€ imt b2OOOgp dentrifife toi prlicelsmctria and

4C in a benchto e {fuge to pellet bacteria and 5
E@F%l'aﬁgpeé%@}tﬁégdaﬁ%fﬁir for ELISA

A NUNC Maxisorp ELISA plate was coated with 100png/well ovalbumin in
100pl /well PBS overnight at 4°C. The plate was washed 2x200pl/well PB‘S and
blocked for 1 hour at 37°C with 200pl/well 2% BSA/PBS and then washed A
2x200ul/well PBS. 50ul phage culture supernatant was added to each well containing
50ul/well 4% BSA/PBS, and allowed to bind for 1 hour at room temperature. The
plate was washed two times with 200ul/well PBS/0.1% Tween 20, then fwo times
with 200u1/well PBS. Bound phage were detected with 100 uvl/well, 1:5000 diluted
anti-M13-HRP conjugate (Amersham-Pharmacia) in 2% BSA/PBS for 1 hour at
room temperature aﬁd the plate washed four times as above. The plate was developed

for 5 minutes at room temperature with 100pl/well TMB (3,37,5,5°-
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A NUNC Maxi sorp ELI SA plate was coated w th.
100ng/ wel | anti-V5 peptide antibody in 1001 /well PBS

wo coo40m34d0our at 37C. The plate was washed 2xPODGBwB31003860

PBS and bl ocked for 1 hour at 37C with 200l /well 2%
BSA/ PBS and then washed 2x20!/wel | PBS. 501 phage
cul ture supernatant was added to each 10 well

dotraratthiy fognz dine weibktrd e ESA PBScacting wids toppdd thath 10ptwell

ur_at roo t egper at T l.at e. was , washed
Dby B Tidsouftend SoBPrielTeepdy By s boiNERIRE Ny then
Eéc{ﬁ%ﬁcéﬂ‘ With BOGRENebEmEBPhe BAAhRIRY B LE 1S 86h&solated
with 1001/ well, 1:5000 diluted anti-ML3-HRP conjugate
{(vsimewaitelmvRPhar maci a) in 2% BSA/PBS for 1 hour at room
tenperature and the plate washed four tinmes as above.
The plate 15 was devel oped for 5 mnutes at room
EQMRECADM® Wi th 1001/ wel h TVBMRBIVLBEWW
Tetranet hyl’benzi di ne) substrate buffer. The reaction
WA SEQIPp4D with 1001/ wel V S 8NN IHASOH RubidRr ead  at

0 hagem d DNA of ELISA Pty nes were then
gzgéggpc‘g)d%th standard pU Pﬁ‘?&)éﬁ“ds ]grﬁﬁé ver se
gQquenaDNgz)Pri mers. The agiNg vact drggquepce of these
clones isolated is shown bel ow. Four ELISA positive

Cootrels(SEQ Ued44) grown i n 1A0S WUl HE 8 WdlHibes and
phage particles precipitated with PEG NaCl and
re-suspended in Im PBS and SO1 retested in ELISA as

descr ipbGehARQYEices AAM IANTRRE AR Se IR A PbsiBN LN R0E

control anti-ACTH pepti de ‘anti-body are "shown in
Byrgheseze8 (SEBVIReGenades kstdywith bésin sidedtositie §F tegminus to aid

%ﬁ?%%g%cﬁég%%gye%gﬁé@/@%ﬁgh ovalbumin, along

. . u oe 3 T D
S5 A Sl S e

Bedl@utii spores. LoWNEINSLIMamisbimiciLiSd plejetwadesated ontha OGS well

PraB i 10al et PhooBie Sah RryS Paheltoe ey tyPBs.
g%&gi#ﬂgatt@d PR piategels wRh&LH %0 99@51'11 ?BShainH PeRebEsM Bour at

e carrier "~ nolecule associated wth 1t during

s @otth@00alterels eedkiimgd ik fovider/BBEmpl ehenselshed 2A0Bu1/well

eptides are selected and_synthesized to allow
Eggf ingaf qhgﬁecbpep@lgﬁsg\g@re@;i tﬁg}_ach well in 100pl/well 2% BSA/PBS,

and allowed to bind for 1 hour at room temperature. The plate was washed two times
with 200ul/well PBS/0.1% Tween 20, then two times with 200ul/well PBS. Bound
peptides were detected with 100ul/well, 1:2000 diluted streptavidin-HRP conjugate
(Pierce) in 2% BSA/PBS for | hour at room temperature and the plate washed four
times as above. The plafe was deveioped for 5 minutes at room temperature with
100ul/well TMB (3,3°,5,5°-Tetramethylbenzidine) substrate buffer. The reaction was
stopped with 100pl/well 0.5N H,SQO4 and read at 450nm (Figure 9).

Example 7. Displav of single-chain Fv antibody (scFv) fragment_s in a CIS

display system
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. washed 25

Random 12nmer peptide |library construction was carried
out as described in Exanple 3. Four rounds of

w@edogoei7zan were carried out as described i n exBapPGB2eh3/003860

with 100g/ M oval bum n (SI GVA, Dorset, UK) coated
ont o i mmunot ubes. For cl oni ng, out as Ncol - Not |
fragnents, the recovered DNA'fromround 4 10 was PCR
anpl i Al re-sei-RepA @Iy @heuct AGS cofshQeteDby FICRambrlap
NOTI REPRECREV2 (SEQ ID 32) prinmers and cloned into a
SVPPFlﬂhéijéWBéIY@éé?% echpreslongly i pernztle d. Apfi-mecoprop sckv

?I\?/T% &%9;:\9}8%%3 aI‘rtﬁ %eésﬁ V\g 1§ Qlels am@%ﬁgﬁ { 56@364&2 %Qfﬁﬂle
goMEDER, 7OZ)>§LMdNIP§) g&NEB lﬁfmheﬂakd ampltmﬁuuﬂbuﬁﬁer%mnm KCl

pl ates, and grown at 37C/ 200rpm for 6 hours
M@M ﬂ&H@a%@% 4mb TaS&Kémfb\%BJ ”lpMalt/f@S@é}nQ é‘VmTrrthm‘fomo) with

i)@ At ofzeﬁgﬁgmje?o% RTBEGR GEEQ @' £ &@ﬁﬁgé;MECOBAI\

YBEQID6) sk unigs et20317 Tag Eb&m pdleietasd: IDe@h VAXTIYNA polymerase
1009/ M _anpicillin/ 259/ m kananycin/ 20M | PTG nmedi um
BB i s (ﬁﬁgfcmocs@w G a2 16 8

hour

SsiPnd St e iR 22 B BB Efspaptgresed
899@@/0 E%g rostPT AE Ul £ ;ﬁhﬁé&;vdltﬁ 2AGHRBA Ak GERLI0 fl bl@%rtpms

cteria and “culture supernatant used
E&als S%Senmldtlum Rlﬁp(AéHSwr@Nsﬁgepblated \MBOBH&E%IOS/\HBQ ID 20)

e PRS0 R Sxbisioeeler PR B sibea

7 I
D T Tl

solpererantnting/de08d ded P ol B Hch polyhierase amalificatign buffer (10mM

R Bk A SRR AL SR SRR 8 B RS 00

1 a
gxg%l 150%4'0*1 og%ghgggb 0o Fee0TAC (SR 0% ahii ’@ﬁ@REW‘ sEQ ID 02)

phage were detected wt
A00P inigd bf 2(t1 %@DNA pqzltymdmsarﬁ)aep M3t BIRA pmiuplagiat mixture

218 Aner sham Phar EF) I n 2% BSA/ PBS for 1 h)o r at 30
B f%r%,@éefal@w a4 PrEORIsa PR CrtStreepndeude "t Sbgecqrds:;

BARNE T PUALS TR 200 Brod 0 BB o 9T
20044 DPRT 461 AT (B0 03hQ03&RAleadt T kit into 20pl water.
Tetranet hyl benzi di ne) substrate buffer. The reaction

was s%@@smewhf@@ 11 } Que§ Qul r@cemlm@mla&aOQ@Adﬂ\EﬁPs

R robi A R b AR L YR D 4 omn
TEGURNIGH 8f3, LS RIgSIOaNe s %4 Shloakerdo) w1,th 10pmol of each of the
primers TAC3 (SEQ ID 09) and ORIREV (SEQ ID 02) and 2 units of 20:1 Tag DNA
polymerase: Deep Vent DNA polymerase mixture (NEB) for 30 cycles of 94°C, 40
seconds; 60°C, 40 seconds; 72°C, 80 seconds; followed by a 5 minutes extension at
72°C. Products were electrophoresed on a 1% agarose/TAE gel and purified with a

Geneclean II kit into 100u1 water.

ScFvDNA was then translated in the following two reaction conditions:
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I's shown below. 5 Cl(SEQ D40) ANLWRI VLHGAWV
CA(SEQ D41) VSFMLLGPHRHR C6( SEQ D42) LVLHW.SLGSR

w@(osacd7m3) SNQVVLI LHLRP 10 Control ( SEQ D44) PCT/GB2003/003860

AESW.HQSW HL Pepti de sequences from four
representative ELISA positive) clones were synthesized
(SI GVA- Genosys Ltd) with biotin added to the
RR/4arTONIS to aid detectilon in ELI SA. These peptides
were tested in FLISA against ovalbumn_ along 15 with
dacoutr-deppdpinde pr evi ouQByl (lsg) at ed by phaga8uidphy
ctjon agai nst B. gl obi spores. A NT NC i sorp
Eeixg’ £ ate was coated w tﬁ f1OOg/WeI | oval buma/'?\lxl n
10V ineelibniRBS, or, 200ngAwel | ant-V5 pol ycl ongi
anti body in PBS, overnight at 4C. The plate was
whbhed 2x200l /wel | PBS anddbbl ocked for 1 hour- at 37C
%é ﬁo [/ well 2% ski m’red361 k powder/ PBS and
K&E%2x2001/ wel | 20 PBS’"My of diluted pept? lés wer e
added to each well in 100T7wWelT 2% BSAYPBS,  and
allowed to bind for 1 hour at roomtenperature. The
pl at e Rwastiond steedintulmtdd ar86°C Wart30 Rtk wednl 1 IPBI/S01 8%
Tween 20, then two tinmes wth 200l /well PBS. Bound

émthm_ig ackséqdeto dgeactien @ @nduinchbativplat 41| confinperbfyr gifughedo

_ ?_ﬁlh RL Ayl of %TOHEfng%%?fJe \?gst S1del B OA ?a}%ﬁ?gqclg n Moﬁﬁf%ﬁ%% tor

our at. room erature an € Wwas our

38latih "E® p@ﬁnlaéﬁ@a/fed salfién E;béihﬂ)N&§2@ﬂigﬁhDﬂ@ﬁuﬁ Ok TBS), spun at
m nutes at roomtenperature with 100l /well TMB
(18,080g o= miretasaihen PRFASERIZICE ne) substrate buffer. The

r eaCt %al i1 L{E\%R&%ge gg«éle éﬁ%fw‘{‘{ﬁ 511%I 1%}_%%14%&0131013

r ead ur e

%bﬁjﬂ?ﬁe deo gEM Bf-md; ieely f&aqm af m@n@ﬁ@@ Wete daSHed vﬁ%s,
em WO 2004/ 022746 PCT/ GB2003/ 003860 50 A

tlzn- l:dmmzd FﬂaplAhcmrSt o teopstature wvitvaml dborkingisttisd oy ber
over | xt ensi on |aIIy as descri bed previously
me%rxﬂﬁ'ﬂlt‘é % W%W?S‘Wiéhg Sp scFv DNA (Haptogen Ltd,

Aber deefin] dhcH @R @it \fvaseﬂidwtoael’é@aa BRARSI B9A \BhNAE: BSA-
cont ai ni ng 200M dNTPs, 1xNEB pol ynerase anplification
imefchpnop (coQrdAHEland incubated at room temperature for 1 hour. Tubes were
washed 5x TBS/0.1% Tween 20, 5x TBS.

Bound DNA was eluted for 10 minutes at room temperature with 0.5ml of

- 0.5M NaCl/10mM TrisApH 8, ImM EDTA, then extracted with 0.5mL

phenol/chloroform and precipitated with 20ug carrier glycogen, 2 volume 7.5M
ammonium acetate, and three volumes of ethanol. DNA was pelleted at 14,000g for
20 minuteé and the pellet washed with 0.5ml 70% ethanol for 5 minutes at 14,000g
then vacuum dried, and re-suspended in 20pl water.

10wl of recovered DNA was PCR amplified in a 50ul reaction volume
containing 200uM dNTPs, 1xNEB polymerase amplification buffer (10mM KCl,
10mM (NH;),S04, 20mM Tris-HCI pH 8.8, 2mM MgS04, 0.1% TritonX-100) with
10pmol of each of the primers TACMECOFOR (SEQ ID 45) and REPAMECOBAK
(SEQ ID 46) and 2 units of 20:1 Tag DNA polymerase: Deep Vent DNA polymerase
mixture (NEB) for 30 cycles of 94°C, 40 seconds; 60°C, 40 seconds; 72°C, 80



5 10nM (NH4) 2S04, 20nM Tris-HCL pH 8.8, 2nM MySO4,

0.1% TritonX-100) with | Opnol of each of the priners
wa2OVBOHEOR (SEQ | D 45) and REPAMECOBAK ( SEQ POI/¢82003/003860
and -2 units of 20:1 Taq DNA pol ynerase: Deep Vent DNA

pol ymerase mxture (NEB) for230 cycles of 94C, 40
seconds; 60C, 40 seconds; 72C, 80 seconds; followed by
seeondisnivllewedky adsnionteasxradon s BAGCProdugis avere electrophoresed

eeCJ hor e 1% agar.0 /TAE
i 1 ToeBARTNAT el Mhe TRt AaurE e PRA vers o
VRSerded ﬁﬂi@i REcHbiisonRepbo S @r I\%’E tha%lﬂ@&ﬁfe@éd%ﬂiﬂgg?x coated
ORI REV408 (SEQ I D 20) and COREPAFOR (SEQ I D 47),
atnblesm@hqatlngrﬂlaéﬁmm@ soir Rengd D A homplergsRuize bSIEQ: selcted
3’8{? and..MECOTACBAK (SEQ ID 48) in a 501 reaction

ont ai ni ng 200M dNTPs, 1xNEB pol yner ase
anplification buffer (10 15 KCl, 10nM ( NH4) 2S04,
20mM Tris-HClI pH 8.8, 2nM MgSO4, 0.1% Tri t onX-100)
with | Opnol of each of the prinmers TAC3 (SEQ I D 09)
and ORIREV (SEQ ID 02) and 2 units of 20:1 Tag DNA
pol ynerase: Deep Vent DNA pol ynmerase m xture (NEB)
for 30 cycles of 94C, 40 seconds; 60C, 40 seconds;
72C, 80 seconds; followed by a 5 m nutes extension at
72C. Products were el ectrophoresed on a 1% 20
agarose/ TAE gel and purified with a Geneclean Il kit
into 20l water. DNA was reanplified in | Ox 501
reacti ons contai ning 200M dNTPs, 1xNEB pol yner ase
anplification buffer (10mM KCl, 10nM (NH4) 2S04, 20nmM
Tris-HCl pH 8.8, 2nM MgSO4, 0. 1% TritonXX-100) with
10pnol of each of the prinmers TAC3 (SEQ ID 09) and
ORIREV (SEQ ID 02) and 2 units of 20:1 Taq DNA 25
pol ynerase: Deep Vent DNA pol ynerase m xture (NEB) for
30 cycles of 94C, 40 seconds; 60C, 40 seconds; 72C,
80 seconds; followed by a 5 m nutes extension at 72C.
Products were el ectrophoresed on a | % agar ose/ TAE gel
and purified with a GCeneclean 11 kit into 1001 water.
30 ScFvDNA was then translated in the follow ng two
reaction conditions: WO 2004/ 022746 PCT/ GB2003/ 003860
51 REACTION 1 2' Tac-ScFv-RepA DNA 281 (1 g) 28l (19)
2.5x buffer 401 40 10nmM nethionine 1 |1 1 |



5 H20 .1l - S30 extract 30l 30l Reactions were

i ncubated at 30C for 30 mnutes then 1 | 0.25M ox
w@lusaritione added to reaction 2 and incubati oPCEHGB3@3003860

continued for a further 30 10 mnutes. 1 m of

bl ocki ng buffer was added tosgach reaction (Bl ock

buffer is 1 % gelatin, 1009?m sheared sal non sperm

DNA, 2.5nmg/ m heparin, in gBSMSspun at 10, 000g for 2

m nutes, then placed on ice. NI NC star inmmunotubes

v S o3yt el SRt L% PSR SRR o
%ﬁ@ﬁs‘hngé pﬁﬁﬁgit?/ ﬁl gfngtm%@ WhepsiK eseH ptide RAlHkedto heDINA

tenperature wi i bl ocking buffer on a blood m xer;
chesirucubrosding the pepsdecompripBg thastensiofof each di | ut ed

ITT vv? added .t.0 ei@\lﬂgr at_bl ﬂcked.. BSA coated or BSA-
nmecopttp cHAeU el AT YCUERERE ™S r oom t enper ature
for 1 hour () Tub@DNBRGgetRENELe:SX TBS/ 0.1,/ 0 Tween 20,

5x TBS. 20 Bound DNA was eluted for 10 minutes at room
t enper at ur éin t WA Bnadoddig a Bbism iNaiab¢ri@ntdicrand pH 8, 1

mM EDTA, then e cted.with 0.5nL . phenol/chl.oroform
and pr eci pitbit ol Ve CHCSEE CRsePiog P fosgan <ot SR nite
7. 5M amoniidinBsahdtily a0 shid NSty beRen&f offf)hanol .
DNA was pel |l eted at 14, 6009 for ZOggm ér.?l?t%e.s afﬁ the

pel | et washdrem std DNFtPoW ettand sotoded praeiniatruiedestagtto have
14, 000g 25 thef iﬁ'glcuum dri ed, and re-suspended in 20l
wat er . |01 °Bf*“I'é¢overed DNA was PCR anplified in a 501

react ign vekpie®sinCoptalin MDRAUMSNURSaccdxiMEz o (a) wherein said
pol ymgr'ase anplificati onw buffer (10mM KCl , Il\lll%'?oéi\/)l

( NH4) 2S04, D2OAvwbiRtiustsiaadodst gulityofiibrays@emtgr peptides such
TritonX-100) with | nol ..of. each of the. prineys i
TACVRCoF R e o e ipssP b B R Cols S O Ret S B D from
and 2 uni t syeth i2QadprbadeddNA pol ynerase:- Deep Vent DNA

pol ymerase mxture (NEB) for 30 cycles of 94C, 40

seconds; 60C, 40 seconds; 72C, 80 WO 2004/ 022746

PCT/ GR2003/,00386 52.. ds; .foll d 5 m nut
ot ency on At MFB6a s e COARH & "etect s REHS euptufhfufir
(J);%)P AGAr 0@ TAE 1g8l A 2NGh b B0 8 &R \Gblacti9igat er anmounts

were “observed from sel ecti ons- on anti body
target than with recovered from BSA coated

3. A method according to claim 2 wherein said DNA construct of (a)
further comprises
(v) DNA encoding a fragment comprising at least the C-terminal
20 amino acids of a repA protein wherein said fragment is
capable of interacting with said DNA element of (iv);

* wherein said DNA element of (iv) is located 3’ to said DNA of (ii), (iii) and (v).
4, A method according to any one of the preceding claims wherein the
peptide encoded by said DNA of (iii) is capable of recognising and directly binding

said DNA target sequence of (i).

5. A method according to claim 4 wherein the peptide encoded by said



tubes, indicating that functional scFv-RepA- DNA

conpl exes were being selected 5 (Figure 10). WO
wQoN222746 PCT/ GB2003/ 003860 53 CLAIMS 1. ECTeBh@md/003860

for producing an in vitro peptide expression library

conprising a plurality of pepjiides, wherein each

peptide is linked to the DNA construct encoding the

DA iofl 6j1) BanppA pratgintang vdteeghs sadd DN/ jargat sedquethego(i) DA

construct conprising: (i) a DNA target sequence; (ii)

DNA encoding a library nmenber peptide; and (iii) DNA

encodigng a Apﬁgtiljibg gc&%ﬂ? lt(?clglm R 99 5 %\é?éu? B4 YroA BeED gs linked

directly or indirectly to sai target sequence  of

o Jaid DX ef () &l @) DYAegdosdr emzyma rdcgeemmmmldlgatlom ein

are selected to have cis-activity (b) expressing a

plurality of DNA constructs according to (a) wherein

said 5DNA ¢o [

rember pept eevd tor EIRAT Fy R B ¥ G s Rigeld A i

!ﬂ@eté@ﬁahﬁﬁpA)of thierkelctongpl¢hygla fiNds ndrepAvdfitehincE, e, IncK,

produced. 2. A method according to claim1 wherein

§13f}Zdaq§MAcI€/%g]ta§rg}@ts further conprises: (iv) a DNA

el ement that directs cis-activity. 3. A nethod

according to claim2 wherein said DNA construct of (a)

furth@r coopmegesd aaoxdiDplo enmodivwhgrean $aidPrhtonstruct

conprising at |east the C-term nal 0 anmi ng aci ds, of
SOMEPReSPROTEPFICRITB RS @aﬁd‘ﬁwyﬁﬂ At e%?lgen’féagal}ﬂ st B¥A of the
IIIEEF?%’HHQ{IW th said DNA el enent of (iv); wherein

sal

el enment of (iv) is located 3' to said DNA of
(ii), (iii) and (v). 4. A nethod accordl ng to any one
of the precedi ng .cl ai ng wherein the tld? .encoded

by sai’d DNA ’élﬁth@ijlaP‘)Ol‘il@gé%ﬁbe?”@ Oéfther@esef&mgsq H§'Sand
d f
VSR ko By e PN ASSPRERCBA h wirei

efid eUONByelaatd has the sequence given in SEQ ID NO: 17.

10. A method according to any one of the preceding claims wherein DNA
not bound by the peptide encoded by said DNA of (iii) is bound by non-specific
DNA binding protem

11. A method according to claim 4 wherein the peptide encoded by said
DNA of (iii) is an oestrogen receptor DNA binding domain and wherein said DNA

target sequence of (i) is an oestrogen receptor target sequence.

12. A method according to claim 9 wherein said DNA binding domain
comprises amino acids 176 to 282 of the oestrogen receptor DNA binding fragment
and wherein said DNA target sequence comprises the oestrogen receptor target

sequence given in SEQ ID NO: 14,



WD 2004/ 022746 PCT/ GB2003/ 003860 54 DNA of (iii) is a
repA protein and wherein said DNA target sequence of

W@ 2go4iozx27@61. 6. A nmethod according to claim4 oPCBEGB2003/003860
wherein said DNA of (ii) is linked to said DNA of (i)
and (iii) by restriction enzyye digestion and
ligation. 7. A nethod according to any one of clains 3
to 6 Wher eAnmsthbd accepding ® clsiel B @d Vhammnrtbppemideeheoded by

A of the IncF,.Inc

| | i - - )
raig 10 PR tro i LR dereeb e et 60 VA tignel

| A i . :
L5:5LLBA I S04 O ALYl OB 3 b
ovhichildsahe péyeidelencddet bylsaidMMART (iii9. A net hod

according to any one of the preceding clains wherein
said repA protein has the sequence given in SEQ | D NO

16 angl, whenej LA, &SN et ,
gi ven i sea P REALGhE (TMRF | ZIRO AT DR, SRR
onapiides bIN pracegablg of beingbowiEryesand BiActinnd] abattnahidotpg
the peptide encoded by said DNA of (iii) is bound by
Rene speatly selegiph gt angt BeiPseeing 1. A net hod
according to claim4 wherein the peptide encoded by
said DNA of (iii) is an oestrogen receptor DNA
bi ndi n§ dopanhethaddcoshdingtocisial 8 GINA whaeigehe bimdingrctvities
of (i%. i S an oestrogen receptor target sequence. 12. A
resad Bifunctisnaliagentas’ eQndsrrRdd i iReans oh TEQ R bDNIES Ob FAGIPFRYS
l[[n conprises anino acids .176 to 282 of the
oestrogen receptor DNA binding fragnent and wherein
said DNA target sequence conprises the oestrogen

receptor target _sequence given in SEQ ID NO, 14. WO ..
2004/ 622746 Pethpdrrorinotzaen [ 5yhysin %erPéth@oO]f said binding

o _ TSI RefECAbP!
BAREE PR R Bgens ot Bh Py BHERENE 115 Dl hos s

DNA target sequence of (i) via a bifunctional agent,
one part of which binds said DNA target sequence of,
(i) aht a Sduethad pesordipg to qpyioue obrlapas thio lgﬁe‘ﬁb?ralé said

' (i d 4. A method according
? g&gﬁq@g% 31%\%;1@?0% d%%ﬁog{dlj%{%? (tb rget sequence
18. A method according to claim 13 wherein said bifunctional agent is
bound to said DNA target sequence of (i) and is capable of binding to the peptide
encoded by said DNA of (iii). ’

19. A method according to claim 18 wherein said bifunctional agent is a
polymer.
20. A method according to any one of the preceding claims wherein said

DNA is under the control of suitable promoter and translation sequences to allow for

in vitro transcription and translation.



conprises a DNA tag capabl e of being bound by said
bi functional agent, said tag being optionally
w@edogorads f rom biotin and fluorescein. 15. A ne€TG$2003/003860

according to claim 13 or 14 wherein the binding

activities of said bifunctigpal agent are conferred

by neans of two antibodies or fragnents thereof. 16.

A et hod agceetibdgedonding & anylime wif éregireceding cbaimb othieredd said

sald binding activities are conferred_by nmeans of an
WXWﬁlj‘ﬁwepﬂﬂ?lS%%Pﬁ@’dorgWF #5906 any one of

clains 13 to 16 wherein said bifunctional agent is

provided prior to step (b). 18. A nethod according to

cl ai n313 whahethod saocting fol.u’mg?tohl@bﬁthqum&ﬂm?gSIanbsund to

sai d DNA target sequence of d is capabl e of

BihaeFimepid Bbiapecqrapiseyd | e@ﬁé%d@%ileﬁ‘;]e%al d DNA of (iii).

19. A nethod according to claim 18 wherein said

bi functional agent is a polyner. 20. A nethod

accor ding #omatyd acerdifg tdwnypme of diengekiaigndaint evieiein

said DNA is under the control of suitable pronoter

aHd cxpraspiomisicaried eylLigribeBres@ica Pf BGPPRPUN; thatigrgyegts nuclease

B RREBB 50 sBBGr el AP 00y Y h O AR B Rertions.
one of the preceding clainms wherein said library
menber peptide_is an anti body or fra ment thereof 22.

A net Rbd a@c@se@pﬁ@cqoadlaw SR Of P l5gs yhisrefy said
}ggﬁ%%ﬁc& ?%!il‘FIGHIOH{ co‘ﬁBf@H rbbét@r?al%an%)c?ﬁ:tﬁh11/11%%515%11%%&@15111%‘[. '

hod ‘according”to any one e precedi ng
claims wherein said expression is carried out in the
presence of a conpound that prevents nuc ea

acti veby, &rmebad é‘%“é)r(ﬁégl toslaig) 4 wheyiL 3¢ fq:dg}actenal
di
?rég%ﬁbﬁglﬁlgg%sﬁét[&h \ em/ﬁ&ﬂ'ﬁ%ﬁt g%ﬁslg lsgfi %Aavﬁg]%sl?é}g accorai ng

rece eln said
expression is carried out in a coupled bacteri al

transcription/translation environment. 25. A nethod
accor @bng tomethat Aeraaodisiesingn YET QPR EuRres AN [dhrary)

L R LT
BeRiuEErRYMINE Sifd Hptilié, RbAPYsing the steps of:
(a) providing a DNA construct comprising:
(1) DNA encoding a library member peptide; and
(i)  DNA encoding a peptide capable of binding to a bifunctional
agent,
wherein said DNA construct and encoded protein are selected to have
cis-activity;

(b)  binding a bifunctional agent or a DNA tag capable of binding a
bifunctional agent to said DNA construct of (a), wherein said
bifunctional agent is capable of binding to the peptide encoded by said
DNA of (ii); and

(c) expressing a plurality of DNA constructs according to (b), wherein

said DNA constructs encode a plurality of library member peptides



conprising a plurality of peptides, wherein each

peptide is linked to the DNA construct encoding the
w@emiioetgde conpri sing the steps of: (a) provi di POT/aBDNA003860

construct conprising: (i) DNA encoding a library

menber peptide; and (ii) DNAsencodi ng a peptide

capabl e of binding to a bifunctional agent;, wherein

said DNA coheh thateach aepresseddentiderintinked vaa seid bifenstieraliagent

h b b f I
or o D 1 4 T bR AP B tist Ut ona “agent

to said DNA construct of (a), wherein said
bi functi onal gfnt is capable . of binding to the
pept i dé. encoe oldy)f sdentifyimNmdadr purifying ap@pt(d@)exlnbmng desired

ressi ur al struct,s_accor
FERER R Ao PLh R oo nEb oot R RG-S SE R le Yo
‘i&ﬁetlﬁdcbéiﬁil OB b el pReREnd @EiMO cARPHLRE AT 18t the steps of (a)
PCT/ GB2003/ 003860~ 57 such that each expressed pepti de

iserepiing eaid vibeers ancdi(bhs¢lentipgiand atoldigarthe refayantidronmdnnlem
which it was produced. 27. A nethod of identifying
and/or purifying a peptide exhibiting desired

propengi es A hRtAoddfidbnMfylinga Qﬁ@iﬂcd%aﬁd@fn@ﬁfgi Rptidd, Baiar y
produced according to the nethod of any one of t he

predleasdiongprising a’féeasttbnpﬁepwﬁ(g) seredngngsAn inhvér (sp@@de @:ﬁpr(e@)on

TREST Bt ieCoii O Y Rited Bt oyt I b8 Qudigad
ngetul dsWiKl6h drepE6AdIIyGolh@adsdidndhpat; Rspgelééang S golatmc a

met hod conprising at | east the steps of (a) screening
élhl arhnwmheobpépxgu td éaléklsméis@pbnulel anigr(a) ipolptingiibe pgptide which
rd| 0.t he any one of clainms 1 to 26

ﬂﬁc ??5”%£ngewgpnﬁﬁﬁgﬁ are optionally bound to a

solid support; (b) selecting and isolating a library
menber binding to said ligand nol ecule; and (c)
i sol at29ng theeihegd et cheding ictiainb2 has2 & phetein sed liyratyonember

sai d a t hod according to claim
?pt&ﬁs ﬁ% Wﬁg%%or fléarg(ﬂnq l?sotp%lrf’g?nenber peptides are
anti bodi es or fragnents thereof. 30. A nmethod of
identifying and/or purifying a peptide having the
abi | i 89. . A method of 1dentifying and/or purifying a peptide having the ability
to bind a specific DNA target sequence comprising at least the steps of
(a) providing an in vitro expression library according to any one of claims
1 to 26 wherein the peptide encoded by the DNA of (iii) is a library
member peptide having DNA binding activity and wherein said DNA
target sequence of (i) is the target sequence of interest;
(b)  selecting and isolating a library member in which the encoded protein

binds to said target sequence; and

(c) isolating the peptide which binds to said target sequence.

31. A method according to claim 30 wherein said library member peptides

are zinc finger proteins, helix-loop-helix proteins or helix-turn-helix proteins.



to bind a specific DNA target sequence conprising at
| east the steps of (a) providing an in vitro
wexpressiuon |ibrary according to any one of clBETEB2M3/003860
to 26 wherein the peptide encoded by the DNA of (iii)
is a library nmenber peptidespaving DNA bi nding
activity and wherein said target sequence of (i)
i s the2t ar gemetRduenseedingfo it @feartclaihbP7 seb bwhelregl saind
isolating a library nmenber jn which the encode
ﬁ?l@@l@n& antsprgpcctine Sigp is ¢agigequt S Higdresencepid C(Oéf)pound that

[ I
R BRI PR bR B e BRAFEHAR fflinprpren
s@eghcliody ary nenber peptides are zinc finger
proteins, helix-loop-helix proteins or.
hel i x-turn-helix proteins. WO 2004/ 022746
PCT/ 003/
one gggclafggéﬁggacg§?§éﬁ%?%HR§2al§ﬂ§§%%2g§? 49¥%mnn
selecting step is carried out in the presence of a
conpound. that prevents nucl ease activity or reduces

non- spéci f |Aen19m&2dpaﬁ@q1émg oAt ickaimgs g 6 41 Wherein
m 32
mﬂéfﬁoﬁ‘% }Jstglgg)Ng %%%IAS%F%[ J&?{ﬁls@i‘ﬁ&ﬁ gf)'&% ts(?s’&?alté'adt hod
according to any one of clalnB 27 to 33 wherein
addltlonalgg t he DNA expreSS|ng sai d isol ated peptide
i s i séPat ed® mzthodgcepsimgdo glapy pAifieher soBPHESiRg glamng said DNA
rt g cloning said DNA into an
“ﬁ aggg %%ﬂgég%%gf 36. A nethod according to claim 35
further conprising instroducing said expression
vector into a cell in vitro. 37. A nmethod according.to

cl ai m3§5 orA BEtodraeersfing dhpleing P i futhep peuBiisieg lntSﬁ@ducmg said
9&‘&?‘3@{3 Lyusplg ONA.- 38. An in vitro peptide
exgr eSSI on

rary pro (ced according to the nethod
of any one of clalns 1to 26. 39. A DNA construct as
descrlbed in any one of clains 1 to 26.
. A method according to claim 35 or 36 further comprising expressing

the peptide encoded by said DNA.

38. An iﬁ vitro peptide expression library produced according to the

method of any one of claims 1 to 26.

39. A DNA construct as described in any one of claims 1 to 26.



